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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

[BMIM][CF 3SO3] ï 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪ 

[BMIM ][Cl] ï 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ ʭʣʦʨʠʜ 

[C2MIM ][OAc] ï ʵʪʘʥʦʘʪ 1-ʵʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ 

[EMIM][ESO4] ï ʵʪʠʣʩʫʣʴʬʘʪ 1-ʵʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ 

[EMIM][MeSO4] ï ʤʝʪʠʣʩʫʣʴʬʘʪ 1-ʵʪʠʣ-3-ʤʝʪʠʣʠʤʤʠʜʘʟʦʣʠʷ  

[MMIM][DMP] ï ʤʝʪʠʣʬʦʩʬʘʪ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ 

[P4444][For] ï ʬʦʨʤʠʘʪ ʪʝʪʨʘʙʫʪʠʣʬʦʩʬʦʥʠʷ 

[TMAm][Cl] ï ʭʣʦʨʠʜ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ  

3-ʌɻ ï 3-ʬʦʩʬʦʛʣʠʮʝʨʘʪ 

5-ɻʄʌ ï 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣ 

ɸ-ʂɻ ï ʘʣʴʬʘ-ʢʝʪʦʛʣʫʪʘʨʘʪ 

ɸʮ-ʂʦɸ ï ʘʮʝʪʠʣʢʦʵʥʟʠʤ ɸ 

ɹʉɸ ï ʙʳʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ 

ɺʕɾʍ-ʄʉ ï ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ 

ɻ-6-ʌ ï ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ 

ɻʍ-ʄʉ ï ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʅʂ ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ɼʊʊ ï ʜʠʪʠʦʪʝʠʪʦʣ 

ɽɸ ï ʝʜʠʥʠʮʘ ʘʢʪʠʚʥʦʩʪʠ 

ɾʂ ï ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ʀɾ ï ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ 

ʀʇʊɻ ï ʠʟʦʧʨʦʧʠʣ-ɓ-D-ʪʠʦʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ 

ʄʘʣʘʪʠʦʥ ï ʆ,ʆ-ʜʠʤʝʪʠʣ-S-(1,2-ʜʠʢʘʨʙʵʪʦʢʩʠʵʪʠʣ)ʜʠʪʠʦʬʦʩʬʘʪ 

ʄʀ-1ʌ ï ʤʠʦʠʥʦʟʠʪʦʣ-1-ʬʦʩʬʘʪ 

ʄʅɾʂ ï ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ʄʕɾʂ ï ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʅɾʂ ï ʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ʆɸɸ ï ʦʢʩʘʣʦʘʮʝʪʘʪ 

ʆʙ. ï ʦʙʲʝʤ 

ʆʇ ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 
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ʇɸɺ ï ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ  

ʇʘʨʘʪʠʦʥ ï O,O-ʜʠʵʪʠʣ-O-(4-ʥʠʪʨʦʬʝʥʠʣ)ʪʠʦʬʦʩʬʘʪ 

ʇɻʂ ï ʧʠʨʦʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʇʅɾʂ ï ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ʇʉʌɸ ï ʧʦʧʝʨʝʯʥʦ ʩʰʠʪʳʝ ʬʝʨʤʝʥʪʥʳʝ ʘʛʨʝʛʘʪʳ 

ʇʎʈ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

C14:0 ï ʤʠʨʠʩʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʉ16:0 ï ʧʘʣʴʤʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʉ16:1 ï ʧʘʣʴʤʠʪʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

C18:0 ï ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʉ18:1 ï ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ  

C18:2 ï ʣʠʥʦʣʝʚʘʷ ʢʠʩʣʦʪʘ 

ʉ18:3 ï ʣʠʥʦʣʝʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʉ18:4 ï ʩʪʝʘʨʠʜʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

C20:0 ï ʘʨʘʭʠʜʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʉ20:5 ï ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʊɸɻ ï ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʳ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʊɾʂ ï ʪʨʘʥʩ-ʠʟʦʤʝʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʌʇ ï ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ 

ʍʇʂ ï ʭʠʤʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ 

ʎʄ ï ʮʠʢʣ ʤʦʯʝʚʠʥʳ 

ʎʊʂ ï ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʕɼʊɸ ï ʜʠʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʕʀɾ ï ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ 

ʕʄʌ ï ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʌʦʣʯʘ 

ʕʇʂ ï ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʘʷ ʢʠʩʣʦʪʘ  

APCI ï ʭʠʤʠʯʝʩʢʘʷ ʠʦʥʠʟʘʮʠʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ  

APX ï ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʘ 

DGAT ï ʜʠʘʮʠʣʛʣʠʮʝʨʠʥ ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʳ  

DGDG ï ʜʠʛʘʣʘʢʪʦʟʠʣʜʠʘʮʠʣʛʣʠʮʝʨʦʣ   

dNTPs ï ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪʳ 

ECN ï ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʫʛʣʝʨʦʜʥʦʝ ʯʠʩʣʦ 

ESI ï ʠʦʥʠʟʘʮʠʷ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ 

Exp. ï ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ ʨʦʩʪʘ 

FDR ï ʢʦʵʬʬʝʮʠʝʥʪ ʣʦʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 
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IC50 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ, ʚʳʟʳʚʘʶʱʝʡ ʩʥʠʞʝʥʠʝ ʧʨʠʨʦʩʪʘ ʙʠʦʤʘʩʩʳ ʥʘ 50% 

ID ï ʩʪʝʧʝʥʴ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ImD ï ʩʪʝʧʝʥʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

MGDG - ʤʦʥʦʛʘʣʘʢʪʦʟʠʣʜʠʘʮʠʣʛʣʠʮʝʨʦʣ  

MGO - ʤʥʦʛʦʩʣʦʡʥʳʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ  

MGO-AP  - MGO,  ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ 

MGO-AP-GA - MGO,  ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ ʠ 

ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ 

MHD ï ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ 

MSTFA ï N-ʤʝʪʠʣ-N-(ʪʨʠʤʝʪʠʣʩʠʣʠʣ) ʪʨʠʬʪʦʨʘʮʝʪʘʤʠʜ  

MWW ï ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ 

NeoDGAT2 ï ʜʠʘʮʠʣʛʣʠʮʝʨʠʥ ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʘ 2  

NeoLPAAT1 ï ʧʣʘʩʪʠʜʥʘʷ 1-ʘʮʠʣʛʣʠʮʝʨʠʥ-3-ʬʦʩʬʘʪ-O-ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʘ  

PCA ï ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ  

PDH2 ï ʧʠʨʫʚʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ 

PLS-DA ï ʤʝʪʦʜ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʥʳʭ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

PMSF ï ʬʝʥʠʣʤʝʪʠʣʩʫʣʴʬʦʥʠʣʬʪʦʨʠʜ 

pNP ï ʧ-ʥʠʪʨʦʬʝʥʦʣ 

pNPC12 ï ʧ-ʥʠʪʨʦʬʝʥʠʣ ʜʦʜʝʢʘʥʦʘʪ  

pNPC16 ï ʧ-ʥʠʪʨʦʬʝʥʠʣ ʧʘʣʴʤʠʪʘʪ  

pNPC18 ï ʧ-ʥʠʪʨʦʬʝʥʠʣ ʩʪʝʘʨʘʪ 

pNPC2 ï ʧ-ʥʠʪʨʦʬʝʥʠʣ ʘʮʝʪʘʪ  

pNPC4 ï ʧ-ʥʠʪʨʦʬʝʥʠʣ ʙʫʪʠʨʘʪ  

pNPC8 ï ʧ-ʥʠʪʨʦʬʝʥʠʣ ʦʢʪʘʥʦʘʪ  

RSM ï ʤʝʪʦʜ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ 

SDS ï ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ 

SQDG ï ʩʫʣʴʬʦʭʠʥʦʚʦʩʠʣʜʠʘʮʠʣʛʣʠʮʝʨʦʣ  

St. ï cʪʘʮʠʦʥʘʨʥʘʷ ʬʘʟʘ ʨʦʩʪʘ 

TEV ï ʧʨʦʪʝʘʟʘ ʚʠʨʫʩʘ ʛʨʘʚʠʨʦʚʢʠ ʪʘʙʘʢʘ 

TGI ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ 

Tris ï ʪʨʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʘʤʠʥʦʤʝʪʘʥ 

TrxA ï ʪʠʦʨʝʜʦʢʩʠʥ ɸ 

VIP ï ʚʘʞʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʧʨʦʝʢʮʠʠ 

W ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

Y ï ʚʳʭʦʜ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

  ɺ ʩʚʷʟʠ ʩ ʠʩʪʦʱʝʥʠʝʤ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʳʡ ʠʥʪʝʨʝʩ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʦʝ ʩʳʨʴʝ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʆʩʥʦʚʥʳʤʠ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʚʠʜʘ ʩʳʨʴʷ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʥʦʩʪʴ [1], ʥʠʟʢʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ [2], ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ CO2 

[3]. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʠʜʳ ʙʠʦʤʘʩʩʳ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʠʱʝʚʦʛʦ (ʧʰʝʥʠʮʘ, ʢʫʢʫʨʫʟʘ, ʧʦʜʩʦʣʥʝʯʥʠʢ, ʨʘʧʩ), ʥʦ ʪʘʢʞʝ ʠ ʥʝʧʠʱʝʚʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (ʜʨʝʚʝʩʥʘʷ ʣʠʛʥʦʮʝʣʣʶʣʦʟʘ, ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʨʘʚʳ) [4]. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʛʣʫʙʠʥʳ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ 

ʢʦʤʧʣʝʢʩʥʫʶ ʙʠʦʧʝʨʝʨʘʙʦʪʢʫ ʩʳʨʴʷ, ʩʦʚʤʝʱʘʶʱʫʶ ʪʨʘʜʠʮʠʦʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ. ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʪʨʘʩʣʷʤʠ ʟʥʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʤʠ ʢʘʢ ʭʠʤʠʶ, ʢʘʪʘʣʠʟ, ʭʠʤʠʯʝʩʢʫʶ 

ʪʝʭʥʦʣʦʛʠʶ, ʪʘʢ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʶ, ʛʝʥʝʪʠʯʝʩʢʫʶ ʠʥʞʝʥʝʨʠʶ, ʙʠʦʠʥʬʦʨʤʘʪʠʢʫ, ʛʝʥʝʪʠʢʫ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʶ [4], [5]. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ 

ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠʭ ʧʦʣʫʯʝʥʠʷ [6]. 

 ʄʠʢʨʦʚʦʜʦʨʦʩʣʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʝʧʠʱʝʚʳʤ ʠʩʪʦʯʥʠʢʦʤ ʙʠʦʤʘʩʩʳ ʠʟ-ʟʘ ʠʭ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ (ʜʦ 70 ʪ ʛʘ-1 ʙʠʦʤʘʩʩʳ ʚ ʛʦʜ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʢʨʳʪʳʭ 

ʧʨʫʜʦʚ), ʧʨʠ ʪʦʤ, ʯʪʦ ʫ ʙʠʦʤʘʩʩʳ ʪʦʧʦʣʷ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 10ï13 ʪ ʛʘ-1 ʚ ʛʦʜ [3]. ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʟʝʤʝʣʴ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʧʨʝʩʥʦʡ ʚʦʜʳ (ʜʣʷ ʵʪʦʛʦ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʦʣʝʡ ʠʣʠ ʩʪʦʯʥʳʝ ʚʦʜʳ), ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʧʦʛʣʦʱʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ CO2 [7]. 

ɹʠʦʤʘʩʩʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʩʳʨʴʝʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ (ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʙʠʦʵʪʘʥʦʣʘ [8]), ʘ 

ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʚʦʜʦʨʦʜʘ, ʧʨʦʧʠʣʝʥʛʣʠʢʦʣ,̫ ʙʠʦʢʠʩʣʦʪ [9]). ʆʩʥʦʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ: (1) ʧʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʣʠʧʠʜʳ ʠ ʫʛʣʝʚʦʜʳ; (2) ʠʟʫʯʝʥʠʝ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʚ ʢʣʝʪʢʘʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ; (3) ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ; (4) 

ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 

ʠ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʷʥʪʘʨʥʫʶ ʢʠʩʣʦʪʫ); (5) ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ 
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ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦ ʧʨʦʚʝʜʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʩʝʤ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ.  

 ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʷʚʣʷʶʪʩʷ ʝʱʝ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʄʕɾʂ) ʢʘʢ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʚʷʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʤʦʛʝʥʥʳʭ 

ʢʠʩʣʦʪʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [10], ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ 

ʧʦʣʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥr ʭ ʬʝʨʤʝʥʪʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ ʵʪʦʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʣʠʧʘʟʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʭʦʜ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʩʚʳʰʝ 90%, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʰʪʘʤʤʘʤʠ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʚʠʜʘʤ Rhizomucor 

miehei, Aspergillus niger, Thermomyces lanuginosus [11]. ʇʦʤʠʤʦ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʣʠʧʘʟʳ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʣʫʯʝʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʞʠʨʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʨʘʥʩ-ʞʠʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ [12]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʬʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ: Lipozyme TL (ʥʘ 

ʦʩʥʦʚʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʣʠʧʘʟʳ T. lanuginosus) ʠ Lipozyme RM (ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ 

ʣʠʧʘʟʳ R. miehei) [13]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʭ ʩʪʦʠʤʦʩʪʠ. ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʛʨʠʙʥʳʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʝ 

ʣʠʧʘʟʳ. ʄʝʥʝʝ ʠʟʫʯʝʥʳ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʣʠʧʘʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʜʫʮʠʨʫʝʤʳʝ 

ʙʘʢʪʝʨʠʷʤʠ ʨ. Geobacillus, ʭʦʪʷ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʤʝʪʘʥʦʣʫ [14], ʪʦʯʥʦ ʪʘʢʞʝ ʢʘʢ ʠ ʣʠʧʘʟʘ ʙʘʢʪʝʨʠʠ 

Burkholderia cepacia [15]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʧʨʦʚʦʜʷʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: (1) ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʣʠʧʘʟ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ;  (2) 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ.  

 ʉʤʝʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ 

ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʥʦʩʷʪʩʷ ʵʩʪʝʨʘʟʳ, ʚ ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʦʣʠʟʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʦ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʩʚʷʟʴʶ ʩ ʢʦʨʦʪʢʠʤ ʨʘʜʠʢʘʣʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʩʪʝʨʘʟʳ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʭʠʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [16], ʘ ʪʘʢʞʝ ʚ ʪʦʥʢʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʪʜʝʣʴʥʳʭ ʨʝʘʢʮʠʡ [17]. ɺʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʬʝʨʤʝʥʪʦʚ ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʦʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʩʨʝʜʘʭ ʩʦ ʩʣʦʞʥʳʤ ʩʦʩʪʘʚʦʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʫʜʘʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ ʧʝʩʪʠʮʠʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 
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ʵʪʠʭ ʮʝʣʝʡ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʢʘʢ ʩʢʦʨʦʩʪʴ, ʪʘʢ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʠʜʨʦʣʠʟʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʢʪʫʘʣʴʥʦ 

ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: (1) ʧʦʠʩʢ ʧʨʠʨʦʜʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ; (2) ʢʣʦʥʠʨʦʚʘʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʠʝ ʠʭ ʵʢʩʧʨʝʩʩʠʠ ʚ ʢʣʝʪʢʘʭ ʧʨʦʜʫʮʝʥʪʦʚ; (3) ʨʘʟʨʘʙʦʪʢʘ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʬʦʩʬʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʩʝʢʪʠʮʠʜʦʚ.  

 ʎʝʣʣʶʣʦʟʘ ʢʘʢ ʠʩʪʦʯʥʠʢ ʫʛʣʝʚʦʜʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʙʠʦʵʪʘʥʦʣʘ) ʠʟ ʩʳʨʴʷ ʥʝʧʠʱʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [18]. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʘʢʞʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʮʝʣʣʶʣʦʟʳ, ʚʢʣʶʯʘʷ: 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣ (5-ɻʄʌ), 

ʬʫʨʬʫʨʦʣ, ʣʝʚʫʣʠʥʦʚʘʷ  ʢʠʩʣʦʪʘ, ʵʪʠʣʝʥʛʣʠʢʦʣ ɹ [19]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʛʠʜʨʦʣʠʟʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʣʫʯʝʥʠʝ 5-ɻʄʌ (ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʠʦʪʦʧʣʠʚʘ ʠ ʙʠʦʧʣʘʩʪʠʢʦʚ), ʠ ʛʣʶʢʦʟʳ, ʢʘʢ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ [20]. ɻʣʶʢʦʟʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʫʙʩʪʨʘʪ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ. 

ɼʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʝ ʜʨʦʞʞʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩ ʠ ʩʥʠʟʠʪʴ ʢʦʥʪʘʤʠʥʘʮʠʶ ʧʦʙʦʯʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ [21]. 

ɸʢʪʫʘʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʙʦʪ ʷʚʣʶʪʩʷ: (1) ʧʦʠʩʢ ʠ 

ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ; (2) ʦʪʙʦʨ ʰʪʘʤʤʦʚ 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʩ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʵʪʘʥʦʣ ʥʘ ʩʨʝʜʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʛʠʜʨʦʣʠʟʘʪʳ ʮʝʣʣʶʣʦʟʳ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʩʙʨʘʞʠʚʘʥʠʷ; (3) ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʦʙʨʘʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʩʦʯʝʪʘʶʱʝʛʦ ʢʘʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʛʣʫʙʠʥʫ 

ʧʝʨʝʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ ʠ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪʳ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʫʯʥʫʶ ʦʩʥʦʚʫ ʧʨʦʮʝʩʩʦʚ 

ʧʦʣʫʯʝʥʠʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʝʱʝʩʪʚ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʙʠʦʤʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ (ʙʠʦʪʦʧʣʠʚʘ, ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʞʠʨʦʚ, 

ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ), ʘ ʪʘʢʞʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʜʦʦʯʠʩʪʢʦʡ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʳʭ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʝʨʝʨʘʙʦʪʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ (ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ ʮʝʣʣʶʣʦʟʳ) ʚ ʧʨʦʜʫʢʪʳ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʭʠʤʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ 
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ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ 

ʠʥʩʝʢʪʠʮʠʜʦʚ (ʤʘʣʘʪʠʦʥʘ). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɺʳʜʝʣʠʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ, ʘ ʪʘʢʞʝ ʠʟʫʯʠʪʴ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ 

ʥʘ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ.  

2. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʣʠʧʠʜʦʚ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʧʦʧʝʨʝʯʥʦ ʩʰʠʪʳʭ 

ʬʝʨʤʝʥʪʥʳʭ ʘʛʨʝʛʘʪʦʚ ʣʠʧʘʟʳ Burkholderia cepacia, ʪʘʢ ʠ ʢʠʩʣʦʪʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ; ʘ 

ʫʛʣʝʚʦʜʦʚ ï ʚ ʷʥʪʘʨʥʫʶ ʢʠʩʣʦʪʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʢʪʝʨʠʠ Actinobacillus succinogenes 130Z. 

3. ʇʨʦʚʝʩʪʠ ʧʦʠʩʢ ʧʨʠʨʦʜʥʳʭ ʪʝʨʤʦʬʠʣʴʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ 

ʬʝʨʤʝʥʪʦʚ, ʠʭ ʢʣʦʥʠʨʦʚʘʥʠʝ, ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ ʠ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʣʠʟʘ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʤʘʣʘʪʠʦʥʘ). 

4. ʀʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʣʠʧʘʟʳ Geobacillus 

stearothermophilus G3, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ ʤʝʟʦʧʦʨʠʩʪʦʤ ʩʠʣʠʢʘʛʝʣʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʞʠʨʦʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʧʨʦʜʫʢʪʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʮʝʣʣʶʣʦʟʳ ʚ ʵʪʘʥʦʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ 

ʜʨʦʞʞʝʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʚʳʜʝʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʦʚʳʝ ʰʪʘʤʤʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, 

ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ ʠ ʫʛʣʝʚʦʜʳ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ. ɺʧʝʨʚʳʝ ʚʳʜʝʣʝʥ ʰʪʘʤʤ Scenedesmus abunduns A-1175, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ ʠ ʥʘʩʳʱʝʥʥʳʭ ʣʠʧʠʜʦʚ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʦʢʠʩʣʝʥʠʶ. ɺʳʜʝʣʝʥʥʳʡ 

ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʰʪʘʤʤ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-76 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʦʯʠʩʪʢʝ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤ ʚ 

ʧʨʦʮʝʩʩʘʭ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʩ ʮʝʣʴʶ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥ ʤʝʪʘʙʦʣʠʟʤ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʨʠ ʠʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ ʚʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʤʝʪʘʙʦʣʠʪʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʤʘʩʩʳ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Parachlorella kesslerii IC-11, ʢʦʪʦʨʳʡ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʜʫʮʠʨʫʝʪ ʫʛʣʝʚʦʜʳ, ʚ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʝʡ ʚ 

ʩʨʝʜʝ ʩʧʦʩʦʙʝʥ ʥʘʢʘʧʣʠʚʘʪʴ ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ ʠ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ 
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ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ. ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ P. kesslerii IC-11 ʥʘ ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʵʪʠʤ 

ʰʪʘʤʤʦʤ ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʵʢʚʠʚʘʣʝʥʪʦʚ ʵʥʝʨʛʠʠ ʚ ʮʠʢʣʝ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ, ʘ ʪʘʢʞʝ ʩ ʦʢʠʩʣʝʥʠʝʤ ʧʨʦʣʠʥʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ.  

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ʥʘ ʦʩʥʦʚʝ ʧʦʧʝʨʝʯʥʦ ʩʰʠʪʳʭ ʬʝʨʤʝʥʪʥʳʭ 

ʘʛʨʝʛʘʪʦʚ (ʇʉʌɸ) ʣʠʧʘʟʳ ʙʘʢʪʝʨʠʠ B. ʩepacia, ʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-76 ʚ ʄʕɾʂ ʩ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. ɹʳʣʘ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʄʕɾʂ ʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʧʫʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-44 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ [BMIM ][HSO4] ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʩʙʨʘʞʠʚʘʥʠʝʤ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ 

ʦʩʪʘʪʦʯʥʳʭ ʫʛʣʝʚʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʘ A. succinogenes 130Z.  

ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ Kluyveromyces marxianus C1 ʠ 

Ogataea polymorpha CBS4732 ʥʘ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʤʝʭʘʥʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ.  

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʧʨʝʧʘʨʘʪ ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ ʤʝʟʦʧʦʨʠʩʪʦʤ 

ʩʠʣʠʢʘʛʝʣʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʣʠʧʘʟʳ G. stearothermophilus G3, ʦʙʣʘʜʘʶʱʠʡ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʷʭ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʞʠʨʦʚ. ɺʧʝʨʚʳʝ ʢʣʦʥʠʨʦʚʘʥʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʘʷ ʵʩʪʝʨʘʟʘ estUT1 

ʙʘʢʪʝʨʠʠ Ureibacillus thermosphaericus UT1 ʠ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʝʝ ʩʠʥʪʝʟʘ ʧʨʠ 

ʩʣʠʷʥʠʠ ʩ TrxA ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʰʘʧʝʨʦʥʦʚ KJE, ClpB ʠ ELS ʚ E. coli. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ estUT1 ʦʙʣʘʜʘʝʪ ʦʧʪʠʤʫʤʦʤ ʘʢʠʚʥʦʩʪʠ ʧʨʠ 70-80 Áʉ ʠ ʨʅ 5.0 - 9.0, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʤ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ ʜʣʠʥʦʡ ʤʝʥʝʝ ʚʦʩʴʤʠ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʠ ʵʩʪʝʨʘʟʳ estUT1-TrxA, ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʠʥʩʝʢʪʠʮʠʜʘ ʤʘʣʘʪʠʦʥʘ ʧʫʪʝʤ ʝʛʦ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʧʨʝʚʦʩʭʦʜʷʱʝʡ ʜʨʫʛʠʝ ʚʠʜʳ ʙʠʦʦʯʠʩʪʢʠ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʣʠʧʘʟʳ ʙʘʢʪʝʨʠʠ G. stearothermophilus G3 ʚ ʨʝʘʢʮʠʷʭ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʤʘʩʝʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʞʠʨʦʚ. ʉʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʡ ʚ ʭʦʜʝ ʨʘʙʦʪʳ 

ʵʩʪʝʨʘʟʳ estUT1 ʧʦʟʚʦʣʷʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʷʪʴ ʝʝ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ 

ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʩʚʷʟʴʶ ʩ ʨʘʜʠʢʘʣʘʤʠ ʜʣʠʥʦʡ ʤʝʥʝʝ ʚʦʩʴʤʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʦʯʠʩʪʢʠ ʩʪʝʨʠʣʠʟʠʦʚʘʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʠʥʩʝʢʪʠʮʠʜʘ ʤʘʣʘʪʠʦʥʘ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ 

ʨʘʙʦʪʳ ʪʘʢʞʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʯʠʩʪʢʝ 
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ʩʪʦʯʥʳʭ ʚʦʜ ʣʦʢʘʣʴʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʜʝʣʝʥʥʳʭ 

ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʟʥʘʥʠʡ ʦ ʥʦʚʳʭ ʰʪʘʤʤʘʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ, ʣʠʧʦʣʠʪʠʯʝʩʢʠʝ ʪʝʨʤʦʬʠʣʴʥʳʝ ʙʘʢʪʝʨʠʠ ʠ 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʝ ʜʨʦʞʞʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʧʦʣʫʯʝʥʠʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥ ʤʝʪʘʙʦʣʠʟʤ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ ʣʠʧʠʜʦʚ ʥʘ 

ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ,  ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ 

ʙʠʦʤʘʩʩʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʥʘ ʨʝʘʣʴʥʦʤ 

ʩʫʙʩʪʨʘʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ. ʀʟʫʯʝʥʠʝ 

ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʚʳʷʚʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʢʦʧʣʝʥʠʝʤ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ, ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʠʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʠʦʧʝʨʝʨʘʙʦʪʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʐʪʘʤʤʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ Scenedesmus abundans A-1175 ʠ Micractinium sp. IC-76 ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʩʳʱʝʥʥʳʭ ʣʠʧʠʜʦʚ ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʩʪʦʡʢʦʛʦ ʢ ʦʢʠʩʣʝʥʠʶ.  

2. ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʧʨʠ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʣʠʧʠʜ- ʠ 

ʫʛʣʝʚʦʜʧʨʦʜʫʮʠʨʫʶʱʠʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʝʚʦʜʥʦʛʦ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʢʘʢ ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʪʘʢ ʠ ʷʥʪʘʨʥʫʶ ʢʠʩʣʦʪʫ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ 

Micractinium sp. 

4. ʌʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ɹʂʃ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʣʠʧʘʟʳ ʙʘʢʪʝʨʠʠ G. stearothermophilus G3 ʥʘ ʤʝʟʦʧʦʨʠʩʪʦʤ ʩʠʣʠʢʘʛʝʣʝ, 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʥʦ ʩʨʝʜʥʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʞʠʨʦʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. 

5. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʵʪʘʥʦʣʘ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ ʚ 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣ, ʧʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʝʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ Kluyveromyces marxianus C1 ʠ Ogataea polymorpha CBS4732. 
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6. ʌʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʨʘʪ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʡ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʵʩʪʝʨʘʟʳ estUT1 ʙʘʢʪʝʨʠʠ U. 

thermosphaericus UT1 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʛʠʜʨʦʣʠʟʫ ʠʥʩʝʢʪʠʮʠʜʘ ʤʘʣʘʪʠʦʥʘ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʧʨʝʜʣʦʞʝʥʳ ʜʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ, ʟʘʜʘʯʠ, ʚʳʚʦʜʳ 

ʠ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ, ʦʙʦʙʱʝʥʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʜʦʢʣʘʜʦʚ ʠ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʈʘʙʦʪʳ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʛʠʜʨʦʣʠʟʘʪʦʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʮʝʣʣʶʣʦʟʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʃʘʙʦʨʘʪʦʨʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ (ʜ.ʭ.ʥ. ʊʘʨʘʥ ʆ. ʇ., 

ʩ.ʥ.ʩ. ʢ.ʭ.ʥ. ɻʨʦʤʦʚʳʤ ʅ. ɺ. ʠ ʤ.ʥ.ʩ. ʄʝʜʚʝʜʝʚʦʡ ʊ. ɹ.). ʈʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʬʝʨʤʝʥʪʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʂʘʪɸ ʚʳʧʦʣʥʷʣʠʩʴ ʢ.ʙ.ʥ. ʉʘʤʦʡʣʦʚʦʡ ʖ. ɺ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʨʫʢʦʚʦʜʩʪʚʝ ʘʚʪʦʨʘ ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʢ.ʙ.ʥ. 

ʉʘʤʦʡʣʦʚʦʡ ʖ. ɺ. ʠ ʢ.ʙ.ʥ. ʇʠʣʠʛʘʝʚʘ ɸ. ɺ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ: ʚ ʨʘʤʢʘʭ ʙʘʟʦʚʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʉʆ ʈɸʅ (2008-2021), ʈʅʌ 17-73-30032, ɻʂ ˉ 

11411.100370213.042, ɻʂ ˉ16.512.11.2180, ɻʂ ˉ14.512.11.0065 ɻʂ 14.613.21.0017, ʈʌʌʀ ˉ 18-

38-00386 ʤʦʣ_ʘ, ʅʐ-6902.2016.3, ʅʐ-1183.2014.3, ʅʐ-524.2012.3 ʠ ʜʨ.  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʘʧʨʦʙʘʮʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʠ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʘ ʪʘʢʞʝ ʢʦʥʛʨʝʩʩʘʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ, ʚ ʪʦʤ ʯʠʩʣʝ: VI 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ: ʙʠʦʪʝʭʥʦʣʦʛʦʚ, ʚʠʨʫʩʦʣʦʛʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʙʠʦʣʦʛʦʚ ʠ ʙʠʦʬʠʟʠʢʦʚ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 2019), Catalysis for Renewable Sources: Fuel, Energy, 

Chemicals: 5th International Conference (ɻʨʝʮʠʷ, 2019), ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ 

çɹʠʦʪʝʭʥʦʣʦʛʠʷ: ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. ʅʘʫʢʠ ʦ ʞʠʟʥʠ (ʛ. ʄʦʩʢʚʘ, 2019), V 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʙʠʦʪʝʭʥʦʣʦʛʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʣʦʛʦʚ 

ʠ ʚʠʨʫʩʦʣʦʛʦʚ ʚ ʨʘʤʢʘʭ OpenBio-2018 (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 2018), III  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ɹʠʦʪʝʭʥʦʣʦʛʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ð ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ð ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ (ʂʨʘʩʥʦʷʨʩʢ, 2018), 

ʐʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʦʚʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʙʠʦʤʘʩʩʳè (ʛ. ʊʦʤʩʢ, 2018), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɹʠʦʪʝʭʥʦʣʦʛʠʷ ʠ ʦʙʱʝʩʪʚʦ ʚ XXI  ʚʝʢʝè (ʛ. ɹʘʨʥʘʫʣ, 

2018 ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʌʦʨʫʤ ɹʠʦʪʝʭʥʦʣʦʛʠʷ: ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. ʅʘʫʢʠ ʦ 
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ʞʠʟʥʠ (ʛ. ʄʦʩʢʚʘ, 2018), 4th International Congress on Catalysis for Biorefineries (ʌʨʘʥʮʠʷ, 2017) ʠ 

ʜʨ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 60 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 21 

ʩʪʘʪʝʡ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ Web of Science ʠ 

Scopus, 2 ʤʦʥʦʛʨʘʬʠʠ, ʘ ʪʘʢʞʝ 49 ʧʫʙʣʠʢʘʮʠʡ ʚ ʩʙʦʨʥʠʢʘʭ ʜʦʢʣʘʜʦʚ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 312 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ 

ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʧʨʠʥʷʪʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 49 ʪʘʙʣʠʮ ʠ 55 ʨʠʩʫʥʢʦʚ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʚʢʣʶʯʘʝʪ 557 ʠʩʪʦʯʥʠʢʘ, ʠʟ ʥʠʭ 520 ʠʥʦʩʪʨʘʥʥʳʭ. 
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ɻʃɸɺɸ 1 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1 ɺʳʜʝʣʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʣʠʧʠʜʳ ʠ ʫʛʣʝʚʦʜʳ 

1.1.1 ɺʳʜʝʣʝʥʠʝ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʣʠʧʠʜʳ 

 ʉʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʙʠʦʪʦʧʣʠʚʘ ʠʟ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, 

ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʳʨʴʷ, ʘ ʠʤʝʥʥʦ, ʰʪʘʤʤʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʦʧʣʠʚʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʠʦʤʘʩʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ 

ʝʛʦ ʧʦʣʫʯʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʣʠʧʠʜʳ ʠ ʫʛʣʝʚʦʜʳ, ʥʘʢʦʧʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʢʣʝʪʢʘʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʠʥʜʫʮʠʨʫʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ, ʠʟʤʝʥʝʥʠʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʚ 

ʩʨʝʜʝ). ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʞʝ ʚʝʱʝʩʪʚʘ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʪʘʤʤʘ-ʧʨʦʜʫʮʝʥʪʘ ʣʠʧʠʜʦʚ ʠʣʠ ʫʛʣʝʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʣʠʯʠʝ ʫ ʥʝʛʦ ʨʷʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʪʦʤ ʯʠʩʣʝ: ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʝʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʫʩʣʦʚʠʷʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʫʩʪʦʡʯʠʚʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʙʦʯʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʚ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʝʥ ʧʦʠʩʢ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʵʪʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ [22]. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʩʪʘʥʜʘʨʪʘʤ ASTM D6751 ʠ EN 14214, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʣʠʧʠʜʦʚ ʩ 

ʚʳʩʦʢʠʤ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʅɾʂ) ʠ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʄʅɾʂ). ɺʳʩʦʢʘʷ ʥʘʩʳʱʝʥʥʦʩʪʴ ʣʠʧʠʜʦʚ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʝʨʝʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ 

ʚʦʩʧʨʠʠʤʯʠʚʳʤʠ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʦʣ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʬʠʨʦʚ ʥʘʩʳʱʝʥʥʳʭ ɾʂ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʮʝʪʘʥʦʚʦʛʦ ʯʠʩʣʘ [23], ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʘʶʪ ʩʚʦʡʩʪʚʘ ʪʝʢʫʯʝʩʪʠ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [24]. 

 ɼʣʷ ʧʦʠʩʢʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ 

ʨʘʙʦʪʝ [25] ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʰʪʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨ. Chlorella. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʙʠʦʤʘʩʩʝ ʰʪʘʤʤʦʚ Chlorella vulgaris sp-1 ʠ Scʝnʝdʝsmus 

obliquus sp-21, ʨʘʚʥʦʝ 28.7 ʠ 29.8% ʦʪ ʤʘʩʩʳ ʢʣʝʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʠʟ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʢʣʝʪʦʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʥʘʩʳʱʝʥʥʳʭ ʠ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʦʙʥʘʨʫʞʝʥʘ ʫ ʰʪʘʤʤʘ S. obliquus sp-21 ï 61.9%. ɺ ʨʘʙʦʪʝ [26] ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʠʘʪʦʤʦʚʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʥʘʢʘʧʣʠʚʘʪʴ 

ʙʠʦʤʘʩʩʫ ʧʨʠ 35 ÁC, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʢʠʭ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʫʜʘʭ ʠ ʦʪʢʨʳʪʳʭ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
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Cyclotella sp. HB162 ʦʙʣʘʜʘʝʪ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ, ʨʘʚʥʳʤ 0.46 ʛ ʣ-1 (23.7% ʧʦ 

ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ). ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ (246.4 ʤʛ ʛ-1 ʙʠʦʤʘʩʩʳ) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫ 

Fistulifera sp. HB236, ʘ ʰʪʘʤʤ Nitzschia palea HB170 ʦʙʣʘʜʘʣ ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʤʘʩʩʳ (0.33 ʛ ʣ-1), ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ (105.9 ʤʛ ʛ-1 ʙʠʦʤʘʩʩʳ), ʧʨʠ 

ʵʪʦʤ ʫ N. palea HB170 ʠ Fistulifera sp. HB236 ʚʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʙʠʦʤʘʩʩʳ 

ʚ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 35 ÁC. ʉʦʜʝʨʞʘʥʠʝ ʅɾʂ ʠ ʄʅɾʂ ʫ ʰʪʘʤʤʦʚ 

ʩʦʩʪʘʚʣʷʣʦ 84-91 % (ʦʪ ʦʙʱʠʭ ʣʠʧʠʜʦʚ) ʠ 90-94% (ʦʪ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ). ɼʣʷ ʧʨʝʩʥʦʚʦʜʥʦʡ 

ʟʝʣʝʥʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Scenedesmus abundans ʙʳʣʦ ʧʦʢʘʟʘʥʦ [27], ʯʪʦ ʝʝ ʣʠʧʠʜʳ ʩʦʜʝʨʞʘʪ 

ʩʚʳʰʝ 80% ʞʠʨʥʳʭ ʢʠʩʣʦʪ C16 - C18, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ. ʃʠʧʠʜʳ ʵʪʦʡ ʚʦʜʦʨʦʩʣʠ ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʘʪ ʅɾʂ (47.83%), ʄʅɾʂ (26.38%) ʠ ʇʅɾʂ 

(25.20%), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʦʜʫʮʝʥʪʦʤ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʣʠʧʠʜʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʇʦʤʠʤʦ ʚʳʜʝʣʝʥʠʷ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʅɾʂ ʠ 

ʄʅɾʂ, ʠʥʪʝʨʝʩʝʥ ʧʦʜʭʦʜ ʩ ʤʦʜʠʬʠʢʘʮʠʡ ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʠʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ɺ ʨʘʙʦʪʝ [28] ʧʨʦʚʝʜʝʥ ʋʌ-ʤʫʪʘʛʝʥʝʟ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ Isochrysis sp. ʠ Nannochloropsis maritima. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʤʫʪʘʥʪ Isochrysis sp. 

5c ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʅɾʂ (52.3%), ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʄʅɾʂ (29.3%), 

ʙʦʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʇʅɾʂ (18.4%) ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ C16-C18 (ʚ 1.3 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʰʪʘʤʤʦʤ) ʚ ʙʠʦʤʘʩʩʝ. 

 ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʅɾʂ ʠ ʄʅɾʂ ʚ ʙʠʦʤʘʩʩʝ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʠʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʫʪʝʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ [29]. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʰʪʘʤʤʘ C. vulgaris UMT-M1 [30] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʝʛʦ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʪʝʤʥʦʪʝ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʅɾʂ ʚ ʙʠʦʤʘʩʩʝ ʩ 34.0 ʜʦ 41.4%, ʥʦ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʄʅɾʂ ʩ 36.7 ʜʦ 29.8%. ʉʦʜʝʨʞʘʥʠʝ ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʉ16:0) ʫʚʝʣʠʯʠʣʦʩʴ ʩ 23.2 ʜʦ 

28.9%, ʪʦʛʜʘ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʉ18:1) ʩʥʠʟʠʣʦʩʴ ʩ 35.4 ʜʦ 28.8%. ʉʦʜʝʨʞʘʥʠʝ 

ʦʙʱʠʭ ʣʠʧʠʜʦʚ ʩʥʠʟʠʣʦʩʴ ʩ 20.4 ʜʦ 18.7%, ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ ʦʩʪʘʚʘʣʘʩʴ 

ʥʝʠʟʤʝʥʥʦʡ. ɺ ʨʘʙʦʪʝ [31] ʩʨʘʚʥʠʚʘʣʠ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Tetraselmis sp. 

KY114885 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʬʦʪʦʘʚʪʦʪʨʦʬʥʦʛʦ ʠ ʤʠʢʩʦʪʨʦʬʥʦʛʦ). ɺ 

ʤʠʢʩʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ ʩ 5 ʛ ʣ-1 ʛʣʶʢʦʟʳ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʚʳʭʦʜʘ ʣʠʧʠʜʦʚ ʠ ʢʨʘʭʤʘʣʘ, ʘ ʪʘʢʞʝ ʜʦʣʠ ʄʅɾʂ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʅɾʂ ʠ ʇʅɾʂ 

ʫʤʝʥʴʰʘʣʦʩʴ. ɸʥʘʣʦʛʠʯʥʦ ʚ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [32] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ ʰʪʘʤʤʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ C. vulgaris, Scenedesmus dimorphus, S. obliquus, Selenastrum sp. 

ʠ Chlorococcum humicola, ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ, ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʥʘ ʩʨʝʜʝ BG-11 ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ C. vulgaris 
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ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 1.86 Ñ 0.1 ʛ ʣ-1, ʯʪʦ ʧʨʝʚʳʰʘʣʦ ʘʥʘʣʦʛʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ (1.14 Ñ 0.3 ʛ ʣ-1 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʣʠʧʠʜʦʚ 35.1 Ñ 1.0%). 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ S. dimorphus ʠ S. obliquus ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʩʳʱʝʥʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ (63.67 ʠ 63.60% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʵʪʦʤ C. vulgaris ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ 

ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʄʅɾʂ ʠ ʅɾʂ (81.28%), ʘ ʪʘʢʞʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʇʅɾʂ 

(18.72%), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠ ̫ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ. 

 ɺ ʨʷʜʝ ʨʘʙʦʪ ʣʠʧʠʜʳ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʅɾʂ ʠ 

ʄʅɾʂ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩ ʤʝʪʘʥʦʣʦʤ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɼʣʷ ʰʪʘʤʤʘ Desmodesmus sp. I-AU1 [33] ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʚ ʬʦʪʦʘʚʪʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʨʝʜʝ ʩ ʧʦʥʠʞʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ (0.375 ʛ ʣ-1 NaNO3 ʚ ʩʨʝʜʝ BG11), ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʛʥʫʪʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʘ 0.745 ʛ ʣ-1, ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ï 36.14% ʧʨʠ 

ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ 0.20 ʩʫʪ-1. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʅɾʂ ʩʦʩʪʘʚʠʣʦ 

31.02%, ʄʅɾʂ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ C18:1) ʩʦʩʪʘʚʣʷʝʪ 25.64% (ʩʫʤʤʘʨʥʦ 56.66%), ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ Desmodesmus. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʙʠʦʪʦʧʣʠʚʦ ʠʟ ʣʠʧʠʜʦʚ ʵʪʦʛʦ ʰʪʘʤʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ ASTM D6751 ʠ EN 

14214, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (0.88 ʛ ʩʤ-3) ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ (2.81 ʤʤ2 

ʩ-1), ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ʩʦʩʪʘʚʠʣʦ 43.47, ʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ - 5.96 ʯ. ɺ ʨʘʙʦʪʝ [34] 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʨʠʜʮʘʪʠ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ C. vulgaris KP2 

ʦʙʣʘʜʘʝʪ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ (28.56% ʦʪ ʤʘʩʩʳ ʩʫʭʠʭ ʢʣʝʪʦʢ) ʠ ʩʘʤʦʡ 

ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ (4.56 ʤʛ ʣ-1 ʩʫʪ-1) ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ. ɹʠʦʤʘʩʩʘ ʵʪʦʛʦ ʰʪʘʤʤʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʜʝʨʞʘʣʘ ʩʣʝʜʫʶʱʠʝ ʞʠʨʥʳʝ 

ʢʠʩʣʦʪʳ: C18:1 (37.56%), C16:0 (23.16%), ʩʪʝʘʨʠʥʦʚʫʶ C18:0 (23.07), ʣʠʥʦʣʝʚʫʶ C18:2 (7.00%) ʠ 

ʣʠʥʦʣʝʥʦʚʫʶ C18:3 (3.12%), ʘ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ, ʄʅɾʂ ʠ ʇʅɾʂ ʩʦʩʪʘʚʣʷʣʦ 49.26, 

38.73 ʠ 10.12% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʄʕɾʂ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʣʠʧʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʩʫʤʤʘʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʅɾʂ ʠ ʄʅɾʂ ʚ ʙʠʦʤʘʩʩʝ (87.99%) 

ʚʳʷʚʠʣ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʡʦʜʥʦʛʦ ʯʠʩʣʘ (59 ʛ ʥʘ 100 ʛ ʄʕɾʂ), ʫʚʝʣʠʯʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ (ʜʦ 14.24 ʯ) ʠ ʮʝʪʘʥʦʚʦʛʦ ʯʠʩʣʘ (ʜʦ 58.73) ʫ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʠʟ ʙʠʦʤʘʩʩʳ, ʚʳʨʘʱʝʥʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ. ɹʠʦʪʦʧʣʠʚʦ, 

ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Fasciculochloris boldii [35] ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ 26.8 Ñ 1.1% c 

ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʅɾʂ (71.2%), ʦʙʣʘʜʘʣʦ ʜʦʩʪʘʪʦʯʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʮʝʪʘʥʦʚʦʛʦ ʯʠʩʣʘ (63.3) ʠ 

ʥʠʟʢʠʤ ʡʦʜʥʳʤ ʯʠʩʣʦʤ (38.9). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʚʩʝ ʰʪʘʤʤʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʅɾʂ ʠ ʄʅɾʂ, ʦʜʥʘʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 
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ʨʝʞʠʤʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʩʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʡ), ʚʦʟʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʵʪʠʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʧʦʣʫʯʠʪʴ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ.  

1.1.2 ɺʳʜʝʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʫʛʣʝʚʦʜʳ 

ʄʠʢʨʦʚʦʜʦʨʦʩʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʜʦ (60ï70%). ʅʝʢʦʪʦʨʳʝ ʰʪʘʤʤʳ ʩʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʚʦʜʦʚ (40ï50%), ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʭ ʧʨʠʤʝʥʝʥʠ ̫ʢʘʢ ʩʳʨʴʷ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʙʨʘʞʠʚʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ (ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ) 

ʧʝʨʝʨʘʙʦʪʢʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʥʘʢʘʧʣʠʚʘʶʪ 

ʵʥʜʦ- ʠ ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʳ, ʧʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʚʳʜʝʣʷʪʴʩʷ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʠʣʠ ʦʩʪʘʚʘʪʴʩʷ 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʦʡ.  

ʆʪʜʝʣʴʥʳʝ ʰʪʘʤʤʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʠʥʪʝʟʫ 

ʫʛʣʝʚʦʜʦʚ, ʥʘʧʨʠʤʝʨ, Chlorella sp. MI (57.8 Ñ 16.6) ʠ Desmodesmus sp. FG (53.5 Ñ 14.2)  [36]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʦʜʫʮʠʨʫʶʪ ʫʛʣʝʚʦʜʳ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʪʨʝʩʩʦʚʳʭ 

ʫʩʣʦʚʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [37] ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʚʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ - Nannochloropsis gaditana 

(ʤʦʨʩʢʘʷ), ʠ Parachlorella kessleri (ʧʨʝʩʥʦʚʦʜʥʘʷ). ɺʳʷʚʣʝʥʦ, ʯʪʦ N. gaditana ʥʘʢʘʧʣʠʚʘʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʫʛʣʝʚʦʜʦʚ, ʯʝʤ P. kessleri. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ 

ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʫ N. gaditana ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ ʩʦʩʪʘʚʠʣʘ 

3.4Ĭ10-3 ʢʛ ʤ-2 ʩʫʪ-1 ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NO3
- ʚ ʩʨʝʜʝ ʥʘ 56%. P. kessleri 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʫʛʣʝʚʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʵʪʘʥʦʣʘ ʧʫʪʝʤ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʙʨʘʞʠʚʘʥʠʷ ʜʨʦʞʞʘʤʠ.  

ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʩʨʝʜʝ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʚʦʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫ hʪʘʤʤʘ 

Coccomyxa sp. IITRSTKM4 [38] ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʨʝʜʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, 

ʬʦʩʬʦʨʘ ʠ ʩʝʨʳ ʦʙʥʘʨʫʞʝʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʭʣʦʨʦʬʠʣʣʘ ʚ ʢʣʝʪʢʘʭ, ʯʪʦ 

ʢʦʤʧʝʥʩʠʨʦʚʘʣʦʩʴ ʩʪʘʙʠʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʩʪʝʤʳ II ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʣʠʧʠʜʦʚ ʚ ʢʣʝʪʢʘʭ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ (~ 41%) ʠ ʩʢʦʨʦʩʪʴ ʠʭ ʥʘʢʦʧʣʝʥʠʷ (22.0 

Ñ 2.2 ʤʛ ʣ-1 ʩʫʪ-1) ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʜʝʬʠʮʠʪʝ ʚʩʝʭ ʪʨʝʭ ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ ʪʦʣʴʢʦ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʚ ʩʨʝʜʝ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʚ 

ʚ ʢʣʝʪʢʘʭ Coccomyxa sp. IITRSTKM4 (ʜʦ 33%). ɺ ʨʘʙʦʪʝ [39] ʧʨʦʚʦʜʠʣʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʰʪʘʤʤʘ 

Desmodesmus sp. ʚ ʩʨʝʜʝ, ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦ ʥʠʪʨʘʪʘʤ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʣʦ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʚʦʜʦʚ ʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ (32.44 Ñ 0.45% ʠ 327.65 Ñ 23.39 ʤʛ ʣ-1), ʘ 
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ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ (41.54 Ñ 1.13% ʠ 419.57 Ñ 31.52 

ʤʛ ʣ-1). ʊʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʠʦʤʘʩʩʳ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʣʘ 21.97ï23.17 ʄɼʞ ʢʛ-1. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʥʘ ʧʨʠʤʝʨʝ ʟʝʣʝʥʦʡ ʚʦʜʦʨʦʩʣʠ Picocystis salinarum ʙʳʣʦ ʧʦʢʘʟʘʥʦ [40], ʯʪʦ ʯʨʝʟʤʝʨʥʦʝ 

ʩʥʠʞʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ (ʜʦ 9.375 ʤʛ ʣ-1) ʦʢʘʟʳʚʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ (ʜʦ 33.87% ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ), ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʚ (30.98% ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ) ʠ ʙʝʣʢʘ (1.89% ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ).  

 ʇʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʚʦʜʦʚ ʫ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ ʢʫʣʴʪʫʨʳ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʵʪʦʛʦ ʬʘʢʪʘ ʰʪʘʤʤ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Chlorella thermophila ʧʦʜʚʝʨʛʘʣʠ 

ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʚ ʧʠʣʦʪʥʦʤ ʧʘʥʝʣʴʥʦʤ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʝ (ʦʙʲʝʤʦʤ 50 

ʣ) [41]. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ (0.69%) ʠ ʫʛʣʝʚʦʜʦʚ (38%) ʚ 

ʙʠʦʤʘʩʩʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʤʘʩʩʳ (16.4 ʤʛ ʣ-1) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ (10.5 ʤʛ ʣ-1) ʠ ʫʛʣʝʚʦʜʦʚ (0.76 ʤʛ ʣ-1) ʙʳʣ ʜʦʩʪʠʛʥʫʪ 

ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʨʘʚʥʦʡ 4500 ʣʢ. ɺ ʨʘʙʦʪʝ [42] ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ (ʙʝʣʳʝ, ʢʨʘʩʥʳʝ ʠ ʩʠʥʠʝ ʜʠʦʜʳ cʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʩʚʝʱʝʥʠʷ 850 ʤʢʤʦʣʴ ʤ-2 ʩʫʪ-1) ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ Chlorella sp. 

AE10 ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʩʨʝʜʝ. ʅʝʜʦʩʪʘʪʦʢ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ 

ʬʦʩʬʦʨʘ ʚ ʩʨʝʜʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʘʣʩʷ ʥʘ ʩʢʦʨʦʩʪʠ ʧʨʠʨʦʩʪʘ ʝʛʦ ʙʠʦʤʘʩʩʳ. ʉʢʦʨʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʩʦʩʪʘʚʣʷʣʘ 1.90 ʛ ʣ-1 ʩʫʪ-1 ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʣʘʤʧʘʤʠ ʙʝʣʦʛʦ ʩʚʝʪʘ. 

ʅʝʜʦʩʪʘʪʦʢ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʚ ʩʨʝʜʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʥʘʢʦʧʣʝʥʠʶ ʫʛʣʝʚʦʜʦʚ ʧʨʠ ʦʩʚʝʱʝʥʠʠ 

ʚʩʝʤʠ ʪʨʝʤʷ ʪʠʧʘʤʠ ʩʚʝʪʦʜʠʦʜʦʚ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʩʦʩʪʘʚʠʣʦ 75.9% ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʫʚʝʣʠʯʠʣʦʩʴ ʩ 37.51% 

ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʩʚʝʪʦʤ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʜʦ 77.44% ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. vulgaris [43] ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ CO2 ʚ ʧʦʜʘʚʘʝʤʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ, 

ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ. 

 ɺ ʨʘʙʦʪʝ [44] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʪʠʯʝʩʢʠʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚʣʠʷʶʪ ʥʘ ʤʝʪʘʙʦʣʠʟʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ 

ʦʪʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʛʣʝʚʦʜʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʣʦʩʴ 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʙʠʦʤʘʩʩʝ Chorella fusca, ʧʨʠ ʪʦʤ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʛʣʶʢʦʟʳ ʫʤʝʥʴʰʠʣʦʩʴ, 

ʘ ʬʫʢʦʟʳ, ʘʨʘʙʠʥʦʟʳ, ʨʘʤʥʦʟʳ, ʛʘʣʘʢʪʦʟʳ ʠ ʛʣʶʢʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʠʣʦʩʴ. 

 ɼʣʷ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʘʟʣʠʯʥʳʝ ʜʦʙʘʚʢʠ ʠ ʠʟʤʝʨʝʥʠʝ ʨʅ ʩʨʝʜʳ. ʅʘ ʧʨʠʤʝʨʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Scenedesmus acuminatus 

[45] ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʠ ʬʦʩʬʘʪʦʚ ʚ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʜʦʙʘʚʢʠ 

ʤʘʛʥʠʷ, ʣʠʟʠʥʘ ʠ ʥʘʯʘʣʴʥʦʛʦ pH ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ ʫʛʣʝʚʦʜʦʚ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʤʘʛʥʠʷ ʠ ʣʠʟʠʥʘ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʣʠʟʠʥ (0.5 ʛ ʣ-1) ʫʚʝʣʠʯʠʚʘʣ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʩ 13.4 Ñ 1.8 ʜʦ 38.4 Ñ 2.4 ʤʛ ʣ-1 ʩʫʪ-1 

(ʧʨʠ pH ʩʨʝʜʳ 9.0). ɼʦʢʘʟʘʥʥʦʝ ʚʣʠʷʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʟʠʥʘ ʚ ʩʨʝʜʝ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʨʦʩʪʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʪʭʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʢʘʨʪʦʬʝʣʷ ʠ ʩʦʝʚʦʛʦ ʰʨʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʥʝʜʦʨʦʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʣʠʟʠʥʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ ʠ ʧʦʚʳʰʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʵʪʘʥʦʣʘ ʠʟ ʠʭ ʙʠʦʤʘʩʩʳ. 

 ɺ ʢʘʯʝʩʪʚʝ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʦʩʪʘ ʙʠʦʤʘʩʩʳ, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʦ-ʠʥʦʟʠʪʦʣ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʢʣʝʪʦʯʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʠ, 

ʥʘʨʷʜʫ ʩ ʚʠʪʘʤʠʥʘʤʠ ʛʨʫʧʧʳ B, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʦʩʪʘ ʢʣʝʪʦʢ ʠ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʜʨʫʛʠʭ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫ ʨʘʩʪʝʥʠʡ ʤʠʦ-ʠʥʦʟʠʪʦʣ ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʤ 

ʧʦʩʨʝʜʥʠʢʦʤ ʚ ʧʨʦʮʝʩʩʘʭ, ʠʥʜʫʮʠʨʫʝʤʳʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʤʦʥʦʚ ʘʫʢʩʠʥʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʠ 

ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʠʭ ʨʦʩʪ [46]. ɼʣʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Chlorella sorokiniana ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʚ ʢʣʝʪʢʘʭ ʚʦʜʦʨʦʩʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʦ-

ʠʥʦʟʠʪʦʣʘ ʚ ʩʨʝʜʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʩʥʠʞʘʝʪʩʷ [47]. ʇʦʤʠʤʦ ʤʠʦ-ʠʥʦʟʠʪʦʣʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʠʤʫʣʷʪʦʨʘ ʨʦʩʪʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʢʦʬʝʠʥ, ʢʦʪʦʨʳʝ 

ʫʚʝʣʠʯʠʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʩʚʳʰʝ 66% ʫ S. obliquus [48]. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʦʤ ʩʫʙʩʪʨʘʪʝ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, 

ʧʦʢʘ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤʠ. ɺ ʦʜʥʦʡ ʠʟ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ ʧʦ ʵʪʦʡ ʪʝʤʝ [49] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʫʜʣʠʥʝʥʠʠ ʩʚʝʪʦʚʦʡ ʬʘʟʳ ʜʦ 24 ʯ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠ ̫ʙʝʣʢʘ ʚ ʙʠʦʤʘʩʩʝ ʩʦʩʪʘʚʠʣʦ 15% 

ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʘ ʫʛʣʝʚʦʜʦʚ ʚʦʟʨʦʩʣʦ ʥʘ 6.5% ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʩʨʝʜʝ, ʠʤʠʪʠʨʫʶʱʝʡ ʩʪʦʯʥʳʝ ʚʦʜ,r ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ. ʇʦʩʢʦʣʴʢʫ ʩʦʩʪʘʚ ʩʪʦʯʥʳʭ ʚʦʜ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʝʥ, ʘ ʪʘʢʞʝ ʚ ʥʝʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚ ʨʘʙʦʪʝ [50] ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ, ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʢʨʘʭʤʘʣʘ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ 2.0 ʤʛ ʣ-1 ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʳʤ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʫʛʣʝʚʦʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ.  
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1.1.3 ɺʣʠʷʥʠʝ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

 

1.1.3.1 ɺʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ  

 ɺ ʨʘʙʦʪʝ [51] ʦʧʠʩʘʥ ʥʦʚʳʡ ʚʠʜ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Nephrochlamys yushanlensis, ʫ ʢʦʪʦʨʦʛʦ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʩʦʩʪʘʚʣʷʣʦ 58.64% ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ, ʜʝʬʠʮʠʪʥʦʡ 

ʧʦ ʩʦʝʜʠʥʝʥʠʷʤ ʘʟʦʪʘ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ (ʊɸɻ) 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʦʙʝʜʥʝʥʠʷ ʩʨʝʜʳ ʧʦ ʩʦʝʜʠʥʝʥʠʷʤ ʬʦʩʬʦʨʘ ʠ ʘʟʦʪʘ (ʜʦ 23.69% ʠ 21.74%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (16.90%). ʆʩʥʦʚʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, 

ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʚ ʙʠʦʤʘʩʩʝ, ʙʳʣʠ ʦʣʝʠʥʦʚʘʷ (49.8-64.1%), ʧʘʣʴʤʠʪʠʥʦʚʘʷ (21.1-22.7%) ʠ 

ʣʠʥʦʣʝʚʘʷ (8.6-10.3%). ʅʝʜʦʩʪʘʪʦʢ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʧʨʠʚʝʣ ʢ ʧʦʷʚʣʝʥʠʶ ʣʠʥʦʣʝʥʦʚʦʡ (1.5-

4.1%) ʠ ʩʪʝʘʨʠʜʦʥʦʚʦʡ 18:4 (1.0-1.8%) ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʅɾʂ ʠ ʄʅɾʂ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ 88.9% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʫʩʣʦʚʠʷʭ 

ʜʝʬʠʮʠʪʘ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ ʰʪʘʤʤ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɼʣʷ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Isochrysis galbana ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ [52], 

ʥʘʦʙʦʨʦʪ, ʧʦʢʘʟʘʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ, ʨʘʚʥʦʝ 47%, ʘ ʪʘʢʞʝ ʥʠʟʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ. ʂʦʣʠʯʝʩʪʚʦ ʇʅɾʂ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʧʷʪʴ ʨʘʟ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʨʝʜʝ 72 ʤʛ 

ʣ-1 NaNO3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʦʡ ʩ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʅʘʧʨʦʪʠʚ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʅɾʂ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʫ ʵʪʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʙʳʣʘ 

ʙʦʣʴʰʝ (75.79%), ʯʝʤ ʚ ʩʣʫʯʘʝ ʠʩʭʦʜʥʦʡ ʩʨʝʜʳ (36.63%). ɼʨʫʛʦʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʜʣʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Tisochrysis lutea [53], ʢʦʪʦʨʘʷ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ f/2 ʩ ʘʮʝʪʘʪʦʤ ʥʘʪʨʠʷ 

ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʢʘʧʣʠʚʘʣʘ ʄʅɾʂ ʠ ʇʅɾʂ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʦʜʝʨʞʘʱʠʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʩ ʯʝʪʳʨʴʤʷ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʩʚʷʟʷʤʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ ʥʝ ʪʦʣʴʢʦ ʚʳʟʳʚʘʣʦ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʥʦ ʪʘʢʞʝ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦ ʚʣʠʷʣʦ ʥʘ ʠʭ ʞʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʧʦʠʩʢ 

ʰʪʘʤʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʥʘʢʘʧʣʠʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʧʠʜʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʅɾʂ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

 ʇʨʠ ʘʥʘʣʠʟʝ ʚʣʠʷʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫ ʰʪʘʤʤʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Auxenochlorella protothecoides KP7 

ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʱʝʣʦʯʥʦʤ pH ʩʨʝʜʳ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʊɸɻ (ʜʦ 81.25% ʦʪ ʦʙʱʠʭ ʣʠʧʠʜʦʚ) ʠ ʢʨʘʭʤʘʣʘ, ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʠ 

ʙʝʣʢʘ. ʆʩʥʦʚʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʫ A. protothecoides KP7 ʙʳʣʠ C18:1 (57.5%), C18:2 

(19.5%), C16:0 (12.5%) ʠ C18:3 (5.6%), ʘ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ, ʄʅɾʂ ʠ ʇʅɾʂ 
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ʩʦʩʪʘʚʣʷʣʦ 16.3, 58.4 ʠ 25.1%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʤʙʠʥʘʮʠʠ ʩʪʨʝʩʩʦʚʳʭ 

ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʣʠʧʠʜʦʚ ʄʕɾʂ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʠʟʢʠʤ 

ʡʦʜʥʳʤ ʯʠʩʣʦʤ (97.64 ʛ I2 ʥʘ 100 ʛ), ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ (7.29 ʯ) ʠ ʚʳʩʦʢʠʤ 

ʮʝʪʘʥʦʚʳʤ ʯʠʩʣʦʤ (55.26) [54]. ʅʘ ʧʨʠʤʝʨʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Tetradesmus obliquus SAG 276-3a 

ʘʥʘʣʦʛʠʯʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʚʫʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʨʝʜʫ 

ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 0.16% ʮʠʪʨʘʪʘ ʠ 0.08% ʙʠʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʚ 4.5 ʨʘʟʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ 

ʩʨʝʜʫ 0.16% ʘʮʝʪʘʪʘ ʠ 0.16% ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ. ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʄʕɾʂ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʣʠʧʠʜʦʚ T. 

obliquus SAG 276-3a, ʧʦʢʘʟʘʣ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʅɾʂ ʠ ʄʅɾʂ. ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ 

ʦʙʨʘʟʮʦʚ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʜʠʡʩʢʠʤ, ʘʤʝʨʠʢʘʥʩʢʠʤ ʠ 

ʝʚʨʦʧʝʡʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ [55]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʨʝʜʳ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚʤʝʩʪʝ ʩ ʢʘʨʙʦʥʘʪʥʦ-

ʙʠʢʘʨʙʦʥʘʪʥʳʤ ʙʫʬʝʨʦʤ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʊɸɻ) ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

 ɺʣʠʷʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʥʘ ʧʨʦʮʝʩʩ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ A. protothecoides [56]. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʵʪʘ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʴ ʩʧʦʩʦʙʥʘ ʨʘʩʪʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe2+ ʚʧʣʦʪʴ ʜʦ 21.6 ʤʄ. ʅʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʅɾʂ (78.5%) ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʨʝʜʫ 1.15 ʤʄ FeCl2, ʘ ʥʘʠʙʦʣʴʰʝʝ 

ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ - ʧʨʠ 1.08 ʤʄ Fe2(SO4)3. ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʪʘʥʜʘʨʪʘʤ, ʝʩʣʠ ʩʳʨʴʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟ ʙʠʦʤʘʩʩʳ, ʚʳʨʘʱʝʥʥʦʡ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʨʝʜʫ 0.2 -14.4 ʤʄ Fe2(SO4)3. ɺ ʨʘʙʦʪʝ [57] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʠʟʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Fe3+ (0-0.002 ʤʄ) ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʥʘʢʦʧʣʝʥʠʶ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʤ C. sorokiniana, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (0.01 ʤʄ) ʩʥʠʞʘʣʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ. ɼʦʙʘʚʣʝʥʠʝ ʢʘʢ Fe3+, 

ʪʘʢ ʠ Zn2+ ʚ ʩʨʝʜʫ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʣʦ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʫ C. sorokiniana (ʜʦ 

64.91%), ʪʦʛʜʘ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ Mn2+ ʦʢʘʟʳʚʘʣʦ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʥʘʢʦʧʣʝʥʠʝ. ʆʩʥʦʚʥʳʤʠ 

ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʚ ʙʠʦʤʘʩʩʝ, ʙʳʣʠ ʧʘʣʴʤʠʪʠʥʦʚʘʷ ʠ ʩʪʝʘʨʠʥʦʚʘʷ, 

ʣʠʥʦʣʝʚʘʷ ʢʠʩʣʦʪʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ. ʀʦʥʳ Fe2+, Mn2+ ʠ Zn2+ ʠʟʤʝʥʷʣʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʦʡ ʫʛʣʝʨʦʜʥʦʡ 

ʮʝʧʠ, ʥʦ ʥʝ ʚʣʠʷʣʠ ʥʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʙʠʦʤʘʩʩʝ. ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʣʠʧʠʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʚ ʩʨʝʜʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʚ ʩʨʝʜʫ, ʦʢʘʟʘʣʦʩʴ 

ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ɼʣʷ ʰʪʘʤʤʘ 

Nannochloropsis oceanica CCMP1779 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 
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ʘʟʦʪʘ ʚ ʩʨʝʜʝ ʠ ʜʦʙʘʚʣʝʥʠʝ ʩʦʣʝʡ ʤʘʨʛʘʥʮʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʣʝʪʦʢ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʠ ʞʝʣʝʟʘ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʫʚʝʣʠʯʝʥʠʶ. ʇʨʠ 

ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʚ ʩʨʝʜʝ ʩʥʠʞʘʣʦ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ 

ʙʠʦʤʘʩʩʝ, ʘ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʠʚʘʣʦ ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʧʠʜʦʚ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʇʅɾʂ, ʪʘʢʠʭ ʢʘʢ ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʘʷ ʢʠʩʣʦʪʘ 20:5(n-3). ʋʤʝʥʴʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʚ ʙʠʦʤʘʩʩʝ ʄʅɾʂ (C18:1 ʠ 

C16:1), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʅɾʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʨʠʩʪʠʥʦʚʦʡ (C14:0), C16:0 ʠ C18:0 [58].  

 ʇʦʤʠʤʦ ʩʦʩʪʘʚʘ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʨʷʜ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ɺ ʪʦʤ ʯʠʩʣʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

Chlorococcum oleofaciens KF584224.1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʄʅɾʂ ʠ ʇʅɾʂ ʩʥʠʟʠʣʦʩʴ. 

ʉʚʦʡʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ C. oleofaciens, ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ 50 ʤʢʤʦʣʴ ʤ-2 ʩ-1, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ (EN 14214 ʠ ASTM D6751). ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ (ʜʦ 400 

ʤʢʤʦʣʴ ʬʦʪʦʥʦʚ ʤ-2 ʩ-1) ʫʣʫʯʰʘʣʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ  [59]. ʅʘʦʙʦʨʦʪ, 

ʚ ʨʘʙʦʪʝ [60] ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʩʫʪʦʯʥʳʡ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ 

Eustigmatos magnus ʠ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʜʦʩʪʠʛʘʣʠʩʴ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʩʚʝʱʝʥʠʠ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʣʝʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʅɾʂ ʠ ʄʅɾʂ.  

 ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ, 

ʢʦʤʙʠʥʘʮʠʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ - ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʢʘʟʳʚʘʶʱʠʡʩʷ ʥʘ ʨʦʩʪʝ ʠ 

ʥʘʢʦʧʣʝʥʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, 

ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩʥʠʞʘʣʠʩʴ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ [61]. ʉʦʜʝʨʞʘʥʠʝ ʅɾʂ ʫ Tetraselmis suecica FIKU032 ʠ Nannochloropsis sp. 

FIKU036 ʩʥʠʞʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʇʅɾʂ. ʂʨʦʤʝ ʪʦʛʦ, ʰʪʘʤʤ 

Chaetoceros sp. FIKU035 ʩ ʦʧʪʠʤʫʤʦʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʨʠ 40 ÁC ʦʙʣʘʜʘʣ ʥʘʠʙʦʣʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʧʨʠ 25 ÁC (66.73 Ñ 1.34 ʤʛ ʣ-1 ʩʫʪ-1) ʠ 30 ÁC (61.35 Ñ 2.89 ʤʛ ʣ-1 

ʩʫʪ-1). ʂʨʦʤʝ ʪʦʛʦ, ʩʚʦʡʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ 

ʠ ʧʣʦʪʥʦʩʪʴ), ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʙʠʦʤʘʩʩʳ ʵʪʦʛʦ ʚʠʜʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʪʘʥʜʘʨʪʘʤ 

ʢʘʯʝʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʮʝʥʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʠʪʨʘʪʦʚ (37.1ï78.8 ʤʛ ʣ-1), ʪʝʤʧʝʨʘʪʫʨʳ (20ï36 ÁC) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ (140ï364 ʤʢʤʦʣʴ ʤ-2 

ʩ-1) ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ Pseudoneochloris marina ʠ ʝʝ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ [62]. 



25 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ (0.26 ʛ ʣ-1 ʩʫʪ-1) ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ 74.1 ʤʛ ʣ-1 

NO3
-, 28 ÁC ʠ 252ï364 ʤʢʤʦʣʴ ʤ-2 ʩ-1. ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʩʥʠʞʘʣʦʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʠ ʩʦʩʪʘʚʣʷʣʦ 236 Ñ 18 ʤʛ ʛ-1 ʧʨʠ 20 ÁC ʠ 140 ʤʢʤʦʣʴ ʤ-2 ʩ-1. ʂʦʣʠʯʝʩʪʚʦ ʅɾʂ, ʄʅɾʂ ʠ ʇʅɾʂ 

ʙʳʣʦ ʦʮʝʥʝʥʦ ʢʘʢ 46.1 Ñ 1.5%, 10.6 Ñ 1.7% ʠ 43.3 Ñ 1.0% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. 

ʉʦʩʪʘʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʘʣʠʯʠʝʤ C16:0, C18:2, C18:3 ʠ C18:1. ʅʘʠʤʝʥʴʰʝʝ 

ʦʪʥʦʰʝʥʠʝ ɤ6:ɤ3 ʩʦʩʪʘʚʠʣʦ 1.6 Ñ 0.1 ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ ʩʘʤʦʡ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ.  

 ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʧʨʫʜʘʭ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ 

ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʩʫʪʦʯʥʳʤ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ. ɼʚʘ 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʰʪʘʤʤʘ Micractinium sp. ʠ Scenedesmus sp. ʚʳʨʘʱʠʚʘʣʠ ʚ ʨʝʞʠʤʝ 16 ʯ 

ʩʚʝʪʦʚʘʷ ʬʘʟʘ (30 ÁC) ʠ 8 ʯ ʪʝʤʥʦʚʘʷ ʬʘʟʘ (16 ÁC) [63]. ʆʙʘ ʰʪʘʤʤʘ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʥʘʢʘʧʣʠʚʘʪʴ ʙʠʦʤʘʩʩʫ ʧʨʠ 10 - 50 ÁC. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʫ Micractinium sp. ʠ Scenedesmus sp. ʩʦʩʪʘʚʠʣʘ 6 ʠ 7 ʤʛ ʣ-1 ʩʫʪ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʫ Micractinium sp. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫ ʵʪʦʛʦ ʰʪʘʤʤʘ, ʨʘʚʥʘʷ 85.4 Ñ 2 ʤʛ ʣ-1  

ʩʫʪ-1, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʚʦ ʚʨʝʤʷ ʬʘʟʳ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʚʦʩʝʤʴ ʨʘʟ.  

 ʇʦʤʠʤʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʚʝʪʘ, ʥʘ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʦʙʨʘʙʦʪʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ. ɺ ʨʘʙʦʪʝ [64] ʧʨʠʤʝʥʷʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʥʠʞʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʢʣʝʪʦʢ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʤʘʩʩʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Desmodesmus intermediateus Z8. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʬʨʘʢʮʠʠ ʣʠʧʠʜʦʚ C16 - C18 ʠ ʅɾʂ ʥʘ 20.28% ʠ 50.29%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʙʩʮʠʟʦʚʘʷ, ʞʘʩʤʦʥʦʚʘʷ ʠ ʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʤʥʦʛʠʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫ ʨʘʩʪʝʥʠʡ. ɼʣʷ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫ C. vulgaris ʚ ʨʘʙʦʪʝ 

[65] ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʵʪʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʞʘʩʤʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.5 ʤʛ ʣ-1 ʚʳʟʳʚʘʣʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ (49%) ʫ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. vulgaris ZF, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 127%. ʉʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 

123% ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 1.0 ʤʛ ʣ-1 ʘʙʩʮʠʟʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʘ 100% ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 10 ʤʛ ʣ-1 

ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʪʨʠ ʬʠʪʦʛʦʨʤʦʥʘ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 
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1.1.3.2 ɺʣʠʷʥʠʝ ʩʦʣʝʡ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤʠ 

 ʈʘʥʝʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ 

ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʢʣʝʪʢʘʤʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ɼʣʷ C. sorokiniana SDEC-18 ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʪʦʢʦʚ ʩʦʝʜʠʥʝʥʠʡ ʫʛʣʝʨʦʜʘ ʚʥʫʪʨʠ ʢʣʝʪʦʢ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʧʨʝʚʨʘʱʝʥʠʶ ʢʨʘʭʤʘʣʘ ʚ ʣʠʧʠʜʳ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 20 ʛ ʣ-1 NaCl ʚ ʩʨʝʜʫ BG11 

ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʩʦʩʪʘʚʠʣʘ 19.66 ʤʛ ʣ-1 ʩʫʪ-1, ʯʪʦ ʚ 2.16 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʦʡ 

ʩʨʝʜʝ BG11 [66]. ɺ ʮʝʣʦʤ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʘʢʦʧʣʝʥʠʶ ʙʠʦʤʘʩʩʳ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʜʦ 20-30 ʛ ʣ-1, ʧʨʠ ʵʪʦʤ ʚ ʨʘʙʦʪʝ [67] ʧʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ C. vulgaris ʨʘʩʪʠ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ 45 ʛ ʣ-1.  

 ʉʦʩʪʘʚ ʩʦʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, 

ʦʢʘʟʳʚʘʣ ʚʣʠʷʥʠʝ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʥʘʩʳʱʝʥʥʦʩʪʴ ʣʠʧʠʜʦʚ ʚ ʠʭ ʙʠʦʤʘʩʩʝ. ɺ ʨʘʙʦʪʝ [68] 

ʩʨʘʚʥʠʚʘʣʠ ʚʣʠʷʥʠʝ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NaCl, KCl ʠ LiCl ) ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʴʶ Chlamydomonas reinhardtii 137c. ɼʦʙʘʚʣʝʥʠʝ ʚ ʩʨʝʜʫ NaCl ʫʚʝʣʠʯʠʣʦ 

ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʜʦ 70.2%, ʜʦʙʘʚʣʝʥʠʝ KCl ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦ ʢʦʣʠʯʝʩʪʚʦ ʅɾʂ (ʜʦ 

47.05%), ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʇʅɾʂ ʩʦʩʪʘʚʠʣʦ 45.77%. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ NaCl 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʧʠʨʫʚʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (PDH2), ʘʮʝʪʠʣ-ʂʦɸ ʢʘʨʙʦʢʩʠʣʘʟʳ, ʛʝʥʦʚ MAT 

ʠ KAS2. ʀʟʤʝʥʝʥʠʝ ʩʠʥʪʝʟʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩʦ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʝʡ MAT, 

ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʩʠʥʪʝʟ ʤʘʣʦʥʠʣ-ACP, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʩʠʥʪʝʟʝ ʣʠʧʠʜʦʚ. ɺ ʦʪʥʦʰʝʥʠʠ ʜʨʫʛʠʭ 

ʩʦʣʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ Scenedesmus vacuolatus ʜʦʙʘʚʣʝʥʠʝ 70 ʤʄ CaCl2 ʚ ʩʨʝʜʫ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʥʘ 253% [69]. ɺ ʨʘʙʦʪʝ [70] ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ 

ʩʦʣʝʡ (NaCl ʠ CaCl2) ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʫ C. reinhardtii. ʄʠʢʨʦʚʦʜʦʨʦʩʣʴ ʩʥʘʯʘʣʘ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ ʙʝʟ ʩʦʣʝʡ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ NaCl (50ï200 ʤʄ) ʠ CaCl2 (100 ʤʄ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ 100 ʤʄ NaCl ʠ 100 ʤʄ CaCl2 ʧʨʠʚʝʣʦ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ 

ʣʠʧʠʜʦʚ (73.4%), ʩʢʦʨʦʩʪʴ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 10.9 ʤʛ ʣ-1 ʩʫʪ-1, ʯʪʦ ʚ 3.5 ʠ 2.1 ʨʘʟʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ ʠʩʭʦʜʥʦʡ ʩʨʝʜʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʛʣʠʮʝʨʦʣ-3-ʬʦʩʬʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʳ ʣʠʟʦʬʦʩʬʘʪʠʜʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʜʠʘʮʠʣʛʣʠʮʝʨʦʣ ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʳ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʥʘʢʦʧʣʝʥʠʠ ʣʠʧʠʜʦʚ ʫ C. reinhardtii. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ 100 ʤʄ NaCl ʠ 100 ʤʄ CaCl2 ̫ ʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʤʥʦʛʦʦʙʝʱʘʶʱʝʡ ʩʪʨʘʪʝʛʠʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

 ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʩʦʣʝʚʦʤ 

ʩʪʨʝʩʩʝ ʫ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʨʠʯʥʝʚʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Amphora sp. ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ 

ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ ʜʦʣʷ C16 ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩʦʩʪʘʚʣʷʝʪ 75%, ʘ ʅɾʂ (ʚ ʪʦʤ ʯʠʩʣʝ C16:0 27.41%) - 
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41.31% [71]. ɼʣʷ A. protothecoides ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʅɾʂ ʚ ʙʠʦʤʘʩʩʝ 

ʜʦ 43.9% ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 5 ʛ ʣ-1 NaCl. ʇʨʠ ʵʪʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʘʮʠʠ 

ʩʦʣʝʡ ʤʘʛʥʠʷ ʠ ʥʘʪʨʠʷ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʥʦʣʝʚʦʡ ʢʠʩʣʦʪʳ (35.2%) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 0.3 ʤʛ ʣ-1 Mg2+ ʩ 2.5 ʛ ʣ-1 NaCl, ʘ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʤʘʩʩʳ - ʧʨʠ 18.5 ʤʛ 

ʣ-1 Mg2+ ʩ 5.0 ʛ ʣ-1 NaCl [72]. ɺ ʨʘʙʦʪʝ [73] ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʩ ʚʳʩʦʢʦʡ 

ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥ ʜʚʫʭʬʘʟʥʳʡ ʩʧʦʩʦʙ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ C. vulgaris. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

C. vulgaris ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʨʝʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʠʦʤʘʩʩʳ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʚʝʱʝʩʪʚ ʩʦʩʪʘʚʠʣʘ 80.5% (ʍʇʂ), 70% (ʦʙʱʠʡ ʘʟʦʪ) ʠ 78% 

(ʦʙʱʠʡ ʬʦʩʬʦʨ). ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʥʜʫʮʠʨʦʚʘʣʠ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ NaCl. 

ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ (ʜʦ 80 ʤʛ ʣ-

1 ʩʫʪ-1) ʷʚʣʷʣʠʩʴ 2.6 ʤ ʛ ʣ-1 NaNO3 ʠ 6.3 ʛ ʣ
-1 NaCl, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʅɾʂ ʥʘ 27.3%. ʍʦʪʷ ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ ʚʳʟʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʅɾʂ, ʜʣʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. vulgaris UMT-M1 [74], ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʦʙʨʘʟʮʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʚ ʤʘʥʛʨʦʚʳʭ 

ʟʘʨʦʩʣʷʭ, ʨʘʩʪʫʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ (ʜʦ 30 ʧʨʦʤʠʣʣʝ), ʧʦʢʘʟʘʥʦ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʇʅɾʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʨʦʪʢʦ-, ʩʨʝʜʥʝ- ʠ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʘʨʘʭʠʜʦʥʦʚʦʡ C20:0) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ C18:1 ʠ C18:2 ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ 

ʨʦʩʪʘ. ʇʨʠ ʵʪʦʤ ʥʘʢʦʧʣʝʥʠʝ ʚ ʢʣʝʪʢʘʭ C18:3 ʦʙʥʘʨʫʞʠʚʘʣʦʩʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ 

ʚ ʥʦʚʫʶ ʬʘʟʫ ʨʦʩʪʘ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʙʠʦʤʘʩʩʝ ʧʨʠ 

ʩʦʣʝʥʦʩʪʠ 15 ʧʨʦʤʠʣʣʝ (63.5%) ʙʝʟ ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ.  

 ɼʣʷ ʠʥʜʫʢʮʠʠ ʩʠʥʪʝʟʘ ʣʠʧʠʜʦʚ ʚ ʨʘʙʦʪʝ [75] ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʤʙʠʥʘʮʠʷ ʩʪʨʝʩʩʦʚʳʭ 

ʬʘʢʪʦʨʦʚ, ʚ ʢʦʪʦʨʦʡ ʩʨʘʚʥʠʚʘʣʠ ʚʣʠʷʥʠʝ ʜʚʫʭ ʫʩʣʦʚʠʡ ï ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ ʠ ʜʝʬʠʮʠʪʘ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ Dunaliella tertiolecta. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ (59.4%) ʠ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ (65.23 ʤʛ ʣ-1 ʩʫʪ-1) ʜʦʩʪʠʛʘʣʠʩʴ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʦʣʝʡ ʚ ʩʨʝʜʝ, ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ (39%) - ʧʨʠ 3.7 ʛ ʣ-1 ʩʦʣʝʡ. ʇʨʠ 

ʵʪʦʤ ʥʝʜʦʩʪʘʪʦʢ NaNO3 ʚ ʩʨʝʜʝ ʫʚʝʣʠʯʠʚʘʣ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʩ 38.4% ʜʦ 53.14%, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʚʣʠʷʥʠʝ ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ ʙʳʣʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʯʝʤ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ. ɸʥʘʣʠʟ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ ʧʨʦʚʝʜʝʥ ʚ 

ʨʘʙʦʪʝ [76], ʚ ʢʦʪʦʨʦʡ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʴʶ Scenedesmus sp. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ, 

ʩʦʜʝʨʞʘʱʝʡ NaCl (100 ʤʄ), NaNO3 (0 ʤʄ) ʠ K2HPO4 (0.22 ʤʄ), ʤʠʢʨʦʚʦʜʦʨʦʩʣʴ ʥʘʢʘʧʣʠʚʘʣʘ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ (385.4 Ñ 34.2 ʤʢʛ ʤ ʛ-1), ʙʠʦʤʘʩʩʳ (537.0 Ñ 22.3 ʤʢʛ ʤʣ-1), 

ʭʣʦʨʦʬʠʣʣʘ ʘ (6.2 Ñ 0.08 ʤʢʛ ʤʣ-1) ʠ ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (32.6%). ʇʦʢʘʟʘʥʦ ʥʘʢʦʧʣʝʥʠʝ 

ʩʪʨʝʩʩ-ʠʥʜʫʮʠʨʫʝʤʦʛʦ ʙʠʦʤʘʨʢʝʨʘ (H2O2), ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʷ ʪʦʡ 

ʞʝ ʢʦʤʙʠʥʘʮʠʠ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ (10.854 ʤʤʦʣʴ H2O2 ʛ
-1). ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʣʝʥʦʩʪʠ ʚ ʩʨʝʜʝ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 500 ʤʄ NaCl ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ C. vulgaris YH703 
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ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʩ 12.7 ʜʦ 24.5%. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʙʳʣ ʦʪʤʝʯʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʙʠʦʤʘʨʢʝʨʦʚ ʩʪʨʝʩʩʘ, ʪʘʢʠʭ ʢʘʢ: ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ, ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʘ 

(APX) ʠ ʧʨʦʣʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ C. vulgaris YH703 ʷʚʣʷʝʪʩʷ ʰʪʘʤʤʦʤ, 

ʫʩʪʦʡʯʠʚʳʤ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʚ ʩʨʝʜʝ [77]. ʇʦʤʠʤʦ 

ʩʥʠʞʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʠʩʪʝʤ ʢʣʝʪʢʠ ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ ʜʣʷ ʜʨʫʛʠʭ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʦʙʥʘʨʫʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʦʢ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʨʘʟʤʝʨʘ ʥʘ 33.52% 

(ʜʣʷ C. humicola) ʠ 27.79% (ʜʣʷ C. vulgaris) ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʨʝʜʫ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 100 ʤʄ 

NaCl. ʇʦʢʘʟʘʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ C, S, Fe, Mg, Si, Mn ʠ Zn ʥʘ 14-54% ʚ ʙʠʦʤʘʩʩʝ ʦʙʝʠʭ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ C. humicola ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ, ʯʝʤ C. vulgaris ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ. ɸʢʪʠʚʥʦʩʪʴ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ, 

ʢʘʪʘʣʘʟʳ ʠ ʛʣʫʪʘʪʠʦʥʨʝʜʫʢʪʘʟʳ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʚ 2.5-5 ʨʘʟʘ ʫ ʦʙʝʠʭ ʚʦʜʦʨʦʩʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʘʩʢʦʨʙʘʪʘ ʥʘʪʨʠʷ, ʮʠʩʪʝʠʥʘ ʠ ʧʨʦʣʠʥʘ ʚ ʙʠʦʤʘʩʩʝ ʦʙʝʠʭ 

ʚʦʜʦʨʦʩʣʝʡ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʨʘʙʦʪʢʫ ʩʪʨʝʩʩʦʚʳʭ ʤʘʨʢʝʨʦʚ [78]. ɼʣʷ 

ʧʨʝʩʥʦʚʦʜʥʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ S. obliquus XJ002 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʝʩʩ, ʚʳʟʚʘʥʥʳʡ 

ʜʦʙʘʚʣʝʥʠʝʤ NaCl ʚ ʩʨʝʜʫ, ʧʨʠʚʦʜʠʣ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʬʦʪʦʩʠʩʪʝʤʳ II ʠ 

ʧʦʜʘʚʣʷʣ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʝʛʦ ʜʦʥʦʨʥʦʡ ʠ ʘʢʮʝʧʪʦʨʥʦʡ ʩʪʦʨʦʥʘʭ [79]. ʅʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ (32.26%) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʢʣʝʪʢʘʭ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0.2 ʄ 

NaCl, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ 2.52 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʢʣʝʪʦʢ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʩʨʝʜʝ ʙʝʟ NaCl (12.82%).  

 ɺ ʨʘʙʦʪʝ [80] ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ 

ʛʘʣʦʬʠʣʴʥʦʡ ʜʠʘʪʦʤʦʚʦʡ ʚʦʜʦʨʦʩʣʠ Amphora sp. MUR258, ʩʧʦʩʦʙʥʦʡ ʨʘʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 24ï35 ÁC ʠ ʧʨʠ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ (7ï12% NaCl). ʄʘʢʩʠʤʘʣʴʥʘʷ ʫʜʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (0.607 Ñ 0.017 ʩʫʪ-1) ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 7% NaCl ʠ 35 ÁC, ʘ ʩʘʤʘʷ 

ʥʠʟʢʘʷ (0.433 Ñ 0.087 ʩʫʪ-1) - ʧʨʠ 9% NaCl ʠ 25 ÁC. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʫ Amphora 

sp. MUR 258 (57.69 Ñ 2.039%) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 7% NaCl ʠ 25 ÁC, ʘ ʩʘʤʦʝ ʥʠʟʢʦʝ (34.43 Ñ 3.955%) 

- ʧʨʠ 12% NaCl ʠ 35 ÁC. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʣʦʚʠʡ ʨʦʩʪʘ, ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ 

Amphora sp. MUR 258 ʷʚʣʷʣʠʩʴ C16:0, C18:0, C16:1 ʠ C18:1, ʘ ʪʘʢʞʝ ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʘʷ ʢʠʩʣʦʪʘ 

C20:5. ʇʨʠ ʵʪʦʤ ʚ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠ ʘʥʘʣʠʟʝ ʩʚʦʡʩʪʚ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʦʛʦ ʰʪʘʤʤʘ 

Chlorella pyrenoidosa M18, ʨʘʩʪʫʱʝʛʦ ʧʨʠ 45 ÁC, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʝʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʩʨʝʜʝ ʩ ʤʦʨʩʢʦʡ ʚʦʜʦʡ ʚ ʦʪʢʨʳʪʦʤ ʧʨʫʜʫ ʦʥ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 

ʣʠʧʠʜʦʚ, ʨʘʚʥʫʶ 51 ʤʛ ʣ-1 ʩʫʪ-1, ʯʪʦ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ. ʂʦʣʠʯʝʩʪʚʦ 

ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʠʣʦ 32%. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʡ 

ʩʦʣʝʥʦʩʪʠ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ [81]. 

 ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʩʦʣʝʚʳʤ ʩʪʨʝʩʩʦʤ 

ʚʳʷʚʠʣ, ʯʪʦ ʫ Dunaliella tertiolecta [75] ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʪʝʤʥʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʩʦʣʝʥʦʩʪʠ 

(3.7 ʧʨʦʤʠʣʣʝ) ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ (39%), ʧʨʠ ʵʪʦʤ 
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ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ (59.4%) ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʦʣʝʥʦʩʪʠ. ʉʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩ 38.4 ʜʦ 53.14% ʠ ʩ 28 ʜʦ 45%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ NaNO3 ʚ ʩʨʝʜʝ, ʠ ʙʳʣʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʦ, ʯʝʤ ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ.  

 ʇʨʠ ʘʥʘʣʠʟʝ ʚʣʠʷʥʠʷ ʤʠʢʩʦʪʨʦʬʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʦʣʝʚʳʤ ʩʪʨʝʩʩʦʤ 

ʥʘ ʩʦʩʪʘʚ ʠ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ 

ʧʦʚʳʰʘʝʪʩʷ ʚ ʤʠʢʩʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ. ʉʦʜʝʨʞʘʥʠʝ 

ʣʠʧʠʜʦʚ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʣʝʥʦʩʪʠ ʚ ʤʠʢʩʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ ʫ C. 

vulgaris (23.0% ʚ 0.0214 ʄ NaCl), ʢʦʛʜʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ. ʕʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ C. vulgaris ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʩʦʣʝʚʦʤʫ ʩʪʨʝʩʩʫ [82]. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ [83] ʠʟʫʯʘʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʣʠʷʥʠʝ NaCl, ʛʣʶʢʦʟʳ ʠ ʛʣʠʮʝʨʠʥʘ ʥʘ ʩʦʩʪʘʚ 

ʙʠʦʤʘʩʩʳ C. vulgaris SAG 211ï12. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ C16:0 (40.67%) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ 

ʩʨʝʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0.9% NaCl, 0.3% ʛʣʶʢʦʟʳ ʠ 0.3% ʛʣʠʮʝʨʠʥʘ, ʪʦʛʜʘ ʢʘʢ C18:0 (22.16%) - ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 2.5% NaCl, 0.6% ʛʣʶʢʦʟʳ ʠ 0.6% ʛʣʠʮʝʨʠʥʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʶ, 

ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ (22.08%) ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2.0% NaCl, 0.3% 

ʛʣʶʢʦʟʳ ʠ 0.3% ʛʣʠʮʝʨʠʥʘ. ɺ ʨʘʙʦʪʝ [84] ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʩʤʝʰʘʥʥʳʝ 

ʢʫʣʴʪʫʨʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʣʠ C. vulgaris ʠ Scenedesmus armatus, ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NaCl (ʜʦ 100 ʤʄ). 

ʉʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʩʦʩʪʘʚʠʣʦ 38.4% ʠ 36.2%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 50 

ʤʄ NaCl. ʆʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʨʝʟʢʦ ʩʥʠʞʘʣʦʩʴ ʜʦ 12.8% ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

NaCl. ʈʘʟʥʳʝ ʚʠʜʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʦʚʘʣʠ ʥʘ ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʝʡ ʚ ʩʨʝʜʝ ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʝ [67], ʛʜʝ 

ʦʙʥʘʨʫʞʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ C. vulgaris ʨʘʩʪʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ 45 ʛ ʣ-1. ʉʦʣʝʚʦʡ ʩʪʨʝʩʩ 

ʩʥʠʟʠʣ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʚʦʜʦʨʦʩʣʝʡ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʜʦ 0.003 ʩʫʪ-1 ʥʘ 1 ʤʉʤ ʩʤ-1 ʠ ʩʢʦʨʦʩʪʴ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʧʦʚʳʩʠʣʦʩʴ ʩ 11.5% ʜʦ 16.1%.  

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʧʨʦʜʫʮʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʴʰʠʡ 

ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʜʘʧʪʠʚʥʫʶ ʣʘʙʦʨʘʪʦʨʥʫʶ 

ʵʚʦʣʶʮʠʶ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ, ʜʣʷ Schizochytrium sp. ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʝʛʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʫʨʦʚʥʷ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ. ʐʪʘʤʤ Schizochytrium sp. ALE150, 

ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʯʝʨʝʟ 150 ʜʥʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʜʦʩʪʠʛ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʤʘʩʩʳ 134.5 ʛ ʣ-1 ʠ 

ʣʠʧʠʜʦʚ 80.14 ʛ ʣ-1, ʯʪʦ ʥʘ 32.7 ʠ 53.31% ʙʦʣʴʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ ʰʪʘʤʤʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [85]. 

ɹʦʣʝʝ ʪʦʛʦ, ALE150 ʧʦʢʘʟʘʣ ʚ ʮʝʣʦʤ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʦʙʱʫʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʙʦʣʝʝ 

ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʯʝʤ ʠʩʭʦʜʥʳʡ ʰʪʘʤʤ. ʊʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ 

ʚʳʷʚʠʣ ʘʢʪʠʚʘʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʠ 

ʮʝʥʪʨʘʣʴʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʤʝʪʘʙʦʣʠʟʤʦʤ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʠʥʪʝʟʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʧʦʣʠʢʝʪʠʜʩʠʥʪʘʟʳ. ɺ ʨʘʙʦʪʝ [86] ʙʳʣ ʧʨʦʚʝʜʝʥ 
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ʨʘʜʠʘʮʠʦʥʥʳʡ ʤʫʪʘʛʝʥʝʟ Chlamydomonas sp. JSC4, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʰʪʘʤʤʳ, ʢʦʪʦʨʳʝ 

ʨʘʩʪʫʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 7% ʤʦʨʩʢʦʡ ʩʦʣʠ. ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʥʘʨʫʰʝʥʠʝ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʙʠʦʩʠʥʪʝʟʘ ʩ ʢʨʘʭʤʘʣʘ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʘʤʝʜʣʝʥʠʶ ʤʝʪʘʙʦʣʠʟʤʘ 

ʢʨʘʭʤʘʣʘ ʠ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʚ ʫʩʪʦʡʯʠʚʦʤ ʢ ʩʦʣʷʤ ʰʪʘʤʤʝ Chlamydomonas sp. 

JSC4. ʇʨʠ ʵʪʦʤ ʩʥʠʟʠʣʘʩʴ ʘʛʨʝʛʘʮʠʷ ʢʣʝʪʦʢ ʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʠʭ 

ʤʦʨʬʦʣʦʛʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʰʪʘʤʤʘ ʢ ʩʦʣʝʚʦʤʫ ʩʪʨʝʩʩʫ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʤʝʥʥʦ ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ ʚʘʞʝʥ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʤʝʭʘʥʠʟʤʦʚ 

ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ. 

1.1.4 ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ 

 ʇʦʣʫʯʝʥʠʝ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʙʫʜʫʱʠʭ ʛʣʦʙʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʥʝʨʛʠʠ. 

ʇʦʥʠʤʘʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʦʪʥʦʰʝʥʠʠ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʧʨʦʜʫʮʝʥʪʦʚ ʣʠʧʠʜʦʚ. ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʙʠʦʩʠʥʪʝʟ ʫʛʣʝʚʦʜʦʚ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʘʭʤʘʣʘ) ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʦʤ 

ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʢʨʘʭʤʘʣʘ ʚ ʢʣʝʪʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ 

ʣʠʧʠʜʦʚ. ʆʜʥʘʢʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʦʪ ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ ʢʨʘʭʤʘʣʘ ʜʦ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʩʪʘʶʪʩʷ ʥʝʷʩʥʳʤʠ. 

 ʅʘ ʧʨʠʤʝʨʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Chlamydomonas sp. JSC4 ʨʘʥʝʝ ʙʳʣ ʚʧʝʨʚʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʤʝʭʘʥʠʟʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ ʥʘ ʩʠʥʪʝʟ 

ʣʠʧʠʜʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ. ʇʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʪʝʟʦʤ ʣʠʧʠʜʦʚ (ʘʮʝʪʠʣ-ʂʦɸ ʢʘʨʙʦʢʩʠʣʘʟʘ, ʧʠʨʫʚʘʪʜʝʢʘʨʙʦʢʩʠʣʘʟʘ, 

ʘʮʝʪʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʘ, ʘʮʝʪʠʣ-ʂʦɸ ʩʠʥʪʘʟʘ ʠ ʧʠʨʫʚʘʪ:ʬʝʨʨʝʜʦʢʩʠʥ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ) ʠ 

ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʪʘʙʦʣʠʟʤʦʤ ʢʨʘʭʤʘʣʘ (ʬʦʩʬʦʨʠʣʘʟʘ ʢʨʘʭʤʘʣʘ) [87]. ɼʨʫʛʘʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʴ 

Ettlia oleoabundans ʚ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ (ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ 

ʩʨʝʜʝ) ʥʘʢʘʧʣʠʚʘʝʪ ʢʘʢ ʢʨʘʭʤʘʣ, ʪʘʢ ʠ ʣʠʧʠʜʳ. Cʝʢʚʝʥʠʨʦʚʘʥʠʝ ʈʅʂ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʯʘʩʪʚʫʶʱʠʝ 

ʚ ʩʠʥʪʝʟʝ ʠ ʢʘʪʘʙʦʣʠʟʤʝ ʢʨʘʭʤʘʣʘ ʛʝʥʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʥʫʶ ʜʠʥʘʤʠʢʫ ʵʢʩʧʨʝʩʩʠʠ, ʯʝʤ ʛʝʥʳ 

ʙʠʦʩʠʥʪʝʟʘ ʣʠʧʠʜʦʚ. ɹʳʩʪʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʈʅʂ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ ʫ E. oleoabundans ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʤʈʅʂ ʛʝʥʦʚ, 

ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʛʠʜʨʦʣʠʟʝ ʢʨʘʭʤʘʣʘ. ʅʘʧʨʦʪʠʚ, ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ 

ʛʝʥʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʩʠʥʪʝʟ ʊɸɻ ʠʥʠʮʠʠʨʦʚʘʣʠʩʴ ʧʦʟʞʝ ʠ ʧʨʦʠʩʭʦʜʠʣʠ ʧʦʩʪʝʧʝʥʥʦ. 
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ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʜʝʩʘʪʫʨʘʟʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʜʝʬʠʮʠʪʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʄʅɾʂ ʠ ʅɾʂ ʚ ʝʝ ʙʠʦʤʘʩʩʝ [88].  

 ʉʦʣʝʚʦʡ ʩʪʨʝʩʩ ʚʳʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʊɸɻ, ʥʦ ʠ ʠʟʤʝʥʷʝʪ ʩʦʩʪʘʚ 

ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ NaCl ʜʦ 20 ʛ ʣ-1 ʫ Micractinium sp. XJ-2 

ʥʘʢʦʧʣʝʥʠʝ ʊɸɻ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʮʝʩʩʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʫʛʣʝʨʦʜʘ, 

ʤʝʪʘʙʦʣʠʟʤʘ ʫʛʣʝʚʦʜʦʚ ʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʣʠʧʠʜʦʚ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʬʦʩʬʘʪʠʜʠʣʵʪʘʥʦʣʘʤʠʥʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʤʝʤʙʨʘʥ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʘʭ: 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʦʩʬʦʣʠʧʠʜʦʚ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʛʣʠʢʦʣʠʧʠʜʦʚ ʠ ʫʜʣʠʥʝʥʠʠ 

ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [89]. ɸʥʘʣʦʛʠʯʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ ʧʨʠ ʜʝʬʠʮʠʪʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ ʫ C. protothecoides 

(ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ - 57%), ʘʨʢʪʠʯʝʩʢʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Coccomyxa subllipsoidea (63.84%) ʠ 

ʤʦʨʩʢʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Nannochloropsis oculata (59.95%) ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥ ʷʚʣʷʝʪʩʷ ʤʘʨʢʝʨʦʤ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ. ɹʣʦʢʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ 

ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥʘ ʫʚʝʣʠʯʠʣʦ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʥʘ 138.74%, 145.24%, 100%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʥʘ 168% ʜʣʷ C. reinhardtii. ʉʦʜʝʨʞʘʥʠʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

C16-C18 ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʧʨʝʚʳʰʘʣʦ 76%. ʕʪʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʙʠʦʤʘʨʢʝʨʳ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʙʠʦʩʠʥʪʝʟʘ ʣʠʧʠʜʦʚ ʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ [90]. 

 ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʚ ʩʨʝʜʝ ʠʥʜʫʮʠʨʫʝʪ ʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ 

ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʣʶʯʝʚʳʤʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʮʠʢʣʘʤʠ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ ʠʥʜʫʮʠʨʦʚʘʣ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʜʠʛʠʜʨʦʣʠʧʦʠʣʜʝʛʠʜʨʦʛʝʥʘʟʳ (ʵʪʦʪ 

ʬʝʨʤʝʥʪ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʮʝʪʠʣ-ʂʦɸ ʠ ʩʚʷʟʘʥ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʊɸɻ ʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ) 

ʫ Chlamydomonas nivalis (ʚ 1.1 ʨʘʟʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ C. reinhardtii ʝʛʦ ʫʨʦʚʝʥʴ ʦʩʪʘʣʩʷ 

ʥʝʠʟʤʝʥʥʳʤ. ʋ C. nivalis ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ, 

ʢʦʜʠʨʫʶʱʝʛʦ UDP-ʩʫʣʴʬʦʭʠʥʦʚʦʟʫ (ʚ 1.77 ʨʘʟʘ), ʢʦʪʦʨʘʷ ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʪʘʙʦʣʠʟʤʝ 

ʩʫʣʴʬʦʭʠʥʦʚʦʟʠʣʜʠʘʮʠʣʛʣʠʮʝʨʠʥʘ, ʠ ʮʠʪʨʘʪʩʠʥʪʘʟʳ (ʚ 2.7 ʨʘʟʘ), ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʮʠʢʣʝ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʎʊʂ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, 

ʢʦʜʠʨʫʶʱʠʭ ɻ ʪʠ ʬʝʨʤʝʥʪʳ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʊɸɻ [91]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʅɸɼʌ+, 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʎʊʂ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʧʦʩʣʝʜʩʪʚʠʠ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʊɸɻ. ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Chlorococcum sphacosum GD ʧʨʠ 

ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʧʦʢʘʟʘʣ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʙʠʦʩʠʥʪʝʟʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ACC, KASII, KAR, HAD, FATA), ʘ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʪʘʙʦʣʠʟʤʦʤ, 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʝʧʨʝʩʩʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ 

ʧʫʪʷʤʠ ʩʠʥʪʝʟʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [92]. ʋ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ P. kessleri, ʚʳʨʘʱʝʥʥʦʡ ʚ ʫʩʣʦʚʠʷʭ 
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ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ, ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʢʣʝʪʦʢ ʠ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʥʳʭ 

ʢʘʧʝʣʴ ʚ ʮʠʪʦʧʣʘʟʤʝ. ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ 

ʣʠʟʦʬʦʩʬʦʣʠʧʠʜ ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʫ (LPLAT) ʠ ʬʦʩʬʦʣʠʧʘʟʫ ɸ2, ʘʢʪʠʚʠʨʦʚʘʣʘʩʴ ʧʨʠ ʩʦʣʝʚʦʤ 

ʩʪʨʝʩʩʝ ʠ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʥʘʢʦʧʣʝʥʠʝʤ C18:1 ʠ C18:2. ʃʠʧʠʜʥʳʝ ʢʘʧʣʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʢ ʩʦʣʝʚʦʤʫ ʩʪʨʝʩʩʫ, ʫʯʘʩʪʚʫʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʣʝʪʢʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʤʝʤʙʨʘʥ [93]. 

 ɸʥʘʣʠʟ ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ, ʧʦʢʘʟʘʣ 

ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʠʩʪʝʤ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ 

Dunaliella ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʣʠʧʠʜʥʳʡ ʠ ʘʟʦʪʥʳʡ ʤʝʪʘʙʦʣʠʟʤ, ʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ ʘʧʧʘʨʘʪʘ 

ʬʦʪʦʩʠʥʪʝʟʘ, ʰʘʧʝʨʦʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʘʫʪʦʬʘʛʠʷ ʠ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ, ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʝʘʢʮʠʠ ʥʘ ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ. ʊʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ Ca2+-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʧʝʨʝʜʘʯʝʡ ʩʠʛʥʘʣʘ, ʥʘʢʦʧʣʝʥʠʝʤ ʣʠʧʠʜʦʚ ʠ ʘʢʪʠʚʥʳʭ 

ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ [94]. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ 

ʢʠʩʣʦʨʦʜʘ, NO, MAPK (ʤʠʪʦʛʝʥ-ʘʢʪʠʚʠʨʫʝʤʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ), ʛʝʥ,r ʩʚʷʟʘʥʥʳʭ ʩ ʙʠʦʩʠʥʪʝʟʦʤ 

ʣʠʧʠʜʦʚ, ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʠʩʪʝʤʳ ʫʯʘʩʪʚʫʶʪ ʚ ʙʠʦʩʠʥʪʝʟʝ ʣʠʧʠʜʦʚ ʫ Monoraphidium sp. 

QLY-1 ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʜʝʡʩʪʚʠʠ ʬʫʣʴʚʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ [95]. 

ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʝʡ 

ʢʘʜʤʠʷ ʚ ʩʨʝʜʫ ʫ Auxenochlorella protothecoides UTEX 2341 ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʣʫʪʘʪʠʦʥʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥr ʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʛʣʫʪʘʪʠʦʥ ʤʦʞʝʪ 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʩʠʥʪʝʟ ʊɸɻ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ A. protothecoides, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤʫ 

ʥʘʢʦʧʣʝʥʠʶ ʊɸɻ ʠ ʛʣʫʪʘʪʠʦʥʘ ʧʨʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʢʘʜʤʠʝʤ ʩʪʨʝʩʩʝ. ɸʥʘʣʠʟ ʩʘʡʪʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ 

ABI5, MYB, REL ʠ NF-YB ʤʦʛʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʜʠʘʮʠʣʛʣʠʮʝʨʦʣ 

ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʳ ʧʦʩʨʝʜʩʪʚʦʤ ʛʣʫʪʘʪʠʦʥʠʣʠʨʦʚʘʥʠʷ/ʜʝʛʣʫʪʘʪʠʦʥʠʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʊɸɻ. ɸʥʘʣʠʟ ʣʠʧʠʜʦʤʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʊɸɻ ʫʯʘʩʪʚʫʝʪ ʚ ʩʠʥʪʝʟʝ ʣʠʧʠʜʦʚ, 

ʨʝʛʫʣʠʨʫʷ ʫʨʦʚʥʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʠʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʢʦʧʣʝʥʠʝ ʊɸɻ ʠ 

ʛʣʫʪʘʪʠʦʥʘ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʢʘʜʤʠʝʤ ʩʪʨʝʩʩʘ [96]. ʇʨʠ ʜʝʬʠʮʠʪʝ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʨʝʜʝ ʫ 

Scenedesmus quadricauda CASA CC202 ʥʘʙʣʶʜʘʶʪʩʷ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʠʟ-ʟʘ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ 

ʚʦʟʨʘʩʪʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʧʝʨʦʢʩʠʜʘʟʳ ʠ ʢʘʪʘʣʘʟʳ (23.16 ʠ 0.79 ɽɸ ʤʣ-1) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

(20.2 ʠ 0.19 ɽɸ ʤʣ-1). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʘʝʪʩʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʨʝʩʩʦʤ ʥʝʧʨʦʪʝʠʥʦʛʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ (ʛʘʤʤʘ-ʘʤʠʥʦʤʘʩʣʷʥʘʷ ʢʠʩʣʦʪʘ, 

ʛʣʫʪʘʤʘʪ ʠ ʘʨʛʠʥʠʥ) ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ (ʅɸɼʌʅ ʠ ATʌ) [97]. 



33 

 

 ʇʦʤʠʤʦ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ, ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʩʨʝʜʝ. ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ N. gaditana ʧʨʠ 

ʟʘʧʘʩʘʥʠʠ ʣʠʧʠʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʩʚʷʟʘʥʦ ʩ 

ʧʦʜʘʚʣʝʥʠʝʤ ʩʠʥʪʝʟʘ ʙʝʣʢʘ ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ. ʅʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʪʘʢʞʝ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʥʪʝʟʘ ʜʠʘʮʠʣʛʣʠʮʝʨʦʣ ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʳ (DGAT), ʣʠʧʘʟ ʠ 

ʙʝʣʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʠʧʠʜʥʳʤʠ ʢʘʧʣʷʤʠ. ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ 

ʦʙʣʘʜʘʣʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʚʣʠʷʥʠʝʤ ʥʘ ʢʣʝʪʦʯʥʳʡ ʤʝʪʘʙʦʣʠʟʤ, ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʛʝʥʦʚ ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʜʳʭʘʪʝʣʴʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ 

[98]. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʚ ʩʨʝʜʝ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ ʙʳʣ 

ʠʟʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ N. oceanica. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 

ʬʦʩʬʦʨʘ ʚ ʩʨʝʜʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ (ʥʘ 58%) ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʣʠʧʠʜʦʚ (ʚ 4.4 ʨʘʟʘ), ʚʢʣʶʯʘʷ ʊɸɻ, ʫʨʦʚʝʥʴ ʫʛʣʝʚʦʜʦʚ ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʙʠʦʤʘʩʩʳ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʵʪʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʚ 

ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚʳʷʚʠʣ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʮʠʢʣʘ ʂʘʣʴʚʠʥʘ (ʉ3-ʧʫʪʴ) 

ʢʦʤʧʝʥʩʠʨʦʚʘʣʦʩʴ ʘʢʪʠʚʘʮʠʝʡ C4-ʧʫʪʠ ʜʣʷ ʬʠʢʩʘʮʠʠ CO2, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʘʢʦʧʣʝʥʠʶ 

ʙʠʦʤʘʩʩʳ. ʉʪʨʝʩʩ ʩʥʠʞʘʣ ʧʦʪʨʝʙʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʢʣʝʪʢʘʤʠ ʠ ʫʩʠʣʠʚʘʣ ʢʘʪʘʙʦʣʠʟʤ ʙʝʣʢʘ, 

ʘ ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʪʫʧʘʣʠ ʚ ʎʊʂ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʥʪʝʟʘ ʣʠʧʠʜʦʚ. ʅʘʨʫʰʝʥʠʝ 

ʢʘʪʘʙʦʣʠʟʤʘ ʊɸɻ ʟʘ ʩʯʝʪ ʧʦʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʣʠʧʘʟ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊɸɻ ʚ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ [99].  

ʈʝʞʠʤ ʦʩʚʝʱʝʥʠʷ, ʩʚʷʟʘʥʥʳʡ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʚʝʪʦʚʦʡ ʠ ʪʝʤʥʦʚʦʡ ʬʘʟ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ, ʥʦ ʟʘʯʘʩʪʫʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ 

ʚʣʠʷʝʪ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ. ɺʳʩʦʢʦʣʠʧʠʜʥʳʡ ʤʫʪʘʥʪ Chlamydomonas sp. KOR1 ʚ ʪʝʤʥʦʚʦʡ 

ʬʘʟʝ ʩ ʧʦʥʠʞʝʥʥʦʡ ʬʠʢʩʘʮʠʝʡ CO2 ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʢʘʪʘʙʦʣʠʟʤ ʫʛʣʝʚʦʜʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʫʪʘʮʠʝʡ ʛʝʥʘ ISA1, 

ʢʦʜʠʨʫʶʱʝʛʦ ʠʟʦʘʤʠʣʘʟʫ. ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʩʚʝʪʦʚʦʡ ʬʘʟʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʦʪ CO2 ʯʝʨʝʟ ʩʠʥʪʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʘʭʤʘʣʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʪʝʤʥʦʚʦʡ ʬʘʟʝ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, 

ʯʪʦ ʤʫʪʘʮʠʠ ʚ ʬʝʨʤʝʥʪʝ ʠʟʦʘʤʠʣʘʟʘ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ ʟʘ ʩʯʝʪ ʫʩʢʦʨʝʥʥʦʛʦ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʩ ʩʠʥʪʝʟʘ ʫʛʣʝʚʦʜʦʚ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʨʝʞʠʤʘ ʦʩʚʝʱʝʥʠʷ [100]. 

ʇʦʤʠʤʦ ʨʝʞʠʤʘ ʦʩʚʝʱʝʥʠʷ, ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʦʪʢʨʳʪʳʭ ʧʨʫʜʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪ ɹh ʪʘʤʤʳ ʩ ʚʳʩʦʢʦʡ ʘʜʘʧʪʠʚʥʦʩʪʴʶ ʢ ʨʝʟʢʠʤ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ. ʅʘ 

ʧʨʠʤʝʨʝ ʛʘʣʦʪʦʣʝʨʘʥʪʥʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Scenedesmus sp. NREL 46B-D3, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ 

ʦʧʪʠʤʫʤʦʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʨʠ 25 ÁC, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʨʝʩʩʘ 
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ʠʟʤʝʥʷʝʪ ʤʝʪʘʙʦʣʠʟʤ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʠʥʪʝʟ ʘʤʠʥʦʢʠʩʣʦʪ. ɸʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʥʦʛʠʝ ʛʝʥʳ ʙʠʦʩʠʥʪʝʟʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʘʢʪʠʚʠʨʫʝʤʳʤʠ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ 

[101]. ɺ ʨʘʙʦʪʝ [102] ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʦʩʪʘʚ ʣʠʧʠʜʦʚ ʠ ʵʢʩʧʨʝʩʩʠʶ 

ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʣʠʧʠʜʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ 

Phaeodactylum tricornutum. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʣʠʧʠʜʦʚ ʚ ʝʝ 

ʧʣʘʩʪʠʜʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ: ʤʦʥʦʛʘʣʘʢʪʦʟʠʣʜʠʘʮʠʣʛʣʠʮʝʨʦʣʘ (MGDG), 

ʜʠʛʘʣʘʢʪʦʟʠʣʜʠʘʮʠʣʛʣʠʮʝʨʦʣʘ (DGDG) ʠ ʩʫʣʴʬʦʭʠʥʦʚʦʩʠʣʜʠʘʮʠʣʛʣʠʮʝʨʦʣʘ (SQDG). 

ʇʘʨʘʣʣʝʣʴʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ. ɸʥʘʣʠʟ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚʳʷʚʠʣ ʘʢʪʠʚʘʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ MGDG-ʩʠʥʪʘʟʫ, ʠ ʩʥʠʞʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʜʠʘʮʠʣʛʣʠʮʝʨʦʣ ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʳ (DGAT), ʢʣʶʯʝʚʦʛʦ ʬʝʨʤʝʥʪʘ ʚ ʩʠʥʪʝʟʝ ʊɸɻ.  

 ʅʝʢʦʪʦʨʳʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʤʦʛʫʪ ʨʘʩʪʠ ʠ ʥʘʢʘʧʣʠʚʘʪʴ ʣʠʧʠʜʳ ʧʨʠ ʱʝʣʦʯʥʳʭ ʨʅ 

ʩʨʝʜʳ. ɼʣʷ ʰʪʘʤʤʘ Chlorella sp. BLD ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʧʨʠ pH 10.0 ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ (0.97 ʛ ʣ-1). ʇʨʠ ʵʪʦʤ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ Chlorella sp. 

BLD ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʩʷ (ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 39%, ʘ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ 

ʩʥʠʟʠʣʦʩʴ ʥʘ 19.5%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʦʡ ʩ pH 7.5. ʉ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʘ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʫʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʫʛʣʝʨʦʜʘ (ʬʦʪʦʩʠʥʪʝʟ, ʛʣʠʢʦʣʠʟ ʠ ʎʊʂ), 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʝʛʫʣʷʮʠʠ ʚ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɹʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ 

ʢʣʶʯʝʚʳʝ ʬʝʨʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʫʛʣʝʚʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ: ʨʠʙʫʣʦʟʦ-1,5-

ʙʠʩʬʦʩʬʘʪʢʘʨʙʦʢʩʠʣʘʟʘ/ʦʢʩʠʛʝʥʘʟʘ, ʘʤʠʣʘʟʘ, ʧʠʨʫʚʘʪʢʠʥʘʟʘ, ʤʘʣʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ, 

ʮʠʪʨʘʪʩʠʥʪʘʟʘ, ʘʮʝʪʠʣ-ʂʦɸ C-ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ, ɓ-ʢʝʪʦʘʮʠʣ-ɸʇʌ-ʩʠʥʪʘʟʘ ʠ DGAT. ʈʝʛʫʣʷʮʠʷ 

ʵʪʠʭ ʛʝʥʦʚ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʦʪʚʝʪ ʥʘ ʟʘʱʝʣʘʯʠʚʘʥʠʝ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʢʣʶʯʝʥʠʶ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʫʛʣʝʨʦʜʘ ʩ ʢʨʘʭʤʘʣʘ ʠ ʙʝʣʢʘ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, ʩʠʥʪʝʟ 

ʢʠʩʣʦʪ ʠ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ [103].  

 ʋʚʝʣʠʯʝʥʠʝ ʩʠʥʪʝʟʘ ʊɸɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʫ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʥʘʢʦʧʣʝʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʩʠʥʪʝʟʝ ʊɸɻ ʠʣʠ ʤʫʪʘʮʠʡ ʚ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʤʝʪʘʙʦʣʠʟʤʘ ʣʠʧʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ [104]. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʊɸɻ ʚʘʞʥʳ ʜʚʘ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʘ ʠʭ ʙʠʦʩʠʥʪʝʟʘ: ʧʣʘʩʪʠʜʥʘʷ 1-ʘʮʠʣʛʣʠʮʝʨʦʣ-3-

ʬʦʩʬʘʪ-O-ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʘ (NeoLPAAT1) ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ 

ʜʠʘʮʠʣʛʣʠʮʝʨʦʣ ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʘ 2 (NeoDGAT2). ʉʦʜʝʨʞʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Neochloris oleoabundans (ʩʦ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʝʡ NeoLPAAT1 ʠ 

NeoDGAT2) ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʜʚʘ ʨʘʟʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ. ʋ 

ʪʨʘʥʩʬʦʨʤʘʥʪʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʯʝʤ ʫ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʜʠʢʦʛʦ ʪʠʧʘ: ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ (73.72 Ñ 4.17%) ʫʚʝʣʠʯʠʣʦʩʴ ʚ 1.6 ʨʘʟ, 
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ʩʦʜʝʨʞʘʥʠʝ ʊɸɻ (50.63 Ñ 6.15%) ʫʚʝʣʠʯʠʣʦʩʴ ʚ 2.1 ʨʘʟʘ. ʉʦʩʪʘʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʪʨʘʥʩʬʦʨʤʘʥʪʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʪʘʤʤʦʤ ʜʠʢʦʛʦ ʪʠʧʘ ʪʘʢʞʝ ʠʟʤʝʥʠʣʩʷ: ʢʦʣʠʯʝʩʪʚʦ C16:0 ʫʚʝʣʠʯʠʣʦʩʴ ʩ 20% 

ʜʦ 26%, ʪʦʛʜʘ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ C18:0 ʩʥʠʟʠʣʦʩʴ ʩ 14% ʜʦ 7%. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʛʝʥʦʚ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʷʭ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʝʣʣʘʭ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

[105]. 

 ɺʣʠʷʥʠʝ ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʩʠʥʪʝʟʝ ʊɸɻ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʥʘ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʫʪʝʤ 

ʛʝʪʝʨʦʣʦʛʠʯʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ N. oceanica ʚ ʢʣʝʪʢʘʭ Chlorella 

pyrenoidosa. ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʠʥʪʝʟʘ ʅɸɼʌʅ ʚ 2.19 ʨʘʟ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 3.09-

ʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ ʨʝʢʦʤʙʠʥʘʥʪʥʦʤ ʰʪʘʤʤʝ [106]. ʈʘʥʝʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ CO2 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ 

ʣʠʧʠʜʦʚ ʠ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʫ Phaeodactylum tricornutum, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʘʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʧʝʥʪʦʟʦʬʦʩʬʘʪʥʦʛʦ ʰʫʥʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʜʝʛʠʜʨʦʛʝʥʘʟʫ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ 

ʅɸɼʌʅ, ʢʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ (ʜʦ 38%), ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʇʅɾʂ (ʚ ʪʦʤ ʯʠʩʣʝ 

C20:5) [107]. ɼʦʩʪʫʧʥʦʩʪʴ ʘʮʝʪʠʣ-ʂʦɸ ʠʛʨʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʚ ʩʠʥʪʝʟʝ ʤʝʤʙʨʘʥʥʳʭ ʠ 

ʟʘʧʘʩʘʝʤʳʭ ʣʠʧʠʜʦʚ. ɺ ʨʘʙʦʪʝ [108] ʧʦʣʫʯʝʥʘ ʨʝʢʦʤʙʠʥʘʥʪʥʘʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʴ P. tricornutum ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʩʠʥʪʝʟʘ ʊɸɻ, ʜʦʩʪʠʛʥʫʪʦʛʦ ʟʘ ʩʯʝʪ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ 

ʪʠʦʵʩʪʝʨʘʟʫ Hotdog-fold, ʫʯʘʩʪʚʫʶʱʫʶ ʚ ʛʠʜʨʦʣʠʟʝ ʘʮʠʣ-ʂʦɸ (ptTES1), ʤʝʪʦʜʦʤ TALEN. ʕʪʘ 

ʧʣʘʩʪʠʜʥʘʷ ʪʠʦʵʩʪʝʨʘʟʘ ʤʦʞʝʪ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʢʘʢ ʩʦ ʩʨʝʜʥʝ-, ʪʘʢ ʠ 

ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤʠ ʞʠʨʥrʤʠ ʢʠʩʣʦʪʘʤʠ, ʥʦ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʥʘʩʳʱʝʥʥʳʭ ʠ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʀʥʘʢʪʠʚʘʮʠʷ ʛʝʥʘ 

ptTES1 ʧʨʠʚʝʣʘ ʢ 1.7-ʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʊɸɻ ʚ ʙʠʦʤʘʩʩʝ. ʊʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʚʢʣʶʯʘʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉ16:0 ʠ ʉ16:1 ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʉ20:5 ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ 

ʩʦʜʝʨʞʘʥʠʝ ʊɸɻ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 4.8 ʤʛ ʣ-1. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʨʦʣʴ ptTES1 ʚ 

ʤʝʪʘʙʦʣʠʟʤʝ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʧʣʘʩʪʠʜʘʭ P. tricornutum. ɺ ʨʘʙʦʪʝ [109] ʫ N. 

ʦleoabundans ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʊɸɻ ʚ ʙʠʦʤʘʩʩʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ 1.8ï3.2 ʨʘʟʘ, ʫʨʦʚʥʠ 

ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ C16:0 ʫʚʝʣʠʯʠʣʠʩʴ ʚʜʚʦʝ ʜʦ 49%, ʪʦʛʜʘ ʢʘʢ C18:0 ʩʥʠʟʠʣʠʩʴ ʚʪʨʦʝ 

ʜʦ 6% ʟʘ ʩʯʝʪ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʠ NeoDGAT2. 

 ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʩʝʨʮʠʦʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ. ɼʣʷ N. ʦceanica ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʫʪʘʥʪʳ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ. ʄʫʪʘʥʪ HLM23 ʩʦʜʝʨʞʘʣ ʜʝʣʝʮʠʶ ʚ ʛʝʥʝ APET ALA 2-ʧʦʜʦʙʥʦʛʦ ʬʘʢʪʦʨʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʩʠʥʪʝʟ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʥʝʛʦ ʙʳʣ ʙʦʣʴʰʝ ʥʘ 40%, ʘ ʪʘʢʞʝ 
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ʥʘʙʣʶʜʘʣʘʩʴ ʫʚʝʣʠʯʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʤʘʩʩʳ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʚʳʷʚʠʣ ʧʦʚʳʰʝʥʥʫʶ ʨʝʛʫʣʷʮʠʶ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʙʠʦʩʠʥʪʝʟʦʤ ʧʣʘʩʪʠʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʛʣʠʢʦʣʠʟʦʤ ʠ ʮʠʢʣʦʤ ʂʘʣʴʚʠʥʘ-ɹʝʥʩʦʥʘ ʫ HLM23 

[104].  

 ʈʝʞʠʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʐʪʘʤʤ Chlorella sp., ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʩʝʚʝʨʝ ʐʚʝʮʠʠ, ʤʦʞʝʪ 

ʨʘʩʪʠ ʢʘʢ ʚ ʛʝʪʝʨʦʪʨʦʬʥʳʭ, ʪʘʢ ʠ ʬʦʪʦʘʚʪʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʣʠʧʠʜʦʚ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʣʫʪʘʤʠʥʘ ʠ ʣʠʟʠʥʘ 

ʙʳʣʘ ʚ ʩʝʤʴ ʨʘʟ ʙʦʣʴʰʝ ʚ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʝʤ ʚ ʬʦʪʦʘʚʪʦʪʨʦʬʥʳʭ, ʩʦʜʝʨʞʘʥʠʝ Ŭ-

ʢʝʪʦʛʣʫʪʘʨʘʪʘ ʙʳʣʦ ʚʳʰʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʨʝʜʝ ʩ ʛʣʶʢʦʟʦʡ. 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʣʴʪʦʟʳ ʚ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʩʨʝʜʝ ʩ ʛʣʠʮʝʨʠʥʦʤ ʙʳʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʬʦʪʦʘʚʪʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ. ʂʦʥʮʝʥʪʨʘʮʠʷ 3-

ʛʠʜʨʦʢʩʠʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʙʳʣʘ ʚʳʰʝ ʚ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ [110].  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʠʥʪʝʟ 

ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʢ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ. ɺʳʩʦʢʘʷ ʩʦʣʝʥʦʩʪʴ ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʘ, ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ 

ʦʩʚʝʱʝʥʠʷ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪ ɹʪʘʢʞʝ ʚʣʠʷʶʪ ʢʘʢ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ, ʪʘʢ ʠ ʥʘ 

ʠʭ ʩʦʩʪʘʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʥʞʝʥʝʨʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʰʪʘʤʤʦʚ-ʧʨʦʜʫʮʝʥʪʦʚ ʣʠʧʠʜʦʚ. ʇʦʢʘ ʯʪʦ 

ʤʘʣʦʠʟʫʯʝʥʳ ʦʪʜʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʠʥʪʝʟʝ 

ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

1.2 ʇʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

 ɹʠʦʤʘʩʩʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʫʯʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: ʙʘʨʙʦʪʘʞʥʦ-ʵʨʣʠʬʪʥʳʝ, ʙʘʨʙʦʪʘʞʥʦ-

ʢʦʣʦʥʥʳʝ, ʪʫʙʫʣʷʨʥʳʝ ʠ ʧʘʥʝʣʴʥʳʝ. ɺ ʪʫʙʫʣʷʨʥʳʭ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʘʭ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʩʚʝʪʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 50%, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʨʘʟʤʝʨ. ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʢʦʣʦʥʥʦʤ 

ʙʘʨʙʦʪʘʞʥʦʤ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʝ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʠʥʪʝʟʘ ʣʠʧʠʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝʤ ʚ ʢʦʣʙʘʭ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʙʦʪʝ [111], ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʥ 

ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ ʢʦʣʦʥʥʦʛʦ ʪʠʧʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʙʠʦʤʘʩʩʳ C. vulgaris. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ 

ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʘʩʩʳ 
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ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (ʠʭ ʚʳʩʦʪʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 22.5 ʤ ʧʨʠ ʜʠʘʤʝʪʨʝ 20-50 ʩʤ), ʦʜʥʘʢʦ ʢʫʣʴʪʫʨʘ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʦʪʦʠʥʛʠʙʠʨʦʚʘʥʠʶ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʩʠʣʴʥʦ- ʠ ʥʝʦʩʚʝʱʘʝʤʳʭ ʟʦʥ ʚ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʝ 

[112].  

 ʇʘʥʝʣʴʥʳʝ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʤʘʣʦʤ ʤʘʩʰʪʘʙʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʣʝʪʦʢ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʥʝʣʴʥʦʛʦ 

ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʘ ʦʙʲʝʤʦʤ 60 ʣ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BG11 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʙʠʦʤʘʩʩʘ C. 

zofingiensis (0.058 ʛ ʣ-1 ʩʫʪ-1) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ 33.8% [113]. ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

Nannochloropsis sp. F&M-M24 ʚ ʧʘʥʝʣʴʥʦʤ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʝ ʦʙʲʝʤʦʤ 110 ʣ ʚ ʵʪʦʡ ʞʝ ʩʨʝʜʝ 

ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʩʦʩʪʘʚʠʣʘ 0.36 ʛ ʣ-1 ʩʫʪ-1 ʧʨʠ ʠʭ ʩʦʜʝʨʞʘʥʠʠ 32% [114]. ʅʘ ʧʨʠʤʝʨʝ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ N. gaditana [115] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ ʧʘʥʝʣʴʥʦʤ 

ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʢ ʙʠʦʤʘʩʩʳ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʷʜʫ ʇʅɾʂ > ʄʅɾʂ > ʅɾʂ. ʉʦʣʝʚʦʡ ʩʪʨʝʩʩ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʘʭ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʙʦʣʝʝ ʯʝʤ ʚ ʯʝʪʳʨʝ ʨʘʟʘ, 

ʦʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ 

ʩʨʝʜʝ [116]. 

1.3 ʂʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ 

1.3.1 ʇʦʣʫʯʝʥʠʝ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʉʦʢʨʘʱʝʥʠʝ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʧʨʠʚʝʣʦ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʢʨʠʟʠʩʫ. ʉʧʨʦʩ ʥʘ 

ʵʥʝʨʛʠʶ ʚʦ ʚʩʝʤ ʤʠʨʝ ʨʘʩʪʝʪ, ʦʩʦʙʝʥʥʦ ʚʦ ʤʥʦʛʠʭ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ, ʪʘʢʠʭ ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʂʠʪʘʡ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚʢʣʶʯʘʷ ʩʘʭʘʨʥʳʡ 

ʪʨʦʩʪʥʠʢ, ʢʫʢʫʨʫʟʫ, ʧʰʝʥʠʮʫ, ʩʦʶ, ʤʘʩʣʠʯʥʫʶ ʧʘʣʴʤʫ ʠ ʧʦʜʩʦʣʥʝʯʥʠʢ, ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʪʦʨʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ [117]. ʇʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʪʦʧʣʠʚʘ, ʩʳʨʴʝʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ [118]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʠʦʤʘʩʩʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠʤʝʝʪ 

ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ 

ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʤʦʛʫʪ ʨʘʩʪʠ ʢʨʫʛʣʳʡ ʛʦʜ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (ʜʦ 20-80%) 

ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ [10]. ʉʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʧʣʦʱʘʜʝʡ ʠ ʚʦʜʳ ʫ ʨʘʟʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʙʠʦʤʘʩʩʳ ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣʠʮʝ 1 [119]. ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 
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ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ ʚʦʜʳ ʠ ʧʣʦʱʘʜʝʡ, ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ. ɹʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, 

ʧʦʣʫʯʘʝʤʦʝ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʪʣʠʯʘʝʪʩʷ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴʶ ʠ ʤʘʣʦʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ [120]. ʄʠʢʨʦʚʦʜʦʨʦʩʣʠ ʤʦʞʥʦ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ, ʥʝʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ï ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ, ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ ʥʘ ʥʝʧʘʭʦʪʥʳʭ 

ʟʝʤʣʷʭ [121]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʝ ʢʦʥʢʫʨʠʨʫʝʪ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʩʥʠʞʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʣʦʞʥʦʩʪʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ.  ʂʨʦʤʝ  ʪʦʛʦ,  ʧʨʦʤʳʰʣʝʥʥʦʝ  ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ  ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ  ʩʦʧʨʷʞʝʥʦ  

c ʧʦʪʨʝʙʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ CO2, ʚʦʜʳ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ 

ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʪʦʧʣʠʚʘ ʠʟ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩʦʩʪʦʠʪ ʠʟ 

ʧʷʪʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ,  ʚʢʣʶʯʘʶʱʠʭ:  ʚʳʨʘʱʠʚʘʥʠʝ   ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ  ʩ  ʧʦʩʣʝʜʫʶʱʠʤ  ʩʙʦʨʦʤ  

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʙʠʦʤʘʩʩʳ ʢʘʢ ʩʳʨʴʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ [119] 

ʂʫʣʴʪʫʨʘ 

ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ 

ʣʠʧʠʜʦʚ (% ʧʦ 

ʩʫʭʦʤʫ 

ʚʝʱʝʩʪʚʫ) 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦ 

ʤʘʩʣʫ (ʣ ʛʘ-1 ʚ ʛʦʜ) 

ʀʩʧʦʣʴʟʫʝʤʘʷ 

ʧʣʦʱʘʜʴ (ʤ2 ʥʘ ʢʛ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʚ ʛʦʜ) 

ɿʘʪʨʘʪʳ 

ʚʦʜʳ (ʤ3 

ʥʘ ʪʦʥʥʫ 

ʤʘʩʣʘ) 

ʉʦ̫ 18 636 18 4200 

ʈʘʧʩ 41 974 12 4300 

ʇʦʜʩʦʣʥʝʯʥʠʢ 40 1070 11 6800 

ʄʘʩʣʠʯʥʘʷ ʧʘʣʴʤʘ 36 5366 2 5000 

ʄʠʢʨʦʚʦʜʦʨʦʩʣʠ 50 97800 0.1 591-3276 

ʙʠʦʤʘʩʩʳ, ʩʫʰʢʫ,  ʵʢʩʪʨʘʢʮʠʶ  ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ  ʠ  ʠʭ ʧʝʨʝʨʘʙʦʪʢʫ ʚ ʙʠʦʪʦʧʣʠʚʦ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʷʤʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʙʠʦʤʘʩʩʳ (in situ) [122] ʠʣʠ ʝʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʦʞʠʞʝʥʠʝ [123], ʯʪʦ 

ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʦʝʤʢʦʡ ʩʪʘʜʠʠ ʩʫʰʢʠ. ʊʘʢʞʝ 

ʧʨʠʤʝʥʷʶʪ ʧʦʜʭʦʜʳ ʩ ʦʩʘʞʜʝʥʠʝʤ ʙʠʦʤʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʭʠʤʠʯʝʩʢʦʡ ʢʦʘʛʫʣʷʮʠʠ ʠ ʬʣʦʢʫʣʷʮʠʠ: ʵʣʝʢʪʨʦʢʦʘʛʫʣʷʮʠʶ, ʙʠʦʬʣʦʢʫʣʷʮʠʶ, 

ʦʩʘʞʜʝʥʠʝ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ, ʤʠʢʨʦ/ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʶ [124], ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʪʦʢ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʚʦʜʥʳʭ ʩʫʩʧʝʥʟʠʷʭ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 
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ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʥʘʥʦʢʘʥʘʣʳ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʢʘʤʝʨʝ [125]. ʅʘʨʘʙʦʪʘʥʥʫʶ 

ʙʠʦʤʘʩʩʫ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ.  

1.3.1.1. ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ 

 ʂʣʝʪʢʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩʦʩʪʦʷʪ ʠʟ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ, ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʘ ʪʘʢʞʝ ʣʠʧʠʜʦʚ 

ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʟʚʣʝʯʝʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʢʣʝʪʦʢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ. ʏʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ 

(ʛʦʤʦʛʝʥʠʟʘʮʠʷ, ʦʙʨʘʙʦʪʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ) [126], ʥʝʤʝʭʘʥʠʯʝʩʢʠʝ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ), 

ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʚʦʟʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪʘʤʠ, ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, 

ʬʝʨʤʝʥʪʘʤʠ), ʦʙʨʘʙʦʪʢʘ ʤʠʢʨʦʚʦʣʥʘʤʠ [127] ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʧʫʣʴʩʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ 

[128]. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʚʣʝʯʝʥʠʷ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠʟ ʨʘʟʨʫʰʝʥʥʳʭ ʢʣʝʪʦʢ 

ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʜʣʷ ʯʝʛʦ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʤʙʠʥʘʮʠ ʁʧʦʣʷʨʥʳʭ (ʤʝʪʘʥʦʣ, ʭʣʦʨʦʬʦʨʤ) ʠ ʥʝʧʦʣʷʨʥʳʭ (ʥ-ʛʝʢʩʘʥ) ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʏʘʩʪʦ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʧʦ ʤʝʪʦʜʫ ʌʦʣʯʘ (ʤʝʪʘʥʦʣ-ʭʣʦʨʦʬʦʨʤʥʘʷ ʵʢʩʪʨʘʢʮʠʷ, 

ʭʣʦʨʦʬʦʨʤ:ʤʝʪʘʥʦʣ 3:1 ʦʙ./ʦʙ.). ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʷʜ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, 

ʚʢʣʶʯʘʷ ʘʮʝʪʦʥ, ʙʝʥʟʦʣ, ʥ-ʛʝʢʩʘʥ, ʤʝʪʘʥʦʣ, ʭʣʦʨʦʬʦʨʤ, ʜʠʭʣʦʨʤʝʪʘʥ, ʵʬʬʝʢʪʠʚʥʦ ʵʢʩʪʨʘʛʠʨʫʶʪ 

ʣʠʧʠʜʳ. ʆʜʥʦʡ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʣʠʧʠʜʦʚ ʩ ʭʣʦʨʦʬʠʣʣʦʤ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ ʣʠʧʠʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥ-ʛʝʢʩʘʥ ʥʝ ʤʦʞʝʪ ʧʨʦʥʠʢʥʫʪʴ 

ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʬʦʩʬʦʣʠʧʠʜʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʙʝʣʢʘʤʠ, ʧʦʵʪʦʤʫ ʧʝʨʝʜ 

ʵʢʩʪʨʘʢʮʠʝʡ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʢʣʝʪʦʢ. ɺ ʮʝʣʦʤ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 

ʜʦ 70% ʠ ʚʳʰʝ [129].  

 ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʵʢʩʪʨʘʛʠʨʫʝʤʦʡ ʩʤʝʩʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʚʳʭʦʜ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. vulgaris FACHB-8, ʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʬʣʦʪʠʨʫʶʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʠʢʨʦʩʬʝʨ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʦʢʨʳʪʠʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʭʦʜ 

ʣʠʧʠʜʦʚ ʜʦ 18.75%, ʯʪʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʩ ʧʦʤʦʱʴʶ 

ʫʣʴʪʨʘʟʚʫʢʘ (<10%). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʦʜʝʨʞʘʥʠʝ ʇʅɾʂ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʣʠʧʠʜʘʭ ʙʳʣʦ ʥʠʞʝ, ʘ ʩʪʝʧʝʥʴ ʅɾʂ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝʤ ʧʦ ʤʝʪʦʜʫ ɼʘʡʝʨʘ 

(ʭʣʦʨʦʬʦʨʤ:ʤʝʪʘʥʦʣ:ʚʦʜʘ 2:2:1.8 ʦʙ./ʦʙ./ʦʙ.) [130]. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʦʡ ʵʪʘʥʦʣʦʤ (90%) ʦʢʘʟʘʣʦʩʴ 
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ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʠ ʣʠʧʠʜʦʚ Isochrysis sp. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʌʦʣʯʘ (ʚʳʭʦʜ 

ʣʠʧʠʜʦʚ ʩʦʩʪʘʚʠʣ 41.5%). ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʘʥʦʣʘ ʧʨʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʠ ʧʨʠʚʝʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʊɸɻ ʠ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ, ʤʦʥʦʘʮʠʣʛʣʠʮʝʨʠʜʦʚ ʠ ʬʦʩʬʦʣʠʧʠʜʦʚ [131]. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʠʟ Chlorella sp. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʩʦʯʝʪʘʶʱʝʛʦ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʦʙʨʘʙʦʪʢʫ ʫʣʴʪʨʘʟʚʫʢʦʤ ʠ ʤʠʢʨʦʚʦʣʥʘʤʠ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [132]. ʇʦʩʣʝʜʥʠʡ ʩʧʦʩʦʙ ʧʦʢʘʟʘʣ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʣʠʧʠʜʦʚ 37.9 Ñ 0.13% 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ.  

 ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʭ ʵʪʘʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ 

ʩʫʰʢʘ ʙʠʦʤʘʩʩʳ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, 

ʥʝ ʩʤʝʰʠʚʘʶʱʠʤʠʩʷ ʩ ʚʦʜʦʡ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʵʪʦʡ ʩʪʘʜʠʠ ʚ ʨʘʙʦʪʝ [133] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, 

ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʪʦʢ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʪʘʧʦʤ ʵʢʩʪʨʘʢʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʕʢʩʪʨʘʢʮʠʷ ʣʠʧʠʜʦʚ ʠʟ ʩʫʩʧʝʥʟʠʠ ʨʘʟʨʫʰʝʥʥʳʭ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʙʳʣʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʯʝʤ ʠʟ ʚʳʩʫʰʝʥʥʦʡ ʙʠʦʤʘʩʩʳ, ʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʳ 

ʫʚʝʣʠʯʠʚʘʣʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʅɾʂ. ɺʳʭʦʜ ʵʢʩʪʨʘʢʮʠʠ 50% ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ 

ʨʘʟʨʫʰʝʥʠʠ 84% ʢʣʝʪʦʢ ʯʝʨʝʟ 10 ʤʠʥ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʜʦ 72% ʦʪ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʣʠʧʠʜʦʚ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʤʝʪʠʣ-

ʪʨʝʪ-ʙʫʪʠʣʦʚʳʡ ʵʬʠʨ ʠ ʮʠʢʣʦʧʝʥʪʠʣʤʝʪʠʣʦʚʳʡ ʵʬʠʨ. 

1.3.1.2 ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʣʠʧʠʜʦʚ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ 

ʣʠʧʠʜʦʚ ʠʟ-ʟʘ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ, ʥʠʟʢʦʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʞʠʜʢʦʝ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (0ï140 ÁC). ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʚʠʜʝ ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤ, 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʝʜʣʘʛʘʝʪ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʦʜʥʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ [134]. ɺ ʮʝʣʦʤ, ʀɾ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ: ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ ʧʘʨʘ, ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʀɾ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʘʥʠʦʥʘ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʀɾ ʢʘʢ ʤʝʪʠʣʬʦʩʬʘʪ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ 

[MMIM ][DMP], ʵʪʘʥʦʘʪ 1-ʵʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ [C2MIM ][OAc], ʵʪʠʣʩʫʣʴʬʘʪ 1-ʵʪʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ [EMIM][ESO4], ʭʣʦʨʠʜ 1-ʵʪʠʣʧʠʨʠʜʠʥʠʷ, 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ 
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ʜʠʮʠʘʥʘʤʠʜ [135]. ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʠʤʝʥʝʥʠʷ ʀɾ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 2-10 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʜʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɾ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ N. oceanica 

ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ. ɺʳʭʦʜ ʦʙʱʠʭ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ 

ʣʠʧʠʜʦʚ ʩʦʩʪʘʚʠʣ 19.58%. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʣʦʨʠʜ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ [TMAm][Cl] 

ʵʬʬʝʢʪʠʚʥʝʝ ʠʟʚʣʝʢʘʝʪ ʣʠʧʠʜʳ ʠʟ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ N. oceanica [136]. ʉʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʀɾ ʩʚʷʟʳʚʘʶʪ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡʭʣʦʨʠʜʘ 

[BMIM ][Cl] ʜʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. pyrenoidosa ʧʦʟʚʦʣʠʣʦ ʩʦʭʨʘʥʠʪʴ 

99.8% ʀɾ ʩ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ 4.46 ʄɼʞ ʥʘ ʢʛ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʀɾ ʠ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʭʨʦʤʘʪʦʛʨʘʬʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ ʀɾ (ʤʝʥʝʝ 

1.97 ʛ ʥʘ ʢʛ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ), ʦʜʥʘʢʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀɾ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ [137]. 

 ɽʱʝ ʦʜʠʥ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀɾ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ - 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʄʕɾʂ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʩʦʜʝʨʞʘʱʝʡ 

ʙʠʦʤʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʥʦʣʘ ʠ ʀɾ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʩʪʘʜʠʠ ʚʳʜʝʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʶʪ ʙʠʦʤʘʩʩʫ ʙʝʟ 

ʚʳʩʫʰʠʚʘʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ. ɼʣʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʚʣʘʞʥʦʡ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. vulgaris ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʀɾ 

ʦʢʘʟʘʣʘʩʴ ʬʦʨʤʠʘʪ ʪʝʪʨʘʙʫʪʠʣʬʦʩʬʦʥʠʷ [P4444][For], ʚʳʭʦʜ ʄʕɾʂ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʠʣ 98.0 Ñ 2.48% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʤʘʩʩʳ, ʩʦʜʝʨʞʘʱʝʡ 40 ʤʘʩ.% ʚʦʜʳ. ɹʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [P4444][For] ʩ ʧʦʪʝʨʷʤʠ ʤʝʥʝʝ 2% ʟʘ ʦʜʠʥ 

ʮʠʢʣ. ʀʟ-ʟʘ ʧʨʦʩʪʦʡ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʩʠʥʪʝʟʘ ʵʪʦʡ ʀɾ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ [138].  

ʉʦʯʝʪʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʀɾ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʨʦʮʝʩʩ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʩʤʝʰʝʥʠʝ ʬʘʟ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ ʦʤʳʣʝʥʠʷ ʣʠʧʠʜʦʚ ʥʘ 

ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʫʣʫʯʰʘʝʪ ʤʘʩʩʦʧʝʨʝʥʦʩ, ʯʪʦ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʘʢʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʤʝʪʘʥʦʣʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʂʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʦʥʥʘʷ ʞʠʜʢʦʩʪʴ [SO3H-BMIM ][HSO4], ʚʳʭʦʜ ʄʕɾʂ ʠʟ ʙʠʦʤʘʩʩʳ Chlorella 

ʩʦʩʪʘʚʠʣ 69.6% [139]. ɺʣʘʞʥʘʷ ʙʠʦʤʘʩʩʘ Nannochloropsis sp. ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʷʤʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʀɾ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʚʦʣʥʘʤʠ. ʊʨʠ ʨʘʟʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʠ (1-

ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ ʭʣʦʨʠʜ [BMIM ][Cl], ʤʝʪʠʣʩʫʣʴʬʘʪ 1-ʵʪʠʣ-3-ʤʝʪʠʣʠʤʤʠʜʘʟʦʣʠʷ 

[EMIM][MeSO4] ʠ 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪ [BMIM ][CF3SO3]) ʠ 
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ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ (ʥ-ʛʝʢʩʘʥ ʠ ʤʝʪʘʥʦʣ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʤʠʢʨʦʚʦʣʥʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ [EMIM][MeSO4] ʧʨʠʚʝʣʦ ʢ ʩʘʤʦʤʫ 

ʚʳʩʦʢʦʤʫ ʧʨʦʮʝʥʪʫ ʨʘʟʨʫʰʝʥʠʷ ʢʣʝʪʦʢ (99.73%) ʠ ʚʳʭʦʜʫ ʄʕɾʂ (36.79% ʦʪ ʚʝʩʘ ʩʫʭʦʡ 

ʙʠʦʤʘʩʩ)r ʧʦʩʣʝ 15 ʤʠʥ ʨʝʘʢʮʠʠ [140]. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʧʨʷʤʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʣʠʧʠʜʦʚ ʚ 

ʙʠʦʤʘʩʩʝ N. oceanica ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɾ [BMIM ][CF3SO3] ʫʚʝʣʠʯʠʣʘ ʚʳʭʦʜ ʄʕɾʂ ʚ 

ʦʜʠʥʥʘʜʮʘʪʴ ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʛʜʝ ʧʨʠʤʝʥʷʣʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ 

ʭʣʦʨʦʬʦʨʤʦʤ ʠ ʤʝʪʘʥʦʣʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ [141]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥʥʳʝ 

ʞʠʜʢʦʩʪʠ, ʭʦʪʷ ʠ ʫʩʪʫʧʘʶʪ ʧʦ ʩʚʝʡ ʩʪʦʠʤʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ, ʪʨʘʜʠʮʠʦʥʥʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ, ʙʦʣʴʰʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

1.3.1.3 ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ 

ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʄʕɾʂ ʠʩʧʦʣʴʟʫʶʪ ʱʝʣʦʯʥʳʝ ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʜʝʣʝʥʠʷ ʦʪ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʪʦʯʥʳʭ ʚʦʜ [10]. ʊʘʢʞʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ɾʂ ʚ ʩʳʨʴʝ ï ʦʥʦ 

ʜʦʣʞʥʦ ʙʳʪʴ ʥʠʟʢʠʤ (0.1 ï 0.3%) ʜʣʷ ʩʥʠʞʝʥʠʷ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʤʫʣʴʩʠʡ [142]. ʀʟʙʝʞʘʪʴ ʵʪʦʛʦ ʫʜʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

(ʚ ʦʩʥʦʚʥʦʤ H2SO4 ʠ HCl), ʥʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ.  

ɹʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʄʕɾʂ, ʧʦʣʫʯʘʝʤʳʭ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ 

ʣʠʧʠʜʦʚ ʩʦ ʩʧʠʨʪʘʤʠ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʤʝʪʘʥʦʣʦʤ [143]. ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʶ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʘʢ 

ʭʠʤʠʯʝʩʢʠʤ (ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʤʦʛʝʥʥʳʭ ʢʠʩʣʦʪʥʳʭ ʠʣʠ ʦʩʥʦʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ), ʪʘʢ ʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ) ʧʫʪʝʤ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ 

ʚʳʭʦʜʳ ʄʕɾʂ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʪʦʤ ʯʠʩʣʝ ʧʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʨʝʘʢʮʠʷ ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (50-100 Áʉ) [144]. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʚ 

ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʣʠʧʠʜʘʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ.  
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ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚʳʩʪʫʧʘʶʪ ʨʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʦʣʠʤʝʨʥʳʝ ʥʘʥʦʚʦʣʦʢʥʘ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʦʩʠʪʝʣʠ, ʥʘʥʦ- ʠ 

ʤʝʟʦʧʦʨʠʩʪʳʡ ʢʨʝʤʥʝʟʝʤ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʛʨʘʬʝʥ, ʦʢʩʠʜ ʛʨʘʬʝʥʘ [144], [145], [146]. 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʣʝʛʢʦ 

ʦʪʜʝʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʪʝʤ ʩʘʤʳʤ ʫʧʨʦʱʘʷ ʠʭ ʧʦʚʪʦʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ.  

ʈʷʜ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. vulgaris ʙʳʣ ʧʦʣʫʯʝʥ ʠʤʤʦʙʠʣʠʟʘʮʠʝʡ ʣʠʧʘʟʳ Rhizopus oryzae ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʤ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʤ ʤʥʦʛʦʩʣʦʡʥʦʤ ʦʢʩʠʜʝ ʛʨʘʬʝʥʘ ʠ Fe3O4 (MGO), ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʤ MGO 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ (MGO-AP), ʘ ʪʘʢʞʝ 3-

ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ ʠ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ (MGO-AP-GA) [145]. ʀʤʤʦʙʠʣʠʟʘʮʠʷ 

ʣʠʧʘʟʳ R. oryzae ʥʘ MGO ʠ MGO-AP ʧʨʦʠʩʭʦʜʠʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ ʥʘ MGO-AP-GA ï ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ. ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ 

ʄʕɾʂ 71.19% ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʠʧʘʟʳ, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ MGO-AP-GA. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʧʨʝʧʘʨʘʪ ʩʦʭʨʘʥʷʣ 58.77% ʩʚʦʝʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ ʧʷʪʠ ʮʠʢʣʦʚ 

ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʠ ʩʨʝʜʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʣʩʷ ʥʘʠʙʦʣʝʝ 

ʧʦʭʦʜʷʱʠʤ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʙʣʘʛʦʜʘʨʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠ Fe3O4, ʫʚʝʣʠʯʠʣʘʩʴ ʩʪʝʧʝʥʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʬʝʨʤʝʥʪʘ, ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ 

ʭʨʘʥʝʥʠʠ.  

ɺ ʨʘʙʦʪʝ [146] ʙʳʣʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ ʣʠʧʘʟʘ R. oryzae, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ 

ʥʘʥʦʯʘʩʪʠʮʘʭ Fe3O4 ʠ ʥʘ ʵʪʠʭ ʞʝ ʯʘʩʪʠʮʘʭ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 3-

ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʠʣʝʥʩʠʣʘʥʦʤ ʠ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʬʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. vulgaris. ʆʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʘ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʤ ʥʦʩʠʪʝʣʝ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 36.35 ʜʦ 51.75 ʚʝʩ.%. ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʚʝʨʩʠʷ 

ʣʠʧʠʜʦʚ ʚ ʄʕɾʂ (69.8%) ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʧʘʟʳ, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ 

ʯʝʨʝʟ ʛʣʫʪʘʨʦʚʳʡ ʘʣʴʜʝʛʠʜ ʥʘ ʘʤʠʥʠʨʦʚʘʥʥʳʭ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ. ʇʦʩʣʝ ʧʷʪʠ 

ʮʠʢʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʦʪ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨ ʦʙʝʩʧʝʯʠʚʘʣ ʢʦʥʚʝʨʩʠʶ ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʣʠʧʘʟʦʡ, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ ʯʘʩʪʠʮʘʭ Fe3O4.  

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʣʠʧʘʟʳ CALB ʠʟ Pseudozyma antarctica (Candida antarctica) ʚ ʚʠʜʝ 

ʧʦʧʝʨʝʯʥʦ ʩʰʠʪʳʭ ʘʛʨʝʛʘʪʦʚ ʬʝʨʤʝʥʪʦʚ ʥʘ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ Fe3O4 ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ 

ʩʪʘʙʠʣʴʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
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ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. vulgaris var. L3 [147]. ʇʨʠʤʝʥʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʘʮʝʪʠʣʭʣʦʨʠʜʘ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʩ ʤʝʪʘʥʦʣʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 100 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʛʥʫʪʴ ʚʳʭʦʜʘ ʄʕɾʂ 80.2 Ñ 4.4%. ʆʜʥʘʢʦ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʣʠʧʘʟʘ ʙʳʣʘ ʘʢʪʠʚʥʘ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʤʝʪʘʥʦʣʠʟʘ ʣʠʧʠʜʦʚ 

(30 Áʉ, 3 ʯ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʄʕɾʂ ʜʦ > 90%. ʇʨʠʯʝʤ, ʢʘʢ ʘʮʝʪʠʣʭʣʦʨʠʜ, ʪʘʢ ʠ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʬʝʨʤʝʥʪ, ʦʙʘ ʧʨʠʚʦʜʠʣʠ ʢ ʧʦʣʫʯʝʥʠʶ ʩʤʝʩʠ ʄʕɾʂ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʩʦʩʪʘʚʦʤ. ʄʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʟʚʦʣʠʣ ʣʝʛʢʦ ʦʪʜʝʣʷʪʴ ʝʛʦ ʦʪ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

(ʩʦʭʨʘʥʷʷ 90% ʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʚʝʨʩʠʠ ʄʕɾʂ). 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʣʠʧʘʟʳ Burkholderia sp. ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʢʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʯʘʩʪʠʮʘʭ Fe3O4-SiO2 ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʡ 

ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ [148]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʠ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʠʟ ʚʣʘʞʥʦʡ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ 

Chlorella vulgaris ESP-31 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ Fe3O4-SiO2 ʣʠʧʘʟʳ ʚʳʭʦʜ 

ʄʕɾʂ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 90%. 

ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʣʠʧʘʟ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʪʘʢʞʝ ʚʳʩʪʫʧʘʶʪ ʥʘʥʦʮʝʦʣʠʪʳ. ʃʠʧʘʟʘ T. lanuginosus ʙʳʣʘ ʢʦʚʘʣʝʥʪʥʦ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 3-

ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʦʤ ʥʘʥʦʮʝʦʣʠʪʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (Nano/TS1, Nano/GIS, 

Nano/LTA, Nano/BEA, Nano/X, and Nano-X/Ni) [149]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʥʦʮʝʦʣʠʪʥʳʝ 

ʥʦʩʠʪʝʣʠ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ ʠ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ, 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ. ɺʳʩʦʢʠʡ ʚʳʭʦʜ ʄʕɾʂ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Prototheca moriformis S2532 ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ U-

Nano-X/Ni-TLL, N-ʥʘʥʦ-X/Ni-TLL ʠ NG-ʥʘʥʦ-X/Ni-TLL ʠ ʩʦʩʪʘʚʣʷʣ 94.0, 93.4 ʠ 93.0%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʤʠʤʦ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ ʄʕɾʂ, NG-Nano-X/Ni-TLL ʦʙʣʘʜʘʣ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʦʭʨʘʥʷʷ ʚʳʭʦʜ ʄʕɾʂ ʩʚʳʰʝ 85% ʧʦʩʣʝ ʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ 

ʨʝʘʢʮʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

ʇʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ʥ-ʛʝʢʩʘʥʘ [150]. ʉʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ in situ, 

ʢʦʛʜʘ ʄʕɾʂ ʧʦʣʫʯʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʙʠʦʤʘʩʩʳ ʚʦʜʦʨʦʩʣʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ 

ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʪʞʠʤʘ ʠʣʠ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʥʠʞʘʝʪ 
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ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩ. ɺ ʨʘʙʦʪʝ [151] ʧʨʦʚʦʜʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ Ankistrodesmus sp. ʠ ʠʭ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʶ ɻ ʪʘʥʦʣʦʤ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʩʦʦʪʥʦʰʝʥʠʝ ʣʠʧʠʜʦʚ 

ʢ ʤʠʥʝʨʘʣʴʥʦʤʫ ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ 7:93, ʚʝʩ.%) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ Lipozyme TL IM. ʄʝʪʦʜʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ: ʪʝʤʧʝʨʘʪʫʨʘ 42 ÁC, ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʘʥʦʣʘ ʢ ʣʠʧʠʜʘʤ 

8:1, ʢʦʥʮʝʥʪʨʘʮʠʷ Lipozyme TL IM 9.6 ʚʝʩ.%, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ 12 ʯ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʫʰʝʥʥʦʡ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʝʣʦ ʢ ʩʪʝʧʝʥʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ 97.69%. ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʩʦʜʝʨʞʘʣ 6.8% ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ, ʘ ʚ ʩʤʝʩʠ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʪʨʝʙʦʚʘʥʠʷʤ ʝʚʨʦʧʝʡʩʢʦʛʦ ʩʪʘʥʜʘʨʪʘ ʥʘ 

ʤʠʥʝʨʘʣʴʥʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʣʠʧʠʜʦʚ ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʩʫʰʝʥʥʦʡ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʩʥʠʞʘʣʘʩʴ.  

ɺʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʧʦʣʫʯʝʥʠʶ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʙʠʦʤʘʩʩʳ ʤʦʨʩʢʦʡ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Nannochloropsis sp. ʚʳʟʚʘʥʦ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʪʠ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ ʚ ʦʪʢʨʳʪʳʭ 

ʧʨʫʜʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʝʰʝʚʠʪʴ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʨʘʙʦʪʝ [152] ʧʦʣʫʯʘʣʠ ʄʕɾʂ 

ʩ ʚʳʭʦʜʦʤ 99.5% ʧʫʪʝʤ ʧʨʷʤʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚʣʘʞʥʦʡ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ N. gaditana ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʳ P. antarctica B 

(Novozyme 435). ʇʦʤʠʤʦ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, Nannochloropsis sp. ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʙʠʦʤʘʩʩʳ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʦʡ ʢʠʩʣʦʪ r(ʕʇʂ). ɹʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ, ʩʦʚʤʝʱʘʶʱʠʡ ʧʦʣʫʯʝʥʠʝ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʕʇʂ-ʦʙʦʛʘʱʝʥʥʦʡ 

ʬʨʘʢʮʠʠ ʣʠʧʠʜʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʵʪʘʥʦʣʠʟʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʮʝʣʣʶʣʘʟʦʡ ʙʠʦʤʘʩʩʳ Nannochloropsis sp. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʣʠʧʘʟʳ [153]. ʉʨʝʜʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʬʝʨʤʝʥʪʦʚ (P. antarctica (CALA ʠ CALB), T. lanuginosus, R. miehei ʠ Aspergillus 

oryzae) CALA ʧʦʢʘʟʘʣ ʩʝʙʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʄʕɾʂ ʠ 

ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʚʝʨʩʠʷ ʄʕɾʂ (46.53ï48.57%) ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CALA ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʵʪʘʥʦʣ:ʙʠʦʤʘʩʩʘ 8:1 (ʦʙ./ʦʙ.), ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ 10-15% ʠ 10% ʣʠʧʘʟʳ ʧʨʠ 35 ÁC ʚ ʪʝʯʝʥʠʝ 72 

ʯ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʨʘʢʮʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʧʦʣʷʨʥʳʭ 

ʣʠʧʠʜʦʚ, ʦʙʦʛʘʱʝʥʥʘʷ ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (60.81%), ʯʪʦ ʙʳʣʦ ʙʦʣʴʰʝ ʚ 1.51 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʚʳʭʦʜʦʤ ʵʪʦʡ ʢʠʩʣʦʪʳ. ʊʘʢʞʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ N. oceanica IMET1 ʠ Nannochloropsis salina 

CCMP 537 (IMET1 ʠ Salina 537, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʭʦʜ ʄʕɾʂ ʠʟ 

ʙʠʦʤʘʩʩʳ IMET1 ʠ Salina 537 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CALA ʩʦʩʪʘʚʠʣ 63.41% ʠ 54.33%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʝʨʞʘʥʠʝ ʕʇʂ ʚʦ ʬʨʘʢʮʠʷʭ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʧʦʣʷʨʥʳʭ ʣʠʧʠʜʦʚ ʩʦʩʪʘʚʠʣʦ 
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50.06% ʜʣʷ IMET1 ʠ 53.73% ʜʣʷ Salina 537. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ CALA ʵʪʘʥʦʣʠʟ 

ʣʠʧʠʜʦʚ ʙʠʦʤʘʩʩʳ Nannochloropsis sp. ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʧʦʜʭʦʜʦʤ ʜʣʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ 

ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʨʘʟʥʳʭ 

ʬʝʨʤʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʤ, ʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ 

ʢʘʪʘʣʠʟʝ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʵʪʠʣʘʮʝʪʘʪʦʤ ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʫʰʢʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ I. galbana ʩ ʵʪʘʥʦʣʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʤʝʟʦʧʦʨʠʩʪʳʡ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ SBA-15 ʩʤʝʩʴ ʣʠʧʘʟ C. antarctica B (CALB) ʠ 

Pseudomonas cepacia ʚ ʩʦʦʪʥʦʰʝʥʠʠ 25:75 [154]. ɺʳʭʦʜ ʄʕɾʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʠʣ 97.2%, ʯʪʦ ʦʢʘʟʘʣʦʩʴ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʜʝʣʴʥʦ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʧʘʟ CALB (ʚʳʭʦʜ ʄʕɾʂ 85.5%) ʠʣʠ P. cepacia 

(ʚʳʭʦʜ ʄʕɾʂ 87%), ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ Novozym 435 (ʚʳʭʦʜ 

ʄʕɾʂ 69.5%). ʀʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʪʘʢʘʷ ʢʦʤʙʠʥʘʮʠʷ 

ʣʠʧʘʟ ʦʢʘʟʘʣʘʩʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ʅʘʨʷʜʫ ʩ 

ʜʦʩʪʠʞʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʄʕɾʂ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʥʝ ʪʨʝʙʦʚʘʣʦʩʴ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʛʦʥʢʠ ʦʩʪʘʪʢʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

1.3.2 ʇʦʣʫʯʝʥʠʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ 

 ɽʱʝ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʦʩʪʘʚ ʫʛʣʝʚʦʜʦʚ ʚ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʥʘʧʨʠʤʝʨ, ʚ ʩʧʠʨʪʳ 

(ʵʪʘʥʦʣ, ʙʫʪʘʥʦʣ), ʙʠʦʚʦʜʦʨʦʜ ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ, ʯʝʤ ʧʝʨʝʨʘʙʦʪʢʘ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʩʳʨʴʷ (ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ), ʧʨʠʯʝʤ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʪʦʯʥʳʭ 

ʩʪʝʥʦʢ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ ʦʙʣʝʛʯʘʝʪ ʧʦʩʣʝʜʫʶʱʠʡ ʧʨʦʮʝʩʩ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 
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1.3.2.1 ʕʪʘʥʦʣ ʠ ʙʫʪʘʥʦʣ 

 ɺ ʨʘʙʦʪʝ [155] ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʦʣʠʟ ʙʠʦʤʘʩʩʳ C. vulgaris ʧʫʪʝʤ ʝʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2% H2SO4 ʧʨʠ 120 ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʘ 24.77 ʛ ʥʘ 100 ʛ ʙʠʦʤʘʩʩʳ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʛʥʫʪʳʡ 

ʚʳʭʦʜ ʵʪʘʥʦʣʘ ʧʨʠ ʠʭ ʩʙʨʘʞʠʚʘʥʠʠ ʩʦʩʪʘʚʠʣ 14.32 ʛ ʥʘ 100 ʛ ʙʠʦʤʘʩʩʳ. ʇʨʠ ʵʪʦʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2% NaOH ʧʨʠ 120 ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʚʳʭʦʜ ʵʪʘʥʦʣʘ ʩʦʩʪʘʚʠʣ 7.74 ʛ ʥʘ 100 ʛ 

ʙʠʦʤʘʩʩʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʱʝʣʦʯʥʳʤ. ɹʦʣʴʰʠʡ ʚʳʭʦʜ ʵʪʘʥʦʣʘ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. sorokiniana [156] ʙʳʣ 

ʜʦʩʪʠʛʥʫʪ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 4% ʅ2SO4 ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ (121 ÁC, 30 ʤʠʥ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʛʠʜʨʦʣʠʟʦʤ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʘʤʠʣʦʛʣʶʢʦʟʠʜʘʟʦʡ ʠ Ŭ-ʘʤʠʣʘʟʦʡ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʛʥʫʪʴ ʚʳʭʦʜʘ 34.0 Ñ 1.0 ʛ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʥʘ 100 ʛ ʙʠʦʤʘʩʩʳ. ɺʳʭʦʜ 

ʵʪʘʥʦʣʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʦʞʞʝʡ Saccharomyces cerevisiae F13A ʩʦʩʪʘʚʠʣ 

0.464 Ñ 0.013 ʛ ʛ-1 ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʵʪʘʥʦʣʘ 0.344 Ñ 0.020 ʛ ʣ-1 ʯ-

1. ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʠʦʤʘʩʩʫ ʧʦʩʣʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ (ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ) [157] ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʚ 

ʦʩʥʦʚʥʦʤ ʛʣʶʢʦʟʫ ʠ ʢʩʠʣʦʟʫ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʘ S. cerevisiae 

NITTS1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʳʩʠʣʘ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʵʪʘʥʦʣʘ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ 25.83 ʛ ʣ-1. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʵʪʘʥʦʣʘ ʩʦʩʪʘʚʠʣ 86.70 Ñ 

0.52 ʤʛ ʵʪʘʥʦʣʘ ʥʘ 1 ʛ ʙʠʦʤʘʩʩʳ. 

 ɺ ʨʘʙʦʪʝ [158] ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. 

sorokiniana ʥʘ ʚʳʭʦʜ ʵʪʘʥʦʣʘ. ɹʳʣʦ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ KNO3 (ʜʦ 1.0 ʛ ʣ
-1) ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʫʚʝʣʠʯʠʚʘʣʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʠ ʢʨʘʭʤʘʣʘ ʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ 

ʜʦ 50.28 ʠ 34.06%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ (13.86 ʤʛ 

ʤʣ-1) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 2.8% H2SO4 ʧʨʠ 121 ÁC ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʉʙʨʘʞʠʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʦʞʞʝʡ S. cerevisiae 

ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʛʥʫʪʴ 2.91 ʤʛ ʤʣ-1 ʵʪʘʥʦʣʘ ʯʝʨʝʟ 96 ʯ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩ ʚʳʭʦʜʦʤ 41.16% ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʮʠʢʣʠʥʛ ʧʦʣʫʯʘʝʤʦʛʦ 

ʧʨʠ ʙʨʦʞʝʥʠʠ CO2 ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʘ ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ 

ʵʥʝʨʛʠʠ. ʕʪʘʥʦʣ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʪʦʧʣʠʚʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʨʘʟʨʘʙʦʪʢʫ ʧʦʜʦʙʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʙʫʜʫʱʝʤ. 

 ʇʦʤʠʤʦ ʵʪʘʥʦʣʘ ʜʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʙʫʪʘʥʦʣ. ɺ ʨʘʙʦʪʝ [159] ʙʠʦʤʘʩʩʘ N. gaditana (ʩʦʜʝʨʞʘʥʠʝ 
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ʫʛʣʝʚʦʜʦʚ 21.3 Ñ 0.9%), ʛʠʜʨʦʣʠʟʦʚʘʥʥʘʷ H2SO4, HCl ʠʣʠ H3PO4 (1, 2, 3, 4 ʠ 5%), ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʫʪʘʥʦʣʘ ʧʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ ʘʥʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʝʡ C. 

acetobutylicum. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 3% HCl ʙʳʣʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʛʠʜʨʦʣʠʟʘ 

ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʫʪʘʥʦʣʘ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʩʦʩʪʘʚʠʣʘ (2.9 Ñ 0.24 ʛ ʣ-1). 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ N. gaditana ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʚʦʜʦʚ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʙʫʪʘʥʦʣʘ ʚ ʙʫʜʫʱʝʤ. 

1.3.2.2 ɺʦʜʦʨʦʜ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ 

ɽʱʝ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʷʚʣʷʝʪʩʷ ʚʦʜʦʨʦʜ. ɹʠʦʚʦʜʦʨʦʜ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ 

(ʦʢʦʣʦ 142.0 ʢɼʞ ʛ-1) ʠ ʥʝ ʦʙʨʘʟʫʝʪ ʉʆ2 ʧʨʠ ʩʛʦʨʘʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʪʦʧʣʠʚʦ ʚ ʩʚʷʟʠ ʩ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʫʱʠʤʠ ʚʳʙʨʦʩʘʤʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ (ʧʘʨʦʚʘʷ ʢʦʥʚʝʨʩʠʷ ʤʝʪʘʥʘ, ʨʘʩʱʝʧʣʝʥʠʝ ʚʦʜʳ) 

ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʝʤʢʠʤʠ ʠ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʣʫʯʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠʟ 

ʙʠʦʤʘʩʩʳ ʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʧʨʦʮʝʩʩʦʤ, ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʩʷ 

ʚʳʙʨʦʩʘʤʠ CO2, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ɺʳʭʦʜ ʚʦʜʦʨʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʙʨʘʞʠʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Chlorella sp. ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 12-43 ʤʣ ʛ-1 

ʣʝʪʫʯʝʛʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ [160]. ʇʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ Chlorella sp. (25 ʛ ʣ-1) ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

15 ʚʝʩ.% ʮʝʣʣʶʣʘʟ ʠ ʧʨʦʪʝʘʟ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ HAU-M1, ʩʦʩʪʦʷʱʝʡ ʠʟ 28% 

Rhodopseudomonas palustris, 27% Rhodospirillum rubrum, 25% Rhodopseudomonas capsularis, 11% 

Rhodobacter capsulatus ʠ 9% Rhodobacter sphaeroides, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʚʳʭʦʜʘ ʙʠʦʚʦʜʦʨʦʜʘ, 

ʨʘʚʥʦʛʦ 43.33 ʤʣ ʛ-1 [161]. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʠʦʚʦʜʦʨʦʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦʩʣʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪ ʬʝʨʤʝʥʪʘʮʠʶ 

ʦʩʪʘʪʦʯʥʦʡ ʙʠʦʤʘʩʩʳ. ɹʠʦʤʘʩʩʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ Dunaliella, ʧʦʩʣʝ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʧʦʜʚʝʨʛʘʣʘʩʴ ʬʝʨʤʝʥʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85 ÁC ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʪʝʨʤʦʬʠʣʴʥʦʡ ʙʘʢʪʝʨʠʠ Thermococcus eurythermalis A501, ʧʨʦʜʫʮʠʨʫʶʱʝʡ ʚʦʜʦʨʦʜ [162]. ɺʳʭʦʜ 

ʚʦʜʦʨʦʜʘ ʠʟ ʦʩʪʘʪʦʯʥʦʡ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ Dunaliella primolecta ʠ Dunaliella tertiolecta 

ʩʦʩʪʘʚʠʣ 192.35 ʠ 183.02 ʤʣ ʛ-1 ʣʝʪʫʯʝʛʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʝʝ ʯʝʤ ʟʘ 19 ʯ 

ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ.  

 ʇʦʤʠʤʦ ʚʦʜʦʨʦʜʘ, ʧʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦʣʫʯʘʶʪ ʫʢʩʫʩʥʫʶ 

[163] ʠ ʤʘʩʣʷʥʫʶ [164] ʢʠʩʣʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʤʝʪʘʥʘ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ B. licheniformis ʜʣʷ 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ Chlorella sp. ʦʙʝʩʧʝʯʠʚʘʣʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʤʝʪʘʥʘ 

(415 ʤʣ ʛ-1) [165]. 

1.4 ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ 

ʉʪʦʯʥʳʝ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʦʯʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ [117]. ʆʥʠ ʩʦʜʝʨʞʘʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʦʩʪʘ 

ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ: ʩʦʝʜʠʥʝʥʠʷ ʫʛʣʝʨʦʜʘ, ʥʠʪʨʘʪʳ, 

ʬʦʩʬʘʪʳ, ʩʦʣʠ ʘʤʤʦʥʠʷ, ʤʦʯʝʚʠʥʘ, ʚʠʪʘʤʠʥʳ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ (ʞʝʣʝʟʦ, ʮʠʥʢ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʠ ʥʘ ʧʨʝʩʥʫʶ ʚʦʜʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ [144]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʢʦʥʪʘʤʠʥʘʮʠʷ ʚʠʨʫʩʘʤʠ ʠʣʠ 

ʙʘʢʪʝʨʠʷʤʠ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʥʦ ʪʘʢʞʝ ʯʘʩʪʘʷ ʦʯʠʩʪʢʘ 

ʩʠʩʪʝʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʂ ʤʝʪʦʜʘʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʥʦʩʷʪ ʬʠʣʴʪʨʘʮʠʶ, ʋʌ-ʦʙʣʫʯʝʥʠʝ ʠʣʠ ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ [166]. ʉʦʩʪʘʚ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʪʠʧʦʚ ʩʪʦʯʥʳʭ ʚʦʜ: 

ʧʨʦʤʳʰʣʝʥʥʳʝ, ʢʦʤʤʫʥʘʣʴʥʳʝ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʠ ʜʨ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʝʪ 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʡ ʩʦʩʪʘʚ ʧʠʪʘʪʝʣʴʥʳʭ, ʘ ʪʘʢʞʝ ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʦʩʪʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʅʘʧʨʠʤʝʨ, ʚʳʩʦʢʘ ̫ʢʦʥʮʝʥʪʨʘʮʠ ̫ʩʦʣʝʡ ʘʤʤʦʥʠʷ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ [166]. ʉʦʩʪʘʚ ʩʪʦʯʥʳʭ ʚʦʜ ʠʟ ʦʜʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʪʘʢʞʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʜʥʦʨʦʜʥʳʡ ʪʝʤʧ ʨʦʩʪʘ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʧʦʵʪʦʤʫ ʚ ʭʦʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʘʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ɽʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʬʦʪʦʩʠʥʪʝʟʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʢʨʘʰʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠʟ-ʟʘ ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʩʨʝʜʦʡ. 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʫʣʴʪʫʨʳ ʩ ʛʝʪʝʨʦʪʨʦʬʥʳʤ ʠʣʠ 
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ʤʠʢʩʦʪʨʦʬʥʳʤ ʪʠʧʦʤ ʧʠʪʘʥʠʷ [167] ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

[150]. 

ɿʘʯʘʩʪʫʶ ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ ʮʝʣʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 

ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ʨʘʙʦʪʝ [168] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʤʝʰʘʥʥʫʶ ʢʫʣʴʪʫʨʫ ʧʨʝʩʥʦʚʦʜʥʳʭ ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ T. dimorphus ʠ Dictyosphaerium ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʯʠʩʪʢʠ ʥʘ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʟʥʳʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʇʦʤʠʤʦ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʮʝʣʝʡ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʜʘʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʜʦ ʧʨʝʜʝʣʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʉʘʥʇʠʅ 

2.1.5.980-00. ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʘʭ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. sorokiniana ʥʘ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ ʫʜʘʣʠʪʴ ʩʘʣʠʮʠʣʦʚʫʶ 

ʢʠʩʣʦʪʫ ʠ ʧʘʨʘʮʝʪʘʤʦʣ ʥʘ 93 Ñ 2.25 ʠ 41.75 Ñ 1.01%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦ ʠ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʪʨʘʪʦʚ ʥʘ 70%, ʘ ʬʦʩʬʘʪʦʚ ʥʘ 89% [169]. ɺʳʨʘʱʠʚʘʥʠʝ Micractinium sp. IC-76 ʚ 

ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʨʠʚʝʣʦ ʢ ʫʜʘʣʝʥʠʶ 77% ʬʦʩʬʘʪʦʚ, ʧʨʠ ʵʪʦʤ 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʠʦʤʘʩʩʳ 37.18 ʤʛ ʣ-1 ʩʫʪ-1 ʠ ʚʳʭʦʜ ʣʠʧʠʜʦʚ 36% [170]. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʜʘʣʷʪʴ 

ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʥʘʢʘʧʣʠʚʘʪʴ ʙʠʦʤʘʩʩʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʧʦʣʫʯʘʪʴ ʚʝʱʝʩʪʚʘ ʩ ʚʳʩʦʢʦʡ 

ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ (ʧʠʛʤʝʥʪʳ, ʣʠʧʠʜʳ, ʙʝʣʢʠ).  

ɸʢʪʠʚʥʳʡ ʠʣ ʩʪʦʯʥʳʭ ʚʦʜ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ 

ʠ ʬʦʩʬʦʨʘ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʫʜʘʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʜʦʦʯʠʩʪʢʠ. 

ʇʦʪʝʥʮʠʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʫʜʘʣʝʥʠʷ ʬʦʩʬʘʪʦʚ ʠ ʘʤʤʦʥʠʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʙʠʦʤʘʩʩʳ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʤʠʢʩʦʪʨʦʬʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ 

ʫʛʣʝʨʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʜʣʷ ʤʠʢʩʦʪʨʦʬʥʦʛʦ ʨʦʩʪʘ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʩʘʭʘʨʘ, 

ʛʣʠʮʝʨʠʥ, ʵʪʘʥʦʣ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ. ʃʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʥʘʧʨʠʤʝʨ, 

ʫʢʩʫʩʥʘʷ ʠ ʤʘʩʣʷʥʘʷ ʢʠʩʣʦʪʳ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʬʝʨʤʝʥʪʘʮʠʠ 

ʘʢʪʠʚʥʦʛʦ ʠʣʘ [171], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ. ɺ ʨʘʙʦʪʝ [172] ʠʩʩʣʝʜʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʩʥʦʚʦʜʥʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. pyrenoidosa 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ ʜʣʷ ʤʠʢʩʦʪʨʦʬʥʦʛʦ ʨʦʩʪʘ ʚ ʘʥʘʵʨʦʙʥʦ ʦʙʨʘʙʦʪʘʥʥʦʤ ʠʣʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʧʨʦʧʠʦʥʦʚʦʡ ʠ ʠʟʦʚʘʣʝʨʠʘʥʦʚʦʡ ʢʠʩʣʦʪ ʥʝ 

ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʜʫʢʮʠʶ ʙʠʦʤʘʩʩʳ ʠ ʜʘʞʝ ʠʥʛʠʙʠʨʦʚʘʣʦ ʨʦʩʪ ʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ɼʦʙʘʚʣʝʥʠʝ ʫʢʩʫʩʥʦʡ ʠ ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪ ʫʚʝʣʠʯʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʚ 1.9-

2.4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʢʫʣʴʪʫʨʦʡ, ʚʳʨʘʱʝʥʥʦʡ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʨʝʜʫ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʘʤʤʦʥʠʷ ʠ ʦʨʪʦʬʦʩʬʘʪʘ ʠʟ ʠʣʦʚʳʭ ʦʩʘʜʢʦʚ ʜʦ 88.3-97.1% ʠ 80.4-93.0%, 



51 

 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʙʘʚʣʝʥʠʝ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʚʝʣʠʯʠʣʦ ʚʳʭʦʜ ʣʠʧʠʜʦʚ ʚ 3.9-6.3 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʠʧʠʜʦʚ ʩʦʩʪʘʚʠʣʘ 160 ʤʛ ʣ-1 ʩʫʪ-1 ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʨʝʜʫ.  

ʇʦʤʠʤʦ ʥʠʪʨʘʪʦʚ, ʬʦʩʬʘʪʦʚ ʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʩʪʦʯʥʳʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʠ ʚʳʟʳʚʘʶʱʠʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɹʠʦʩʦʨʙʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤʠ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʳʤ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ. ʄʥʦʛʠʝ ʚʠʜʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ C. 

vulgaris, C. reinhardtii, Chlorococcum sp., Phaeodactylum tricornotum, Scenedesmus quadricauda, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʠʦʩʦʨʙʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ 

[173]. ʅʝʢʦʪʦʨʳʝ ʤʝʪʘʣʣʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʦʩʪʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʥʘʧʨʠʤʝʨ, Cu, Zn, Ni, Mn ʠ Co. ɼʨʫʛʠʝ, ʚʢʣʶʯʘʷ Pb, 

Cd, Cr ʠ Hg, ʦʙʣʘʜʘʶʪ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʪʦʢʩʠʯʥʳ ʧʦ 

ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʯʨʝʟʤʝʨʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʠ ʤʦʨʬʦʣʦʛʠʶ ʚʦʜʦʨʦʩʣʝʡ, ʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʪʴ ʪʦʢʩʠʯʝʩʢʦʝ ʠ ʤʫʪʘʛʝʥʥʦʝ ʚʣʠʷʥʠʝ. ʊʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ ʩʪʠʤʫʣʠʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ 

ʧʦʚʨʝʞʜʝʥʠʶ ʤʝʪʘʙʦʣʠʪʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘʢʦʧʣʝʥʠʝ ʩʚʠʥʮʘ ʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Acutodesmus 

obliquus ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʨʷʜʘ ʤʝʪʘʙʦʣʠʪʦʚ, ʚʢʣʶʯʘʷ ʧʠʛʤʝʥʪʳ, ʙʝʣʢʠ ʠ 

ʤʦʥʦʩʘʭʘʨʠʜʳ, ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ [174]. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ C. sorokiniana 

ʚ ʤʠʢʩʦʪʨʦʬʥʳʭ ʠ ʬʦʪʦʘʚʪʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 

(TiO2), ʥʘʦʙʦʨʦʪ, ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʙʝʣʢʦʚ ʠ ʫʛʣʝʚʦʜʦʚ [175]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʠ ʨʦʩʪ ʙʠʦʤʘʩʩʳ C. 

vulgaris JSC-7 [176]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ C. variabilis ʧʦʪʨʝʙʣʷʝʪ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠʟ 

ʩʪʦʯʥʳʭ ʚʦʜ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʝʪ ʥʠʢʝʣʴ, ʘʣʶʤʠʥʠʡ ʠ ʞʝʣʝʟʦ, 

ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 74.96 Ñ 2.62 ʛ ʤ-2 ʩʫʪ-1, ʚʳʭʦʜ ʣʠʧʠʜʦʚ - 20.1 

Ñ 2.2% [177]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʦʜʭʦʜʦʤ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʫʜʘʣʝʥʠʠ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʜʘʞʝ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 
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1.5 ɺʳʜʝʣʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ 

 ʃʠʧʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʠʱʝʚʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [178]. ʕʪʠ ʬʝʨʤʝʥʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʛʠʜʨʦʣʘʟ (ʂʌ 3.1.1.1) ʠ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʝʤʝʡʩʪʚʫ Ŭ/ɓ ʛʠʜʨʦʣʘʟ [179], ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʩʦʜʝʨʞʘʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʪʨʠʘʜʫ 

Ser, Asp (Glu) ʠ His [180]. ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʠʭ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʛʝʪʝʨʦʛʝʥʥʳʝ ʨʝʘʢʮʠʠ ʚ ʚʦʜʥʳʭ ʠ ʥʝʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ. ʆʩʥʦʚʥʳʤʠ 

ʣʠʧʦʣʠʪʠʯʝʩʢʠʤʠ ʬʝʨʤʝʥʪʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʝ 

ʵʩʪʝʨʘʟʳ ʠ ʣʠʧʘʟʳ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 45 Áʉ, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ, ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʠʭ ɻʢʩʧʣʫʘʪʘʮʠʠ [178]. 

 ʕʩʪʝʨʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʝʨʤʝʥʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ 

ʞʠʨʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ ʜʣʠʥʦʡ ʦʪ ʜʚʫʭ ʜʦ ʚʦʩʴʤʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ [181], ʦʥʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ, ʯʪʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʣʠʧʘʟ. ʉʚʦʡʩʪʚʘ ʨʷʜʘ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʵʩʪʝʨʘʟ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 2.  

 ɺ ʮʝʣʦʤ, ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʵʩʪʝʨʘʟʳ ʘʢʪʠʚʥʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ, ʚʧʣʦʪʴ ʜʦ 90 Áʉ, ʢʘʢ ʵʩʪʝʨʘʟʘ Anoxybacillus sp. PDF1 [191]. ɸʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ ʵʩʪʝʨʘʟ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʅ ʚʳʷʚʠʣ, ʯʪʦ ʦʥʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʣʘʜʘʶʪ ʦʧʪʠʤʫʤʦʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʱʝʣʦʯʥʦʤ ʨʅ (6.0-9.0), ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʙʘʢʪʝʨʠʷʤʠ T. thermosaccharolyticum, 

Salimicrobium sp.,  G. subterraneus ʠ  ʜʨ. (ʊʘʙʣʠʮʘ 2).  ʅʘʠʙʦʣʴʰʝʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ 

ʊʘʙʣʠʮʘ 2 ï ʉʚʦʡʩʪʚʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʵʩʪʝʨʘʟ, ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʀʩʪʦʯʥʠʢ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʧʝʮʠʬʠʯ-

ʥʦʩʪʴ 

ʂʠʥʝʪʠʯʝʩ-

ʢʠʝ 

ʧʘʨʘʤʝʪʨʳ 

ʉʩʳʣ-

ʢʘ 

ʕʩʪʝʨʘʟʘ 

Rhodococcus sp. 

LKE-021 

ɸʢʪʠʚʥʦʩʪʴ ʧʨʠ 30 - 80 ÁC, 

ʦʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʨʅ 

11.0.ʉʪʘʙʠʣʴʥʘ ʧʨʠ 60 Áʉ ʚ 

ʪʝʯʝʥʠʝ 2 ʯ 

- - [182] 

ʕʩʪʝʨʘʟʘ EstDZ2, 

ʧʦʣʫʯʝʥʥʘʷ ʠʟ 

ʤʝʪʘʛʝʥʦʤʘ 

ʆʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 50 

Áʉ 
C4 - [183] 

ʕʩʪʝʨʘʟʘ Est5250 

Bacillus 

thermocloaceae 

ʆʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 60 

ÁC ʠ pH 8.0, 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʦʚʳʰʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

Ca2+ 

pNPC2 

Km 185.8 

ʤʢʄ ʠ kcat 

186.6 ʩ-1 

[184] 
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ʕʩʪʝʨʘʟʘ ThLip1 

Thermoanaerobacteri

um 

thermosaccharolyticu

m DSM 571 

 

ʆʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 80 

ÁC ʠ pH 6.5. ʉʦʭʨʘʥʷʝʪ 85% 

ʠʩʭʦʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʝʨʝʟ 2 

ʯ ʧʨʠ 75 ÁC 

pNPC6 

Km 3.52 Ñ 

0.47 ʤʄ, Vmax 

191.18 Ñ 1.82 

ʤʢʤʦʣʴ ʤʠʥ-1 

ʤ ʛ-1 ʠ kcat /Km 

20.80 Ñ 0.07 

ʤʄ-1 ʩ-1 

[185] 

ʕʩʪʝʨʘʟʘ ThLip2 

Thermoanaerobacteri

um 

thermosaccharolyticu

m DSM 571 

 

ʆʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 75 

ÁC ʠ pH 6.5. ʉʪʘʙʠʣʴʥʘ ʧʨʠ 

pH 6.0-8.0. t1/2 2 ʯ ʧʨʠ 80 ÁC 

ʣʠʥʦʣʠʣʘʮʝʪ

ʘʪ 

Km 3.37 ʤʄ, 

Vmax 578.14 

ʤʢʤʦʣʴ ʤʠʥ-1 

ʤʛ-1 ʠ kcat 

231.2 ʩ-1 

[185] 

ʕʩʪʝʨʘʟʘ EST3 

Parvibaculum 

lavamentivorans 

ɸʢʪʠʚʥʦʩʪʴ ʧʨʠ 41- 45 ÁC, 

ʦʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʨʅ 

6.0. 

ɸʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 0.5 ʤʄ Mn2+, Li+, 

ʕɼʊɸ ʠ 1% CTAB. 

50% ʘʢʪʠʚʥʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 10% ʤʝʪʘʥʦʣʘ ʠ 

ʵʪʘʥʦʣʘ 

pNPC5 - 
[186] 

 

ʕʩʪʝʨʘʟʘ Clostridium 

thermocellum DSM 

1313 

ʄʘʩʩʘ 35 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 65 ÁC, ʨʅ 7.0. 

ɸʢʪʠʚʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Ca2+ ʠ Mg2+ 

pNPC2 

 
- [187] 

ʕʩʪʝʨʘʟʘ Clostridium 

thermocellum DSM 

1313 

ʉʦʭʨʘʥʷʝʪ 70% ʘʢʪʠʚʥʦʩʪʠ 

ʯʝʨʝʟ 3 ʯ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 65 

ÁC. ʇʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ ʠʥʛʠʙʠʨʫʶʪ 

ʘʢʪʠʚʥʦʩʪʴ (ʥʘ 50% ʚ 10% 

ɼʄʉʆ) 

pNPC2 

 
- [187] 

ʕʩʪʝʨʘʟʘ 

Salimicrobium sp. 

LY19 

 

ʄʘʩʩʘ 57 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 50 ÁC, pH 7.0 

ʠ 5 % NaCl. ʉʦʭʨʘʥʷʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ 20-70 ÁC, pH 

7.0-10.0 ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2.5 ï 

25 % NaCl. 

pNPC4 - [188] 

ʕʩʪʝʨʘʟʘ Bacillus 

subtilis DR8806 

ʄʘʩʩʘ 60.25 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 50 ÁC ʠ ʨʅ 8.0 

. Cu2+, Fe2+, Zn2+, Mn2+, Co2+, 

Mg2+ ʠ Hg2+ ʠʥʛʠʙʠʨʫʶʪ 

ʘʢʪʠʚʥʦʩʪʴ. 1% ʊʨʠʪʦʥ X-100 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʬʝʨʤʝʥʪʘ 

pNPC2 

Km 4.2 ʤʄ, 

Vmax 151 

ʤʢʤʦʣʴ ʤʠʥ-1 

ʤʛ-1 

[189] 

ʕʩʪʝʨʘʟʘ 

Geodermatophilus 

obscurus G20 

ʄʘʩʩʘ 55 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 80 Áʉ ʠ pH 

8.0-9.0. ʉʦʭʨʘʥʷʝʪ ʙʦʣʝʝ 90% 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ 

ʧʨʠ 80 ÁC ʚ ʪʝʯʝʥʠʝ 10 ʯ 

pNPC2 
Km 400 ʤʢʄ 

 
[190] 
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ʂʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟʘ 

Anoxybacillus sp. 

PDF1 

ʄʘʩʩʘ 26 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 60 ÁC ʠ pH 

8.0, ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ pH 5.0-

10.0 ʠ 25-90 ÁC.  

ʉʦʭʨʘʥʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʯʝʨʝʟ 

30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 60 ÁC 

pNPC4 

Km 0.348 Ñ 

0.030 ʤʄ, 

Vmax 3725.8 

ɽɸ ʤ ʛ-1, kcat 

1500 Ñ 54.50 

ʩ-1 

[191] 

ʕʩʪʝʨʘʟʘ 

Stenotrophomonas 

maltophilia 

OUC_Est10 

ʄʘʩʩʘ 70.6 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 65 ÁC ʠ ʨʅ 

9.0. 

ʇʨʠ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 45 ÁC ʠ 

pH 8.0 ʦʩʪʘʪʦʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 70.2% ʯʝʨʝʟ 96 ʯ. 

ʉʦʭʨʘʥʷʪ 97% ʠ 84% 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʚ 

100% ʘʮʝʪʦʥʠʪʨʠʣʝ ʠʣʠ ʚ ʥ-

ʛʝʢʩʘʥʝ 

pNPC6 - [192] 

ʕʩʪʝʨʘʟʘ EstES1, 

ʧʦʣʫʯʝʥʥʘʷ ʠʟ 

ʤʝʪʘʛʝʥʦʤʘ 

ʆʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 40 

ÁC ʠ pH 9.0. ʉʪʘʙʠʣʴʥʘ ʧʨʠ 

60-65 ÁC, pH 9.0-10.5, ʘ ʪʘʢʞʝ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʥʦʣʘ, 

ʵʪʘʥʦʣʘ, ʠʟʦʧʨʦʧʘʥʦʣʘ ʠ 

ɼʄʉʆ 

pNPC4 - [193] 

ʕʩʪʝʨʘʟʘ EstGSU753 

Geobacillus 

subterraneus 

DSM13552 

ʆʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 60 

ÁC ʠ ʨʅ 8.0. ʉʪʘʙʠʣʴʥʘ ʚ 50% 

ʤʝʪʘʥʦʣʝ ʚ ʪʝʯʝʥʠʝ 9 ʩʫʪ 

(ʩʦʭʨʘʥʷʝʪ 50% ʦʪ ʠʩʭʦʜʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ). ʇʨʠ ʠʥʢʫʙʘʮʠʠ ʩ 

90% ʤʝʪʘʥʦʣʦʤ ʚ ʪʝʯʝʥʠʝ 35 ʯ 

ʩʦʭʨʘʥʷʝʪ 50% ʘʢʪʠʚʥʦʩʪʠ 

pNPC4 - [194] 

ʕʩʪʝʨʘʟʘ EstL5 

Geobacillus 

thermodenitrificans 

T2 

ɸʢʪʠʚʥʘ ʧʨʠ 0-80 ÁC, pH 6.0-

11.0, ʦʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

60 ÁC ʠ pH 8.0. 

ʉʦʭʨʘʥʷʝʪ 100% ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʩʣʝ 12 ʯ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 55 

ÁC. 

ʇʦʜʚʝʨʛʘʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10% SDS ʠ 0.1 

ʤʄ PMSF 

pNPC4 - 
[195] 

 

ʕʩʪʝʨʘʟʘ Geobacillus 

sp. JM6 

ʄʘʩʩʘ 33.6 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 60 ÁC ʠ pH 

7.5. ʉʦʭʨʘʥʷʝʪ 68% 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʥʢʫʙʘʮʠʠ 

ʧʨʠ 100 Á C ʚ ʪʝʯʝʥʠʝ 18 ʯ. 

ʋʩʪʦʡʯʠʚʘ ʢ SDS, Chaps, 

ʊʚʠʥ-20, ʊʚʠʥ- 80, ʊʨʠʪʦʥ X-

10 

pNPC4 - 
[196] 

 

ʕʩʪʝʨʘʟʘ Geobacillus 

kaustophilus HTA426 

ʄʘʩʩʘ 27.7 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 65 ÁC ʠ ʨʅ 8.0 
pNPC2 

Km 2.77 ʤʄ, 

kcat 280.41 ʩ
-1 

[197] 

 

ʕʩʪʝʨʘʟʘ est30 

Geobacillus 

stearothermophilus 

ATCC12980 

ʄʘʩʩʘ 28.3 ʢɼʘ. ʉʪʘʙʠʣʴʥʘ 

ʧʨʠ 60 ÁC ʙʦʣʝʝ 2 ʯ. 

ʉʦʭʨʘʥʷʝʪ 50% ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʠ 70 ÁC ʯʝʨʝʟ 180 ʤʠʥ 

pNPC6 
Km 2.16 ʤʢʄ, 

kcat 38 ʩ-1 

[198] 
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ʕʩʪʝʨʘʟʘ est55 

Geobacillus 

stearothermophilus 

ATCC7954 

ʄʘʩʩʘ 54.8 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 30-60 ÁC ʠ pH 

8-9. ʉʪʘʙʠʣʴʥʘ ʧʨʠ 

60 ÁC ʙʦʣʝʝ 2 ʯ, ʧʨʠ 70 Á C 

ʩʦʭʨʘʥʷʝʪ 50% ʯʝʨʝʟ 40 ʤʠʥ 

pNPC4 
Km 0.5 ʤʢʄ; 

kcat 39758 ʩ
-1 

[198] 

ʕʩʪʝʨʘʟʘ est29 

Geobacillus 

thermocatenulatus 

KCTC 3921 

ʄʘʩʩʘ 29 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ pH 6.0. 

ʉʦʭʨʘʥʷʝʪ 70% ʘʢʪʠʚʥʦʩʪʠ 

ʯʝʨʝʟ 1 ʯ ʧʨʠ 70 ÁC 

C4-C8 - 
[199] 

 

ʵʩʪʝʨʘʟʳ ʙʘʢʪʝʨʠʡ ʨ. Geobacillus, ʚ ʪʦʤ ʯʠʩʣʝ ʵʩʪʝʨʘʟʘ Geobacillus sp. JM6, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʝʪ 

68% ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 100 ÁC ʚ ʪʝʯʝʥʠʝ 18 ʯ [196], ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʝʜʠ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ. ɸʥʘʣʠʟ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʵʩʪʝʨʘʟʳ ʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʭ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʉ2 ʠ ʉ4 (ʊʘʙʣʠʮʘ 2), ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ (C4-

C8) ʦʙʣʘʜʘʝʪ ʵʩʪʝʨʘʟʘ est29 G. thermocatenulatus KCTC 3921 [199]. ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ 

ʛʘʣʦʪʦʣʝʨʘʥʪʥʳʝ ʵʩʪʝʨʘʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʜʫʮʠʨʫʝʤʘʷ ʙʘʢʪʝʨʠʝʡ Salimicrobium sp. LY19, 

ʢʦʪʦʨʘʷ ʘʢʪʠʚʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 25% NaCl [188]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʣʠ ʤʝʪʘʣʣʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ Cu2+ ʠ 

Fe2+) ʤʦʛʫʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʣʠʧʦʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Ca2+ ʝʝ ʧʦʚʳʰʘʝʪ 

(ʊʘʙʣʠʮʘ 2). ʕʩʪʝʨʘʟʘ EstGSU753, ʧʦʣʫʯʝʥʥʘʷ ʠʟ G. subterraneus DSM13552, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʤʝʪʘʥʦʣʝ, ʩʦʭʨʘʥʷʷ ʧʦʣʦʚʠʥʫ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʝʨʝʟ 9 ʩʫʪʦʢ 

ʠʥʢʫʙʘʮʠʠ ʚ 50% ʨʘʩʪʚʦʨʝ ʤʝʪʘʥʦʣʘ [194]. ʕʩʪʝʨʘʟʘ Est2, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʤʝʪʘʛʝʥʦʤʘ ʚ ʨʘʙʦʪʝ 

[200], ʩʦʭʨʘʥʷʣʘ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʚʦʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ 26 ʩʫʪʦʢ ʠʥʢʫʙʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 30% 

ʵʪʘʥʦʣʘ, ʤʝʪʘʥʦʣʘ, ʠʟʦʧʨʦʧʘʥʦʣʘ, ɼʄʉʆ ʠʣʠ ʘʮʝʪʦʥʘ. 

 ɼʨʫʛʠʤʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʱʠʤʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʣʠʧʦʣʠʪʠʯʝʩʢʠʤʠ ʬʝʨʤʝʥʪʘʤʠ 

ʷʚʣʷʶʪʩʷ ʣʠʧʘʟʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʠʟ ʪʝʨʤʦʬʠʣʴʥʳʭ ʛʨʠʙʦʚ (T. lanuginosus ʠ R. miehei), ʘ ʪʘʢʞʝ 

ʜʨʦʞʞʝʡ P. (Candida) antarctica. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʣʠʧʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ (B. cepacia ʠ P. 

fluorescens) ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʞʝ, ʭʦʪʷ ʦʥʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʠʟʫʯʝʥʳ ʣʠʧʘʟʳ, ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʪʝʨʤʦʬʠʣʴʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʨ. 

Geobacillus, ʨʘʩʪʫʱʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 50-75 Áʉ (ʊʘʙʣʠʮʘ 3) [201], [202].  

ɺ ʮʝʣʦʤ, ʣʠʧʘʟʳ ʙʘʢʪʝʨʠʡ ʨ. Geobacillus ʦʙʣʘʜʘʶʪ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 95 ÁC) ʠ pH (4.0 ï 11.0) [203], ʣʠʧʘʟʘ GD-95RM ʙʘʢʪʝʨʠʠ Geobacillus sp. 95 ʠʤʝʝʪ 

ʚʳʩʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ (75-85 ÁC) [206], ʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʚ 

ʪʝʯʝʥʠʝ 20 ʩʫʪ ʚ 25% ʵʪʘʥʦʣʝ ʧʨʠ 55 ÁC ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʬʝʨʤʝʥʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʊʘʙʣʠʮʘ 3). ʇʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʣʠʧʘʟ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ca2+ 

ʠ Mg2+ ʠ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ PMSF, K+, Co2+ ʠ Zn2+ [209]. ʌʝʨʤʝʥʪʳ ʩʧʝʮʠʬʠʯʥʳ 

ʢ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ ʉ12 - ʉ16 [210], ʯʪʦ ʠʭ ʧʨʠʤʝʥʠʤʳʤʠ ʚ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʣʠʧʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ ʦʙʣʘʜʘʶʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʨʝʘʢʮʠʷʤʠ ʛʠʜʨʦʣʠʟʘ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ɺʳʩʦʢʘʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʪʠʭ 

ʬʝʨʤʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʢʮʠʷʤʠ 

ʩ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ.  

ʊʘʙʣʠʮʘ 3 ï ʉʚʦʡʩʪʚʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʣʠʧʘʟ, ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʀʩʪʦʯʥʠʢ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʧʝʮʠʬʠʯ-

ʥʦʩʪʴ 

ʂʠʥʝʪʠ-

ʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ 

ʉʩʳʣʢʘ 

ʃʠʧʘʟʘ G. 

stearothermophi

lus FMR12 

ʄʘʩʩʘ 63 ʢɼʘ, ʩʪʘʙʠʣʴʥʘ ʧʨʠ 

40ï95 ÁC ʠ pH 4ï11, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 70 ÁC ʠ pH 9.0. 

ɼʦʙʘʚʣʝʥʠʝ ʊʨʠʪʦʥ X-100 

ʫʚʝʣʠʯʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʬʝʨʤʝʥʪʘ 

- - [203] 

ʃʠʧʘʟʘ G. 

kaustophilus 

DSM 7263 T 

ʄʘʩʩʘ 43 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 50 ÁC ʠ pH 8.0 

C4 (ʬʝʨʤʝʥʪ c 

His-Tag) 

C10 ʠ C12 (ʙʝʟ 

His-Tag) 

Km 1.22 

ʤʄ, kcat 

417.1 ʤʠʥ-1 

[204] 

ʃʠʧʘʟʘ BTL2 

G. 

thermocatenulat

us 

ʆʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 50 ÁC 

ʠ ʨʅ 8 
pNPʉ16 

Km 1.5831 

ʤʢʄ, Vmax 

1.2003 

ʤʢʤʦʣʴ 

ʤʠʥ-1 ʤʛ-1, 

kcat 0.9269 

c-1 

[205] 

ʃʠʧʘʟʘ GD-

95RM 

Geobacillus sp. 

95 

 

ʆʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 75-85 

ÁC. 

ʉʪʘʙʠʣʴʥʘ ʚ 25% ʵʪʘʥʦʣʝ (ʧʨʠ 

55 ÁC ʚ ʪʝʯʝʥʠʝ 20 ʩʫʪ). 

ʉʦʭʨʘʥʷʝʪ ʩʚʳʰʝ 50% 

ʘʢʪʠʚʥʦʩʪʠ ʯʝʨʝʟ 40 ʩʫʪ ʚ 5% 

NaCl, ʧʝʨʙʦʨʘʪʝ ʥʘʪʨʠʷ, 

ʤʦʯʝʚʠʥʝ, 0.1% ʙʦʨʥʦʡ 

ʢʠʩʣʦʪʝ, ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʝ ʠ 

ʊʨʠʪʦʥʝ X-100. 

C6  [206] 

ʃʠʧʘʟʘ G. 

stearothermophi

lus AH22 

ʆʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 50 ÁC 

ʠ pH 8.0-9.0 
pNPʉ12 

Km 0.16 

ʤʄ 
[207] 

ʃʠʧʘʟʘ 

Geobacillus sp. 

EPT9 

ʄʘʩʩʘ 44.8 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʠ 55 ÁC ʠ pH 8.5. ʉʦʭʨʘʥʷʝʪ 

44% ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʧʨʠ 80 Á C ʚ ʪʝʯʝʥʠʝ 

1 ʯ 

pNPC16 - [208] 



57 

 

ʃʠʧʘʟʘ 

Geobacillus sp. 

Iso5 

ʆʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 70 Á 

C ʠ pH 8.0. ʉʦʭʨʘʥʷʝʪ ʩʚʳʰʝ 

90% ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 70 ÁC ʠ 

35% ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 85 ÁC ʚ 

ʪʝʯʝʥʠʝ 2 ʯ. ɸʢʪʠʚʥʦʩʪʴ 

ʬʝʨʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Ca2+ ʠ Mg2+ ʠ 

ʠʥʛʠʙʠʨʫʝʪʩʷ HgCl2, PMSF, 

ɼʊʊ, K+, Co2+ ʠ Zn2+ 

ʆʣʠʚʢʦʚʦʝ 

ʤʘʩʣʦ 
- [209] 

ʃʠʧʘʟʘ lip29 G. 

thermocatenulat

us KCTC 3921 

ʄʘʩʩʘ 29 ʢɼʘ, ʦʧʪʠʤʫʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 50 ÁC ʠ pH 9.5 
C12-C16 - [199] 

1.6 ʇʨʠʤʝʥʝʥʠʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʣʫʯʝʥʠʷ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ 

1.6.1 ʀʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʬʝʨʤʝʥʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ 

ɸʣʢʠʣʴʥʳʝ ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʚ ʦʩʥʦʚʥʦʤ ʄʕɾʂ), ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʩʝʣ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠʣʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʩʥʦʚʥʦʤ 

ʚʣʠʷʶʪ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʢʘʯʝʩʪʚʦ ʩʳʨʴʷ (ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ), 

ʪʠʧ ʘʢʮʝʧʪʦʨʘ ʘʮʠʣʴʥʳʭ ʛʨʫʧʧ (ʩʧʠʨʪʳ ʠʣʠ ʤʝʪʠʣʘʮʝʪʘʪ) ʠ ʪʠʧ ʨʝʘʢʮʠʠ (ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ, 

ʭʠʤʠʯʝʩʢʘʷ ʠʣʠ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʨʝʘʢʮʠʷ). ʊʨʘʜʠʮʠʦʥʥʦ ʙʠʦʜʠʟʝʣʴ ʧʦʣʫʯʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʂʆʅ, NaOH, H2SO4, HCl). ʕʪʦʪ ʧʦʜʭʦʜ ʧʨʠʟʥʘʥ ʵʬʬʝʢʪʠʚʥʳʤ, ʥʦ ʚ 

ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʤʳʚʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʘʯʝʩʪʚʫ ʩʳʨʴ,̫ ʩʣʦʞʥʦʩʪʴʶ ʚ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ ʦʪ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [211]. ʇʦʵʪʦʤʫ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʶ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʣʫʯʘʪʴ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʦʯʠʩʪʢʠ, ʩʧʦʩʦʙʥʫʶ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʩʳʨʴʝ ʜʘʞʝ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ (ʚʦʜʘ, ʩʚʦʙʦʜʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ) ʙʝʟ ʧʨʦʪʝʢʘʥʠʷ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ 

[212].  

ʌʝʨʤʝʥʪʘʪʠʚʥʫʶ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʶ ʤʘʩʝʣ ʧʨʦʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠʣʠ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʧʘʟ [213]. ʏʪʦʙʳ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʜʩʦʨʙʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʠʣʠʢʘʛʝʣʴ, ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʧʦʣʠʤʝʨʳ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʠʪʘ. ʊʘʢ ʚ ʨʘʙʦʪʝ [214] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʧʦʣʠʤʝʨʘ ʠʟ ʧʦʣʠʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ 
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ʧʦʚʳʰʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʦʣʝʠʥʦʚʦʛʦ ʤʘʩʣʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʣʠʧʘʟʦʡ Eversa 

Transform (ʣʠʧʘʟʘ T. lanuginosus, Novozymes). ʂʦʥʚʝʨʩʠʷ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʦʣʝʠʥʦʚʦʛʦ 

ʤʘʩʣʘ ʩ ʤʝʪʘʥʦʣʦʤ ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:3 ʧʨʠ 35 ÁC, ʢʦʣʠʯʝʩʪʚʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ 

ʣʠʧʘʟʳ 10% ʠ ʩʦʜʝʨʞʘʥʠʠ ʚʦʜʳ 5% ʫʚʝʣʠʯʠʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ 25% ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʦʣʠʤʝʨʘ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ.  

ɽʱʝ ʦʜʥʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʠʤʝʥʷʝʤʳʭ ʣʠʧʘʟ ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʧʠʨʪʘʤ (ʤʝʪʘʥʦʣʫ). ʅʘʧʨʠʤʝʨ, ʣʠʧʘʟʫ Eversa Transform ʚ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʝʪʘʥʦʣʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʰʴ ʦʜʠʥ ʨʘʟ ï ʧʦʩʣʝ 

ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʨʝʘʢʮʠʠ ʢʦʥʚʝʨʩʠʷ ʩʥʠʞʘʣʘʩʴ ʥʘ 20%, ʘ ʧʦʩʣʝ ʧʷʪʦʛʦ ʫʞʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 70% [214].  

  ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʦʩʠʪʝʣʷʭ ʣʠʧʘʟʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ [215] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʘʞʝ ʧʦʩʣʝ 20 ʮʠʢʣʦʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩ ʵʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ ʫʛʣʝʨʦʜʥʦʤ ʥʘʥʦʤʘʪʝʨʠʘʣʝ SwCNTNH2 ʣʠʧʘʟʳ ʠʟ P. fluorescens ʚʳʭʦʜ 

ʄʕɾʂ ʩʦʩʪʘʚʠʣ ʩʚʳʰʝ 99%. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʮʠʢʣ ʩʦʩʪʘʚʣʷʣ ʚʩʝʛʦ 4 ʯ. 

 ʇʨʠ ʚʳʙʦʨʝ ʬʝʨʤʝʥʪʘ, ʢʘʪʘʣʠʟʠʨʫʶʱʝʛʦ ʨʝʘʢʮʠʶ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʝʛʦ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʧʘʟ ʜʨʦʞʞʝʡ ʠ ʛʨʠʙʦʚ - Novozym 435 (ʣʠʧʘʟʘ ʠʟ P. antarctica B, 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ ʩʤʦʣʝ Lewatit VP OC 1600) ʠ Lipozyme TL IM (ʣʠʧʘʟʘ ʠʟ T. lanuginosus, 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ ʤʘʢʨʦʧʦʨʠʩʪʦʤ ʩʠʣʠʢʘʛʝʣʝ).  

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʣʠʧʘʟʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʩʝʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʨʘʙʦʪʝ [216] ʣʠʧʘʟʘ Bacillus 

sp. PS35, ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʥʘ ʛʠʜʨʦʬʦʙʥʦʡ ʩʪʠʨʦʣ-ʜʠʚʠʥʠʣʙʝʥʟʦʣʴʥʦʡ ʩʤʦʣʝ ʩʦ ʩʰʠʚʢʦʡ 

ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ, ʦʙʝʩʧʝʯʠʚʘʣʘ ʚʳʭʦʜ ʄʕɾʂ 97% ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʩ ʤʝʪʘʥʦʣʦʤ (ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 1:5) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 ÁC ʠ ʧʦʵʪʘʧʥʳʤ 

ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʪʘʥʦʣʘ. ʂʣʝʪʢʠ ʣʠʧʘʟʳ B. subtilis, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʚʥʫʪʨʠ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʥʦʩʠʪʝʣʷ ʩ ʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (Fe3O4), ʚ ʢʦʣʠʯʝʩʪʚʝ 3% ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʳʭʦʜ ʄʕɾʂ ʦʢʦʣʦ 

90% ʚ ʨʝʘʢʮʠʠ ʤʝʪʘʥʦʣʠʟʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʢʫʣʠʥʘʨʥʳʭ ʤʘʩʝʣ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʪʘʥʦʣʘ ʚ ʜʚʘ ʵʪʘʧʘ 

ʧʦʩʣʝ 72 ʯ ʨʝʘʢʮʠʠ ʧʨʠ 40 ÁC ʠ ʨʅ 6.5 [217]. ɺ ʨʘʙʦʪʝ [218] ʠʩʩʣʝʜʦʚʘʣʠ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʥʘ ʛʨʘʥʫʣʘʭ ʧʦʣʠʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪʘ ʣʠʧʘʟʳ ʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʪʤʝʯʝʥʦ, ʯʪʦ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʣʠʧʘʟʘ P. fluorescens ʧʦʢʘʟʘʣʘ ʚʳʭʦʜ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ɾʂ 

(100%) ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʩʣʘ ʙʘʙʘʩʩʫ ʩ ʵʪʘʥʦʣʦʤ (ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʣʘ ʠ 

ʵʪʘʥʦʣʘ 1:9, 45 ÁC, ʢʦʣʠʯʝʩʪʚʦ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ 10 ʚʝʩ.%) ʥʦ ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʣʘ 

ʙʦʣʴʰʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʧʘʟʘʤʠ P. antarctica (CALB) ʠ T. lanuginosus (Lipex 
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100L). ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʥʘ 1 ʤʛ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʚ 

ʯʘʩ ʩʦʩʪʘʚʠʣʦ 40.9, 18.9 ʠ 25.1 ʤʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʘʙʦʪʝ [219] ʪʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʣʠʧʘʟʘ P. fluorescens, ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ ʤʘʪʨʠʮʝ ʠʟ 

ʧʦʣʠʩʠʣʦʢʩʘʥ-ʧʦʣʠʚʠʥʠʣʦʚʦʤ ʩʧʠʨʪʘ, ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʩ 

ʵʪʘʥʦʣʦʤ ʧʦʢʘʟʘʣʘ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʣʠʧʘʟʳ ʠʟ ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (T. 

lanuginosus, B. cepacia, Penicillium camembertii ʠ P. antarctica). ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ (ʚʳʭʦʜ ~98% 

ʤʝʥʝʝ ʯʝʤ ʟʘ 24 ʯ) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʛʣʠʮʝʨʠʥʘ, ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ, 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ (0.02%), ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ (0.8) ʠ ʚʷʟʢʦʩʪʴʶ (4.97 ʩʉʪ), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʫ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ASTM D6751. ɽʱʝ ʦʜʥʦʡ ʣʠʧʘʟʦʡ ʤʠʢʨʦʙʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʷʚʣʷʝʪʩʷ B. cepacia. ʕʪʦʪ ʬʝʨʤʝʥʪ, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʢʦʚʘʣʝʥʪʥʦʡ ʩʰʠʚʢʦʡ ʥʘ ʢʦʤʧʦʟʠʪʝ 

(ʢʨʝʤʥʝʟʝʤ-ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ), ʦʙʝʩʧʝʯʠʚʘʣ ʚʳʭʦʜ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ > 98% 

ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʩʣʘ ʙʘʙʘʩʩʫ ʠ ʵʪʘʥʦʣʘ (ʤʦʣʷʨʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʤʘʩʣʘ ʢ ʵʪʘʥʦʣʫ 1:7, ʢʦʣʠʯʝʩʪʚʦ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʳ 20 ʚʝʩ.%, 39 ÁC, 48 ʯ) 

[220].  

ʀʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʣʠʧʘʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʄʕɾʂ ʠʟ ʤʘʩʝʣ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʝʨʝʨʘʙʦʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʨʘʙʦʪʝ [221] ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʩʣʘ ʤʘʜʫʢʠ ʠʥʜʠʡʩʢʦʡ (Madhuca indica), ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ɾʂ (~20%), ʚ ʄʕɾʂ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʠʧʘʟʳ P. cepacia, 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʃʠʧʘʟʘ P. cepacia ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʥʘ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʤ ʥʦʩʠʪʝʣʝ Accurel, ʚ ʚʠʜʝ ʇʉʌɸ ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ, 

ʧʦʢʨʳʪʳʭ ʙʝʣʢʦʤ, ʦʙʝʩʧʝʯʠʚʘʣʘ ʚʳʭʦʜ ʄʕɾʂ, ʨʘʚʥʳʡ 98% (6 ʯ), 96% (ʟʘ 6 ʯ), 92% (2.5 ʯ), ʠ 99% 

(2.5 ʯ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩ ʫʯʘʩʪʠʝʤ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ, 

ʧʦʢʨʳʪʳʤ ʙʝʣʢʦʤ, ʢʦʥʚʝʨʩʠʷ 99% ʜʦʩʪʠʛʘʣʘʩʴ ʠ ʧʨʠ ʤʝʥʴʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ 

(ʟʘʛʨʫʟʢʘ ʙʝʣʢʘ ʚ 2 ʨʘʟʘ ʥʠʞʝ) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʜʦ 16 ʯ. 

1.6.2 ʀʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʣʠʧʘʟʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ 

ʇʨʦʮʝʩʩ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʤʘʩʝʣ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʚʷʟʝʡ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ni, Pd ʠ Pt ʢʘʪʘʣʠʟʘʪʦʨʦʚ [222] 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʣʦʞʠʨʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʞʠʨʦʚ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʢ ʦʩʥʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʨʛʘʨʠʥʦʚ ʠ ʢʦʥʜʠʪʝʨʩʢʠʭ ʞʠʨʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ 



60 

 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʚʨʘʱʝʥʠʶ ʮʠʩ-ʠʟʦʤʝʨʦʚ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʪʨʘʥʩ-ʠʟʦʤʝʨʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 60% 

ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʨʘ ʚ ʧʨʦʜʫʢʪʝ [223]. ʅʘʣʠʯʠʝ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʊɾʂ) ʚ 

ʤʘʩʣʦʞʠʨʦʚʳʭ ʧʨʦʜʫʢʪʘʭ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ, ʠ ʩ 2003 ʛʦʜʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ɽʉ, ʘ ʪʘʢʞʝ ʚ ʉʐɸ, ʂʘʥʘʜʝ ʠ ʈʦʩʩʠʠ [224]. ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ ʩ ʥʫʣʝʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʊɾʂ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʤʘʩʣʦʞʠʨʦʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʧʨʦʮʝʩʩʘ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʞʠʨʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ, 

ʥʦ ʠ ʩ ʪʨʝʙʫʝʤʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʙʣʘʛʦʜʘʨʷ sn-1,3-ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ 

ʣʠʧʘʟ ʢ ʦʩʪʘʪʢʘʤ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʤʦʣʝʢʫʣʘʭ ʪʨʠʛʣʠʮʝʨʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʤ [225]. ʌʝʨʤʝʥʪʘʪʠʚʥʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʝʤ ʣʶʙʦʡ ʧʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʩʝʣ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢ ʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ ʟʘʪʨʘʪ ʥʘ ʠʭ ʫʜʘʣʝʥʠʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (50 ï 80 Üʉ), ʤʝʥʴʰʠʤ ʨʘʩʭʦʜʦʤ ʚʦʜʳ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʩʫʤʤʘʨʥʦ ʧʦ ʚʩʝʤ ʩʪʘʜʠʷʤ ʧʨʦʮʝʩʩʘ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʞʠʨʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʥʘʰʝʣ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʡ 

ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ Lipozyme TL IM (ʅʦʚʦʟʘʡʤʩ, ɼʘʥʠʷ) [226], [227], ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ 

ʛʨʘʥʫʣʷʮʠʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʣʠʧʘʟʳ T. lanuginosus ʩ ʩʠʣʠʢʘʛʝʣʝʤ. Lipozyme TL IM ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʩʝʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʝʚʦʛʦ [228], ʢʦʢʦʩʦʚʦʛʦ 

[229], ʧʘʣʴʤʦʚʦʛʦ [230] ʠ ʜʨʫʛʠʭ ʤʘʩʝʣ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (55 ï 85 Üʉ). ɺ ʨʘʙʦʪʝ 

Zhang ʠ ʩʦʘʚʪʦʨʦʚ [229] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ Lipozyme TL IM ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩʤʝʩʠ 

ʧʘʣʴʤʦʚʦʛʦ ʩʪʝʘʨʠʥʘ ʠ ʢʦʢʦʩʦʚʦʛʦ ʤʘʩʣʘ (75:25, ʚʝʩ. %) ʦʩʪʘʚʘʣʩʷ ʩʪʘʙʠʣʝʥ ʚ ʨʝʘʢʪʦʨʘʭ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʟʘʛʨʫʟʢʦʡ ʤʘʩʣʘ 1 ʠ 300 ʢʛ ʚ ʪʝʯʝʥʠʝ 11 ʠ 9 ʮʠʢʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ ʚ ʩʠʩʪʝʤʫ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʦʧʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʪʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. ɺʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʩʝʣ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʣʠʧʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʦʨʠʡ ʚ ʧʨʦʜʫʢʪʘʭ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʝʟʘʤʝʥʠʤʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʥʘʧʨʠʤʝʨ, ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ [231]). 
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ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʣʠʧʠʜʳ, ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʶʪ ʚ ʜʝʪʩʢʠʝ ʤʦʣʦʯʥʳʝ ʩʤʝʩʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ sn-1,3-ʩʧʝʮʠʬʠʯʥʳʭ ʣʠʧʘʟ, ʥʘʧʨʠʤʝʨ, R. meihei. ʊʘʢ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Lipozyme RM IM (ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʝ ʣʠʧʘʟʘ R. meihei) 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʣʠʧʠʜʳ, ʙʦʛʘʪʳʝ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ 

(ʦʣʝʠʥʦʚʦʡ ʠ ʜʨ.), ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ ʪʨʠʧʘʣʴʤʠʪʠʥʘ ʠ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʦʤʝʛʘ-3 

ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [232]. ɼʨʫʛʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʪʨʠʛʣʠʮʝʨʠʜ, ʢʦʪʦʨʳʡ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʜʝʪʩʢʦʤ ʧʠʪʘʥʠʠ, 1,3-ʜʠʦʣʝʦʠʣ-2-ʧʘʣʴʤʠʪʠʥ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʫʜʥʦʛʦ ʤʦʣʦʢʘ. ɺ ʨʘʙʦʪʝ [233] ʦʥ ʙʳʣ ʧʦʣʫʯʝʥ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ ʪʨʠʧʘʣʴʤʠʪʠʥʘ ʠ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ Lipozyme RM IM ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʫʣʫʯʰʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʙʩʪʨʘʪʘ ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʢʦʥʬʦʨʤʘʮʠʠ [234]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʘʞʥʳʭ, ʧʦʣʝʟʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. 

1.6.3 ʇʨʠʤʝʥʝʥʠʝ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʧʝʩʪʠʮʠʜʦʚ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ 

ʧʦʜʭʦʜʦʤ, ʧʨʠ ʵʪʦʤ ʦʥ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ, ʘ ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʝʪ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ. ɺ 

ʦʩʥʦʚʥʦʤ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʙʘʢʪʝʨʠʠ [235], ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ 

ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʋʌ-ʦʙʨʘʙʦʪʢʠ [236]. ɼʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʠʩʧʦʣʴʟʫʶʪ ʙʘʢʪʝʨʠʠ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ Bacillus, Pseudomonas, Acinetobacter ʠ Serratia [237], ʠ 

ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʠʤʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [238] ʰʪʘʤʤ ʙʘʢʪʝʨʠʠ 

Bacillus aryabhattai sp. SanPS1 ʦʙʝʩʧʝʯʠʚʘʣ ʨʘʟʣʦʞʝʥʠʝ ~ 56% ʧʘʨʘʪʠʦʥʘ (O,O-ʜʠʵʪʠʣ-O-(4-

ʥʠʪʨʦʬʝʥʠʣ)ʪʠʦʬʦʩʬʘʪʘ) ʚ ʞʠʜʢʦʡ ʢʫʣʴʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ 37 Áʉ. ɹʠʦʨʘʟʣʦʞʝʥʠʝ ʤʘʣʘʪʠʦʥʘ 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʦʚʦʜʷʪ ʚ ʦʩʥʦʚʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʪʦʢ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus, 

ʦʙʳʯʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʟʘʥʠʤʘʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ʅʘʧʨʠʤʝʨ, ʰʪʘʤʤ B. 

licheniformis ML-1 ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʘʣʝʥʠʝ ʤʘʣʘʪʠʦʥʘ ʥʘ 78% ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ 5 

ʩʫʪʦʢ ʧʨʠ 32 ÁC ʠ ʨʅ 7.5 ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʣʘʪʠʦʥʘ 25 ʤʛ ʣ-1 [239]. ʐʪʘʤʤ Bacillus 

thuringiensis ʟʘ 3 ʩʫʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 ÁC ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʜʨʦʣʠʟ 50% ʤʘʣʘʪʠʦʥʘ ʧʨʠ ʝʛʦ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ 250 ʤʛ ʣ-1 [240]. ʇʨʠʤʝʥʝʥʠʝ ʰʪʘʤʤʘ P. putida ʜʣʷ ʛʠʜʨʦʣʠʟʘ 
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ʤʘʣʘʪʠʦʥʘ ʧʨʠ ʝʛʦ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 125 ʤʛ ʣ-1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 ÁC ʠ pH 7.0 ʧʦʟʚʦʣʠʣʦ 

ʫʜʘʣʠʪʴ 72% ʠʥʩʝʢʪʠʮʠʜʘ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ [235].  

ɼʣʷ ʫʜʘʣʝʥʠʷ ʤʘʣʘʪʠʦʥʘ ʠʟ ʚʦʜʥʳʭ ʩʨʝʜ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ. 

ʂʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟʘ D1CarE5, ʧʦʣʫʯʝʥʥʘʷ ʠʟ A. tengchongensis, ʵʬʬʝʢʪʠʚʥʦ ʛʠʜʨʦʣʠʟʦʚʘʣʘ 

ʤʘʣʘʪʠʦʥ (ʥʘ 89%) ʟʘ 100 ʤʠʥ ʧʨʠ ʥʠʟʢʦʡ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʘʣʘʪʠʦʥʘ ʚ ʨʘʩʪʚʦʨʝ (5 ʤʛ 

ʣ-1) [241]. ʇʦʤʠʤʦ ʤʘʣʘʪʠʦʥʘ, ʙʘʢʪʝʨʠʠ ʪʘʢʞʝ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʜʨʫʛʦʛʦ ʧʝʩʪʠʮʠʜʘ - 

ʧʝʥʜʠʤʝʪʘʣʠʥʘ ʧʨʠ ʝʛʦ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ 0.2%. ʀʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʚ 

ʧʦʣʠʫʨʝʪʘʥʦʚʦʡ ʧʝʥʝ ʢʣʝʪʢʠ ʙʘʢʪʝʨʠʠ Bacillus lehensis XJU ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʣʠ ʝʛʦ ʠʟ ʨʘʩʪʚʦʨʘ 

ʧʦʩʣʝ 96 ʯ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 30 Áʉ. ɺ ʵʪʠʭ ʞʝ ʫʩʣʦʚʠʷʭ ʨʘʟʣʦʞʝʥʠʝ ʧʝʥʜʠʤʝʪʘʣʠʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʩʧʝʥʟʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 10-15%.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʠʥʩʝʢʪʠʮʠʜʦʚ, ʜʣʷ ʤʘʣʘʪʠʦʥʘ ʥʝ ʫʜʘʣʦʩʴ 

ʜʦʩʪʠʛʥʫʪʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʠ 

ʬʝʨʤʝʥʪʦʚ. ɹʠʦʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʢʣʝʪʦʢ ʙʘʢʪʝʨʠʠ Bacillus sp. S14, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʚ 

3% ʘʣʴʛʠʥʘʪʝ ʢʘʣʴʮʠʷ, ʠʩʩʣʝʜʦʚʘʥ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ (ʩʪʝʧʝʥʴ 

ʫʜʘʣʝʥʠʷ ʤʘʣʘʪʠʦʥʘ ʩʦʩʪʘʚʠʣʘ 64.4% ʧʦʩʣʝ 8 ʯ ʨʝʘʢʮʠʠ ʧʨʠ 25 Áʉ ʠ ʨʅ 7.0 ʧʨʠ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʣʘʪʠʦʥʘ 50 ʤʛ ʣ-1), ʦʜʥʘʢʦ ʝʛʦ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʝ ʠʟʫʯʘʣʘʩʴ [242]. 

ʂʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟʘ, ʚʳʜʝʣʝʥʥʘʷ ʠʟ ʥʘʩʝʢʦʤʦʛʦ Spodoptera litura ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʥʘ 

ʤʝʟʦʧʦʨʠʩʪʦʤ ʩʠʣʠʢʘʪʥʦʤ ʥʦʩʠʪʝʣʝ ʄʉʄ-41, ʪʘʢʞʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʣʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ 

ʤʘʣʘʪʠʦʥʘ (ʩʪʝʧʝʥʴ ʫʜʘʣʝʥʠʷ ʤʘʣʘʪʠʦʥʘ 60% ʧʦʩʣʝ 120 ʤʠʥ ʨʝʘʢʮʠʠ ʚ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ ʨʅ 7.0 

ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʣʘʪʠʦʥʘ 10 ʤʛ ʣ-1) [243]. ʇʦʵʪʦʤʫ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ, ʪʘʢ ʢʘʢ ʨʘʥʝʝ ʵʪʦʪ ʚʦʧʨʦʩ ʥʝ 

ʠʟʫʯʘʣʩʷ. 

1.7 ʂʦʤʧʣʝʢʩʥʘʷ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʮʝʣʣʶʣʦʟʳ ʚ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ 

ʚʝʱʝʩʪʚʘ 

ʄʦʥʦʩʘʭʘʨʠʜʳ (ʚ ʦʩʥʦʚʥʦʤ ʛʝʢʩʦʟʳ), ʧʦʣʫʯʘʝʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʤʘʩʩʳ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ: 5-ɻʄʌ [244], ʣʝʚʫʣʠʥʦʚʦʡ [245] ʠ 

ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪ [246]. ɻʣʶʢʦʟʘ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʩʷ ʢʘʢ ʩʫʙʩʪʨʘʪ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ ʬʝʨʤʝʥʪʘʮʠʠ ʩʘʭʘʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ 
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ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ, ʷʚʣʷʶʪʩʷ ʜʨʦʞʞʠ S. cerevisiae, ʘ ʪʘʢʞʝ ʙʘʢʪʝʨʠʠ Zymomonas 

mobilis ʠ E. coli [4]. ʐʪʘʤʤʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʦʣʫʯʘʶʪ ʢʘʢ ʤʝʪʦʜʘʤʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ, ʪʘʢ ʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʩʝʣʝʢʮʠʠ. ʍʦʪʷ ʨʷʜ ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʪʘʢʠʭ ʢʘʢ Thermoanaerobacter 

ethanolicus, Thermoanaerobacterium saccharolyticum ʠ Clostridium thermotherum, ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʜʣʷ ʬʝʨʤʝʥʪʘʮʠʠ ʛʝʢʩʦʟʥʳʭ ʠ ʧʝʥʪʦʟʥʳʭ ʩʘʭʘʨʦʚ ʜʦ ʵʪʘʥʦʣʘ [247], [248], [249], ʦʜʥʘʢʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʪʨʫʜʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ ʚ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, 

ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʬʠʣʴʥʳʭ ʘʥʘʵʨʦʙʦʚ ʦʛʨʘʥʠʯʝʥʦ. 

ʇʦʤʠʤʦ ʥʘʧʨʘʚʣʝʥʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʮʝʣʝʚʳʭ ʚʝʱʝʩʪʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʰʪʘʤʤʦʚ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʦʮʝʩʩʝ 

ʩʙʨʘʞʠʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʫʪʝʤ ʘʢʪʠʚʘʮʠʠ (ʠʣʠ ʛʠʜʨʦʣʠʟʘ) ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʠʩʣʦʪ, ʦʙʨʘʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʠʥʛʠʙʠʪʦʨʳ. ʅʘʠʙʦʣʴʰʝʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʦʩʪ ʠ ʤʝʪʘʙʦʣʠʟʤ ʢʣʝʪʦʢ ʦʢʘʟʳʚʘʶʪ ʬʫʨʬʫʨʦʣ ʠ 5-ɻʄʌ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʷʜʘ 

ʬʝʨʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʧʠʨʫʚʘʪ ʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ 

ʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʳ [250]. ʇʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ ʠʥʛʠʙʠʪʦʨʘʤ 

ʩʙʨʘʞʠʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʢ, ʦʯʠʩʪʢʦʡ ʛʠʜʨʦʣʠʟʘʪʘ ʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʬʝʨʤʝʥʪʘ ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ 

(ʥʝʡʪʨʘʣʠʟʫʶʱʝʡ ʠʥʛʠʙʠʪʦʨʳ ʬʝʨʤʝʥʪʘʮʠʠ) ʚʤʝʩʪʝ ʩ ʩʝʣʝʢʮʠʝʡ ʰʪʘʤʤʦʚ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʧʦʩʣʝʜʥʠʤ ʧʫʪʝʤ ʤʫʪʘʛʝʥʝʟʘ [4], [5]. 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʜʫʮʝʥʪʘʤʠ ʵʪʘʥʦʣʘ ʷʚʣʷʶʪʩʷ ʤʝʟʦʬʠʣʴʥʳʝ ʜʨʦʞʞʠ S. ʩerevisiae, ʦʜʥʘʢʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʵʪʘʥʦʣʘ ʪʘʢʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʚʠʜʘʤ, 

ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ P. stipitis [251], K. marxianus [252] ʠ O. polymorpha [253]. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ ʚ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʜʝʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʚʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʜʫʮʝʥʪʦʚ ʵʪʘʥʦʣʘ ʠ ʜʨʫʛʠʭ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʙʠʦʩʠʥʪʝʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʵʪʘʥʦʣʘ ʫ ʥʠʭ ʩʨʘʚʥʠʤʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʨʦʞʞʝʡ S. cerevisiae. ʇʨʠ 

ʵʪʦʤ ʧʨʦʜʫʢʮʠʷ ʵʪʘʥʦʣʘ ʜʨʦʞʞʘʤʠ ʆ. polymorpha [254] ʠ K. marxianus [255] ʚʦʟʤʦʞʥʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 45 ÁC. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʭʣʘʞʜʝʥʠʝ 

ʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʥʦ ʠ ʫʤʝʥʴʰʠʪʴ ʨʦʩʪ ʧʦʙʦʯʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

(ʥʘʧʨʠʤʝʨ, ʙʘʢʪʝʨʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʦʜʫ Lactobacillus). ʊʝʨʤʦʪʦʣʝʨʘʥʪʥʳʝ ʜʨʦʞʞʠ ʩʧʦʩʦʙʥʳ 

ʨʘʩʪʠ ʥʘ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʣʣʦʙʠʦʟʫ, ʢʩʠʣʦʟʫ ʠ ʜʨʫʛʠʝ ʩʘʭʘʨʘ. ɺ ʮʝʣʦʤ, ʧʨʦʜʫʢʮʠʷ ʵʪʘʥʦʣʘ 

ʵʪʠʤʠ ʜʨʦʞʞʘʤʠ ʦʢʘʟʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʝʣʠʛʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʰʨʦʪʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʮʝʣʣʶʣʘʟ ʠ SSF 

ʜʨʦʞʞʝʡ K. marxianus ATCC 36907 ʙʳʣ ʧʦʣʫʯʝʥ ʚʳʭʦʜ ʵʪʘʥʦʣʘ 87.06 % ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ [256]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ ʩʧʠʨʪʦʚʦʛʦ ʙʨʦʞʝʥʠʷ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʟʥʘʯʠʪʝʣʴʥʦʝ 
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ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʝʨʠʦʜ 

ʠʥʢʫʙʘʮʠʠ ʠ pH [257]. ɹr ʣʠ ʧʦʣʫʯʝʥʳ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʰʪʘʤʤʳ K. marxianus, ʩʦʜʝʨʞʘʱʠʝ ʛʝʥʳ 

ʢʩʠʣʦʟʦʨʝʜʫʢʪʘʟʳ (KmXyl1) ʠ ʢʩʠʣʠʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (KmXyl2), ʯʪʦ ʧʦʟʚʦʣʠʣʦ  ʧʦʣʫʯʠʪʴ  11.52 ʛ 

ʜʤ-3 ʵʪʘʥʦʣʘ ʧʨʠ ʨʦʩʪʝ ʥʘ ʩʨʝʜʝ ʩ 30.15 ʛ ʜʤ-3 ʢʩʠʣʦʟʳ [258]. 

 ʊʝʨʤʦʪʦʣʝʨʘʥʪʳʝ ʜʨʦʞʞʠ K. marxianus ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʦʜʫʮʝʥʪʦʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʘʥʦʣʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʄʥʦʛʠʝ ʰʪʘʤʤʳ K. marxianus ʨʘʩʪʫʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 45-52ÜC ʠ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʵʪʘʥʦʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 38-45 ÜC 

[259]. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ K. marxianus ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʚʢʣʶʯʘʷ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʫʙʩʪʨʘʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʛʘʣʘʢʪʦʟʫ, ʘʨʘʙʠʥʦʟʫ, ʢʩʠʣʦʟʫ ʠ ʤʘʥʥʦʟʫ) ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [260]. 

ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ K. marxianus ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʵʪʘʥʦʣʘ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ [261]. ʇʦʢʘʟʘʥʦ, ʯʪʦ K. marxianus SS106 ʩʧʦʩʦʙʝʥ ʢ 

ʨʦʩʪʫ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (35ï50 ÁC) ʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ pH (3.0ï5.5). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ ʰʪʘʤʤʦʤ K. marxianus SS106 ʢʨʘʭʤʘʣʘ ʤʘʥʠʦʢʠ 

ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʩʦʩʪʘʚʠʣʘ 3.28 ʛ ʣ-1 ʯ-1 ʩ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʤʘʩʩʳ 0.49 ʯ-1, ʵʪʘʥʦʣ ʥʘʢʘʧʣʠʚʘʣʩʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 61.72 ʛ ʣ-1 (ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 0.86 ʛ ʣ-

1 ʯ-1) [262]. 

 ʅʘ ʧʨʠʤʝʨʝ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ [263] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 

ʅɸɼʌ+-ʟʘʚʠʩʠʤʦʡ ʢʩʠʣʠʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ ʨʝʢʦʤʙʠʥʘʥʪʥʦʤ ʰʪʘʤʤʝ ʜʨʦʞʞʝʡ K. marxianus 

DMB13 ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ (ʚʳʭʦʜ 0.402 ʛ ʛ-1) ʠʟ ʩʤʝʩʠ 

ʛʣʶʢʦʟʳ ʠ ʢʩʠʣʦʟʳ ʧʨʠ 40 ÁC. ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʩʙʨʘʞʠʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʜʨʦʞʞʘʤʠ K. marxianus ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʰʪʘʤʤʳ Acinetobacter baylyi 

ADP1 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʩʦʨʮʠʫʤʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʦʛʦ ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʘʛʘʪʴ ʧʦʙʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ - ʙʝʥʟʦʘʪ ʠ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ - ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʥʝʧʨʝʨʳʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʙʨʘʞʠʚʘʝʤʳʭ ʩʘʭʘʨʦʚ [264].  

 ʅʝʢʦʪʦʨʳʝ ʠʟ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʰʪʘʤʤʦʚ S. cerevisiae ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ. ɺʳʜʝʣʝʥʥʳʡ ʰʪʘʤʤ S. cerevisiae TJ14 ʦʙʣʘʜʘʝʪ ʦʧʪʠʤʫʤʦʤ 

ʨʦʩʪʘ ʧʨʠ 41 ÁC ʠ ʧʨʦʜʫʮʠʨʫʝʪ 40 ʛ ʣ-1 ʵʪʘʥʦʣʘ ʠʟ 161 ʛ ʣ-1 ʦʪʭʦʜʦʚ ʙʫʤʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʩʦʜʝʨʞʘʱʠʭ 66% ʛʣʶʢʘʥʦʚ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʣʣʶʣʘʟʳ, ʧʨʦʜʫʮʠʨʫʝʤʦʡ ʤʠʮʝʣʠʘʣʴʥʳʤ ʛʨʠʙʦʤ 

Acremonium cellulolyticus [265]. 

 ʇʦʤʠʤʦ K. marxianus ʠ O. polymorpha, ʵʪʘʥʦʣ ʤʦʛʫʪ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʠ ʜʨʫʛʠʝ 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʝ ʜʨʦʞʞʠ, ʚ ʪʦʤ ʯʠʩʣʝ: Meyerozyma caribbica, Saccharomyces cerevisiae, Candida 

tropicalis, Torulaspora globosa, Pichia manshurica ʠ Pichia kudriavzevii [266]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʠʜʨʦʣʠʟʘʪʘ ʦʪʭʦʜʦʚ ʚʳʨʘʱʠʚʘʥʠʷ ʘʥʘʥʘʩʦʚ, ʩʦʜʝʨʞʘʱʝʛʦ 103.08 ʛ ʣ-1 ʫʛʣʝʚʦʜʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʩʳʨʴʷ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʰʪʘʤʤʦʤ P. kudriavzevii CM4.2 ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʛʥʫʪʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
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ʵʪʘʥʦʣʘ ʩʦʩʪʘʚʠʣʘ 36.91 ʛ ʣ-1 ʧʨʠ ʩʢʦʨʦʩʪʠ ʝʛʦ ʥʘʢʦʧʣʝʥʠʷ 4.10 ʛ ʣ-1 ʯ-1. ɼʨʫʛʦʡ ʰʪʘʤʤ P. 

kudriavzevii UniMAP 3-1 ʩʙʨʘʞʠʚʘʣ ʢʩʠʣʦʟʫ ʠʟ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ ʜʦ ʵʪʘʥʦʣʘ ʢʘʢ ʧʨʠ 30 ÁC, ʪʘʢ ʠ 

ʧʨʠ 40 ÁC ʩ ʚʳʭʦʜʦʤ 0.013 ʠ 0.019 ʛ ʛ-1 ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʚʳʭʦʜʦʤ ʢʩʠʣʠʪʘ 0.24 ʠ 0.25 ʛ ʛ-1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʙʨʘʞʠʚʘʥʠʝ ʛʣʶʢʦʟʳ ʚ ʵʪʘʥʦʣ ʪʘʢʞʝ ʪʝʩʪʠʨʦʚʘʣʠ ʧʨʠ 30 ʠ 40 ÁC, ʚʳʭʦʜ ʵʪʘʥʦʣʘ 

ʩʦʩʪʘʚʠʣ 0.42 ʠ 0.41 ʛ ʛ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʙʨʘʞʠʚʘʥʠʠ ʢʘʢ 

ʛʣʶʢʦʟʳ, ʪʘʢ ʠ ʢʩʠʣʦʟʳ [267]. 

1.8 ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʧʫʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʤʘʩʩʳ 

1.8.1 ʃʠʧʠʜʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʥʦʩʠʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʩʠʣʫ ʥʘʣʠʯʠʷ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʠʣʦʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʠʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, 

ʦʩʥʦʚʥʦʝ ʤʝʩʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʥʠʤʘʝʪ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ.  

ɺ ʨʘʙʦʪʝ [268] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʠʦʧʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʤʝʩʠ ʩʧʠʨʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʣʘʩʴ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ (ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʦʚ 899 ʜʦʣʣʘʨʦʚ ʉʐɸ 

ʟʘ ʪʦʥʥʫ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʫʯʝʥʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʷʛʢʦʛʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ (ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʦʚ 1033 

ʜʦʣʣʘʨʦʚ ʉʐɸ ʟʘ ʪʦʥʥʫ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʪʘʢʞʝ ʦʢʘʟʘʣʦʩʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʥʝʞʝʣʠ ʧʦʣʫʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʜʨʫʛʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ [269] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠʟ ʙʠʦʤʘʩʩʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʟʘʪʨʘʪʳ ʥʘ ʚʳʨʘʱʠʚʘʥʠʝ ʠʭ ʙʠʦʤʘʩʩʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ 

ʚ ʮʝʧʦʯʢʝ ʩʦʟʜʘʥʠʷ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʩʥʦʚʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ 

ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. ɿʘʪʨʘʪʳ ʥʘ ʙʠʦʧʝʨʝʨʘʙʦʪʢʫ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ) ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʠʷʭ ʚ ʚʳʭʦʜʝ ʧʨʦʜʫʢʪʘ. ʇʦʜʭʦʜ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʙʠʦʧʝʨʝʨʘʙʦʪʢʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ 7ï28% ʜʦ ʙʦʣʝʝ ʯʝʤ 
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97%. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʤʥʦʞʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦʢʘʟʘʥ ʧʦʪʝʥʮʠʘʣ 

ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ ʣʠʰʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ (ʧʨʠ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪ 10000 ʪʦʥʥ 

ʛʦʜ-1). 

ʅʘ ʧʨʠʤʝʨʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Phaeodactylum tricornutum ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʩʫʤʤʘʨʥʦʤ ʦʙʲʝʤʝ ʢʦʣʦʥʥʳʭ 

ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʦʚ 80 000 ʤ3  ʧʨʠ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 1811 ʪʦʥʥ ʙʠʦʤʘʩʩʳ ʠ 171705 ʣ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʛʦʜ, ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʦʮʝʥʠʚʘʝʪʩʷ 

ʚ 2.01 ʝʚʨʦ ʢʛ-1, ʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ï 0.33 ʝʚʨʦ ʣ-1. ʈʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ʧʨʦʝʢʪʘ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 10% ʧʨʠ ʩʨʦʢʝ ʦʢʫʧʘʝʤʦʩʪʠ 10 ʣʝʪ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ 

ʧʦʢʘʟʘʪʝʣʠ ʪʦʧʣʠʚʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ [270].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. vulgaris ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʝ (ʯʠʩʪʘʷ ʧʨʠʚʝʜʝʥʥʘʷ 

ʩʪʦʠʤʦʩʪʴ 15400000 ʝʚʨʦ ʠ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ 13 ʣʝʪ) ʧʦʣʫʯʝʥʠʝ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʝʝ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʚ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ ʵʪʠʭ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ 3%, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʣʠʧʠʜʦʚ 75% ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ 45%. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʚʳʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ: ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ; ʠʩʧʦʣʴʟʦʚʘʥʠʠ CO2 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ; ʧʨʦʠʟʚʦʜʩʪʚʝ ʯʠʩʪʦʡ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ [271]. 

ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʫʪʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ, ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʠ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ ʟʘʪʨʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (4.77 

ʜʦʣʣʘʨʦʚ ʉʐɸ ʢʛ-1), ʙʦʣʴʰʠʝ - ʧʨʠ ʧʨʷʤʦʡ (9.92 ʜʦʣʣʘʨʦʚ ʉʐɸ ʢʛ-1) ʠ ʧʨʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (12.53 ʜʦʣʣʘʨʦʚ ʉʐɸ ʢʛ-1). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ 

ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʠ ʩʪʦʠʤʦʩʪʴ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʣʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʠ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ  ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ [272]. ʇʦʣʫʯʝʥʠʝ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʦʯʥʳʭ ʚʦʜ ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʜʦʙʘʚʣʝʥʥʦʡ 

ʩʪʦʠʤʦʩʪʴʶ (ʢʦʨʤʦʚʦʡ ʙʝʣʦʢ, ʘʩʪʘʢʩʘʥʪʠʥ ʠ ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʳ) ʤʦʞʝʪ ʨʝʟʢʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʘʩʪʘʢʩʘʥʪʠʥʘ, ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ 

3.90 ʜʦ 0.54 ʜʦʣʣʘʨʦʚ ʉʐɸ ʟʘ ʣʠʪʨ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʢʦʥʮʝʧʮʠʶ ʙʠʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ 

ʦʩʫʱʝʩʪʚʠʤʦʡ ʠ ʧʨʠʙʳʣʴʥʦʡ. ʉʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʜʦ 0.73 ʜʦʣʣʘʨʦʚ ʉʐɸ ʢʛ-1 ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ 
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ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠʣʠ 0.54 ʜʦʣʣʘʨʦʚ ʉʐɸ ʣ-1 ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩ 

ʧʨʦʜʫʢʪʘʤʠ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ [273].  

1.8.2 ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ 

ɼʨʫʛʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʤʝʝʪ 

ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʪʨʘʞʘʶʱʠʭʩʷ ʚ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʙʠʦʪʦʧʣʠʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʜʣʷ ʨʝʘʢʮʠʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʱʝʣʦʯʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ), ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ, ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʛʣʠʮʝʨʠʥʘ. ʈʝʘʢʮʠʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʢʠʩʣʦʪʘʤʠ, ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʧʠʨʪʘ ʠ 

ʤʘʩʣʘ, ʧʨʠ ʵʪʦʤ ʢʠʩʣʦʪʳ ʚʳʟʳʚʘʶʪ ʢʦʨʨʦʟʠʶ ʨʝʘʢʪʦʨʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʱʝʣʦʯʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʳʣʘ ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ, ʘ ʜʣʷ ʦʯʠʩʪʢʠ ʤʝʪʠʣʦʚʳʭ 

ʵʬʠʨʦʚ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ [274]. ʇʦʤʠʤʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʠ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʠʤʝʝʪ ʝʱʝ ʦʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ: ʩʚʦʙʦʜʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʤʘʩʣʘʭ, ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ [275]. ɺ ʨʘʙʦʪʝ [276] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʤʦʱʥʦʩʪʠ ʧʠʣʦʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʧʠʱʝʚʦʛʦ 

ʤʘʩʣʘ 8000 ʪʦʥʥ ʛʦʜ-1 ʩʪʦʠʤʦʩʪʴ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʥʝʛʦ ʩʦʩʪʘʚʠʪ 1.64 ʝʚʨʦ ʣ-1 (ʧʨʠ 

ʪʝʢʫʱʝʡ ʩʪʦʠʤʦʩʪʠ ʬʝʨʤʝʥʪʦʚ 800 ʝʚʨʦ ʢʛ-1) ʠ 0.75 ʝʚʨʦ ʣ-1 (ʧʨʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʩʪʦʠʤʦʩʪʠ 

ʬʝʨʤʝʥʪʦʚ 8 ʝʚʨʦ ʢʛ-1), ʧʨʠ ʪʦʤ ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 1.20-1.80 ʝʚʨʦ ʣ-1. 

ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ. ʈʳʥʦʢ ʤʘʨʛʘʨʠʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʝʛʤʝʥʪʦʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʞʠʨʦʚ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʧʨʦʯʠʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʤʘʨʛʘʨʠʥʦʚʦʡ ʦʩʥʦʚʝ ʚ 2006 ʛ. ʩʦʩʪʘʚʣʷʣʦ 

ʧʦʨʷʜʢʘ 558 ʪʳʩ. ʪʦʥʥ, ʘ ʢ ʢʦʥʮʫ 2012 ʛ. ʦʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 75% - ʜʦ 974 ʪʳʩ. ʪʦʥʥ. ʇʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʩʪʘʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʤʘʩʝʣ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʣʫʯʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʞʠʨʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ, ʥʦ ʠ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʜʝʡʩʪʚʫʝʪ ʙʦʣʝʝ ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʟʘʚʦʜʦʚ ʧʦ ʧʦʣʫʯʝʥʠʶ ʤʘʨʛʘʨʠʥʦʚ, 

ʟʘʤʝʥʠʪʝʣʝʡ ʤʘʩʣʘ ʢʘʢʘʦ, ʰʦʨʪʝʥʠʥʛʦʚ ʠ ʜʨʫʛʠʭ ʞʠʨʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ʇʨʠʤʝʥʷʝʤʳʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨ Lipozyme TL IM (ʅʦʚʦʟʘʡʤʩ, ɼʘʥʠʷ) ʥʘʰʝʣ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʞʠʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ɺ ʈʦʩʩʠʠ ʩ 2006 ʧʦ 2013 ʛʦʜʳ ʥʘ ʚʝʜʫʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʙʳʣʠ ʚʥʝʜʨʝʥʳ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʤʘʩʝʣ, ʫʚʝʣʠʯʝʥʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʧʦ ʚʳʧʫʩʢʫ ʥʦʚʳʭ ʤʘʩʣʦʞʠʨʦʚʳʭ ʧʨʦʜʫʢʪʦʚ 

(ʞʠʨʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʟʘʤʝʥʠʪʝʣʝʡ ʠ ʵʢʚʠʚʘʣʝʥʪʦʚ ʤʘʩʣʘ ʢʘʢʘʦ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʜʝʡʩʪʚʫʝʪ 21 ʢʨʫʧʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʤʘʨʛʘʨʠʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʞʠʨʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʟʘʤʝʥʠʪʝʣʝʡ ʠ 

ʵʢʚʠʚʘʣʝʥʪʦʚ ʤʘʩʣʘ ʢʘʢʘʦ, ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ 913 ʪʳʩ. ʪ ʚ ʛʦʜ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ Lipozyme TL IM ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʌ ʦʥ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ [231]. 

 ʈʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʧʦʜʦʙʥʳʭ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʈʌ ʥʦʩʷʪ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɺ ʨʘʙʦʪʝ [277] ʥʘ ʜʠʘʪʦʤʠʪʦʚʳʡ ʥʦʩʠʪʝʣʴ Chromaton ʠ ʥʘ ʧʦʣʠʤʝʨʥʳʡ ʥʦʩʠʪʝʣʴ Lewatit CNP-105 

ʧʨʠ ʧʦʤʦʱʠ ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 1-ʵʪʠʣ-3-

(3ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ)ʢʘʨʙʦʜʠʠʤʠʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʝʧʝʥʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʣʠʧʘʟ 

Aspergillus oryzae, Burkholderia sp., Candida antarctica, Candida rugosa, Mucor javanicus, 

Penicillium roqueforti, Pseudomonas fluorescens ʠ Rhizopus oryzae ʩʦʩʪʘʚʠʣʘ 53.9 ï 86.4%, 

ʩʦʭʨʘʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ (ʦʪ ʠʩʭʦʜʥʦʡ) ï 14.3-35.0%. ʇʨʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʨʠ 60Á ʉ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ ʧʘʣʴʤʦʚʦʛʦ ʠ ʢʦʢʦʩʦʚʦʛʦ ʤʘʩʝʣ, ʧʦʣʫʯʝʥʥʳʝ 

ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʝ ʞʠʨʳ ʦʙʣʘʜʘʣʠ ʩʭʦʜʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʣʘʚʣʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʬʝʨʤʝʥʪʥʳʝ 

ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʣʠʧʘʟʳ T. lanuginosus. ɺ ʢʘʯʝʩʪʚʝ ʥʘʥʦʫʛʣʝʨʦʜʥʳʭ 

ʘʜʩʦʨʙʝʥʪʦʚ ʠʟʫʯʝʥʳ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʜʠʘʤʝʪʨʦʤ, ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʘʨʙʦʢʩʠ-ʛʨʫʧʧ. [278]. ɺ ʢʘʯʝʩʪʚʝ 

ʙʠʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʣʠʧʘʟ ʤʦʛʫʪ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʮʝʣʳʝ ʢʣʝʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʵʪʦʪ 

ʬʝʨʤʝʥʪ. ɺ ʧʘʪʝʥʪʝ [279] ʦʧʠʩʘʥ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʰʪʘʤʤ ʜʨʦʞʞʝʡ Yarrowia lipolytica, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʡ ʣʠʧʘʟʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʢʠ. ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʵʪʦʪ 

ʬʝʨʤʝʥʪ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʷʭ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʳ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʬʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ 

ʣʠʧʘʟ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʨʘʙʦʪʝ [280] ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʤʝʪʘʥʦʣʠʟʘ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ Yarrowia lipolytica ʠ ʣʠʧʘʟʳ Candida antarctica. ʇʨʠ ʩʦʧʦʩʪʘʚʠʤʦʤ 

ʚʳʭʦʜʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (27.2 ʠ 21.3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʣʠʧʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ, 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʚʠʜʫ ʙʦʣʴʰʝʡ ʜʦʩʪʠʛʘʝʤʦʡ ʢʦʥʚʝʨʩʠʠ ʠ ʤʝʥʝʝ ʟʘʪʨʘʪʥʦʡ ʠ ʪʨʫʜʦʝʤʢʦʡ 

ʧʨʦʮʝʜʫʨʳ ʠʭ ʥʘʨʘʙʦʪʢʠ. ʊʘʢʞʝ ʜʣʷ ʤʝʪʘʥʦʣʠʟʘ ʤʘʩʝʣ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʧʨʝʧʘʨʘʪʳ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʧʘʟ, ʚ ʪʦʤ ʯʠʩʣʝ Novozym 435  [281] ʚʳʭʦʜ ʄʕɾʂ ʧʨʠ 

ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʵʪʠʣʘʮʝʪʘʪ : ʩʫʨʝʧʥʦʝ ʤʘʩʣʦ 12:1, ʪʝʤʧʝʨʘʪʫʨʝ 60 ÁC ʠ 15% Novozym 435 

ʩʦʩʪʘʚʣʷʝʪ 90%.  

1.8.3 ʂʨʘʭʤʘʣ ʠ ʜʨʫʛʠʝ ʫʛʣʝʚʦʜʳ 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʨʘʭʤʘʣʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʨʘʩʪʝʥʠʷ (ʠʭ ʩʝʤʝʥʘ, ʧʣʦʜʳ, ʩʪʝʙʣʠ, ʢʦʨʥʠ ʠ ʢʣʫʙʥʠ ʠʣʠ ʢʣʝʪʢʠ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ). ɺ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʩʳʨʴʝ ʧʠʱʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: 

ʧʰʝʥʠʮʫ (Triticum sp. 70%), ʢʫʢʫʨʫʟʫ (Zea mays 70%), ʷʯʤʝʥʴ (Hordeum vulgare, 75%) ʠ ʜʨʫʛʠʝ 

ʚʠʜʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ [282]. ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʚʦʜʦʚ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʤʦʨʩʢʠʝ ʨʘʩʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʢʨʘʭʤʘʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʪʠʭʦʦʢʝʘʥʩʢʦʡ 

ʯʝʨʝʤʫʭʠ (Thalassia hemprichii) ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 70.4% [283]. ʆʩʥʦʚʥʳʤ ʧʫʪʝʤ 

ʧʝʨʝʨʘʙʦʪʢʠ ʢʨʘʭʤʘʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʣʫʞʠʪ ʧʫʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ ʛʣʶʢʦʟʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʣʫʯʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ: ʵʪʘʥʦʣ, ʘʮʝʪʦʥ ʠ ʙʫʪʘʥʦʣ, ʙʫʪʘʥʜʠʦʣ, ʘ ʪʘʢʞʝ ʫʢʩʫʩʥʫʶ, ʤʦʣʦʯʥʫʶ ʠ 

ʣʠʤʦʥʥʫ  ʁʢʠʩʣʦʪʳ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʩʝʣʝʢʮʠʠ, ʪʘʢ 

ʠ ʧʫʪʝʤ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ [284].  

ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʵʪʘʥʦʣ. 

ʄʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʪʘʥʦʣʘ ʩʦʩʪʘʚʠʣʦ 110 ʤʠʣʣʠʘʨʜʦʚ ʣʠʪʨʦʚ ʚ 2019 ʛʦʜʫ, ʘ ʚ 2020 ʛʦʜʫ 

ʫʧʘʣʦ ʜʦ 98.6 ʤʠʣʣʠʘʨʜʦʚ ʣʠʪʨʦʚ ʠʟ-ʟʘ ʧʘʥʜʝʤʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʪʘʥʦʣʘ ʟʘ ʨʫʙʝʞʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʘʭʘʨʥʳʡ ʪʨʦʩʪʥʠʢ ʠ ʢʫʢʫʨʫʟʘ, ʚ ʈʌ ï ʟʝʨʥʦ. 

ʂʨʘʭʤʘʣʦʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟʤʝʣʴʯʘʶʪ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʶʪ ʚʦʜʫ ʠ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʫʶ Ŭ-ʘʤʠʣʘʟʫ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʧʨʠ 60-70 ÁC ʚ ʪʝʯʝʥʠʝ 30-45 ʤʠʥ, ʫʚʝʣʠʯʠʚʘʶʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 85-95 ÁC, ʠʥʢʫʙʠʨʫʶʪ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʠ ʵʪʦʤ ʢʨʘʭʤʘʣ 

ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʜʦ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʭ ʜʝʢʩʪʨʠʥʦʚ (ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ ʝʜʠʥʠʮ ʛʣʶʢʦʟʳ). ɺ 

ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʶʪ ʛʣʶʢʦʘʤʠʣʘʟʫ, ʢʫʣʴʪʫʨʫ ʜʨʦʞʞʝʡ ʠ ʤʦʯʝʚʠʥʫ. ʂʦʥʝʯʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʘʥʦʣʘ  ʚ ʢʦʥʮʝ ʩʙʨʘʞʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 15 % (ʦʙ./ʦʙ.) [285].  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʠʦʧʝʨʝʨʘʙʦʪʢʠ ʢʨʘʭʤʘʣʘ ʷʚʣʷʝʪʩʷ ʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ, 

ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʝʝ ʧʦʣʫʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʪʁʩʷ ʧʨʦʜʫʢʪʳ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ 

(ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʤʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ) [286]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʦʠʤʦʩʪʴ 
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ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʘʝʤʘʷ ʦʙʝʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʠʤʝʨʥʦ ʩʦʧʦʩʪʘʚʠʤʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 2.94 

ʜʦʣʣʘʨʦʚ ʉʐɸ ʟʘ ʢʛ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʩʠʥʪʝʟʘ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 

2.5 ʛ ʣ-1 ʯ-1. ʈʘʥʝʝ ʙʳʣ ʧʦʣʫʯʝʥ ʤʫʪʘʥʪ E. coli AFP111, ʩ ʤʫʪʘʮʠʷʤʠ ʚ ʩʠʩʪʝʤʝ 

ʛʣʶʢʦʟʦʩʧʝʮʠʬʠʯʝʩʢʦʡ ʬʦʩʬʦʪʨʘʥʩʬʝʨʘʟʳ, ʩʠʩʪʝʤʝ ʧʠʨʫʚʘʪʬʦʨʤʘʪʣʠʘʟʳ ʠ ʚ 

ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʜʦ 1 ʤʦʣʴ ʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʤʦʣʴ ʛʣʶʢʦʟʳ [287].  

1.8.4 ʎʝʣʣʶʣʦʟʘ 

ʍʦʪʷ ʧʦʣʠʩʘʭʘʨʠʜʳ (ʢʨʘʭʤʘʣ), ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʩʳʨʴʷ ʧʠʱʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʧʰʝʥʠʮʘ, 

ʢʫʢʫʨʫʟʘ), ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʠ ʪʦʧʣʠʚʘ, ʚʪʦʨʳʤ ʧʦ ʟʥʘʯʝʥʠʶ ʠʩʪʦʯʥʠʢʦʤ ʩʳʨʴʷ ʚʳʩʪʫʧʘʝʪ ʣʠʛʥʦʮʝʣʣʶʣʦʟʘ, ʢʦʪʦʨʘʷ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʜʦ ʤʦʥʦʩʘʭʘʨʠʜʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʝʝ ʢʠʩʣʦʪʥʦʛʦ ʠʣʠ ʱʝʣʦʯʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ [288]. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʭʠʤʠʯʝʩʢʦʤʫ ʩʧʦʩʦʙʫ ʛʠʜʨʦʣʠʟʘ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʬʝʨʤʝʥʪʦʚ ʛʣʠʢʦʟʠʣ ʛʠʜʨʦʣʘʟ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ 

ʤʷʛʢʠʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʠʤʠʯʝʩʢʠʤ ʛʠʜʨʦʣʠʟʦʤ [5], ʫʩʣʦʚʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʩʪʨʫʢʮʠʠ ʛʣʶʢʦʟʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʬʫʨʬʫʨʦʣʘ ʠ 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʘ (5-ɻʄʌ), ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ 

(ʫʢʩʫʩʥʦʡ, ʤʫʨʘʚʴʠʥʦʡ ʠ ʣʝʚʫʣʠʥʦʚʦʡ), ʦʢʘʟʳʚʘʶʱʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚ 

ʧʨʦʮʝʩʩʝ ʙʨʦʞʝʥʠʷ [289]. ʇʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʝʧʘʨʘʪʳ ʛʣʠʢʦʟʠʣ ʛʠʜʨʦʣʘʟ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʝʥʳ ʠʟ ʤʠʮʝʣʣʠʘʣʴʥʳʭ ʛʨʠʙʦʚ (ʨ. Trichoderma ʠʣʠ ʨ. Aspergillus), ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʝʪ ʨʷʜ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʛʣʠʢʦʟʠʣ 

ʛʠʜʨʦʣʘʟ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʠʱʝʚʦʡ, ʢʦʨʤʦʚʦʡ, ʪʝʢʩʪʠʣʴʥʦʡ, ʪʦʧʣʠʚʥʦʡ, 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʮʝʣʣʶʣʘʟ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʫʪʝʤ 

ʬʝʨʤʝʥʪʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ ʩʘʭʘʨʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʠʟʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʜʫʮʝʥʪʦʚ ʮʝʣʣʶʣʘʟ, ʘ ʪʘʢʞʝ 

ʥʠʟʢʦʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʩʫʙʩʪʨʘʪʦʚ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʳʥʢʝ ʬʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʥʘʧʨʠʤʝʨ, Cellic CTec2 ʠ Cellic HTec2 

(Novozymes), Accellerase 1500 (DuPont) ʠ Cytolase CL (DSM), ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʛʠʜʨʦʣʠʟ ʮʝʣʣʶʣʦʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 ÁC ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ, ʯʝʤ ʧʨʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʘʭ, ʫʩʣʦʚʠʷʭ. ʕʪʠ ʬʝʨʤʝʥʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʦʜʥʦʩʪʘʜʠʡʥʳʭ ʧʨʦʮʝʩʩʘʭ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ, ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʠ ʤʝʥʴʰʝʡ ʟʘʛʨʫʟʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ 

ʧʦʢʦʣʝʥʠʷʤʠ ʬʝʨʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ [5].  

ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʩʙʨʘʞʠʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘʪʦʚ ʮʝʣʣʶʣʦʟʳ ʷʚʣʷʝʪʩʷ ʵʪʘʥʦʣ, ʦʜʥʘʢʦ 

ʧʦʢʘ ʯʪʦ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʯʘʩʪʠʯʥʦ ʷʚʣʷʝʪʩʷ ʜʦʪʘʮʠʦʥʥʳʤ. ʉʜʝʨʞʠʚʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʘʥʦʣʘ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʶʪʩʷ ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʷ ʠ ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʴ, ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʘʥʦʣʘ [290]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʨʦʠʟʚʦʜʷʱʠʝ ʵʪʘʥʦʣ ʠʟ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ, ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦʩʪʘʜʠʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʝʝ 

ʧʝʨʝʨʘʙʦʪʢʠ. ɺ ʉʐɸ ʥʘ ʤʦʤʝʥʪ 2016 ʛ. ʵʪʘʥʦʣ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ, ʥʘ ʨʳʥʦʢ 

ʧʦʩʪʘʚʣʷʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʚʘ ʟʘʚʦʜʘ. ɿʘʚʦʜ POET DSM, ʤʦʱʥʦʩʪʴʶ 20 ʤʣʥ. ʛʘʣʣʦʥʦʚ (5.6 

ʤʣʥ. ʜʘʣ) ʚ ʛʦʜ ʠʩʧʦʣʴʟʫʝʪ ʪʝʭʥʦʣʦʛʠʶ ʢʠʩʣʦʪʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ. ʌʫʥʢʮʠʦʥʠʨʫʝʪ ʪʘʢʞʝ ʟʘʚʦʜ ʢʦʤʧʘʥʠʠ DuPont 

ʤʦʱʥʦʩʪʴʶ 30 ʤʣʥ. ʛʘʣʣʦʥʦʚ (8.4 ʤʣʥ. ʜʘʣ) ʚ ʛʦʜ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʥʘ ʵʪʦʤ ʟʘʚʦʜʝ ʪʝʭʥʦʣʦʛʠʷ 

ʚʢʣʶʯʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʤʦʣ ʙʠʦʤʘʩʩʳ, ʱʝʣʦʯʥʦʝ ʦʪʜʝʣʝʥʠʝ ʣʠʛʥʠʥʘ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ, 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ ʠ ʟʘʪʝʤ ʬʝʨʤʝʥʪʘʮʠʶ ʩʘʭʘʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʠ Z. mobilis. ɺ ʈʦʩʩʠʠ ʚ ʧʝʨʚʦʤ ʜʝʩʷʪʠʣʝʪʠʠ ʥʳʥʝʰʥʝʛʦ ʚʝʢʘ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 

ʚʦʩʝʤʴ ʛʠʜʨʦʣʠʟʥʳʭ ʟʘʚʦʜʦʚ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 5 ʤʣʥ. ʜʘʣ, ʥʘ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʭʝʤʳ 

ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʣʠʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʩʳʨʴʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʭ ʵʪʠʭ ʟʘʚʦʜʦʚ ʧʨʝʢʨʘʪʠʣʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʂʠʨʦʚʩʢʠʡ ɹʠʦʍʠʤɿʘʚʦʜ (ʛ. ʂʠʨʦʚ, ʈʦʩʩʠʷ). 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʪʘʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʪʠʣʣʷʮʠʠ ʵʪʘʥʦʣʘ ʠ ʝʛʦ  ʥʠʟʢʠʡ ʚʳʭʦʜ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʩʳʨʴʷ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʝʨʥʦʤ).  ʇʦʤʠʤʦ ʵʪʘʥʦʣʘ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ, 

ʷʚʣʷʶʪʩʷ ʥ-ʙʫʪʘʥʦʣ, ʠʟʦʙʫʪʘʥʦʣ, 2,3-ʙʫʪʘʥʜʠʦʣ, ʘ ʪʘʢʞʝ ʤʦʣʦʯʥʘʷ ʠ ʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ [5]. ʂʨʦʤʝ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʩʘʭʘʨʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʝʱʝ ʦʜʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ï 5-ɻʄʌ. ɼʣʷ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪ ʜʝʛʠʜʨʘʪʘʮʠʶ ʛʝʢʩʦʟ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪ rʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʭʦʜ ʵʪʦʛʦ 

ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 87.2% ʧʦʩʣʝ 4 ʯ ʨʝʘʢʮʠʠ ʧʨʠ 140 ÁC ʧʨʠ ʢʦʥʚʝʨʩʠʠ ʛʣʶʢʦʟʳ. ʇʨʠ ʧʨʷʤʦʡ 

ʢʦʥʚʝʨʩʠʠ ʮʝʣʣʶʣʦʟʳ ʚʳʭʦʜ 5-ɻʄʌ ʩʦʩʪʘʚʣʷʝʪ 68.2% [291].  ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ ʚ 5-ɻʄʌ ʥʝʜʘʚʥʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʟʦʧʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʉʠʙʫʥʠʪ-4-ʦʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʠʩʣʦʪʥʳʝ ʛʨʫʧʧʳ (0.042 ʤʤʦʣʴ ʥʘ ʛ ʫʛʣʝʨʦʜʘ) [292]. ɻʣʶʢʦʟʘ, ʧʦʣʫʯʘʝʤʘʷ ʢʘʢ ʦʜʠʥ ʠʟ ʧʨʦʜʫʢʪʦʚ 
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ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʠʭ 

ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ.  

ʇʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʩʠʥʪʝʟʘ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʣʘʩʪʠʢʦʚ, ʙʠʦʧʦʣʠʤʝʨʦʚ, ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ ʚ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʥʦ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ.  

1.9 ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʚ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʥʘʫʯʥʫʶ ʧʨʦʙʣʝʤʫ. ɺ ʯʘʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʶ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʍʦʪʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʠʟ ʵʪʦʛʦ ʚʠʜʘ ʙʠʦʤʘʩʩʳ (ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ) ʧʦʢʘ ʝʱʝ ʦʩʪʘʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ, ʪʝʤ 

ʥʝ ʤʝʥʝʝ, ʫʩʧʝʭʠ ʚ ʠʟʫʯʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʧʦʟʚʦʣʷʪ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʰʪʘʤʤʳ-ʧʨʦʜʫʮʝʥʪʳ ʮʝʣʝʚʳʭ ʚʝʱʝʩʪʚ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʧʠʨʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ). ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʪʦʧʣʠʚʘ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʢʘʢ ʠʟ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʪʘʢ ʠ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʨʫʧʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʫʥʠʢʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʚʳʩʦʢʦʡ 

ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʍʦʪʷ ʧʨʦʮʝʩʩ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ, ʪʦʣʴʢʦ 

ʢʘʨʜʠʥʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʩʜʝʣʘʝʪ ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʪʘʢʞʝ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʝʰʝʚʳʝ ʩʫʙʩʪʨʘʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʭ ʙʠʦʤʘʩʩʳ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʨʦʢʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ 

ʬʝʨʤʝʥʪʦʚ. ʉʦʟʜʘʥʠʝ ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪ ʢʘʢ ʧʦʠʩʢʘ ʥʦʚʳʭ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ 

ʬʝʨʤʝʥʪʦʚ, ʪʘʢ ʠ ʠʭ ʫʣʫʯʰʝʥʠʷ ʤʝʪʦʜʘʤʠ ʙʠʦʠʥʞʝʥʝʨʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʣʫʯʘʝʤʳʝ ʬʝʨʤʝʥʪʳ ʚʦʩʪʨʝʙʦʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʚ 

ʫʧʦʤʷʥʫʪʳʭ ʧʨʦʮʝʩʩʘʭ, ʥʦ ʠ ʚ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʦʜʦʦʯʠʩʪʢʝ. ʈʘʟʨʘʙʦʪʢʘ 

ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʨʘʙʦʪʢʦʡ ʮʝʣʣʶʣʦʟʳ, ʥʘʧʨʘʚʣʝʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ ʧʦʣʫʯʝʥʠʝ 
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ʰʪʘʤʤʦʚ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʠʥʛʠʙʠʪʦʨʘʤ 

ʩʙʨʘʞʠʚʘʥʠʷ ʩʘʭʘʨʦʚ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʵʪʘʥʦʣ. 
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ɻʃɸɺɸ 2 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

2.1 ʄʘʪʝʨʠʘʣʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʳ, ʰʪʘʤʤʳ ʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ (ʊʘʙʣʠʠʮʳ 4-6).  

ʊʘʙʣʠʮʘ 4 ï ʉʦʩʪʘʚ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʉʨʝʜʘ ʉʦʩʪʘʚ ʉʩʳʣʢʘ 

LB 
ʛ ʣ-1: ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ ï 5.0; ʪʨʠʧʪʦʥ ï 10.0; NaCl ï 10.0; 

ʨʅ 7.0 

ʉʪʘʥʜʘʨʪʥʘʷ 

ʩʨʝʜʘ 

LB-ʘʛʘʨ 1.5% ʘʛʘʨʘ ʚ LB-ʩʨʝʜʝ 
ʉʪʘʥʜʘʨʪʥʘʷ 

ʩʨʝʜʘ 

LBT 1% ʪʨʠʙʫʪʠʨʠʥ ʚ LB-ʘʛʘʨʝ 
ʉʪʘʥʜʘʨʪʥʘʷ 

ʩʨʝʜʘ 

SOC 
ʛ ʣ-1: ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ, ʪʨʠʧʪʦʥ - 20; NaCl ï 0.584; KCl - 

0.186; MgSO4 - 2.4; pH 7.0 

ʉʪʘʥʜʘʨʪʥʘʷ 

ʩʨʝʜʘ 

BBM 

 

ʛ ʣ-1: NaNO3 ï 0.25; CaCl2Ŀ2H2O ï 0.025; MgSO4Ŀ7H2O ï 0.075; 

K2HPO4 - 0.075; KH2PO4 ï 0.175; NaCl ï 0.025, FeSO4Ŀ7H2O ï 

0.00498; Na2ʕɼʊɸĿ2H2O ï 0.01; H3BO3 ï 0.00805; ʨʘʩʪʚʦʨ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ï 1 ʤʣ (ʛ ʣ-1: H3BO3Ŀ2H2O ï 2.86; MnCl2Ŀ4H2O 

ï 1.81; ZnSO4 ï 0.222; Co(NO3)2Ŀ6H2O ï 0.0494; NaMoO4Ŀ5H2O 

ï 0.39; CuSO4Ŀ5H2O ï 0.079); ʨʅ 6.8 

[293] 

BBM-N ʉʨʝʜʘ BBM ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ NaNO3 ʕʪʘ ʨʘʙʦʪʘ 

BBM-P ʉʨʝʜʘ BBM ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ K2HPO4 ʠ KH2PO4 ʕʪʘ ʨʘʙʦʪʘ 

ʉʨʝʜʘ ɸ ʉʨʝʜʘ BBM ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0.1 ʛ ʣ-1 NaNO3 ʕʪʘ ʨʘʙʦʪʘ 

ʉʨʝʜʘ B 
ʉʨʝʜʘ BBM ʩ ʜʦʙʘʚʣʝʥʠʝʤ KH2PO4 ʠ K2HPO4 (0.175 ʠ 0.075 ʛ 

ʣ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 
ʕʪʘ ʨʘʙʦʪʘ 

BBM-S 
ʉʨʝʜʘ BBM ʩ ʜʦʙʘʚʣʝʥʠʝʤ 30 ʛ ʣ-1 ʤʦʨʩʢʦʡ ʩʦʣʠ (ʩʦʩʪʘʚ: NaCl 

ï 99.5%, Ca2+ - 0.05%, SO4
2- - 0.25%, K+ - 0.25%) 

ʕʪʘ ʨʘʙʦʪʘ 

BG-11 

ʛ ʣ-1: NaNO3 - 1.5; K2HPO4 - 0.04; MgSO4Ŀ7H2O - 0.075; 

CaCl2Ŀ2H2O - 0.036, ʥʘʪʨʠʷ ʮʠʪʨʘʪ - 0.006; ʮʠʪʨʘʪ ʞʝʣʝʟʘ (III) -

ʘʤʤʦʥʠʷ - 0.006; Na2ʕɼʊɸĿ2H2O - 0.001; Na2CO3 - 0.02; 

ʨʘʩʪʚʦʨ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ A5 - 1 ʤʣ (ʛ ʣ-1: H3BO3 - 2.86; 

MnCl2Ŀ4H2O - 1.81; ZnSO4Ŀ7H2O - 0.222; NaMoO4Ŀ2H2O - 0.39; 

CuSO4Ŀ5H2O - 0.079; Co(NO3)2Ŀ6H2O - 49.4), ʨʅ 7.1 

[294] 

Chu-13 

ʤʛ ʣ-1: KNO3 - 400; K2HPO4 - 80; MgSO4Ŀ7H2O - 200; 

CaCl2Ŀ2H2O - 107; ʮʠʪʨʘʪ ʞʝʣʝʟʘ (III)  - 20; ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ 

ï 100, CoCl2 ï 0.02; H3BO3 ï 5.72; MnCl2Ŀ6H2O ï 3.62; 

ZnSO4Ŀ6H2O - 0.44; CuSO4Ŀ5H2O; Na2MoO4 ï 0.084; ʨʅ 7.5 

[295] 

OECD ʤʛ ʣ-1: ʤʷʩʥʦʡ ʵʢʩʪʨʘʢʪ - 160.0; CO(NH2)2 ï 30.0; KH2PO4 - 28.0; 

NaCl - 7.0; CaCl2Ŀ2H2O - 4.0; MgSO4 Ŀ7H2O ï 2.0; pH 7.3 
[296] 

WW 

ʉʪʝʨʠʣʠʟʦʚʘʥʥʳʝ (30 ʤʠʥ, 121 ÁC) ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʩʪʦʯʥʳʝ 

ʚʦʜʳ ʩ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʅʦʚʦʩʠʙʠʨʩʢʘ, ʩʦʩʪʘʚ (ʤʛ ʣ-1): 

ʭʠʤʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʍʇʂ) ï 161.0 Ñ 5.0; NH4
+ 

[170] 
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- 27.7 Ñ 1.3; PO4
3- - 1.8 Ñ 0.1; NO3

- - 0.2; SO4
2- - 10.7 Ñ 1.0; Cl- - 

139.0 Ñ 5.0 

WW-S 
ʉʨʝʜʘ WW ʩ ʜʦʙʘʚʣʝʥʠʝʤ 30 ʛ ʣ-1 ʤʦʨʩʢʦʡ ʩʦʣʠ (ʩʦʩʪʘʚ ʩʦʣʠ: 

NaCl ï 99.5%; Ca2+ - 0.05%; SO4
2- - 0.25%; K+ - 0.25%) 

ʕʪʘ ʨʘʙʦʪʘ 

ʉʨʝʜʘ ʉ 

ʇʨʠʛʦʪʦʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʪʥʦʛʦ (H2SO4) ʛʠʜʨʦʣʠʟʘʪʘ 

ʦʩʪʘʪʦʯʥʦʡ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-44, ʩʦʩʪʘʚ (ʛ ʣ-1): 

ʛʣʶʢʦʟʘ - 13.66 Ñ 0.8; ʛʘʣʘʢʪʦʟʘ - 1.04 Ñ 0.1; ʘʨʘʙʠʥʦʟʘ 2.73 Ñ 

0.3; ʬʫʨʬʫʨʦʣ - 0.04 Ñ 0.02; K2HPO4 - 0.25; NaCl - 0.05; CaCl2 - 

0.01; (NH4)2SO4 - 0.05; ʩʚʝʞʠʡ ʨʘʩʪʚʦʨ MgCO3 (MgCl2Ŀ6H2O - 

0.04); ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ - 0.15; ʧʝʧʪʦʥ - 0.5; pH 7.0 

ʕʪʘ ʨʘʙʦʪʘ 

[297] 

ʊʘʤʠʷ ʛ ʣ-1: ʂNʆ3 - 5.0; MgSO4Ŀ7H2O - 2.5; KHPO4 - 1.25  

YNB 
ʛ ʣ-1: KH2PO4 - 1.0, MgSO4Ŀ7H2O - 0.5, NaCl - 0.1, CaCl2Ŀ2H2O 

- 0.1, (NH4)2SO4 - 5.0, ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ - 1.0, ʨʅ 5.5 

ʉʪʘʥʜʘʨʪʥʘʷ 

ʩʨʝʜʘ 

YPD 
ʛ ʣ-1: ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ - 100.0; ʧʝʧʪʦʥ ï 200.0; ʜʝʢʩʪʨʦʟʘ ï 

200.0 

ʉʪʘʥʜʘʨʪʥʘʷ 

ʩʨʝʜʘ 

YNB-G 
ʉʨʝʜʘ YNB ʩ ʜʦʙʘʚʣʝʥʠʝʤ (ʛ ʣ-1): ʧʝʧʪʦʥʘ - 5.0; ʜʨʦʞʞʝʚʦʛʦ 

ʵʢʩʪʨʘʢʪʘ ï 3.0; ʛʣʶʢʦʟʳ 20.0 
ʕʪʘ ʨʘʙʦʪʘ 

YNB-H 

ʉʨʝʜʘ ʥʘ ʦʩʥʦʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ ʙʝʨʝʟʳ, 

ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʉʠʙʫʥʠʪ-4-ʦʢʩ 

ʩʦʩʪʘʚʘ (ʛ ʣ-1): ʮʝʣʣʦʙʠʦʟʘ - 3.0 Ñ 0.1; ʛʣʶʢʦʟʘ -15.0 Ñ 1.0; 

ʤʘʥʥʦʟʘ - 2.0 Ñ 0.1; ʬʨʫʢʪʦʟʘ - 1.3 Ñ 0.1; 5-ɻʄʌ - 0.3 Ñ 0.1; 

ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ - 0.4; ʛʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ - 1.4 Ñ 0.2; 

ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ - 0.6; ʚʠʥʥʘʷ ʢʠʩʣʦʪʘ - 0.3 Ñ 0.1; ʠʟʦʙʫʪʘʥʦʣ 

- 0.1; KH2PO4 - 1.0; MgSO4Ŀ7H2O - 0.5; NaCl - 0.1; CaCl2Ŀ2H2O 

- 0.1; (NH4)2SO4 - 5.0. ʉʤʝʩʴ ʜʦʚʦʜʷʪ ʜʦ ʨH 4.75 NH4OH ʠ 

ʜʦʙʘʚʣʷʶʪ ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ ʜʦ 1.0 ʛ ʣ-1, ʩʪʝʨʠʣʠʟʘʮʠʶ 

ʧʨʦʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʘ 0.22 ʤʢʤ 

ʕʪʘ ʨʘʙʦʪʘ 

YNB-M 

ʛ ʣ-1: ʮʝʣʣʦʙʠʦʟʘ - 3.0; ʛʣʶʢʦʟʘ - 15.0; ʤʘʥʥʦʟʘ - 2.0; ʬʨʫʢʪʦʟʘ 

- 1.3; KH2PO4 - 1.0; MgSO4Ŀ7H2O - 0.5; NaCl - 0.1; CaCl2Ŀ2H2O 

- 0.1; (NH4)2SO4 - 5.0; ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ - 1.0; ʨH 4.75 

ʕʪʘ ʨʘʙʦʪʘ 

ʊʘʙʣʠʮʘ 5 ï ʐʪʘʤʤʳ ʠ ʧʣʘʟʤʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʐʪʘʤʤʳ 

ʄʠʢʨʦʚʦʜʦʨʦʩʣʠ 

Desmodesmus sp. IC-75, Desmodesmus sp. IC-10, P. kessleri IC-11, 

Parachlorella sp. IC-23, Micractinium sp. IC-44, Chlorella sorokiniana IC-62, 

Micractinium sp. IC-76, Chlorella sp. IC-82, Botryococcus sp. A-1113 

Botryococcus sp. A-1115, Botryococcus sp. A-1138, Botryococcus sp. A-1162, 

Bracteacoccus occidentalis A-1144, Chlorella sorokiniana A-1135, Chlorella 

sp. A-1176, Chlorella sp. A-1182, Chlorella vulgaris A-1123, Nannochloris 

bacillaris A-1139, Scenedesmus abundans A-1175, Scenedesmus obliquus A-

1167 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʭʦʜʝ ʨʘʙʦʪʳ. 

Chlorella sorokiniana IPPAS C-1, Parachlorella kessleri IPPAS C-2, 

Parachlorella kessleri IPPAS C-9, Parachlorella kessleri IPPAS C-15, 

Parachlorella kessleri IPPAS S-333 ʧʦʣʫʯʝʥʳ ʠʟ ʂʦʣʣʝʢʮʠʠ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ IPPAS ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ ʠʤ. ʊʠʤʠʨʷʟʝʚʘ 

ʈɸʅ (ʄʦʩʢʚʘ).  

ʐʪʘʤʤʳ Chlorella protothecoidies NIES-2164 ʠ Tetradesmus obliquus NIES-

2280 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʢʦʣʣʝʢʮʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ NIES ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʗʧʦʥʠʷ). 

ɹʘʢʪʝʨʠʠ 
Bacillus licheniformis BL1, Bacillus licheniformis BL2, Bacillus licheniformis 

BL9, Bacillus sp. Bsp8, Ureibacillus suwonensis US3, Bacillus licheniformis 
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BL9-1, Geobacillus thermodenitrificans GT2, Geobacillus sp. Gsp3, 

Geobacillus thermodenitrificans GT3, Geobacillus thermodenitrificans GT4, 

Ureibacillus thermosphaericus UT1 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʭʦʜʝ ʨʘʙʦʪʳ.  

ʐʪʘʤʤ E. coli ɺ-1298 ʧʨʝʜʦʩʪʘʚʣʝʥ ʌʀʎ ʀʎʀɻ ʉʆ ʈɸʅ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[298]. 

ʐʪʘʤʤʳ E.coli: DH10B, BL21(DE3) ʬʠʨʤʳ Thermo Fisher Scientific (ʉʐɸ). 

ʐʪʘʤʤ Actinobacillus succinogenes 130Z ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʢʦʣʣʝʢʮʠʠ DSMZ 

(ɻʝʨʤʘʥʠʷ). 

ɼʨʦʞʞʠ 

Kluyveromyces marxianus C1, Kluyveromyces marxianus D5, Kluyveromyces 

marxianus B5, Kluyveromyces marxianus B3, Clavispora lusitaniae ʉ3, 

Kluyveromyces marxianus ɸ1, Kluyveromyces marxianus A5, Kluyveromyces 

marxianus D4, Pichia kudriavzevii B4, Kluyveromyces marxianus A4, 

Kluyveromyces marxianus B1, Kluyveromyces marxianus 4C ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ 

ʭʦʜʝ ʨʘʙʦʪʳ. ʐʪʘʤʤ Ogataea polymorpha CBS4732 ʧʦʣʫʯʝʥ ʠʟ ʢʦʣʣʝʢʮʠʠ 

DSMZ (ɻʝʨʤʘʥʠʷ). 

ɺʝʢʪʦʨʳ ʜʣʷ 

ʢʣʦʥʠʨʦʚʘʥʠʷ 

pAL-TA ʬʠʨʤʳ Evrogen (ʈʦʩʩʠʷ), pET32b(+), pET28a ʬʠʨʤʳ Novagen 

(ʉʐɸ). 

ʇʣʘʟʤʠʜʳ 
pBB540 (#27393 Addgene), pBB542 (#27395 Addgene) ʧʨʝʜʦʩʪʘʚʣʝʥʳ 

ɹʝʨʥʜʦʤ ɹʫʢʘʫ [299]. 

ʊʘʙʣʠʮʘ 6 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʅʘʟʚʘʥʠʝ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ* 

27F 5ô-AGAGTTTGATCMTGGCTCAG-3ô 

1492R 5ô- GGTTACCTTGTTACGACTT-3ô 

ITS4 5'- TCCTCCGCTTATTGATATGC-3' 

ITS5 5'-GGAAGTAAAAGTCGTAACAAGG-3' 

18SUnivFor 5'-ACCTGGTTGATCCTGCCAGT-3'  

18SUnivRev 5'- TCAGCCTTGCGACCATAC -3' 

BMB-B 5'-CCGTCAATTCVTTTPAGTTT-3' 

Ys_13 5ô-AAACATAGGGATCCATGAAAATCGTTTCGCCAAAACC-3ô 

Ys_14 5ô-AAAGTCTACTCGAGTTCTTCCCATTTTAAACTTTCAAAGAAG-3ô 

Ser93Ala_F 5ô-GAAATTGCGGTTGCTGGTGTTGCTTTAGGCGGCATTTTCTCAC-3' 

Ser93Ala_R 5'-GTGAGAAAATGCCGCCTAAAGCAACACCAGCAACCGCAATTTC-3' 

Asp192Asn_F 5ô-CGTGGGTTAAATAACGATGAATACTACTGCCAAAGCGCAG-3ô 

Asp192Asn_R 5ô-CTGCGCTTTGGCAGTAGTATTCATCGTTATTTAACCCACG-3ô 

His222Leu_F 5ô-GCTTTATTAATTCAGGTCACTCTTTAACTGTAGATAAAGAACG -3ô 

His222Leu_R 5ô-CGTTCTTTATCTACAGTTAAAGAGTGACCTGAATTAATAAAGC-3ô 
* ʉʘʡʪʳ ʫʟʥʘʚʘʥʠʷ ʨʝʩʪʨʠʢʪʘʟ ʦʪʤʝʯʝʥʳ ʧʦʜʯʝʨʢʥʫʪʦʡ ʣʠʥʠʝʡ, ʥʫʢʣʝʦʪʠʜʥʳʝ ʟʘʤʝʥʳ ʜʣʷ ʩʘʡʪ-

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʦʪʤʝʯʝʥʳ ʢʫʨʩʠʚʦʤ 

ʌʝʨʤʝʥʪʳ: Phusion Hot Start Flex ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ (NEB), Taq SE ɼʅʂ ʧʦʣʠʤʝʨʘʟʘ, 

ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪʳ (dNTPs), ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ BamHI, Sfr274I, MalI 

(ʉʠʙʕʥʟʠʤ), ʊ4 ɼʅʂ ʣʠʛʘʟʘ (Thermo Fisher Scientific). 

ʅʘʙʦʨʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʙʝʣʢʘ: çGeneJET Genomic DNA 

Purification Kitè, çGeneJET PCR Purification Kitè, çGeneJET Gel Extraction Kitè, çGeneJET Plasmid 

Miniprep Kitè ʚʩʝ ʬʠʨʤʳ Thermo Fisher Scientific. Bio-Rad Protein assay kit (Bio-Rad). 

ʈʝʘʢʪʠʚʳ: ʄʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ ɼʅʂ: 2500-10000 ʧ.ʦ. (200 ʤʢʛ ʤʣ-1), ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ ʙʝʣʢʦʚ: 10-250 ʢɼʘ, ʠʟʦʧʨʦʧʠʣ-ɓ-D-ʪʠʦʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ (ʀʇʊɻ), ʙʳʯʠʡ 
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ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ (ɹʉɸ) ï ʚʩʝ ʬʠʨʤʳ ʉʠʙʕʥʟʠʤ; ʤʝʪʘʥʦʣ, ʠʟʦʧʨʦʧʘʥʦʣ ʬʠʨʤʳ J.T. Baker; 

ʵʪʘʥʦʣ, ʥ-ʙʫʪʘʥʦʣ, ʘʮʝʪʦʥ, ʪʨʝʪ-ʙʫʪʘʥʦʣ ï ʚʩʝ ʬʠʨʤʳ ɺʝʢʪʦʥ; ʘʤʧʠʮʠʣʣʠʥ ʬʠʨʤʳ çʉʠʥʪʝʟè, 

ʭʣʦʨʘʤʬʝʥʠʢʦʣ ʬʠʨʤʳ Gold Biotechnology. ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʬʠʨʤʦʡ 

çʉʠʥʪʦʣè (ʛ. ʄʦʩʢʚʘ). ʆʩʪʘʣʴʥʳʝ ʨʝʘʢʪʠʚʳ ï ʥʝ ʥʠʞʝ ʤʘʨʢʠ çʭʯè. 

2.2 ʄʝʪʦʜʳ 

2.2.1 ɺʳʜʝʣʝʥʠʝ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ɺʳʜʝʣʝʥʠʝ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʠʭ ʚʠʜʦʚʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 1 ʤʣ ʦʙʨʘʟʮʘ ʧʦʯʚʳ ʠʣʠ ʚʦʜʳ ʧʦʤʝʱʘʣʠ 

ʚ ʩʪʝʢʣʷʥʥʫʶ ʢʦʣʙʫ ʩ 50 ʤʣ ʩʨʝʜʳ BBM, ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʬʦʪʦʘʚʪʦʪʨʦʬʥʦʤ ʨʝʞʠʤʝ ʜʦ 3 ʥʝʜʝʣʴ 

ʧʨʠ 25-30 Áʉ, ʬʦʪʦʧʝʨʠʦʜʝ 16 ʯ ʩʚʝʪʦʚʘʷ ʬʘʟʘ/8 ʯ ʪʝʤʥʦʚʘʷ ʬʘʟʘ, ʧʨʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 2000 ʣʢ. ɼʣʷ 

ʧʦʣʫʯʝʥʥʳʭ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʦʚʦʜʠʣʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʩʨʝʜʝ BBM ʩ 2% ʘʛʘʨʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʢʦʥʪʘʤʠʥʘʮʠʠ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʦʡ ʧʨʦʚʦʜʠʣʠ ʦʯʠʩʪʢʫ ʢʫʣʴʪʫʨ ʧʨʦʪʦʯʥʦʤ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʝ [300]. 

ʏʠʩʪʦʪʫ ʢʫʣʴʪʫʨ ʧʦʜʪʚʝʨʞʜʘʣʠ ʢʘʢ ʧʦ ʦʪʩʫʪʩʪʚʠʶ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʳ (ʙʘʢʪʝʨʠʡ ʠ 

ʛʨʠʙʦʚ) ʧʨʠ ʧʦʩʝʚʝ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʳʝ ʩʨʝʜʳ LB ʠ ʢʘʨʪʦʬʝʣʴʥʦ-ʛʣʶʢʦʟʥʳʡ ʘʛʘʨ, ʘ ʪʘʢʞʝ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʪʩʫʪʩʪʚʠʷ ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʦʜʥʫ ʢʦʣʦʥʠʶ ʠʟ ʯʠʩʪʦʡ ʢʫʣʴʪʫʨʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʚʥʦʩʠʣʠ ʚ 50 ʤʣ 

ʩʨʝʜʳ BBM, ʚʳʨʘʱʠʚʘʣʠ ʙʠʦʤʘʩʩʫ ʚ ʪʝʯʝʥʠʝ 7-10 ʩʫʪʦʢ, ʧʦʩʣʝ ʯʝʛʦ ʝʝ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (1000 Ĭ g, 10 ʤʠʥ). ʀʟ 20 ʤʛ ʙʠʦʤʘʩʩʳ ʚʳʜʝʣʷʣʠ ʛʝʥʦʤʥʫʶ ɼʅʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ GeneJET Plant Genomic DNA Purification Kit  (Thermo, ʩʦʛʣʘʩʥʦ 

ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ). ʇʎʈ-ʘʤʧʣʠʬʠʢʘʮʠʶ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ 18S ʨʈʅʂ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 20 ʥʛ ɼʅʂ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ 50 ʤʢʣ, ʩʦʜʝʨʞʘʱʝʛʦ 0.2 ʤM ʩʤʝʩʠ ʯʝʪʳʨʝʭ 

ʜʝʟʦʢʩʠʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʦʚ, 0.1 ʤʢM ʧʨʘʡʤʝʨʦʚ, ʙʫʬʝʨ ʠ 1 ɽɸ Phusion ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ 

(NEB), ʧʨʘʡʤʝʨʳ 18SUnivFor ʠ 18SUnivRev. ɼʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʬʨʘʛʤʝʥʪ ITS1 ï 5.8S ʨʈʅʂ - ITS2, ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʘʡʤʝʨʳ ITS5 ʠ ITS4. ʇʎʈ ʘʤʧʣʠʬʠʢʘʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 1 ʮʠʢʣ- 98 Üʉ ï 30 ʩʝʢ, 32 ʮʠʢʣʘ (98 Üʉ ï 5 ʩ, 54 Üʉ ï 20 ʩ, 72 

Üʉ ï30 ʩ), 1 ʮʠʢʣ ï 72 Üʉ 5 ʤʠʥ. ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʦʯʠʱʘʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ GeneJET 

PCR Purification Kit  (Thermo). ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʢʦʤʧʘʥʠʠ çʉʠʥʪʦʣè (ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo Scientific, 

ʉʐɸ). ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʨʘʚʥʠʚʘʣʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ɼʅʂ, 
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ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʙʘʟʝ GenBank (https://www.ncbi.nlm.nih.gov/genbank/), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʘ BLAST. ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʜʝʥʪʠʯʥʦʩʪʴ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 99%.  

ʇʝʨʚʠʯʥʳʡ ʦʪʙʦʨ ʰʪʘʤʤʦʚ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʙʠʦʤʘʩʩʳ, ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ 

ɼʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʘʢʘʧʣʠʚʘʪʴ ʙʠʦʤʘʩʩʫ, ʥʝʡʪʨʘʣʴʥʳʝ 

ʣʠʧʠʜʳ ʠ ʫʛʣʝʚʦʜʳ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʳ BBM, OECD ʠ WW. ʂʫʣʴʪʫʨʫ, ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ 

ʨʦʩʪʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʨʝʜʝ, ʚʥʦʩʠʣʠ ʚ ʣʫʥʢʠ 96-ʣʫʥʦʯʥʦʛʦ ʧʣʘʥʰʝʪʘ 

Greiner (ʦʙʲʝʤ ʩʨʝʜʳ 200 ʤʢʣ, ʥʘʯʘʣʴʥʘʷ ʆʇ650 = 0.1) ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʦʨʙʠʪʘʣʴʥʦʤ ʪʝʨʤʦʰʝʡʢʝʨʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 350 ʦʙ. ʤʠʥ-1, 

ʪʝʤʧʝʨʘʪʫʨʝ 28 Ñ 1 ÜC, ʧʨʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 2000 ʣʢ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʣʘʤʧʘʤʠ ʪʝʧʣʦʛʦ ʙʝʣʦʛʦ 

ʩʚʝʪʘ (3000 ʂ) ʧʨʠ ʨʝʞʠʤʝ ʦʩʚʝʱʝʥʠʷ 16 ʯ ʩʚʝʪʦʚʘʷ ʬʘʟʘ/8 ʯ ʪʝʤʥʦʚʘʷ ʬʘʟʘ. ʂʦʥʮʝʥʪʨʘʮʠʶ 

ʙʠʦʤʘʩʩʳ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ ʧʦʜʩʯʝʪʘ ʢʣʝʪʦʢ ʚ ʢʘʤʝʨʝ ɻʦʨʷʝʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʩʣʝ 

ʦʢʨʘʰʠʚʘʥʠʷ ʢʨʘʩʠʪʝʣʝʤ ʅʠʣʴʩʢʠʤ ʢʨʘʩʥʳʤ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ (ʧ. 2.2.6). ʆʙʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʦʧʨʝʜʝʣʷʣʠ ʬʝʥʦʣ-ʩʝʨʥʦʢʠʩʣʦʪʥʳʤ ʤʝʪʦʜʦʤ (ʧ. 2.2.6).  

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʢʦʣʙʘʭ 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʢʦʣʙʘʭ ʕʨʣʝʥʤʝʡʝʨʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʥʦʩʠʣʠ 

ʢʦʣʦʥʠʶ ʰʪʘʤʤʘ ʚ 25-50 ʤʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʨʝʜʳ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ 80 ʦʙ. ʤʠʥ-1 ʥʘ 

ʦʨʙʠʪʘʣʴʥʦʤ ʰʝʡʢʝʨʝ ʧʨʠ 28 Ñ 1 ÁC ʧʨʠ ʦʩʚʝʱʝʥʠʠ 2000 ʣʢ ʧʨʠ ʩʚʝʪʦʚʦʤ ʮʠʢʣʝ 16 ʯ ʩʚʝʪʦʚʘʷ /8 

ʯ ʪʝʤʥʦʚʘʷ ʬʘʟʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʨʝʜʠʥʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʨʦʩʪʘ. ɼʠʥʘʤʠʢʫ ʨʦʩʪʘ 

ʢʫʣʴʪʫʨʳ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʆʇ650. ʂʣʝʪʢʠ ʠʥʦʢʫʣʠʨʦʚʘʣʠ ʚ ʢʦʥʠʯʝʩʢʠʝ ʢʦʣʙʳ 

ʦʙʲʝʤʦʤ 100-500 ʤʣ, ʩʦʜʝʨʞʘʱʠʝ 25-100 ʤʣ ʩʨʝʜʳ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 0.1, ʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ 150 ʦʙ. ʤʠʥ-1 ʧʨʠ 28 Ñ 1 ÁC, C 2000 ʣʢ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ 

ʨʦʩʪʘ. 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ 

ʂʦʣʦʥʠʶ ʰʪʘʤʤʘ ʚʥʦʩʠʣʠ ʚ 50 ʤʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʨʝʜʳ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ 80 ʦʙ. ʤʠʥ-1 ʧʨʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 2000 ʣʢ ʧʨʠ ʩʚʝʪʦʚʦʤ ʮʠʢʣʝ 16 ʯ ʩʚʝʪʦʚʘʷ/8 ʯ 

ʪʝʤʥʦʚʘʷ ʬʘʟʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ 34 ʤʢʤʦʣʴ ʬʦʪʦʥʦʚ-2 ʩ-1 ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʣʘʤʧʘʤʠ 

ʪʝʧʣʦʛʦ ʙʝʣʦʛʦ ʩʚʝʪʘ, 3000 ʂ) ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʨʝʜʠʥʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʨʦʩʪʘ. 0.09 ʤʛ ʤʣ-

1 ʢʣʝʪʦʢ (ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ), ʚʥʦʩʠʣʠ ʚ 25 ʤʣ ʩʨʝʜʳ. ɹʘʟʦʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 28 Ñ 1ÁC, ʧʨʠ ʨʝʞʠʤʝ ʦʩʚʝʱʝʥʠʷ 16 ʯ ʩʚʝʪʦʚʘʷ /8 ʯ ʪʝʤʥʦʚʘʷ ʬʘʟʘ, ʧʨʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 

2000 ʣʢ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 140 ʦʙ. ʤʠʥ. ʤʠʥ-1 ʚ ʩʨʝʜʝ BBM. ɺʘʨʴʠʨʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 
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ʢʦʥʮʝʥʪʨʘʮʠʶ NaNO3 (ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʳ BBM-N ʠ ʩʨʝʜʫ A), KH2PO4 ʠ K2HPO4 (ʩʨʝʜʘ B ʠ 

ʩʨʝʜʘ BBM-P), ʤʦʨʩʢʦʡ ʩʦʣʠ (NaCl ï 99.5%, Ca2+ - 0.05%, SO4
3- - 0.25%, K+ - 0.25%) ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʪ 0 ʜʦ 50 ʛ ʣ-1 ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ (2000-6000 ʣʢ). ʉʦʩʪʘʚ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ 

ʬʣʫʦʨʠʤʝʪʨʠʠ ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ ʢʨʘʩʠʪʝʣʝʤ ʅʠʣʴʩʢʠʡ ʢʨʘʩʥʳʡ (ʧ. 2.2.6).  

ʅʘʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʦʙʲʝʤʦʤ 110 ʣ (0.2 ʤ Ĭ 1.5 ʤ Ĭ 1.0 ʤ). ʂʫʣʴʪʫʨʫ ʚʳʨʘʱʠʚʘʣʠ ʚ ʩʨʝʜʝ 

BBM (Micractinium sp. IC-44 ʠ P. kessleri IC-11) ʠʣʠ ʚ ʩʨʝʜʝ Chu-13 (Micractinium sp. IC-76) ʚ 

ʢʦʣʙʘʭ ʦʙʲʝʤʦʤ 1 ʣ ʜʦ ʩʝʨʝʜʠʥʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʨʦʩʪʘ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʜʘʯʝ ʩʤʝʩʠ 

ʚʦʟʜʫʭʘ ʩ 1.5% CO2. ʊʘʢʘʷ ʞʝ ʩʤʝʩʴ ʧʦʜʘʚʘʣʘʩʴ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʩʭʦʜʦʤ 220 ʣ ʯ
-1 ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ 

ʪʨʫʙʢʫ ʥʘ ʜʥʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ ʧʦʩʣʝ 

ʠʥʦʢʫʣʷʮʠʠ ʩʦʩʪʘʚʠʣʘ 0.09 Ñ 0.01 ʛ ʣ-1. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 60 ʤʢʤʦʣʴ ʤ-2 ʩ-1, 

ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC. ʂʣʝʪʢʠ ʦʩʘʞʜʘʣʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʣʴʬʘʪʘ 

ʘʣʶʤʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʣʦʢʫʣʷʥʪʘ, ʠ ʢʣʝʪʢʠ ʦʪʜʝʣʷʣʠ ʦʪ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 1000 Ĭ g, ʩʫʰʠʣʠ ʧʨʠ 37 Á C ʚ ʪʝʯʝʥʠʝ 48 ʯ ʠ ʠʟʤʝʣʴʯʘʣʠ ʚ ʩʪʫʧʢʝ.  

2.2.2 ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ 

2.2.2.1 ʂʣʦʥʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʵʩʪʝʨʘʟʳ estUT1 

 

ɺʳʜʝʣʝʥʠʝ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ ʩ ʣʠʧʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚʠʜʦʚʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ  

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

0.5 ʛ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʩʪʘ ʠ LB-ʘʛʘʨ, ʧʦʩʝʚ ʠʥʢʫʙʠʨʦʚʘʣʠ 16 ʯ ʧʨʠ 37-65 Áʉ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʣʠʧʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʫʣʴʪʫʨ ʧʦ ʨʘʟʤʝʨʫ ʛʘʣʦ ʚʦʢʨʫʛ ʢʦʣʦʥʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʨʝʜʝ LBT 

ʧʨʠ 37-65 ÁC, ʢʫʣʴʪʫʨʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʦʪʣʠʯʘʚʰʠʭʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʧʦʜʚʝʨʛʘʣʠ ʜʘʣʴʥʝʡʰʝʤʫ 

ʘʥʘʣʠʟʫ. 

ɺʳʜʝʣʝʥʠʝ ʛʝʥʦʤʥʦʡ ɼʅʂ ʠʟ ʙʘʢʪʝʨʠʡ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ çGeneJET 

Genomic DNA Purification Kitè (Thermo), ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɸʤʧʣʠʬʠʢʘʮʠʶ 

ʬʨʘʛʤʝʥʪʘ 16S ʨʈʅʂ ʜʣʠʥʦʡ ʦʢʦʣʦ 1400 ʧ.ʦ. ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 50 

ʤʢʣ, ʩʦʜʝʨʞʘʱʝʡ: 20 ʥʛ ʛʝʥʦʤʥʦʡ ɼʅʂ, 0,24 ʤʢM ʩʤʝʩʠ ʪʨʠʬʦʩʬʘʪʦʚ, 0.24 ʤʢM ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʧʨʘʡʤʝʨʦʚ 27F ʠ 1492R, ʙʫʬʝʨʘ ʜʣʷ TaqSE ɼʅʂ ʧʦʣʠʤʝʨʘʟʳ ʠ 1.0 ɽɸ TaqSE ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ 

(ʉʠʙʕʥʟʠʤ). ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʝ: 94 Áʉ ï 3 ʤʠʥ; 36 ʮʠʢʣʦʚ (94 Áʉ ï 30 ʩ, 
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53 Áʉ ï 30 ʩ, 72 Áʉ ï 1 ʤʠʥ 30 ʩ); 72 Áʉ ï 10 ʤʠʥ, ʦʩʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ. 

2.2.1.  

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʵʩʪʝʨʘʟʳ estUT1, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʠ 

ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ɸʤʧʣʠʬʠʢʘʮʠʶ ʛʝʥʘ ʵʩʪʝʨʘʟʳ estUT1 ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 50 ʥʛ 

ʛʝʥʦʤʥʦʡ ɼʅʂ, 0.24 ʤʢM dNTPs, 0.24 ʤʢM ʧʨʘʡʤʝʨʦʚ Ys_13 ʠ Ys_14, ʙʫʬʝʨʘ ʜʣʷ Phusion Hot 

Start Flex ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʠ 1 ɽɸ Phusion Hot Start Flex ɼʅʂ ʧʦʣʠʤʝʨʘʟʳ. ʈʝʘʢʮʠʶ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʝ: 98 Áʉ ï 30 ʩ; 32 ʮʠʢʣʘ (98 Áʉ ï 10 ʩ, 62 Áʉ ï 

25 ʩ, 72 Áʉ ï 25 ʩ); 72 Áʉ ï 7 ʤʠʥ ʚ ʘʤʧʣʠʬʠʢʘʪʦʨʝ MJ Mini  Personal Thermal Cycler (Biorad, ʉʐɸ). 

ʇʎʈ-ʧʨʦʜʫʢʪ ʦʯʠʱʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ çGeneJET PCR Purification Kitè (Thermo) ʠ 

ʣʠʛʠʨʦʚʘʣʠ ʩ ʚʝʢʪʦʨʦʤ pAL-TA (Evrogen), ʠʩʧʦʣʴʟʫʷ ʊ4 ɼʅʂ ʣʠʛʘʟʫ ʚ ʫʩʣʦʚʠʷʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ, ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʣʘʟʤʠʜʳ pAL-TA-UT1. ʃʠʛʘʟʥʫʶ ʩʤʝʩʴ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʵʣʝʢʪʨʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ E. coli DH10B (Novagen), ʜʘʣʝʝ 

ʧʨʦʚʦʜʠʣʠ ʦʪʙʦʨ ʢʣʦʥʦʚ ʧʦ ʙʝʣʦ-ʛʦʣʫʙʦʡ ʩʝʣʝʢʮʠʠ ʥʘ ʩʨʝʜʝ ʩ ʘʤʧʠʮʠʣʣʠʥʦʤ (100 ʤʢʛ ʤʣ-1). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ ʵʩʪʝʨʘʟʳ ʦʧʨʝʜʝʣʷʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ. 2.2.1. 

ɺʳʨʘʚʥʠʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ ClustalW ʠ ESPript 3.0 (http://espript.ibcp.fr/ESPript/ESPript), ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ ʧʦʭʦʞʝʩʪʴ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Sequence Manipulation Suite 

(https://sites.ualberta.ca/~stothard/javascript/index.html). ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʫʶ ʜʝʥʜʨʦʛʨʘʤʤʫ ʩʪʨʦʠʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʚ ʧʨʦʛʨʘʤʤʝ MEGA 6.0. ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʪʦʧʦʣʦʛʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʙʫʪʩʪʨʝʧ-ʪʝʩʪʘ 

(1000 ʧʦʚʪʦʨʦʚ). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʵʩʪʝʨʘʟʳ estUT1 ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʚʝʨʘ SWISS-

MODEL (https://swissmodel.expasy.org/) [301] ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Chimera 1.11. 

ʂʘʯʝʩʪʚʦ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ PROCHECK [302] ʥʘ ʩʝʨʚʝʨʝ 

SWISS-MODEL. 

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʧʣʘʟʤʠʜ ʠ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʳʡ ʤʫʪʘʛʝʥʝʟ 

ʇʣʘʟʤʠʜʫ pAL-TA-UT1 ʠ ʚʝʢʪʦʨ pET32b(+) (ʠʣʠ pET28a), ʦʙʨʘʙʦʪʘʥʥʳʝ ʨʝʩʪʨʠʢʪʘʟʘʤʠ 

BamHI ʠ Sfr 274I, ʦʯʠʱʘʣʠ ʚ 0.8% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ, ʚʳʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çGeneJET Gel 

Extraction Kitè (Thermo) ʠ ʣʠʛʠʨʦʚʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʊ4 ɼʅʂ-ʣʠʛʘʟʫ, ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʣʘʟʤʠʜʳ 

pET32b-UT1 (pET28a-UT1). ʃʠʛʘʟʥʫʶ ʩʤʝʩʴ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ E. coli DH10B 

(Novagen), ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ ʚ ʵʪʦʤ ʧʫʥʢʪʝ. 

ʉʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʳʡ ʤʫʪʘʛʝʥʝʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʧʣʘʟʤʠʜʳ pET32b-UT1. 

ʄʫʪʘʮʠʠ ʜʣʷ ʚʚʝʜʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ Ser93Ala, Asp192Asn ʠ His222Leu ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
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ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ Ser93Ala_F, Ser93Ala_R, Asp192Asn_F, Asp192Asn_R, His222Leu_F 

ʠ His222Leu_R. ɸʤʧʣʠʬʠʢʘʮʠʶ ʤʫʪʘʥʪʥʳʭ ʛʝʥʦʚ ʵʩʪʝʨʘʟʳ estUT1 ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʇʎʈ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 50 ʥʛ ʧʣʘʟʤʠʜʳ pET32b-UT1, 0.24 ʤʢM dNTPs, 0.24 ʤʢM ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʘʨʳ 

ʧʨʘʡʤʝʨʦʚ, ʙʫʬʝʨʘ ʜʣʷ Phusion Hot Start Flex ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʠ 1.0 ɽɸ Phusion Hot Start Flex 

ɼʅʂ ʧʦʣʠʤʝʨʘʟʳ. ʈʝʘʢʮʠʶ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʝ: 98 Áʉ ï 30 ʩ; 20 

ʮʠʢʣʦʚ (98 Áʉ ï 10 ʩ, 62 Áʉ ï 25 ʩ, 72 Áʉ ï 2 ʤʠʥ 20 ʩ); 72 Áʉ ï 7 ʤʠʥ. ʇʦʣʫʯʝʥʥʳʝ ʇʎʈ-ʧʨʦʜʫʢʪʳ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʥʜʦʥʫʢʣʝʘʟʦʡ ʨʝʩʪʨʠʢʮʠʠ MalI ʠ ʦʯʠʩʪʢʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ çGeneJET PCR 

Purification Kitè (Thermo) ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʚ ʢʣʝʪʢʠ E. coli DH10B (Novagen). ʅʘʣʠʯʠʝ ʤʫʪʘʮʠʡ 

ʚ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ ʧʦʜʪʚʝʨʞʜʘʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ɼʅʂ. 

ʕʢʩʧʨʝʩʩʠʷ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʵʩʪʝʨʘʟʳ estUT1 ʚ E. coli BL21(DE3) 

ʂʣʝʪʢʠ E. coli BL21(DE3), ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʘʟʤʠʜʦʡ pET32b-UT1, ʚʳʨʘʱʠʚʘʣʠ ʚ 

15 ʤʣ ʩʨʝʜʳ LB, ʩʦʜʝʨʞʘʱʝʡ ʘʥʪʠʙʠʦʪʠʢ ʘʤʧʠʮʠʣʣʠʥ (100 ʤʢʛ ʤʣ-1), ʧʨʠ 37 Áʉ, 250 ʦʙ. ʤʠʥ-1 ʚ 

ʪʝʯʝʥʠʝ 10 ʯ. 2 ʤʣ ʠʥʦʢʫʣʷʪʘ ʧʝʨʝʥʦʩʠʣʠ ʚ 200 ʤʣ ʩʨʝʜʳ LB ʠ ʢʫʣʴʪʠʚʠʨʚʘʣʠ ʧʨʠ 32 Áʉ ʠ 250 ʦʙ. 

ʤʠʥ-1. ʇʨʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʫʣʴʪʫʨʳ, ʨʘʚʥʦʡ 0.6-0.8 (600 ʥʤ) ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ 

ʠʥʜʫʮʠʨʦʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 0.5 ʤʄ ʀʇʊɻ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 16 Áʉ ʠ 250 ʦʙ. ʤʠʥ-1 ʚ ʪʝʯʝʥʠʝ 

18 ʯ ʢʣʝʪʢʠ ʦʩʘʞʜʘʣʠ 10 ʤʠʥ ʧʨʠ 3000 ʦʙ. ʤʠʥ-1 ʠ 4 ÁC ʠ ʦʪʤʳʚʘʣʠ ʜʚʘʞʜʳ 50 ʤʄ Tris-HCl pH 

7.0. ɹʠʦʤʘʩʩʫ ʢʣʝʪʦʢ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 50 ʤʄ Tris-HCl pH 7.0 ʠ ʨʘʟʨʫʰʘʣʠ ʦʙʨʘʙʦʪʢʦʡ 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʨʠ 0 Áʉ ʧʨʠ ʤʦʱʥʦʩʪʠ 50 ɺʪ (5 ʮʠʢʣʦʚ ʧʦ 40 ʩʝʢ ʩ 20 ʩʝʢ). ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 15 ʤʠʥ ʧʨʠ 5000 ʦʙ. ʤʠʥ-1 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 Áʉ. ʉʫʧʝʨʥʘʪʘʥʪ ʠ ʢʣʝʪʦʯʥʳʡ 

ʦʩʘʜʦʢ ʩʦʙʠʨʘʣʠ ʢʘʢ ʨʘʩʪʚʦʨʠʤʫʶ ʠ ʥʝʨʘʩʪʚʦʨʠʤʫʶ ʬʨʘʢʮʠʠ ʙʝʣʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʣʝʪʦʯʥʳʡ 

ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʜʚʘʞʜʳ 50 ʤʄ Tris-HCl pH 7.0 ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 20 ʤʄ Tris-HCl pH 8.0, 

ʩʦʜʝʨʞʘʱʝʤ 8.0 ʄ ʤʦʯʝʚʠʥʫ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 80 ʦʙ. ʤʠʥ-1 ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʉʫʩʧʝʥʟʠʶ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ 10000 ʦʙ. ʤʠʥ-1 ʠ 4 Áʉ. ʈʝʬʦʣʜʠʥʛ ʙʝʣʢʘ ʧʨʦʚʦʜʠʣʠ 

ʩʪʫʧʝʥʯʘʪʳʤ ʜʠʘʣʠʟʦʤ ʧʨʠ 4 Áʉ ʚ 20 ʤʄ Tris-HCl pH 8.0 ʚ ʧʦʥʠʞʘʶʱʝʤʩʷ ʛʨʘʜʠʝʥʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʯʝʚʠʥʳ (8ï0 ʄ). ʆʯʠʩʪʢʫ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʬʝʨʤʝʥʪʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʘʬʬʠʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ Ni-NTA ʘʛʘʨʦʟʝ, ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʙʫʬʝʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 0.5 ʄ 

NaCl, 50 ʤʄ Tris-HCl pH 8.0. ɹʝʣʦʢ ʵʣʶʠʨʦʚʘʣʠ ʩ ʢʦʣʦʥʢʠ ʚ ʧʦʚʳʰʘʶʱʝʤʩʷ ʛʨʘʜʠʝʥʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʠʜʘʟʦʣʘ (3ï300 ʤʄ) ʚ 50 ʤʄ Tris-HCl pH 8.0, ʩʦʜʝʨʞʘʱʝʤ 0.5ʄ NaCl. 

ʆʯʠʱʝʥʥʳʡ ʙʝʣʦʢ ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ ʩ ʩʦʨʙʝʥʪʦʤ Sephadex G25, ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ 50 ʤʄ Tris-

HCl pH 7.0. ʕʣʶʮʠʶ ʧʨʦʚʦʜʠʣʠ ʪʝʤ ʞʝ ʙʫʬʝʨʦʤ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ estUT1 ʧʨʦʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʫ estUT1-TrxA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʪʝʨʦʢʠʥʘʟʳ 

(Thermo). ɼʣʷ ʵʪʦʛʦ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ 25 ʤʢʛ ʵʩʪʝʨʘʟʳ, 20 ʤʄ Tris-HCl pH 8.0, 

50 ʤʄ NaCl, 2 ʤʄ CaCl2, ʜʦʙʘʚʣʷʣʠ ʵʥʪʝʨʦʢʠʥʘʟʫ ʚ ʢʦʣʠʯʝʩʪʚʝ 1 ɽɸ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

16 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 23 Áʉ.  
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ʂʦʵʢʩʧʨʝʩʩʠʷ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʵʩʪʝʨʘʟʳ estUT1-TrxA ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʰʘʧʝʨʦʥʘʤʠ 

ʂʣʝʪʢʠ E. coli BL21(DE3), ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʘʟʤʠʜʦʡ pBB542, ʦʪʙʠʨʘʣʠ ʥʘ LB-ʘʛʘʨʝ 

ʩʦ ʩʧʝʢʪʠʥʦʤʠʮʠʥʦʤ (50 ʤʢʛ ʤʣ-1) ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʢʦʤʧʝʪʝʥʪʥʳʭ 

ʢʣʝʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʢʣʝʪʢʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʧʣʘʟʤʠʜʦʡ pBB540, ʧʨʦʚʦʜʠʣʠ ʩʝʣʝʢʮʠʶ ʢʣʦʥʦʚ 

ʥʘ LB-ʘʛʘʨʝ ʩʦ ʩʧʝʢʪʠʥʦʤʠʮʠʥʦʤ (50 ʤʢʛ ʤʣ-1) ʠ ʭʣʦʨʘʤʬʝʥʠʢʦʣʦʤ (20 ʤʢʛ ʤʣ-1), ʠ ʟʘʪʝʤ 

ʧʦʚʪʦʨʷʣʠ ʧʨʦʮʝʜʫʨʫ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʢʣʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʣʘʟʤʠʜʦʡ pET32-UT1, ʪʨʘʥʩʬʦʨʤʘʥʪʳ ʩʝʷʣʠ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʫʶ ʩʨʝʜʫ LB, 

ʩʦʜʝʨʞʘʱʫʶ ʩʧʝʢʪʠʥʦʤʠʮʠʥ (50 ʤʢʛ ʤʣ-1), ʭʣʦʨʘʤʬʝʥʠʢʦʣ (20 ʤʢʛ ʤʣ-1) ʠ ʘʤʧʠʮʠʣʣʠʥ (100 ʤʢʛ 

ʤʣ-1). ʕʢʩʧʨʝʩʩʠʶ ʙʝʣʢʘ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʮʝʜʫʨʝ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʚ ʵʪʦʤ ʧʫʥʢʪʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʵʩʪʝʨʘʟʳ  

ɸʢʪʠʚʥʦʩʪʴ ʨʝʢʦʤʙʠʥʘʥʪʦʡ ʵʩʪʝʨʘʟʳ ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʬʠʨʦʚ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧ-ʥʠʪʨʦʬʝʥʦʣʘ (pNP) ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ 

ʩʦʩʪʦʷʣʘ ʠʟ 150 ʤʢʣ ʨʘʩʪʚʦʨʘ ʩʫʙʩʪʨʘʪʘ (1 ʦʙ. 0.1 ʄ ʵʬʠʨʘ pNP ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, 4 ʦʙ. ʵʪʘʥʦʣʘ ʠ 

95 ʦʙ. 50 ʤʄ Tris-HCl pH 8.0) ʠ 20 ʤʢʣ ʨʘʩʪʚʦʨʘ ʬʝʨʤʝʥʪʘ. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

50 Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ, ʟʘʪʝʤ ʨʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ ʣʴʜʫ ʠ ʠʟʤʝʨʷʣʠ ʆʇ405. ɿʘ 

ʦʜʥʫ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʩʪʠ ʵʩʪʝʨʘʟʳ estUT1 (ɽɸ) ʧʨʠʥʠʤʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦʝ 

ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 1 ʤʢʤʦʣʴ ʧ-ʥʠʪʨʦʬʝʥʦʣʘ ʚ ʤʠʥ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. ʋʜʝʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʚʳʨʘʞʘʣʠ ʚ ʝʜʠʥʠʮʘʭ ɽɸ ʤʛ-1 ʙʝʣʢʘ. 

ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʵʩʪʝʨʘʟʳ  

ʉʫʙʩʪʨʘʪʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʦʧʨʝʜʝʣʷʣʠ, ʠʟʤʝʨʷʷ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʧ-ʥʠʪʨʦʬʝʥʠʣʦʚʳʭ ʵʬʠʨʦʚ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʦʩʪʘʪʢʘ (pNPC2, pNPC4, pNPC8, pNPC12, pNPC16 ʠ pNPC18) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ ʚ 50 ʤʄ Tris-HCl pH 8.0. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʞʘʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʟʘ 100% ʙʳʣʘ ʧʨʠʥʷʪʘ ʘʢʪʠʚʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pNPC2 ʚ 

ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ ʦʧʪʠʤʫʤʘ ʬʝʨʤʝʥʪʘ ʠʟʤʝʨʷʣʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

pNPC4 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʧʨʠ 50 Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʚ ʩʣʝʜʫʶʱʠʭ ʙʫʬʝʨʘʭ (50 ʤʄ): ʮʠʪʨʘʪʥʦ-

ʬʦʩʬʘʪʥʳʡ (ʨʅ 5.0-6.0), ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʳʡ (ʨʅ 6.0-8.0), Tris-HCl (ʨʅ 8.0-9.0), ʛʣʠʮʠʥ-NaOH (9.0-

10.0). ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʞʘʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʟʘ 100% ʙʳʣʘ ʧʨʠʥʷʪʘ 

ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 50 ʤʄ Tris-HCl pH 8.0. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʦʧʨʝʜʝʣʷʣʠ, ʚʳʜʝʨʞʠʚʘʷ ʬʝʨʤʝʥʪ ʚ ʙʫʬʝʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʨʅ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʷʣʠ ʦʩʪʘʪʦʯʥʫʶ 

ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pNPC4 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʞʘʣʠ 
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ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʜʦ ʧʨʦʛʨʝʚʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ 

100%. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʧʪʠʤʫʤʘ ʬʝʨʤʝʥʪʘ ʠʟʤʝʨʷʣʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pNPC4 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʚ 50 ʤʄ Tris-HCl ʨʅ 8.0 ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ 30-90 

Áʉ. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʞʘʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʟʘ 100% ʙʳʣʘ ʧʨʠʥʷʪʘ 

ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʧʨʠ 80 Áʉ. 

ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 50-80 ÁC ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʠʥʢʫʙʘʮʠʠ 

ʬʝʨʤʝʥʪʘ ʚ 50 ʤʄ Tris-HCl ʨʅ 8.0 ʚ ʪʝʯʝʥʠʝ 1-8 ʯ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʩʣʝ ʯʝʛʦ 

ʠʟʤʝʨʷʣʠ ʦʩʪʘʪʦʯʥʫʶ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pNPC4 ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʞʘʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʘʢʪʠʚʥʦʩʪʴ 

ʵʩʪʝʨʘʟʳ ʜʦ ʧʨʦʛʨʝʚʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ 100%. 

ɺʣʠʷʥʠʝ ʥʘ ʬʝʨʤʝʥʪ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ (NaCl, KCl, CaCl2, CoCl2, CuSO4, MgSO4, 

MnSO4, ZnSO4, FeSO4 ʠ Al2(SO4)3) ʠ ʜʨʫʛʠʭ ʜʦʙʘʚʦʢ (2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, ʕɼʊɸ, ɼʊʊ, ʌʄʉʌ, 

SDS, ʊʚʠʥ 20, ʊʚʠʥ 80, ʊʨʠʪʦʥ ʍ-100) ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 1 ʠ 10 ʤʄ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʦʩʪʘʪʦʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pNPC4 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ, ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ 

ʬʝʨʤʝʥʪʘ ʧʨʠ 50 ÁC ʚ 50 ʤʄ Tris-HCl ʨʅ 8.0 ʚ ʪʝʯʝʥʠʝ 1 ʯ ʩ ʫʢʘʟʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʥ-ʛʝʢʩʘʥ, ʘʮʝʪʦʥ, ɼʄʉʆ, ʭʣʦʨʦʬʦʨʤ, 

ʠʟʦʧʨʦʧʘʥʦʣ, ʥ-ʙʫʪʘʥʦʣ, ʘʮʝʪʦʥʠʪʨʠʣ ʠ ɼʄʌ) ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pNPC4 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ, ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʬʝʨʤʝʥʪʘ ʚ ʪʝʯʝʥʠʝ 1-24 ʯ ʧʨʠ 50 ÁC ʚ 50 ʤʄ Tris-HCl ʨʅ 8.0, ʩʦʜʝʨʞʘʱʝʤ 10 ʠʣʠ 30% 

(ʦʙ./ʦʙ.) ʫʢʘʟʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʟʘ 100% ʙʳʣʘ ʧʨʠʥʷʪʘ ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʀʟʤʝʨʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʩʪʝʨʘʟʳ  

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (KM, Vmax, kʢʘʪ) ʛʠʜʨʦʣʠʟʘ pNPC2, pNPC4 ʠ pNPC8, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʵʩʪʝʨʘʟʦʡ, ʚʳʯʠʩʣʷʣʠ ʧʨʠ ʘʥʘʣʠʟʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʛʠʜʨʦʣʠʟʘ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ (0.05-10 ʤʄ) ʚ 50 ʤʄ Tris-HCl ʨʅ 8.0 ʧʨʠ 50 ÁC. ʈʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʧʨʷʤʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʄʠʭʘʵʣʠʩʘ-ʄʝʥʪʝʥ: 

ὺ
 

 (1) 

ʛʜʝ v ï ʩʢʦʨʦʩʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ, Vmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, S ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ, KM ï ʢʦʥʩʪʘʥʪʘ ʄʠʭʘʵʣʠʩʘ. 
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2.2.2.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʣʠʧʘʟʳ G3 

 

ɺʳʜʝʣʝʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʣʠʧʘʟʳ G3 

ʐʪʘʤʤ E. coli ɺ-1298, ʧʨʦʜʫʮʠʨʫʶʱʠʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʫʶ ʣʠʧʘʟʫ ʙʘʢʪʝʨʠʠ G. 

stearothermophilus G3, ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 200 ʤʣ ʩʨʝʜʳ LB ʧʨʠ 37 Áʉ ʠ 250 ʦʙ. ʤʠʥ-1, ʵʢʩʧʨʝʩʩʠʶ 

ʣʠʧʘʟʳ ʠʥʜʫʮʠʨʦʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 1 ʤʄ ʀʇʊɻ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 37 Áʉ 250 ʦʙ. ʤʠʥ-1 ʚ 

ʪʝʯʝʥʠʝ 6 ʯ ʢʣʝʪʢʠ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 3000 ʦʙ. ʤʠʥ-1 ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. 

ʀʥʜʫʮʠʨʦʚʘʥʥʳʝ ʀʇʊɻ ʢʣʝʪʢʠ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 50 ʤʄ Tris-HCl pH 7.0 ʠ ʨʘʟʨʫʰʘʣʠ ʦʙʨʘʙʦʪʢʦʡ 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʨʠ 60 ɺʪ (5 ʮʠʢʣʦʚ ʧʦ 40 ʩʝʢ ʩ 20 ʩʝʢ ʠʥʪʝʨʚʘʣʘʤʠ). ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 10 ʤʠʥ ʧʨʠ 5000 ʦʙ. ʤʠʥ-1 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 Áʉ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʙʝʣʢʘ ʢ 

ʧʦʣʫʯʝʥʥʦʤʫ ʩʫʧʝʨʥʘʪʘʥʪʫ ʜʦʙʘʚʣʷʣʠ ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ ʜʦ 30% ʦʪ ʥʘʩʳʱʝʥʠʷ, ʧʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʢʘ ʧʨʠ 4 Áʉ ʧʦʩʣʝʜʥʠʡ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 14000 ʦʙ. ʤʠʥ-1 ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 4 Áʉ, ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʥʘʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ ʜʦ 80%, 

ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʡ ʙʝʣʦʢ ʦʙʝʩʩʦʣʠʚʘʣʠ ʜʠʘʣʠʟʦʤ ʚ 50 ʤʄ Tris-

HCl pH 7.0 ʧʨʠ 4 Áʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʣʶʣʦʟʥʦʡ ʤʝʤʙʨʘʥʳ (10 ʢɼʘ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʣʠʧʘʟʳ G3 

ɸʢʪʠʚʥʦʩʪʴ ʣʠʧʘʟʳ G3 ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʨʅ ʧʦ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʵʤʫʣʴʩʠʠ ʪʨʠʙʫʪʠʨʠʥʘ. ɼʣʷ ʵʪʦʛʦ 0.01 ʛ ʬʝʨʤʝʥʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʦʯʠʩʪʢʠ, ʜʦʙʘʚʣʷʣʠ ʢ 10 ʤʣ ʨʘʩʪʚʦʨʘ ʩʫʙʩʪʨʘʪʘ ʠ ʪʠʪʨʦʚʘʣʠ 0.05 ʄ NaOH ʧʨʠ 

ʫʜʝʨʞʘʥʠʠ ʨʅ 7.0 ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 Áʉ. 

ʈʘʩʪʚʦʨ ʩʫʙʩʪʨʘʪʘ ʛʦʪʦʚʠʣʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʪʨʠʙʫʪʠʨʠʥʘ (3 ʤʣ), ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ (47 ʤʣ) ʠ ʨʘʩʪʚʦʨʘ ʵʤʫʣʴʛʘʪʦʨʘ (10 ʤʣ) ʚ ʪʝʯʝʥʠʝ 30 ʩ ʚ ʛʦʤʦʛʝʥʠʟʘʪʦʨʝ ʧʨʠ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ 20000 ʦʙ. ʤʠʥ-1. ʈʘʩʪʚʦʨ ʵʤʫʣʴʛʘʪʦʨʘ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʛʫʤʤʠʘʨʘʙʠʢʘ (6.0 

ʛ), ʛʣʠʮʝʨʠʥʘ (540 ʤʣ), NaCl (17.9 ʛ) ʠ KH2PO4 (0.41 ʛ) ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʜʦʚʦʜʷ ʦʙʱʠʡ 

ʦʙʲʝʤ ʜʦ 1 ʣ. ʆʜʥʘ ʝʜʠʥʠʮʘ ʘʢʪʠʚʥʦʩʪʠ ʣʠʧʘʟʳ G3 ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʘ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 1 ʤʢʤʦʣʴ ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ ʤʠʥ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. 

ʋʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʣʠʧʘʟʳ G3 ʚʳʨʘʞʘʣʠ ʚ ʝʜʠʥʠʮʘʭ ɽɸ ʛ-1 ʙʝʣʢʘ. 

2.2.3 ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʚ ʨʝʘʢʮʠʷʭ 

ʛʠʜʨʦʣʠʟʘ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

2.2.3.1 ʌʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ʂʘʪɸ 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʂʘʪɸ ʤʝʪʦʜʦʤ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʠ ʘʛʨʝʛʘʪʦʚ ʙʝʣʢʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʂʘʪɸ ʥʘ ʦʩʥʦʚʝ ʧʦʧʝʨʝʯʥʦ ʩʰʠʪʳʭ ʘʛʨʝʛʘʪʦʚ 

ʣʠʧʘʟʳ B. cepacia (Amano) 2 ʤʣ ʨʘʩʪʚʦʨʘ ʬʝʨʤʝʥʪʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ 25 ʤʛ ʤʣ-1) ʚ 0.025 ʄ 
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ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ ʧʨʠ pH 7.0 ʩʤʝʰʠʚʘʣʠ ʩ 5 ʤʛ ɹʉɸ ʠ 0.008 ʤʣ Triton X-100, ʟʘʪʝʤ ʢ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ 4 ʤʣ ʘʮʝʪʦʥʘ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 4 ÁC ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (0.075 ʄ). ʇʦʩʣʝ 4 ʯ ʠʥʢʫʙʘʮʠʠ ʂʘʪɸ 

ʦʪʜʝʣʷʣʠ ʦʪ ʞʠʜʢʦʩʪʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (4 ÁC, 3000 g, 5 ʤʠʥ) ʠ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ. 

ʇʦʩʣʝ ʦʮʝʥʠʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (IcD) ʂʘʪɸ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʢʦʣʠʯʝʩʪʚʦ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʦʭʨʘʥʠʚʰʫʶʩʷ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʤʝʪʦʜʦʤ 

ʇʉʌɸ. 

IʩD ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

   Ὅ̒Ὀ   ρππϷ, (2) 

ʛʜʝ Ecat ï ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, Eenz ï ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. 

ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʂʘʪɸ 

ʌʝʨʤʝʥʪʘʪʠʚʥʫʶ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʶ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (50 ʤʛ) ʩ ʤʝʪʘʥʦʣʦʤ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1-20% ʂʘʪɸ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʩʣʫ) ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ 30-60 ÁC, 

ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʥʦʣ:ʤʘʩʣʦ (3:1 - 10:1), ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ (ʜʦ 5%) ʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ 500 ʦʙ. ʤʠʥ-1. ʄʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʣʠʧʠʜʦʚ. ʉʨʝʜʥʶʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʣʠʧʠʜʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʩʪʘʚʦʤ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [303]. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʜʦʙʘʚʣʷʣʠ ʥ-ʛʝʢʩʘʥ (ʤʘʩʣʦ: ʛʝʢʩʘʥ 1:2 ʦʙ./ʦʙ.). ɺʳʭʦʜ ʄʕɾʂ (Yʄʕɾʂ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ. 2.2.6. 

ʀʟʤʝʨʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʂʘʪɸ 

ɸʢʪʠʚʥʦʩʪʴ ʂʘʪɸ ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨ-ʥʠʪʨʦʬʝʥʠʣʧʘʣʴʤʠʪʘʪʘ (pNPP) ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 150 ʤʢʣ ʨʘʩʪʚʦʨʘ pNPP (0.1 M pNPP ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, 

ʵʪʘʥʦʣʝ ʠ 0.05 M Tris pH 8.0 ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:4:95), 0.02 ʤʣ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ 

0.005-0.01 ʛ ʂʘʪɸ. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 50 ÁC ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʈʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʧʨʠ 

0 ÁC, ʨʘʩʪʚʦʨ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʧʨʠ 12000 ʦʙ. ʤʠʥ-1, ʩʫʧʝʨʥʘʪʘʥʪ ʩʦʙʠʨʘʣʠ ʠ 

ʠʟʤʝʨʷʣʠ ʆʇ405. ɿʘ ʦʜʥʫ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʩʪʠ (ɽA) ʧʨʠʥʠʤʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ (ʛ), ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 1 ʤʢʤʦʣʴ ʧ-ʥʠʪʨʦʬʝʥʦʣʘ ʚ ʤʠʥʫʪʫ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʤʝʪʦʜʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ  

 ʈʝʘʢʮʠʶ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠʟ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-76 

ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ (RSM) ʥʘ ʦʩʥʦʚʝ 
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ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ (CCD) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Design-Expert v.10 (Stat-Ease Inc.). ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʄʕɾʂ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʬʘʢʪʦʨʳ 

(ʢʦʣʠʯʝʩʪʚʦ ʂʘʪɸ, ʪʝʤʧʝʨʘʪʫʨʘ, ʤʦʣʷʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ ʢ ʤʘʩʣʫ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 5-ʫʨʦʚʥʝʚʦʛʦ 4-ʬʘʢʪʦʨʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʄʘʪʨʠʮʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʦʷʣʘ ʠʟ 30 ʦʧʳʪʦʚ (16 ʬʘʢʪʦʨʥʳʭ ʪʦʯʝʢ, ʚʦʩʝʤʴ ʦʩʝʚʳʭ ʪʦʯʝʢ ʠ 

ʰʝʩʪʴ ʧʦʚʪʦʨʦʚ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʪʦʯʢʘʭ), ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʢʚʘʜʨʘʪʠʯʥʦʡ) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ.  

 ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ 

(ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ:  

 

Yʧʨ(n) = ɓ0 + ×ɓiXi + ×ɓiiXi 2+ ×ɓijX iX j (3) 

 

ʛʜʝ Yʧʨ(n) ï ʧʨʝʜʩʢʘʟʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʦʪʢʣʠʢʘ (ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ), n ï ʥʦʤʝʨ 

ʤʦʜʝʣʠ; ɓ0, ɓi, ɓii, ɓij ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʤʦʜʝʣʠ; Xi, Xj (i = 1,4; 

j = 1,4, i Í j) ï ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ (ʬʘʢʪʦʨʳ). 

ʆʮʝʥʢʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʂʘʪɸ 

ʆʧʝʨʘʮʠʦʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʂʘʪɸ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠʠ ʣʠʧʠʜʦʚ Micractinium 

sp. IC-76 ʦʧʨʝʜʝʣʷʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʮʠʢʣʦʚ ʨʝʘʢʮʠʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ: ʪʝʤʧʝʨʘʪʫʨʘ 39.8 ÁC, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʂʘʪɸ 12.3%, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ: ʣʠʧʠʜʳ 1:3.5, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ 2.3%. ʇʦʩʣʝ 

ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʨʝʘʢʮʠʠ (1 ʮʠʢʣ = 24 ʯ) ʂʘʪɸ ʦʪʜʝʣʷʣʠ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʩʦʩʪʘʚ ʩʤʝʩʠ, ʦʪʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ ʠ ʜʦʙʘʚʣʷʣʠ ʢ ʩʚʝʞʝʡ ʩʤʝʩʠ ʣʠʧʠʜʦʚ ʠ ʤʝʪʘʥʦʣʘ. ɺʳʭʦʜ 

ʄʕɾʂ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ ʩʦʛʣʘʩʥʦ ʧ. 2.2.6. 

2.2.3.2 ʀʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ɹʂʃ 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ɹʂʃ 

ɼʣʷ ʩʠʥʪʝʟʘ ʘʤʠʥʦʩʠʣʠʢʘʛʝʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʘʢʪʠʚʘʮʠʶ ʤʝʟʦʧʦʨʠʩʪʦʛʦ 

ʩʠʣʠʢʘʛʝʣʷ ɸʉʂɻ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ ï 0.2-0.5 ʤʤ, ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ 0.4 ʛ ʩʤ-3) ʧʫʪʝʤ 

ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 170 Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯ, ʟʘʪʝʤ ʢ 1 ʛ ʩʠʣʠʢʘʛʝʣʷ ʜʦʙʘʚʣʷʣʠ 95% 3-

ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥ ʚ ʙʝʟʚʦʜʥʦʤ ʙʝʥʟʦʣʝ (ʠʟ ʨʘʩʯʝʪʘ 25 ʤʣ ʨʘʩʪʚʦʨʘ ʥʘ 1 ʛ ʩʠʣʠʢʘʛʝʣʷ) 

ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʦʤ ʰʝʡʢʝʨʝ 3 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 75 Áʉ ʠ 150 ʦʙ. ʤʠʥ-1. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʠʣʠʢʘʛʝʣʴ ʧʨʦʤʳʚʘʣʠ 50 ʤʣ ʙʝʥʟʦʣʘ, 50 ʤʣ ʵʪʘʥʦʣʘ ʠ 50 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1.2%, 
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ʚʳʜʝʨʞʘʥʥʳʡ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ 60 Áʉ, ʜʦʙʘʚʣʷʣʠ ʢ ʘʤʠʥʠʨʦʚʘʥʥʦʤʫ ʩʠʣʠʢʘʛʝʣʶ ʠʟ ʨʘʩʯʝʪʘ 

2 ʤʣ ʥʘ 1 ʛ ʩʠʣʠʢʘʛʝʣʷ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʙʦʪʘʥʥʳʡ ʩʠʣʠʢʘʛʝʣʴ ʧʨʦʤʳʚʘʣʠ 0.1 ʄ ʬʦʩʬʘʪʥʳʤ ʙʫʬʝʨʦʤ ʨʅ 6.5. 

ʆʯʠʱʝʥʥʫʶ ʣʠʧʘʟʫ G. stearothermophilus G3, ʧʦʣʫʯʝʥʥʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʫʥʢʪʦʤ 

2.2.2.2, ʨʘʩʪʚʦʨʷʣʠ ʚ 0.1 ʄ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ ʨʅ 6.5 ʠ ʜʦʙʘʚʣʷʣʠ ʢ ʦʙʨʘʙʦʪʘʥʥʦʤʫ ʛʣʫʪʘʨʦʚʳʤ 

ʘʣʴʜʝʛʠʜʦʤ ʩʠʣʠʢʘʛʝʣʶ (ʠʟ ʨʘʩʯʝʪʘ 50 ʤʛ ʬʝʨʤʝʥʪʘ ʥʘ 1 ʛ ʥʦʩʠʪʝʣʷ) ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ 

ʪʝʯʝʥʠʝ 3 ʯ ʧʨʠ 50 Áʉ ʠ 150 ʦʙ. ʤʠʥ-1. ʀʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ɹʂʃ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʜʚʫʢʨʘʪʥʦ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʥʦʤ ʠʩʧʘʨʠʪʝʣʝ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ 0.75 ʛ ʩʤ-3 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ɹʂʃ 

ɸʢʪʠʚʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʳ G. stearothermophilus G3 ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ 

ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʅ ʧʦ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʵʤʫʣʴʩʠʠ 

ʪʨʠʙʫʪʠʨʠʥʘ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ. 2.2.2.2. ʆʜʥʘ ʝʜʠʥʠʮʘ ʘʢʪʠʚʥʦʩʪʠ ɹʂʃ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ɹʂʃ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 1 ʤʢʤʦʣʴ ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ ʤʠʥ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. ʋʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʨʘʞʘʣʠ ʚ ʝʜʠʥʠʮʘʭ ɽɸ ʛ-1 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. ʆʪʥʦʩʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ɹʂʃ ʧʦʩʣʝ 

ʠʤʤʦʙʠʣʠʟʧʮʠʠ (IcD) ʦʮʝʥʠʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ 2. 

ʇʨʠʤʝʥʝʥʠʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ɹʂʃ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ  

ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʶ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ (2 ʛ) ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 0.25-20% ɹʂʃ 

ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ 30-60 Áʉ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 250 ʦʙ. ʤʠʥ-1. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʩʩʣʝʜʦʚʘʣʠ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʥ-ʛʝʢʩʘʥ, ʘʮʝʪʦʥ, ʪʨʝʪ-

ʙʫʪʘʥʦʣ) ʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ (2 ï 10 ʤʣ), ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʥʦʣ : ʤʘʩʣʦ (ʦʪ 1:1 ʜʦ 9:1) ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ (1 ï 10%, ʦʙ./ʚʝʩ.). 

ʆʧʝʨʘʮʠʦʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ɹʂʃ ʦʧʨʝʜʝʣʷʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʮʠʢʣʦʚ ʨʝʘʢʮʠʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ: 2 ʛ ʤʘʩʣʘ, ɹʂʃ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 20% (ʚʝʩ./ʚʝʩ.), ʤʝʪʘʥʦʣ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢ 

ʤʘʩʣʫ 3:1, 4 ʤʣ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ ʠ 4% (ʦʙ./ʚʝʩ.) ʚʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʘ 40 Áʉ, 250 ʦʙ. ʤʠʥ-1. ʇʦʩʣʝ 

ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʨʝʘʢʮʠʠ (1 ʮʠʢʣ = 24 ʯ) ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʣʠʧʘʟʫ ʦʪʜʝʣʷʣʠ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ, ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʦʩʪʘʚ ʩʤʝʩʠ, ʘ ɹʂʃ ʧʨʦʤʳʚʘʣʠ ʪʨʝʪ-ʙʫʪʘʥʦʣʦʤ ʠ ʜʦʙʘʚʣʷʣʠ ʢ ʩʚʝʞʝʡ 

ʩʤʝʩʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʠ ʤʝʪʘʥʦʣʘ. ɺʳʭʦʜ ʄʕɾʂ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ ʩʦʛʣʘʩʥʦ ʧ. 

2.2.6. ɺʨʝʤʷ ʧʦʣʫʠʥʘʢʪʠʚʘʮʠʠ ɹʂʃ (t1/2) ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʧʨʦʛʨʘʤʤʝ OriginPro 8.5. 
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ʇʨʠʤʝʥʝʥʠʝ ɹʂʃ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʞʠʨʦʚ 

ʈʝʘʢʮʠʶ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩʤʝʩʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʠ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ 

ʩʦʝʚʦʛʦ ʤʘʩʣʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 75:25 (ʚʝʩ./ʚʝʩ.), ʦʙʲʝʤ 600 ʤʢʣ, ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 10-

30% ɹʂʃ ʚ ʪʝʯʝʥʠʝ 1-5 ʯ ʧʨʠ 70-80 Áʉ ʠ 1400 ʦʙ. ʤʠʥ-1. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʣʠ ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʠʜʨʠʨʦʚʘʥʥʦʝ ʩʦʝʚʦʝ ʤʘʩʣʦ: ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ (1:9, 1:4, 

1:3 ʠ 2:3). 

ʆʧʝʨʘʮʠʦʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ɹʂʃ ʦʧʨʝʜʝʣʷʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʮʠʢʣʦʚ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ: ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʠʜʨʠʨʦʚʘʥʥʦʝ ʩʦʝʚʦʝ ʤʘʩʣʦ 

: ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ 1:3, 10% ɹʂʃ, 70 Áʉ, 1400 ʦʙ. ʤʠʥ-1. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʨʝʘʢʮʠʠ (1 ʮʠʢʣ 

= 24 ʯ) ɹʂʃ ʦʪʜʝʣʷʣʠ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʦʩʪʘʚ ʩʤʝʩʠ, ʘ ɹʂʃ ʦʪʤʳʚʘʣʠ ʥ-

ʛʝʢʩʘʥʦʤ ʠ ʜʦʙʘʚʣʷʣʠ ʩʚʝʞʫʶ ʩʳʨʴʝʚʫʶ ʩʤʝʩʴ. ʉʪʝʧʝʥʴ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (ID) ʦʧʨʝʜʝʣʷʣʠ 

ʤʝʪʦʜʦʤ ɺʕɾʍ-ʄʉ ʩʦʛʣʘʩʥʦ ʧ. 2.6. 

ɺʨʝʤʷ ʧʦʣʫʠʥʘʢʪʠʚʘʮʠʠ ɹʂʃ (t1/2) ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʧʨʦʛʨʘʤʤʝ OriginPro 8.5. 

2.2.3.3 ʌʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ʇʉʌɸ-estUT1-TrxA 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʇʉʌɸ-estUT1-TrxA ʤʝʪʦʜʦʤ ʧʦʧʝʨʝʯʥʦʡ 

ʩʰʠʚʢʠ ʘʛʨʝʛʘʪʦʚ ʙʝʣʢʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʇʉʌɸ ʢ 0.5 ʤʣ ʬʝʨʤʝʥʪʘ (1 ʤʛ ʤʣ-1 ʚ 50 ʤʄ Tris-HCl pH 8.0) ʜʦʙʘʚʣʷʣʠ 

ʦʩʘʜʠʪʝʣʴ, ʛʣʫʪʘʨʦʚʳʡ ʘʣʴʜʝʛʠʜ ʠ ʜʦʙʘʚʢʠ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ 1.5 ʤʣ. ʈʝʘʢʮʠʶ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 Áʉ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 200 ʦʙ. ʤʠʥ-1. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʉʌɸ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ 4000 ʦʙ. ʤʠʥ-1 (4 Áʉ), 

ʜʚʘʞʜʳ ʦʪʤʳʚʘʣʠ 50 ʤʄ Tris-HCl pH 8.0. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʝʡ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʮʝʪʦʥ, ʪʨʝʪ-ʙʫʪʘʥʦʣ, ʠʟʦʧʨʦʧʘʥʦʣ, ʵʪʘʥʦʣ 

ʠ ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ 50% (ʚʝʩ./ʦʙ.) ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʦʩʘʜʠʪʝʣʴ:ʬʝʨʤʝʥʪ 3:1 (ʦʙ./ʦʙ.). ʇʉʌɸ-estUT1-

TrxA ʛʦʪʦʚʠʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ ʚ ʵʪʦʤ ʧʫʥʢʪʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʩʦʩʪʘʚʠʣʘ 

75 ʤʄ, ʚʨʝʤʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 4 ʯ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ɹʉɸ ʠ SDS ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʛ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪʘ 

ʘʤʤʦʥʠʷ ʠ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʩʦʩʪʘʚʠʣʘ 60% (ʚʝʩ./ʦʙ.) ʠ 75 ʤʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ 4 ʯ.  

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʉʌɸ-estUT1-TrxA ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ 

ʩ ʧʦʤʦʱʴʶ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ (FCCCD) ʧʦ 

ʤʝʪʦʜʫ RSM ʚ ʧʨʦʛʨʘʤʤʝ Design-Expert 10 (Stat-Ease Inc.). ɼʣʷ ʵʪʦʛʦ ʚʘʨʴʠʨʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʉʌɸ-estUT1-TrxA: ʚʨʝʤʷ ʨʝʘʢʮʠʠ  (1, 4.5 ʠ 8 ʯ), ʢʦʥʮʝʥʪʨʘʮʠʷ 
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ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ (30, 55 ʠ 80%, ʚʝʩ./ʦʙ.), ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (25, 87.5 ʠ 150 ʤʄ) ʠ ɹʉɸ 

(0.010, 0.105 ʠ 0.200 ʤʄ). ɺ ʢʘʯʝʩʪʚʝ ʦʪʢʣʠʢʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʇʉʌɸ 

(IʩD) estUT1-TrxA. 

ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ (ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ 

ʟʥʘʯʝʥʠʷ IʩD) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ:  

 

IʩDʧʨ = ɓ0 + ×ɓiX i + ×ɓiiXi 2+ ×ɓijX iX j (4) 

 

ʛʜʝ Yʧʨ(n) ï ʧʨʝʜʩʢʘʟʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʦʪʢʣʠʢʘ (ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʩʪʝʧʝʥʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ), ɓ0, ɓi, 

ɓii, ɓij ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʤʦʜʝʣʠ; Xi, Xj (i = 1,4; j = 1,4, i Í j) ï 

ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ (ʬʘʢʪʦʨʳ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʇʉʌɸ-estUT1-TrxA 

ɸʢʪʠʚʥʦʩʪʴ ʇʉʌɸ-estUT1-TrxA ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, 

ʦʧʠʩʘʥʥʦʤʫ ʚ ʧ. 2.2.6. ɿʘ ʦʜʥʫ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 1 ʤʢʤʦʣʴ ʧ-ʥʠʪʨʦʬʝʥʦʣʘ ʚ ʤʠʥ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. ʋʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʨʘʞʘʣʠ ʚ ʝʜʠʥʠʮʘʭ ɽɸ ʤʛ-1 ʬʝʤʝʥʪʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ, ʪʘʢʞʝ ʨʘʩʯʠʪʳʚʘʣʠ ʦʩʪʘʪʦʯʥʫʶ ʩʪʝʧʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʇʉʌɸ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ (IʩD) 

ʧʦ ʬʦʨʤʫʣʝ 2.  

ʉʚʦʡʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ. 5 ʤʢʣ ʨʘʩʪʚʦʨʘ 

ʤʘʣʘʪʠʦʥʘ ʚ ʵʪʘʥʦʣʝ (10 ʤʄ) ʩʤʝʰʠʚʘʣʠ ʩ 515 ʤʢʣ 50 ʤʄ Tris-HCl pH 7.0 ʠ 80 ʤʢʣ ʇʉʌɸ-estUT1-

TrxA ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 30 ʤʠʥ ʧʨʠ 37 Áʉ ʠ 250 ʦʙ. ʤʠʥ-1. ʄʘʣʘʪʠʦʥ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʥ-ʛʝʢʩʘʥʦʤ ʠ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ (ʧ. 2.2.6). ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʞʘʣʠ ʚ ʚʠʜʝ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ 

(MHD) ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ: 

  ὓὌὈ   ρππϷ, (5) 

ʛʜʝ ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʣʘʪʠʦʥʘ ʚ ʨʘʩʪʚʦʨʝ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ, ʉ0 ï ʥʘʯʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʣʘʪʠʦʥʘ ʚ ʨʘʩʪʚʦʨʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ estUT1-TrxA (ʧʨʠ ʢʦʵʢʩʧʨʝʩʩʠʠ ʩ ʰʘʧʝʨʦʥʘʤʠ) ʠ ʇʉʌɸ-estUT1-

TrxA 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ ʦʧʪʠʤʫʤʘ ʵʩʪʝʨʘʟʳ estUT1-TrxA, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʝʝ ʢʦʵʢʩʧʨʝʩʩʠʠ 

ʩ ʰʘʧʝʨʦʥʘʤʠ E. coli, ʘ ʪʘʢʞʝ ʇʉʌɸ-estUT1-TrxA, ʠʟʤʝʨʷʣʠ ʝʝ ʘʢʪʠʚʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

pNPʉ2 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʧʨʠ 50 Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʚ ʩʣʝʜʫʶʱʠʭ 50 ʤʄ ʙʫʬʝʨʘʭ: ʮʠʪʨʘʪʥʦ-

ʬʦʩʬʘʪʥʳʡ (ʨʅ 5.0), ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ (ʨʅ 6.0-7.0), Tris-HCl (ʨʅ 8.0-9.0), ʛʣʠʮʠʥ-NaOH 



90 

 

(ʨʅ 10.0). ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʟʘ ʢʦʥʪʨʦʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʙʳʣʘ ʧʨʠʥʷʪʘ ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 50 ʤʄ Tris-HCl pH 8.0. 

ʉʪʘʙʠʣʴʥʦʩʪʴ estUT1-TrxA ʠ ʇʉʌɸ-estUT1-TrxA ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʠʥʢʫʙʘʮʠʠ ʬʝʨʤʝʥʪʘ 

ʚ ʙʫʬʝʨʘʭ ʨʘʟʥʳʤ ʨʅ ʧʨʠ 50 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʷʣʠ ʦʩʪʘʪʦʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pNPC2 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʞʘʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʜʦ ʧʨʦʛʨʝʚʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʢʘʢ 

ʢʦʥʪʨʦʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʧʪʠʤʫʤʘ estUT1-TrxA ʠ ʇʉʌɸ-estUT1-TrxA 

ʦʧʨʝʜʝʣʷʣʠ ʝʝ ʘʢʪʠʚʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pNPʉ2 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʚ 50 ʤʄ Tris-HCl ʨʅ 8.0 

ʧʨʠ 30-90 Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʞʘʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʛʜʝ ʟʘ ʢʦʥʪʨʦʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʘ ʧʨʠʥʷʪʘ ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʧʨʠ 80 Áʉ. 

ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ estUT1-TrxA ʠ ʇʉʌɸ-estUT1-TrxA ʧʨʠ 50-80 ÁC ʦʧʨʝʜʝʣʷʣʠ, 

ʚʳʜʝʨʞʠʚʘʷ ʬʝʨʤʝʥʪ ʚ 50 ʤʄ Tris-HCl ʨʅ 8.0 ʚ ʪʝʯʝʥʠʝ 1-8 ʯ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʩʣʝ 

ʯʝʛʦ ʠʟʤʝʨʷʣʠ ʦʩʪʘʪʦʯʥʫʶ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pNPC2 ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʘʢʪʠʚʥʦʩʪʴ 

ʵʩʪʝʨʘʟʳ ʜʦ ʧʨʦʛʨʝʚʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ 100%. 

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʠʥʘʢʪʠʚʘʮʠʠ (ki) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

ÌÎ  Ὧ ὸ , (6) 

 

ʛʜʝ E ï ʵʪʦ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t, E0 ï ʵʪʦ ʥʘʯʘʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʜʦ ʧʨʦʛʨʝʚʘ. 

ɺʨʝʤʷ ʧʦʣʫʠʥʘʢʪʠʚʘʮʠʠ (t1/2) ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʫʨʘʚʥʝʥʠʷ: 

  ὸȾ  
 

 (7) 

ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ (30% ʨʘʩʪʚʦʨʳ ʵʪʘʥʦʣʘ ʠ ʤʝʪʘʥʦʣʘ, ʦʙ./ʦʙ.; 10 ʤʄ ʨʘʩʪʚʦʨʳ 

ʌʄʉʌ, 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ ʠ ɼʊʊ; 1% ʨʘʩʪʚʦʨʳ SDS, ʊʚʠʥ 20 ʠ ʊʨʠʪʦʥ X-100, ʚʝʩ./ʦʙ.) ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʠ ʇʉʌɸ ɻʩʪʝʨʘʟʳ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʩʫʙʩʪʨʘʪ - 

pNPC2), ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʠ 50 ÁC ʚ 50 ʤʄ Tris-HCl ʨʅ 8.0 ʚ ʪʝʯʝʥʠʝ 1 

ʯ ʩ ʜʦʙʘʚʢʘʤʠ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʟʘ 

ʢʦʥʪʨʦʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʘ ʧʨʠʥʷʪʘ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ (ʇʉʌɸ ʬʝʨʤʝʥʪʘ) ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʜʦʙʘʚʦʢ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (KM, Vmax, kʢʘʪ) ʛʠʜʨʦʣʠʟʘ ʩʫʙʩʪʨʘʪʘ, ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʘʥʘʣʠʟʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʛʠʜʨʦʣʠʟʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ pNPC2, pNPC4, pNPC8 

ʠ ʤʘʣʘʪʠʦʥʘ (0.003-10 ʤʄ) ʚ 50 ʤʄ Tris-HCl ʨʅ 8.0 ʧʨʠ 50 ÁC. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 
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ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʧʨʷʤʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʨʘʚʥʝʥʠʷ ʄʠʭʘʵʣʠʩʘ-ʄʝʥʪʝʥ. 

ʇʨʠʤʝʥʝʥʠʝ ʇʉʌɸ-estUT1-TrxA ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ 

ʆʧʝʨʘʮʠʦʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʇʉʌɸ-estUT1-TrxA ʦʧʨʝʜʝʣʷʣʠ ʚ ʪʝʯʝʥʠʝ 25 ʮʠʢʣʦʚ 

ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ ʚ 50 ʤʄ Tris-HCl pH 7.0, OECD ʠ WW. 0.1 ʛ ʇʉʌɸ-estUT1-TrxA ʚ 

495.8 ʤʢʣ ʩʨʝʜʳ ʩʤʝʰʠʚʘʣʠ ʩ 4.2 ʤʢʣ 10 ʤʄ ʨʘʩʪʚʦʨʘ ʤʘʣʘʪʠʦʥʘ ʚ ʵʪʘʥʦʣʝ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 14 ʯ ʧʨʠ 37 Áʉ ʠ 250 ʦʙ. ʤʠʥ-1, ʧʦʩʣʝ ʯʝʛʦ ʦʧʨʝʜʝʣʷʣʠ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚʳʰʝ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʨʝʘʢʮʠʠ ʇʉʌɸ-estUT1-TrxA ʦʪʜʝʣʷʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (4 Áʉ, 5 ʤʠʥ, 4000 ʦʙ. ʤʠʥ-1) ʠ ʦʪʤʳʚʘʣʠ ʪʨʠʞʜʳ 50 ʤʄ Tris-HCl pH 7.0. 

2.2.4 ʇʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʄʕɾʂ ʠ ʷʥʪʘʨʥʫʶ ʢʠʩʣʦʪʫ 

ʍʠʤʠʯʝʩʢʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 

ʃʠʧʠʜʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 1 ʛ ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʣ ʪʦʣʫʦʣʘ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 200 ʤʣ 2% H2SO4 

ʚ ʩʫʭʦʤ ʤʝʪʘʥʦʣʝ ʠ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 80 ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯ, 

ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 500 ʤʣ 5% NaCl. ʄʕɾʂ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʠʟ ʩʤʝʩʠ 10 ʤʣ ʥ-ʛʝʢʩʘʥʘ. ʇʦʩʣʝ 

ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʚʝʨʭʥʠʡ ʩʣʦʡ ʦʪʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʜʝʣʠʪʝʣʴʥʦʡ ʚʦʨʦʥʢʠ, ʧʨʦʤʳʚʘʣʠ 2% NaHCO3 

ʠ ʩʫʰʠʣʠ ʥʘʜ ʙʝʟʚʦʜʥʳʤ Na2SO4. ʈʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʚ ʪʦʢʝ ʘʟʦʪʘ.  

ʇʨʷʤʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ɼʣʷ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʙʠʦʤʘʩʩʝ ʙʝʟ ʠʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ 1 ʛ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, 10 ʤʣ ʩʫʭʦʛʦ ʤʝʪʘʥʦʣʘ ʩ 2% H2SO4 ʠ 10 ʛ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ 

ʧʨʠ 1000 ʦʙ. ʤʠʥ-1 ʧʨʠ 65 ÁC ʚ ʪʝʯʝʥʠʝ 18 ʯ, ʄʕɾʂ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʥ-ʛʝʢʩʘʥʦʤ ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ 

ʘʟʦʪʘ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. 

ɻʠʜʨʦʣʠʟ ʦʩʪʘʪʦʯʥʦʡ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʙʨʘʞʠʚʘʥʠʷ 

ɹʠʦʤʘʩʩʫ Micractinium sp. IC-44, ʧʦʣʫʯʝʥʥʫʶ ʧʦʩʣʝ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʀɾ, ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɻʠʜʨʦʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 2% H2SO4 ʠ 3.5% ʙʠʦʤʘʩʩʳ (ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ) ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 130 ÁC ʚ ʪʝʯʝʥʠʝ 

90 ʤʠʥ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʫʧʘʨʠʚʘʣʠ ʧʨʠ 70 ÁC ʠ ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʘʤʤʠʘʢʦʤ ʜʦ pH 7.0. ʇʦʩʣʝ 

ʦʩʘʞʜʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 3500 ʦʙ. ʤʠʥ-1 ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʠ ʟʘʪʝʤ ʦʯʠʱʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʦʣʳ 

AmberChrom 50WX4 (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʤʳʪʦʡ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ). 
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ʉʙʨʘʞʠʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ 

ʆʜʥʫ ʢʦʣʦʥʠʶ A. succinogenes 130Z, ʚʳʨʘʱʝʥʥʫʶ ʩʨʝʜʝ BHI (37 ʛ ʣ-1), ʜʦʙʘʚʣʷʣʠ ʚ ʢʦʣʙʫ 

(25 ʤʣ), ʩʦʜʝʨʞʘʱʫʶ ʞʠʜʢʫʶ ʩʨʝʜʫ BHI (10 ʤʣ), ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 37 

ÁC ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʨʝʜʠʥʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʨʦʩʪʘ. ʂʣʝʪʢʠ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 1000 Ĭ g ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʂʫʣʴʪʫʨʫ ʚʥʦʩʠʣʠ ʚ ʩʨʝʜʫ ʉ (ʊʘʙʣʠʮʘ 4) ʧʨʠ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʤʘʩʩʳ 0.15 Ñ 0.01 ʛ ʣ-1 ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʛʝʨʤʝʪʠʯʥʦʡ ʢʦʣʙʝ (ʦʙʲʝʤ 

ʩʨʝʜʳ 10 ʤʣ) ʩ ʧʦʨʪʦʤ ʜʣʷ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʧʨʠ 150 ʦʙ. ʤʠʥ ʧʨʠ 37 ÁC ʚ ʪʝʯʝʥʠʝ 148 ʯ ʚ ʘʪʤʦʩʬʝʨʝ 

2% CO2.  

2.2.5 ʇʝʨʝʨʘʙʦʪʢʘ ʧʨʦʜʫʢʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ ʚ ʵʪʘʥʦʣ 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʨʝʜʳ YNB-H 

ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʮʝʣʣʶʣʦʟʳ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʉʠʙʫʥʠʪ-4-ʦʢʩ [292], ʩʤʝʩʴ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ ʠ 

ʫʧʘʨʠʚʘʣʠ ʚ ʜʝʩʷʪʴ ʨʘʟ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʧʨʠ 70 ÁC. ɿʘʪʝʤ ʫʧʘʨʝʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʱʘʣʠ 

ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ, ʜʦʙʘʚʣʷʣʠ ʨʘʚʥʳʡ ʦʙʲʝʤ ʠʟʦʙʫʪʘʥʦʣʘ, ʨʘʩʪʚʦʨ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʠ ʫʜʘʣʷʣʠ ʚʦʜʥʫʶ ʯʘʩʪʴ. ʕʢʩʪʨʘʢʮʠʶ ʧʦʚʪʦʨʷʣʠ ʪʨʠʞʜʳ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʬʨʘʢʮʠʠ ʦʙʲʝʜʠʥʷʣʠ ʠ 

ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʧʘʨʠʚʘʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʚʰʠʡʩʷ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʧʦʚʪʦʨʥʦ ʚʳʧʘʨʠʚʘʣʠ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ 20 ʛ ʣ-1, ʠ ʦʙʲʝʜʠʥʷʣʠ ʩ 

ʦʩʪʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʨʝʜʳ YNB (ʊʘʙʣʠʮʘ 4). ɿʘʪʝʤ ʩʤʝʩʴ ʜʦʚʦʜʠʣʠ ʜʦ ʨH 5.5 NH4OH ʠ 

ʜʦʙʘʚʣʷʣʠ ʠ ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ (1.0 ʛ ʣ-1). ʇʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʩʪʝʨʠʣʴʥʳʡ ʬʠʣʴʪʨ (0.22 

ʤʢʤ) ʧʦʣʫʯʘʣʠ ʩʨʝʜʫ YNB-H. 

ɺʳʜʝʣʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʰʪʘʤʤʦʚ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʰʪʘʤʤʦʚ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ʤʦʣʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ (1 ʤʣ), ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʣʠ ʚ ʩʨʝʜʫ YPD (20 ʤʣ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʪʨʝʧʪʦʤʠʮʠʥʘ (20 ʤʢʛ 

ʤʣ-1) ʠ ʚʳʨʘʱʠʚʘʣʠ ʧʨʠ 30 ÁC ʚ ʪʝʯʝʥʠʝ 48 ʯ. ɿʘʪʝʤ ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʨʘʟʜʝʣʷʣʠ ʥʘ 1.5% 

YPD ʘʛʘʨʝ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 40 ÁC ʚ ʪʝʯʝʥʠʝ 48 ʯ. ʆʪʜʝʣʴʥʳʝ ʢʦʣʦʥʠʠ ʪʨʠʞʜʳ ʨʘʟʜʝʣʷʣʠ ʚ ʪʝʭ 

ʞʝ ʫʩʣʦʚʠʷʭ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʯʠʩʪʦʡ ʢʫʣʴʪʫʨʳ. ɻʝʥʦʤʥʫʶ ɼʅʂ ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ 

GeneJET Genomic DNA Purification Kit  (Thermo). ʇʎʈ-ʘʤʧʣʠʬʠʢʘʮʠʶ ʯʘʩʪʠʯʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 18s ʨʈʅʂ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʨʘʡʤʝʨʦʚ 

18SUnivFwd ʠ BMB-B ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ BigDye Terminator v3.1 

Cycle Sequencing Kit (Thermo) ʠ Phusion ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ (NEB), ʚʳʧʦʣʥʷʣʠ ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ. 

2.2.1.  
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ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʜʨʦʞʞʝʡ ʚ ʛʣʫʙʦʢʠʭ 96-ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʨʦʞʞʝʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʘʭ (ʧ. 

2.2.6) ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ çMicro-flaskè (Applicon Biotechnology) ʩ ʛʣʫʙʦʢʠʤʠ 96-ʣʫʥʦʯʥʳʤʠ 

ʧʣʘʥʰʝʪʘʤʠ ʦʙʲʝʤʦʤ 1 ʤʣ [304]. ʂʣʝʪʢʠ ʚʳʨʘʱʠʚʘʣʠ ʘʵʨʦʙʥʦ ʜʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 0.8-1.0 

ʧʨʠ 595 ʥʤ ʚ ʩʨʝʜʝ YNB-G ʩ ʜʦʙʘʚʣʝʥʠʝʤ 5.0 ʛ ʣ-1 ʧʝʧʪʦʥʘ, 3.0 ʛ ʣ-1 ʜʨʦʞʞʝʚʦʛʦ ʵʢʩʪʨʘʢʪʘ ʠ 20.0 

ʛ ʣ-1 ʛʣʶʢʦʟʳ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʨʝʜʠʥʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʨʦʩʪʘ. ɼʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʩʠʩʪʝʤʝ çMicro-flaskè 20 ʤʢʣ ʢʫʣʴʪʫʨʳ ʜʦʙʘʚʣʷʣʠ ʚ ʣʫʥʢʠ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 5Ĭ105 

ʢʣʝʪʦʢ ʚ 1 ʤʣ ʚ 180 ʤʢʣ ʩʨʝʜʳ YNB pH 4.75 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1.0 ʛ ʣ-1 ʜʨʦʞʞʝʚʦʛʦ ʵʢʩʪʨʘʢʪʘ ʠ 

ʫʛʣʝʚʦʜʘʤʠ (20 ʛ ʣ-1 ʛʣʶʢʦʟʘ, ʤʘʥʥʦʟʘ, ʩʘʭʘʨʦʟʘ ʠʣʠ ʮʝʣʣʦʙʠʦʟʘ), ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʠ 350 ʦʙ ʤʠʥ-1 ʚ ʪʝʯʝʥʠʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ ʨʦʩʪʘ ʧʨʠ 42-48 

ÁC. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝʤ ʜʨʦʞʞʝʡ ʥʘ ʩʨʝʜʝ ʩ ʧʨʦʜʫʢʪʘʤʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʮʝʣʣʶʣʦʟʳ (YNB-H) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴʥʘʷ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʩʤʝʩʠ ʫʛʣʝʚʦʜʦʚ ʚ ʪʝʭ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (YNB-M). ʇʘʨʘʤʝʪʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʧ. 2.2.6.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʢʣʝʪʦʢ ʜʨʦʞʞʝʡ 

ʄʘʩʩʫ ʢʣʝʪʦʢ ʜʨʦʞʞʝʡ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʢʫʣʴʪʫʨʳ ʠ ʤʘʩʩʦʡ ʩʫʭʠʭ ʢʣʝʪʦʢ ʜʣʷ ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʨʦʩʪʘ ʥʘ ʩʨʝʜʝ YNB-G ʠʟʤʝʨʷʣʠ ʆʇ595. ʇʦʩʣʝ ʢʣʝʪʢʠ ʧʝʨʝʥʦʩʠʣʠ ʥʘ 

ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ ʠ ʩʫʰʠʣʠ ʧʨʠ 105 ÁC ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʢʫʣʴʪʫʨʳ ʠ ʤʘʩʩʦʡ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ (R2 > 0.98). 

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʚ ʛʣʫʙʦʢʠʭ 96-

ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʛʣʫʙʦʢʠʭ 96-

ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ ʚ ʩʠʩʪʝʤʝ Microflask (Applikon Biotechnology). ʐʪʘʤʤʳ ʜʨʦʞʞʝʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʨʘʱʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 16 ʯ ʚ ʩʨʝʜʝ YNB-G ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʜʝʣʝʥʠʝʤ ʢʣʝʪʦʢ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 500 Ĭ g ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʆʩʘʜʦʢ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʬʦʩʬʘʪʥʦ-

ʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ ʩʨʝʜʳ YNB-G ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 5Ĭ105 ʢʣʝʪʦʢ ʚ 1 

ʤʣ. ɼʨʦʞʞʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʟʘʢʨʳʪʳʭ ʧʣʘʥʰʝʪʘʭ ʧʨʠ 400 ʦʙ. ʤʠʥ-1 ʚ ʪʝʯʝʥʠʝ 10 ʯ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 37-50 ÁC ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʨʦʩʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʆʇ595, ʘ ʢʦʣʠʯʝʩʪʚʦ ʛʣʶʢʦʟʳ ʦʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ (GAGO20, Sigma-Aldrich). ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʠ, ʢʘʢ ʚ ʧ. 2.2.6.  
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ɸʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʨʦʞʞʝʡ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʬʝʨʤʝʥʪʘʮʠʠ 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʦʜʫʢʮʠʶ ʙʠʦʤʘʩʩʳ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʛʠʜʨʦʣʠʟʘʪʘʭ ʮʝʣʣʶʣʦʟʳ, ʧʨʦʚʦʜʠʣʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʜʨʦʞʞʝʡ ʚ 96-

ʣʫʥʦʯʥʳʭ ʛʣʫʙʦʢʠʭ ʧʣʘʥʰʝʪʘʭ ʚ ʩʠʩʪʝʤʝ Microflask (Applikon Biotechnology), ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʚʝʝɦʩʪʚ-ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʠ 42 ÁC ʚ ʪʝʯʝʥʠʝ 8 ʯ, ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ 

ʦʮʝʥʠʚʘʣʠ ʧʦ ʆʇ595. ɺʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʟʥʘʯʝʥʠʶ IC50, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ, ʚʳʟʳʚʘʶʱʝʡ ʩʥʠʞʝʥʠʝ ʧʨʠʨʦʩʪʘ 

ʙʠʦʤʘʩʩʳ ʥʘ 50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʫʣʴʪʫʨʦʡ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʝʡʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʠʥʛʠʙʠʪʦʨʘ. 

ɿʥʘʯʝʥʠʝ IC50 ʚʳʯʠʩʣʷʣʠ ʠʟ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʙʠʦʤʘʩʩʳ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʢʘʢ ʬʫʥʢʮʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʥʘ ʩʨʝʜʝ YNB-H ʚ ʢʦʣʙʘʭ 

ʆʜʥʫ ʢʦʣʦʥʠʶ ʥʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʜʨʦʞʞʝʡ ʚʥʦʩʠʣʠ ʚ 10 ʤʣ ʩʨʝʜʳ YNB-M ʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 42 ÁC ʠ 250 ʦʙ. ʤʠʥ-1 ʜʦ ʩʝʨʝʜʠʥʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʬʘʟʳ ʨʦʩʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʥʘʯʝʥʠʶ ʆʇ 1.0 ʧʨʠ 565 ʥʤ. ʂʣʝʪʢʠ ʦʪʜʝʣʷʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 500 g ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ, ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ 

ʙʫʬʝʨʦʤ, ʜʦʙʘʚʣʷʣʠ 10 ʤʣ YNB-H ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʦʙʲʝʤʦʤ 25 ʤʣ ʧʨʠ 100 ʦʙ 

ʤʠʥ-1 ʠ 42 ÁC. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʫ YNB-M. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʨʦʩʪ 

ʙʠʦʤʘʩʩʳ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʦʮʝʥʠʚʘʣʠ ʧʦ ʆʇ595, ʩʦʩʪʘʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ɺʕɾʍ (ʧ. 2.2.6).  

2.2.6 ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ  

ɺʝʩ ʙʠʦʤʘʩʩʳ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʆʇ650 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ 

ʤʘʩʩʦʡ ʩʫʭʠʭ ʢʣʝʪʦʢ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʧʨʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʨʦʩʪʘ 

ʠʟʤʝʨʷʣʠ ʆʇ650, ʦʪʙʠʨʘʣʠ 10 ʤʣ ʞʠʜʢʦʩʪʠ (ʥʝ ʤʝʥʝʝ 5 ʨʘʟ ʚ ʪʝʯʝʥʠʝ ʬʘʟʳ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ), 

ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʩʫʰʠʣʠ ʧʨʠ 105 Üʉ 24 ʯ, ʟʘʪʝʤ ʚʟʚʝʰʠʚʘʣʠ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʧʦʢʘʟʘʪʝʣʷ ʆʇ650 ʢʣʝʪʦʢ ʦʪ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʚʳʨʘʞʘʣʠ 

ʚ ʛ ʣ-1 ʩ R2 > 0.98. 

ʈʘʩʯʝʪ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʘ) ʉʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ (ʧʨʦʜʫʢʪʦʚ ʙʠʦʩʠʥʪʝʟʘ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

 

   ὠ   (8) 
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ʛʜʝ X1 ʠ X2 ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ ʠʣʠ ʧʨʦʜʫʢʪʘ ʙʠʦʩʠʥʪʝʟʘ ʚ ʥʘʯʘʣʴʥʳʡ (t1) ʠ ʢʦʥʝʯʥʳʡ (t2) 

ʧʝʨʠʦʜ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʨ ï ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʤ ʷʚʣʷʶʪʩʷ ʙʠʦʤʘʩʩʘ (b), 

ʣʠʧʠʜʳ (l), ʫʛʣʝʚʦʜʳ (c), ʵʪʘʥʦʣ (ʝ). 

ʙ) ʋʜʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ (Õ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʬʘʟʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ 

ʧʦ ʬʦʨʤʫʣʝ:  

 

  ‘   (9) 

 

ʚ) ɺʨʝʤʷ ʫʜʚʦʝʥʠʷ ʙʠʦʤʘʩʩʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

 

Ὕ
ὰὲ

‘
 (10) 

 

ʛʜʝ Y1 ʠ Y2 - ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʘ (ʧʨʦʜʫʢʪʘ) ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ - t1 ʠ t2 - 

ʢʦʥʝʯʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʝ) ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʙʨʘʞʠʚʘʥʠʷ (ʙʠʦʤʘʩʩʳ, ʵʪʘʥʦʣʘ, ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʬʦʨʤʫʣʝ: 

  

   ὣȾ  (11) 

ʛʜʝ P ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʜʫʢʪʘ: N - ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ (ʙ) ʠʣʠ ʵʪʘʥʦʣʘ (e); S ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʙʨʘʞʠʚʘʝʤʳʭ ʩʘʭʘʨʦʚ.  

ɺʳʭʦʜ ʵʪʘʥʦʣʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦ ʬʦʨʤʫʣʝ:  

  ὣ Ϸ  Ⱦ

Ȣ
 ρππ (12) 

SDS-PAGE ʵʣʝʢʪʨʦʬʦʨʝʟ ʙʝʣʢʦʚ  

ʕʣʝʢʪʨʦʬʦʨʝʟ ʙʝʣʢʦʚ ʚ 12% ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ ʃʵʤʤʣʠ [305] 

ʚ ʢʘʤʝʨʝ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ çReady Gel Cell 108BRè (40-60 ʤɸ) (BioRad, ʉʐɸ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ 

ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ɹʨʝʜʬʦʨʜʘ [306] ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 595 

ʥʤ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ, ʧʦʩʪʨʦʝʥʥʦʡ 

ʧʦ ɹʉɸ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʀʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʢʨʘʩʠʪʝʣʝʤ ʅʠʣʴʩʢʠʤ ʢʨʘʩʥʳʤ. ɼʣʷ 

ʵʪʦʛʦ 0.025 ʤʣ ʨʘʩʪʚʦʨʘ ʅʠʣʴʩʢʦʛʦ ʢʨʘʩʥʦʛʦ ʚ ʘʮʝʪʦʥʝ (0.1 ʤʛ ʤʣ-1) ʜʦʙʘʚʣʷʣʠ ʢ 0.5 ʤʣ ʩʫʩʧʝʥʟʠʠ 

ʢʣʝʪʦʢ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʢ ʟʥʘʯʝʥʠʶ ʆʇ650=0.2, ʩʦʜʝʨʞʘʱʝʡ 20% ɼʄʉʆ. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ 

10 ʤʠʥ ʧʨʠ 37 ÁC ʚ ʪʝʤʥʦʪʝ, ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ Synergy HTX 

(Biotek) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʦʚ 525/579 ʥʤ. ɿʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ (AU) ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʟʥʘʯʝʥʠʷ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʦʢʨʘʰʝʥʥʳʭ 

ʢʣʝʪʦʢ ʠ ʩʨʝʜʳ ʠʟ ʟʥʘʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (ʧʦ ʌʦʣʯʫ) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʠʭ ʣʠʧʠʜʦʚ ʢʣʝʪʢʠ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 

3000 g ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ, ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʘ ʟʘʪʝʤ ʣʠʦʬʠʣʠʟʠʨʦʚʘʣʠ 

ʥʘ ʣʠʦʬʠʣʴʥʦʡ ʩʫʰʢʝ FreeZone (Labconco) ʠ ʚʟʚʝʰʠʚʘʣʠ. ɼʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʜʦ 100 

ʤʛ ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʦʡ ʙʠʦʤʘʩʩʳ ʚʦʜʦʨʦʩʣʝʡ ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ ʩʤʝʩʠ ʭʣʦʨʦʬʦʨʤ: ʤʝʪʘʥʦʣ (2:1). 

ɺ ʩʤʝʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʘʚʣʷʣʠ 0.25 ʦʙʲʝʤʘ 0.9% ʨʘʩʪʚʦʨʘ NaCl ʠ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ. 

ʇʦʩʣʝ ʨʘʩʩʣʦʝʥʠʷ ʬʘʟ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʫʧʘʨʠʚʘʣʠ ʚ ʪʦʢʝ ʘʟʦʪʘ, ʠ ʦʙʨʘʟʝʮ ʚʟʚʝʰʠʚʘʣʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ὡ̌  
˙̌ ̉Ⱦ̐̕ ̘̏̌

˙̂
 (13) 

ʛʜʝ ʄʣʠʧ/ʬʦʣʯ ï ʤʘʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʦʙʱʠʭ ʣʠʧʠʜʦʚ (ʧʦ ʤʝʪʦʜʫ ʌʦʣʯʘ) ʚ ʤʛ, ʄʙ ï ʤʘʩʩʘ ʢʣʝʪʦʢ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ ʚ ʤʛ.  

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ 

ʉʫʭʫʶ ʙʠʦʤʘʩʩʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 1 ʛ ʜʦʙʘʚʣʷʣʠ ʢ 10 ʛ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 65 ÁC ʧʨʠ 1000 ʦʙ. ʤʠʥ-1 ʚ ʪʝʯʝʥʠʝ 18 ʯ, ʣʠʧʠʜʥʫʶ ʬʨʘʢʮʠʶ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 10 ʤʣ ʥ-ʛʝʢʩʘʥʘ ʠ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ɻʝʢʩʘʥʦʚʳʡ ʩʣʦʡ ʫʧʘʨʠʚʘʣʠ ʚ 

ʪʦʢʝ ʘʟʦʪʘ. ʉʫʭʫʶ ʤʘʩʩʫ ʣʠʧʠʜʥʦʡ ʬʨʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʚʟʚʝʰʠʚʘʥʠʝʤ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʚʳʭʦʜ 

ʣʠʧʠʜʦʚ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

 ὣ̌̉Ⱦ̐̕ ̏̌Ϸ̘  
˙̞ ̌

˙̌ ̉Ⱦ̐̕ ̘̏̌
 ρππ (14) 

ʛʜʝ Mʵʣ ï ʤʘʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʣʠʧʠʜʦʚ (ʤʛ), ʄʣʠʧ/ʬʦʣʯ ï ʤʘʩʩʘ 

ʣʠʧʠʜʦʚ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʧʦ ʌʦʣʯʫ (ʤʛ). 

ɸʥʘʣʠʟ ʣʠʧʠʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʤʝʪʦʜʦʤ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ɸʥʘʣʠʟ ʣʠʧʠʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʊʉʍ ʥʘ ʧʣʘʩʪʠʥʘʭ ʩ 

ʩʠʣʠʢʘʛʝʣʝʤ 60G (Merck). ɼʣʷ ʵʪʦʛʦ 0.003 ʤʣ ʨʘʩʪʚʦʨʘ ʣʠʧʠʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ (10 ʤʛ ʚ 1 ʤʣ 
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ʭʣʦʨʦʬʦʨʤʘ) ʥʘʥʦʩʠʣʠ ʥʘ ʧʣʘʩʪʠʥʫ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʦʤʝʱʘʣʠ ʚ ʢʘʤʝʨʫ ʩ ʥ-ʛʝʢʩʘʥʦʤ, 

ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (80:20:1). ʉʤʝʩʴ ʣʠʧʠʜʦʚ (10 ʤʛ ʤʣ-1), ʚʢʣʶʯʘʷ ʤʦʥʦ-, ʜʠ-

, ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʳ ʠ ʦʣʝʠʥʦʚʫʶ ʢʠʩʣʦʪʫ (Sigma), ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʘʥʜʘʨʪʘ. ʇʦʣʦʞʝʥʠʝ ʧʷʪʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʨʪʦʚʦʡ ʧʦʟʠʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʣʝ ʦʧʨʳʩʢʠʚʘʥʠʷ 

ʧʣʘʩʪʠʥʳ 10% ʬʦʩʬʦʨʥʦ-ʤʦʣʠʙʜʝʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʦʤ ʧʨʠ 120 ÁC ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ. 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

       ɼʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʩʪʨʘʢʪ ʣʠʧʠʜʦʚ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʤʝʪʦʜʫ ʌʦʣʯʘ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʣʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩ ʤʝʪʘʥʦʣʦʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 2 ʤʛ ʣʠʧʠʜʦʚ ʜʦʙʘʚʣʷʣʠ ʢ 0.3 ʤʣ 2% ʨʘʩʪʚʦʨʘ H2SO4 

ʚ ʤʝʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ 30 ʤʠʥ ʧʨʠ 80 ÜC ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʧʪʘʜʝʢʘʥʦʚʫʶ ʢʠʩʣʦʪʫ (50 ʤʛ). ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 0.3 ʤʣ 

0.9% NaCl ʠ 0.3 ʤʣ ʥ-ʛʝʢʩʘʥʘ, ʚʩʪʨʷʭʠʚʘʣʠ ʠ ʨʘʟʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 3000 g ʚ ʪʝʯʝʥʠʝ 

5 ʤʠʥ. ɺʝʨʭʥʠʡ ʛʝʢʩʘʥʦʚʳʡ ʩʣʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ɻʍ-ʄʉ. 

ʉʦʩʪʘʚ ʄʕɾʂ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ɻʍ-ʄʉ ʥʘ ʧʨʠʙʦʨʝ Agilent 7000B ʩ ʠʦʥʠʟʘʮʠʝʡ 

ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ (70 ʵɺ) ʥʘ ʢʦʣʦʥʢʝ ZB-WAX (30 ʤ Ĭ 0.25 ʤʤ Ĭ 0.25 ʤʢʤ) ʩ ʛʨʘʜʠʝʥʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 100 - 260 ÁC ʩʦ ʩʢʦʨʦʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ 12 ÁC ʤʠʥ-1, ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʞʝʢʪʦʨʘ - 260 

Áʉ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ (ʛʝʣʠʷ) ʩʦʩʪʘʚʣʷʣʘ 1.2 ʩʤ3 ʤʠʥ-1. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ NIST11. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢ ʧʣʦʱʘʜʠ ʧʠʢʦʚ ʚʩʝʭ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʚʳʭʦʜ ʄʕɾʂ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

 

ὣ̇˪˓Ⱦ̠̕ ̏̌Ϸ̘  
˙̇ ˪˓˗

˙̌ ̉Ⱦ̐̕ ̘̏̌
 ρππ (15) 

 

ʛʜʝ ʄʄʕɾʂ ï ʤʘʩʩʘ ʄʕɾʂ (ʤʛ), ʄʣʠʧ/ʬʦʣʯ ï ʤʘʩʩʘ ʣʠʧʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʪʨʘʢʮʠʝʡ ʤʝʪʦʜʦʤ 

ʌʦʣʯʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ ʙʝʣʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 10 ʤʛ ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʦʡ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʢ ʢʦʪʦʨʦʡ ʜʦʙʘʚʣʷʣʠ 10 ʤʣ 0.5 ʄ ʨʘʩʪʚʦʨʘ NaOH ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 

ʤʠʥ ʧʨʠ 80 ÜC, ʘ ʟʘʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 14000 Ĭ g. ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ 

ʧʦʣʫʯʝʥʥʦʤ ʵʢʩʪʨʘʢʪʝ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ Quick Start (Bio-Rad) ʧʦ ʤʝʪʦʜʫ ɹʨʝʜʬʦʨʜʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ ʙʠʦʤʘʩʩʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 
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ὡ̂
ὓ

˙̂
 (16) 

 

ʛʜʝ ʄʨ ï ʤʘʩʩʘ ʙʝʣʢʘ ʚ ʙʠʦʤʘʩʩʝ ʚ ʤʛ, ʄʙ ï ʤʘʩʩʘ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ ʚ 

ʤʛ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʌʝʥʦʣ-ʩʝʨʥʦʢʠʩʣʦʪʥʳʡ ʤʝʪʦʜ 

ʂ 0.1 ʤʣ ʦʙʨʘʟʮʘ ʜʦʙʘʚʣʷʣʠ 0.1 ʤʣ 5% ʨʘʩʪʚʦʨʘ ʬʝʥʦʣʘ, 0.5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ H2SO4, 

ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 5 ʤʠʥ ʧʨʠ 12 000 ʦʙ. 

ʤʠʥ-1 ʠ ʠʟʤʝʨʷʣʠ ʆʇ488. ʂʦʥʮʝʥʪʨʘʮʠʶ ʛʣʶʢʦʟʳ ʚ ʧʨʦʙʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʚ ʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 10-100 ʤʢʛ ʤʣ-1, ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʣʶʢʦʟʳ. 

 ɸʥʪʨʦʥʦʚʳʡ ʤʝʪʦʜ 

10.0 ʤʛ ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʦʡ ʙʠʦʤʘʩʩʳ ʜʦʙʘʚʣʷʣʠ ʢ 10 ʤʣ ʚʦʜʳ. ʂ 1.0 ʤʣ ʦʙʨʘʟʮʘ 

ʜʦʙʘʚʣʷʣʠ ʢ 4.0 ʤʣ ʨʘʩʪʚʦʨʘ ʘʥʪʨʦʥʘ (0.2% ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ H2SO4) ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 100 ÁC ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʆʙʨʘʟʝʮ ʦʭʣʘʞʜʘʣʠ ʥʘ ʣʴʜʫ ʠ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʫʛʣʝʚʦʜʦʚ ʧʨʠ 620 ʥʤ 

ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʚ ʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 10-100 ʤʢʛ ʤʣ-1, ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʣʶʢʦʟʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ὡ̔
ὓ̔

˙̂
 (17) 

ʛʜʝ ʄʫ ï ʤʘʩʩʘ ʫʛʣʝʚʦʜʦʚ ʚ ʤʛ, ʄʙ ï ʤʘʩʩʘ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ ʚ ʤʛ.  

ɺʕɾʍ  

ʉʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʛʠʜʨʦʣʠʟʘʪʦʚ ʠ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ɺʕɾʍ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ Shimadzu LC-MS2020 c ʢʦʣʦʥʢʦʡ (Rezex ROA-

Organic Acid H+ 300 Ĭ 7.8 ʤʤ, Phenomenex, ʉʐɸ) ʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ RID-10A. 

ʇʝʨʝʜ ʘʥʘʣʠʟʦʤ ʟʦʥʜʳ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨ 0.22 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ (0.005 ʅ), ʆʙʲʝʤ ʥʘʥʝʩʝʥʠʷ - 10 ʤʢʣ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʧʦʜʚʠʞʥʦʡ 

ʬʘʟʳ - 0.6 ʤʣ ʤʠʥ-1, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ - 65 ÁC. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʧʠʢʦʚ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʩʦʝʜʠʥʝʥʠʡ. 

 



99 

 

ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ 

ɼʣʷ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 2 ʤʣ ʢʣʝʪʦʯʥʦʡ ʩʫʩʧʝʥʟʠʠ (ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʣʝʪʦʢ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʜʦ ʆʇ759 = 0.5) ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ 

ʧʨʠ 4 ÁC ʧʨʠ 3000 Ĭ g, ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ 32.5% ʨʘʩʪʚʦʨʘ ʤʝʪʘʥʦʣʘ ʚ ʚʦʜʝ (-20 ÁC). ɿʘʪʝʤ ʢ ʦʩʘʜʢʫ 

ʜʦʙʘʚʣʷʣʠ 900 ʤʢʣ ʩʤʝʩʠ ʤʝʪʘʥʦʣ: ʭʣʦʨʦʬʦʨʤ (7:3, -20 ÁC) ʩ 10 ʤʢʛ ʨʠʙʠʪʦʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. ʉʤʝʩʴ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ (100 ɺʪ, 35 ʢɻʮ) ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠ 4 

ÁC. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 400 ʤʢʣ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʧʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 3 ʤʠʥ ʧʨʠ 13000 Ĭ g ʧʨʠ 4 ÁC. 300 ʤʢʣ ʨʘʩʪʚʦʨʘ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʥʦʤ 

ʢʦʥʮʝʥʪʨʘʪʦʨʝ ʧʨʠ 25 ÁC ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. 

ɼʣʷ ʜʝʨʠʚʘʪʠʟʘʮʠʠ ʢ ʚʳʩʫʰʝʥʥʳʤ ʦʙʨʘʟʮʘʤ ʜʦʙʘʚʣʷʣʠ 20 ʤʢʣ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʭʣʦʨʠʜʘ 

ʤʝʪʦʢʩʠʘʤʠʥʘ ʚ 99% ʧʠʨʠʜʠʥʝ (20 ʤʛ ʤʣ-1) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 30 ÁC ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʜʦʙʘʚʣʷʣʠ 30 ʤʢʣ ʨʘʩʪʚʦʨʘ N-ʤʝʪʠʣ-N-(ʪʨʠʤʝʪʠʣʩʠʣʠʣ) ʪʨʠʬʪʦʨʘʮʝʪʘʤʠʜʘ (MSTFA) ʩ 1% 

ʪʨʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥʦʤ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 37 ÁC ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ɻʍ-ʄʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Agilent 

7000B ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʠʦʥʠʟʘʮʠʝʡ (70 ʵɺ) ʥʘ ʢʦʣʦʥʢʝ HP5-MS (30 ʤ Ĭ 0.25 ʤʤ Ĭ 0.25 ʤʢʤ) ʚ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 60 ÁC 3 ʤʠʥ, ʟʘʪʝʤ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10 Áʉ ʤʠʥ-1 ʜʦ 300 Áʉ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʠʣʦ 37 ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ 300 ÁC, ʧʦʪʦʢ ʛʘʟʘ-

ʥʦʩʠʪʝʣʷ (ʛʝʣʠʡ) 1 ʤʣ ʤʠʥ-1. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ (40-650 m/z+) ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʤʘʩʩ-

ʩʧʝʢʪʨʘʣʴʥʳʤ ʙʠʙʣʠʦʪʝʢʘʤ NIST11 ʠ GOLM [307]. 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʩʨʝʜ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʜʣʷ ʠʩʭʦʜʥʳʭ ʩʨʝʜ (BBM, 

OECD, WW), ʪʘʢ ʠ ʜʣʷ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʜʣʷ ʢʣʝʪʢʠ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 3000 Ĭ g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ, 

ʩʫʧʝʨʥʘʪʘʥʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʘʥʘʣʠʟʦʚ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ NO3
- ʚ ʩʨʝʜʝ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ [308], ʜʣʷ ʯʝʛʦ 

ʠʟʤʝʨʷʣʠ ʆʇ220. ʂʦʥʮʝʥʪʨʘʮʠʶ NO3
- ʚ ʧʨʦʙʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʢʨʠʚʦʡ ʚ ʣʠʥʝʡʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.001-0.5 ʤʄ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ NaNO3. 

ʍʠʤʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʍʇʂ) ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʩʨʝʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ K2Cr2O7. ɼʣʷ ʵʪʦʛʦ ʢ 2 ʤʣ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʜʦʙʘʚʣʷʣʠ 

1 ʤʣ 0.1ʅ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ K2Cr2O7, 3 ʤʣ 2.5% ʨʘʩʪʚʦʨʘ Ag2SO4 ʚ H2SO4(ʢ), ʠʥʢʫʙʠʨʦʚʘʣʠ ʪʝʯʝʥʠʝ 

2 ʯ ʧʨʠ 160 ÁC. ʍʇʂ ʚ ʧʨʦʙʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʆʇ600 ʠ ʩʪʘʥʜʘʨʪʥʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ (20-200 

ʤʛ O2 ʤʣ
-1), ʧʦʣʫʯʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʬʪʘʣʘʪʘ ʢʘʣʠʷ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ NH4
+ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʪʠʚʘ ʅʝʩʩʣʝʨʘ ʢʘʢ ʚ ʨʘʙʦʪʝ [309]. ɼʣʷ 

ʵʪʦʛʦ ʢ 1 ʤʣ ʦʙʨʘʟʮʘ ʜʦʙʘʚʣʷʣʠ 20 ʤʢʣ 50% ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʪʘʨʪʨʘʪʘ ʥʘʪʨʠʷ-ʢʘʣʠʷ, 20 ʤʢʣ 
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ʨʝʘʢʪʠʚʘ ʅʝʩʩʣʝʨʘ, ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʂʦʥʮʝʥʪʨʘʮʠʶ NH4
+ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ NH4Cl (0-10 ʤʛ ʤʣ-1) ʧʦ ʆʇ414. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ PO4
3- ʧʨʦʚʦʜʠʣʠ ʧʦ ʟʥʘʯʝʥʠʶ ʆʇ610, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [310]. ɼʣʷ 

ʵʪʦʛʦ ʢ 500 ʤʢʣ ʦʙʨʘʟʮʘ ʜʦʙʘʚʣʷʣʠ 172 ʤʢʣ ʨʘʩʪʚʦʨʘ 28 ʤʄ ʨʘʩʪʚʦʨʘ (NH4)6Mo7O24, ʚ 2.1 ʄ 

ʨʘʩʪʚʦʨʝ H2SO4, 128 ʤʢʣ 0.76 ʤʄ ʨʘʩʪʚʦʨʘ ʤʘʣʘʭʠʪʦʚʦʛʦ ʟʝʣʸʥʦʛʦ ʚ 0.35% ʧʦʣʠʚʠʥʠʣʦʚʦʤ 

ʩʧʠʨʪʝ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ʂʦʥʮʝʥʪʨʘʮʠʶ PO4
3- ʚ ʧʨʦʙʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ Na3PO4 (0-100 Õʄ) ʧʨʠ 600 ʥʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʥʠʦʥʦʚ (Cl-, SO4
2-, NO3

-) ʧʨʦʚʦʜʠʣʠ ʥʘ ʠʦʥʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ 

883 Basic IC Plus (Metrohm) ʩ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʦʥʢʠ 

Metrosep A Supp 5 150/4.0 ʠ ʵʣʶʝʥʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 3.2 ʤʄ Na2CO3, 1.0 ʤʄ NaHCO3. 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʤʘʣʘʪʠʦʥʘ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʣʘʪʠʦʥʘ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦ-

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɻʍ-ʄʉ) ʥʘ ʧʨʠʙʦʨʝ Agilent 7000B ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ (70 

ʵɺ), ʥʘ ʢʦʣʦʥʢʝ HP-5ms (30 ʤ Ĭ 0.25 ʤʤ Ĭ 0.25 ʤʢʤ). ʅʘʛʨʝʚ ʢʦʣʦʥʢʠ ʜʦ 200 ÁC ʧʨʦʚʦʜʠʣʠ ʚ 

ʪʝʯʝʥʠʝ 3 ʤʠʥ, ʟʘʪʝʤ ʧʦʚʳʰʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 250 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 5 Áʉ ʤʠʥ-1. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʛʘʟʘ-ʥʦʩʠʪʝʣʷ (ʛʝʣʠʡ) ʩʦʩʪʘʚʣʷʣʘ 1.2 ʤʣ ʤʠʥ-1. ʈʝʛʠʩʪʨʘʮʠʶ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ 

ʚʳʜʝʣʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʤʘʣʘʪʠʦʥʘ (m/z+ 125) ʠ ʜʠʬʝʥʠʣʘ (m/z+ 154) ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʤʘʣʘʪʠʦʥʘ ʙʳʣʦ ʚʳʯʠʩʣʝʥʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʧʠʢʦʚ 

ʤʘʣʘʪʠʦʥ:ʜʠʬʝʥʠʣ. 

ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʩ ʤʝʪʘʥʦʣʦʤ 

ʤʝʪʦʜʦʤ ɻʍ-ʄʉ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩ ʤʝʪʘʥʦʣʦʤ 

10 ʤʢʣ ʦʙʨʘʟʮʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 600 ʤʢʣ ʧʠʨʠʜʠʥʘ ʠ ʜʦʙʘʚʣʷʣʠ ʚʥʫʪʨʝʥʥʠʡ ʩʪʘʥʜʘʨʪ (ʤʝʪʠʣʦʚʳʡ 

ʵʬʠʨ ʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ) ʚ ʢʦʣʠʯʝʩʪʚʝ 0.2 ʤʛ ʤʣ-1. ʉʦʩʪʘʚ ʄʕɾʂ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘ ʧʨʠʙʦʨʝ Agilent 7000B ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

(70 ʵɺ), ʥʘ ʢʦʣʦʥʢʝ ZB-WAX (30 ʤ Ĭ 0.25 ʤʤ Ĭ 0.25 ʤʢʤ). ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ ʩʦʩʪʘʚʣʷʣʘ 

250 Áʉ. ʅʘʛʨʝʚ ʢʦʣʦʥʢʠ ʜʦ 210 ÁC ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ, ʟʘʪʝʤ ʧʦʚʳʰʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 

220 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 6 Áʉ ʤʠʥ-1. ʆʙʱʝʝ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʣʦ 12 ʤʠʥ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ-

ʥʦʩʠʪʝʣʷ (ʛʝʣʠʡ) ï 1 ʩʤ3 ʤʠʥ-1. ʈʝʛʠʩʪʨʘʮʠʶ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ ʚʳʜʝʣʝʥʥʳʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ (m/z 214, 242, 294, 296, 298, 326). ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ 

ʧʦ ʙʠʙʣʠʦʪʝʢʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ NISTô11 ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ, ʟʘʧʠʩʘʥʥʦʛʦ ʚ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ, ʥʦ ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 40-600 m/z+. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʤʝʩʴ ʩʦ 100% ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩ H2SO4 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. 
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ʈʘʩʯʝʪ ʚʳʭʦʜʘ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (Yʤʵʞʢ) ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

 ὣ̇˪˓ Ϸ̠  
Ϸ Ϸ

 (18) 

ʛʜʝ Sʭ ï ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʠʢʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʳ; S100% ï ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ 

ʧʠʢʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʩʤʝʩʠ ʩʦ 100% ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ; Sst-x ï ʧʣʦʱʘʜʴ ʧʠʢʘ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʘʥʜʘʨʪʘ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʳ; Sst-100% ï ʧʣʦʱʘʜʴ ʧʠʢʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʢʦʥʪʨʦʣʴʥʦʡ 

ʩʤʝʩʠ ʩʦ 100% ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ. 

ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʩʣʦʞʠʨʦʚʳʭ ʩʤʝʩʝʡ ʤʝʪʦʜʦʤ ɺʕɾʍ-

ʄʉ  

ʉʦʩʪʘʚ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ ʚ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʦʙʨʘʱʝʥʥʦ-ʬʘʟʦʚʦʡ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ 

(ɺʕɾʍ-ʄʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʩʪʥʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ HPLC-MS 2020 ʬʠʨʤʳ Shimadzu 

(ʗʧʦʥʠʷ), ʩʦʚʤʝʱʝʥʥʳʤ ʩ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʬʠʨʤʳ Shimadzu (ʗʧʦʥʠʷ) ʩ 

ʦʜʥʦʢʨʘʪʥʦʡ ʬʦʢʫʩʠʨʦʚʢʦʡ, ʥʘ ʢʦʣʦʥʢʝ PerfectSil Target ODS-3 C18 (MZ-Analysentechnik) 

ʨʘʟʤʝʨʦʤ 250 ʤʤ Ĭ 4.6 ʤʤ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʭʠʤʠʯʝʩʢʫʶ ʠʦʥʠʟʘʮʠʶ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

(APCI) ʠ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝ (ESI). ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʢʦʣʦʥʢʝ ʧʨʦʚʦʜʠʣʠ ʩʤʝʩʴʶ 

ʤʝʪʘʥʦʣ:ʠʟʦʧʨʦʧʘʥʦʣ (70:30, ʦʙ.%) ʚ ʠʟʦʢʨʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʦʩʪʘʚʣʷʣʘ 1 ʤʣ 

ʤʠʥ-1, ʚʨʝʤʷ ʘʥʘʣʠʟʘ ï 75 ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ 400 Áʉ. ʈʝʛʠʩʪʨʘʮʠʶ ʭʨʦʤʘʪʦʛʨʘʤʤʳ 

ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ ʚʳʜʝʣʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 100-1000 m/z+. 

ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʩʝʚʜʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ.  

ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʘʚʘ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʯʠʩʝʣ (ECN) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ AOCS Ce 5b-89 [303]. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠʦʣʝʠʥ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

 Ὁὅὔὔὅ ς ὔὨ, (19) 

ʛʜʝ N(ʉ) ï ʦʙʱʝʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʞʠʨʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘʭ, N(d) ï ʢʦʣʠʯʝʩʪʚʦ ʜʚʦʡʥʳʭ 

ʩʚʷʟʝʡ ʚ ʞʠʨʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘʭ.  

ʂʦʥʮʝʥʪʨʘʮʠʶ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ (TGI), ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ, 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ὝὋ  
В

В
 ρππϷ, (20) 

ʛʜʝ STGi ï ʧʣʦʱʘʜʠ ʧʠʢʦʚ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ, STG ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʠʢʦʚ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
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Cʪʝʧʝʥʴ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (ID) ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚ ʧʨʦʮʝʥʪʘʭ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ 

ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ (TGi), ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʭ ʟʥʘʯʝʥʠʶ 

ʚ ʥʘʯʘʣʝ ʨʝʘʢʮʠʠ (TGi0) (ʌʦʨʤʫʣʘ 20):  

ὍὈ  ρππϷ, (21) 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʘʩʝʣ 

ʊʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʤʘʩʝʣ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ AOCS Cc.3.25 [303]. 

ʂʘʧʠʣʣʷʨʥʫʶ ʪʨʫʙʢʫ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ʟʘʧʦʣʥʷʣʠ ʦʙʨʘʟʮʦʤ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʘʩʣʘ 

ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ ʟʘʪʚʝʨʜʝʥʠʷ ʤʘʩʣʘ ʧʨʠ 4 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ɼʘʣʝʝ ʢʘʧʠʣʣʷʨ ʩ ʤʘʩʣʦʤ ʧʦʛʨʫʞʘʣʠ ʚ 

ʚʦʜʷʥʫʶ ʙʘʥʶ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʥʘʛʨʝʚʘʥʠʠ ʚʦʜʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 

2 Áʉ ʚ ʤʠʥ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦ ʥʘʯʘʣʫ ʜʚʠʞʝʥʠʷ ʤʘʩʣʘ ʧʦ ʢʘʧʠʣʣʷʨʥʦʡ 

ʪʨʫʙʢʝ. 

2.2.7 ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ R 

(ʚʝʨʩʠʷ 4.0.5), Microsoft Excel ʠ OriginPro 8.5. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ:  

ʆʜʥʦ- ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ, ʘ ʪʘʢʞʝ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (Ŭ = 0.05). ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʘʧʦʩʪʝʨʠʦʨʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʧʦʧʨʘʚʢʦʡ 

ɹʦʥʬʝʨʨʦʥʠ (ʤʝʥʝʝ ʠʣʠ ʨʘʚʥʦ 8 ʩʨʘʚʥʝʥʠʡ) ʠʣʠ ʪʝʩʪʦʤ ʊʴʶʢʠ (ʙʦʣʝʝ 9 ʩʨʘʚʥʝʥʠʡ) [311].  

Z-ʦʮʝʥʢʘ ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʣʠʯʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʦʪʙʦʨʝ ʰʪʘʤʤʦʚ ʧʦ 

ʧʨʦʜʫʢʮʠʠ ʙʠʦʤʘʩʩʳ, ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ (Ŭ = 0.05).  

t-ʪʝʩʪ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʚʝʥʩʪʚʘ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʚ ʜʚʫʭ ʚʳʙʦʨʢʘʭ (Ŭ = 0.05).  

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ RSM) ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʪʨʝʭ ʵʢʟʝʤʧʣʷʨʘʭ, ʠ ʜʘʥʥʳʝ 

ʚʳʨʘʞʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ  

ʇʝʨʝʜ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʚʩʝ ʧʣʦʱʘʜʠ ʧʠʢʦʚ ʚ ʢʘʞʜʦʤ ʧʨʦʬʠʣʝ ʙʳʣʠ 

ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ (ʨʠʙʠʪʦʣ). ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʘʢʝʪʘ MetaboAnalyst 5.0 (https://www.metaboanalyst.ca/) [312]. ʅʘʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʦʨʤʘʣʠʟʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʤʤʘʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʚ ʢʘʞʜʦʤ 

ʦʙʨʘʟʮʝ ʠ ʮʝʥʪʨʠʨʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʜʘʥʥʳʭ, 

ʧʨʠʤʝʥʷʣʠ ʘʥʘʣʠʟ PCA ʠ PLS-DA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 7-ʢʨʘʪʥʦʛʦ ʤʝʪʦʜʘ ʚʥʫʪʨʝʥʥʝʡ ʧʝʨʝʢʨʝʩʪʥʦʡ 

ʧʨʦʚʝʨʢʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʯʝʪʦʤ ʟʥʘʯʝʥʠʡ R2 ʠ Q2, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ. ɼʣʷ 
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ʚʩʝʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʫʨʦʚʥʝʡ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʜʚʫʭ ʬʘʟʘʭ ʨʦʩʪʘ, ʦʧʨʝʜʝʣʝʥʘ ʢʨʘʪʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʠ VIP 

(ʚʘʞʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʧʨʦʝʢʮʠʠ). ɼʣʷ ʘʥʘʣʠʟʘ ʥʘʠʙʦʣʝʝ ʥʘʨʫʰʝʥʥʳʭ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʤʝʪʘʙʦʣʠʪʳ ʩ (p < 0.05 ʠ VIP > 1) ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʢʝʪ MetaboAnalyst 5.0, 

ʧʦʟʚʦʣʷʶʱʠʡ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʪʘʙʦʣʠʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ 

ʧʫʪʷʤ ʠ ʘʥʘʣʠʟʘ ʪʦʧʦʣʦʛʠʠ ʧʫʪʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʤʝʪʘʙʦʣʠʟʤʘ KEGG 

(https://www.genome.jp/kegg/pathway.html). ʎʠʢʣʳ ʩ p < 0.05 ʩʯʠʪʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ 

ʦʙʦʛʘʱʝʥʥʳʤʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ RSM 

ɼʘʥʥʳʝ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʣʘʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʘʥʘʣʠʟʘ F-

ʢʨʠʪʝʨʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠ 

ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʮʝʥʠʚʘʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ R2.  
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ɻʃɸɺɸ 3. ɺʓɼɽʃɽʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ʐʊɸʄʄʆɺ 

ʄʀʂʈʆɺʆɼʆʈʆʉʃɽʁ 

3.1 ɺʳʜʝʣʝʥʠʝ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʧʦʯʚʳ ʠ ʚʦʜʳ ʚ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ, ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ, ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ, ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ, ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ [313]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʠʭ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʫ BBM, ʢʘʢ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʩʨʝʜ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ [314]. ʀʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʢʦʥʪʘʤʠʥʘʮʠʠ ʨʷʜʘ ʦʙʨʘʟʮʦʚ ʧʦʙʦʯʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʙʘʢʪʝʨʠʷʤʠ) ʰʪʘʤʤʳ 

A-1113, A-1115, A-1138, A-1162, A-1144, A-1135, A-1176, A-1182, A-1123, A-1139, A-1175, A-

1167 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʯʠʱʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ [299]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (ʟʘ ʩʯʝʪ 

ʜʦʙʘʚʣʝʥʠʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ), ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤ ,r ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʢʦʣʣʝʢʮʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (NIES, ʎʫʢʫʙʘ, ʗʧʦʥʠʷ) ʠ 

ʢʦʣʣʝʢʮʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʀʌʈ ʈɸʅ (IPPAS, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).  

ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ ʧʨʦʚʦʜʠʣʠ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʨʘʡʦʥʘ 18S ʨʈʅʂ - ITS1 - 5.8S ʨʈʅʂ - ITS2. ɸʥʘʣʦʛʠʯʥʦ ʫʪʦʯʥʷʣʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʫʶ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʰʪʘʤʤʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʢʦʣʣʝʢʮʠʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ɼʣʷ ʨʘʙʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤʳ, ʩʪʘʙʠʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʚʰʠʝʩʷ ʚ ʢʫʣʴʪʫʨʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʧʠʩʦʢ ʰʪʘʤʤʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 7.  

ʊʘʙʣʠʮʘ 7 ï ʉʧʠʩʦʢ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ 

 ̄ ʐʪʘʤʤ ʀʩʪʦʯʥʠʢ ʉʨʝʜʘ  

ʀʜʝʥʪʠʯʥʦʩʪʴ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʠʟ ʙʘʟʳ GenBank 

1 

Auxenochlorella 

protothecoidies 

NIES-2164 

ʂʦʣʣʝʢʮʠʷ NIES 
ɺɺʄ ʩ 1% 

ʧʝʧʪʦʥʘ 

100% (LN610704.1, 

AB488569.1) 

2 
Botryococcus 

sp. A-1113 

ɺʦʜʘ ʠʟ ʧʨʝʩʥʦʛʦ ʦʟʝʨʘ, 

ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ 
BBM 99% (AJ581914.1) 

3 
Botryococcus 

sp. A-1115 

ɺʦʜʘ ʠʟ ʧʨʝʩʥʦʛʦ ʦʟʝʨʘ, 

ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ 
BBM 100% (GU250969.1) 

4 
Botryococcus 

sp. A-1138 

ɺʦʜʘ ʠʟ ʧʨʝʩʥʦʛʦ ʦʟʝʨʘ, 

ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ 
BBM 99% (GU250969.1) 

5 
Botryococcus 

sp. A-1162 

ʃʝʩʥʘʷ ʧʦʯʚʘ, ʅʦʚʦʩʠʙʠʨʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ BBM 99% (AJ581914.1) 
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6 

Bracteacoccus 

occidentalis  

A-1144 

ʇʦʯʚʘ ʠ ʚʦʜʘ, ʙʝʨʝʛ ʨʝʢʠ ʋʨ, 

ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ ʢʨʘʡ BBM 99% (JQ259951.1) 

7 

Chlorella 

sorokiniana  

A-1135 

ʇʝʩʦʢ, ʇʦʙʝʨʝʞʴʝ ʏʝʨʥʦʛʦ 

ʤʦʨʷ, ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, 

ʈʦʩʩʠʷ 

BBM 99% (FR865683.1) 

8 

Chlorella 

sorokiniana IC-

62 

ʇʦʯʚʘ, ʙʝʨʝʛ ʨ. ʀʨʪʳʰ, ʛ. 

ʇʘʚʣʦʜʘʨ, ʂʘʟʘʭʩʪʘʥ BBM 99% (AB731602.1) 

9 

Chlorella 

sorokiniana 

IPPAS C-1  

ʂʦʣʣʝʢʮʠʷ IPPAS ʊʘʤʠʷ 99% (MF101221.1) 

10 
Chlorella sp.  

A-1176 

ʇʦʯʚʘ, ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʈʦʩʩʠʷ 
BBM 99% (FR865683.1) 

11 
Chlorella sp.  

A-1182 

ɺʦʜʘ ʠʟ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, 

ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ 
BBM 99% (FR865683.1) 

12 
Chlorella sp. 

IC-82 

ʇʝʩʦʢ, ʙʝʨʝʛ ʨʝʢʠ ʆʙʴ, 

ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ 
BBM 99% (AY195981.1) 

13 

Chlorella 

vulgaris  

A-1123 

ʇʦʯʚʘ ʠ ʚʦʜʘ, ʛʦʨʷʯʠʡ 

ʠʩʪʦʯʥʠʢ ʫ ʧʦʜʥʦʞʠʷ ʚʫʣʢʘʥʘ 

ʄʫʪʥʦʚʩʢʠʡ, ʂʘʤʯʘʪʩʢʠʡ ʢʨʘʡ 

BBM 99% (FR865683.1) 

14 
Desmodesmus 

sp. IC-10 

ʇʦʯʚʘ, ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʈʦʩʩʠʷ 
BBM 99% (MF327580.1) 

15 
Desmodesmus 

sp. IC-75 

ɺʦʜʘ ʠʟ ʧʨʝʩʥʦʛʦ ʦʟʝʨʘ, 

ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ 
BBM 99% (AB917128.1) 

16 
Micractinium 

sp. IC-44 

ɺʦʜʘ, ʧʦʙʝʨʝʞʴʝ ʏʝʨʥʦʛʦ ʤʦʨʷ, 

ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, ʈʦʩʩʠʷ BBM 99% (KT883906.1) 

17 
Micractinium 

sp. IC-76 

ʇʝʩʦʢ, ʙʝʨʝʛ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, 

ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ 

BBM  99% (KM243325.1) 

18 

Nannochloris 

bacillaris  

A-1139 

ʃʝʩʥʘʷ ʧʦʯʚʘ, ʅʦʚʦʩʠʙʠʨʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ BBM 99% (AB080300.1) 

19 
Parachlorella 

kessleri IC-11 

ɸʢʪʠʚʥʳʡ ʠʣ ʛʦʨʦʜʩʢʠʭ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʛ. ʆʤʩʢ, 

ʈʦʩʩʠʷ 

ʊʘʤʠʷ 99% (KX021356.1) 

20 

Parachlorella 

kessleri  

IPPAS C-15 

ʂʦʣʣʝʢʮʠʷ IPPAS ʊʘʤʠʷ 99% (KX021356.1) 

21 

Parachlorella 

kessleri IPPAS 

C-2 

ʂʦʣʣʝʢʮʠʷ IPPAS ʊʘʤʠʷ 99% (KX021356.1) 

22 

Parachlorella 

kessleri IPPAS 

C-9 

ʂʦʣʣʝʢʮʠʷ IPPAS ʊʘʤʠʷ 99% (KX021356.1) 

23 

Parachlorella 

kessleri IPPAS 

S-333 

ʂʦʣʣʝʢʮʠʷ IPPAS ʊʘʤʠʷ 99% (KX021356.1) 

24 
Parachlorella 

sp. IC-23 

ɺʦʜʘ ʠʟ ʧʨʝʩʥʦʛʦ ʦʟʝʨʘ, 

ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ 
BBM 99% (KU990883.1) 
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25 

Scenedesmus 

abundans  

A-1175 

ɺʦʜʘ ʠʟ ʦʟʝʨʘ ɼʨʘʛʘ, 

ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 
BBM 100% (X73995.1) 

26 
Scenedesmus 

obliquus A-1167 

ʇʦʙʝʨʝʞʴʝ ʏʝʨʥʦʛʦ ʤʦʨʷ, 

ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, ʈʦʩʩʠʷ 
BBM 100% (FR865738.1) 

27 

Tetradesmus 

obliquus  

NIES-2280 

ʂʦʣʣʝʢʮʠʷ NIES BG-11 100% (MK041642.1) 

 

3.2 ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʪʙʦʨ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʢʘʧʣʠʚʘʪʴ 

ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ ʠ ʫʛʣʝʚʦʜʳ 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʣʷ ʚʳʙʦʨʘ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʮʝʥʪʦʚ ʙʠʦʤʘʩʩʳ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʠʣʠ ʫʛʣʝʚʦʜʦʚ) 

ʧʨʦʚʦʜʠʣʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʙʘʟʦʚʫʶ ʩʨʝʜʫ BBM, OECD (ʤʦʜʝʣʠʨʫʶʱʫʶ ʩʦʩʪʘʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ) [296] ʠ WW 

(ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʝ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ). ʇʨʠʤʝʥʝʥʠʝ ʚʳʙʨʘʥʥʳʭ ʩʨʝʜ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʤʦʜʝʣʴʥʳʝ, ʪʘʢ ʠ ʨʝʘʣʴʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʜʝʣʝʥʠʝ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (ʥʘʧʨʠʤʝʨ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ [315], ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʝ ʪʦʢʩʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʧʝʩʪʠʮʠʜʳ [316]), ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ. ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʩʨʝʜ (ʧ. 2.2.6), ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 8. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʘʟʦʚʘʷ ʩʨʝʜʘ BBM 

ʜʦʩʪʦʚʝʨʥʦ (p < 0.001, ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʧʦʧʨʘʚʢʦʡ ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ) ʦʪʣʠʯʘʝʪʩʷ ʦʪ OECD ʠ WW 

ʦʪʩʫʪʩʪʚʠʝʤ NH4
+, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝʤ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ NO3

- ʠ PO4
3-. ʉʨʝʜʘ WW 

ʜʦʩʪʦʚʝʨʥʦ (p < 0.001) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʦʜʝʣʴʥʦʡ ʩʨʝʜʳ OECD ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ PO4
3-, ʧʨʠ 

ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ Sʆ4
2- ʠ Cl- ʚ ʩʨʝʜʝ WW   ʟʥʘʯʠʪʝʣʴʥʦ   ʙʦʣʴʰʝ (p < 0.001). ʇʦʢʘʟʘʪʝʣʴ ʍʇʂ ʚ  

ʊʘʙʣʠʮʘ 8 ï ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʩʨʝʜ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʚ ʨʘʙʦʪʝ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʇʘʨʘʤʝʪʨ 
ʂʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ ʣ-1 

BBM OECD WW 

NH4
+ 0 56.5 Ñ 2.2***  27.7 Ñ 1.3***  

NO3
- 293.7 Ñ 19.3***  0.1 Ñ 0 0.2 Ñ 0 

PO4
3- 104.8 Ñ 11.5***  35.4 Ñ 0***  1.8 Ñ 0.1***  

Sʆ4
2- 29.6 Ñ 1.6***  2.1 Ñ 0.1***  10.7 Ñ 1.0 ***  

Cl- 14.9 Ñ 3.0 9.4 Ñ 0.9 139.0 Ñ 5.0***  

ʍʇʂ (O2) 0 84.7 Ñ 3.3***  161.0 Ñ 5.0***  

ʅʘʙʣʶʜʘʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʝ (*** p < 0.001) ʨʘʟʣʠʯʠʷ ʧʦ ʜʘʥʥʳʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʧʦʧʨʘʚʢʦʡ ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ  
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ʩʨʝʜʝ WW ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʨʝʜʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʪʨʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʨʝʜʳ 

ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʩʦʩʪʘʚʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʠʯʥʦʛʦ ʦʪʙʦʨʘ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʢʘʧʣʠʚʘʪʴ ʙʠʦʤʘʩʩʫ (ʠʟ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ), ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ (ʧʦ 

ʜʘʥʥʳʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ ʢʨʘʩʠʪʝʣʝʤ ʅʠʣʴʩʢʠʡ ʢʨʘʩʥʳʡ) ʠ 

ʫʛʣʝʚʦʜʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʚ ʤʠʢʨʦʧʣʘʥʰʝʪʘʭ ʥʘ ʪʨʝʭ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʩʨʝʜʘʭ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʈʠʩʫʥʢʝ 1. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʫ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʰʪʘʤʤʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʥʘ ʩʨʝʜʝ WW. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦʫʩʚʦʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ (NH4
+ ʠ NO3

-, 

ʊʘʙʣʠʮʘ 8). ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʰʪʘʤʤʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ (C. 

sorokiniana IC-62, Micractinium sp. IC-44 ʠ Micractinium sp. IC-76) ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʥʘ ʩʨʝʜʝ WW ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʦʡ BBM. 

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʨʠʥʠʥʛʘ ʠ ʩʝʣʝʢʮʠʠ ʰʪʘʤʤʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ z-ʦʮʝʥʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʪʦʙʨʘʪʴ ʦʙʨʘʟʮʳ ʩʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʩʨʝʜʥʝʛʦ ʧʦ ʚʳʙʦʨʢʝ (ʇʨʠʣʦʞʝʥʠʝ ɸ), ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʟʥʘʯʝʥʠʷ (p < 0.05) ʦʪʣʠʯʘʶʱʠʭʩʷ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʥʘ ʜʚʫʭ ʩʨʝʜʘʭ ʜʣʷ ʦʜʥʦʛʦ ʠʟ 

ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ z Ó 1.65 ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʜʥʦʬʘʢʪʦʨʥʳʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʧʦʧʨʘʚʢʦʡ 

ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ (ʇʨʠʣʦʞʝʥʠʝ ɸ). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʦʩʪʦʚʝʨʥʦ ʚʳʩʦʢʠʤ (p < 0.05, ʧʦ ʜʘʥʥʳʤ z-

ʦʮʝʥʢʠ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ Z > 1.65) ʥʘʢʦʧʣʝʥʠʝʤ ʙʠʦʤʘʩʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʰʪʘʤʤʘʤʠ ʥʘ ʚʩʝʭ ʩʨʝʜʘʭ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʰʪʘʤʤʳ C. sorokiniana IPPAS C-1 ʠ 

Micractinium sp. IC-76. ɼʣʷ ʩʨʝʜʳ BBM ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʙʳʣ ʦʪʤʝʯʝʥ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ C. sorokiniana IPPAS C-1 ʠ ʰʪʘʤʤʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨ. Micractinium. ʅʘ ʩʨʝʜʝ 

WW ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʚ ʦʩʥʦʚʥʦʤ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʫ C. sorokiniana 

IC-62, Micractinium sp. IC-44 ʠ Micractinium sp. IC-76. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ 

ʚʳʷʚʠʣ, ʯʪʦ ʥʘ ʚʩʝʭ ʪʨʝʭ ʩʨʝʜʘʭ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʪʣʠʯʘʣʩʷ ʰʪʘʤʤ P. kessleri IC-11, 

ʥʘ ʩʨʝʜʘʭ BBM ʠ OECD ʪʘʢʞʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʚ ʦʙʣʘʜʘʣʠ P. kessleri IPPAS C-2 

ʠ P. kessleri IPPAS C-9. ʅʘ ʩʨʝʜʝ WW ʧʦʤʠʤʦ ʵʪʠʭ ʰʪʘʤʤʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʫʛʣʝʚʦʜʦʚ ʦʪʣʠʯʘʣʩʷ ʰʪʘʤʤ P. kessleri IPPAS C-2.  

ʆʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʩʨʘʚʥʝʥʠʝʤ ʩ 

ʧʦʧʨʘʚʢʦʡ ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ Z > 1.65 (ʇʨʠʣʦʞʝʥʠʝ ɸ) ʚʳʷʚʠʣ, ʯʪʦ ʜʣʷ ʩʨʝʜʳ 

BBM ʜʣʷ ʰʪʘʤʤʘ  C. sorokiniana IPPAS C-1 ʩ ʥʘʠʙʦʣʴʰʝʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ  ʩʪʘʪʠʩʪʠʯʝʩʢʠ  ʟʥʘʯʠʤʳʭ  ʨʘʟʣʠʯʠʡ  (p > 0.05) ʧʦ  ʫʨʦʚʥʶ  ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʩ 
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ɺ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʇʝʨʚʠʯʥʳʡ ʦʪʙʦʨ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʙʠʦʤʘʩʩʳ, 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʥʘ ʩʨʝʜʘʭ BBM, OECD ʠ WW. (ɸ) ɹʠʦʤʘʩʩʘ, (ɹ) 

ʅʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ, (ɺ) ʋʛʣʝʚʦʜʳ. ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ ʩʨʝʜʳ 200 ʤʢʣ, 

ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÜC, ʦʩʚʝʱʝʥʥʦʩʪʴ 2000 ʣʢ, 16 ʯ ʩʚʝʪʦʚʘʷ /8 ʯ ʪʝʤʥʦʚʘʷ ʬʘʟʘ 

ʜʨʫʛʠʤʠ ʰʪʘʤʤʘʤʠ ʩ Z > 1.65. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʙʠʦʤʘʩʩʳ ʩ 

ʧʦʧʨʘʚʢʦʡ ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ (ʨ < 0.05) ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʣʠʰʴ ʚ ʦʪʥʦʰʝʥʠʠ Micractinium sp. IC-

76 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ OECD. ɸʥʘʣʦʛʠʯʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ (p < 0.05) ʩ ʜʨʫʛʠʤʠ ʰʪʘʤʤʘʤʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ 

ʜʣʷ C. sorokiniana IC-62 (ʩʨʝʜʘ OECD) ʠ Micractinium sp. IC-76 (ʩʨʝʜʘ WW). ɼʦʩʪʦʚʝʨʥʳʝ 

ʦʪʣʠʯʠʷ (p < 0.05) ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʦʚ ʩ ʜʨʫʛʠʤʠ ʰʪʘʤʤʘʤʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʣʷ ʰʪʘʤʤʦʚ 

ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʫʛʣʝʚʦʜʦʚ: P. kessleri IC-11 (ʩʨʝʜʳ BBM ʠ WW), ʘ ʪʘʢʞʝ ʜʣʷ P. kessleri IPPAS 

C-2 (ʩʨʝʜʘ WW).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ 

BBM ʫ ʰʪʘʤʤʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʣʠʧʠʜʦʚ (Z > 1.65) ʚ ʦʩʥʦʚʥʦʤ ʥʝ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʵʪʠʭ ʧʘʨʘʤʝʪʨʘʭ (p > 0.05, ʦʜʥʦʬʘʢʪʦʨʥʳʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʩ ʧʦʧʨʘʚʢʦʡ ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ). ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ WW ʜʦʩʪʦʚʝʨʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ 

ʣʠʧʠʜʦʚ (ʨ < 0.05) ʦʪʣʠʯʘʣʩʷ ʰʪʘʤʤ Micractinium sp. IC-76, ʦʜʥʘʢʦ ʜʣʷ ʚʳʙʦʨʘ ʰʪʘʤʤʘ ʩ ʚʳʩʦʢʠʤ 

ʥʘʢʦʧʣʝʥʠʝʤ ʠ ʙʠʦʤʘʩʩʳ, ʠ ʣʠʧʠʜʦʚ ʜʘʣʝʝ ʪʨʝʙʦʚʘʣʦʩʴ ʫʪʦʯʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʢʦʣʙʘʭ. ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 
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ʧʨʦʜʫʮʝʥʪʘ ʣʠʧʠʜʦʚ ʥʝʦʙʭʦʜʠʤ r ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʩʚʦʡʩʪʚ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʰʪʘʤʤʳ P. kessleri IC-11 ʠ P. kessleri IPPAS C-2 ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʚʦʜʦʚ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ 

ʰʪʘʤʤ-ʧʨʦʜʫʮʝʥʪ ʫʛʣʝʚʦʜʦʚ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ 

ʊʘʙʣʠʮʝ 9. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʰʪʘʤʤʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʜʦʩʪʦʚʝʨʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ (Micractinium sp. IC- 

ʊʘʙʣʠʮʘ 9 ï ʇʦʜʭʦʜʳ ʢ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

 ̄ ʅʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʐʪʘʤʤʳ ʇʨʠʤʝʯʘʥʠʝ 

1 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ 

ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, 

ʧʨʦʜʫʮʠʨʫʶʱʠʭ 

ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ 

BBM, ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʰʪʘʤʤʦʚ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʥʘʩʳʱʝʥʥʦʩʪʠ 

Micractinium sp. IC-76, 

Micractinium sp. IC-44, 

C. sorokiniana IPPAS C-1, 

C. sorokiniana IC-62 

ʇʨʦʜʫʮʠʨʫʶʪ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ 

C. vulgaris A1123, 

S. abundans A1175, 

C. sorokiniana A1135, 

S. obliquus A1167, Botryococcus 

sp. A1162 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʦʠʩʢʘ ʰʪʘʤʤʦʚ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʘʩʳʱʝʥʥʳʭ ʣʠʧʠʜʦʚ 

2 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʠʥʜʫʢʮʠʶ 

ʩʠʥʪʝʟʘ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʫ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

C. sorokiniana IC-62, 

Micractinium sp. IC-76, 

Micractinium sp. IC-44, 

C. sorokiniana IPPAS C-1 

 

ʇʨʦʜʫʮʠʨʫʶʪ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ 

P. kessleri IC-11, 

P. kessleri IPPAS C-2, 

P. kessleri IPPAS C-9, 

P. kessleri IPPAS S-333, 

A. protothecoidies NIES-2164, 

S. obliquus NIES-2280, 

Desmodesmus sp. IC-10, 

Desmodesmus sp. IC-75, 

Parachlorella sp. IC-23, 

Chlorella sp. IC-82 

ʍʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʠ 

ʚʳʩʦʢʠʤ - ʫʛʣʝʚʦʜʦʚ 

 

3 

ʅʘʨʘʙʦʪʢʘ ʧʘʨʪʠʡ 

ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʙʠʦʤʘʩʩʳ (ʣʠʧʠʜʦʚ ʠʣʠ 

ʫʛʣʝʚʦʜʦʚ) 

ʆʪʙʦʨ ʩʨʝʜʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ 

ʰʪʘʤʤʦʚ 

 

ɺʳʙʦʨ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʙʠʦʤʘʩʩʳ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ 

ʠʣʠ ʫʛʣʝʚʦʜʦʚ ʧʦ 

ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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76, Micractinium sp. IC-44, C. sorokiniana IPPAS ʉ-1), ʘ ʪʘʢʞʝ ʠʥʳʝ ʰʪʘʤʤʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʰʪʘʤʤʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʩʳʱʝʥʥʳʭ ʠ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ ʣʠʧʠʜʦʚ, ʯʪʦ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʫʯʘʪʴ ʙʠʦʪʦʧʣʠʚʦ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ (ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ 

ʩʪʘʥʜʘʨʪʫ EN 14214), ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʝ ʢ ʦʢʠʩʣʝʥʠʶ [317]. ɼʘʣʝʝ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʥʜʫʢʮʠʶ ʩʠʥʪʝʟʘ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʇʦʩʢʦʣʴʢʫ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠ ̫ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʦʪʣʠʯʘʝʪʩʷ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ ʥʘ ʨʘʟʥʳʭ ʩʨʝʜʘʭ, ʪʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʙʘʟʦʚʘʷ ʩʨʝʜʘ BBM, ʪʘʢ ʠ ʩʨʝʜʘ WW, ʧʦ ʩʦʩʪʘʚʫ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʘʷ ʢ ʨʝʘʣʴʥʦʤʫ ʩʫʙʩʪʨʘʪʫ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʰʪʘʤʤʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʨʦʚʝʥʴ 

ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʮʝʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ, ʘ ʪʘʢʞʝ ʩʦʣʝʡ ʚ ʩʨʝʜʝ, ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʫ ʥʠʟʢʦ- ʠ 

ʚʳʩʦʢʦʣʠʧʠʜʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʤʝʪʘʙʦʣʠʟʤʘ ʩ ʩʠʥʪʝʟʘ ʫʛʣʝʚʦʜʦʚ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ. ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʰʪʘʤʤʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʚ ʙʠʦʤʘʩʩʝ, ʧʦʟʚʦʣʠʪ ʚ 

ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜʳ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʫ ʨʘʟʥʳʭ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʫʪ ʦʪʦʙʨʘʥʳ ʰʪʘʤʤʳ, 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʙʠʦʤʘʩʩʫ ʠ ʣʠʧʠʜʳ ʠʣʠ ʫʛʣʝʚʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ 

ʜʣʷ ʥʘʨʘʙʦʪʢʠ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʳʭ ʚʝʱʝʩʪʚ.  

3.3 ʇʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʰʪʘʤʤʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ ʠ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ɼʣʷ ʧʦʠʩʢʘ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʣʠʧʠʜʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʘʩʳʱʝʥʥʳʭ ʠ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ 

ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʠʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʚ ʢʦʣʙʘʭ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤʳ, ʢʦʪʦʨʳʝ ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʠʯʥʦʛʦ ʦʪʙʦʨʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʣʠʧʠʜʦʚ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʰʪʘʤʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʟʦʚʫʶ ʩʨʝʜʫ BBM 

(ʬʦʪʦʘʚʪʦʪʨʦʬʥʳʡ ʨʝʞʠʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ), ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 2-3, ʚ ʊʘʙʣʠʮʝ 

10.  
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ʈʠʩʫʥʦʢ 2 ï ʅʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʘʤʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʩʨʝʜʝ BBM ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʢʦʣʙʘʭ. ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʩʨʝʜʘ BBM, ʦʙʲʝʤ ʩʨʝʜʳ 100 ʤʣ, 

ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 2000 ʣʢ 

ʅʘʠʙʦʣʴʰʠʤ ʠ ʙʳʩʪʨʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʙʠʦʤʘʩʩʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʢʦʣʙʘʭ ʦʪʣʠʯʘʣʠʩʴ ʰʪʘʤʤʳ Micractinium sp. IC-76, C. sorokinana IPPAS C-1, 

Micractinium sp. IC-44, C. sorokinaiana IC-62, S. abundans A1175. ʀʟ ʵʪʠʭ ʰʪʘʤʤʦʚ S. abundans 

A1175 ʦʙʣʘʜʘʣ ʥʘʠʙʦʣʴʰʝʡ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ 0.20 Ñ 0.01 ʩʫʪ-1 ʠ 

ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ 73.82 Ñ 4.53 ʤʛ ʣ-1 ʩʫʪ-1 (ʊʘʙʣʠʮʘ 10), ʘ ʰʪʘʤʤ C. sorokiniana 

A1135 - ʥʘʠʤʝʥʴʰʝʡ (0.05 Ñ 0.01 ʩʫʪ-1 ʠ 10.60 Ñ 0.34 ʤʛ ʣ-1 ʩʫʪ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʜʣʷ ʧʷʪʠ ʰʪʘʤʤʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʙʳʩʪʨʦʤʫ ʩʥʠʞʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ NO3- ʚ ʩʨʝʜʝ (ʈʠʩʫʥʦʢ 3). ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʩʨʝʜʝ ʚ ʢʦʥʮʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʦʢʘʟʘʣʦʩʴ ʥʝʙʦʣʴʰʠʤ ʜʣʷ ʚʩʝʭ ʰʪʘʤʤʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ C. sorokiniana A1135 (ʩʦʜʝʨʞʘʥʠʝ NO3
- 

ʥʘ 25 ʩʫʪʢʠ ʩʦʩʪʘʚʠʣʦ 0.08 ʛ ʣ-1), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʫ ʵʪʦʛʦ 

ʰʪʘʤʤʘ.  

ɸʥʘʣʠʟ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM ʚ ʢʦʣʙʘʭ 

(ʈʠʩʫʥʦʢ 4) ʚʳʷʚʠʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤ ʜʦʩʪʦʚʝʨʥʳʤ (p < 0.001, ʧʘʨʥʳʡ ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ t-ʪʝʩʪ) 

ʫʨʦʚʥʝʤ  ʥʘʢʦʧʣʝʥʠʷ  ʚ   ʩʪʘʮʠʦʥʘʨʥʦʡ   ʬʘʟʝ  ʨʦʩʪʘ ʦʙʣʘʜʘʣʠ   h ʪʘʤʤʳ   Micractinium sp.   IC-76,  
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ʈʠʩʫʥʦʢ 3 ï ʂʦʥʮʝʥʪʨʘʮʠʷ NO3
- ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʩʨʝʜʝ BBM 

ʚ ʢʦʣʙʘʭ. ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʩʨʝʜʘ BBM, ʦʙʲʝʤ ʩʨʝʜʳ 100 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 

2000 ʣʢ 

Micractinium sp. IC-44 ʠ C. vulgaris A1123, ʧʨʠʯʝʤ ʫ ʧʦʩʣʝʜʥʝʛʦ ʰʪʘʤʤʘ ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ ʥʘʯʠʥʘʣʦʩʴ ʧʦʟʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ. ʀʟʤʝʨʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʱʠʭ ʣʠʧʠʜʦʚ 

(ʧʦ ʜʘʥʥʳʤ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ) ʚʳʷʚʠʣʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ Vʣ (32.8 Ñ 1.5 ʤʛ ʣ
-1 ʩʫʪ-1) 

ʦʙʣʘʜʘʣ S. abundans A1175 (ʊʘʙʣʠʮʘ 10). ʐʪʘʤʤʳ, ʦʙʣʘʜʘʚʰʠʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʤʘʩʩʳ, ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ BBM ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʰʪʘʤʤʳ Micractinium sp. IC-76, Micractinium sp. IC-44 ʠ S. abundans A1175. 
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ʈʠʩʫʥʦʢ 4 ï ʅʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʘ ʩʨʝʜʝ BBM ʚ ʢʦʣʙʘʭ. ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʩʨʝʜʘ BBM, ʦʙʲʝʤ ʩʨʝʜʳ 

100 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 2000 ʣʢ 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣ ʧʦʢʘʟʘʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʢʦʣʙʘʭ ʚ 

ʩʨʝʜʝ BBM, ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩʫʥʢʝ 5. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʭ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʣʘʜʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʨʘʟʣʠʯʠʷʤʠ (ʧʦ ʜʘʥʥʳʤ 

ʜʚʫʭʚʳʙʦʨʦʯʥʦʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ t-ʪʝʩʪʘ), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʰʪʘʤʤʘ S. abundans A1175, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʨʘʟʣʠʯʠʡ ʚ ʫʨʦʚʥʝ ʥʘʢʦʧʣʝʥʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ ʠ ʥʘʩʳʱʝʥʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ. 

ɺ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʥʘʠʙʦʣʴʰʫʶ ʜʦʣʶ ʩʨʝʜʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ, ʩʦʩʪʘʚʠʣʠ C16:0, ʉ18:0, ʉ18:1, ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉ18:2. ɼʣʷ ʰʪʘʤʤʘ Micractinium sp. IC-76 ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʜʦʩʪʦʚʝʨʥʳʝ ʦʪʣʠʯʠʷ (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʚ ʥʘʢʦʧʣʝʥʠʠ C16:0, 

ʉ16:1, ʉ18:0, ʉ18:1 ʠ ʉ18:2 (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ); ʚ ʥʘʢʦʧʣʝʥʠʠ 

C16:0, ʉ18:0 ï S. obliquus A1167 ʠ Botryococcus sp. A1162; ʚ ʥʘʢʦʧʣʝʥʠʠ ʉ18:0 ʠ ʉ18:1 ï C. 

sorokiniana IC-62, Micractinium sp. IC-76, Micractinium sp. IC-44, C. sorokiniana IPPAS C-1; ʧʦ 

ʫʨʦʚʥʶ ʉ18:0 ï ʚʩʝ ʰʪʘʤʤʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ C. sorokiniana A1135.  

0

5000

10000

15000

20000

25000

30000

35000

0 2 4 6 8 10 12 14 16 18 20 22 24 26

ʆ
ʪ
ʥ
ʦ
ʩ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʘ
ʷ
 
ʬ
ʣ
ʫ
ʦ
ʨ
ʝ
ʩ
ʮ
ʝ
ʥ
ʮ
ʠ
ʷ
,
 

A
U

Cʫʪʢʠ

Scenedesmus abundans A1175 Chlorella vulgaris A1123

Botryococcus sp. A1162 Chlorella sorokiniana A1135

Scenedesmus obligus A1167 Chlorella sorokiniana IC-62

Micractinium sp. IC-76 Micractinium sp. IC-44

C. sorokiniana IPPAS C-1



115 

 

ʊʘʙʣʠʮʘ 10 ï ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʩʨʝʜʝ BBM ʚ 

ʢʦʣʙʘʭ 

ʐʪʘʤʤ Õ, ʩʫʪ-1 ʊ, ʩʫʪ-1 
Vʙ, 

ʤʛ ʣ-1 ʩʫʪ-1 

Vʣ, 

ʤʛ ʣ-1 ʩʫʪ-1 

C. vulgaris A1123 0.09 Ñ 0.01 8.0 Ñ 0.7 35.8 Ñ 0.24 13.7 Ñ 0.2 

S. abundans A1175 0.20 Ñ 0.01 3.6 Ñ 0.5 73.82 Ñ 4.53 32.8 Ñ 1.5 

C. sorokiniana A1135 0.05 Ñ 0.01 13.5 Ñ 0.1 10.60 Ñ 0.34 3.3 Ñ 0.1 

S. obliquus A1167 0.07 Ñ 0.01 9.5 Ñ 1.0 20.85 Ñ 0.71 8.6 Ñ 0.7 

Botryococcus sp. A1162 0.11 Ñ 0.01 6.1 Ñ 0.5 29.61 Ñ 1.46 9.9 Ñ 0.3 

C. sorokiniana IC-62 0.14 Ñ 0.01 4.8 Ñ 0.3 60.18 Ñ 0.48 27.6 Ñ 1.3 

Micractinium sp. IC-76 0.15 Ñ 0.01 4.5 Ñ 0.2 67.41 Ñ 0.33 29.1 Ñ 1.7 

C. sorokiniana IPPAS C-1 0.11 Ñ 0.01 6.3 Ñ 0.6 53.70 Ñ 0.37 23.5 Ñ 2.1 

Micractinium sp. IC-44 0.09 Ñ 0.01 7.4 Ñ 0.4 69.3 Ñ 0.45 30.6 Ñ 0.9 

ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʩʨʝʜʘ BBM, ʦʙʲʝʤ ʩʨʝʜʳ 100 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 2000 ʣʢ 

ɸʥʘʣʠʟ ʨʘʟʣʠʯʠʡ ʚ ʩʦʩʪʘʚʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-

ʪʝʩʪ) ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉ16:0 ʫ S. obliquus A1167, Botryococcus sp. 

A1162, C. sorokiniana IC-62, Micractinium sp. IC-76. ʉʦʜʝʨʞʘʥʠʝ ʉ16:1 ʪʘʢʞʝ ʠʟʤʝʥʷʣʦʩʴ ʫ C. 

vulgaris A1123, S. obliquus A1167, Micractinium sp. IC-76, Micractinium sp. IC-44 ʠ C. sorokiniana 

IPPAS C-1. ɼʦʩʪʦʚʝʨʥʦʝ (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʉ18:0 ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʣʷ ʚʩʝʭ ʰʪʘʤʤʦʚ, ʢʨʦʤʝ C. sorokiniana A1135. 

ʇʨʠ ʵʪʦʤ ʫ C. vulgaris A1123 ʠ C. sorokiniana IPPAS C-1, ʙr ʣʦ ʚʳʷʚʣʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʡ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʩʤʝʥʝ ʬʘʟ ʨʦʩʪʘ. ɼʣʷ ʰʪʘʤʤʦʚ C. sorokiniana A1135, C. 

sorokiniana IC-62, Micractinium sp. IC-76, Micractinium sp. IC-44 ʠ C. sorokiniana IPPAS C-1 ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉ18:1 ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ). ʕʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ [318], ʛʜʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ Chlorella UMACC050 ʥʘʢʘʧʣʠʚʘʣ C16:0, 

C18:0 ʠ C18:1 ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ. ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium G4-9 ʥʘ ʩʨʝʜʝ BG-11 ʦʩʥʦʚʥʳʤʠ ʞʠʨʥʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʷʚʣʷʣʠʩʴ ʉ16:0 (15.34%), ʉ18:2 (21.65%) ʠ ʉ18:3 (23.95%), 

ʯʪʦ ʙʣʠʟʢʦ ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ Micractinium sp. IC-76 ʚ ʵʪʦʡ ʨʘʙʦʪʝ (ʜʣʷ 

ʉ16:0 14.7 Ñ 0.5%, ʜʣʷ ʉ18:2 27.4 Ñ 2.4%), ʦʜʥʘʢʦ ʜʣʷ IC-76 ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ (p < 0.05, 

ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʉ18:3 (8.1 Ñ 0.4%), ʘ ʪʘʢʞʝ ʚ 

ʙʠʦʤʘʩʩʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʉ18:0 (14.6 Ñ 0.5%). 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʜʦʩʪʦʚʝʨʥʦ (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-

ʪʝʩʪ) ʨʘʟʣʠʯʘʣʦʩʴ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʜʣʷ ʚʩʝʭ ʰʪʘʤʤʦʚ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʚ ʭʦʜʝ 

ʨʘʙʦʪʳ, ʢʨʦʤʝ S. abundans A1175. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʠ ʄʅɾʂ ʜʦʩʪʦʚʝʨʥʦ 
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ʨʘʟʣʠʯʘʣʦʩʴ ʤʝʞʜʫ ʬʘʟʘʤʠ ʨʦʩʪʘ ʫ C. vulgaris A1123, S. obliquus A1167, Botryococcus sp. A1162, 

Micractinium sp. IC-76 ʠ C. sorokiniana IPPAS C-1 (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-

ʪʝʩʪ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʠʤ ʜʦʩʪʦʚʝʨʥʳʤ ʫʨʦʚʥʝʤ ʦʪʣʠʯʠʡ ʚ ʧʨʦʬʠʣʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʭ ʨʦʪʘ ʦʙʣʘʜʘʣʠ ʰʪʘʤʤʳ C. sorokiniana IC-62, 

Micractinium sp. IC-76, Micractinium sp. IC-44 ʠ C. sorokiniana IPPAS C-1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ S. 

abundans A1175 ʥʝ ʦʙʣʘʜʘʣ ʪʘʢʠʤʠ ʦʪʣʠʯʠʷʤʠ. ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 5, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʅɾʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ, ʥʘʠʙʦʣʴʰʠʤ 

ʦʙʨʘʟʦʤ (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʵʪʦ ʚʳʨʘʞʝʥʦ ʫ S. obliquus A1167, 

ʤʝʥʴʰʝ ï ʫ C. sorokiniana A1135. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [319], ʛʜʝ 

ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʫ Chlorella UMACC187 ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʰʪʘʤʤʘ C. 

sorokiniana A1135 ʙʳʣʦ ʥʘʠʤʝʥʴʰʠʤ ʦʙʨʘʟʦʤ ʚʳʨʘʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʄʅɾʂ, ʜʣʷ 

ʵʪʦʛʦ ʰʪʘʤʤʘ ʠ ʰʪʘʤʤʦʚ C. sorokiniana IC-62, Micractinium sp. IC-76, Micractinium sp. IC-44, C. 

sorokiniana IPPAS C-1 ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʄʅɾʂ ʙʳʣʦ 

ʜʦʩʪʦʚʝʨʥʦ (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʚʳʰʝ, ʯʝʤ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʬʘʟʝ ʨʦʩʪʘ. ʅʘʠʙʦʣʴʰʠʝ ʜʦʩʪʦʚʝʨʥʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʬʘʟʘʤʠ ʨʦʩʪʘ ʚ ʩʫʤʤʘʨʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʅɾʂ ʠ ʄʅɾʂ ʦʪʤʝʯʝʥʳ ʜʣʷ C. vulgaris A1123, ʥʘʠʤʝʥʴʰʠʝ ï ʜʣʷ Micractinium  sp.  IC-76.  ʊʘʢʠʤ   

ʦʙʨʘʟʦʤ,  ʠʟʤʝʥʝʥʠʝ  ʩʦʩʪʘʚʘ  ʞʠʨʥʳʭ  ʢʠʩʣʦʪ  ʧʨʠ  ʧʝʨʝʭʦʜʝ   ʦʪ ɻʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʨʦʩʪʘ 

ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʚ ʮʝʣʦʤ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ ʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʅɾʂ ʠ ʧʦʚʳʰʝʥʠʝʤ ʇʅɾʂ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʰʪʘʤʤʦʚ ʧʦ ʩʫʤʤʘʨʥʦʤʫ ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ ʅɾʂ ʠ ʄʅɾʂ ʩʨʝʜʠ ʥʠʭ ʥʝ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ (p > 0.05 ʧʦ ʜʘʥʥʳʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʪʝʩʪʦʤ ʊʴʶʢʠ). 

ʐʪʘʤʤ S. abundans A1175 ʦʙʣʘʜʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʅɾʂ ʠ ʄʅɾʂ 

(72.8 Ñ 5.8%). ʇʦ ʜʘʥʥʳʤ ʪʝʩʪʘ ʊʴʶʢʠ ʪʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ C. vulgaris A1123, S. abundans 

A1175, C. sorokiniana A1135 ʠ S. obliquus A1167 ʦʙʣʘʜʘʶʪ ʜʦʩʪʦʚʝʨʥʳʤ (p < 0.01) ʦʪʣʠʯʠʝʤ ʦʪ 

ʦʩʪʘʣʴʥʳʭ ʧʦ ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ ʅɾʂ.  

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʘ ʙʠʦʤʘʩʩʳ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ, ʫʛʣʝʚʦʜʦʚ ʠ ʣʠʧʠʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 

11. ɺʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʱʠʭ ʣʠʧʠʜʦʚ ʦʙʣʘʜʘʣʠ ʰʪʘʤʤʳ S. abundans A1175 (44.4 Ñ 2.7%), C. 

vulgaris A1123 (38.3 Ñ 1.0%), Micractinium sp. IC-44 (39.2 Ñ 3.8%) ʠ Micractinium sp. IC-76 (35.5 Ñ 

2.8%),  ʥʘʠʤʝʥʴʰʠʤ  -  C.  sorokiniana  IPPAS  C-1  (30.8  Ñ  3.3%).  ʆʜʥʘʢʦ  ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʜʘʥʥʳʤ 

ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ 
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ɸ. 

 
ɹ.  

 

ʈʠʩʫʥʦʢ 5 ï ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ BBM ʚ ʢʦʣʙʘʭ (ʧʦ ʜʘʥʥʳʤ ɻʍ-ʄʉ). ɸ. 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ ʨʦʩʪʘ. ɹ. ʉʪʘʮʠʦʥʘʨʥʘʷ ʬʘʟʘ ʨʦʩʪʘ 
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ʊʘʙʣʠʮʘ 11 ï ʉʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ BBM ʚ 

ʢʦʣʙʘʭ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ 

ʐʪʘʤʤ ʉʫʪʢʠ 
% ʤʘʩʩ. ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ 

Wʣ Wʫ Wʙ 

Botryococcus sp. A1162 20 23.4 Ñ 2.3 46.3 Ñ 1.1 31.1 Ñ 2.2 

C. sorokiniana A1135 25 31.2 Ñ 3.4 40.7 Ñ 2.8 30.3 Ñ 1.5 

C. sorokiniana IC-62 22 30.5 Ñ 2.1 42 Ñ 1.5 28.7 Ñ 1.4 

C. sorokiniana IPPAS C-1 23 24.8 Ñ 3.3 39 Ñ 2.2 38.5 Ñ 1.7 

C. vulgaris A1123 25 38.3 Ñ 1.0 37.8 Ñ 1.4 26.0 Ñ 1.2 

Micractinium sp. IC-44 23 39.2 Ñ 3.8 30.2 Ñ 1.8 33.2 Ñ 0.8 

Micractinium sp. IC-76 25 35.5 Ñ 2.8 32.5 Ñ 1.3 32.9 Ñ 1.0 

S. abundans A1175 19 44.4 Ñ 2.7 43.3 Ñ 1.2 15.7 Ñ 0.7 

S. obliquus A1167 25 31.4 Ñ 2.2 44.1 Ñ 2.2 27.8 Ñ 0.7 

 

(ʪʝʩʪ ʊʴʶʢʠ) ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ (p > 0.05) ʧʦ ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʦʪʤʝʯʝʥʦ ʜʣʷ ʰʪʘʤʤʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨ. Scenedesmus ʠ ʨ. Micractinium, ʘ ʪʘʢʞʝ ʜʣʷ C. sorokiniana IPPAS C-1, ʰʪʘʤʤʳ 

ʨ. Scenedesmus ʠ ʨ. Micractinium ʪʘʢʞʝ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ. ʐʪʘʤʤʳ 

Micractinium sp. IC-44 ʠ Micractinium sp. IC-76 ʦʙʣʘʜʘʶʪ ʥʘʠʤʝʥʴʰʝʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʚ ʚ 

ʙʠʦʤʘʩʩʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʰʪʘʤʤʘʤʠ (p < 0.05). ɹʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʚ 

ʦʪʣʠʯʘʝʪʩʷ ʰʪʘʤʤ Botryococcus sp. A1162 (46.3 Ñ 1.1%). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʠʭ ʣʠʧʠʜʦʚ. ʇʦ ʜʘʥʥʳʤ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʩʨʘʚʥʝʥʠʝʤ ʧʦ ʪʝʩʪʫ ʊʴʶʢʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʦʩʪʦʚʝʨʥʦ 

ʙʦʣʴʰʠʤ (p < 0.05) ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʤʠ 

ʰʪʘʤʤʘʤʠ ʦʙʣʘʜʘʝʪ C. sorokiniana IPPAS C-1 (38.5 Ñ 1.7%), ʤʝʥʴʰʠʤ ï S. abundans A1175 (15.7 

Ñ 0.7%).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʚʳʙʨʘʥʥʳʭ ʰʪʘʤʤʦʚ, ʰʪʘʤʤ S. abundans 

A1175 ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʅɾʂ ʠ ʄʅɾʂ, ʘ ʪʘʢʞʝ ʣʠʧʠʜʦʚ, 

ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʠʦʪʦʧʣʠʚʦ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʐʪʘʤʤʳ C. 

sorokiniana IC-62, Micractinium sp. IC-76, Micractinium sp. IC-44, C. sorokiniana IPPAS C-1 

ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʤʳʤ ʩ S. abundans A1175 ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʥʦ ʥʘʢʘʧʣʠʚʘʶʪ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ, ʧʦʵʪʦʤʫ ʦʥʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʧʦ 

ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʜʫʢʮʠʶ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤʠ, 

ʘ ʪʘʢʞʝ ʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ.  
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3.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʫ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ɺ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʛʨʷʟʥʝʥʠ ̫ʠʟ ʚʦʜʳ, ʚʢʣʶʯʘʷ ʢʘʢ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ 

(ʥʠʪʨʘʪʳ, ʥʠʪʨʠʪʳ, ʩʦʣʠ ʘʤʤʦʥʠʷ, ʬʦʩʬʘʪʳ ʠ ʩʫʣʴʬʘʪʳ), ʪʘʢ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ʫʛʣʝʨʦʜʘ 

[320]. ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʰʪʘʤʤʳ ʤʦʛʫʪ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʪʴ ʟʘʛʨʷʟʥʠʪʝʣʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ [321]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʰʪʘʤʤʳ C. sorokiniana 

IC-62, Micractinium sp. IC-76, Micractinium sp. IC-44 ʠ C. sorokiniana IPPAS C-1, ʦʪʦʙʨʘʥʥʳʝ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʜʫʮʝʥʪʳ ʣʠʧʠʜʦʚ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʰʪʘʤʤʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW (ʤʠʢʩʦʪʨʦʬʥʳʡ ʨʝʞʠʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ (ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ, ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʩʦʣʝʡ ʚ ʩʨʝʜʝ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ) ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʣʠʧʠʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ 

ʩ ʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ (ʘʥʛʣ. çlipid switchè) [322]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʚʝʜʫʱʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫ ʨʘʟʥʳʭ ʰʪʘʤʤʦʚ ʚ ʩʪʨʝʩʩʦʚʳʭ 

ʫʩʣʦʚʠʷʭ, ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [323] ʠʟʫʯʘʣʠʩʴ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʫ ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ (Chlamydomonas, Chlorella, Desmodesmus, Hindakia ʠ 

Parachlorella) ʧʨʠ ʠʭ ʘʜʘʧʪʘʮʠʠ ʢ ʩʪʦʯʥʳʤ ʚʦʜʘʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʚ 

ʙʠʦʤʘʩʩʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʣʦ ʫ P. kessleri, 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʳ. ʆʜʥʘʢʦ ʩʣʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫ 

ʰʪʘʤʤʦʚ ʣʠʧʠʜ-ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʩʪʦʯʥʳʭ 

ʚʦʜʘʭ, ʦʩʪʘʶʪʩʷ ʥʝʷʩʥʳʤʠ. 

3.4.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ WW ʫ 

ʰʪʘʤʤʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ C. sorokiniana IC-62, Micractinium 

sp. IC-76, Micractinium sp. IC-44, C. sorokiniana IPPAS C-1, ʦʪʦʙʨʘʥʥʳʭ (ʧ. 3.2) ʧʦ ʥʘʣʠʯʠʶ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʠ ʙʠʦʤʘʩʩʳ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʭ 
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ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ ʩʨʝʜʝ WW ʚ ʢʦʣʙʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʤʘʩʩʳ ʠ ʣʠʧʠʜʦʚ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 6 ʠ ʚ ʊʘʙʣʠʮʝ 12.   

ɸ.  

 
ɹ. 

  
ɺ. 

 

ʈʠʩʫʥʦʢ 6 ï ʅʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ ʣʠʧʠʜʦʚ ʰʪʘʤʤʘʤʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʚ ʢʦʣʙʘʭ. (ɸ) ɹʠʦʤʘʩʩʘ, (ɹ) ʃʠʧʠʜʳ, (ɺ) ʋʛʣʝʚʦʜʳ. 

ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ ʩʨʝʜʳ 150 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 2000 ʣʢ 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʈʠʩʫʥʢʝ 6 ɸ-ɹ, ʧʦ ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʰʪʘʤʤʳ 

ʦʪʣʠʯʘʣʠʩʴ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ. ʐʪʘʤʤʳ Micractinium sp. IC-76 ʠ Micractinium sp. IC-44 

ʥʘʢʘʧʣʠʚʘʣʠ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʰʪʘʤʤ IPPAS  C-1 ʧʨʘʢʪʠʯʝʩʢʠ ʠʭ ʥʝ ʥʘʢʘʧʣʠʚʘʣ. ʇʦ ʜʘʥʥʳʤ ʈʠʩʫʥʢʘ 3ɸ-ɺ, ʥʘʯʠʥʘʷ 

ʩ 11 ʩʫʪʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʬʘʟʳ ʟʘʧʘʩʘʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ (ʈʠʩʫʥʦʢ 6ɸ, ɹ). ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʩʝ 

ʰʪʘʤʤʳ ʦʙʣʘʜʘʣʠ ʩʨʘʚʥʠʤʳʤʠ ʫʜʝʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ (ʊʘʙʣʠʮʘ 12). 

ɼʦʩʪʦʚʝʨʥʳʝ (p < 0.05, ʪʝʩʪ ʊʴʶʢʠ) ʨʘʟʣʠʯʠʷ ʩ ʜʨʫʛʠʤʠ ʰʪʘʤʤʘʤʠ ʧʦ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ 

ʣʠʧʠʜʦʚ ʥʘʙʣʶʜʘʣʠʩʴ ʣʠʰʴ ʜʣʷ ʰʪʘʤʤʘ Micractinium sp. IC-76 (13.49 Ñ 1.50 ʤʛ ʣ-1 ʩʫʪ-1) ʩ 

ʥʘʠʙʦʣʴʰʠʤ Wʣ. ʅʘʠʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ   ʫʛʣʝʚʦʜʦʚ  ʦʙʣʘʜʘʣ  ʰʪʘʤʤ  C.  sorokiniana  

IC-62  (24.5 Ñ   1.7 ʤʛ  ʣ-1  ʩʫʪ-1),  ʦʜʥʘʢʦ ʜʦʩʪʦʚʝʨʥʳʭ   ʨʘʟʣʠʯʠʡ  ʩʦ  ʰʪʘʤʤʦʤ Micractinium sp. 

IC-76 (22.2 Ñ 1.1 ʤʛ ʣ-1 ʩʫʪ-1) ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʩʦʛʣʘʩʥʦ   ʪʝʩʪʫ   ʊʴʶʢʠ (p > 0.05)  ʚʳʷʚʣʝʥʦ   ʥʝ 

ʙʳʣʦ.   ɼʦʩʪʦʚʝʨʥʦ   ʚʳʩʦʢʠʤ (p < 0.05, ʪʝʩʪ ʊʴʶʢʠ)  Wʣ   ʩʨʝʜʠ  ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ  ʰʪʘʤʤʦʚ  ʚ  

ʩʪʘʮʠʦʥʘʨʥʦʡ   ʬʘʟʝ   ʨʦʩʪʘ  ʦʙʣʘʜʘʣ    ʰʪʘʤʤ Micractinium sp. IC-76 (36.3 Ñ 0.1%), ʥʘʠʤʝʥʴʰʠʤ 

- C. sorokiniana IC-62 (21.4 Ñ 2.3%). ɼʣʷ ʵʪʠʭ ʞʝ ʰʪʘʤʤʦʚ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʚʦʜʦʚ (31.2 Ñ 1.3 ʠ 44.4 Ñ 1.2%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʐʪʘʤʤ C. sorokiniana IPPAS 

ʉ-1, ʦʙʣʘʜʘʚʰʠʡ ʥʘʠʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ (ʈʠʩʫʥʦʢ 6ɸ, ɹ), 

ʦʙʣʘʜʘʣ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʱʠʭ ʣʠʧʠʜʦʚ (25.6 Ñ 0.9%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʪʘʤʤʦʤ C. 

sorokiniana IC-62. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʠʡ ʚ ʞʠʨʥʦʢʠʩʣʦʪʥʦʤ ʩʦʩʪʘʚʝ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʙʳʣ ʧʨʦʚʝʜʝʥ ɻʍ-ʄʉ ʘʥʘʣʠʟ 

ʩʦʩʪʘʚʘ ʙʠʦʤʘʩʩʳ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʭ ʨʦʩʪʘ (ʈʠʩʫʥʦʢ 7).  

ʊʘʙʣʠʮʘ 12 ï ʇʘʨʘʤʝʪʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʣʠʧʠʜʦʚ ʠ ʩʦʩʪʘʚ ʠʭ ʙʠʦʤʘʩʩʳ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʢʦʣʙʘʭ ʥʘ ʩʨʝʜʝ WW 

ʇʘʨʘʤʝʪʨ 

ʐʪʘʤʤ 

C. sorokiniana 

IPPAS C-1 

C. sorokiniana 

IC-62 

Micractinium 

sp. IC-44 

Micractinium 

sp. IC-76 

Õ (ʩʫʪ-1) 0.12 Ñ 0 0.12 Ñ 0.01 0.11 Ñ 0 0.12 Ñ 0.01 

T, ʩʫʪ 5.81 Ñ 0.13 6.01 Ñ 0.38 6.24 Ñ 0.26 5.83 Ñ 0.31 

Vʙ, ʤʛ ʣ
-1 ʩʫʪ-1 36.62 Ñ 1.63 38.96 Ñ 4.79 34.91 Ñ 2.86 37.18 Ñ 4.12 

Vʣ, ʤʛ ʣ
-1 ʩʫʪ-1 9.38 Ñ 0.42 8.05 Ñ 1.53 10.11 Ñ 0.83 13.49 Ñ 1.50* 

Vʫ, ʤʛ ʣ
-1 ʩʫʪ-1 20.7 Ñ 0.8 24.5 Ñ 1.7 21.4 Ñ 1.9 22.2 Ñ 1.1 

Wʣ, % (16 ʩʫʪ) 25.6 Ñ 0.9* 21.4 Ñ 2.3* 29.0 Ñ 0.5* 36.3 Ñ 0.1* 

Wʫ, % (16 ʩʫʪ) 38.6 Ñ 2.2* 44.4 Ñ 1.2* 32.1 Ñ 0.7* 31.2 Ñ 1.3* 

Wʙ, % (16 ʩʫʪ) 29.9 Ñ 1.7* 34.2 Ñ 2.3* 38.9 Ñ 3.5* 32.51 Ñ 2.5* 

ʅʘʙʣʶʜʘʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʝ (* - p < 0.05) ʟʥʘʯʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ (ʪʝʩʪ ʊʴʶʢʠ) 

ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʜʫ ʰʪʘʤʤʘʤʠ. ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ ʩʨʝʜʳ 150 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 

1 ÁC, 2000 ʣʢ 
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ɸ. 

 
ɹ. 

 

ʈʠʩʫʥʦʢ 7 ï ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʫ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʢʦʣʙʘʭ ʥʘ ʩʨʝʜʝ WW. (ɸ) ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ 

ʨʦʩʪʘ (8 ʩʫʪ), (ɹ) ʉʪʘʮʠʦʥʘʨʥʘʷ ʬʘʟʘ ʨʦʩʪʘ (16 ʩʫʪ). ɼʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ 

ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ (p < 0.05) ʧʦ ʜʘʥʥʳʤ ʜʚʫʭʚʳʙʦʨʦʯʥʦʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ t-ʪʝʩʪʘ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟ ʨʦʩʪʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʤʝʯʝʥʥʳʭ 

çʭè c ʨ > 0.05) 
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ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ 

ʥʘʙʣʶʜʘʣʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ C16:0, C18:0 ʠ C18:1. ɺ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʝ ʨʦʩʪʘ ʥʘʙʣʶʜʘʣʠ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ), 

ʩʚʷʟʘʥʥʳʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ C16:0 ʠ C18:1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ C18:0 ʩʥʠʟʠʣʦʩʴ 

ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ. ɺ ʵʪʦʡ ʬʘʟʝ ʨʦʩʪʘ ʚʩʝ ʰʪʘʤʤʳ ʦʙʣʘʜʘʣʠ ʩʨʘʚʥʠʤʳʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʅɾʂ, 

ʢʨʦʤʝ Micractinium sp. IC-44, ʫ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʄʅɾʂ ʠ 

ʥʘʠʙʦʣʴʰʝʝ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ  ʤʦʥʦ- ʠ ʥʘʩʳʱʝʥʥʳʭ  ʞʠʨʥʳʭ ʢʠʩʣʦʪ  (74.7 Ñ 4.2%),  ʢʦʪʦʨʦʝ  

ʙʳʣʦ  ʙʦʣʴʰʝ,   ʯʝʤ   ʫ  S.  abundans  A-1175  ʧʨʠ   ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ   ʥʘ   ʩʨʝʜʝ   BBM.   ɺʳʷʚʣʝʥʦ,   

ʯʪʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ   ʰʪʘʤʤʳ,   ʦʪʥʦʩʷʱʠʝʩʷ ʢ C. sorokiniana ʠ Micractimium sp., ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʚ ʮʝʣʦʤ ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʤʳʤʠ ʫʨʦʚʥʷʤʠ ʥʘʢʦʧʣʝʥʠʷ ʅɾʂ ʠ 

ʄʅɾʂ.  

ɺʘʞʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʠʟ 

ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʍʇʂ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʨʝʜʳ WW (ʢʦʥʮʝʥʪʨʘʮʠʷ NH4
+ ʠ PO4

3-, ʘ ʪʘʢʞʝ ʍʇʂ) ʚ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʢʦʣʙʘʭ. ʉʦʩʪʘʚ ʩʨʝʜʳ ʚ ʢʦʥʮʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (15 ʩʫʪ) ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 

13, ʨʝʟʫʣʴʪʘʪʳ - ʥʘ ʈʠʩʫʥʢʝ 8. ʇʦ ʜʘʥʥʳʤ ʈʠʩʫʥʢʘ 8ɸ, ʥʘ ʚʪʦʨʳʝ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʍʇʂ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ C. sorokiniana IPPAS C-1 

(ʥʘ 79.4% ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ). ɼʘʣʝʝ ʚ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʍʇʂ ʜʣʷ ʚʩʝʭ ʰʪʘʤʤʦʚ, ʢʨʦʤʝ C. sorokiniana IPPAS C-1 (p < 0.01, ʪʝʩʪ 

ʊʴʶʢʠ), ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʪʝʣʴ ʍʇʂ ʩʦʩʪʘʚʠʣ 70.1 ʤʛ O2 ʣ
-1 ʥʘ ʧʷʪʥʘʜʮʘʪʳʝ ʩʫʪʢʠ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʨʝʜʝ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʜʝʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʊʘʙʣʠʮʘ 13 ï ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʩʨʝʜʝ WW (15 ʩʫʪ) 

ʇʘʨʘʤʝʪʨ 

ʐʪʘʤʤ 

ʉ. 

sorokinana 

IPPAS C-1 

C. sorokiniana 

IC-62 

Micractinium sp. 

IC-44 

Micractinium sp. 

IC-76 

ʍʇʂ,  

ʤʛ ʣ-1 O2  
70.1 Ñ 7.0** 129.5 Ñ 12.0 157.0 Ñ 15.0 167.0 Ñ 18.0 

NH4
+, ʤʛ ʣ-1 0.5 Ñ 0.2 0.7 Ñ 0.1 0.9 Ñ 0.2 1.0 Ñ 0.2 

PO4
3-, ʤʛ ʣ-1 0.099 Ñ 0.078 0.272 Ñ 0.054 0.686 Ñ 0.14* 0.414 Ñ 0.094 

ʅʘʙʣʶʜʘʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʝ (* - p < 0.05, ** - p < 0.01) ʟʥʘʯʝʥʠʷ ʧʦ ʜʘʥʥʳʤ 

ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ 

(ʪʝʩʪ ʊʴʶʢʠ) ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʜʫ ʰʪʘʤʤʘʤʠ. ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ ʩʨʝʜʳ 150 ʤʣ, 

ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 2000 ʣʢ 
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ɸ. 

 
ɹ. 

 
ɺ. 

 

ʈʠʩʫʥʦʢ 8 ï Cʦʩʪʘʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ ʥʘ ʩʨʝʜʝ WW ʚ ʢʦʣʙʘʭ: (ɸ) ʍʇʂ, (ɹ) NH4
+, (ɺ) PO4

3-. ʋʩʣʦʚʠʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ ʩʨʝʜʳ 150 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 2000 ʣʢ 

[324]. ʇʦʢʘʟʘʥʦ (ʈʠʩʫʥʦʢ 8ɹ), ʯʪʦ ʚʩʝ ʰʪʘʤʤʳ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʣʠ NH4
+ ʠʟ ʩʨʝʜʳ 

ʚʧʣʦʪʴ ʜʦ ʚʦʩʴʤʳʭ ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʍʘʨʘʢʪʝʨ ʧʦʛʣʦʱʝʥʠʷ ʢʣʝʪʢʘʤʠ PO4
3- (ʈʠʩʫʥʦʢ 8ɺ) 
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ʦʪʣʠʯʘʣʩʷ ʜʣʷ ʚʩʝʭ ʰʪʘʤʤʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

PO4
3- ʚ ʩʨʝʜʝ, ʨʘʚʥʦʝ 0.1 ʤʛ ʣ-1, ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʣʷ ʰʪʘʤʤʘ C. sorokiniana IPPAS C-1, ʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ - ʜʣʷ Micractinium sp. IC-44 (0.7 ʤʛ ʣ-1, p < 0.05 ʪʝʩʪ ʊʴʶʢʠ) ʚ ʢʦʥʮʝ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 

3.4.2 ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ WW 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ ʰʪʘʤʤʦʚ C. sorokiniana IC-62, Micractinium sp. IC-

44 ʠ Micractinium sp. IC-76, ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ (ʯʝʪʚʝʨʪʳʝ ʩʫʪʢʠ) ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ (ʧʷʪʥʘʜʮʘʪʳʝ 

ʩʫʪʢʠ) ʬʘʟʘʭ ʨʦʩʪʘ. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʦʙʲʝʤʝ ʩʨʝʜʳ 150 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʝ 28 Ñ 1 ÁC ʠ 

ʦʩʚʝʱʝʥʥʦʩʪʠ 2000 ʣʢ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʘʙʦʣʦʤʥʳʡ ʧʨʦʬʠʣʴ ʰʪʘʤʤʘ C. 

sorokiniana IPPAS C-1 ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʨʘʟʣʠʯʠʷ 

ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʤʝʞʫ ʰʪʘʤʤʘʤʠ ʩ ʚʳʩʦʢʠʤ ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʷʤʠ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ 

ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʩʨʝʜʝ. 

ʇʨʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʚʳʷʚʣʝʥʦ 46 ʩʦʝʜʠʥʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʫʛʣʝʚʦʜʘʤ, ʘʤʠʥʦʢʠʩʣʦʪʘʤ, ʦʨʛʘʥʠʯʝʩʢʠʤ ʢʠʩʣʦʪʘʤ, ʣʠʧʠʜʘʤ ʠ ʜʨʫʛʠʤ ʢʣʘʩʩʘʤ ʚʝʱʝʩʪʚ. 

ʄʥʦʛʦʤʝʨʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ (PCA) ʠ ʤʝʪʦʜʘ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʥʳʭ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

(PLS-DA) ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʬʠʣʷʭ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʥʘʙʣʶʜʘʶʱʠʤʠʩʷ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ. 

ɻʨʘʬʠʢ ʤʘʪʨʠʮʳ ʩʯʝʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʨʚʦʡ (F1) ʠ ʚʪʦʨʦʡ (F2) ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ PCA 

(ʈʠʩʫʥʦʢ 9) ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʬʠʣʷʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʰʪʘʤʤʦʚ. ʇʨʠ ʘʥʘʣʠʟʝ ʤʝʪʘʙʦʣʠʪʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʙʠʦʤʘʩʩʝ ʰʪʘʤʤʦʚ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʭ ʨʦʩʪʘ, ʩʫʤʤʘ ʧʝʨʚʳʭ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪ PCA ʩʦʩʪʘʚʠʣʘ 40.35% ʦʪ 

ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʷʭ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʚʩʝʭ ʰʪʘʤʤʦʚ ʚ ʦʙʝʠʭ 

ʬʘʟʘʭ ʨʦʩʪʘ (ʊʘʙʣʠʮʘ 14). ʄʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʚʩʝʭ ʰʪʘʤʤʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ 

ʙʳʣʠ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ F1, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʪʘʙʦʣʠʪʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʠ ʣʠʧʠʜʥʦʛʦ ʦʙʤʝʥʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʰʪʘʤʤʘ C. sorokiniana IPPAS C-

1 ʩ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ. ɺr ʨʘʞʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʬʘʟʘʭ ʨʦʩʪʘ 
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ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʰʪʘʤʤʘ Micractinium sp. IC-76 (ʰʪʘʤʤ ʩ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʦʙʱʠʭ ʣʠʧʠʜʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ, ʊʘʙʣʠʮʘ 10, ʈʠʩʫʥʢʠ 6, 9).  

 

ʈʠʩʫʥʦʢ 9 ï ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ 

ʨʦʩʪʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʤʝʪʦʜʦʤ PCA. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: exp ï 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ ʨʦʩʪʘ (4 ʩʫʪ), st ï ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʘʟʘ ʨʦʩʪʘ (15 ʩʫʪ) 

ɸʥʘʣʠʟ ʢʘʞʜʦʛʦ ʠʟ ʯʝʪʳʨʝʭ h ʪʘʤʤʦʚ ʤʝʪʦʜʦʤ PLS-DA ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʤʝʞʜʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʤʠ ʨʦʩʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚʳʷʚʣʷʶʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʳ F1 (ʈʠʩʫʥʦʢ 10), ʧʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʦ 

F1 ʠ F2 ʦʙʲʷʩʥʷʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʜʠʩʧʝʨʩʠʠ (ʊʘʙʣʠʮʘ 14). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʡ 

ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ F1 ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʰʪʘʤʤʘ Micractinium sp. IC-76, ʢʘʢ ʰʪʘʤʤʘ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ VIP (ʧʦʢʘʟʘʪʝʣʴ ʚʘʞʥʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʧʨʦʝʢʮʠʠ, 

ʇʨʠʣʦʞʝʥʠʝ ɹ) ʜʣʷ ʧʝʨʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠ PCA ʘʥʘʣʠʟʝ ʤʝʪʘʙʦʣʠʟʤʘ Micractinium sp. IC-76 

ʚʳʷʚʠʣ, ʯʪʦ ʜʚʝʥʘʜʮʘʪʴ ʤʝʪʘʙʦʣʠʪʦʚ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʢ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʩ VIP > 1 (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ), ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʢ ʤʝʪʘʙʦʣʠʟʤʫ ʩʘʭʘʨʦʚ (ʩʘʭʘʨʦʟʘ, ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ, ʵʨʠʪʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʨʘʬʬʠʥʦʟʘ) ʠ 

ʣʠʧʠʜʦʚ (ʤʦʥʦʩʪʝʘʨʠʥ, ʤʦʥʦʦʣʝʠʥ).  
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ʈʠʩʫʥʦʢ 10 ï PLS-DA ʘʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʩʨʝʜʝ WW. (ɸ) C. sorokiniana IPPAS C-1, (ɹ) C. sorokiniana IC-62, (ɺ) Micractinium sp. IC-44, (ɻ) 

Micractinium sp. IC-76. ʂʨʘʩʥʳʤ ʦʙʦʟʥʘʯʝʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ, ʟʝʣʝʥʳʤ ï ʩʪʘʮʠʦʥʘʨʥʘʷ 

ʬʘʟʘ ʨʦʩʪʘ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ c ʥʘʠʙʦʣʴʰʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ Micractinium sp. IC-76 ʥʘ ʩʨʝʜʝ WW, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʦʙʦʛʘʱʝʥʠʝ ʧʦ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʧʫʪʷʤ ʧʦ ʜʘʥʥʳʤ ʙʘʟʳ KEGG ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʪʦʧʦʣʦʛʠʝʡ 

ʜʣʷ ʚʩʝʭ ʚʳʷʚʣʝʥʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʩ VIP > 1 ʠ p < 0.05 (ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ, 

ʇʨʠʣʦʞʝʥʠʝ ɹ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Metaboanalyst 5.0. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 

15. 
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ʊʘʙʣʠʮʘ 14 ï ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ PCA ʠ PLS-DA ʘʥʘʣʠʟʘ ʤʝʪʘʙʦʣʠʟʤʘ ʰʪʘʤʤʘ 

Micractinium sp. IC-76 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW 

ʄʝʪʦʜ, ʧʘʨʘʤʝʪʨ 

ʐʪʘʤʤ 

ɺʩʝ ʰʪʘʤʤʳ IC-76 IC-44 
IPPAS 

C1 
IC-62 

PCA (ʩʫʤʤʘ 1 ʠ 2 ʢʦʤʧʦʥʝʥʪ,  

% ʦʪ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ) 
40.35% 99.8% 99.12% 99.6% 99.24% 

PLS-DA (ʩʫʤʤʘ 1 ʠ 2 ʢʦʤʧʦʥʝʥʪ, 

% ʦʪ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ) 
38.1% 99.8% 98.9% 99.6% 99.2% 

R2 0.998 0.998 0.9948 0.9783 0.9955 

Q2 0.988 0.988 0.9643 0.9459 0.9897 

ʄʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʠ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʦʪʙʠʨʘʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʠʥʜʝʢʩ ʚʦʟʜʝʡʩʪʚʠʷ > 0, FDR < 0.05 ʠ 

p < 0.05. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʦʮʝʩʩʝ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ 

Micractinium sp. IC-76 ʥʘ ʩʨʝʜʝ WW ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʧʫʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʩʘʭʘʨʦʚ 

(ʢʨʘʭʤʘʣʘ ʠ ʩʘʭʘʨʦʟʳ, ʘ ʪʘʢʞʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʤʝʪʘʙʦʣʠʟʤʘ ʛʘʣʘʢʪʦʟʳ), ʘʤʠʥʦʢʠʩʣʦʪ 

(ʘʣʘʥʠʥʘ, ʘʩʧʘʨʪʘʪʘ ʠ ʛʣʫʪʘʤʘʪʘ), ʘ ʪʘʢʞʝ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʛʣʫʪʘʪʠʦʥʘ. ʅʘ ʈʠʩʫʥʢʝ 11 ʧʨʠʚʝʜʝʥʘ 

ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ Micractinium sp. IC-76 ʚ ʧʨʦʮʝʩʩʝ ʠʥʜʫʢʮʠʠ 

ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʧʦ ʜʘʥʥʳʤ PLS-DA 

ʘʥʘʣʠʟʘ.  

ʅʘʠʙʦʣʴʰʠʤ ʚʣʠʷʥʠʝʤ ʥʘ ʤʝʪʘʙʦʣʠʟʤ Micractinium sp. IC-76 ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʦʙʣʘʜʘʶʪ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʢʨʘʭʤʘʣʘ ʠ ʩʘʭʘʨʦʟʳ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʝ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʦʟʳ ʚ ʙʠʦʤʘʩʩʝ ʵʪʦʛʦ ʰʪʘʤʤʘ ʙʳʣʘ ʧʦʯʪʠ ʚ ʪʨʠʥʘʜʮʘʪʴ ʨʘʟ ʙʦʣʴʰʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʦʡ (ʈʠʩʫʥʦʢ 11). ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʨʘʬʠʥʦʟʳ ʠ 

ʵʨʠʪʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʪʦʣʴʢʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ. ʇʦʭʦʞʠʡ ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʟʳ ʙʳʣ ʧʦʢʘʟʘʥ ʜʣʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Haematococcus 

pluvialis [325], ʯʪʦ   ʭʘʨʘʢʪʝʨʥʦ   ʜʣʷ   ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ    ʧʨʦʮʝʩʩʦʚ,   ʩʚʷʟʘʥʥʳʭ ʩ  

ʦʩʤʦʨʝʛʫʣʷʮʠʝʡ [326] ʠ ʟʘʧʘʩʘʥʠʝʤ ʵʥʝʨʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʠ  ʧʠʨʦʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪ ʫ Micractinium sp.  IC-76 

ʩʚʷʟʘʥʦ ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʦʡ ʨʦʩʪʘ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ 

ʧʦʩʪʫʧʣʝʥʠʷ NH4
+ ʚ ʮʠʢʣ ʤʦʯʝʚʠʥʳ (ʈʠʩʫʥʦʢ 11), ʘ ʪʘʢʞʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʨʘʥʝʝ ʚ 

ʦʪʥʦʰʝʥʠʠ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʘ ʩʨʝʜʝ BBM 

ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ. 
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ʊʘʙʣʠʮʘ 15 ï ʆʙʦʛʘʱʝʥʠʝ ʧʦ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʧʫʪʷʤ, ʚʳʧʦʣʥʝʥʥʦʝ ʜʣʷ ʰʪʘʤʤʘ Micractinium sp. 

IC-76, ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ (ʧʦ ʜʘʥʥʳʤ Metaboanalyst 5.0) 

ʄʝʪʘʙʦʣʠʯʝʩʢʠʡ 

ʧʫʪʴ 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʪʘʙʦʣʠʪʦʚ ʚ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ 

ʧʫʪʠ (ʧʦ KEGG) 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʦʚʧʘʜʝʥʠʡ ʩ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ 

ʧʫʪʝʤ 

p-

ʟʥʘʯʝʥʠ

ʝ Ĭ 10-3 

FDRÄ Ĭ 

10-3 

ʀʥʜʝʢʩ 

ʚʦʟʜʝʡ

ʩʪʚʠʷ 

ʄʝʪʘʙʦʣʠʟʤ 

ʢʨʘʭʤʘʣʘ ʠ ʩʘʭʘʨʦʟʳ 
21 2 0.00638 0.44003 0.22421 

ʄʝʪʘʙʦʣʠʟʤ 

ʘʣʘʥʠʥʘ, ʘʩʧʘʨʪʘʪʘ ʠ 

ʛʣʫʪʘʤʘʪʘ 

20 1 0.11643 1 0.20115 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʘʣʘʢʪʦʟʳ 
27 2 0.010477 0.44003 0.07588 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʣʫʪʘʪʠʦʥʘ 
27 1 0.15434 1 0.01195 

ɹʠʦʩʠʥʪʝʟ 

ʤʦʥʦʙʘʢʪʘʤʦʚ 
8 1 0.04806 1 0 

ɹʠʦʩʠʥʪʝʟ ʣʠʟʠʥʘ 11 1 0.065564 1 0 

ʄʝʪʘʙʦʣʠʟʤ 

ʥʠʢʦʪʠʥʘʪʘ ʠ 

ʥʠʢʦʪʠʥʘʤʠʜʘ 

12 1 0.071337 1 0 

ɹʠʦʩʠʥʪʝʟ ʘʨʛʠʥʠʥʘ 17 1 0.099747 1 0 

ʄʝʪʘʙʦʣʠʟʤ ʙʝʪʘ-

ʘʣʘʥʠʥʘ 
20 1 0.11643 1 0 

ʌʠʢʩʘʮʠʷ ʫʛʣʝʨʦʜʘ ʚ 

ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ 

ʦʨʛʘʥʠʟʤʘʭ 

21 1 0.12194 1 0 

ʄʝʪʘʙʦʣʠʟʤ 

ʠʥʦʟʠʪʦʣʬʦʩʬʘʪʘ 
24 1 0.13827 1 0 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʣʠʮʠʥʘ, ʩʝʨʠʥʘ ʠ 

ʪʨʝʦʥʠʥʘ 

28 1 0.15964 1 0 

ʄʝʪʘʙʦʣʠʟʤ 

ʮʠʩʪʝʠʥʘ ʠ 

ʤʝʪʠʦʥʠʥʘ 

43 1 0.23578 1 0 

ɹʠʦʩʠʥʪʝʟ 

ʘʤʠʥʦʘʮʠʣ-ʪʈʅʂ 
48 1 0.25981 1 0 

ɹʠʦʩʠʥʪʝʟ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ 
52 1 0.27857 1 0 

Ä FDR ï ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 
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ʈʠʩʫʥʦʢ 11 ï ʉʭʝʤʘ ʤʝʪʘʙʦʣʠʟʤʘ Micractinium sp. IC-76 ʩ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʧʨʦʮʝʩʩʝ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʧʦ 

ʜʘʥʥʳʤ PLS-DA ʘʥʘʣʠʟʘ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʄʀ-1ʌ ï ʤʠʦʠʥʦʟʠʪʦʣ-1-ʬʦʩʬʘʪ; ɻ-6-ʌ ï 

ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ; 3-ʌɻ ï 3-ʬʦʩʬʦʛʣʠʮʝʨʘʪ; ɸʮ-ʂʦɸ ï ʘʮʝʪʠʣʢʦʵʥʟʠʤ ɸ; ʆɸɸ ï ʦʢʩʘʣʦʘʮʝʪʘʪ; 

ɸ-ʂɻ ï ʘʣʴʬʘ-ʢʝʪʦʛʣʫʪʘʨʘʪ; ʇɻʂ ï ʧʠʨʦʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ; ʎʊʂ ï ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ; ʎʄ ï ʮʠʢʣ ʤʦʯʝʚʠʥʳ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 

ʘʟʦʪʘ ʚ ʩʨʝʜʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʟʘʜʝʨʞʢʦʡ ʚ ʩʠʥʪʝʟʝ ʙʝʣʢʦʚ ʥʘʨʷʜʫ ʩ ʠʟʙʳʪʦʯʥʳʤ 

ʥʘʢʦʧʣʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʠʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʚ 

ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʳ [327]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʪʘʢʞʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʥʘʢʦʧʣʝʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʩʠʥʪʝʟʘ ʣʠʧʠʜʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʟʘʧʘʩʘʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ (ʈʠʩʫʥʦʢ 6ɸ, ɹ). ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʦ-ʠʥʦʟʠʪʦʣ-1-ʬʦʩʬʘʪʘ ʚ 

4.14 ʨʘʟʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʘʮʠʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʙʠʦʩʠʥʪʝʟʦʤ ʣʠʧʠʜʦʚ, ʦʜʥʠʤ ʠʟ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʦʪʦʨʦʛʦ 
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ʷʚʣʷʝʪʩʷ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4.5-ʙʠʩʬʦʩʬʘʪ [328]. ɺ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʨʫʛʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʣʠʧʠʜʦʚ ï ʤʦʥʦʦʣʝʠʥʘ, ʤʦʥʦʩʪʝʨʘʨʠʥʘ ʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʵʪʦʤ ʨʘʥʝʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʟʘ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʫ Micractinium 

sp. IC-76 ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʣʝʠʥʦʚʦʡ 

(ʈʠʩʫʥʦʢ 7). ɺ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ ʵʪʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʢʘʢ ʩ 

ʧʝʨʝʩʪʨʦʡʢʦʡ ʤʝʤʙʨʘʥʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʝʝ ʩʦʩʪʘʚʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʝʢʫʯʝʩʪʠ ʤʝʤʙʨʘʥ [329], ʪʘʢ ʠ ʩ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ 

ʩʠʥʪʝʟ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʣʠʧʠʜʦʚ, ʠʟʤʝʥʷʶʱʠʭ ʩʚʦʡʩʪʚʘ ʤʝʤʙʨʘʥ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ ʰʪʘʤʤʦʚ Chlorella ʠ Micractinium ʚʳʷʚʠʣ ʦʪʣʠʯʠʷ ʚ 

ʤʝʪʘʙʦʣʠʟʤʝ ʤʝʞʜʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʤʠ ʨʦʩʪʘ. ʅʘ ʧʨʠʤʝʨʝ 

ʚʳʩʦʢʦʣʠʧʠʜʥʦʛʦ ʰʪʘʤʤʘ Micractinium sp. IC-76 ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ 

ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʦʜʚʝʨʞʝʥʳ ʮʠʢʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ 

ʢʨʘʭʤʘʣʘ ʠ ʫʛʣʝʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʙʦʣʠʪʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʘʤʠʥʦʢʠʩʣʦʪʘʤ ʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪʘʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ ʰʪʘʤʤʦʚ 

ʧʦʤʦʛʫʪ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ 

ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ. 

3.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʫʛʣʝʚʦʜʳ 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʩʠʥʪʝʟʘ [330] ʠʣʠ ʩʥʠʞʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʙʝʪʘ-ʦʢʠʩʣʝʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [331], ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʢʘʪʘʙʦʣʠʟʤʘ ʣʠʧʠʜʦʚ [332]. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʠʥʪʝʟʘ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʪʨʝʩʩʦʚʳʭ 

ʫʩʣʦʚʠʡ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʩʝʨʳ ʚ ʩʨʝʜʝ ʠ ʠʟʤʝʥʝʥʠʝʤ 

ʩʦʣʝʥʦʩʪʠ ʠʣʠ ʦʩʚʝʱʝʥʥʦʩʪʠ [333]. ʅʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʚ ʦʪʚʝʪ ʥʘ ʩʪʨʝʩʩ ʵʪʦʪ ʵʬʬʝʢʪ 

ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʤʝʪʘʙʦʣʠʟʤʘ ʩ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ (ʚʢʣʶʯʘʷ ʢʨʘʭʤʘʣ) ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʪʯʘʩʪʠ ʠʟʫʯʝʥʦ ʫ ʨʷʜʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, 

ʚʢʣʶʯʘʷ C. reinhardtii [87], P. kessleri [334], Pseudochlorococcum sp. [335], ʢʘʢ ʥʘ ʫʨʦʚʥʝ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʤʝʪʘʙʦʣʠʟʤʘ, ʥʦ ʤʝʪʘʙʦʣʠʟʤ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ ʠʥʜʫʢʮʠʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
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ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʚ ʵʪʦʡ ʩʨʝʜʝ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʮʠʢʣʳ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ 

ʩʪʨʝʩʩ ʥʝ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʘ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʤ 

ʩʫʙʩʪʨʘʪʝ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʝ ʪʦʣʴʢʦ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʰʪʘʤʤʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʧʨʦʜʫʢʮʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ, ʥʦ ʪʘʢʞʝ ʠ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʰʪʘʤʤʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʫʮʠʨʫʶʪ ʫʛʣʝʚʦʜʳ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ 

ʧʦʟʚʦʣʠʪ ʠʟʫʯʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʠʥʜʫʢʮʠʠ ʩʠʥʪʝʟʘ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʠʭ 

ʧʨʦʜʫʢʮʠʠ, ʥʦ ʪʘʢʞʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʮʝʥʪʦʚ ʣʠʧʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʨʘʥʝʝ ʥʝ ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʩ ʵʪʦʡ ʮʝʣʴʶ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʝ 

ʤʝʭʘʥʠʟʤʘ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʦʣʝʡ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʭʠʤʠʯʝʩʢʦʡ, 

ʧʠʱʝʚʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʤʠʢʨʦʙʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʩ ʵʪʦʡ ʮʝʣʴʶ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ [336]. 

3.5.1 ɺʳʙʦʨ ʤʦʜʝʣʴʥʦʛʦ ʰʪʘʤʤʘ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ 

ʇʨʦʚʝʜʝʥʥʳʡ ʨʘʥʝʝ ʘʥʘʣʠʟ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʠ ʙʠʦʤʘʩʩʳ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʰʪʘʤʤʳ P. kessleri IPPAS C-2, P. kessleri IPPAS C-9, P. kessleri IPPAS C-15, P. kessleri IPPAS S-

333, Desmodesmus sp. IC-75, P. kessleri IC-11 ʠ Parachlorella sp. IC-23 ʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʜʨʫʛʠʤʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ (ʈʠʩʫʥʦʢ 1). 

ɺʳʙʦʨ ʤʦʜʝʣʴʥʦʛʦ ʰʪʘʤʤʘ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʥʜʫʢʮʠʶ 

ʣʠʧʠʜʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʝʜʠ ʵʪʠʭ ʰʪʘʤʤʦʚ, ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 12. ɸʥʘʣʠʟ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʚ ʫ ʵʪʠʭ ʰʪʘʤʤʦʚ ʨʘʥʝʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʰʪʘʤʤʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʦʙʣʘʜʘʣʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʝ ʨʦʩʪʘ. 

ɼʣʷ ʚʳʙʨʘʥʥʳʭ ʰʪʘʤʤʦʚ ʙʳʣʦ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʩʦʩʪʘʚ ʠʭ ʙʠʦʤʘʩʩʳ, ʚʢʣʶʯʘʷ ʥʠʟʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ NO3
- ʠ PO4

3-, ʠʟʤʝʥʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ 

ʚʳʩʦʢʫʶ ʩʦʣʝʥʦʩʪʴ ʩʨʝʜʳ. ʕʪʠ ʬʘʢʪʦʨʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʜʫʢʪʦʨʦʚ ʩʠʥʪʝʟʘ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ [334], [337]. ɸʥʘʣʠʟ 
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ʫʨʦʚʥʷ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ (ʈʠʩʫʥʦʢ 12) ʫ ʪʝʩʪʠʨʫʝʤʳʭ ʰʪʘʤʤʦʚ ʚ ʙʘʟʦʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

(ʩʨʝʜʘ BBM ʠ ʦʩʚʝʱʝʥʠʝ 2000 ʣʢ) ʧʦʢʘʟʘʣ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ 

(ʩʨʝʜʘ BBM-N), ʜʦʙʘʚʣʝʥʠʝ ʩʦʣʠ (ʩʚʳʰʝ 20 ʛ ʣ-1) ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʙʦʣʝʝ 2000 ʣʢ 

ʧʨʠʚʦʜʷʪ ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ (ʨ < 0.05, ʪʝʩʪ ʊʴʶʢʠ) ʩʥʠʞʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (ʇʨʠʣʦʞʝʥʠʝ ɺ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʪʨʝʩʩʦʚʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʚ ʩʨʝʜʝ ʜʦ 50 ʛ ʣ-1 ʥʘ ʚʪʦʨʳʝ ʩʫʪʢʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʩʷ ʣʠʟʠʩ ʢʣʝʪʦʢ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 20 - 30 ʛ ʣ-1, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʨʝʜʘʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜʘʭ [87]. ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʬʘʢʪʦʨʘʤʠ  ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ     ʜʣʷ    ʚʩʝʭ    ʰʪʘʤʤʦʚ,    ʟʘ    ʠʩʢʣʶʯʝʥʠʝʤ    ʰʪʘʤʤʦʚ  P.  

kessleri IPPAS C-2  ʠ P. kessleri IPPAS S-333 (p < 0.05, ʪʝʩʪ ʊʴʶʢʠ). ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʙʠʦʤʘʩʩʳ ʦʪʤʝʯʝʥʦ ʫ ʰʪʘʤʤʦʚ P. kessleri IPPAS C-9, P. kessleri IPPAS C-15 ʠ P. kessleri IC-11 ʥʘ 

ʠʩʭʦʜʥʦʡ ʩʨʝʜʝ BBM (0.80 Ñ 0.04, 0.81 Ñ 0.05 ʠ 0.79 Ñ 0.06 ʛ ʣ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʅʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʙʳʣʦ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʩʨʝʜʝ BBM ʩ 20 ʛ ʣ-1 ʩʦʣʠ (ʈʠʩʫʥʦʢ 12ɹ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʥʘʢʦʧʣʝʥʠʷ 

ʣʠʧʠʜʦʚ ʧʨʠ ʚʣʠʷʥʠʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ (ʨ < 0.05, ʪʝʩʪ ʊʴʶʢʠ, ʇʨʠʣʦʞʝʥʠʝ ɺ). 

ʐʪʘʤʤ C. sorokiniana IPPAS C-1 ʜʦʩʪʦʚʝʨʥʦ (ʨ < 0.05, ʪʝʩʪ ʊʴʶʢʠ) ʦʪʣʠʯʘʣʩʷ ʧʦ ʫʨʦʚʥʶ 

ʧʨʦʜʫʢʮʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʥʘ ʚʩʝʭ ʩʨʝʜʘʭ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ BBM-N ʠ ʩʨʝʜʳ ɸ. 

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʚʩʝʭ 

ʦʪʦʙʨʘʥʥʳʭ   h ʪʘʤʤʦʚ   (ʈʠʩʫʥʦʢ 12ʉ).  ʉʪʘʪʠʩʪʠʯʝʩʢʠ   ʜʦʩʪʦʚʝʨʥʳʝ   ʦʪʣʠʯʠʷ  ʚʣʠʷʥʠʷ   ʤʝʞʜʫ 

ʩʪʨʝʩʩʦʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʷʚʣʝʥʳ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʘ ʙʘʟʦʚʦʡ 

ʩʨʝʜʝ BBM (2000 ʣʢ) ʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 20 ʛ ʣ-1 ʩʦʣʝʡ (ʨ < 0.05, ʪʝʩʪ ʊʴʶʢʠ, ʇʨʠʣʦʞʝʥʠʝ ɺ). 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ Wʫ ʜʦ 29.5 Ñ 0% ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʰʪʘʤʤʘ P. kessleri IC-11 ʧʨʠ ʥʠʟʢʦʤ  

ʩʦʜʝʨʞʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʚ ʩʨʝʜʝ (ʩʨʝʜʘ ɺ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Wʫ 19.3 Ñ 0% ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʙʘʟʦʚʦʡ ʩʨʝʜʝ BBM (ʨ < 0.001, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʪʘʤʤ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ P. kessleri IC-11 ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʦʩʪʘ ʠ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʠʦʤʘʩʩʳ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ ʰʪʘʤʤ ʥʘʢʘʧʣʠʚʘʝʪ ʫʛʣʝʚʦʜʳ ʚ 

ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʩʨʝʜʝ BBM ʠ ʠʤʝʝʪ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ: ʩʨʝʜʘ BBM-N (ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʷ ʩʠʥʪʝʟʘ ʥʝʡʪʨʘʣʴʥʳʭ 
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ɺ. 

 
 

ʈʠʩʫʥʦʢ 12 ï ʉʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ. (A) ɹʠʦʤʘʩʩʘ, (ɹ) 

ʅʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ, (ɺ) ʋʛʣʝʚʦʜʳ. ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ ʩʨʝʜʳ 25 ʤʣ, 

ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC 

ʣʠʧʠʜʦʚ ʫ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ) ʠ ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʨʝʜʫ ʩʦʣʝʡ (ʧʨʠ ʝʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʛ ʣ-1 ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʠʥʪʝʟʘ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ, 

ʈʠʩʫʥʦʢ 12ɹ). ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ BBM (ʙʘʟʦʚʘʷ 

ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʨʝʜʘ) ʠ WW (ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʝ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʰʪʘʤʤʘ ʥʘ ʨʘʟʥʳʭ ʩʨʝʜʘʭ.  

3.5.2 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʠ ʜʝʬʠʮʠʪʘ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʨʝʜʝ ʥʘ ʩʦʩʪʘʚ 

ʙʠʦʤʘʩʩʳ P. kessleri IC-11 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʠʥʜʫʢʮʠʶ ʩʠʥʪʝʟʘ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʰʪʘʤʤʘ P. kessleri IC-11 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʩʨʝʜʝ ɺɺʄ, ʚ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ 10 - 30 ʛ ʣ-1. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 
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ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʫ BBM-N (0 ʛ ʣ-1 NO3
-), ʤʦʜʝʣʠʨʫʶʱʫʶ ʥʝʜʦʩʪʘʪʦʢ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʩʦʣʝʡ ʚ ʩʨʝʜʫ BBM ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 30 ʛ ʣ-1 ʦʢʘʟʳʚʘʝʪ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ P. kessleri IC-11 (ʈʠʩʫʥʦʢ 13ɹ) ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʠ ʜʦʩʪʦʚʝʨʥʦ (p < 0.01, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʩʥʠʞʘʝʪ  

ɸ. 

 

ɹ. 

 

ʈʠʩʫʥʦʢ 13 ï ʉʦʩʪʘʚ ʙʠʦʤʘʩʩʳ P. kessleri IC-11 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM ʩ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ NO3
-. (ɸ) ɹʠʦʤʘʩʩʘ, (ɹ) ʅʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ. ʋʩʣʦʚʠʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ ʩʨʝʜʳ 25 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 2000 ʣʢ 

ʫʜʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ (ʈʠʩʫʥʦʢ 13ɸ) ʩ 0.093 Ñ 0.009 ʜʦ 0.038 Ñ 0.003 ʩʫʪ-1 

(ʊʘʙʣʠʮʘ 16). ʅʘʧʨʦʪʠʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʳ BBM-N ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʝ ʧʨʠʚʝʣʦ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʵʪʦʛʦ ʰʪʘʤʤʘ (ʈʠʩʫʥʦʢ 13ɹ), ʥʦ ʩʥʠʟʠʣʦ ʫʜʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʜʣʷ P. kessleri IC-11 ʜʦ 0.079 Ñ 0.006 (p < 0.01, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ 

ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ, ʊʘʙʣʠʮʘ 16).  

ʊʘʙʣʠʮʘ 16 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ P. kessleri IC-11 ʚ ʩʨʝʜʝ BBM ʚ 

ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʉʨʝʜʘ Vʙ, ʛ ʣ
-1 ʯ-1 Õ, ʩʫʪ-1 T, ʩʫʪ 

BBM (ʙʘʟʦʚʘʷ ʩʨʝʜʘ) 0.053 Ñ 0.002 0.093 Ñ 0.009 7.4 Ñ 0.7 

BBM-N 0.040 Ñ 0.004** 0.079 Ñ 0.006** 8.8 Ñ 0.7 

BBM (c ʜʦʙʘʚʣʝʥʠʝʤ 10 ʛ ʣ-1 

ʩʦʣʝʡ) 
0.029 Ñ 0.001* 0.069 Ñ 0.002* 10.0 Ñ 0.3* 

BBM (ʩ ʜʦʙʘʚʣʝʥʠʝʤ 20 ʛ ʣ-1 

ʩʦʣʝʡ) 
0.022 Ñ 0.002** 0.062 Ñ 0.006* 11.2 Ñ 1.0* 

BBM (ʩ ʜʦʙʘʚʣʝʥʠʝʤ 30 ʛ ʣ-1 

ʩʦʣʝʡ) 
0.015 Ñ 0.001** 0.038 Ñ 0.003** 18.3 Ñ 1.6** 

*p < 0.05; ** p < 0.01 ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ. ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ 

ʩʨʝʜʳ 25 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 2000 ʣʢ 

0

0,2

0,4

0,6

0,8

1

1,2

0 5 10 15 20 25 30

ɹ
ʠ
ʦ
ʤ
ʘ
ʩ
ʩ
ʘ

, 
ʛ
/
ʣ

ʉʫʪʢʠ

BBM BBM + 10 ʛ/ʣ ʩʦʣʝʡ
BBM + 20 ʛ/ʣ ʩʦʣʝʡBBM + 30 ʛ/ʣ ʩʦʣʝʡ
BBM-N

0

50000

100000

150000

200000

250000

300000

350000

0 5 10 15 20 25 30

ʌ
ʣ
ʫ
ʦ
ʨ
ʝ
ʩ
ʮ
ʝ
ʥ
ʮ
ʠ
ʷ

, 
A

U
ʉʫʪʢʠ

BBM BBM + 10 ʛ/ʣ ʩʦʣʝʡ
BBM + 20 ʛ/ʣ ʩʦʣʝʡBBM + 30 ʛ/ʣ ʩʦʣʝʡ
BBM-N



137 

 

ɸʥʘʣʠʟ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʙʠʦʤʘʩʩʳ P. kessleri IC-11 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʘʭ ʨʦʩʪʘ ʧʨʠʚʝʜʝʥ ʚ 

ʊʘʙʣʠʮʝ 17. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 30 ʛ ʣ-1 ʩʦʣʝʡ (ʩʨʝʜʘ BBM-S) ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ 

ʰʪʘʤʤ ʥʘʢʘʧʣʠʚʘʝʪ  ʦʪʥʦʩʠʪʝʣʴʥʦ  ʥʝʙʦʣʴʰʦʝ  ʢʦʣʠʯʝʩʪʚʦ  ʇʅɾʂ  54.7 Ñ 0.8%  ʧʦ  ʩʨʘʚʥʝʥʠʶ ʩ  

ʙʠʦʤʘʩʩʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM ʙʝʟ ʩʦʣʝʡ (65.6 Ñ 1.2%). ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ C16:0 ʠ C18:0 ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʥʘ ʚʩʝʭ ʩʨʝʜʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

C18:1 ʠ ʉ18:2 ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ). 

ʊʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʨʘʙʦʪʝ [93], ʛʜʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʥʳʭ ʢʘʧʝʣʴ ʫ P. kessleri. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʅɾʂ ʠ ʄʅɾʂ ʫ P. kessleri IC-11 

ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ 

ʨʦʩʪʘ, ʯʝʤ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚʦ ʚʩʝʭ ʩʨʝʜʘʭ, ʜʦʙʘʚʣʝʥʠʝ ʩʦʣʝʡ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 30 ʛ ʣ-1 ʫʚʝʣʠʯʠʚʘʣʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʠ ʄʅɾʂ ʜʦ 45.5 Ñ 0.7%.  

ʊʘʙʣʠʮʘ 17 ï Cʦʩʪʘʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʙʠʦʤʘʩʩʳ P. kessleri IC-11 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ 

BBM ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ 

ɾʂ 

% 

Exp St Exp St Exp St 

BBM (16 

ʩʫʪ) 
BBM (26 

ʩʫʪ) 
BBM-N (16 

ʩʫʪ) 
BBM-N (26 

ʩʫʪ) 
BBM-S (10 

ʩʫʪ) 
BBM-S (16 

ʩʫʪ) 

C14:0 1.1Ñ0.1*** 
1.4Ñ0.1**

*  
1.0Ñ0 1.2Ñ0 0.9Ñ0 1.0Ñ0 

C16:0 28Ñ0.9* 22.1Ñ2.4* 28.8Ñ1.9** 22.8Ñ3.1** 33.8Ñ2.1*** 20.7Ñ2*** 

C16:1 2.3Ñ0.2* 2.1Ñ0.3* 2.7Ñ0.1*** 1.2Ñ0.2*** 1.8Ñ0.1 1.7Ñ0.3 

C16:2 5.1Ñ0.3* 6.0Ñ0.8* 5.1Ñ0.1** 2.5Ñ0.7** 2.7Ñ0.2*** 2.5Ñ0.2*** 

C16:3 2.5Ñ0.1 2.7Ñ0.1 2.7Ñ0.2* 2.1Ñ0.4* 1.2Ñ1 0.9Ñ0.1 

C18:0 15Ñ0.1*** 
7.3Ñ0.3**

*  
16.7Ñ0.4*** 7.7Ñ0.5*** 19.6Ñ1.1*** 7.7Ñ0.2*** 

C18:1 1.0Ñ0.1** 1.5Ñ0.2** 0.9Ñ0.2** 10.4Ñ1.3** 1.7Ñ0.8*** 14.1Ñ1.3*** 

C18:2 15.9Ñ0.9** 
25.1Ñ2.2*

*  
14.8Ñ2** 25.6Ñ0.5** 17.7Ñ1.9** 30.2Ñ0.8** 

C18:3 28.9Ñ1.1*** 31.8Ñ1*** 27.2Ñ1.5 26.4Ñ3 20.4Ñ1 21.1Ñ0.1 

C20:0 0.2Ñ0*** 0.1Ñ0*** 0.1Ñ0 0.1Ñ0 0.2Ñ0 0.3Ñ0.1 

ʅɾʂ 44.3Ñ0.8***  
30.9Ñ0.8*

**  
46.6Ñ1.2*** 31.8Ñ0.7*** 54.5Ñ1.6*** 29.7Ñ0.6*** 

ʇʅɾʂ 52.4Ñ1.4*** 
65.6Ñ1.2*

**  
49.8Ñ1.0*** 56.6Ñ0.9*** 42.0Ñ1.2*** 54.7Ñ0.8*** 

ʄʅɾʂ 3.3Ñ0.2* 3.6Ñ0.3* 3.6Ñ0.2*** 11.6Ñ0.4*** 3.5Ñ0.2*** 15.8Ñ0.2*** 

ʅɾʂ 
+ʄʅɾʂ 

47.6Ñ2.8** 
34.5Ñ1.1*

*  
50.2Ñ1.1* 43.4Ñ0.5* 58Ñ1.7* 45.5Ñ0.7* 

Exp ï ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ ʨʦʩʪʘ, st ï ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʘʟʘ ʨʦʩʪʘ.  

*p < 0.05; **p < 0.01; ***p < 0.001 ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ (ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟ ʨʦʩʪʘ) 
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3.5.3 ʄʝʪʘʙʦʣʠʯʝʩʢʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʙʠʦʤʘʩʩʳ P. kessleri IC-11 ʚ ʧʨʦʮʝʩʩʝ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʩʨʝʜʘʭ BBM ʠ WW ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ 

ʄʝʪʘʙʦʣʠʯʝʩʢʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʙʠʦʤʘʩʩʳ ʧʨʠ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ ʫ ʰʪʘʤʤʘ P. kessleri IC-11 ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ WW ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

30 ʛ ʣ-1 ʩʦʣʝʡ (WW-S), ʚ ʢʘʯʝʩʪʚʝ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʠʦʤʘʩʩʫ, ʧʦʣʫʯʝʥʥʫʶ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM-S ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʦʙʲʝʤ ʩʨʝʜʳ BBM-S ʩ 30 ʛ ʣ-1 ʩʦʣʝʡ 

150 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 2000 ʣʢ). ɺ ʧʨʦʮʝʩʩʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʮʝʥʠʚʘʣʠ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ, ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ (ʈʠʩʫʥʦʢ 14, 

ʊʘʙʣʠʮʘ 18). ʆʙʨʘʟʮʳ ʜʣʷ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ (7 

ʩʫʪ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʦʣʝʡ ʠ ʩ ʩʦʣʴʶ) ʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʭ (BBM ʠ WW ʥʘ 32 ʩʫʪ, WW-S ʥʘ 16 

ʩʫʪ, BBM-S ʥʘ 19 ʩʫʪ) [338]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ WW ʙʳʣʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʨʝʜʝ BBM (ʈʠʩʫʥʦʢ 14ɸ, ʊʘʙʣʠʮʘ 18). ʕʪʦʪ ʵʬʬʝʢʪ ʦʪʯʘʩʪʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʩʣʦʞʥʳʤ ʩʦʩʪʘʚʦʤ ʩʪʦʯʥʳʭ ʚʦʜ [339]. ʋ P. kessleri IC-11 ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ 

ʩʨʝʜʝ WW-S ʧʨʝʚʳʰʘʣʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʚ ʩʨʝʜʝ WW (ʈʠʩʫʥʦʢ 14ɹ). ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʚ 

ʢʣʝʪʢʘʭ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ  ʨʦʩʪʘ ʙʳʣʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʣʝʪʢʘʭ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚ ʩʨʝʜʝ ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʩʦʣʝʡ   (ʈʠʩʫʥʦʢ  14ɺ),  ʯʪʦ  ʪʘʢʞʝ ʚʳʨʘʞʘʣʦʩʴ  ʚ ʫʚʝʣʠʯʝʥʠʠ  ʩʢʦʨʦʩʪʠ  ʥʘʢʦʧʣʝʥʠʷ   

ʫʛʣʝʚʦʜʦʚ ʚ ʠʩʭʦʜʥʦʡ ʩʨʝʜʝ (ʊʘʙʣʠʮʘ 18). ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʠ 

ʫʛʣʝʚʦʜʦʚ (ʈʠʩʫʥʦʢ 14ɹ, ɺ) ʚʳʷʚʠʣ ʥʘʣʠʯʠʝ ʬʝʥʦʤʝʥʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʩ ʩʠʥʪʝʟʘ 

ʫʛʣʝʚʦʜʦʚ ʥʘ ʩʠʥʪʝʟ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʝʡ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ. ʆʙ 

ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ, ʘ ʣʠʧʠʜʦʚ 

- ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ.  

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʙʠʦʤʘʩʩʳ (ʊʘʙʣʠʮʘ 19) ʧʦʢʘʟʘʣ, ʯʪʦ ʰʪʘʤʤ P. kessleri IC-11 ʠʥʪʝʥʩʠʚʥʦ 

ʥʘʢʘʧʣʠʚʘʣ ʦʙʱʠʝ ʣʠʧʠʜʳ (p < 0.001, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʝ ʨʦʩʪʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 30 ʛ ʣ-1 ʩʦʣʝʡ ʚ ʩʨʝʜʳ BBM ʠ WW (ʜʦ Wʣ 33.3 Ñ 1.3 ʠ 31.0 Ñ 1.8%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʦʛʜʘ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʦʩʪʘʚʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ 

(Wʫ 12.1 Ñ 2.6 ʠ 10.3 Ñ 0.4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ (p < 0.01, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) 

ʚʳʰʝ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʚ ʩʨʝʜʘʭ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʩʦʣʝʡ. 
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ɸ.  

 

ɹ. 

 
ɺ. 

 

ʈʠʩʫʥʦʢ 14 ï ʉʦʩʪʘʚ ʙʠʦʤʘʩʩʳ P. kessleri IC-11 ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʩʨʝʜʘʭ BBM ʠ WW: (A) ɹʠʦʤʘʩʩʘ, (ɹ) ʅʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ, (ɺ) ʋʛʣʝʚʦʜʳ. ʋʩʣʦʚʠʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ ʩʨʝʜʳ 150 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 28 Ñ 1 ÁC, 2000 ʣʢ 

ʊʘʙʣʠʮʘ 18 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ P. kessleri IC-11 (ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ) 

ʇʘʨʘʤʝʪʨ 
Cʨʝʜʘ 

BBM WW BBM-S WW-S 

Vʙ, ʤʛ ʣ
-1 ʩʫʪ-1 24.0 Ñ 2.0** 17.0 Ñ 1.0 18.0 Ñ 1.0** 15.0 Ñ 1.0 

Õ, ʩʫʪ-1 0.056 Ñ 0.002 0.058 Ñ 0.002** 0.056 Ñ 0.003 0.049 Ñ 0.004** 

T, ʩʫʪ 12.4 Ñ 1.1 13.3 Ñ 0.8* 12.4 Ñ 1.1 14.1 Ñ 1.1* 

Vʫ, ʤʛ ʣ
-1 ʩʫʪ-1 21.1 Ñ 1.3*** 17.4 Ñ 1.5** 4.9 Ñ 0.4*** 6.0 Ñ 0.4** 

*p < 0.05; **p < 0.01; ***p < 0.001 ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ (ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʨʝʜʳ 

ʙʝʟ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 30 ʛ ʣ-1 ʩʦʣʝʡ). ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ ʩʨʝʜʳ 150 ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 

28 Ñ 1 ÁC, 2000 ʣʢ 

ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

P. kessleri IC-11 ʚ ʩʨʝʜʝ WW, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʩʦʣʝʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 30 ʛ ʣ-1 
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ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʠ ʠʦʥʦʚ ʘʤʤʦʥʠʷ ʠʟ ʩʨʝʜʳ WW (ʈʠʩʫʥʦʢ 

15).  

ʊʘʙʣʠʮʘ 19 ï ʉʦʩʪʘʚ ʙʠʦʤʘʩʩʳ P. kessleri IC-11 ʧʨʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ 

ʉʨʝʜʘ 
Wʫ, % Wʣ, % Wʙ, % 

exp St exp st exp st 

BBM 21.1Ñ2.1** 44.8Ñ4.0** 21.7Ñ2.3* 17.3Ñ0.5* 47.5Ñ9.6*  32Ñ1.6*  

BBM-S 25.6Ñ1.5** 12.1Ñ2.6** 18.9Ñ0.5*** 33.3Ñ1.3*** 45.9Ñ7.1 44.1Ñ8.9 

WW 21.5Ñ2.4** 48.4Ñ5.4** 16.8Ñ1.1* 20.5Ñ2.2* 46.6Ñ8.5*  25Ñ1.5*  

WW-S 25.6Ñ1.9** 10.3Ñ0.4** 21.2Ñ2.3*** 31.0Ñ1.8*** 47.5Ñ5.2 47.8Ñ7.3 

*p < 0.05; **p < 0.01; ***p < 0.001 ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʟʥʘʯʝʥʠʡ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʭ ʨʦʩʪʘ 

 

ɸ. 

 

ɹ. 

 
ɺ. 

 

ʈʠʩʫʥʦʢ 15 ï ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʦʯʠʩʪʢʠ ʚʦʜʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ P. kessleri IC-11 ʚ ʩʨʝʜʝ 

WW ʠ WW-S: (A) NO3
-, (ɹ) NH4

+, (C) ʍʇʂ 

ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ P. kessleri IC-11 ʚ ʩʨʝʜʝ BBM-S ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ 

ʧʦʪʨʝʙʣʝʥʠʷ ʰʪʘʤʤʦʤ NO3
- (ʥʘ 23.6 Ñ 1.2%), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʨʝʜʝ BBM ʧʦʣʥʦʝ ʩʥʠʞʝʥʠʝ NO3
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ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʢ ʢʦʥʮʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ NO3
- ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʚ ʩʨʝʜʝ WW ʢ ʢʦʥʮʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ NH4
+ ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʣʩʷ ʢ ʦʜʠʥʥʘʜʮʘʪʳʤ ʠ 

ʰʝʩʪʥʘʜʮʘʪʳʤ ʩʫʪʢʘʤ ʚ ʩʨʝʜʝ WW ʙʝʟ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʪʝʣʴ ʍʇʂ 

ʚ ʢʦʥʮʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ WW ʩʥʠʟʠʣʩʷ ʥʘ 44.7 Ñ 2.89%, ʘ ʜʦʙʘʚʣʝʥʠʝ ʩʦʣʝʡ ʫʤʝʥʴʰʠʣʦ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʪʦʣʴʢʦ ʥʘ 11.46 Ñ 0.43%. ʉʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʚʦʜʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

WW-S ʤʦʞʥʦ ʦʪʯʘʩʪʠ ʦʙʲʷʩʥʠʪʴ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ P. kessleri IC-11 ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ (ʈʠʩʫʥʦʢ 14ɸ). 

3.5.3.1 ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ P. kessleri IC-11 ʧʨʠ 

ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ 

ɻʍ-ʄʉ ʘʥʘʣʠʟ ʵʢʩʪʨʘʢʪʦʚ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ P. kessleri IC-11 ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʭ ʨʦʩʪʘ ʥʘ ʯʝʪʳʨʝʭ ʩʨʝʜʘʭ (BBM ʠ WW ʙʝʟ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 30 ʛ ʣ-1 ʩʦʣʝʡ) 

ʚʳʷʚʠʣ 90 ʩʦʝʜʠʥʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 11 ʥʝ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ. ɼʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʥʘʣʠʟ PCA, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 16).  

ɸ. 
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ɹ. 

 

ɺ. 

 
 

 

 

 

 

ɻ. 

 

 

 

 

 

 

ɼ. 

 
 

ʈʠʩʫʥʦʢ 16 ï ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʝʪʘʙʦʣʠʟʤ P. kessleri IC-11 ʚ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʭ ʨʦʩʪʘ ʤʝʪʦʜʦʤ PCA. (A) ʌʘʟʘ ʨʦʩʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʣʠ ʠ ʪʠʧ ʩʨʝʜʳ, (ɹ) ʌʘʟʘ ʨʦʩʪʘ (ʩʨʝʜʘ BBM), (ɺ) ʌʘʟʘ ʨʦʩʪʘ (ʩʨʝʜʘ BBM-S), (ɻ) ʌʘʟʘ ʨʦʩʪʘ 

(ʩʨʝʜʘ WW), (ɼ) ʌʘʟʘ ʨʦʩʪʘ (ʩʨʝʜʘ WW-S). ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ 

ʨʦʩʪʘ, ʟʝʣʝʥʳʤ ï ʩʪʘʮʠʦʥʘʨʥʘʷ 
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ɼʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʣʦʩʴ ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʦ ʩʨʝʜʥʝʤʫ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʣʦ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʨʘʟʜʝʣʠʪʴ ʚʳʙʦʨʢʫ ʥʘ ʛʨʫʧʧʳ. ɸʥʘʣʠʟ ʨʘʟʣʠʯʠʡ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ 

ʜʚʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʭʦʜʠʪʩʷ 54.4% ʜʠʩʧʝʨʩʠʠ ʚʳʙʦʨʢʠ (ʈʠʩʫʥʦʢ 16). ʊʘʢʞʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʝʪʘʙʦʣʠʪʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʘʭ ʙʝʟ ʠ ʩ 30 ʛ ʣ-1 ʩʦʣʝʡ ʦʙʨʘʟʫʶʪ ʜʚʘ 

ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʪʝʨʘ. ʊʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʣʘʩʪʝʨʘ ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ  ʤʝʪʘʙʦʣʠʪʘʤʠ  ʚ ʦʙʝʠʭ 

ʬʘʟʘʭ ʨʦʩʪʘ ʥʘ ʩʨʝʜʝ BBM. 

ɸ. 

 

ɹ. 

 
ɺ. 

 

ɻ. 

 

ʈʠʩʫʥʦʢ 17 ï PLS-DA ʘʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ P. kessleri IC-11 ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʘʭ ʨʦʩʪʘ. (ɸ) ʉʨʝʜʘ BBM, (ɹ) ʉʨʝʜʘ BBM-S, (ɺ) ʉʨʝʜʘ WW, (ɻ) ʉʨʝʜʘ WW-S. ʂʨʘʩʥʳʤ 

ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ ʨʦʩʪʘ, ʟʝʣʝʥʳʤ ï ʩʪʘʮʠʦʥʘʨʥʘʷ 
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ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʦʣʝʡ ʥʘ ʤʝʪʘʙʦʣʠʟʤ P. kessleri IC-11 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʩʨʝʜʘʭ BBM ʠ WW ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʠʡ ʤʝʪʘʙʦʣʠʟʤʘ ʤʝʞʜʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʤʠ ʨʦʩʪʘ ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʩʨʝʜ ʤʝʪʦʜʦʤ PLS-DA, ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 17. ɿʥʘʯʝʥʠʷ R2 ʠ Q2 (ʊʘʙʣʠʮʘ 20) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʤ ʨʦʩʪʘ ʢʫʣʴʪʫʨ ʥʘ ʨʘʟʥʳʭ ʩʨʝʜʘʭ, 

ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʩʫʤʤʝ ʢʦʤʧʦʥʝʥʪ F1 ʠ F2. ʉʦʝʜʠʥʝʥʠʷ ʩ VIP > 1.0 ʠ p < 0.05 

(ʇʨʠʣʦʞʝʥʠʝ ɻ) ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʜʣʷ ʧʦʠʩʢʘ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʧʨʦʬʠʣʷʤʠ ʤʝʪʘʙʦʣʠʟʤʘ 

ʚ ʜʚʫʭ ʬʘʟʘʭ ʨʦʩʪʘ ʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʝ PLS-DA. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʤʝʪʘʙʦʣʠʪʳ ʚ 

ʦʩʥʦʚʥʦʤ ʚʢʣʶʯʘʶʪ ʫʛʣʝʚʦʜʳ, ʣʠʧʠʜʳ ʠ ʘʤʠʥʦʢʠʩʣʦʪʳ. ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʨʝʜʝ BBM ʙʝʟ 

ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʝʡ, ʠʤʝʣʠ ʟʥʘʯʠʤʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʨʘʟʥʳʭ 

ʬʘʟʘʭ ʨʦʩʪʘ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ 

ʠʥʜʫʢʮʠʠ ʩʠʥʪʝʟʘ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ   ʧʨʦʚʝʜʝʥʦ ʦʙʦʛʘʱʝʥʠʝ ʧʦ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʧʫʪʷʤ   ʜʣʷ    ʚʩʝʭ    ʩʦʝʜʠʥʝʥʠʡ   ʩ   VIP > 1   ʠ   p < 0.05   (ʇʨʠʣʦʞʝʥʠʝ ɻ). 

ʄʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʥʘʠʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ, ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʢʨʠʪʝʨʠʷʤ: ʠʥʜʝʢʩ ʚʦʟʜʝʡʩʪʚʠʷ > 0, FDR < 0.05 ʠ p < 0.05 (ʊʘʙʣʠʮʘ 21). ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʶʯʝʚʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ VIP > 1 ʠ p < 0.05, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʝʪʘʙʦʣʠʯʝʩʢʘʷ ʢʘʨʪʘ 

P. kessleri IC-11 ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʘʭ BBM (ʈʠʩʫʥʦʢ 18) ʠ WW 

(ʈʠʩʫʥʦʢ 19). 

ʊʘʙʣʠʮʘ 20 ï ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ PCA ʠ PLS-DA ʘʥʘʣʠʟʘ ʤʝʪʘʙʦʣʠʟʤʘ P. kessleri IC-11 

ʄʝʪʦʜ 

ʉʨʝʜʘ 

BBM BBM-S WW-S WW-S 
ɺʩʝ 

ʩʨʝʜʳ 

PCA (1 ʠ 2 ʢʦʤʧʦʥʝʥʪʘ, % ʦʪ 

ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ) 
81.4% 57.5% 96.4% 86.4% 54.4% 

PLS-DA (1 ʠ 2 ʢʦʤʧʦʥʝʥʪʘ, % ʦʪ 

ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ) 
83.7% 56.1% 96.4% 86.4% 53.8% 

R2 0.8569 0.9538 0.993 0.9983 0.8456 

Q2 0.6774 0.8172 0.9836 0.9923 0.8156 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ (ʊʘʙʣʠʮʘ 21), ʤʝʪʘʙʦʣʠʟʤ P. kessleri IC-11 ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʘʭ BBM ʠ WW ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʦʣʠ ʥʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʝʪʘʙʦʣʠʟʤʘ ʛʣʠʮʝʨʦʣʠʧʠʜʦʚ (ʠʥʜʝʢʩ ʚʦʟʜʝʡʩʪʚʠʷ > 0.1). ɻʣʠʮʝʨʠʥ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʪʦʛʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʥʠʞʘʝʪʩʷ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 4.2 ʨʘʟʘ ʥʘ ʩʨʝʜʝ 

WW (ʈʠʩʫʥʢʠ 18-19). ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʙʦʣʠʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʛʘʣʘʢʪʦʟʳ, 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ (ʛʘʣʘʢʪʦʟʘ ï ʚ 2.4, ʩʘʭʘʨʦʟʘ ï ʚ 1.2, ʨʘʬʬʠʥʦʟʘ - ʚ 4.8 
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ʨʘʟʘ) ʥʘ WW ʠ ʩʥʠʞʘʣʘʩʴ ʥʘ BBM (ʢʨʦʤʝ ʩʘʭʘʨʦʟʳ). ɼʣʷ ʩʨʝʜʳ BBM ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʨʛʠʥʠʥʘ (ʚʭʦʜʠʪ ʚ ʮʠʢʣ ʤʦʯʝʚʠʥʳ) ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ. 

ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʩʨʝʜʝ BBM-S (ʈʠʩʫʥʦʢ 18) ʚʳʷʚʠʣ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʘʣʘʢʪʦʟʳ ʠ ʨʘʬʬʠʥʦʟʳ (ʚ 17.3 ʠ 43.3 ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ    ʩʦ   ʩʨʝʜʦʡ BBM.  ʅʘ    ʦʙʝʠʭ  ʩʨʝʜʘʭ ʪʘʢʞʝ   ʥʘʙʣʶʜʘʣʦʩʴ   ʩʥʠʞʝʥʠʝ   ʩʦʜʝʨʞʘʥʠʷ  

ʊʘʙʣʠʮʘ 21 ï ɸʥʘʣʠʟ ʨʘʟʣʠʯʠʡ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʷʭ P. kessleri IC-11 ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ 

 

ʉʨʝʜʘ 

ʄʝʪʘʙʦʣʠʯʝʩʢʠʡ 

ʧʫʪʴ 

ʂʦʣʠʯʝʩʪʚ

ʦ ʚʝʱʝʩʪʚ 

ʚ ʮʠʢʣʝ 

(ʦʙʱʝʝ) 

ʂʦʣʠʯ

ʝʩʪʚʦ 

ʩʦʚʧʘ

ʜʝʥʠʡ 

p-

ʟʥʘʯʝʥʠʝ 

Ĭ10-3 

-log(p) 
FDR Ĭ 

10-3 

ɺʦʟʜʝʡʩʪ-

ʚʠʝ 

(ʠʥʜʝʢʩ) 

BBM 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʣʠʮʝʨʦʣʠʧʠʜʦʚ 
20 1 0.207 -3.68388  0.266 0.15113 

ʄʝʪʘʙʦʣʠʟʤ 

ʢʨʘʭʤʘʣʘ ʠ 

ʩʘʭʘʨʦʟʳ 

21 1 7.283 4.9223 7.283 0.08967 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʘʣʘʢʪʦʟʳ 
27 4 0.648 7.3415 0.729 0.05538 

BBM-

S 

ʄʝʪʘʙʦʣʠʟʤ 

ʧʫʨʠʥʦʚ 
65 1 0.966 6.9419 1.0872 0.0766 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʘʣʘʢʪʦʟʳ 
27 3 0.0513 12.181 0.0462 0.0735 

ʄʝʪʘʙʦʣʠʟʤ 

ʩʝʨʳ 
14 1 0.795 7.1377 1.0216 0.06452 

ʄʝʪʘʙʦʣʠʟʤ 

ʮʠʩʪʝʠʥʘ ʠ 

ʤʝʪʠʦʥʠʥʘ 

43 1 0. 795 7.1377 1.0216 0.05549 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʣʫʪʘʪʠʦʥʘ 
27 1 0. 795 7.1377 1.0216 0.0075 

WW 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʣʠʮʝʨʦʣʠʧʠʜʦʚ 
20 1 0. 422 7.7693 0.634 0.15113 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʘʣʘʢʪʦʟʳ 
27 5 0.0204 10.798 0.0613 0.10238 

ʄʝʪʘʙʦʣʠʟʤ 

ʢʨʘʭʤʘʣʘ ʠ 

ʩʘʭʘʨʦʟʳ 

21 1 18.49 3.9906 18.49 0.08967 

WW-S 

ʄʝʪʘʙʦʣʠʟʤ 

ʘʨʛʠʥʠʥʘ ʠ 

ʧʨʦʣʠʥʘ 

31 1 0.166 8.7017 0.277 0.11688 

ʎʠʢʣ 

ʪʨʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ 

20 1 28.148 3.5703 28.148 0.09038 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʘʣʘʢʪʦʟʳ 
27 3 0.0524 12.159 0.0262 0.09018 

ʄʝʪʘʙʦʣʠʟʤ 

ʛʣʠʦʢʩʠʣʦʚʦʡ 

ʢʠʩʣʦʪʳ 

31 1 28.148 3.5703 28.148 0.02667 
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ʈʠʩʫʥʦʢ 18 ï ʉʭʝʤʘ ʤʝʪʘʙʦʣʠʟʤʘ P. kessleri IC-11 ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ ʥʘ ʩʨʝʜʝ BBM. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: ʂʨʘʩʥʳʤʠ ʩʪʦʣʙʮʘʤʠ ʦʪʤʝʯʝʥʘ ʩʨʝʜʘ BBM-S, ʩʠʥʠʤʠ ï BBM. Exp ï 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ ʨʦʩʪʘ, st ï ʩʪʘʮʠʦʥʘʨʥʘʷ 

ʥʘʩʳʱʝʥʥʳʭ ʤʦʥʦʛʣʠʮʝʨʠʜʦʚ ʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ 

ʙʠʦʤʘʩʩʳ (ʊʘʙʣʠʮʘ 17). ʆʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʩʪʝʠʥʘ (ʚ 1.9 ʨʘʟʘ) ʚ ʩʨʝʜʝ BBM-

S. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʦʡ BBM, ʚ ʩʨʝʜʝ WW-S ʚʦ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʦʪʤʝʯʝʥʦ 

ʚʳʨʘʞʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ   ʘʜʝʥʠʣʘʪʘ  ʢʘʢ   ʯʘʩʪʠ   ʧʫʨʠʥʦʚʦʛʦ    ʤʝʪʘʙʦʣʠʟʤʘ (ʊʘʙʣʠʮʘ 

21). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ   ʧʝʨʝʢʣʶʯʝʥʠʝ   ʧʨʦʮʝʩʩʘ  ʥʘʢʦʧʣʝʥʠʷ   ʵʥʝʨʛʠʠ  ʚ  ʩʪʘʮʠʦʥʘʨʥʦʡ   ʬʘʟʝ   ʩ   

ʩʠʥʪʝʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ, ʯʪʦ ʨʘʥʝʝ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʝʥʦʟʠʥʘ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ P. tricornutum [340]. 

ʅʘʢʦʧʣʝʥʠʝ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ʚ ʢʣʝʪʢʘʭ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ ʨʦʩʪʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ 

BBM (ʈʠʩʫʥʦʢ 18) ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʧʫʩʢ ʧʨʦʮʝʩʩʘ ʢʘʪʘʙʦʣʠʟʤʘ ʫʛʣʝʚʦʜʦʚ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʢʘʢ ʯʘʩʪʠ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʩʠʥʪʝʟ 

ʣʠʧʠʜʦʚ (ʈʠʩʫʥʦʢ 14ɹ). 
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ʀʟʫʯʝʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ P. kessleri IC-11 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ WW ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʮʠʢʣʦʚ ʚ ʤʝʪʘʙʦʣʠʟʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʨʝʜʳ BBM. ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʘʨʛʠʥʠʥʘ ʠ ʧʨʦʣʠʥʘ (ʠʥʜʝʢʩ ʚʦʟʜʝʡʩʪʚʠʷ > 0.1, ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʣʠʥʘ 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʫʤʝʥʴʰʠʣʦʩʴ ʚ 72 ʨʘʟʘ), ʘ ʪʘʢʞʝ ʚ ʮʠʢʣʝ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ (ʩʦʜʝʨʞʘʥʠʝ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʫʤʝʥʴʰʠʣʦʩʴ ʚ 5.1 ʨʘʟʘ). ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʩʘʭʘʨʠʜʦʚ (ʩʘʭʘʨʦʟʘ, ʨʘʬʬʠʥʦʟʘ, ʛʘʣʘʢʪʦʟʘ) ʢʘʢ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ 

WW, ʪʘʢ ʠ ʚ WW-S, ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ (ʈʠʩʫʥʦʢ 18), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʥʠʞʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʩʣʦʞʥʳʭ ʫʛʣʝʚʦʜʦʚ ʚ ʢʣʝʪʢʘʭ (ʈʠʩʫʥʦʢ 14ɺ). ʕʪʠ ʜʘʥʥʳʝ ʪʘʢʞʝ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʜʘʥʥʳʤʠ [93], ʛʜʝ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ ʫ P. kessleri ʥʘ ʩʨʝʜʝ TAP ʩ 350 ʤʄ NaCl ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʤʝʪʘʙʦʣʠʟʤʘ ʧʨʦʣʠʥʘ ʠ ʧʦʚʳʰʝʥʠʝʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʣʠʧʘʟʳ. ʕʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʛʣʦʙʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʮʠʢʣʦʚ ʠ ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʇʦʜʦʙʥʳʝ ʵʬʬʝʢʪʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ C. reinghartii ʥʘ ʩʨʝʜʝ TAP ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʝʡ [341]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʝʪʘʙʦʣʠʟʤ P. kessleri ʥʘ ʩʨʝʜʝ TAP ʤʦʞʝʪ ʙʳʪʴ ʙʣʠʟʦʢ ʢ ʤʝʪʘʙʦʣʠʟʤʫ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʩʨʝʜʝ WW. 

ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ P. kessleri IC-11 ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʚ ʦʪʚʝʪ ʥʘ ʩʦʣʝʚʦʡ 

ʩʪʨʝʩʩ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʪʘʥʜʘʨʪʥʦʡ ʩʨʝʜʦʡ BBM ʠ ʩʨʝʜʦʡ WW. ʋʯʠʪʳʚʘʷ, 

ʯʪʦ WW ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʯʝʤ BBM, ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ ʚ ʩʨʝʜʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ (ʈʠʩʫʥʦʢ 14ɹ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʢʦʧʣʝʥʠʝ 

ʣʠʧʠʜʦʚ ʥʘ WW-S, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʵʢʚʠʚʘʣʝʥʪʦʚ ʵʥʝʨʛʠʠ ʚ ʮʠʢʣʝ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ, ʘ ʪʘʢʞʝ ʩ ʦʢʠʩʣʝʥʠʝʤ ʧʨʦʣʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 30 ʤʦʣʝʢʫʣ 

ɸʊʌ [342]. ʕʪʠ ʤʝʪʘʙʦʣʠʪʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʥʜʠʢʘʪʦʨʳ ʧʨʦʮʝʩʩʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʩʠʥʪʝʟ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʩʦʣʝʚʦʡ ʩʨʝʜʝ. ɹʦʣʝʝ ʪʦʛʦ, 

ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚʦ ʚʨʝʤʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ P. kessleri IC-11 ʥʘ ʩʨʝʜʝ BBM-S 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ-ʟʘ ʠʩʪʦʱʝʥʠʷ ʧʫʣʘ ʵʢʚʠʚʘʣʝʥʪʦʚ ʵʥʝʨʛʠʠ (ɸʊʌ), ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʜʨʫʛʠʭ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʮʠʢʣʘʭ, ʚʢʣʶʯʘʷ ʤʝʪʘʙʦʣʠʟʤ ʛʣʶʢʦʟʳ ʚ ʮʠʢʣʝ ʛʣʠʢʦʣʠʟʘ. 
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ʈʠʩʫʥʦʢ 19 ï ʉʭʝʤʘ ʤʝʪʘʙʦʣʠʟʤʘ P. kessleri IC-11 ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ ʥʘ ʩʨʝʜʝ WW. ʂʨʘʩʥʳʤʠ 

ʩʪʦʣʙʮʘʤʠ ʦʪʤʝʯʝʥʘ ʩʨʝʜʘ WW-S, ʩʠʥʠʤʠ ï WW. Exp ï ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ ʨʦʩʪʘ, st ï 

ʩʪʘʮʠʦʥʘʨʥʘʷ 

3.6 ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ 

3.6.1 ʉʨʘʚʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʠ ʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ɼʣʷ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʩʦ ʰʪʘʤʤʘʤʠ, ʚʳʨʘʱʝʥʥʳʤʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʦʧʠʩʘʥʥr ʭ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 22. ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʳ 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʳ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ 

ʥʘ ʩʨʝʜʝ BBM ʦʙʣʘʜʘʣʠ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʰʪʘʤʤʘʤʠ, ʚʳʨʘʱʝʥʥʳʤʠ ʥʘ ʩʨʝʜʝ WW (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ). ɺ 



149 

 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʦʙʝʠʭ ʩʨʝʜʘʭ ʦʩʪʘʝʪʩʷ ʩʨʘʚʥʠʤʳʤ, ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ (p < 0.01, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʩʥʠʞʘʣʘʩʴ ʥʘ ʩʨʝʜʝ WW. 

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʠ ʙʝʣʢʦʚ ʥʦʩʠʣʦ ʣʠʰʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʫ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ. 

ɼʦʙʘʚʣʝʥʠʝ 30 ʛ ʣ-1 ʩʦʣʠ ʚ ʩʨʝʜʫ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ P. kessleri IC-11 ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʠ ʢ ʩʥʠʞʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ.  

ʊʘʙʣʠʮʘ 22 ï ʂʣʶʯʝʚʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʉʨʝʜ

ʘ 

ʐʪʘʤʤʳ 

(ʠʩʩʣʝʜʦ-

ʚʘʥʥʳʝ ʚ 

ʨʘʙʦʪʝ) 

ɹʠʦʤ

ʘʩʩʘ 
ʃʠʧʠʜʳ ʋʛʣʝʚʦʜʳ ɹʝʣʦʢ 

ɸʥʘʣʦʛ/ʩʩʳʣʢʘ ʥʘ 

ʠʩʪʦʯʥʠʢ 
Vʙ, ʤʛ 

ʣ-1 

ʩʫʪ-1 

Vʣ, ʤʛ ʣ-1 

ʩʫʪ-1 
Wʣ, % 

Vʫ, ʤʛ ʣ-

1 ʩʫʪ-1 
Wʫ, % Wʙ, % 

BBM 

 

C. 

sorokiniana 

IPPAS C-1 

53.70

Ñ0.37

***  

23.5Ñ2.1

**  
24.8Ñ3.3 - 39Ñ2.2 38.5Ñ1.7 

C. sorokiniana [343]; 

C. sorokiniana CS-01 

[344], C. sorokiniana 

UTEX 1230 [344]  C. 

sorokiniana 2714 [344] 

C. sorokiniana UTEX 

1230 [345] 

C. sorokiniana NIES-

2168 [346] 

C. 

sorokiniana 

IC-62 

60.18

Ñ0.48

**  

27.6Ñ1.3

***  

30.5Ñ2.1

***  
- 42Ñ1.5** 

28.7Ñ1.4

**  

C. sorokiniana [343]; 

C. sorokiniana CS-01 

[344], C. sorokiniana 

UTEX 1230 [343]  C. 

sorokiniana 2714 [344] 

C. sorokiniana UTEX 

1230 [345] 

C. sorokiniana NIES-

2168 [346] 

Micractiniu

m sp. IC-44 

69.3Ñ

0.45*

*  

30.6Ñ0.9

**  

39.2Ñ3.8

* 
- 

30.2Ñ1.8

* 

33.2Ñ0.8

* 
M. reisseri [347] 

Micractiniu

m sp. IC-76 

67.41

Ñ0.33

**  

29.1Ñ1.7

***  
35.5Ñ2.8 - 

32.5Ñ1.3

***  
32.9Ñ1.0 M. reisseri [347] 

C. vulgaris 

A1123 

35.8Ñ

0.24 
13.7Ñ0.2 38.3Ñ1.0 - 37.8Ñ1.4 26.0Ñ1.2 

Chlorella UMACC001 

[329] 

Chlorella sp. AE10 [348] 

S. abundans 

A1175 

73.82

Ñ4.53 
32.8Ñ1.5 44.4Ñ2.7 - 43.3Ñ1.2 15.7Ñ0.7 

S. abundans [349], [350] 

Scenedesmus sp. NT1d ʠ 

S. dimorphus NT8 [351] 

C. 

sorokiniana 

A1135 

10.60

Ñ0.34 
3.3Ñ0.1 31.2Ñ3.4 - 40.7Ñ2.8 30.3Ñ1.5 

C. sorokiniana [343]; 

C. sorokiniana CS-01, 

UTEX 1230 ʠ 2714 

[344] 

C. sorokiniana UTEX 

1230 [345] 

C. sorokiniana NIES-

2168 

[346] 

S. obliquus 

A1167 

20.85

Ñ0.71 
8.6Ñ0.7 31.4Ñ2.2 - 44.1Ñ2.2 27.8Ñ0.7 S. obliquus [352] 
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Botryococcu

s sp. A1162 

29.61

Ñ1.46 
9.9Ñ0.3 23.4Ñ2.3 - 46.3Ñ1.1 31.1Ñ2.2 

Botryococcus sp. MCC 

32 [353] 

P. kessleri 

IC-11 

24.0Ñ

2.0**  
- 

17.3Ñ0.5

* 

21.1Ñ1.3

***  

44.8Ñ4.0

* 

32Ñ1.6**

*  

P. kessleri CCALA 255 

[334], 

P. kessleri UTEX2229 

[354] 

BBM

-S 

P. kessleri 

IC-11 

18.0Ñ

1.0**

*  

- 
33.3Ñ1.3

**  

4.9Ñ0.4*

**  

12.1Ñ2.6

***  
44.1Ñ8.9 P. kessleri [93] 

WW 

C. 

sorokiniana 

IPPAS C-1 

36.62

Ñ1.63

***  

9.38Ñ0.4

2**  

25.62Ñ0.

87 
20.7Ñ0.8 38.6Ñ2.2 

29.88Ñ1.

7 
[343] 

C. 

sorokiniana 

IC-62 

38.96

Ñ4.79

**  

8.05Ñ1.5

3***  

21.43Ñ2.

32***  
24.5Ñ1.7 

44.4Ñ1.2

**  

34.17Ñ2.

3**  
[343], [355] 

Micractiniu

m sp. IC-44 

34.91

Ñ2.86

**  

10.11Ñ0.

83**  

28.97Ñ0.

49* 
21.4Ñ1.9 

32.1Ñ0.7

* 

38.93Ñ3.

5* 
M. reisseri [356] 

Micractiniu

m sp. IC-76 

37.18

Ñ4.12

**  

13.49Ñ1.

50***  

36.29Ñ0.

11 
22.2Ñ1.1 

31.2Ñ1.3

***  

32.51Ñ2.

5 
M. reisseri [365] 

P. kessleri 

IC-11 

17.0Ñ

1.0**  
- 

20.5Ñ2.2

* 

17.4Ñ1.5

***  

48.4Ñ5.4

* 

25Ñ1.5**

*  
P. kessleri-I [357] 

WW-

S 

P. kessleri 

IC-11 

15.0Ñ

1.0**

*  

- 
31.0Ñ1.8

**  

6.0Ñ0.4*

**  

10.3Ñ0.4*

**  
47.8Ñ7.3 P. kessleri [93] 

*p < 0.05; **p < 0.01; ***p < 0.001 - ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ (ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʨʝʜʝ BBM ʠ WW) 

3.6.1.1 ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ BBM 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ ʚʦʧʨʦʩ ʦ ʥʘʢʦʧʣʝʥʠʠ 

ʙʠʦʤʘʩʩʳ ʠ ʣʠʧʠʜʦʚ ʫ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ 

BBM. ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʘʥʘʣʦʛʠʯʥʳʭ 

ʰʪʘʤʤʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ C. sorokiniana ʚ ʨʘʙʦʪʝ [343] ʥʘ ʩʨʝʜʝ BBM ʩʦʩʪʘʚʠʣʘ 35.5 ʤʛ ʣ-1 ʩʫʪ-1, ʯʪʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ C. sorokiniana IPPAS C-1, C. sorokiniana IC-62 ʠ C. 

sorokiniana ɸ1135 (ʊʘʙʣʠʮʘ 10). ʋʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʜʣʷ ʰʪʘʤʤʦʚ, ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ, ʙʳʣ ʤʝʥʴʰʝ (Wʣ 24.8 Ñ 3.3 - 31.2 Ñ 3.4%), ʯʝʤ ʫ ʰʪʘʤʤʘ C. sorokiniana UTEX 1230 (Wʣ 

38.7 Ñ 0.9%) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM [345]. ʀʟʤʝʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʣʠʧʠʜʦʚ ʫ ʰʪʘʤʤʘ 

C. vulgaris A1123 (Wʣ 38.3 Ñ 1.0%) [358] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʙʳʣʦ ʩʨʘʚʥʠʤʦ ʩʦ 

ʟʥʘʯʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ ʰʪʘʤʤʘ Chlorella UMACC001 (Wʣ 41.77 Ñ 1.83%) ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʝ ʨʦʩʪʘ  [319]. ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʠʭ ʣʠʧʠʜʦʚ ʉ. sorokiniana ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʚ ʩʨʝʜʝ 

BBM ʚ ʨʘʙʦʪʝ [344] ʩʦʩʪʘʚʠʣʦ ʩʚʳʰʝ 50%, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʘʥʘʣʦʛʠʯʥʳʭ ʰʪʘʤʤʦʚ ʚ 
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ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʫʙʫʣʷʨʥʦʛʦ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʘ. 

 ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʠʭ ʣʠʧʠʜʦʚ ʫ ʰʪʘʤʤʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʠʭ ʥʘʠʙʦʣʴʰʠʤ 

ʥʘʢʦʧʣʝʥʠʝʤ (Micractinium sp. IC-44 ʠ Micractinium sp. IC-76), ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʰʪʘʤʤʘ M. 

reisseri (Wʣ 40 Ñ 3.1%) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ BBM [347]. ʂʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ 

S. abundans A1175 (Wʣ 44.4 Ñ 2.7%) ʧʨʝʚʳʰʘʣʦ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ S. abundans ʚ ʨʘʙʦʪʝ 

[349], ʩʦʩʪʘʚʣʷʶʱʠʡ 32.77 Ñ 0.6%, ʦʜʥʘʢʦ ʦʥʦ ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʘʙʦʪʝ [350] ʧʨʠ ʝʛʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ BBM ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ (Wʣ 67.59 Ñ 2.17%) ʠ ʙʳʣʦ 

ʙʣʠʟʢʦ ʧʨʠ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ NO3
- (Wʣ 49.93 Ñ 0.97%). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ S. abundans 

A1175, ʧʦʣʫʯʝʥʥʳʡ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʠʤʝʝʪ ʩʭʦʞʫʶ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ (ʊʘʙʣʠʮʳ 10 - 11), ʯʝʤ ʰʪʘʤʤ S. abundans NCIM 2897 (Vʙ 70.23 Ñ 0.001 ʤʛ 

ʣī1 ʩʫʪī1) [27]. 

ɼʣʷ S. ʦbliquus A1167 ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʰʪʘʤʤʘʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʰʪʘʤʤʘ S. ʦbliquus ʚ 

ʨʘʙʦʪʝ [352] ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 22.3% ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʫ ʰʪʘʤʤʘ S. obliquus A1167, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 31.4 Ñ 2.2%. ʇʨʠ ʵʪʦʤ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʫ ʰʪʘʤʤʘ Botryococcus sp. MCC 32 ʥʘ 30 ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʚ ʩʨʝʜʝ BBM ʩʦʩʪʘʚʠʣʦ 42.81 Ñ 0.3 ʠ 38.05 Ñ 0.15%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [353]. ʋ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʰʪʘʤʤʘ Botryococcus sp. A1162 ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʙʳʣʦ ʤʝʥʴʰʝ (Wʣ 23.4 Ñ 

2.3%), ʘ ʫʛʣʝʚʦʜʦʚ ï ʙʦʣʴʰʝ (Wʫ 46.3 Ñ 1.1%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Botryococcus sp. MCC 32. ʉʢʦʨʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ Botryococcus sp. MCC 32 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM ʩʦʩʪʘʚʠʣʘ 

6.14 ʤʛ ʣ-1 ʩʫʪ-1, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫ Botryococcus sp. A1162. 

ʐʪʘʤʤʳ, ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʠʯʥʦʛʦ ʦʪʙʦʨʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʚʰʠʝʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʠ ʦʪʥʦʩʷʱʠʝʩʷ ʢ P. kessleri, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʤʘʣʦ 

ʥʘʢʘʧʣʠʚʘʣʠ ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ (ʈʠʩʫʥʦʢ 1ɹ). ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʦʙʳʡ ʨʝʞʠʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʘ P. kessleri CCALA 255, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʝʨʝʥʦʩʝ ʢʣʝʪʦʢ, ʚʳʨʘʱʝʥʥʳʭ 

ʚ ʙʦʛʘʪʦʡ ʩʨʝʜʝ, ʥʘ ʦʙʝʜʥʝʥʥʫʶ, ʧʦʟʚʦʣʠʣ ʫʚʝʣʠʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʜʦ 60% ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʣʠʧʠʜʦʚ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʙʦʣʝʝ 10% [334]. ɺ ʨʘʙʦʪʝ [354] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʨʝʜʝ ʰʪʘʤʤ P. kessleri UTEX2229 

ʩʧʦʩʦʙʝʥ ʥʘʢʘʧʣʠʚʘʪʴ 38-46% ʣʠʧʠʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ P. kessleri ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʜʫʢʮʠʠ ʣʠʧʠʜʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜ ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ (ʈʠʩʫʥʦʢ 1ɹ).  

ʐʪʘʤʤ C. sorokiniana NIES-2168 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʤʠʢʩʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ (ʥʘ 

ʩʨʝʜʝ ʩ ʘʮʝʪʘʪʦʤ ʥʘʪʨʠʷ) ʦʙʣʘʜʘʣ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ, ʨʘʚʥʦʡ 695 ʤʛ ʣ-1 ʩʫʪ-1, ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʬʦʪʦʘʚʪʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʰʪʘʤʤʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 
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C. sorokiniana, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʵʪʦʡ ʨʘʙʦʪʝ [346]. ʈʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʤʠʢʩʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ 

ʨʘʙʦʪʝ [348] ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʫ ʰʪʘʤʤʘ Chlorella sp. AE10 ʜʦ 42% ʧʦ 

ʤʘʩʩʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʫʚʝʣʠʯʠʚʘʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʉʆ2 ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʚ ʙʠʦʤʘʩʩʝ ʙʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʫ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨ. Chlorella (Wʙ 26.0Ñ1.2 - 38.5Ñ1.7%), ʘ 

ʪʘʢʞʝ ʫ Botryococcus sp. A1162 (Wʙ 31.1 Ñ 2.2%) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʫʧʦʤʷʥʫʪʳʝ ʚ ʨʘʙʦʪʝ [319], ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ 

ʙʝʣʢʘ ʚ ʙʠʦʤʘʩʩʝ ʰʪʘʤʤʘ Chlorella UMACC001 ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ 45%. 

ɼʣʷ ʰʪʘʤʤʦʚ C. sorokiniana CS-01, UTEX 1230 ʠ 2714 [344] ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM 

ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʩʦʩʪʘʚʠʣʦ 25ï35%, ʯʪʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʰʪʘʤʤʦʚ C. sorokiniana, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʵʪʦʡ ʨʘʙʦʪʝ (ʊʘʙʣʠʮʘ 11). ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʫ S. abundans A1175 ʙʳʣʦ ʥʠʞʝ, 

ʯʝʤ ʫ ʜʨʫʛʠʭ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ, ʥʘʧʨʠʤʝʨ, Scenedesmus sp. NT1d (Wʙ 33,08%) ʠ 

Scenedesmus dimorphus NT8c (Wʙ 22.66%) [351]. ʉʨʝʜʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ C. 

sorokiniana IPPAS C-1 ʦʙʣʘʜʘʝʪ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʝʤ ʙʝʣʢʘ (Wʙ 38.5 Ñ 1.7%), 

ʧʨʠʯʝʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʨʘʚʥʠʤʦ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʰʪʘʤʤʘʤʠ [344]. 

3.6.1.2 ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ WW 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʩʝ ʰʪʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ C. 

sorokiniana, ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʦʙʣʘʜʘʣʠ ʩʨʘʚʥʠʤʳʤʠ Vʙ ʠ Õ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʩʨʝʜʝ WW (ʊʘʙʣʠʮʳ 12, 22). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʠ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʤʝʥʴʰʝ, ʯʝʤ ʫ C. sorokiniana (Õ= 

0.801 ʩʫʪ-1) ʚ ʨʘʙʦʪʝ [355], ʧʨʠ ʝʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʚ ʨʝʘʢʪʦʨʝ ʢʦʣʦʥʥʦʛʦ ʪʠʧʘ. 

ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʜʣʷ ʰʪʘʤʤʘ C. sorokiniana UTEX1230 ʚ ʨʘʙʦʪʝ [343] 

ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ ʨʘʟʙʘʚʣʝʥʥʳʭ ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʩʦʩʪʘʚʠʣʘ 0.06 ʯ-1, ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʰʪʘʤʤʦʚ C. sorokiniana IPPAS C-1 (Õ = 

0.12 Ñ 0.00 ʩʫʪ-1) ʠ C. sorokiniana IPPAS IC-62 (Õ = 0.12 Ñ 0.01 ʩʫʪ-1) (ʊʘʙʣʠʮʘ 10). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʩʣʦʚʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʰʪʘʤʤʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ C. sorokiniana, ʙʳʣʠ ʤʝʥʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʨʦʩʪʘ ʙʠʦʤʘʩʩʳ, ʯʝʤ ʚ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʝʝ ʤʝʥʴʰʝʤʫ ʥʘʢʦʧʣʝʥʠʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ C. sorokiniana ʚ ʨʘʙʦʪʝ 

[343] Vʣ ʩʦʩʪʘʚʣʷʝʪ 2.38 ʤʛ ʣ
-1 ʩʫʪ-1, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ C. sorokiniana 

IPPAS C-1 ʠ C. sorokiniana IC-62 (Vʣ 9.38 Ñ 0.42 ʠ 8.05 Ñ1.53 ʤʛ ʣ
-1 ʩʫʪ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʨʘʙʦʪʝ 
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[256] ʧʨʠʤʝʥʠʣʠ ʰʪʘʤʤ M. reisseri ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʭ ʠ ʬʠʣʴʪʨʦʚʘʥʥʳʭ 

ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ M. reisseri ʥʘʢʘʧʣʠʚʘʣ ʜʦ 40% ʣʠʧʠʜʦʚ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʚʳʩʦʢʦʣʠʧʠʜʥʳʭ ʰʪʘʤʤʦʚ Micractinium sp. IC-44 ʠ Micractinium sp. IC-76 

(Wʣ 28.97 Ñ 0.49 ʠ 36.29 Ñ 0.11%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʘʥʥʳʝ ʧʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʶ P. kessleri ʥʘ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʛʨʘʥʠʯʝʥʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʰʪʘʤʤʘ P. kessleri-I 

[357] ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ 0.308 ʛ ʣ-1 ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʨʦʩʪʘ, ʯʪʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ P. kessleri IC-11 (0.79 Ñ 0.6 ʛ ʣ-1), ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʚʥʷ 

ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʦʚʦʜʠʣʠ. 

3.6.1.3 ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʰʪʘʤʤʦʚ ʥʘ ʩʨʝʜʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠ ̫ʩʦʣʝʡ ʥʘ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʥʦʩʠʪ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʩʦʩʪʘʚʘ 

ʙʠʦʤʘʩʩʳ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʘ ʥʝ ʥʘ ʨʝʘʣʴʥʦʤ ʩʫʙʩʪʨʘʪʝ. ɺ ʨʘʙʦʪʝ 

[93] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 350 ʤʄ NaCl ʚ ʩʨʝʜʝ TAP ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʙʠʦʤʘʩʩʘ 

P. kessleri ʩʦʜʝʨʞʘʣʘ: ʣʠʧʠʜʳ ï 51%, ʫʛʣʝʚʦʜʳ ï 28.6%, ʙʝʣʦʢ ï 17.1%. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʠʤ 

ʰʪʘʤʤʦʤ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʫ P. kessleri IC-11 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ BBM-S ʙʳʣʦ ʤʝʥʴʰʝ 

(Wʣ = 33.3 Ñ 1.3%), ʢʘʢ ʠ ʫʛʣʝʚʦʜʦʚ (Wʫ = 12.1 Ñ 2.6%), ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʨʘʟʣʠʯʠʷʤʠ ʚ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩʨʝʜʘʭ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʰʪʘʤʤʦʚ (P. 

kessleri IC-11 ʥʘ ʩʨʝʜʝ BBM ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʢʘʧʣʠʚʘʣ ʫʛʣʝʚʦʜʳ). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʰʪʘʤʤʘ C. 

sorokiniana SLA-04 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BG-11 ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʚ ʩʨʝʜʝ ʉʘ2+ ʠ Mg2+ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʪʨʝʭʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʠʥʪʝʟʘ ʣʠʧʠʜʦʚ ʠ ʧʦʣʫʪʦʨʘʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʠʥʪʝʟʘ 

ʫʛʣʝʚʦʜʦʚ [359]. ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ C. sorokiniana CG12 [360] ʚ ʩʨʝʜʝ BBM ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ CaCl2 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʩ 12.56% (5 

ʤM CaCl2) ʜʦ 40.02% (25 ʤM CaCl2), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʯʘʩʪʠʝʤ Ca2+ ʚ ʤʥʦʞʝʩʪʚʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ [361]. 
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3.6.2 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʙʠʦʤʘʩʩʝ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

3.6.2.1 ʉʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ BBM 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʰʪʘʤʤʘʤʠ ʧʦ ʥʘʢʦʧʣʝʥʠʶ 

ʦʪʜʝʣʴʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʩʨʘʚʥʝʥʠʝʤ ʧʦ ʪʝʩʪʫ ʊʴʶʢʠ (ʈʠʩʫʥʦʢ 5) ʜʣʷ ʰʪʘʤʤʦʚ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʥʝʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʩʨʝʜʝ BBM. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʙʠʦʤʘʩʩʳ 

ʥʘʠʙʦʣʴʰʠʤ ʜʦʩʪʦʚʝʨʥʳʤ (p < 0.05) ʩʦʜʝʨʞʘʥʠʝʤ C16:0 ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ ʰʪʘʤʤʘʤʠ ʦʙʣʘʜʘʣ ʰʪʘʤʤ S. abundans A1175 (72.8 Ñ 5.8%). ʅʘʠʙʦʣʴʰʠʤ ʜʦʩʪʦʚʝʨʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʉ18:0 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ (p < 0.05) 

ʦʙʣʘʜʘʶʪ C. vulgaris A1123 (27.8 Ñ 4.9%), S. abundans A1175 (27.5 Ñ 0.1%) ʠ C. sorokiniana A1135 

(29.3 Ñ 4.6%). ɺʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉ18:1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ (p < 0.05) 

ʦʪʣʠʯʘʶʪʩʷ C. sorokiniana IC-62 (24.4 Ñ 1.9%), Micractinium sp. IC-76 (27.4 Ñ 2.4%), Micractinium 

sp. IC-44 (26.1 Ñ 1.3%) ʠ C. sorokiniana IPPAS C-1 (25.7 Ñ 1.2%). ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʉ18:2 (p 

< 0.05) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʰʪʘʤʤʘʤʠ ʦʪʤʝʯʝʥʦ ʫ ʰʪʘʤʤʦʚ Botryococcus sp. A1162 (20.2 Ñ 

4.7%) ʠ C. vulgaris A1123 (21.5 Ñ 3.4%), ʦʜʥʘʢʦ ʤʝʞʜʫ ʥʠʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ ʥʝ 

ʚʳʷʚʣʝʥʦ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʅɾʂ ʜʦʩʪʦʚʝʨʥʦ (ʨ < 0.05) ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ C. vulgaris 

A1123 (47.6 Ñ 2.4%), S. abundans A1175 (46.7 Ñ 1.9%) ʠ C. sorokiniana A1135 (35.2 Ñ 2.8%), ʥʦ ʥʝ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʇʦ ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ C. sorokiniana 

IC-62, Micractinium sp. IC-76, Micractinium sp. IC-44 ʠ C. sorokiniana IPPAS C-1 ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦ 

(ʨ < 0.05) ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʰʪʘʤʤʦʚ (ʥʦ ʥʝ ʤʝʞʜʫ ʩʦʙʦʡ) ʧʦ ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ ʄʅɾʂ 

(27.2 Ñ 1.6, 31.2 Ñ 2.2, 30.3 Ñ 2.7 ʠ 30.3 Ñ 1.2%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦ ʫʨʦʚʥʶ ʇʅɾʂ ʜʦʩʪʦʚʝʨʥʳʭ 

ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʰʪʘʤʤʘʤʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ.  

ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ, ʦʩʥʦʚʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʤʠ ʫ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM, ʷʚʣʷʶʪʩʷ: ʉ16:0, ʉ16:3, ʉ18:2 ʠ ʉ18:3 

[362]. ɺ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʦʩʥʦʚʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʨʘʙʦʪʝ 

ʰʪʘʤʤʦʚ ʙʳʣʠ ʉ16:0, ʉ18:0, ʉ18:1 ʠ ʉ18:2 (ʈʠʩʫʥʦʢ 5). ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ C. 

sorokiniana CS-01, UTEX 1230 ʠ UTEX 2714 ʢʘʢ ʚ ʩʨʝʜʝ BBM, ʪʘʢ ʠ ʚ 10% ʤʫʥʠʮʠʧʘʣʴʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʫʨʦʚʥʠ ʉ16:0, ʉ18:1 ʠ ʉ18:2 ʫʚʝʣʠʯʠʚʘʣʠʩʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʉ16:3 ʠ 

ʉ18:3 ʩʥʠʞʘʣʦʩʴ [344]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʠʭ ʰʪʘʤʤʦʚ ʫ C. sorokiniana, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ, ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉ18:3 ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʈʠʩʫʥʦʢ 5). ʐʪʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨ. 

Chlorella ʠ ʨ. Micractinium, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ (ʈʠʩʫʥʦʢ 5), ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʩʨʝʜʝ BBM ʦʙʣʘʜʘʣʠ ʤʝʥʴʰʠʤ ʩʫʤʤʘʨʥʳʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʅɾʂ ʠ ʄʅɾʂ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 
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ʬʘʟʝ ʨʦʩʪʘ (61.6 Ñ 1.5 ï 67.0 Ñ 3.4%), ʦʜʥʘʢʦ ʠʤʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇʅɾʂ (33.0 Ñ 3.3 

ï 38.3 Ñ 1.8%), ʯʝʤ S. abundans A1175 (27.1 Ñ 2.7%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʰʪʘʤʤʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨ. Chlorella ʠ ʨ. 

Micractinium, ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʠʷ ʠʭ ʤʝʪʘʙʦʣʠʟʤʘ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʉ18:2 ʫ Micractinium sp. IC-76 ʠ Micractinium sp. IC-44 ʙʳʣʦ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʰʪʘʤʤʘ M. reisseri ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ BBM ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

(41.85%) [363].  

ʅʘʠʙʦʣʴʰʝʝ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʠ ʄʅɾʂ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʣʷ S. abundans A1175 (72.8Ñ 5.8%, ʈʠʩʫʥʦʢ 5), 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʄʅɾʂ ʠ ʅɾʂ ʜʣʷ S. abundans A-1175 ʙʳʣʦ ʙʣʠʟʢʦ ʢ 

ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ S. abundans ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ - 76% [350] ʠ 74.21% [27]. ʇʨʠ 

ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʫ S. abundans A1175 ʩʦʩʪʘʚʠʣʦ C16:0 ï 14.3 Ñ 0.9%, 

ʉ18:0 ï 19.7 Ñ 0.7%, ʉ18:1 ï 18.3 Ñ 4.5%, ʯʪʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʰʪʘʤʤʦʚ: ʫ S. abundans 

ʚ ʨʘʙʦʪʝ [350] ʦʥʦ ʩʦʩʪʘʚʠʣʦ C16:0 ~ 17.5%, ʉ18:0 ~ 11.5%, ʉ18:1 > 35%; ʘ ʫ S. abundans NCIM 

2897 ʚ ʨʘʙʦʪʝ [27] C16:0 ï 32.53%, ʉ18:0 ï 0%, ʉ18:1 ï 22.96%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʅɾʂ 

ʫ S. abundans A1175 ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʘʥʘʣʦʛʠʯʥʳʭ ʰʪʘʤʤʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʙʠʦʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʢ ʦʢʠʩʣʝʥʠʶ.  

3.6.2.2 ʉʨʘʚʥʝʥʠʝ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʩʨʝʜʘʭ BBM ʠ WW 

ʉʨʝʜʘ BBM ̫ ʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʘʥʘʣʠʟʫ ʩʦʩʪʘʚʘ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʜʥʘʢʦ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʦʩʪʘʚʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʨʝʘʣʴʥʦʤ ʩʫʙʩʪʨʘʪʝ (ʩʪʦʯʥʳʭ ʚʦʜʘʭ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ 

ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ C. sorokiniana ʠ 

Micractinium, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM ʠ WW (ʊʘʙʣʠʮʘ 23). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʙʠʦʤʘʩʩʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʘʭ 

BBM ʠ WW ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ (p < 0.01, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) 

ʫʚʝʣʠʯʝʥʠʝ   ʩʦʜʝʨʞʘʥʠʷ ʅɾʂ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚʩʝʭ ʰʪʘʤʤʦʚ 

ʥʘ ʩʨʝʜʝ    WW    (ʜʦ   53.5   Ñ 4.3  ï   54.9 Ñ 1.8%), ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʷ ʉ16:0  ʠ  ʉ18:0 (p   <   0.05,     
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ʊʘʙʣʠʮʘ 23 ï ɾʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʰʪʘʤʤʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM ʠ WW 

ʉʨʝʜʘ ɾʂ 
ʐʪʘʤʤ 

IPPAS C-1 IC-62 IC-44 IC-76 

BBM 

C16:0 14.4 Ñ 1.0** 15.3 Ñ 0.7*** 14.8 Ñ 0.7* 14.7 Ñ 0.5** 

C16:1 4.2Ñ 0.3***  2.9 Ñ 0.2*** 4.2 Ñ 0.1*** 3.9 Ñ 0.3*** 

C16:2 5.2 Ñ 0.2* 3.6 Ñ 0.2*** 4.1 Ñ 0.2* 5.3 Ñ 0.2** 

C16:3 9.3 Ñ 0.7** 7.2 Ñ 0.3** 7.0 Ñ 0.4 6.3 Ñ 0.3*** 

C18:0 18.1 Ñ 1.2*** 19.6 Ñ 1.5*** 19.4 Ñ 1.5*** 14.6 Ñ 0.5*** 

C18:1 25.7 Ñ 1.2*** 24.4 Ñ 1.9***  26.1 Ñ 1.3** 27.4 Ñ 2.4** 

C18:2 7.3 Ñ 0.6 7.3 Ñ 0.5** 7.5 Ñ 0.4* 8.1 Ñ 0.4*** 

C18:3 12.4 Ñ 0.8 17.4 Ñ 1.2*** 14.2 Ñ 0.8*** 17.2 Ñ 1.0*** 

C20:0 0.1 Ñ 0.0 - - - 

C20:1 0.2 Ñ 0.0*** - - - 

ʅɾʂ 33.9 Ñ 1.4*** 36.3 Ñ 1.8** 35.7 Ñ 2.1*** 30.2 Ñ 1.5***  

ʄʅɾʂ 30.3 Ñ 1.2*** 27.2 Ñ 1.6*** 30.3 Ñ 2.7*** 31.2 Ñ 2.2*** 

ʇʅɾʂ 35.8 Ñ 3.6*** 36.7 Ñ 1.8** 34 Ñ 3.4*** 38.3 Ñ 1.8*** 

ʅɾʂ + ʄʅɾʂ 64.2 Ñ 1.5 63.5 Ñ 5.7 66 Ñ 5.9 61.6 Ñ 1.5 

WW 

C16:0 19.4 Ñ 1.6** 21.1 Ñ 0.5*** 20.4 Ñ 2.1* 21.5 Ñ 1.8** 

C16:1 1.4 Ñ 0.2*** 1.1Ñ0.3*** 0.9 Ñ 0.3*** 0.8 Ñ 0.1*** 

C16:2 4.6 Ñ 0.7* 6.3 Ñ 0.1*** 3.3 Ñ 0.4* 4.4 Ñ 0.4** 

C16:3 6,9 Ñ 0.2** 5.5 Ñ 0** 3.6 Ñ 0.4 4.4 Ñ 0.3*** 

C18:0 34.1 Ñ 0.6*** 31.1 Ñ 0.7*** 33.5 Ñ 0.5*** 32.7 Ñ 0*** 

C18:1 13.3 Ñ 1.8*** 12 Ñ 1.8***  18.2 Ñ 0.1** 13.8 Ñ 0.9** 

C18:2 7.2 Ñ 1.6 11.9 Ñ 1.5** 11.8 Ñ 2.6* 13.2 Ñ 0.6*** 

C18:3 11.3 Ñ 2.1 8.9 Ñ 0.6*** 6.5 Ñ 0.4*** 7.5 Ñ 1.4*** 

C20:0 0.2 Ñ 0.1 0.5 Ñ 0.1 0.1 Ñ 0 0.2 Ñ 0.1 

C20:1 0.7 Ñ 0*** 0.7 Ñ 0 0.9 Ñ 0 1.0 Ñ 0 

ʅɾʂ 54.6 Ñ 2.5***  53.5 Ñ 4.3** 54.7 Ñ 3.4*** 54.9 Ñ 1.8*** 

ʄʅɾʂ 15.4 Ñ 1.1*** 13.8 Ñ 1.4*** 20 Ñ 2*** 15.6 Ñ 1.4*** 

ʅɾʂ+ ʄʅɾʂ 70.0 Ñ 3.3*** 67.3 Ñ 4.7** 74.7 Ñ 4.2*** 70.5 Ñ 2.1*** 

*p < 0.05; **p < 0.01; ***p < 0.001 ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ (ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʦʩʪʘʚʘ 

ɾʂ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ ʥʘ BBM ʠ WW) 

ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫ ʰʪʘʤʤʦʚ C. sorokiniana IC-62, 

Micractinium sp. IC-44 ʠ Micractinium sp. IC-76 ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʉ18:2 

ʇʅɾʂ (p < 0.05) ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʠ ʄʅɾʂ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ 

ʥʘ WW   ʧʨʝʚʳʰʘʣʦ ʘʥʘʣʦʛʠʯʥʦʝ   ʟʥʘʯʝʥʠʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ BBM (p < 0.01).   

ʅʘʠʙʦʣʴʰʠʤ   ʩʫʤʤʘʨʥʳʤ  ʟʥʘʯʝʥʠʝʤ ʅɾʂ ʠ ʄʅɾʂ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ WW ʦʪʣʠʯʘʣʩʷ 

ʰʪʘʤʤ Micractinium sp. IC-44 (74.7 Ñ 4.2%), ʯʪʦ ʙʣʠʟʢʦ ʘʥʘʣʦʛʠʯʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʜʣʷ S. abundans 

A1175 (72.8 Ñ 5.8%) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM (ʈʠʩʫʥʦʢ 5). ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʙʳʣ 
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ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [364], ʛʜʝ  ʙʠʦʤʘʩʩʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ  C. sorokiniana ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʩʨʝʜʝ 

BG11 ʩʦʜʝʨʞʘʣʘ ʙʦʣʴʰʝ ʇʅɾʂ (26.9 Ñ 11.09%), ʯʝʤ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ (22.01 

Ñ 6.96%). ɹʠʦʤʘʩʩʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʚʳʨʘʱʝʥʥʘʷ ʥʘ WW, ʩʦʜʝʨʞʘʣʘ 

ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʅɾʂ ʠ ʄʅɾʂ, ʯʝʤ ʥʘ ʩʨʝʜʝ BBM. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʅɾʂ [355]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʳ WW ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ 

ʥʘʢʦʧʣʝʥʠʶ ʅɾʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʦʡ BBM, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʠ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʣʠʧʠʜʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ.  

ʇʦ ʜʘʥʥʳʤ ʈʠʩʫʥʢʘ 7, ʦʩʥʦʚʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ   ʣʠʧʠʜʦʚ   C. sorokiniana IPPAS C-1, C. sorokiniana IC-62, Micractinium sp. 

IC-44 ʠ Micractinium sp. IC-76 ʥʘ ʩʨʝʜʝ  WW, ʢʘʢ  ʠ ʚ ʩʣʫʯʘʝ  ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ  BBM,  ʷʚʣʷʶʪʩʷ  

ʉ16:0, ʉ18:0, ʉ18:1 ʠ ʉ18:2, ʧʨʠ ʵʪʦʤ ʚ ʨʷʜʝ ʰʪʘʤʤʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ C18:3 [364]. ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ 

ʩʨʝʜʝ WW h ʪʘʤʤ Micractinium sp. IC-44 ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʄʅɾʂ 

ʠ ɾʂ (74.7 Ñ 4.2%). ɺ ʨʘʙʦʪʝ [356] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ M. reisseri 

ʥʘ ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʠ ʚʪʦʨʠʯʥʦ ʦʯʠʱʝʥʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʥʘʙʣʶʜʘʣʦʩʴ 

ʥʝʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ (40.13%) ʠ ʄʅɾʂ (11.55%), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʩʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʠ ʄʅɾʂ ʫ ʰʪʘʤʤʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ Micractimium sp., ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ. ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ C. sorokiniana pa.91 ʥʘ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ 

ʜʦʩʪʠʛʘʣʦʩʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ C18:3 (17.652%) [366]. ɺ ʨʘʙʦʪʝ [367] ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ 

ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ, ʛʜʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʚ ʙʠʦʤʘʩʩʝ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ: Micractinium pusillum S27 (ʅɾʂ ï 11.6%, 

ʄʅɾʂ ï 42.2%, ʇʅɾʂ ï 24.7%), C. sorokiniana W2 (ʅɾʂ ï 20.8%, ʄʅɾʂ ï 15.4%, ʇʅɾʂ ï 

51.9%), Micractinium sp. S34 (ʅɾʂ ï 12.9%, ʄʅɾʂ ï 54.9%, ʇʅɾʂ ï 23.1%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʰʪʘʤʤʳ C. sorokiniana IPPAS C-1, C. sorokiniana IC-62, Micractinium sp. IC-44 ʠ Micractinium sp. 

IC-76 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʅɾʂ ʥʘ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʪʘʤʤʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ.  

3.6.2.3 ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ ʩʨʝʜʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ 

ɼʦʙʘʚʣʝʥʠʝ ʩʦʣʝʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 30 ʛ ʣ-1 ʫʚʝʣʠʯʠʚʘʣʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʠ ʄʅɾʂ 

ʫ P. kessleri IC-11 ʜʦ 45.5 Ñ 0.7% ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM (ʊʘʙʣʠʮʘ 17). ʇʦʜʦʙʥʳʡ 
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ʵʬʬʝʢʪ ʥʘʢʦʧʣʝʥʠʷ ʅɾʂ (ʜʦ 70.2%) ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʩʷ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. reinhardtii [68] ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʨʝʜʫ 250 ʤʄ NaCl. ʇʘʣʴʤʠʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (35%) ʪʘʢʞʝ ʙʳʣʘ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʙʠʦʤʘʩʩʝ Chlamydomonas mexicana ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʩʨʝʜʝ BBM ʩ ʜʦʙʘʚʣʝʥʠʝʤ 25 ʤʄ NaCl [337]. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʚʭʦʜʷʱʠʭ 

ʚ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʜʨʫʛʦʛʦ ʰʪʘʤʤʘ P. kessleri [93], ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ (350 ʤʄ NaCl) ʚ ʩʨʝʜʝ 

TAP ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʚʳʷʚʠʣ ʫʚʝʣʠʯʝʥʠʝ C18:1 ʩ 0 ʜʦ 15.58% ʠ C18:2 ʩ 30.54 ʜʦ 56.02%, 

ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʘʤʠʥʦʛʣʠʢʦʟʠʜ N6'-

ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʫ ʠ ȹ-12-ʜʝʩʘʪʫʨʘʟʫ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ C18:3 ʫʤʝʥʴʰʠʣʦʩʴ ʩ 25.27 ʜʦ 0.07%. 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ C. sorokiniana CG12 [360] ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 

ʚ ʩʨʝʜʫ BBM 25 ʤʄ CaCl2 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʉ18:1 (ʜʦ 64.18%). ʇʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ C. vulgaris UTEX 2714 ʥʘ ʩʨʝʜʝ BBM ʧʨʠ ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ C16:0 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʩʨʝʜʦʡ (14.9 ʠ 18.3%), C18:1 (14.9 ʠ 18.3%), C18:2 

(13.6 ʠ 20.8%) ʠ C18:3 (17.2 ʠ 25.6%) [67]. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʅɾʂ ʫʚʝʣʠʯʠʣʦʩʴ ʩ 17.0 ʜʦ 21.5% 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʦʪ 0 ʜʦ 45 ʛ ʣ-1. ɼʦʣʷ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʣʠʧʠʜʦʚ ʩʥʠʞʘʣʘʩʴ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ ʫʚʝʣʠʯʠʚʘʣʦ 

ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʚ ʙʠʦʤʘʩʩʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ.  

3.6.3 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʰʪʘʤʤʦʚ (ʧʦ ʦʩʪʘʪʦʯʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʩʨʝʜʳ ʚ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ) ʩʦ 

ʰʪʘʤʤʘʤʠ-ʘʥʘʣʦʛʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 24.  

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʚʩʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʳ ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʫʜʘʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ [368] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʉ. vulgaris 211-11C ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ NO3
- ʠ PO4

3- ʠʟ ʩʨʝʜʳ, ʠʤʠʪʠʨʫʶʱʝʡ ʧʦ ʩʦʩʪʘʚʫ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʨʘʚʥʘʷ 

93 ʠ 86%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʘʙʦʪʝ [369] ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʫʜʘʣʝʥʠʝ 89.90% NO3
- ʠʟ ʩʨʝʜʳ BBM 

ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ   ʉ. vulgaris ʠ 100% ʫʜʘʣʝʥʠʝ NO3
- ʠʟ ʪʦʡ ʞʝ ʩʨʝʜʳ ʧʨʠ  ʚʳʨʘʱʠʚʘʥʠʠ   S. 

obliquus. ɸʥʘʣʠʟ  ʣʠʪʝʨʘʪʫʨʳ   ʪʘʢʞʝ   ʧʦʢʘʟʘʣ,  ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ   ʫʜʘʣʝʥʠʷ   NO3
-   ʠʟ   ʩʨʝʜʳ   

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ C. sorokiniana UTEX 1670 ʩʦʩʪʘʚʠʣʘ 35% ʧʨʠ ʝʛʦ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 
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ʊʘʙʣʠʮʘ 24 ï ʉʨʘʚʥʝʥʠʝ ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

 

ʐʪʘʤʤ/ʉʦʩʪʘʚ 

ʠʩʭʦʜʥʦʡ ʩʨʝʜʳ 

BBM BBM-S WW WW-S Cʩʳʣ

ʢʘ ʥʘ 

ʰʪʘʤ

ʤ-

ʘʥʘʣʦ

ʛ 

NO3
- ʤʛ ʣ-1 

ʍʇʂ 

ʤʛ O2 ʣ-

1 

NH4
+ 

ʤʛ ʣ-1 

NO3
- 

ʤʛ ʣ-1 

PO4
3- 

ʤʛ ʣ-1 

ʍʇʂ 

ʤʛ O2 

ʣ-1 

NH4
+ 

ʤʛ ʣ-1 

NO3
- 

ʤʛ ʣ-1 

293.7Ñ19.3 
161.0Ñ5.

0 

27.7Ñ

1.3 

0.2Ñ0

.0 
1.8Ñ0.1 

161.0Ñ

5.0 

27.7Ñ

1.3 
0.2Ñ0 

C. vulgaris 

A1123 
18.0Ñ3.0 - - - - - - - - 

[368], 

[369] 

S. abundans 

A1175 

0.015Ñ0.

001 
- - - - - - - - [369] 

C. sorokiniana 

A1135 
80.0Ñ1.5 - - - - - - - - [370] 

S. obliquus 

A1167 
15.0Ñ0.1 - - - - - - - - [369] 

Botryococcus sp. 

A1162 
60.0Ñ2.4 - - - - - - - - [371] 

C. sorokiniana 

IPPAS C-1 
20.0Ñ1.6 - 70.1Ñ7.0 

0.5Ñ0.

2 
- 

0.09Ñ0.

07 
- - - [370] 

C. sorokiniana 

IC-62 

2.73Ñ0.1

6 
- 

129.5Ñ1

2.0 

0.7Ñ0.

1 
- 

0.27Ñ0.

05 
- - - [370] 

Micractinium sp. 

IC-44 

100.0Ñ6.

0 
- 

157.0Ñ1

5.0 

0.9Ñ0.

2 
- 

0.68Ñ0.

14 
- - - [356] 

Micractinium sp. 

IC-76 

12.0Ñ0.3

6 
- 

167.0Ñ1

8.0 

1.0Ñ0.

2 
- 

0.41Ñ0.

09 
- - - [356] 

P. kessleri IC-11 1.6Ñ3.6 
138.8Ñ1

0.9 
93.2Ñ9.3 

0.9Ñ0.

1 

0.01Ñ

0 
- 

149.3Ñ

4.5 

1.9Ñ0.

2 

1.7Ñ0

.1 

[372], 

[357], 

[373], 

[374] 

ʤʛ ʣ-1 [370], ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ NO3
- ʠʟ ʩʨʝʜʳ WW ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʰʪʘʤʤʘ C. sorokiniana A1135 (ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 293.7 Ñ 19.3 ʤʛ ʣ-1, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʜʘʣʝʥʠʷ NO3
- ʩʦʩʪʘʚʠʣʘ 72.8%). ʇʨʠ ʵʪʦʤ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ NH4

+ C. 

sorokiniana UTEX 1670 ʩʦʩʪʘʚʠʣʘ 75%, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ C. sorokiniana IC-62 ʠ C. sorokiniana 

IPPAS C-1 (ʊʘʙʣʠʮʘ 24). ʇʦʛʣʦʱʝʥʠʝ NO3
- ʠ PO4

3- ʠʟ ʩʨʝʜʳ ʜʣʷ ʰʪʘʤʤʘ M. reisseri ʠʟ 

ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʩʦʩʪʘʚʠʣʦ 86 ʠ 95%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [356], ʯʪʦ ʙʣʠʟʢʦ ʢ ʧʦʢʘʟʘʪʝʣʷʤ 

Micractinium sp. IC-44 ʠ Micractinium sp. IC-76 (ʈʠʩʫʥʦʢ 8). ʇʨʠ ʘʥʘʣʠʟʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ B. braunii ʚ ʨʘʙʦʪʝ [371] ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʟʘ 14 ʩʫʪʦʢ ʙʳʣʦ ʫʜʘʣʝʥʦ 88% 

ʦʙʱʝʛʦ ʘʟʦʪʘ ʠ 98% ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʰʪʘʤʤʘ 

Botryococcus sp. A1162 (ʈʠʩʫʥʦʢ 4).  

ɼʘʥʥʳʝ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʥʷʪʩʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʰʪʘʤʤʘ P. kessleri IC-11 ʧʦʢʘʟʘʥʦ ʫʜʘʣʝʥʠʝ NH4
+ ʧʦʣʥʦʩʪʴʶ ʢ ʦʜʠʥʥʘʜʮʘʪʳʤ ʠ 

ʰʝʩʪʥʘʜʮʘʪʳʤ ʩʫʪʢʘʤ ʚ ʩʨʝʜʝ ʙʝʟ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (NO3
- ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 

ʩʨʝʜʝ WW ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ). ʕʪʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʯʠʩʪʢʠ ʜʣʷ ʰʪʘʤʤʘ P. kessleri 211ï11G (ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ 

ʩʦʩʪʘʚʠʣʘ 40.9%) [372] ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʠʚʦʚʘʨʝʥʥʦʛʦ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʪʨʝʙʣʝʥʠʝ NH4
+ ʚ ʩʨʝʜʝ WW ʜʣʷ P. kessleri IC-11 ʙʳʣʦ ʙʣʠʟʢʦ ʢ ʧʦʢʘʟʘʪʝʣʷʤ, 

ʜʦʩʪʠʛʥʫʪʳʤ ʜʣʷ ʰʪʘʤʤʘ P. kessleri-I ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʪʦʯʥʳʭ ʚʦʜʘʭ (89%) [357].  

ɼʦʙʘʚʣʝʥʠʝ ʩʦʣʝʡ ʪʘʢʞʝ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʜʦʦʯʠʩʪʢʠ. ɼʘʥʥʳʝ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʘʥʘʣʦʛʠʯʥʳʭ ʰʪʘʤʤʦʚ P. kessleri ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ 

ʦʪʩʫʪʩʪʚʫʶʪ, ʦʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ ʨʘʥʝʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʨʫʛʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ. ʅʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʝ [373] ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ NO3
- ʠʟ ʩʨʝʜʳ ʩ 2% ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ C. sorokiniana ʩʦʩʪʘʚʠʣʘ 72.5 Ñ 1.0%, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ PO4
3- ï 10.4 Ñ 

0.2%, ʜʣʷ C. vulgaris ï 91.6 Ñ 0.4 ʠ 2.4 Ñ 0.1%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʘʥʘʣʦʛʠʯʥʳʭ ʰʪʘʤʤʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ NO3
-, NH4

+ ʠ 

PO4
3- ʠʟ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʩʦʩʪʘʚʠʣʘ ʦʪ 45 ʜʦ 88% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ D. salina ʠ 

ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʝʡ (30 ʧʨʦʤʠʣʣʝ) [374]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʰʪʘʤʤ C. sorokiniana IPPAS C-1 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ (ʈʠʩʫʥʦʢ 6ɸ) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ, ʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʫʜʘʣʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʠʟ ʩʨʝʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʦʯʠʩʪʢʠ ʪʦʣʴʢʦ ʢʘʢ ʧʨʦʜʫʮʝʥʪ ʙʠʦʤʘʩʩʳ. ʐʪʘʤʤ Micractinium 

sp. IC-76 ʦʙʣʘʜʘʝʪ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ 36.29 Ñ 0.11%, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʰʪʘʤʤʘ C. vulgaris FC-16 (65.3%) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʩʪʦʯʥʦʡ ʚʦʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʛʣʶʢʦʟʳ [374]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʬʦʩʬʦʨʘ 

ʠʟ ʩʨʝʜʳ WW ʜʣʷ ʰʪʘʤʤʘ Micractinium sp. IC-76 (77.8 Ñ 5.6%) ʙʳʣʘ ʙʣʠʟʢʘ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ ʰʪʘʤʤʘ Scenedesmus (70%), ʢʦʪʦʨʳʡ ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʩʪʦʯʥʦʡ 

ʚʦʜʝ [375]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ Micractinium sp. IC-76 ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʯʠʩʪʢʠ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʤʘʩʩ rʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʩʚʝʜʝʥʠʡ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʰʪʘʤʤʳ C. sorokiniana IPPAS C-1, C. 

sorokiniana IC-62 ʠ C. sorokiniana A1135 ʧʦ ʜʘʥʥʳʤ ʩʨʘʚʥʝʥʠʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʜʫʢʮʠʠ 

ʣʠʧʠʜʦʚ ʠ ʙʠʦʤʘʩʩʳ. ʐʪʘʤʤ C. vulgaris A1123 ʦʙʣʘʜʘʣ ʩʨʘʚʥʠʤʳʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ 

ʩʦ ʰʪʘʤʤʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʐʪʘʤʤʳ C. vulgaris A1123, S. abundans A1175, C. 

sorokiniana A1135 ʦʙʣʘʜʘʣʠ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʅɾʂ, ʧʨʠ ʵʪʦʤ S. abundans A1175 

ʦʙʣʘʜʘʣ ʥʘʠʙʦʣʴʰʠʤ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʅɾʂ ʠ ʄʅɾʂ (72.8 Ñ 5.8%) ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM. ʐʪʘʤʤʳ Micractinium sp. IC-44 ʠ Micractinium sp. IC-76, 

ʦʪʣʠʯʘʚʰʠʝʩʷ ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʝʤ ʣʠʧʠʜʦʚ ʠʟ ʚʩʝʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ, ʦʙʣʘʜʘʣʠ ʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʝʤ ʣʠʧʠʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʠʩʘʥʥʳʤʠ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʰʪʘʤʤʘʤʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ BBM, ʦʜʥʘʢʦ ʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʅɾʂ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ WW. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʝ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʰʪʘʤʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ, ʯʝʤ ʜʣʷ 
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ʰʪʘʤʤʦʚ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʚʢʣʶʯʘʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʘʭ. ʀʟ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʚ 

ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ ʣʠʰʴ S. abundans A1175 ʦʙʣʘʜʘʣ ʩʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʥʘʢʦʧʣʝʥʠʶ 

ʣʠʧʠʜʦʚ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ BBM. ʊʘʢʞʝ ʵʪʦʪ ʰʪʘʤʤ ʦʙʣʘʜʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉ18:0 ʠ ʤʝʥʴʰʠʤ ʉ18:1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʝ ʢ ʦʢʠʩʣʝʥʠʶ ʙʠʦʪʦʧʣʠʚʦ ʩ ʙʦʣʴʰʝʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʝʤʢʦʩʪʴʶ. ʐʪʘʤʤʳ ʈ. kessleri, ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʚ ʦʩʥʦʚʥʦʤ ʠʟʥʘʯʘʣʴʥʦ 

ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʧʦʵʪʦʤʫ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʦʪ 

ʧʦʜʨʦʙʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʦʛʦ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʰʪʘʤʤʘ P. kessleri IC-11, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʘʢʘʧʣʠʚʘʶʱʝʛʦ ʫʛʣʝʚʦʜʳ ʥʘ ʩʨʝʜʝ BBM. ʉʨʘʚʥʝʥʠʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʧʦ ʫʨʦʚʥʶ 

ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʠ ʙʝʣʢʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM ʚʳʷʚʠʣʦ, ʯʪʦ ʰʪʘʤʤʳ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨ. Chlorella, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʚ ʮʝʣʦʤ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʠ ʙʝʣʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ 

ʣʠʪʝʨʘʪʫʨʝ. ʐʪʘʤʤ C. sorokiniana IPPAS C-1 ʧʦ ʩʚʦʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʜʫʢʮʠʠ ʫʛʣʝʚʦʜʦʚ ʠ 

ʣʠʧʠʜʦʚ ʩʨʘʚʥʠʤ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʥʘʣʦʛʠʯʥʳʭ ʰʪʘʤʤʦʚ. ʐʪʘʤʤʳ C. sorokiniana IC-62, 

Micractinium sp. IC-76, Micractinium sp. IC-44 ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʧʠʜʦʚ. ʐʪʘʤʤ S. 

abundans A1175 ʧʨʠʤʝʥʠʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʧʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʅɾʂ ʠ ʄʅɾʂ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʚ ʥʘ ʩʨʝʜʝ BBM.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʰʪʘʤʤʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ C. sorokiniana, Micractinium sp. ʠ ʈ. kessleri, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʜʫʢʮʠʠ ʙʠʦʤʘʩʩʳ ʠ ʣʠʧʠʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʰʪʘʤʤʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʵʪʠʭ ʰʪʘʤʤʦʚ ʥʘ ʩʨʝʜʝ BBM, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅɾʂ ʠ ʄʅɾʂ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʥʘ WW ʧʨʝʚʳʰʘʣʦ ʘʥʘʣʦʛʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ BBM, ʚ ʯʘʩʪʥʦʩʪʠ, Micractinium sp. IC-44 ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʚʦʩʭʦʜʠʣ ʧʦ 

ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʰʪʘʤʤ S. abundans A1175. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʘʭ 

BBM ʠ WW ʫ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʷ C18:3, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʰʪʘʤʤʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʉʦʣʝʚʦʡ ʩʪʨʝʩʩ ʚʳʟʳʚʘʣ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ 

ʫ P. kessleri IC-11, ʦʜʥʘʢʦ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʫ ʘʥʘʣʦʛʠʯʥʳʭ ʰʪʘʤʤʦʚ. ʋ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʨʦʩʪʘ.  

ɺ ʮʝʣʦʤ, ʚʩʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʳ (C. sorokiniana IPPAS C-1, C. sorokiniana 

IC-62, Micractinium sp. IC-44, Micractinium sp. IC-76 ʠ P. kessleri IC-11) ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ NH4
+, NO3

- ʠ PO4
3-, ʧʨʠ ʵʪʦʤ ʤʘʣʦ ʚʣʠʷʣʠ ʥʘ ʍʇʂ ʩʨʝʜʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʘʥʥʳʝ ʰʪʘʤʤʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʥʠʟʢʠʤ 

ʫʨʦʚʥʝʤ ʍʇʂ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʪʦʨʠʯʥʦʡ ʠʣʠ ʪʨʝʪʠʯʥʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ.  

3.7. ʅʘʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʰʪʘʤʤʳ, ʢʦʪʦʨʳʝ ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʣʘʜʘʣʠ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ (ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʦʙʱʠʭ - Micractinium sp. IC-44 ʠ 

Micractinium sp. IC-76) ʠ ʫʛʣʝʚʦʜʦʚ (P. kessleri IC-11). ɺʳʨʘʱʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʝ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 20 (ʦʧʠʩʘʥʠʝ ʧʨʠʚʝʜʝʥʦ ʚ ʧ. 2.2.1). ɼʘʥʥʳʡ 

ʪʠʧ ʫʩʪʘʥʦʚʢʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ [376]. 

ɺ ʭʦʜʝ ʥʘʨʘʙʦʪʢʠ ʧʘʨʪʠʡ ʙʠʦʤʘʩʩʳ ʦʮʝʥʠʚʘʣʠ ʝʝ ʩʦʩʪʘʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

(ʣʠʧʠʜʳ ʠʣʠ ʫʛʣʝʚʦʜʳ), ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 21 ʠ ʊʘʙʣʠʮʘʭ 25-26. 

ɺʳʨʘʱʠʚʘʥʠʝ ʰʪʘʤʤʦʚ Micractinium sp. IC-44 ʠ P. kessleri IC-11 ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʝʜʝ BBM, 

ʘ Micractinium sp. IC-76 ï ʚ ʩʨʝʜʝ Chu-13 (ʊʘʙʣʠʮʘ 25). ʆʙʝ ʩʨʝʜʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʝʩʥʦʚʦʜʥʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ [377]. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ 

Micractinium sp. IC-44 ʦʩʪʘʚʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʳʤ ʚʦ ʚʨʝʤʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʊʘʙʣʠʮʘ 

26) ʠ ʩʦʩʪʘʚʠʣʦ 11.5 Ñ 0.5% ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʡ  ʬʘʟʳ  ʨʦʩʪʘ.  ʉʦʜʝʨʞʘʥʠʝ  ʣʠʧʠʜʦʚ  

ʚ  

 

ʈʠʩʫʥʦʢ 20 ï ʋʩʪʘʥʦʚʢʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʘʩʰʪʘʙʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʨʘʙʦʪʝ 
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ɸ. 

 

ɹ.  

 

ɺ. 

 

ʈʠʩʫʥʦʢ 21 ï ʉʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

(ɸ) Micractinium sp. IC-44, (ɹ) Micractinium sp. IC-76, (ɺ) P. kessleri IC-11 

ʙʠʦʤʘʩʩʝ Micractinium sp. IC-44 ʚ ʢʦʥʮʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʙʠʦʤʘʩʩʝ M. 

reisseri RAIW01 (Wʣ 30 - 40%) [356], ʥʦ ʩʨʘʚʥʠʤʦ ʩʦ ʰʪʘʤʤʦʤ Micractinium sp. IC-76. ʕʪʦ 

ʨʘʟʣʠʯʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʘ M. reisseri RAIW01 ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʨʘʱʠʚʘʥʠʝʤ ʚ ʩʨʝʜʝ 

ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ ʥʘʨʘʙʦʪʢʠ 

ʙʠʦʤʘʩʩʳ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ Micractinium sp. IC-44 ʥʘʙʣʶʜʘʣʠ ʥʘ 

ʜʚʘʜʮʘʪʴ ʚʪʦʨʳʝ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʅʘʢʦʧʣʝʥʠʝ ʫʛʣʝʚʦʜʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʣʦ 
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ʚʦ ʚʨʝʤʷ ʬʘʟʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ ʚ ʢʦʥʮʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

(612.0 Ñ 32.0 ʛ ʣ-1) ʙʳʣʘ ʙʣʠʟʢʘ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-76 (605.0 Ñ 50.0 32.0 

ʛ ʣ-1), ʢʦʪʦʨʫʶ ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʩʨʝʜʝ Chu-13. ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ ʚ ʢʦʥʮʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʫ ʰʪʘʤʤʘ Micractinium sp. ME05, ʢʦʪʦʨʳʡ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ 

ʚ ʤʠʢʩʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷʭ (ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ 1.20 Ñ 0.10 ʛ ʣ-1) [378]. ʇʨʠ ʵʪʦʤ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ Micractinium sp. IC-76 ʥʘ ʜʚʝʥʘʜʮʘʪʳʝ ʩʫʪʢʠ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʣʠʧʠʜʦʚ (ʜʦ 18.7 Ñ 1.2%), ʟʘʪʝʤ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ 

ʩʥʠʞʘʣʦʩʴ ʜʦ 10.9 Ñ 1.1% ʥʘ ʜʝʚʷʪʥʘʜʮʘʪʳʝ ʩʫʪʢʠ. ʊʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʦʪʤʝʯʝʥ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Haematococcus pluvialis [379], ʢʦʪʦʨʫʶ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ (350 ʤʢʤʦʣʴ ʤ-2 ʩ-1). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ 

ʊʉʍ ʘʥʘʣʠʟʘ ʣʠʧʠʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ Micractinium sp. IC-76 ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʤʘʢʩʠʤʫʤ ʥʘʢʦʧʣʝʥʠʷ 

ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ ʵʢʩʪʨʘʢʪʦʚ Micractinium sp. IC-76 ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʤʘʢʩʠʤʫʤ ʥʘʢʦʧʣʝʥʠʷ 

ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʩʝʤʥʘʜʮʘʪʳʝ ʩʫʪʢʠ ʦʪ ʥʘʯʘʣʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 22). 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʙʦʨ ʧʘʨʪʠʠ ʙʠʦʤʘʩʩʳ ʜʣʷ ʰʪʘʤʤʘ Micractinium sp. IC-76 ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʩʝʤʥʘʜʮʘʪʳʝ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʜʣʷ Micractinium sp. IC-44 - ʥʘ ʜʚʘʜʮʘʪʴ ʚʪʦʨʳʝ ʩʫʪʢʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʥʘʙʣʶʜʘʣʩʷ ʤʘʢʩʠʤʫʤ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ, ʈʠʩʫʥʦʢ 21). 

ɼʦʩʪʦʚʝʨʥʳʭ  ʦʪʣʠʯʠʡ  ʧʦ  h ʪʘʤʤʘʤ   ʧʦ   ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ ʦʙʱʠʭ  ʣʠʧʠʜʦʚ ʥʝ ʙʳʣʦ  ʚʳʷʚʣʝʥʦ  

ʊʘʙʣʠʮʘ 25 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʐʪʘʤʤ ʉʨʝʜʘ ʂʦʤʧʦʥʝʥʪ 

ʉʢʦʨʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ, 

ʤʛ ʣ-1 ʩʫʪ-1 

ʂʦʣʠʯʝʩʪʚʦ ʚ 

ʢʦʥʮʝ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, 

ʤʛ ʣ-1 

Õ, ʩʫʪ-1 ʊ, ʩʫʪ 

IC-44 BBM 

ʆʙʱʠʝ 

ʣʠʧʠʜʳ 
3.0 Ñ 0 69.0 Ñ 7.0 - - 

ʋʛʣʝʚʦʜʳ 35.0 Ñ 2.0 310.0 Ñ 8.0 - - 

ɹʠʦʤʘʩʩʘ 34.0 Ñ 1.0 612.0 Ñ 32.0 0.037 Ñ 0.02 18.72 Ñ 1.3 

IC-76 
Chu-

13 

ʆʙʱʠʝ 

ʣʠʧʠʜʳ 
7.0 Ñ 1.0 60.0 Ñ 5.2 - - 

ʋʛʣʝʚʦʜʳ 
15.0 Ñ 3.0 

 
202.0 Ñ 12.0 - - 

ɹʠʦʤʘʩʩʘ 35.0 Ñ 2.0 605.0 Ñ 50.0 0.085 Ñ 0.004 8.06 Ñ 0.05 

IC-11 BBM 
ʋʛʣʝʚʦʜʳ 7.0 Ñ 0 422.0 Ñ 62.0 - - 

ɹʠʦʤʘʩʩʘ 71.6 Ñ 5.8 1224.0 Ñ 59.0 0.1 Ñ 0 6.93 Ñ 0.41 

 

(p  >  0.05,   ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ). ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ ʠ ʫʛʣʝʚʦʜʦʚ ʚ 

ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (ʊʘʙʣʠʮʘ 26) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫ Micractinium sp. IC-44 ʦʪʤʝʯʘʣʦʩʴ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ (Wʫ  45.7 Ñ 5.3%)    ʠ  ʥʠʟʢʦʝ  ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ  (Wʙ  25.5 Ñ 4.7%)   
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ʊʘʙʣʠʮʘ 26 ï ʉʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʐʪʘʤʤ 
ɺʨʝʤʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, 

ʩʫʪ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ, % 

Wʣ Wʫ Wʙ 

IC-44 22 11.5 Ñ 0.5 45.7 Ñ 5.3* 25.5 Ñ 4.7* 

IC-76 17 11.3 Ñ 1.2 38.8 Ñ 1.9* 31.8 Ñ 1.5* 

IC-11 23 13.2 Ñ 1.2 34.3 Ñ 2.3* 36.3 Ñ 3.7* 

*p < 0.05; ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʤʘʩʩʳ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ) 

ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ  ʦʩʪʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ. ʄʘʢʩʠʤʫʤ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʚ ʜʣʷ Micractinium sp. 

IC-44 ʠ Micractinium sp. IC-76 ʦʪʤʝʯʘʣʩʷ ʨʘʥʴʰʝ (ʩʝʤʥʘʜʮʘʪʳʝ ʠ ʜʝʩʷʪʳʝ ʩʫʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʯʝʤ ʜʣʷ ʣʠʧʠʜʦʚ (ʈʠʩʫʥʦʢ 21), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʬʝʥʦʤʝʥʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ 

ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ ʫ ʵʪʠʭ ʰʪʘʤʤʦʚ.  

 

ʈʠʩʫʥʦʢ 22 ï ɸʥʘʣʠʟ ʦʙʱʠʭ ʣʠʧʠʜʦʚ ʰʪʘʤʤʘ Micractinium sp. IC-76 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʊɸG - ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʳ. ʊʨʠʦʣʝʠʥ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ (ʜʘʥʥʳʝ ʥʝ ʧʨʠʚʝʜʝʥʳ) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ P. kessleri IC-11 ʧʨʦʚʦʜʠʣʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ 

ʩʨʝʜʝ BBM ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ ʨʦʩʪʘ. ʉʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʜʣʷ ʵʪʦʛʦ 

ʰʪʘʤʤʘ (71.6 Ñ 5.8 ʤʛ ʣ-1 ʩʫʪ-1) ʦʢʘʟʘʣʘʩʴ ʚ ʪʨʠ ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʨʘʙʦʪʝ Li ʠ ʜʨ. [380] ʠʟ-ʟʘ ʤʝʥʴʰʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʫ ʰʪʘʤʤʘ P. kessleri IC-11 

ʩʦʩʪʘʚʣʷʣʦ34.3 Ñ 2.3%, ʯʪʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʰʪʘʤʤʘ P. kessleri TY02 (28.1%) ʧʨʠ ʝʛʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ TAP ʧʨʠ ʜʝʬʠʮʠʪʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ [381]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʦʙʨʘʟʮʘʭ ʧʘʨʪʠʠ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-44 

(ʊʘʙʣʠʮʘ 26) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʤʝʪʦʜʫ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʧʦʧʨʘʚʢʦʡ 
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ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ ʚʳʷʚʠʣʦ, ʯʪʦ ʝʝ ʩʦʩʪʘʚ ʙʳʣ ʩʭʦʜʝʥ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʜʨʫʛʠʭ 

ʰʪʘʤʤʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʦʜʫ Micractinium [382]. ɼʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʙʠʦʤʘʩʩʝ ʥʘ ʚʩʝʭ ʬʘʟʘʭ ʨʦʩʪʘ, ʙʳʣʠ ʉ16:0 ʠ ʉ18:2. ʉʦʜʝʨʞʘʥʠʝ C16:2 ʠ 

ʜʨʫʛʠʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (p < 0.05) ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʬʘʟʘʤʠ. ʉʦʜʝʨʞʘʥʠʝ C18:1 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʝ, ʢʘʢ ʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʢʦʣʙʘʭ (ʈʠʩʫʥʦʢ 5), ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ (p < 0.001), 

ʘ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ C16:2 ʠ C16:3 ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʦʩʴ (p < 

0.001) ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ.  

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ  ʞʠʨʥʳʭ  ʢʠʩʣʦʪ  Micractinium  sp.  IC-76  (ʊʘʙʣʠʮʘ 27)   ʚʳʷʚʠʣ  ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ   C16:0,  C16:2,  C18:1  ʠ  C18:2.   ɼʦʩʪʦʚʝʨʥʦʝ   (p   <   0.01)   ʩʥʠʞʝʥʠʝ   ʩʦʜʝʨʞʘʥʠʷ  

ʊʘʙʣʠʮʘ 27 ï ʉʦʩʪʘʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ Micractinium sp. IC-44 ʠ Micractinium 

sp. IC-76 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ɾʂ 

Micractinium sp. IC-44 Micractinium sp. IC-76 

ʌʘʟʘ ʨʦʩʪʘ (ʩʫʪ) 

ʃʌ (2 ʩʫʪ) 
ʕʌ (10 

ʩʫʪ) 
ʉʌ (22 ʩʫʪ) ʃʌ (0 ʩʫʪ) ʕʌ (7 ʩʫʪ) ʉʌ (17 ʩʫʪ) 

C14:0 1.9 Ñ 0.8 1.7 Ñ 0.1 2.2 Ñ 0.2 1.9 Ñ 0.8 2.4 Ñ 0.1 1.4 Ñ 0.2 

C16:0 24.9 Ñ 0.3 26.4 Ñ 0.5 28.1 Ñ 0.9** 24.9 Ñ 0.3 25.4 Ñ 0.6 26 Ñ 0.4 

C16:1 2.6 Ñ 0.4* 3.3 Ñ 0.3* 3.5 Ñ 0.3* 2.6 Ñ 0.4 2.9 Ñ 0.4 4.3 Ñ 1.2 

C16:2 16.9 Ñ 0.3 16.2 Ñ 0 
13.9 Ñ 

0.5***  
16.9 Ñ 0.3 17.2 Ñ 0.6 15.6 Ñ 0.5* 

C16:3 9.7 Ñ 0.4*** 
5.6 Ñ 

0.6***  
3.7 Ñ 0.1*** 9.7 Ñ 0.4** 7.5 Ñ 0.2** 4.6 Ñ 0.5***  

C18:0 6.3 Ñ 0.9*** 
2.8 Ñ 

0.4***  
2.2 Ñ 0.1*** 6.3 Ñ 0.9*** 4.4 Ñ 0*** 2.5 Ñ 0.1*** 

C18:1 5.7 Ñ 0.6** 9.1 Ñ 0.9** 12.4 Ñ 1.1** 5.7 Ñ 0.6 5.6 Ñ 0.3 9.9 Ñ 0.2*** 

C18:2 
24.4 Ñ 

0.3***  
28.1 Ñ 0.8 29.2 Ñ 0.4 

24.4 Ñ 

0.3***  
26.8 Ñ 

0.3***  
29.8 Ñ 

0.3***  

C18:3 7.7 Ñ 1.2 6.7 Ñ 0.5 4.9 Ñ 0.2 7.7 Ñ 1.2 8.0 Ñ 0.5 5.9 Ñ 0.7 

ʄʅɾʂ 8.3 Ñ 0.4*  12.4 Ñ 1.1*  15.9 Ñ 1.2*  8.3 Ñ 0.4 8.5 Ñ 0.5 
14.2 Ñ 

0.4***  

ʅɾʂ 33.1 Ñ 2.6 30.9 Ñ 2.7 32.5 Ñ 2.2 33.1 Ñ 1.3 32.1 Ñ 2.5 29.8 Ñ 2.3 

ʅɾʂ+ʄʅɾ

ʂ 
41.4 Ñ 2.8 43.3 Ñ 2.1 48.4 Ñ 4.3 41.4 Ñ 1.2 40.6 Ñ 2.8 44.1 Ñ 1.3 

ʇʅɾʂ 58.7 Ñ 4.6 56.6 Ñ 3.3 51.7 Ñ 4.6 58.7 Ñ 4.6 59.4 Ñ 2.3 55.9 Ñ 1.6 

ʅʘʙʣʶʜʘʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʝ (*p < 0.05, ** - p < 0.01, ** - p < 0.001) ʨʘʟʣʠʯʠʷ ʧʦ ʜʘʥʥʳʤ 

ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ 

ʤʝʞʜʫ ʃʌ (ʣʘʛ-ʬʘʟʘ), ʕʌ (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ), ʉʌ (ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʘʟʘ ʨʦʩʪʘ) ʩ ʧʦʧʨʘʚʢʦʡ 

ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ.  

ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʉ16:3 ʩ 9.7 Ñ 0.4 ʜʦ 4.6 Ñ 0.5% (p < 0.001) ʚ ʢʦʥʮʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʚ 

ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʢʦʣʠʯʝʩʪʚʦ C18:1 ʫʚʝʣʠʯʠʣʦʩʴ ʩ 5.7 Ñ 0.6 ʜʦ 9.9 Ñ 0.2% (p < 0.01). ʂʦʣʠʯʝʩʪʚʦ 

ʅɾʂ ʦʩʪʘʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʳʤ (29.8 - 33.1%). ʆʧʪʠʤʘʣʴʥʳʡ ʧʦ ʩʦʩʪʘʚʫ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ 
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ʩʦʜʝʨʞʘʥʠʶ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-76 ʥʘʙʣʶʜʘʣʩʷ ʥʘ 

ʩʝʤʥʘʜʮʘʪʳʝ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʆʙʘ ʰʪʘʤʤʘ Micractinium sp. IC-76 ʠ IC-44 ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʊʘʙʣʠʮʘ 27) ʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʫʤʤʘʨʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʄʅɾʂ ʠ ʅɾʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʪʘʤʤʘʤʠ, ʚʳʨʘʱʝʥʥʳʤʠ ʚ ʢʦʣʙʘʭ ʥʘ ʩʨʝʜʝ BBM 

(ʈʠʩʫʥʦʢ 5). ʉʦʜʝʨʞʘʥʠʝ ʅɾʂ ʠ ʄʅɾʂ ʫ Micractinium sp. IC-76 ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ 

ʩʦʩʪʘʚʠʣʦ 44.1 Ñ 1.3%, ʫ Micractinium sp. IC-44 ï 48.4 Ñ 4.3%. 
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ɻʃɸɺɸ 4. ʇʆʃʋʏɽʅʀɽ ʌɽʈʄɽʅʊʅʓʍ ʇʈɽʇɸʈɸʊʆɺ ɼʃʗ ʇʈʀʄɽʅɽʅʀʗ ɺ 

ʈɽɸʂʎʀʗʍ ɻʀɼʈʆʃʀɿɸ ʀ ʇɽʈɽʕʊɽʈʀʌʀʂɸʎʀʀ ʆʈɻɸʅʀʏɽʉʂʀʍ ɺɽʑɽʉʊɺ 

4.1 ʇʦʣʫʯʝʥʠʝ ʬʝʨʤʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

 ʊʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʬʝʨʤʝʥʪʳ, ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʪʝʨʤʦʬʠʣʴʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʧʨʠ 

ʪʝʤʧʝʨʪʘʪʫʨʘʭ 50 ï 80 Áʉ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʢʦʞʝʚʝʥʥʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ, ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ [385]. 

ʊʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʣʠʧʘʟʳ ʠ ʵʩʪʝʨʘʟʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʫ ʛʠʜʨʦʣʘʟ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ (6.0 - 11.0) [386] ʠ ʪʝʤʝʨʘʪʫʨ (ʜʦ 96 ÁC [387]), ʘ ʪʘʢʞʝ 

ʫʩʪʦʡʯʠʚʳ ʢ ʨʘʟʣʠʯʠʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʚʢʣʶʯʘʷ: ʵʪʘʥʦʣ, ʤʝʪʘʥʦʣ [388], ʠʦʥʥʳʝ 

ʞʠʜʢʦʩʪʠ [389], ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ [390]. ʀʟ-ʟʘ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʚʦʡʩʪʚ ʬʝʨʤʝʥʪʦʚ 

ʠ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʥʠ ʢʘʪʘʣʠʟʠʨʫʶʪ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʥʦʚʳʭ ʰʪʘʤʤʦʚ 

ʪʝʨʤʦʬʠʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ ʩ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʚʳʰʝʥʥʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʦʚ ʚ ʥʝʦʙʭʦʜʠʤʦʤ 

ʢʦʣʠʯʝʩʪʚʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʝʪʩʷ ʢʣʦʥʠʨʦʚʘʥʠʝ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ, ʜʣʷ ʠʭ 

ʵʢʩʧʨʝʩʩʠʠ ʚ ʢʣʝʪʢʘʭ ʰʪʘʤʤʦʚ-ʧʨʦʜʫʮʝʥʪʦʚ (E. coli ʠʣʠ Pichia pastoris [391]). ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʛʝʪʝʨʦʣʦʛʠʯʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʜʫʢʮʠʠ ʙʝʣʢʘ, 

ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʪʦʢʩʠʯʥʦʩʪʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ ʜʣʷ ʢʣʝʪʦʢ ʰʪʘʤʤʘ-

ʧʨʦʜʫʮʝʥʪʘ [392], ʥʘʣʠʯʠʷ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʚ ʙʝʣʢʝ [393] ʠʣʠ ʧʦʚʳʰʝʥʥʦʡ ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʦʚ 

[394]. ʉʥʠʞʝʥʠʝ ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʭ ʢʦʵʢʩʧʨʝʩʠʠ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʰʘʧʝʨʦʥʘʤʠ [395] ʠʣʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʟʘ ʩʯʝʪ ʩʣʠʷʥʠʷ ʙʝʣʢʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʜʦʤʝʥʘʤʠ, ʥʘʧʨʠʤʝʨ TrxA [396]. ʂʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʫʨʦʚʥʷ ʩʠʥʪʝʟʘ ʬʝʨʤʝʥʪʘ. 

4.1.1 ɺʳʜʝʣʝʥʠʝ ʪʝʨʤʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʩ ʣʠʧʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ɺʳʜʝʣʝʥʠʝ ʢʫʣʴʪʫʨ ʪʝʨʤʦʬʠʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʚʦʜʠʣʠ ʠʟ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʩʪʘ, 

ʦʪʦʙʨʘʥʥʳʭ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʈʝʩʧʫʙʣʠʢʝ ʊʳʚʘ ʧʨʠ 37 ï 65 Áʉ ʥʘ ʩʨʝʜʝ LB ʩ 1% 

ʪʨʠʙʫʪʠʨʠʥʦʤ. ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 16S ʨʈʅʂ ʦʙʨʘʟʮʦʚ ʩ ʥʘʠʙʦʣʴʰʝʡ ʟʦʥʦʡ 

ʧʨʦʩʚʝʪʣʝʥʠʷ ʥʘ ʪʨʠʙʫʪʠʨʠʥʦʚʦʤ ʘʛʘʨʝ ʧʦʢʘʟʘʣ (ʊʘʙʣʠʮʘ 28), ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ ʰʪʘʤʤʳ ʦʪʥʦʩʷʪʩʷ 
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ʢ B. licheniformis (4 ʰʪ.), G. thermodenitrificans (3 ʰʪ.) ʘ ʪʘʢʞʝ Bacillus sp. (1 h ʪ.), Geobacillus sp. 

(1 h ʪ.), U. suwonensis (1 h ʪ.) ʠ U. thermosphaericus (1 h ʪ.).  

ʊʘʙʣʠʮʘ 28 ï ʉʚʦʡʩʪʚʘ ʚʳʜʝʣʝʥʥʳʭ ʪʝʨʤʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʩ ʣʠʧʦʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ 

ʐʪʘʤʤ 

ʄʝʩʪʦ ʦʪʙʦʨʘ 

ʦʙʨʘʟʮʘ 

ʢʦʤʧʦʩʪʘ 

% ʠʜʝʥʪʠʯʥʦʩʪʠ Áʉ ʨʅ 
ɻʠʜʨʦʣʠʟ 

ʪʨʠʙʫʪʠʨʠʥʘÄ 

B. licheniformis 

BL1 

ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
MG546213, 99% 45-60 7-9 +++ 

B. licheniformis 

BL2 

ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
KC755089, 99% 45 7 ++ 

Bacillus sp. Bsp8 
ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
MG461674, 99% 60-65 7-9 + 

B. licheniformis 

BL9 

ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
JN998754, 99% 60-65 7-9 +++ 

U. suwonensis US3 
ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
LT631780, 99% 60-65 7-9 + 

B. licheniformis 

BL9-1 

ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
KT719913, 99% 60-65 7-9 + 

Geobacillus 

thermodenitrifican

s GT2 

ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
KP842609, 100% 60-65 7-9 +++ 

Geobacillus 

sp. Gsp3 

ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
LT745876, 100% 60-65 7-9 +++ 

U. 

thermosphaericus 

UT1 

ʧ. ʂʫʜʨʷʰʠ, 

ʅʦʚʦʩʠʙʠʨʩʢʘʷ 

ʦʙʣʘʩʪʴ 

AP018335, 99% 60 7-9 +++ 

G. 

thermodenitrificans 

GT3 

ʧ. ʂʘʘ-ʍʝʤ, 

ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ 
CP020030, 100% 60-65 7-9 +++ 

G. 

thermodenitrifican

s GT4 

ʧ. ʂʘʘ-ʍʝʤ, 

ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ 
CP017694, 99% 60-65 7-9 +++ 

Ä ʉʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʘʟʤʝʨʫ ʟʦʥʳ ʧʨʦʩʚʝʪʣʝʥʠʷ ʚʦʢʨʫʛ ʢʦʣʦʥʠʡ. 

 

ʐʪʘʤʤ U. thermosphaericus UT1 ʨʘʩʪʝʪ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (60 Áʉ), ʘ 

ʪʘʢʞʝ ʚ ʜʠʘʧʘʟʦʥʝ pH 7.0-9.0, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʡ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʝʛʦ ʬʝʨʤʝʥʪʦʚ ʧʨʠ 

ʚʩrʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʙʳʣ ʤʘʣʦ ʠʟʫʯʝʥ ʚ ʦʪʥʦʰʝʥʠʠ ʩʚʦʡʩʪʚ ʧʨʦʜʫʮʠʨʫʝʤʳʭ 

ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʧʦʪɻʦʤʫ  ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʜʫʮʝʥʪʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʛʦ 

ʣʠʧʦʣʠʪʠʯʝʩʢʦʛʦ ʬʝʨʤʝʥʪʘ. 
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4.1.2 ʇʦʣʫʯʝʥʠʝ ʧʨʦʜʫʮʝʥʪʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʵʩʪʝʨʘʟʳ Ureibacillus thermosphaericus ʠ 

ʠʟʫʯʝʥʠʝ ʝʝ ʩʚʦʡʩʪʚ 

ɼʣʷ ʢʣʦʥʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʛʝʥ (estUT1), ʛʦʤʦʣʦʛʠʯʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʩʪʝʨʘʟʳ 

ʙʘʢʪʝʨʠʠ U. thermosphaericus (WP016838941.1), ʩʦʩʪʦʷʱʝʡ ʠʟ 248 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʦʛʦ ʛʝʥʘ ʫ ʚʳʜʝʣʝʥʦʛʦ ʰʪʘʤʤʘ U. thermosphaericus UT1 ʚʳʷʚʠʣ, 

ʯʪʦ ʦʥ ʥʘ 100% ʠʜʝʥʪʠʯʝʥ ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ WP016838941.1 ʵʩʪʝʨʘʟʳ U. 

thermosphaericus. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʩʪʝʨʘʟʳ estUT1 ʢ ʦʪʜʝʣʴʥʦʤʫ ʩʝʤʝʡʩʪʚʫ 

ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʠʟʚʝʩʪʥʳʭ ʩʝʤʝʡʩʪʚ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ Arpigny 1999 

ʛ [397], ʢʦʪʦʨʳʡ ʚʳʷʚʠʣ, ʯʪʦ ʵʩʪʝʨʘʟʘ estUT1 ʤʦʞʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʦʪʜʝʣʴʥʦʤʫ ʩʝʤʝʡʩʪʚʫ 

ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ. ʉʨʘʚʥʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ estUT1 ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ XIII  (ʠʜʝʥʪʠʯʥʦʩʪʴ 41 ï 47%, ʩʭʦʞʝʩʪʴ ï 61 - 

65%) ʚʳʷʚʠʣʦ ʧʨʠʩʫʪʩʪʚʠʝ ʫ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʫʥʠʢʘʣʴʥʦʛʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʤʦʪʠʚʘ GVSLG 

(ʈʠʩʫʥʦʢ 23). ʉʦʛʣʘʩʥʦ ʥʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚʚʝʜʝʥʥʦʡ Hitch 2019 ʛ [398], ʢ ʦʜʥʦʤʫ ʩʝʤʝʡʩʪʚʫ 

ʦʪʥʦʩʷʪʩʷ ʬʝʨʤʝʥʪʳ ʩʦ ʩʭʦʞʝʩʪʴʶ > 60%, ʧʦʵʪʦʤʫ ʵʩʪʝʨʘʟʘ estUT1 ʙʘʢʪʝʨʠʠ U. thermosphaericus 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʥʦʤʝʨ XIII  (ʈʠʩʫʥʦʢ 24). 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʬʘʢʪʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʝʨʤʝʥʪʘ. 

ɼʣʷ ʢʣʦʥʠʨʦʚʘʥʠʷ ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ estUT1 ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʢʪʦʨ 

pET32b(+), ʧʦʣʫʯʝʥʥʘʷ ʧʣʘʟʤʠʜʘ pET32b-UT1 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʵʩʪʝʨʘʟʫ (ʤʘʩʩʘ 28.4 ʢɼʘ), 

ʩʦʝʜʠʥʝʥʥʫʶ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʦʤʝʥʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʙʝʣʢʘ Trxɸ E. coli (ʤʘʩʩʦʡ 11.8 ʢɼʘ), 

ʦʙʦʟʥʘʯʝʥʥʫʶ estUT1-TrxA, ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ (ʈʠʩʫʥʦʢ 25 ɸ) [396]. 

ʀʥʜʫʢʮʠʶ ʩʠʥʪʝʟʘ estUT1 ʚ E. coli ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʝʥʘʪʫʨʠʨʦʚʘʣʠ ʧʦʩʪʘʜʠʡʥʳʤ ʜʠʘʣʠʟʦʤ ʚ 

ʧʦʥʠʞʘʶʱʝʤʩʷ ʛʨʘʜʠʝʥʪʝ ʤʦʯʝʚʠʥʳ (8ï0 ʄ) [399]. ʇʦʩʪʘʜʠʡʥʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʦʯʠʩʪʢʘ ʘʬʠʥʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ (Ni-NTA) ʠ ʛʝʣʴ-ʬʠʣʴʪʨʘʮʠʝʡ (Sephadex G25) ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʬʝʨʤʝʥʪ ʩ 

ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 12.5 ɽɸ ʤʛ-1 (ʚʳʭʦʜ 18%). SPS-PAGE ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʙʝʣʢʘ (ʈʠʩʫʥʦʢ 

25 ɹ) ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʙʝʣʢʘ ʩ ʤʘʩʩʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʩʩʝ estUT1-TrxA ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ, ʢʦʜʠʨʫʝʤʳʤʠ ʢʦʥʩʪʨʫʢʮʠʝʡ (~ 52 ʢɼʘ). 
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ʈʠʩʫʥʦʢ 23 ï ɺʳʨʘʚʥʠʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ estUT1 ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

XIII  ʩʝʤʝʡʩʪʚʘ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ 
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ʈʠʩʫʥʦʢ 24 ï ɸʥʘʣʠʟ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ estUT1 ʢ ʠʟʚʝʩʪʥʳʤ ʩʝʤʝʡʩʪʚʘʤ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ 

ʬʝʨʤʝʥʪʦʚ 
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ɸ. ɹ. 

 

 

ʈʠʩʫʥʦʢ 25 ï ʂʘʨʪʘ  ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ pET32b-UT1 ʠ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʵʩʪʝʨʘʟʳ 

estUT1-TrxA [400]. ɸ. ʂʘʨʪʘ  ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ pET32b-UT1. ɹ. SDS-PAGE ʙʝʣʢʦʚ. 1 ï 

ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ ʙʝʣʢʦʚ; 2 ï ʨʘʩʪʚʦʨʠʤʘʷ ʬʨʘʢʮʠʷ ʙʝʣʢʘ ʠʟ ʢʣʝʪʦʢ E. coli BL21(DE3), 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʟʤʠʜʦʡ pET32b(+); 3 ï ʨʘʩʪʚʦʨʠʤʘʷ ʬʨʘʢʮʠʷ ʙʝʣʢʘ ʠʟ ʢʣʝʪʦʢ E. coli 

BL21(DE3), ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʟʤʠʜʦʡ pET32b-UT1; 4 ï ʦʯʠʱʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 

ʘʬʬʠʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʝʨʘʩʪʚʦʨʠʤʘʷ ʬʨʘʢʮʠʷ ʙʝʣʢʘ (estUT1-TrxA) ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʠ 

ʨʝʬʦʣʜʠʥʛʘ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ estUT1 ʚ ʢʘʯʝʩʪʚʝ ʰʘʙʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʪʨʫʢʪʫʨʫ ʢʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟʳ B. stearothermophilus (PDB 1R1D, ʠʜʝʥʪʠʯʥʦʩʪʴ 46%, ʩʭʦʞʝʩʪʴ 

65%), ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 26ɸ. ʇʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʩ 

ʠʩʧʦʣʴʟʚʘʥʠʝʤ PROCHECK (ʊʘʙʣʠʮʘ 29) ʚʳʷʚʠʣʘ, ʯʪʦ 93.9% ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʟʥʘʯʝʥʠʡ ʢʘʨʪʳ ʈʘʤʘʯʘʥʜʨʘʥʘ (ʈʠʩʫʥʦʢ 26ɹ). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

estUT1 ʦʪʥʦʩʠʪʩʷ ʢ ʩʫʧʝʨʩʝʤʝʡʩʪʚʫ Ŭ/ɓ-ʛʠʜʨʦʣʘʟ, ʚ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʩʝʤʴ ɓ-ʩʣʦʝʚ ʠ ʚʦʩʝʤʴ Ŭ-

ʩʧʠʨʘʣʝʡ, ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʬʦʨʤʠʨʫʶʪ Ser93, Asp192 ʠ His222. ʉʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʳʡ ʤʫʪʘʛʝʥʝʟ 

ʢʦʜʦʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʪʨʠʘʜʫ ʬʝʨʤʝʥʪʘ (ʧʦʣʫʯʝʥʳ ʤʫʪʘʥʪʥʳʝ ʬʦʨʤʳ ʬʝʨʤʝʥʪʘ 

estUT1-S93A-Mut, estUT1-D192N-Mut ʠ estUT1- H222L-Mut) ʚʳʷʚʠʣ ʦʪʩʪʫʪʩʪʚʠʝ 

ʣʠʧʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʤʫʪʘʥʪʥʳʭ ʬʦʨʤ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 2.2 Ñ 0.8, 

0.9 Ñ 0.2 ʠ 1.7 Ñ 0.3%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
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ɸ. 

 
 

ɹ. 

 
 

ʈʠʩʫʥʦʢ 26 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʵʩʪʝʨʘʟʳ estUT1. (ɸ) ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, (ɹ) ʂʘʨʪʘ 

ʈʘʤʘʯʘʥʜʨʘʥʘ 

ʊʘʙʣʠʮʘ 29 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ ʵʩʪʝʨʘʟʳ estUT1 ʧʨʦʛʨʘʤʤʦʡ PROCHECK 

[400] 

ʇʘʨʘʤʝʪʨ ʂʦʣʠʯʝʩʪʚʦ 

% 

ʘʤʠʢʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ 

ʆʩʪʘʪʢʠ ʚ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʦʙʣʘʩʪʷʭ [A, B, L] 201 93.9 

ʆʩʪʘʪʢʠ ʚ ʨʘʟʨʝʰʝʥʥʳʭ ʦʙʣʘʩʪʷʭ [a, b, l, p] 10 4.7 

ʆʩʪʘʪʢʠ ʚ ʜʦʧʫʩʪʠʤʳʭ ʦʙʣʘʩʪʷʭ [~ a, ~ b, ~ l, ~ p] 3 1.4 

ʆʩʪʘʪʢʠ ʚ ʟʘʧʨʝʱʝʥʥʳʭ ʦʙʣʘʩʪʷʭ 0 0 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʢʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʣʠʮʠʥʘ ʠ ʧʨʦʣʠʥʘ) 214 100 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʥʮʝʚʳʭ ʦʩʪʘʪʢʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʣʠʮʠʥʘ 

ʠ ʧʨʦʣʠʥʘ) 
2 - 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʢʦʚ ʛʣʠʮʠʥʘ (ʧʦʢʘʟʘʥʦ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ) 16 - 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʢʦʚ ʧʨʦʣʠʥʘ 10 - 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʢʦʚ 242 - 

 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʥʝʨʦʢʠʥʘʟʦʡ estUT1-TrxA ʜʣʷ ʫʜʘʣʝʥʠʷ ʜʦʤʝʥʘ TrxA ʧʨʦʚʝʜʝʥʥʳʡ 

ʘʥʘʣʠʟ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ estUT1 ʧʦʢʘʟʘʣ, ʯʪʦ ʬʝʨʤʝʥʪ ʩʧʝʮʠʬʠʯʝʥ ʢ 

ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʤ ʦʩʪʘʪʢʘʤ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (C2, C4) ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ C2 

(ʈʠʩʫʥʦʢ 27). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʙʩʪʨʘʪʦʚ ʩ ʜʣʠʥʦʡ ʦʩʪʘʪʢʘ ʨʘʚʥʳʤ ʠʣʠ ʙʦʣʴʰʝ ʜʚʝʥʥʘʜʮʘʪʠ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʝʨʤʝʥʪ 

ʙʣʠʟʦʢ ʧʦ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢ ʜʨʫʛʠʤ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʵʩʪʝʨʘʟʘʤ, ʥʘʧʨʠʤʝʨ, Geobacillus sp. JM6, 

ʦʙʣʘʜʘʶʱʝʡ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ pNPC4 ʠ pNPC2 (100 ʠ 82.5% ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [196], ʦʜʥʘʢʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʦʪ ʧʨʝʜʩʪʘʚʠʣʝʣʝʡ 

XIII  ʩʝʤʝʡʩʪʚʘ ï ʵʩʪʝʨʘʟʳ est30 ʙʘʢʪʝʨʠʠ G. stearothermophilus, ʦʙʣʘʜʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ 
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ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ C4-C6 [198] ʠ ʵʩʪʝʨʘʟʳ EstOF4 ʙʘʢʪʝʨʠʠ Bacillus pseudofirmus ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ C6 [401].  

 

ʈʠʩʫʥʦʢ 27 ï ɸʥʘʣʠʟ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʵʩʪʝʨʘʟʳ estUT1. ɿʘ 100% ʧʨʠʥʷʪʘ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ pNPC2 

ɸʥʘʣʠʟ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ estUT1 (ʊʘʙʣʠʮʘ 30) ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʵʪʦʪ ʬʝʨʤʝʥʪ 

ʵʬʬʝʢʪʠʚʥʦ ʛʠʜʨʦʣʠʟʫʝʪ pNPC2 (KM 0.098 Ñ 0.013 ʤʄ, p < 0.01, ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ 

ʘʥʘʣʠʟ).  

ʊʘʙʣʠʮʘ 30 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʩʪʝʨʘʟʳ estUT1 [400] 

ʉʫʙʩʪʨʘʪ KM, ʤʄ**  Kʢʘʪ, ʩ-1 ***  Kʢʘʪ/KM, ʩ-1 ʤʄ-1 ***  

pNPC2 0.098 Ñ 0.013 26.03 Ñ 0.57 265.62 Ñ 24.16 

pNPC4 0.581 Ñ 0.069 44.51 Ñ 3.22 76.74 Ñ 4.59 

pNPC8 2.136 Ñ 0.393 62.02 Ñ 6.80 29.04 Ñ 0.63 

ɸʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ (0.05-10 ʤʄ). 

** p < 0.01; ***p < 0.001 ʜʣʷ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʥʩʪʘʥʪ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʩʫʙʩʪʨʘʪʦʚ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ estUT1 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ pH ʚʳʷʚʠʣʦ, ʯʪʦ ʨʅ-ʦʧʪʠʤʫʤ 

ʬʝʨʤʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʨʅ 8.0 (ʈʠʩʫʥʦʢ 28), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ 

ʜʨʫʛʠʭ ʬʝʨʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʵʩʪʝʨʘʟʳ Geobacillus sp. JM6 (ʨʅ 7.5) [196], ʘ ʪʘʢʞʝ ʙʣʠʟʢʦ ʢ 

ʨʅ ʦʧʪʠʤʫʤʫ ʜʣʷ ʵʩʪʝʨʘʟʳ EstOF4 ʠʟ B. pseudofirmus [401] ʠ est30 ʠʟ G. stearothermophilus [198], 

ʨʘʚʥʦʤʫ ʨʅ 9.0. EstUT1 ʩʪʘʙʠʣʝʥ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠ 50 Áʉ ʧʨʠ ʨʅ 5.0 ï 9.0 (ʩʦʭʨʘʥʷʝʪ ʙʦʣʝʝ 95% 

ʦʪ ʥʘʯʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ).  
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ʈʠʩʫʥʦʢ 28 ï ɸʥʘʣʠʟ ʦʧʪʠʤʫʤʘ ʨʅ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ estUT1. ɺʣʠʷʥʠʝ ʨʅ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʦʮʝʥʠʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ pH 8.0 (100% ʘʢʪʠʚʥʦʩʪʴ). ɺʣʠʷʥʠʝ ʨʅ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʦʮʝʥʠʚʘʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʯʝʨʝʟ 1 ʯ ʠʥʢʫʙʘʮʠʠ ʢ ʠʩʭʦʜʥʦʡ 

(ʧʨʠʥʷʪʘ ʟʘ 100%). ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ pNPC4, ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ 50 Áʉ 

ʅʘ ʈʠʩʫʥʢʝ 29ɸ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʵʩʪʝʨʘʟʳ estUT1 ʧʨʠ 30 ï 

90 Áʉ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ʵʪʦʡ ʵʩʪʝʨʘʟʳ ʥʘʭʦʜʠʪʩʷ ʧʨʠ 70 ï 80 Áʉ 

(ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʧʦ ʪʝʩʪʫ ʊʴʶʢʠ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ), ʯʪʦ ʧʨʝʚʳʰʘʝʪ 

ʪʠʧʠʯʥʳʡ ʦʧʪʠʤʫʤ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʵʩʪʝʨʘʟ, ʥʘʭʦʜʷʱʠʡʩʷ ʧʨʠ 40 ï 60 Áʉ [402]. ʉʨʘʚʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʧʪʠʤʫʤʘ estUT1 c ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ XIII ʩʝʤʝʡʩʪʚʘ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ 

ʬʝʨʤʝʥʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ est30 ʠʟ G. stearothermophilus ʩʦʩʪʘʚʣʷʝʪ 70 ÁC 

[198] ʠ 79 ÁC ʜʣʷ EstOF4 ʠʟ B. pseudofirmus [390], ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʠʭ ʩʭʦʜʩʪʚʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ EstUT1 (ʈʠʩʫʥʦʢ 29ɹ) ʚʳʷʚʠʣʦ, ʯʪʦ ʬʝʨʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥ ʩʦʭʨʘʥʷʣ ʩʚʳʰʝ 69% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʠ 50 ï 70 Áʉ ʯʝʨʝʟ 6 ʯ ʠʥʢʫʙʘʮʠʠ (t1/2 ʧʨʠ 60 Áʉ ʦʢʦʣʦ 15 ʯ) ʠ ʙʣʠʟʦʢ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʢ 

ʵʩʪʝʨʘʟʝ Bacillus sp. 4 [403] ʠʣʠ ʵʩʪʝʨʘʟʝ EstL5 ʠʟ G. thermodenitrificans T2 [195]. 

ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ EstUT1 ʧʨʠ 60 Áʉ ʧʨʝʚʳʰʘʣʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ est30 ʠʟ G. 

stearothermophilus, ʩʦʩʪʘʚʣʷʚʰʠʡ 3 ʯ [198]. ʆʜʥʘʢʦ estUT1 ʦʢʘʟʘʣʘʩʴ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʦʡ, ʯʝʤ 

ʵʩʪʝʨʘʟʘ ʙʘʢʪʝʨʠʠ Geobacillus sp. JM6 [402], ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʧʨʠ 90 Áʉ 

ʩʦʭʨʘʥʷʝʪ 84% ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʡʩʪʚʘ estUT1 (ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʨʅ ʠ 
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Tris-HCl ʛʣʠʮʠʥ-NaOH 

ʨʅ-ʩʪʘʙʠʣʴʥʦʩʪʴ
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ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤʳ) ʠ ʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʧʝʥʪʘʧʝʧʪʠʜ ʙʣʠʟʢʠ ʧʦ ʩʚʦʡʩʪʚʘʤ ʢ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ XIII ʩʝʤʝʡʩʪʚʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ.  

ɸ.  

 

ɹ.  

 

ʈʠʩʫʥʦʢ 29 ï ɸʥʘʣʠʟ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʵʩʪʝʨʘʟʳ estUT1. ɸ. ɸʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ (ʩʫʙʩʪʨʘʪ - 

pNPC4, ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ 80 Áʉ ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ 100%). ɹ. ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ (ʦʩʪʘʪʦʯʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʩ pNPC4 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ, ʘʢʪʠʚʥʦʩʪʴ ʜʦ ʧʨʦʛʨʝʚʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ 

100%) 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʠʟʦʧʨʦʧʘʥʦʣ, ʥ-ʙʫʪʘʥʦʣ ʠ ʘʮʝʪʦʥʠʪʨʠʣ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʝ 

ʚʣʠʷʣʠ (ʈʠʩʫʥʦʢ 30) ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 - 30 % (ʦʩʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʣʘ 96 ï 99%), ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʪʘʥʦʣʘ, ʤʝʪʘʥʦʣʘ, ʛʝʢʩʘʥʘ, ʘʮʝʪʦʥʘ ʠ ɼʄʌɸ, ʢʦʪʦʨʳʝ 

ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʩʚʳʰʝ 110% (p < 0.05, ʧʘʨʥʳʡ 

ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ t-ʪʝʩʪ). ɼʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣʠ ʘʢʪʠʚʥʦʩʪʴ estUT1 ʪʘʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʢʘʢ ɼʄʉʆ 

ʠ ʭʣʦʨʦʬʦʨʤ (ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 30%) ʜʦ 65.2 Ñ 1.9 ʠ 41.6 Ñ 2.3% ʘʢʪʠʚʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʴ EstUT1 ʧʦʢʘʟʘʣʦ, ʯʪʦ ʬʝʨʤʝʥʪ ʙʳʣ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʝʥ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 76 - 90%) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʄ CaCl2, CoCl2, 

ZnSO4, FeSO4 ʠ Al2(SO4)3. ʉʦʣʠ CuSO4 ʠ MgSO4 ʜʦʩʪʦʚʝʨʥʦ (p < 0.05) ʠʥʛʠʙʠʨʦʚʘʣʠ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʠʣʘ 30 ï 45 ʠ 37 ï 38% (ʜʣʷ 1 ʠ 10 ʤʄ ʩʦʣʝʡ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʦʙʦʨʦʪ, FeSO4
 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʄ ʜʦʩʪʦʚʝʨʥʦ (p < 0.05) ʘʢʪʠʚʠʨʦʚʘʣ 

estUT1 (152.5 Ñ 2.4%). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʊʚʠʥ 20, ʊʚʠʥ 80 ʠ 

ʊʨʠʪʦʥ X-100) ʜʦʩʪʦʚʝʨʥʦ (p < 0.05) ʩʥʠʞʘʣʠ ʘʢʪʠʚʥʦʩʪʴ estUT1. ʅʘʠʙʦʣʴʰʠʤ ʚʣʠʷʥʠʝʤ ʥʘ 

estUT1 ʦʙʣʘʜʘʣ ʊʨʠʪʦʥ ʍ-100 (ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 21.7 Ñ 3.4%), ʧʨʠ ʵʪʦʤ 

10 ʤʄ SDS ʦʢʘʟʳʚʘʣ ʥʘ ʬʝʨʤʝʥʪ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ   ʚʣʠʷʥʠʝ (85.8 Ñ 2.2%).  ʇʨʠʩʫʪʩʪʚʠʝ 10 ʤʄ 

PMSF ʩʥʠʞʘʣʦ ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʜʦ  11.9 Ñ 1.1%, ʯʪʦ  ̫ ʚʣʷʝʪʩʷ  ʩʣʝʜʩʪʚʠʝʤ   ʝʛʦ   

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʩ  ʦʩʪʘʪʢʦʤ  ʩʝʨʠʥʘ  ʚ  ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʬʝʨʤʝʥʪʘ. ʄʘʣʦʝ ʚʣʠʷʥʠʝ ʕɼʊɸ (p < 

0.05) ʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ estUT1 ʥʝ ʷʚʣʷʝʪʩʷ 

ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʤ.  
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ɸ. 

 

ɹ. 

 
                                       ɺ. 

 

ʈʠʩʫʥʦʢ 30 ï ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʩʪʝʨʘʟʳ estUT1. (ɸ) 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, (ɹ) ʉʦʣʠ ʤʝʪʘʣʣʦʚ, (ɺ) ɼʝʪʝʨʛʝʥʪʳ ʠ ʇɸɺ. ʉʪʘʙʠʣʴʥʦʩʪʴ 

ʦʮʝʥʠʚʘʣʠ ʯʝʨʝʟ 1 ʯ ʠʥʢʫʙʘʮʠʠ ʩ ʚʝʱʝʩʪʚʦʤ ʧʨʠ 50 Áʉ ʠ pNPC4 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ. ɿʘ 100% 

ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʬʝʨʤʝʥʪʘ. p < 0.05 ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ, ʢʨʦʤʝ 

ʦʪʤʝʯʝʥʥʳʭ ʅʉ, ʜʣʷ ʢʦʪʦʨʳʭ p > 0.05 (ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʝʤ ʧʫʪʝʤ ʧʘʨʥʦʛʦ ʜʚʫʭʚʳʙʦʨʦʯʥʦʛʦ 

t-ʪʝʩʪʘ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʦ ʢʣʦʥʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʵʩʪʝʨʘʟʳ estUT1 ʩ 

ʦʧʪʠʤʫʤʦʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 70 ï 80 Áʉ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ XIII ʩʝʤʝʡʩʪʚʫ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ 

(ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ Hitch 2019 ʛ [398]). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʬʝʨʤʝʥʪ ʫʩʪʦʡʯʠʚ ʧʨʠ 50 ï 60 Áʉ, ʨʅ 5.0 ï 

9.0, ʦʙʘʣʘʜʝʪ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʤ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ ʚ ʩʦʩʪʘʚʝ 

ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʉ2), ʩʪʘʙʠʣʝʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʥʦʣʘ, ʵʪʘʥʦʣʘ, ʥ-ʛʝʢʩʘʥʘ, 

ʘʮʝʪʦʥʘ ʠ ɼʄʌɸ (10 ï 30% ʤʘʩ. ʦʙ.-1). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʨʤʝʥʪʘ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʠʜʨʦʣʠʟʦʤ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʨʦʪʢʠʤ 

ʨʘʜʠʢʘʣʦʤ. 

0

20

40

60

80

100

120

140

160
ʆ
ʪ
ʥ
ʦ
ʩ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʘ
ʷ
 
ʘ
ʢ
ʪ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 
%

10% 30%

0

20

40

60

80

100

120

140

160

180

ʆ
ʪ
ʥ
ʦ
ʩ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʘ
ʷ
 
ʘ
ʢ
ʪ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 
%

1ʤʄ 10 ʤʄ

0

20

40

60

80

100

120

ʆ
ʪ
ʥ
ʦ
ʩ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʘ
ʷ
 
ʘ
ʢ
ʪ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 
%

1 ʤʄ10 ʤʄ



179 

 

4.1.3 ʀʟʫʯʝʥʠʝ ʧʦʜʭʦʜʦʚ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʵʩʪʝʨʘʟʳ Ureibacillus 

thermosphaericus ʠ ʦʮʝʥʢʘ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ 

4.1.3.1 ʂʦʵʢʩʧʨʝʩʩʠʷ ʵʩʪʝʨʘʟʳ ʩ ʰʘʧʝʨʦʥʘʤʠ 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʵʩʪʝʨʘʟʳ ʚ ʢʣʝʪʢʘʭ E. coli ʚ ʨʘʙʦʪʝ 

ʧʨʠʤʝʥʝʥʘ ʢʦʵʢʩʧʨʝʩʩʠʷ ʩ ʙʝʣʢʘʤʠ-ʰʘʧʝʨʦʥʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ [299]. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʘʧʝʨʦʥʳ E. coli KJE, ClpB ʠ ELS, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʬʦʣʜʠʥʛʘ. ʐʘʧʝʨʦʥ DnaK (DnaK ʚʤʝʩʪʝ ʩ ʢʦʰʘʧʝʨʦʥʘʤʠ 

DnaJ ʠ GrpE ʚʭʦʜʠʪ ʚ ʩʠʩʪʝʤʫ ʰʘʧʝʨʦʥʦʚ KJE) ʩʥʠʞʘʝʪ ʘʛʨʝʛʘʮʠʶ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʪʝʦʣʠʟ 

ʥʝʧʨʘʚʠʣʴʥʦ ʩʚʝʨʥʫʪʳʭ ʙʝʣʢʦʚ [404]. ɹʠ-ʰʘʧʝʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʰʘʧʝʨʦʥʦʚ KJE ʠ ClpB ʫʣʫʯʰʘʝʪ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʣʢʦʚ [405]. ʉʠʩʪʝʤʘ ʰʘʧʝʨʦʥʠʥʦʚ GroEL (GroEL ʚʤʝʩʪʝ ʩ ʢʦʰʘʧʝʨʦʥʠʥʦʤ 

GroES, ELS) ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʙʝʣʢʘ ʠʟ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʠʤʫʶ [406]. ʅʘ 

ʈʠʩʫʥʢʝ 31 ʧʨʠʚʝʜʝʥ SDS-PAGE ʵʣʝʢʪʨʦʬʦʨʝʟ ʨʘʩʪʚʦʨʠʤʦʡ ʠ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʢʣʝʪʦʯʥʦʡ 

ʬʨʘʢʮʠʠ ʙʝʣʢʘ estUT1-TrxA ʧʨʠ ʵʢʩʧʨʝʩʩʠʠ ʙʝʟ ʠ ʩ  ʰʘʧʝʨʦʥʘʤʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʵʢʩʧʨʝʩʩʠʷ 

estUT1-TrxA ʩ ʰʘʧʝʨʦʥʘʤʠ ʧʦʚʳʩʠʣʘ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ estUT1 ʚ ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʙʝʣʢʘ 

ʚ ʣʠʟʘʪʝ ʢʣʝʪʦʢ ʰʪʘʤʤʘ-ʧʨʦʜʫʮʝʥʪʘ ʜʦ  200.7 Ñ 15.5 ɽɸ ʤʛ-1 (ʜʦʨʦʞʢʘ 4) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʝʪʢʘʤʠ, ʥʝ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʙʝʣʢʠ ʬʦʣʜʠʥʛʘ (ʜʦʨʦʞʢʘ 3, ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʘ 22.6 Ñ 1.7 ɽɸ ʤʛ-

1), ʯʪʦ ʢʦʨʝʣʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ [407], ʛʜʝ ʢʦʵʢʩʧʨʝʩʩʠʷ KJE ʠ ELS ʩ ʣʠʧʘʟʦʡ Psychrobacter sp. 

ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ 66.51 Ñ 3.84 ʜʦ 108.77 Ñ 4.62 ɽɸ ʤʛ-1. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʵʢʩʧʨʝʩʩʠʠ ʩ ʰʘʧʝʨʦʥʘʤʠ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʬʝʨʤʝʥʪʘ estUT1-TrxA ʚ ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʙʝʣʢʘ E. coli BL21(DE3), ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʧʣʘʟʤʠʜʦʡ pET32b-UT1 ʠ ʧʣʘʟʤʠʜʘʤʠ ʩ ʰʘʧʝʨʦʥʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʙʝʣʢʘ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʚʳʜʝʣʝʥʠʝ ʵʩʪʝʨʘʟʳ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʩʪʘʜʠʠʠ 

ʨʝʬʦʣʜʠʥʛʘ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 31 ï ʂʦʵʢʧʨʝʩʩʠʷ ʵʩʪʝʨʘʟʳ estUT1-TrxA ʩ ʰʘʧʝʨʦʥʘʤʠ E coli [400]. ʄ ï ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ; 1 ï ʨʘʩʪʚʦʨʠʤʘʷ ʬʨʘʢʮʠʷ ʙʝʣʢʘ ʠʟ ʢʣʝʪʦʢ E. coli BL21(DE3), 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʟʤʠʜʦʡ pET32b(+); 2 ï ʥʝʨʘʩʪʚʦʨʠʤʘʷ ʬʨʘʢʮʠʷ ʙʝʣʢʘ ʠʟ ʢʣʝʪʦʢ E. coli 

BL21(DE3), ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʟʤʠʜʦʡ pET32b-UT1; 3 ï ʨʘʩʪʚʦʨʠʤʘʷ ʬʨʘʢʮʠʷ ʙʝʣʢʘ ʠʟ 

ʢʣʝʪʦʢ E. coli BL21(DE3), ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʟʤʠʜʦʡ pET32b-UT1; 4 ï ʨʘʩʪʚʦʨʠʤʘʷ 

ʬʨʘʢʮʠʷ ʙʝʣʢʘ ʠʟ ʢʣʝʪʦʢ E. coli BL21(DE3), ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʟʤʠʜʦʡ pET32b-UT1 ʠ 

ʧʣʘʟʤʠʜʘʤʠ ʩ ʰʘʧʝʨʦʥʘʤʠ; 5 ï ʦʯʠʱʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʘʬʬʠʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʵʩʪʝʨʘʟʘ 

estUT1-TrxA; 6 ï ʦʯʠʱʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʘʬʬʠʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʵʩʪʝʨʘʟʘ estUT1-TrxA, 

ʧʦʣʫʯʝʥʥʘʷ ʢʦʵʢʩʧʨʝʩʩʠʝʡ ʩ ʰʘʧʝʨʦʥʘʤʠ 

4.1.3.2 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʠʨʫʝʤʦʛʦ ʜʦʤʝʥʘ TrxA  ʥʘ ʩʚʦʡʩʪʚʘ 

estUT1 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩʠʨʫʝʤʳʡ ʜʦʤʝʥ TrxA ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ [408], ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʜʝʣʷʣʶʪ ʦʪ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ 

ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʘʟʘʤʠ (ʵʥʪʝʨʦʢʠʥʘʟʦʡ ʠʣʠ TEV). ʀʟʚʝʩʪʥʦ, ʯʪʦ TrxA ʷʚʣʷʝʪʩʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʤ ʙʝʣʢʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [409] 

ʠ ʧʦʚʳʰʘʶʱʠʤ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ, ʦʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʝʜʠʥʦʛʦ ʙʝʣʢʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ TrxA ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʝʨʤʝʥʪʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʢʣʦʥʠʨʦʚʘʥʠʝ ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ estUT1 ʚ ʩʦʩʪʘʚʝ ʚʝʢʪʦʨʘ pET28a, ʥʝ 

ʩʦʜʝʨʞʘʱʝʛʦ TrxA, ʠ ʧʦʣʫʯʝʥʘ ʧʣʘʟʤʠʜʘ pET28a-UT1. ʅʘ ʈʠʩʫʥʢʝ 32 ʧʨʠʚʝʜʝʥ SDS-PAGE 

ʵʣʝʢʪʨʦʬʦʨʝʟ ʜʦ ʠ ʧʦʩʣʝ ʠʥʜʫʢʮʠʠ ʩʠʥʪʝʟʘ estUT1 c pET28a-UT1 ʠ pET32b-UT1. ʕʢʩʧʨʝʩʩʠʷ 



181 

 

estUT1 ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʟʤʠʜʳ pET32b-UT1, ʯʪʦ ʛʦʚʦʨʠʪ ʦʪ ʪʦʤ, 

ʯʪʦ ʥʘʣʠʯʠʝ ʜʦʤʝʥʘ TrxA, ʩʣʠʪʦʛʦ  ʩ  estUT1,  ʦʢʘʟʳʚʘʝʪ   ʢʘʨʜʠʥʘʣʴʥʦ   ʚʣʠʷʥʠʝ   ʥʘ   ʧʨʦʜʫʢʮʠʶ  

ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ   ʵʩʪʝʨʘʟʳ ʙʘʢʪʝʨʠʠ U. thermosphaericus, ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚ ʣʠʟʘʪʝ 

ʩʦʩʪʘʚʠʣʘ 20.7 Ñ 0.8 ɽɸ ʤʛ-1. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [410], ʛʜʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʝʩʷʪʠʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʣʠʧʘʟʳ ʙʘʢʪʝʨʠʠ Serratia marcescens ʚ 

ʩʦʩʪʘʚʝ ʚʝʢʪʦʨʘ pET32a, ʩʦʜʝʨʞʘʱʝʛʦ ʜʦʤʝʥ TrxA, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʢʪʦʨʦʤ ʙʝʟ TrxA (pET28a). 

 

 

ʈʠʩʫʥʦʢ 32 ï SDS-PAGE ʵʣʝʢʪʨʦʬʦʨʝʟ ʢʣʝʪʦʯʥʳʭ ʣʠʟʘʪʦʚ E. coli BL21(DE3) ʧʨʠ ʠʥʜʫʢʮʠʠ 

ʩʠʥʪʝʟʘ estUT1 ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʙʝʟ ʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʦʤʝʥʦʤ TrxA. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ʄ ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ; 1 ʠ 2 ï ʩʫʤʤʘʨʥʳʡ ʙʝʣʦʢ ʢʣʝʪʦʢ E. coli BL21(DE3), 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ pET32b-UT1 ʜʦ ʠ ʧʦʩʣʝ ʠʥʜʫʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 3 ʠ 4 - ʩʫʤʤʘʨʥʳʡ 

ʙʝʣʦʢ ʢʣʝʪʦʢ E. coli BL21(DE3), ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ pET28a-UT1 ʜʦ ʠ ʧʦʩʣʝ ʠʥʜʫʢʮʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʘʭ ʰʪʘʤʤʦʚ-

ʧʨʦʜʫʮʝʥʪʦʚ ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʤʝʥʳ ʩʧʦʩʦʙʥʳ 

ʠʟʤʝʥʷʪʴ ʢʦʥʬʦʨʤʘʮʠʶ ʙʝʣʢʘ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [411] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʦʩʪʘʙʠʣʴʥʘʷ ʵʩʪʝʨʘʟʘ ʘʨʭʝʠ 

Pyrococcus furiosus, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʘʷ ʚ E. ʩoli BL21(DE3)-pLysS ʚ ʩʦʩʪʘʚʝ ʚʝʢʪʦʨʘ pET32a ʚ 

ʚʠʜʝ ʙʝʣʢʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʦʤʝʥʦʤ TrxA, ʦʙʣʘʜʘʝʪ ʦʧʪʠʤʫʤʦʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 60 Üʉ ʠ ʚ ʜʚʘ 

ʨʘʟʘ ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʨʤʝʥʪʦʤ ʙʝʟ ʵʪʦʛʦ ʜʦʤʝʥʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʤʝʥʘ TrxA ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʚʦʡʩʪʚʘ ʵʩʪʝʨʘʟʳ estUT1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʵʩʪʝʨʘʟʳ estUT1, 
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ʩʦʝʜʠʥʝʥʥʦʡ ʩ TrxA, ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʥʪʝʨʦʢʠʥʘʟʦʡ, ʧʨʦʚʦʜʠʣʠ ʧʨʠ 30 ï 90 Áʉ, ʨʝʟʫʣʴʪʘʪ 

ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩʫʥʢʝ 33.  

ɸ. 

 

ɹ. 

 

ʈʠʩʫʥʦʢ 33 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʦʤʝʥʘ TrxA ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ 

ʵʩʪʝʨʘʟʳ estUT1. (ɸ) ɸʢʪʠʚʥʦʩʪʴ, (ɹ) ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʯʝʨʝʟ 1 ʯ ʠʥʢʫʙʘʮʠʠ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 33ɸ), estUT1 ʙʝʟ ʜʦʤʝʥʘ TrxA ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʠ 70 Áʉ (3.13 Ñ 0.17 ʠ 10.4 Ñ 10.6 ɽɸ ʤʛ-1 ʩ TrxA ʠ ʙʝʟ TrxA, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ (p > 0.05, ʪʝʩʪ ʊʴʶʢʠ) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʦʧʪʠʤʫʤʝ ʬʝʨʤʝʥʪʘ (70 ï 80 Áʉ). ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʪʘʢʞʝ ʧʦʢʘʟʘʥ ʚ ʦʪʥʦʰʝʥʠʠ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʵʩʪʝʨʘʟʳ P. furiosus, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ʢʦʪʦʨʦʡ (60 Áʉ) ʥʝ ʠʟʤʝʥʠʣʩʷ ʧʨʠ 

ʥʘʣʠʯʠʠ ʜʦʤʝʥʘ TrxA [411]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ estUT1 ʙʝʟ 

ʜʦʤʝʥʘ TrxA: ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 70 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʚʳʩʠʣʘʩʴ ʦʪ 

45.2 Ñ 1.7 ʜʦ 65.8 Ñ 2.5%, ʘ ʧʨʠ 90 Áʉ - ʦʪ 35.4 Ñ 1.9 ʜʦ 57.3 Ñ 2.9% (ʈʠʩʫʥʦʢ 33ɹ). ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʵʬʬʝʢʪ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʘ c TrxA ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʵʥʪʝʨʦʢʠʥʘʟʦʡ ʬʝʨʤʝʥʪʦʤ, ʙʳʣ ʚʳʷʚʣʝʥ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 60 ʢ 70 

Áʉ (ʈʠʩʫʥʦʢ 33ɹ).  

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʟʥʘʯʝʥʠʷ ʨʅ ʨʝʘʢʮʠʠ ʥʘ ʘʢʪʠʚʥʦʩʪʴ estUT1 ʙʝʟ ʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʜʦʤʝʥʦʤ TrxA ʚʳʷʚʠʣ, ʯʪʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʬʝʨʤʝʥʪʘ estUT1-TrxA ʵʥʪʝʨʦʢʠʥʘʟʦʡ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʤʫʤʘ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ (ʨʅ 8.0), ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʣʦʩʴ ʜʚʫʢʨʘʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ (ʈʠʩʫʥʦʢ 34ɸ). ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʝʠʭ ʬʦʨʤ ʬʝʨʤʝʥʪʘ ʥʝ ʟʘʚʠʩʝʣʘ 

ʦʪ ʨʅ (ʈʠʩʫʥʦʢ 34ɹ).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ estUT1-TrxA ʠ estUT1 ʚʳʚʠʣʦ, ʯʪʦ ʥʘʣʠʯʠʝ 

TrxA ʚ ʩʪʨʫʢʪʫʨʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʈʠʩʫʥʦʢ 35). ʉʧʝʮʠʬʠʯʥʦʩʪʴ 
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ʬʝʨʤʝʥʪʘ ʙʝʟ TrxA ʪʘʢʞʝ ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʨʷʜʫ pNPC2 > pNPC4 > pNPC8 (ʨ < 0.001 ʧʦ ʜʘʥʥʳʤ 

ʜʚʫʭʚʳʙʦʨʦʯʥʦʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ t-ʪʝʩʪʘ). 

ɸ. 

 

ɹ. 

 

ʈʠʩʫʥʦʢ 34 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʦʤʝʥʘ TrxA ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʩʪʝʨʘʟʳ 

estUT1 ʚ ʙʫʬʝʨʘʭ ʩ ʨʘʟʥʳʤ ʨʅ: (ɸ) ï ɸʢʪʠʚʥʦʩʪʴ, (ɹ) ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʯʝʨʝʟ 1 ʯ ʠʥʢʫʙʘʮʠʠ. 

ʨʅ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʯʝʨʝʟ 1 ʯ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 50 Áʉ 

ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʊʘʙʣʠʮʝ 31, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʩʪʝʨʘʟʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʦʤʝʥʦʤ 

TrxA ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʩʫʙʩʪʨʘʪʘʤ ʩ ʥʝʙʦʣʴʰʦʡ ʜʣʠʥʦʡ 

ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ (pNPC2), ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʝ KM ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 0.1 Ñ 0 ʤʄ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʭʨʘʥʷʣʘʩʴ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ 

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʦʤʝʥʘ.  

ɿʥʘʯʝʥʠʷ ʂʤ ʜʣʷ estUT1-TrxA ʙʳʣʠ ʜʦʩʪʦʚʝʨʥʦ (p < 0.05, ʧʘʨʥʳʡ ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ t-ʪʝʩʪ) 

ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ estUT1 (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ pNPC2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʩʫʪʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʜʦʤʝʥʘ TrxA ʚ ʩʪʨʫʢʪʫʨʝ ʬʝʨʤʝʥʪʘ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʵʩʪʝʨʘʟʳ estUT1.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ (ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʠ ʜʦʙʘʚʦʢ) ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʜʚʫʭ ʚʠʜʦʚ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ (ʈʠʩʫʥʦʢ 36) ʧʦʢʘʟʘʣʦ, ʯʪʦ MnSO4 

ʙʦʣʴʰʝ  ʚʩʝʛʦ  ʩʥʠʞʘʣ ʘʢʪʠʚʥʦʩʪʴ  estUT1-TrxA (13.0 Ñ 0.8%  ʦʪ  ʢʦʥʪʨʦʣʷ) ʠ estUT1 (6.2 Ñ 0.1%).  
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ʈʠʩʫʥʦʢ 35 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʦʤʝʥʘ TrxA ʥʘ ʩʫʙʩʪʨʘʪʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʵʩʪʝʨʘʟʳ 

estUT1 

ʊʘʙʣʠʮʘ 31 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ estUT1-TrxA 

ʉʫʙʩʪʨʘʪ KM, ʤʄ*** Kʢʘʪ, ʩ
-1 ***  Kʢʘʪ/KM, ʩ

-1 ʤʄ-1 ***  

pNPC2 0.1 Ñ 0 28.0 Ñ 0.4 210.0 Ñ 7.0 

pNPC4 0.8 Ñ 0.1 53.0 Ñ 2.2 63.0 Ñ 3.7 

pNPC8 4.0 Ñ 0.6 87.0 Ñ 11.0 22.0 Ñ 0.6 

*** p < 0.001, ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʥʩʪʘʥʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʩʫʙʩʪʨʘʪʦʚ) 

ɺ ʮʝʣʦʤ, ʜʣʷ ʚʩʝʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʵʥʪʝʨʦʢʠʥʘʟʦʡ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʫ estUT1-TrxA. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ MgSO4, Al2(SO4)3 ʠ 

PMSF, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ (p < 0.05 t-ʪʝʩʪ) ʧʘʜʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʵʥʪʝʨʦʢʠʥʘʟʦʡ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʚʳʟʳʚʘʶʱʠʝ 

ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩʚʳʰʝ 100% (ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʙʳʣ ʦʪʤʝʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʮʝʪʦʥʘ ʠ ʤʝʪʘʥʦʣʘ, ʛʜʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʩʚʳʰʝ 120%). 

 ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʦʤʝʥʘ TrxA ʥʘ ʩʚʦʡʩʪʚʘ estUT1 ʚʳʷʚʠʣ, ʯʪʦ ʥʝʩʤʦʪʨʷ 

ʥʘ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʂʤ, 

ʦʩʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ (ʦʧʪʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʨʅ ʘʢʪʠʚʥʦʩʪʠ) ʦʩʪʘʣʠʩʴ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ. 

ʇʦʩʢʦʣʴʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ  ʜʦʤʝʥ  TrxA  ʩʪʨʦʛʦ  ʥʝʦʙʭʦʜʠʤ  ʜʣʷ  ʵʢʩʧʨʝʩʩʠʠ  estUT1,  ʘ  ʪʘʢʞʝ   
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ʈʠʩʫʥʦʢ 36 ï ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ estUT1-TrxA ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʥʪʝʨʦʢʠʥʘʟʦʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. p < 0.01 ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ (ʧʘʨʥʳʡ 

ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ t-ʪʝʩʪ) 

ʪʦʪ  ʬʘʢʪ,  ʯʪʦ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ estUT1-TrxA  ʙʣʠʟʢʠ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ estUT1, 

ʪʦ ʵʪʦʪ ʬʝʨʤʝʥʪ ʧʨʠʤʝʥʠʤ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʣʦʞʥʦʵʬʠʨʥʦʡ 

ʩʚʷʟʴʶ ʩ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʤ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 

4.2 ʇʦʣʫʯʝʥʠʝ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ  

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʬʝʨʤʝʥʪʳ ʧʨʠʤʝʥʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʦʤ ʚʠʜʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʤʥʦʛʦʢʨʘʪʥʦ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʠʭ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ [412]. ɺ ʩʦʦʪʚʝʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʫʩʣʦʚʠʷʤ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ) ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ 

ʣʠʧʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ ʠ ʧʨʦʚʝʜʝʥʘ ʠʭ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ 

ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  
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4.2.1 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʳ ɹʂʃ 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʘʷ ʨʝʢʦʤʙʠʥʘʥʪʥʘʷ ʣʠʧʘʟʘ ʙʘʢʪʝʨʠʠ G. 

stearothermophilus G3, ʧʨʦʜʫʮʠʨʫʝʤʘʷ ʰʪʘʤʤʦʤ E. coli ɺ-1298, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʌʀʎ ʀʎʀɻ ʉʆ ʈɸʅ. ɼʘʥʥʳʡ ʬʝʨʤʝʥʪ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ pNPC16, ʘ 

ʪʘʢʞʝ ʦʧʪʠʤʫʤʦʤ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 50 Áʉ ʠ ʨʅ 8.0-9.0. ɺʨʝʤʷ ʧʦʣʫʠʥʘʢʪʠʚʘʮʠʠ ʬʝʨʤʝʥʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 145 ʤʠʥ. ʌʝʨʤʝʥʪ ʫʩʪʦʡʯʠʚ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʧʨʠ 45 Áʉ ʯʝʨʝʟ 1 ʯ 

ʠʥʢʫʙʘʮʠʠ: ʚ ʤʝʪʘʥʦʣʝ ʩʦʭʨʘʥʷʝʪʩʷ 75% ʦʪ ʠʩʭʦʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ; ʚ ʵʪʘʥʦʣʝ ï 41%. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʬʝʨʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʩʫʙʩʪʨʘʪʳ ʩ 

ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʨʝʘʢʮʠʷʭ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ [413]. ɺʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʧʘʟ 

Geobacillus (ʦʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʩʚʳʰʝ 50 ÁC, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʨʅ 4.5-10.0) ʧʦʟʚʦʣʪ̫ 

ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʢʦʞʝʚʝʥʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ [414], ʚ ʩʠʥʪʝʟʝ 

ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʄʕɾʂ [415]. ʆʜʥʘʢʦ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʤʘʣʦ ʠʟʫʯʝʥʳ ʚ 

ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ʈʘʥʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʧʘʟ Geobacillus ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʬʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʘʛʝʣʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʠʣʩʘʣʠʮʠʣʘʪʘ [416], ʘ ʪʘʢʞʝ ʥʘ ʧʦʨʠʩʪʦʤ ʧʦʣʠʧʨʦʧʠʣʝʥʝ Accurel EP-100 ʜʣʷ ʛʠʜʨʦʣʠʟʘ 

ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [417]. 

 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ɹʂʃ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʢʦʚʘʣʝʥʪʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʣʠʧʘʟʳ G. stearothermophilus G3 (ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 483.2 ɽɸ ʛ-

1) ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʩʠʣʠʢʘʛʝʣʝ ɸʉʂɻ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʦʡ ʚ [418], ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ 

ʘʢʪʠʚʘʮʠʶ ʩʠʣʠʢʘʛʝʣʷ, ʦʙʨʘʙʦʪʢʫ 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ ʠ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʣʠʧʘʟʳ. ʕʪʦʪ ʩʧʦʩʦʙ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʪʘʙʠʣʴʥʳʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ [419]. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʣʠʧʘʟʳ IʩD ʩʦʩʪʘʚʠʣʘ 8.7%, ʘ ʫʜʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ɹʂʃ ï 23.6 ɽɸ ʛ-1. 

4.2.2 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʇʉʌɸ-estUT1-TrxA  

ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʵʩʪʝʨʘʟʳ estUT1 (ʧ. 4.1.2) ʚʳʷʚʠʣ, ʯʪʦ ʵʪʦʪ ʬʝʨʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʤ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: ʚʨʝʤʷ ʧʦʣʫʠʥʘʢʪʠʚʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ 

ʩʦʩʪʘʚʣʷʝʪ 12 ʯ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ï 70 ï 80 Áʉ, ʨʅ ʦʧʪʠʤʫʤ ï 8.0, ʥʦ ʝʝ ʘʢʪʠʚʥʦʩʪʴ 
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ʩʥʠʞʘʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CuSO4, MgSO4, PMSF ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢ 

ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʤ ʞʠʨʥʳʤ ʦʩʪʘʪʢʘʤ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʉ2), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ 

ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʦʣʠʟʘ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʭ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʩʝʢʪʠʮʠʜʘ ʤʘʣʘʪʠʦʥʘ, 

ʠʥʘʢʪʠʚʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʦʯʠʩʪʢʠ [420].  

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʤʤʦʙʠʣʠʟʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʦʩʥʦʚʝ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʵʩʪʝʨʘʟʳ estUT1 ʙʘʢʪʝʨʠʠ U. thermosphaericus ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʬʝʨʤʝʥʪ 

estUT1-TrxA ʩ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 200.7 Ñ 15.5 ɽɸ ʤʛ-1, ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ ʢʦʵʢʩʧʨʝʩʩʠʠ ʩ 

ʢʦʤʙʠʥʘʮʠʝʡ ʰʘʧʝʨʦʥʦʚ E. coli KJE, ClpB ʠ ELS ʠ ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʙʝʣʢʘ ʚ 

ʣʠʟʘʪʝ ʢʣʝʪʦʢ (ʧ. 4.1.3.1). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʩʪʝʨʘʟʳ ʙʝʟ ʦʪʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʦʤʝʥʘ TrxA 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʬʝʨʤʝʥʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʠʟʙʝʞʘʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ ʵʥʪʝʨʦʢʠʥʘʟʦʡ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʉʌɸ. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʬʝʨʤʝʥʪʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʘʜʠʡ ʠ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ-ʥʦʩʠʪʝʣʷ [421], ʯʪʦ ʩʥʠʞʘʝʪ 

ʩʪʦʠʤʦʩʪʴ ʠ ʧʦʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ. ɼʣʷ ʵʪʦʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʨʦʚʦʜʷʪ ʘʛʨʝʛʘʮʠʶ ʙʝʣʢʘ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʝʱʝʩʪʚʘ-ʦʩʘʜʠʪʝʣʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʰʠʚʘʥʠʝʤ ʘʛʨʝʛʘʪʦʚ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʘʛʝʥʪʦʤ (ʛʣʫʪʘʨʘʣʴʜʝʛʠʜʦʤ).  

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʧʦʧʝʨʝʯʥʦ ʩʰʠʪʳʭ ʬʝʨʤʝʥʪʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩɻʪʝʨʘʟʳ 

(ʇʉʌɸ-estUT1-TrxA) ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʩʘʜʠʪʝʣʝʡ ʠ ʜʦʙʘʚʦʢ (ʈʠʩʫʥʦʢ 37). 

ɹʘʟʦʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 0.5 ʤʣ ʬʝʨʤʝʥʪʘ (1 ʤʛ ʤʣ-1), 

ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʘʜʠʪʝʣʴ : ʬʝʨʤʝʥʪ 3:1 (ʦʙ. ʦʙ.-1), 75 ʤʄ ʛʣʫʪʘʨʦʚʳʡ ʘʣʴʜʝʛʠʜ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 4 ʯ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʦʩʘʜʠʪʝʣʝʤ (ʈʠʩʫʥʦʢ 37ɸ) ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʉʌɸ ʥʘ 

ʦʩʥʦʚʝ ʵʩʪʝʨʘʟʳ ʷʚʣʷʝʪʩʷ ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ (50%, ʚʝʩ. ʦʙ.-1), ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʪʝʘʟ [422], ʣʠʧʘʟ [423], ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʬʝʨʤʝʥʪʦʚ.  

ɼʣʷ  ʫʣʫʯʰʝʥʠʷ  ʩʚʦʡʩʪʚ  ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ   ʣʠʧʘʟʳ ʝʝ   ʧʨʠʛʦʪʦʚʣʝʥʠʝ  ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ  ʨʘʟʣʠʯʥʳʭ  ʜʦʙʘʚʦʢ (ʈʠʩʫʥʦʢ   37ɹ).   ɼʣʷ   ʩʪʘʙʠʣʠʟʘʮʠʠ   ʬʝʨʤʝʥʪʘ    estUT1-TrxA 

ʠʩʧʦʣʴʟʦʚʘʣʠ ɹʉɸ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʣʠʟʠʥ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʠ 

ʩʥʠʞʘʶʱʠʡ ʠʥʘʢʪʠʚʘʮʠʶ ʬʝʨʤʝʥʪʘ. ɼʨʫʛʠʤ ʚʝʱʝʩʪʚʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʇʉʌɸ, ʙʳʣ SDS, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʘʞʜʝʥʠʶ ʘʛʨʝʛʘʪʦʚ ʙʝʣʢʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ 

ʬʝʨʤʝʥʪʥʦʛʦ   ʧʨʝʧʘʨʘʪʘ  [424].  ʇʦʢʘʟʘʥʦ,  ʯʪʦ  ʚ  ʧʨʠʩʫʪʩʪʚʠʠ   ɹʉɸ   ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 154.2 Ñ 16.5% (p < 0.001, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ), ʧʨʠ ʪʦʤ, ʯʪʦ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ SDS ʙʳʣʘ ʯʫʪʴ ʚʳʰʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʩʦʩʪʘʚʠʣʘ 109.7 Ñ 8.4% 

(p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ).  
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ʈʠʩʫʥʦʢ 37 ï ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʉʌɸ-estUT1-TrxA. (ɸ) ɺʣʠʷʥʠʝ ʦʩʘʜʠʪʝʣʝʡ 

(ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟʘ, p < 0.001 

ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ), (ɹ) ɺʣʠʷʥʠʝ ʜʦʙʘʚʦʢ (ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʜʚʫʭʚʳʙʦʨʦʯʥʦʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ t-ʪʝʩʪʘ, p < 0.001 ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ) 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʠ estUT1-TrxA ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʦʪʢʣʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʘ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ ʥʘ ʩʪʝʧʝʥʴ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ. ɻʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʮʝʥʪʨʘʣʴʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʧʣʘʥ ʩʦʩʪʦʷʣ ʠʟ 30 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ [400], ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ ʨʝʘʢʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʥʘ IʩDʧʨ, ʢʘʢ ʦʪʢʣʠʢ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʚʨʝʤʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ (1 ï 8 ʯ), ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ (30 ï 80%), 

ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (25 ï 150 ʤʄ) ʠ ɹʉɸ (0.01 ï 0.2 ʤʄ). ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ IʩDʧʨ ʩʦʩʪʘʚʠʣʘ 85.4% (ʚʨʝʤʷ ʨʝʘʢʮʠʠ (4.5 ʯ), ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪʘ 
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ʘʤʤʦʥʠʷ (55%), ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (87.5 ʤʄ) ʠ ɹʉɸ (0.2 ʤʄ)). ʇʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʧʦʣʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʦʧʠʩʳʚʘʝʤʘʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

IʩDʧʨ = 66.18 + 4.74A + 6.70B + 7.78C + 13.84D + 3.28AB + 2.12AC + 0.50AD + 0.45BC 

+ 1.13BD ī 0.47CD ī 23.67A2 ī 10.69B2 ī 7.42C2 + 7.32D2, 
(22) 

 

ʛʜʝ IʩDʧʨ ï ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, A ï 

ʚʨʝʤʷ ʨʝʘʢʮʠʠ, B ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ, C ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 

D ï ʢʦʥʮʝʥʪʨʘʮʠʷ ɹʉɸ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ (ʋʨʘʚʥʝʥʠʝ 22) ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʛʨʝʩʩʠʦʥʥʳʡ 

ʘʥʘʣʠʟ (ʊʘʙʣʠʮʘ 32). ɺʳʷʚʣʝʥʦ, ʯʪʦ F-ʬʘʢʪʦʨ ʨʘʚʝʥ 33.36, p < 0.0001, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ  

ʊʘʙʣʠʮʘ 32 ï ʈʝʛʨʝʩʩʠʦʥʳʡ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʤʦʜʝʣʠ ʦʪʢʣʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʋʨʘʚʥʝʥʠʝ 22) [400] 

 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʠ ʟʥʘʯʠʤʦʩʪʠ ʤʦʜʝʣʠ. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʉʌɸ-estUT1-TrxA ʷʚʣʷʶʪʩʷ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ɹʉɸ (p < 0.0001). ɻʨʘʬʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʈʠʩʫʥʦʢ 38) ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʚʳʷʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ  

ʇʘʨʘʤʝʪʨ 
ʉʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ 
F-ʟʥʘʯʝʥʠʝ p-ʟʥʘʯʝʥʠʝ 

ʄʦʜʝʣʴ 13771.01 33.36 < 0.0001 

ɺʨʝʤʷ, A 403.56 13.69 0.0021 

ʉʫʣʴʬʘʪ ʘʤʤʦʥʠʷ, B 808.96 27.44 0.0001 

ɻʣʫʪʘʨʦʚʳʡ ʘʣʴʜʝʛʠʜ, C 1090.45 36.98 < 0.0001 

ɹʉɸ, D 3449.76 117.00 < 0.0001 

AB 172.27 5.84 0.0288 

AC 71.83 2.44 0.1394 

AD 4.00 0.14 0.7178 

BC 3.28 0.11 0.7435 

BD 20.48 0.69 0.4177 

CD 3.59 0.12 0.7319 

A2 1451.57 49.23 < 0.0001 

B2 296.06 10.04 0.0064 

C2 142.83 4.84 0.0438 

D2 138.84 4.71 0.0465 

ʆʪʩʫʪʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 375.04 2.79 0.1345 
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ʈʠʩʫʥʦʢ 38 ï ɻʨʘʬʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ IʩDʧʨ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ 

RSM ʘʥʘʣʠʟʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʵʩʪʝʨʘʟʳ estUT1-TrxA ʤʝʪʦʜʦʤ ʇʉʌɸ 

[400]. (ɸ) ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʠ ʚʨʝʤʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, (ɹ) ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʚʨʝʤʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, (ɺ) ʂʦʥʮʝʥʪʨʘʮʠʷ ɹʉɸ ʠ ʚʨʝʤʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ, (ɻ) ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ, (ɼ) 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɹʉɸ ʠ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ, (ɽ) ʂʦʥʮʝʥʪʨʘʮʠʷ ɹʉɸ ʠ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 
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(ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʩʪʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ). ʅʘ ʈʠʩʫʥʢʘʭ 38ɸ, ʉ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʢʠ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʥʘ IʩDʧʨ ʜʣʷ ʇʉʌɸ-estUT1-TrxA. ʅʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ IʩDʧʨ ʥʘʙʣʶʜʘʣʦʩʴ ʯʝʨʝʟ 4.5ï5.5 ʯ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʵʩʪʝʨʘʟʳ ʷʚʣʷʝʪʩʷ 60 

ï 70% (ʈʠʩʫʥʦʢ 38ɸ, ɻ, ɼ), ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ 

ʣʠʧʘʟʳ M37 ʠʟ Photobacterium lipolyticum [425], ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦʨʦʡ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

70% ʥʘʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ. ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʫʪʘʨʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʢʘʢ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʜʣʠʪʴ ʨʘʟʨʫʰʝʥʠʝ ʇʉʌɸ ʘ ʪʘʢʞʝ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʩʪʘʙʠʣʠʨʦʚʘʪʴ ʬʝʨʤʝʥʪ [426]. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʚ ʵʪʦʡ ʨʘʙʦʪʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʷʚʣʷʣʘʩʴ 115 ï 125 ʤʄ (ʈʠʩʫʥʦʢ 38ɹ, ɻ, ɽ). 

ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ɹʉɸ ʚʣʠʷʝʪ ʥʘ IʩDʧʨ ʧʫʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʢ: ʚʨʝʤʷ ʩʰʠʚʢʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʠ 

ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (ʈʠʩʫʥʦʢ 38ɺ, ɼ, ɽ). ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ IʩDʧʨ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ 

ʇʉʌɸ-estUT1-TrxA ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ 0.2 ʤʄ ɹʉɸ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ [423], ʛʜʝ 

0.17 ʤʄ ɹʉɸ   ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʇʉʌɸ ʣʠʧʘʟʳ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʩʪʨʫʯʢʦʚ ʢʘʢʘʦ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʉʌɸ-estUT1-TrxA ʩ IʩDʧʨ 91.3% 

ʷʚʣʷʣʠʩʴ: 65.1% ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ, 120.6 ʤʄ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, 0.2 ʤʄ ɹʉɸ, 5.1 ʯ ʨʝʘʢʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʜʩʪʚʝʨʜʠʣ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ IʩD ʩʦʩʪʘʚʠʣʦ 90.6Ñ 2.7%, ʘʢʪʠʚʥʦʩʪʴ ï 0,0294 

Ñ 0.0005 ɽɸ ʛ-1. ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ (P = 0.95) ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʉʌɸ-estUT1-TrxA. 

4.2.3 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʂʘʪɸ 

ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʄʕɾʂ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ: ʛʦʤʦʛʝʥʥʳʝ ʢʠʩʣʦʪʥʳʝ [427], ʛʦʤʦʛʝʥʥʳʝ ʱʝʣʦʯʥʳʝ [428] ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʝ [429]. ʆʜʥʘʢʦ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʙʠʦʢʘʪʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʧʘʟ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ, ʥʦ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ [221], [430]. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʣʠʧʘʟʳ: Candida rugosa (ʚ 

ʤʘʪʨʠʮʝ ʠʟ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ) ʜʣʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ Tetraselmis sp. [431]; Bacillus sp. 
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S23 (ʚ ʘʣʴʛʠʥʘʪʝ ʥʘʪʨʠʷ) ʜʣʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ Nannochloropsis oculata [432]; Novozym 

435 [433] ʜʣʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ Chlorella protothecoides.  

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʢʦʤʤʝʨʯʝʩʢʘʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʘʷ ʣʠʧʘʟʘ ʙʘʢʪʝʨʠʠ B. cepacia, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʤʝʪʘʥʦʣʫ [15] ʠ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ [434]. ɺ 

ʢʘʯʝʩʪʚʝ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-76, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʇʉʌɸ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʪʠʧ 

ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʤʝʥʝʝ ʠʟʫʯʝʥ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

ɺ ʧ. 2.2.3.1. ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʂʘʪɸ ʥʘ ʦʩʥʦʚʝ ʣʠʧʘʟʳ B. cepacia, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ IcD ʩʦʩʪʘʚʠʣʘ 97.5%, ʘ ʫʜʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ - 0.143 Ñ 0.005 ɽɸ ʛ-1. 
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ɻʃɸɺɸ 5. ʂʆʄʇʃɽʂʉʅʓɽ ʇʆɼʍʆɼʓ ʂ ʇɽʈɽʈɸɹʆʊʂɽ 

ʂʆʄʇʆʅɽʅʊʆɺ ɹʀʆʄɸʉʉʓ ɺ ɺʆʉʊʈɽɹʆɺɸʅʅʓɽ ʇʈʆɼʋʂʊʓ 

ʃʠʧʠʜʳ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʚ ʄʕɾʂ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʣʠʧʘʟ [435]. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʤʝʥʴʰʘʷ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʜʫʢʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [436]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʄʕɾʂ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʣʠʧʘʟʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ G. stearotermophilus ʠ B. cepacia, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʫʩʣʦʚʠʡ. ʀʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʢʦʤʙʠʥʘʥʪʥʘʷ ʣʠʧʘʟʘ G3 ʠʟ G. stearotermophilus ʪʘʢʞʝ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʫʪʝʤ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɹʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ï ʫʛʣʝʚʦʜʦʚ, ʧʨʠʤʝʥʝʥʥʘʷ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʚʢʣʶʯʘʣʘ ʠʭ ʛʠʜʨʦʣʠʟ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʤʦʥʦʩʘʭʘʨʠʜʳ ʙʳʣʠ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʩʙʨʘʞʠʚʘʥʠʷ ʚ ʷʥʪʘʨʥʫʶ ʢʠʩʣʦʪʫ, ʧʨʠʤʝʥʷʶʱʫʶʩʷ ʢʘʢ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʘ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [437]. ɺ ʨʘʤʢʘʭ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ [383]. 

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʦʡ 

ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ.  

ɼʨʫʛʠʤ ʪʠʧʦʤ ʫʛʣʝʚʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ, ʷʚʠʣʘʩʴ ʮʝʣʣʶʣʦʟʘ. 

ɼʣʷ ʝʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʠʩʣʦʪʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʉʠʙʫʥʠʪ-4 [438], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ ʛʣʶʢʦʟʫ ʠ 5-ɻʄʌ, ʷʚʣʷʶʱʠʡʩʷ ʮʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, 

ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʪʦʧʣʠʚʘ ʠ ʧʦʣʠʤʝʨʦʚ [439]. ʇʦʣʫʯʝʥʥʘʷ ʛʣʶʢʦʟʘ 

ʙʳʣʘ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʜʦ ʵʪʘʥʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ 

ʜʨʦʞʞʝʡ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʧʦʣʫʯʝʥʠʝ [440]. 

ʉʭʝʤʘ ʧʦʜʭʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʨʘʙʦʪʝ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 39. 
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ʈʠʩʫʥʦʢ 39 ï ʉʭʝʤʘ ʨʘʙʦʪ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ ʚ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʕʀɾ ï ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʕʄʌ- ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ 

ʤʝʪʦʜʦʤ ʌʦʣʯʘ. ʇʨʦʜʫʢʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʚʥʝ ʵʪʦʡ ʨʘʙʦʪʳ, ʦʪʤʝʯʝʥʳ ʰʪʨʠʭʦʤ 

5.1 ʇʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ 

5.1.1 ʇʦʣʫʯʝʥʠʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʠʟ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʢʘʢ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʢʘʢ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʳʨʴʷ, ʪʘʢ ʠ ʧʨʦʜʫʢʪʦʚ ʝʝ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʄʕɾʂ [120]. ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʄʕɾʂ ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʪʨʝʙʫʝʪ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ [441], 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʰʝʚʦʛʦ ʩʳʨʴʷ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʦʯʥʳʭ ʚʦʜ [442]), 

ʧʨʠʤʝʥʝʥʠʷ ʰʪʘʤʤʦʚ, ʩ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʣʠʧʠʜʳ [443], ʫʚʝʣʠʯʝʥʠʷ 

ʚʳʭʦʜʘ ʄʕɾʂ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʪʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʦʪ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʫʰʢʠ ʠ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ [444]. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʩʥʦʚʥʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʤʝʪʦʜʫ ʌʦʣʯʘ, ʛʜʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʤʝʩʴ ʭʣʦʨʦʬʦʨʤʘ ʠ ʤʝʪʘʥʦʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʬʘʟ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʦʣʝʡ. ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʠʟ-

ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ [445], ʦʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚʘʨʴʠʨʫʝʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʀɾ 

[446].  

ʇʦʩʢʦʣʴʢʫ ʩʪʦʠʤʦʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 

ʜʦ 90% ʦʪ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʪʦʧʣʠʚʘ [447], ʚ ʥʝʩʢʦʣʴʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩʫʭʦʡ [141] ʠ ʚʣʘʞʥʦʡ [448] ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʜʠʠ 

ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʧʨʷʤʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ, ʷʚʣʷʶʪʩʷ H2SO4 [449] ʠ ʘʮʝʪʠʣʭʣʦʨʠʜ [141], ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʄʕɾʂ, ʚʧʣʦʪʴ ʜʦ 92.5%. ʆʜʥʘʢʦ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʷʩʥʦ, ʢʘʢʦʡ ʧʫʪʴ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 

(ʧʨʷʤʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʠʣʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ) ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʄʕɾʂ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʩʪʘʚʰʠʭʩʷ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʙʝʣʢʦʚ ʚ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ [450]. ɼʣʷ ʛʠʜʨʦʣʠʟʘ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ H2SO4 [451] ʠ ʬʝʨʤʝʥʪʳ ʢʣʘʩʩʘ ʛʠʜʨʦʣʘʟ [452]. 

ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʥʦʩʘʭʘʨʠʜʳ (ʚ ʦʩʥʦʚʥʦʤ ʛʣʶʢʦʟʫ, ʤʘʥʥʦʟʫ ʠ ʘʨʘʙʠʥʦʟʫ [453]), 

ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʶʪ ʩʙʨʘʞʠʚʘʥʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʚʢʣʶʯʘʷ ʵʪʘʥʦʣ [454], ʷʥʪʘʨʥʫʶ [455] ʠ ʤʦʣʦʯʥʫʶ [456] ʢʠʩʣʦʪʳ. ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ - ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʠʱʝʚʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [457]. ʂ ʦʩʥʦʚʥʳʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ, ʧʨʦʜʫʮʠʨʫʶʱʠʤ ʷʥʪʘʨʥʫʶ 

ʢʠʩʣʦʪʫ, ʦʪʥʦʩʷʪʩʷ Actinobacillus succinogenes [458], Mannheimia succiniciproducens [459], 

ʛʝʥʝʪʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʰʪʘʤʤʳ E. coli [460], Corynebacterium glutamicum ʠ S. cerevisiae 

[461]. ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ [461], [462], [463]. ɺ 

ʵʪʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʜʨʦʣʠʟʘʪ ʦʪʭʦʜʦʚ ʙʠʦʤʘʩʩʳ, ʧʦʣʫʯʝʥʥʳʡ 

ʧʦʩʣʝ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʝʜʣʦʞʝʥʘ 

ʩʭʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʧʠʜ ʩʦʜʝʨʞʘʱʝʡ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-44 (ʈʠʩʫʥʦʢ 39), ʧʘʨʪʠʷ 

ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʨʘʥʝʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʧ. 3.7). ʆʮʝʥʢʘ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ 
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ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʧʫʪʠ (ʧʨʷʤʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʠʣʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ). ʆʩʪʘʪʦʯʥʘʷ ʙʠʦʤʘʩʩʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ, ʧʦʚʝʨʛʘʣʘʩʴ ʛʠʜʨʦʣʠʟʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʙʨʘʞʠʚʘʥʠʝʤ ʰʪʘʤʤʦʤ A. succinogenes 130Z ʩ ʧʦʣʫʯʝʥʠʝʤ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ. 

5.1.1.1 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-44 

ʄʝʪʘʥʦʣ [454] ʠ ʥ-ʛʝʢʩʘʥ [465] ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ ʩʦʚʤʝʩʪʥʦ ʩ ʀɾ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ 

ʧʦʩʣʝʜʥʠʭ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʷʤʦʝ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʠʟ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɾ ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʣʠʧʠʜʳ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɾ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʨʘʜʠʮʠʦʥʥʳʡ 

ʤʝʪʦʜ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʤʝʪʘʥʦʣʘ ʠ ʭʣʦʨʦʬʦʨʤʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 

(ʤʝʪʦʜ ʌʦʣʯʘ). ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 40. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɾ 

ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʦ ʤʝʪʦʜʫ ʌʦʣʯʘ (p < 0.001, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) 

ʜʣʷ ʚʩʝʭ ʀɾ, ʢʨʦʤʝ [BMIM ][HSO4] (p < 0.05). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʡ ʀɾ ʚʳʭʦʜ ʣʠʧʠʜʦʚ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʭʦʜʘ ʣʠʧʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʌʦʣʯʘ, ʩʦʩʪʘʚʠʣ Yʣʠʧ/ʬʦʣʯ = 84.5 Ñ 7.6%. ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ [465], ʚ ʢʦʪʦʨʦʡ  [BMIM ][HSO4] ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ  ʙʝʟ  

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ  ʨʘʩʪʚʦʨʠʪʝʣʝʡ  ʜʣʷ  ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ C. sorokiniana. 

ʉʘʤʘʷ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ (Yʣʠʧ/ʬʦʣʯ = 27.1 Ñ 1.9%) ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ [EMIM][Cl]. ɺʳʭʦʜ ʣʠʧʠʜʦʚ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [EMIM][Br] (Yʣʠʧ/ʬʦʣʯ = 31.9 Ñ 2.6%) ʠ [BMIM ][Cl] (Yʣʠʧ/ʬʦʣʯ = 34.8 Ñ 2.8%) ʙʳʣ 

ʥʝʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ [EMIM][Cl] (p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-

ʪʝʩʪ). ʂʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʠʟ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-44 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [EMIM][Cl]    ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʚ ʨʘʙʦʪʝ [466], ʚʦʟʤʦʞʥʦ, 

ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ   ʙʠʦʤʘʩʩʳ ʜʨʫʛʦʛʦ ʚʠʜʘ   ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (C. vulgaris). ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʣʠʧʠʜʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʵʪʦʡ ʨʘʙʦʪʝ   ʧʨʠ   ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʠ   ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [BMIM ][OAc] ʠ [C8MIM ][Br]  (Yʣʠʧ/ʬʦʣʯ = 56.0 Ñ 3.4% ʠ Yʣʠʧ/ʬʦʣʯ = 54.1 Ñ 3.2%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ  ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ  ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. 

vulgaris ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  [BMIM ][OAc]   ʚ  ʨʘʙʦʪʝ [466]  ʙʳʣʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ  
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ʈʠʩʫʥʦʢ 40 ï ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʚʳʭʦʜ ʣʠʧʠʜʦʚ ʧʦʩʣʝ ʠʭ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʀɾ ʠʟ ʙʠʦʤʘʩʩʳ 

Micractinium sp. IC-44. ʉ1 - ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʧʦ ʤʝʪʦʜʫ ʌʦʣʯʘ (ʧʨʠʥʷʪʘ ʟʘ 100%).* p < 

0.05; *** p < 0.001 ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [EMIM][Cl] ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɾ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ, ʙʠʦʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʣʠʧʠʜʦʚ.  

ɸʥʘʣʠʟ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʀɾ ʩ ʠʦʥʦʤ ʭʣʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ ʙʳʣʠ ʥʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ ʠʟ Micractinium sp. IC-44. ʅʘʧʨʦʪʠʚ, 

ʀɾ ʩ ʙʦʣʴʰʠʤʠ ʠʦʥʘʤʠ-ʘʢʮʝʧʪʦʨʘʤʠ (ʚʢʣʶʯʘʷ [BMIM][HSO4]) ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ. ɺʳʭʦʜ ʣʠʧʠʜʦʚ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɾ ʩ 

ʥʝʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʘʥʠʦʥʘʤʠ (BF4
-, Tf2N

-) ʙʳʣ ʤʝʥʴʰʝ, ʯʪʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʜʘʥʥʳʤʠ 

ʨʘʙʦʪʳ [466]. 

5.1.1.2 ʇʨʷʤʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-44 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʷʤʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-44 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʥʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ [BMIM][HSO4]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 
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ʯʪʦ  ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʄʕɾʂ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2% H2SO4 ʚ ʪʝʯʝʥʠʝ 18 ʯ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʙʠʦʤʘʩʩʘ : ʀɾ 1:10 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 65 ÁC. 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ, ʪʘʢʞʝ ʧʨʠʤʝʥʷʣʠ ʜʣʷ 

ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2% H2SO4 (ʈʠʩʫʥʦʢ 41). 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʭʦʜ ʄʕɾʂ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʀɾ, ʦʩʦʙʝʥʥʦ ʦʪ ʩʪʨʫʢʪʫʨʳ ʘʥʠʦʥʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʄʕɾʂ (Yʤʵʞʢ/ʬʦʣʯ = 42.0 Ñ 4.3%) ʥʘʙʣʶʜʘʣʩʷ ʧʦʩʣʝ ʧʨʷʤʦʡ ʢʠʩʣʦʪʥʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [BMIM][HSO4], ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ (p < 0.01, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ 

ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʧʨʝʚʳʰʘʣʦ ʚʳʭʦʜ ʄʕɾʂ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʧʦ ʌʦʣʯʫ 

ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʢʠʩʣʦʪʦʡ (27.1 Ñ 2.4%) ʠʣʠ ʧʨʠ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʙʠʦʤʘʩʩʳ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀɾ (31.6 Ñ 1.7%). ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ 

Micractinium sp. IC-44 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [BMIM][HSO4] ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʠʩʣʦʪʥʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ Yʤʵʞʢ/ʬʦʣʯ 20.5 Ñ 3.5%, ʯʪʦ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ (p < 0.01) 

ʤʝʥʴʰʝ, ʯʝʤ ʚʳʭʦʜ ʄʕɾʂ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʫ ʌʦʣʯʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʠʩʣʦʪʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ ʣʠʧʠʜʦʚ. ʉʘʤʳʡ ʥʠʟʢʠʡ ʚʳʭʦʜ ʄʕɾʂ (Yʤʵʞʢ/ʬʦʣʯ = 7.7 Ñ 2.3%) 

ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [EMIM][Cl] ʠ 2% H2SO4. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [467] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʭʦʜ ʄʕɾʂ ʧʦʩʣʝ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [EMIM][Cl] ʪʘʢʞʝ ʟʘʚʠʩʝʣ ʦʪ ʚʠʜʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʙʠʦʤʘʩʩʳ (ʚʳʭʦʜ ʄʕɾʂ 8.0 

ʠ 36.0% ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʦʜʘʤ Dunaliella ʠ Chlorella, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  ɼʦʙʘʚʣʝʥʠʝ  [BMIM ][OAc]  ʚ  ɻ ʪʦʡ ʨʘʙʦʪʝ ʩʥʠʞʘʣʦ ʚʳʭʦʜ ʄʕɾʂ  ʧʨʠ  ʧʨʷʤʦʡ  

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ. ɺʳʭʦʜ ʄʕɾʂ, ʧʦʣʫʯʝʥʥʳʡ  ʩ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  [BMIM ][Br]  ʠ  

[BMIM ][Tf2N],  ʩʦʩʪʘʚʠʣ  21.2 Ñ 2.5  ʠ  18.3 Ñ 1.4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʤʝʥʝʝ 10% - ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ [EMIM][Br] ʠ [BMIM ][Cl]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʭʦʜ ʄʕɾʂ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ H2SO4 ʠ ʀɾ, ʫʤʝʥʴʰʘʣʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ ʘʥʠʦʥʦʚ ʚ 

ʀɾ: [HSO4]
- > [BF4]

- > [Br]- > [Tf2N]- > [Cl]- > [OAc]-. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʀɾ ʧʨʠʚʝʣʦ 

ʢ ʙʦʣʝʝ ʥʠʟʢʦʤʫ ʚʳʭʦʜʫ ʄʕɾʂ ʧʦʩʣʝ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-

44. ʇʦʩʢʦʣʴʢʫ ʧʨʷʤʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʙʳʣʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʧʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-44 ʚ ʄʕɾʂ, ʵʪʦʪ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʘʭʘʨʦʚ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ A. succinogenes 130Z ʜʣʷ ʥʘʨʘʙʦʪʢʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ. 
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ʈʠʩʫʥʦʢ 41 ï ɺʣʠʷʥʠʝ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʚʳʭʦʜ ʄʕɾʂ ʧʨʠ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-44. ʉ1 ï ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʧʦ ʌʦʣʯʫ 

(ʧʨʠʥʷʪʘ ʟʘ 100%). C2 - ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ ʧʦ ʌʦʣʯʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ H2SO4; C3 - ʇʨʷʤʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʙʠʦʤʘʩʩʳ ʤʝʪʘʥʦʣʦʤ ʠ 2% H2SO4 

(ʙʝʟ ʀɾ). C4 - ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʣʠʧʠʜʦʚ [BMIM ][HSO4] ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ 

H2SO4. *p < 0.05; ***p < 0.01; ***p < 0.001 ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ. ʅʉ - 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (p > 0.05) 

5.1.1.3 ʉʙʨʘʞʠʚʘʥʠʝ ʛʠʜʨʦʣʠʟʘʪʘ ʦʩʪʘʪʦʯʥʦʡ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. 

IC-44 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ  

ʆʩʪʘʪʦʯʥʫʶ ʙʠʦʤʘʩʩʫ Micractinium sp. IC-44, ʧʦʣʫʯʝʥʥʫʶ ʧʦʩʣʝ ʝʝ ʧʨʷʤʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʠ ʦʪʜʝʣʝʥʠʷ ʄʕɾʂ, ʩʥʘʯʘʣʘ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʀɾ. 

ɻʠʜʨʦʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2% H2SO4 ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 130 ÁC ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥ. ɺʕɾʍ 

ʘʥʘʣʠʟ ʩʤʝʩʠ ʧʦʢʘʟʘʣ ʧʨʠʩʫʪʩʪʚʠʝ ʩʙʨʘʞʠʚʘʝʤʳʭ ʤʦʥʦʩʘʭʘʨʠʜʦʚ, ʚʢʣʶʯʘʷ ʘʨʘʙʠʥʦʟʫ (3.2 Ñ 0.2 ʛ 

ʣ-1), ʛʣʶʢʦʟʫ (16.8 Ñ 0.9 ʛ ʣ-1) ʠ ʛʘʣʘʢʪʦʟʫ (0.32 Ñ 0.02 ʛ ʣ-1), ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʜʝʩʪʨʫʢʮʠʠ ʧʝʥʪʦʟʳ 

ʠ ʛʝʢʩʦʟʳ (0.03 Ñ 0.01 ʛ ʣ-1 5-ɻʄʌ ʠ 1.1 Ñ 0.1 ʛ ʣ-1 ʬʫʨʬʫʨʦʣʘ) [292]. Cʦʩʪʘʚ ʫʛʣʝʚʦʜʦʚ ʙʠʦʤʘʩʩʳ 

Micractinium sp. IC-44 ʙʳʣ ʙʣʠʟʦʢ ʢ ʫʛʣʝʚʦʜʘʤ ʙʠʦʤʘʩʩʳ Micractinium sp. Embrapa | LBA32 [468], 

ʢʦʪʦʨʫʶ ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʩʨʝʜʝ BBM ʩ ʛʣʶʢʦʟʦʡ. ɺʳʭʦʜ ʦʩʥʦʚʥʳʭ  ʤʦʥʦʩʘʭʘʨʠʜʦʚ (ʧʦ ʜʘʥʥʳʤ 
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ɺʕɾʍ) ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʦʩʪʘʪʦʯʥʦʡ ʙʠʦʤʘʩʩʳ ʩʦʩʪʘʚʠʣ 81.1 Ñ 2.4% [469] ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʚʦʜʦʚ ʚ ʙʠʦʤʘʩʩʝ (ʠʟʤʝʨʝʥʥʳʭ ʬʝʥʦʣ-ʩʝʨʥʦʢʠʩʣʦʪʥʳʤ ʤʝʪʦʜʦʤ), ʠ ʵʪʦ ʙʳʣʦ 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʚʳʭʦʜʦʤ ʩʘʭʘʨʦʚ ʧʦʩʣʝ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʙʠʦʤʘʩʩʳ ʨʘʟʣʠʯʥʳʭ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚʢʣʶʯʘʷ Scenedesmus bijugatus [470] ʠ Chlorella sp. [466]. 

ʇʦʣʫʯʝʥʥʳʡ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʛʠʜʨʦʣʠʟʘʪ ʦʩʪʘʪʦʯʥʦʡ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-44 

ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʘʤʤʠʘʢʦʤ ʠ ʦʯʠʱʘʣʠ ʥʘ ʩʤʦʣʝ AmberChrom 50WX4 ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ, ʚʢʣʶʯʘʷ ʬʫʨʬʫʨʦʣ ʠ 5-ɻʄʌ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʤʝʩʴ 

ʨʘʩʪʚʦʨʘ ʩ ʩʦʣʷʤʠ ʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʩʨʝʜʘ ʉ), ʝʛʦ ʧʦʜʚʝʨʛʘʣʠ ʩʙʨʘʞʠʚʘʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ A. succinogenes 130Z ʚ ʢʦʣʙʘʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʦʡ ʠ 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʧʦʨʪʦʤ ʜʣʷ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ, ʚ ʘʪʤʦʩʬʝʨʝ 2% CO2. ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʢʝ 

42 ʠ ʚ ʊʘʙʣʠʮʝ 33.  

 

ʈʠʩʫʥʦʢ 42 ï ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ A. succinogenes 130Z ʚ ʩʨʝʜʝ ʉ ʚ ʘʪʤʦʩʬʝʨʝ 2% CO2. ʋʩʣʦʚʠʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: ʦʙʲʝʤ ʩʨʝʜʳ 10 ʤʣ ʚ ʘʪʤʦʩʬʝʨʝ 2% CO2, ʪʝʤʧʝʨʘʪʫʨʘ 37 ÁC 

ɺʦ ʚʨʝʤʷ ʩʙʨʘʞʠʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘʪʘ A. succinogenes 130Z ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʰʪʘʤʤʦʤ ʧʦʪʨʝʙʣʷʣʘʩʴ ʛʣʶʢʦʟʘ ʠ ʘʨʘʙʠʥʦʟʘ, ʪʦʛʜʘ ʢʘʢ ʛʘʣʘʢʪʦʟʘ ʤʝʪʘʙʦʣʠʟʠʨʦʚʘʣʘʩʴ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʨʫʛʠʭ ʤʦʥʦʩʘʭʘʨʠʜʦʚ (ʜʦ 26.0 Ñ 0.2% ʦʪ ʠʩʭʦʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ). 

ɸʥʘʣʦʛʠʯʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [471], ʚ ʢʦʪʦʨʦʤ ʧʦʪʨʝʙʣʝʥʠʝ ʛʘʣʘʢʪʦʟʳ 
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ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 50% ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʩʙʨʘʞʠʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘʪʘ A. succinogenes. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠʙʠʪʦʨʦʚ 

ʧʨʦʮʝʩʩʘ ʩʙʨʘʞʠʚʘʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʠʥʪʝʟ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ. 5-ɻʄʌ 

ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʧʦʩʣʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠ ʦʯʠʩʪʢʠ ʛʠʜʨʦʣʠʟʘʪʘ, ʪʦʛʜʘ ʢʘʢ ʬʫʨʬʫʨʦʣ  

ʦʙʥʘʨʫʞʠʚʘʣʩʷ  ʚ  ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ (0.04 Ñ 0.02 ʛ ʣ-1).  ɺʳʭʦʜʳ  ʜʨʫʛʠʭ  ʧʨʦʜʫʢʪʦʚ 

ʩʙʨʘʞʠʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʤʫʨʘʚʴʠʥʫʶ ʠ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʳ, ʙʳʣʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [472]. ɺʳʭʦʜ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʧʦ ʦʢʦʥʯʘʥʠʠ ʩʙʨʘʞʠʚʘʥʠʷ 

ʛʠʜʨʦʣʠʟʘʪʘ ʚ ʩʨʝʜʝ ʉ ʩʦʩʪʘʚʠʣ 67.0 Ñ 5.0% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ʯʝʨʝʟ 34 ʯ.  

ʊʘʙʣʠʮʘ 33 ï ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʘ A. succinogenes 130Z ʚ ʩʨʝʜʝ ʉ 

ʇʘʨʘʤʝʪʨ 

ʅʘʯʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʛ ʣ-1 

ʂʦʥʝʯʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʛ ʣ-1 

YN/S, %  Vp, ʛ ʣ
-1 ʯ-1 

ɹʠʦʤʘʩʩʘ 0.15 Ñ 0.1 1.21 Ñ 0.3 6.0 Ñ 1.0 0.042 Ñ 0.02 

ɻʣʶʢʦʟʘ 13.66 Ñ 0.8 0.02 Ñ 0.01 - - 

ɻʘʣʘʢʪʦʟʘ 1.04 Ñ 0.1 0.77 Ñ 0.05 - - 

ɸʨʘʙʠʥʦʟʘ 2.73 Ñ 0.3 0.01 Ñ 0.0 - - 

5-ɻʄʌ 0 0 - - 

ʌʫʨʬʫʨʦʣ 0.04 Ñ 0.02 0 - - 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ - 11.01 Ñ 1.23 67.0 Ñ 5.0 0.17 Ñ 0.02 

ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ - 4.57 Ñ 0.3 28.0 Ñ 3.0 0.11 Ñ 0.01 

ʄʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ - 1.83 Ñ 0.1 11.0 Ñ 2.0 0.06 Ñ 0.02 

 

5.1.2 ʇʨʠʤʝʥʝʥʠʝ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʂʘʪɸ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠʟ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-76 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʂʘʪɸ ʥʘ ʦʩʥʦʚʝ ʣʠʧʘʟʳ 

B. cepacia ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠʧʠʜʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-76 ʧʦʩʣʝ ʠʭ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʫ ʌʦʣʯʘ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ ʠʟ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʂʘʪɸ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ RSM ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚʘʨʴʠʨʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ (30 ï 60 Áʉ), ʢʦʣʠʯʝʩʪʚʦ ʂʘʪɸ (5.75 ï 20.0%), ʤʦʣʷʨʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ : ʣʠʧʠʜʳ (4.75:1 ï 10:1) ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ (0 ï 5.0%) [473]. ɺ ʨʝʘʢʮʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥ-ʛʝʢʩʘʥ, ʧʦʩʢʦʣʴʢʫ ʧʦ ʜʘʥʥʳʤ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʝʥʥʦ ʦʥ ʫʤʝʥʴʰʘʝʪ ʜʝʥʘʪʫʨʘʮʠʶ ʬʝʨʤʝʥʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ 
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ʚʳʭʦʜ ʄʕɾʂ ʚ ʨʝʘʢʮʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʩʝʣ ʩ ʤʝʪʘʥʦʣʦʤ [148]. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (30 ʰʪ., ʠʟ ʥʠʭ ʰʝʩʪʥʘʜʮʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʨʘʩʯʝʪʘ ʬʘʢʪʦʨʦʚ, ʚʦʩʝʤʴ ï ʦʩʝʚʳʭ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʰʝʩʪʴ ʧʦʚʪʦʨʦʚ - ʮʝʥʪʨʘʣʴʥʳʭ), 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʯʝʪʳʨʝʭ ʬʘʢʪʦʨʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʧʷʪʠ ʫʨʦʚʥʝʡ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʚʳʭʦʜ ʄʕɾʂ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ʅʘʠʙʦʣʴʰʠʡ 

Yʄʕɾʂ ʧʦ ʜʘʥʥʳʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣ 92.5% (ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʂʘʪɸ 

5.75%, ʪʝʤʧʝʨʘʪʫʨʝ 37.5 Áʉ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ 3.75% ʠ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʥʦʣ : 

ʣʠʧʠʜʳ 4.75:1). ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʦʧʠʩʘʥʥʘʷ ʋʨʘʚʥʝʥʠʝʤ 22: 

Yʧʨ1 = 84.54+2.41A-6.30B+0.71C-4.54D+0.13AB+0.083AC-0.43AD+0.22BC+0.81BD-

1.23CD-2.89A2-5.16B2-0.74C2-0.23D2 
(22) 

 

ʛʜʝ Yʧʨ1 ï ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʚʳʭʦʜ ʄʕɾʂ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ Micractinium sp. 

IC-76 ʩ ʤʝʪʘʥʦʣʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ, A ï ʢʦʣʠʯʝʩʪʚʦ ʂʘʪɸ, B ï ʪʝʤʧʝʨʘʪʫʨʘ, C ï 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʠ D ï ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ : ʣʠʧʠʜʳ.  

ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʦʪʨʘʞʘʶʱʠʡ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʠ ʟʥʘʯʠʤʦʩʪʴ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʚʳʭʦʜ ʄʕɾʂ (ʊʘʙʣʠʮʘ 34), ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ 

ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ R2 ʩʦʩʪʘʚʠʣʦ 0.9264, ʤʦʜʝʣʴ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ (p < 0.0001), F-ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 13.49. ɿʥʘʯʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ : ʤʘʩʣʦ (p < 0.0001) ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʂʘʪɸ (p < 0.05). 

ʇʦ ʜʘʥʥʳʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ ʥʝ ʦʢʘʟʳʚʘʣʘ ʟʥʘʯʠʤʦʛʦ (ʨ = 

0.3534) ʚʣʠʷʥʠʷ ʥʘ Yʧʨ1, ʵʪʦʪ ʬʘʢʪʦʨ ʙʳʣ ʠʩʢʣʶʯʝʥ ʠʟ ʤʦʜʝʣʠ. ʋʨʘʚʥʝʥʠʝ 23, ʦʧʠʩʳʚʘʶʱʝʝ 

ʥʦʚʫʶ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ, ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ:  

Yʧʨ2 = 83.69+2.41A-6.30B-4.54D+0.13AB-0.43AD+0.81BD-2.78ĬA2-5.05B2-0.13D2, (23) 

ʛʜʝ Yʧʨ2 ï ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʚʳʭʦʜ ʄʕɾʂ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʴʶ, ʦʧʠʩʳʚʘʝʤʦʡ ʋʨʘʚʥʝʥʠʝʤ 23, A ï ʢʦʣʠʯʝʩʪʚʦ ʂʘʪɸ, B ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ D ï ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ : ʣʠʧʠʜʳ. 
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ʊʘʙʣʠʮʘ 34 ï ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʠ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-76 ʩ ʤʝʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʂʘʪɸ ʠ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʉʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ 
df 

ʉʨʝʜʥʠʡ 

ʢʚʘʜʨʘʪ 
F 

p-

ʟʥʘʯʝʥʠʝ 

ʄʦʜʝʣʴ 2515.50 14 179.68 13.49 < 0.0001 

A-ʢʦʥʮʝʥʪʨʘʮʠʷ ʂʘʪɸ 139.05 1 139.05 10.44 0.0056 

B-ʪʝʤʧʝʨʘʪʫʨʘ 953.16 1 953.16 71.54 < 0.0001 

C-ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ 12.22 1 12.22 0.92 0.3534 

D-ʤʝʪʘʥʦʣ : ʣʠʧʠʜʳ 495.14 1 495.14 37.16 < 0.0001 

AB 0.26 1 0.26 0.020 0.8902 

AC 0.11 1 0.11 0.008 0.9284 

AD 2.91 1 2.91 0.22 0.6467 

BC 0.78 1 0.78 0.058 0.8126 

BD 10.37 1 10.37 0.78 0.3916 

CD 24.20 1 24.20 1.82 0.1977 

A2 228.85 1 228.85 17.18 0.0009 

B2 729.76 1 729.76 54.77 < 0.0001 

C2 15.12 1 15.12 1.13 0.3037 

D2 1.48 1 1.48 0.11 0.7432 

ʆʩʪʘʪʦʢ 199.86 15 13.32   

ʆʪʩʫʪʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 168.74 10 16.87 2.71 0.1413 

ʏʠʩʪʘʷ ʦʰʠʙʢʘ 31.12 5 6.22   

ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʜʣʷ 

ʩʨʝʜʥʝʛʦ 
2715.35 29    

 

 ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (ʊʘʙʣʠʮʘ 

35) ʚʳʷʚʠʣ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʫʚʝʣʠʯʠʣʦʩʴ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʷ F-ʢʨʠʪʝʨʠʷ ʩ 13.49 ʜʦ 

21.7. ɻʨʘʬʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʧʨʠ ʚʟʘʠʤʥʦʤ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʦʩʪʘʣʴʥʳʝ 

ʬʘʢʪʦʨʳ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ) ʥʘ Yʧʨ2 ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 43. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʝʜʩʢʘʟʘʥʥʳʡ ʚʳʭʦʜ ʄʕɾʂ ʧʨʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium 

sp. IC-76   ʩ   ʤʝʪʘʥʦʣʦʤ    ʚ  ʧʨʠʩʫʪʩʪʚʠʠ   ʂʘʪɸ   ʥʘʙʣʶʜʘʣʩʷ  ʧʨʠ  36 ï 45 ÁC,  ʯʪʦ   ʢʦʨʨʝʣʠʨʫʝʪ   

ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ [474], ʘ ʪʘʢʞʝ   ʧʨʠ   ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʥʦʣ : ʣʠʧʠʜʳ 3:1 ï 5:1. ʂʦʣʠʯʝʩʪʚʦ 

ʂʘʪɸ ʚ ʨʝʘʢʮʠʦʥʥʦʡ   ʩʤʝʩʠ   ʦʢʘʟʳʚʘʣʦ   ʟʥʘʯʠʪʝʣʴʥʦʝ   ʚʣʠʷʥʠʝ   ʥʘ    ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ   ʚʳʭʦʜ   

ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (ʈʠʩʫʥʦʢ 43ɸ, ɺ), ʦʧʪʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʣʦ 8 ï 12%, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ ʧʦ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʝ P. 

ʩepacia [475] ʠ R. miehei [476]. ɼʣʷ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʂʘʪɸ, ʪʘʢ ʠ ʩ ʥʘʣʠʯʠʝʤ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʳ ʚ ʧʨʝʧʘʨʘʪʝ ʣʠʧʘʟʳ. ʇʦ ʜʘʥʥʳʤ 

ʫʣʫʯʰʝʥʥʦʡ ʤʦʜʝʣʠ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʝʘʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʥʘʠʙʦʣʴʰʠʡ Yʧʨ2,  
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ʊʘʙʣʠʮʘ 35 ï ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-76 ʩ ʤʝʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʂʘʪɸ ʠ ʝʛʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ [473] 

ʀʩʪʦʯʥʠʢ ʉʫʤʤʘ ʢʚʘʜʨʘʪʦʚ df 
ʉʨʝʜʥʠʡ 

ʢʚʘʜʨʘʪ 
F  p > F 

ʄʦʜʝʣʴ 2463.07 9 273.67 21.70 
< 

0.0001 

A-ʢʦʥʮʝʥʪʨʘʮʠʷ ʂʘʪɸ 139.05 1 139.05 11.02 0.0034 

B-ʪʝʤʧʝʨʘʪʫʨʘ 953.16 1 953.16 75.56 
< 

0.0001 

D-ʤʝʪʘʥʦʣ : ʣʠʧʠʜʳ 495.14 1 495.14 39.25 
< 

0.0001 

AB 0.26 1 0.26 0.021 0.8867 

AD 2.91 1 2.91 0.23 0.6360 

BD 10.37 1 10.37 0.82 0.3754 

A2 216.77 1 216.77 17.18 0.0005 

B2 714.64 1 714.64 56.65 
< 

0.0001 

D2 0.45 1 0.45 0.036 0.8523 

ʆʩʪʘʪʦʢ 252.28 20 12.61   

ʆʪʩʫʪʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 221.16 15 14.74 2.37 0.1738 

ʏʠʩʪʘʷ ʦʰʠʙʢʘ 31.12 5 6.22   

ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʜʣʷ 

ʩʨʝʜʥʝʛʦ 
2715.35 29    

 

ʷʚʣʷʣʠʩʴ: 39.8 ÁC, ʢʦʥʮʝʥʪʨʘʮʠʷ ʂʘʪɸ12.3%, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ : ʣʠʧʠʜʳ 1:3.5, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʦʜʳ 2.3%.  

ʆʮʝʥʢʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʂʘʪɸ (ʈʠʩʫʥʦʢ 44) ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʯʝʨʝʟ ʯʝʪʳʨʝ ʮʠʢʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʦʜʠʥ ʮʠʢʣ ï 24 ʯ) ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 45.7 Ñ 

4.8% ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 92.9 Ñ 0.8%, ʯʪʦ ʙʣʠʟʢʦ ʢ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [474], ʛʜʝ ʣʠʧʘʟʘ 

Burkholderia sp. C20, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ ʛʠʙʨʠʜʥʦʤ ʥʘʥʦʤʘʪʝʨʠʘʣʝ Fe3O4-SiO2, ʧʨʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. vulgaris ESP-31 ʩʦʭʨʘʥʷʣʘ 65% ʥʘʯʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʯʝʪʳʨʝʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʠʢʣʘʭ. ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʂʘʪɸ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʛʘʪʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʦʣʷʨʥʳʭ ʣʠʧʠʜʦʚ (ʬʦʩʬʦʣʠʧʠʜʦʚ ʠ 

ʛʣʠʢʦʣʠʧʠʜʦʚ), ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʣʠʧʠʜʥʳʭ ʵʢʩʪʨʘʢʪʘʭ ʠ ʫʭʫʜʰʘʶʱʠʭ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ [477]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʘʪɸ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʣʠʧʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʚʳʭʦʜʫ ʄʕɾʂ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʨʝʘʢʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʂʘʪɸ, ʦʜʥʘʢʦ ʜʣʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʩʳʨʴʷ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʘʢʮʠʠ. 
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ɸ. 

 

ɹ. 

 

ɺ. 

 

ʈʠʩʫʥʦʢ 43 ï ɻʨʘʬʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ RSM ʤʦʜʝʣʠ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-76 ʩ ʤʝʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʂʘʪɸ: (ɸ) ʊʝʤʧʝʨʘʪʫʨʘ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʂʘʪɸ, (ɹ) ʂʦʣʠʯʝʩʪʚʦ ʂʘʪɸ ʠ ʤʝʪʘʥʦʣ : ʣʠʧʠʜʳ, (ɺ) ʤʝʪʘʥʦʣ : ʣʠʧʠʜʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ 

 

ʈʠʩʫʥʦʢ 44 ï ʉʪʘʙʠʣʴʥʦʩʪʴ ʂʘʪɸ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ 

Micractinium sp. IC-76 ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
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5.1.3 ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʭʦʜʦʚ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

5.1.3.1 ʇʦʣʫʯʝʥʠʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʉʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ ʚʦʜʦʨʦʩʣʠ Micractinium 

sp. IC-44 (ʧ. 5.1.1.1) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ [BMIM ][HSO4] (Yʣʠʧ/ʬʦʣʯ 84.5 Ñ 7.6%) (ʈʠʩʫʥʦʢ 40). ɺʦ ʚʨʝʤʷ 

ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ [BMIM ][OAc] ʠ 

[C8MIM ][Br], ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʠʜʨʦʬʠʣʴʥʦʡ [BMIM ][HSO4], ʟʥʘʯʠʪʝʣʴʥʦ (p < 0.001, 

ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʄʕɾʂ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʷʤʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-44 ʙʝʟ ʀɾ (ʈʠʩʫʥʦʢ 41). ʊʦʣʴʢʦ 

[BMIM ][HSO4], ʷʚʣʷʶʱʘʷʩʷ ʢʠʩʣʦʪʦʡ ɹʨʝʥʩʪʝʜʘ, ʙʳʣʘ ʵʬʬʝʢʪʠʚʥʘ ʚ ʦʙʦʠʭ ʧʨʦʮʝʩʩʘʭ 

(ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʠ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ), ʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʩʚʦʝʡ ʢʠʩʣʦʡ ʧʨʠʨʦʜʳ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʶ ʣʠʧʠʜʦʚ [478] ʠ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

H2SO4.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-44 ʟʥʘʯʠʪʝʣʴʥʦ 

(p < 0.05, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʥʝʝ ʢʠʩʣʳʭ 

ʀɾ, ʚʢʣʶʯʘʷ [BMIM ][BF4]. ʇʨʠ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʊʘʙʣʠʮʘ 36) ʚʳʷʚʣʝʥʦ, ʯʪʦ 

[BMIM ][HSO4] ʪʘʢʞʝ ʧʨʠʤʝʥʷʣʠ ʚ ʨʘʙʦʪʝ [141] ʜʣʷ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ N. ʦceanica, ʚʳʭʦʜ ʄʕɾʂ ʩʦʩʪʘʚʠʣ 28%. ɺʳʭʦʜ ʄʕɾʂ ʧʦʩʣʝ ʧʨʷʤʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʩʣʝ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʙʠʦʤʘʩʩʳ Nannochloropsis sp. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [EMIM][MeSO4] ʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ 

(36.79%) [140]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʠʩʣʳʝ ʀɾ ɹʨʝʥʩʪʝʜʘ, ʧʦʚʳʰʘʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ ʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ʇʦʚʳʰʝʥʠʝ ʚʳʭʦʜʘ ʄʕɾʂ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʀɾ 

ʩ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, [BMIM ][CF3SO3] [141], ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

[467] ʠ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ [140] (ʊʘʙʣʠʮʘ 36). 

ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʚʫʭʵʪʘʧʥʦʛʦ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʣʠʧʠʜʦʚ Micractinium sp. IC-44 ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ [BMIM ][HSO4] ʜʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ 

ʙʳʣʦ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʯʝʤ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʌʦʣʯʘ (ʈʠʩʫʥʦʢ 41, ʩʪʦʣʙʮʳ C2 ʠ C4), ʘ 

ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʄʕɾʂ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʨʷʤʠ ʧʨʦʜʫʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ 

ʙʠʦʤʘʩʩʳ. ɹʦʣʝʝ ʪʦʛʦ, ʚʳʭʦʜ ʄʕɾʂ, ʧʦʣʫʯʝʥʥʳʡ ʚʦ ʚʨʝʤʷ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ 

Micractinium sp. IC-44 ʚ ʧʨʠʩʫʪʩʪʚʠʠ [BMIM ][HSO4],  ʙʳʣ  ʚʳʰʝ,  ʯʝʤ  ʚʳʭʦʜ,  ʧʦʣʫʯʝʥʥʳʡ  ʧʨʠ 
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ʊʘʙʣʠʮʘ 36 ï ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʄʕɾʂ 

ʀɾ/ʠʤʤʦʙʠʣʠʟʠ-

ʨʦʚʘʥʥʘʷ ʣʠʧʘʟʘ 
ʉʳʨʴʝ ʋʩʣʦʚʠʷ 

ɺʳʭʦʜ 

ʄʕɾʂ 

% 

ʉʩʳʣʢ

ʘ 

ʇʨʷʤʘʷ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ 

ʣʠʧʠʜʦʚ ʙʠʦʤʘʩʩʳ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʀɾ 

[EMIM][MeSO4] 

Nannochloropsis 

sp. 

 

1.0 ʛ ʙʠʦʤʘʩʩʳ 

(ʚʣʘʞʥʦʩʪʴ 80%), 

ʠʟʙʳʪʦʢ ʤʝʪʘʥʦʣʘ, 

ʨʝʘʢʮʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʫʣʴʪʨʘʟʚʫʢʦʤ 

ʤʦʱʥʦʩʪʴʶ 700 ɺʪ, 65 

ÁC, 15 ʤʠʥ 

36.79 

 
[140] 

[BMIM][HSO 4] N. oceanica 

165 ʤʛ ʙʠʦʤʘʩʩʳ 

(ʚʣʘʞʥʦʩʪʴ 65%), ʩ 

1.2% ʘʮʝʪʠʣʭʣʦʨʠʜʘ, 1 

ʤʣ ʤʝʪʘʥʦʣʘ ʠ 0.05 ʛ 

ʀɾ, ʨʝʘʢʮʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 65Á C ʚ 

ʪʝʯʝʥʠʝ 18 ʯ 

28 

 
[141] 

[BMIM][CF 3SO3] N. oceanica 

165 ʤʛ ʙʠʦʤʘʩʩʳ 

(ʚʣʘʞʥʦʩʪʴ 65%), ʩ 

1.2% ʘʮʝʪʠʣʭʣʦʨʠʜʘ, 1 

ʤʣ ʤʝʪʘʥʦʣʘ ʠ 0.05 ʛ 

ʀɾ, ʨʝʘʢʮʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 65Á C ʚ 

ʪʝʯʝʥʠʝ 14 ʯ 

54 [141] 

ʇʨʷʤʘʷ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ 

ʣʠʧʠʜʦʚ ʙʠʦʤʘʩʩʳ 

- C. pyrenoidosa 

100.89 ʛ ʩʫʭʦʡ 

ʙʠʦʤʘʩʩʳ, 300 ʤʢʣ 

ʤʝʪʘʥʦʣʘ, 20 ʛ H2SO4, 

ʨʝʘʢʮʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60 ÁC 4 ʯ 

8.9 [479] 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ 

ʣʠʧʠʜʦʚ 

ʭʣʦʨʦʬʦʨʤ-

ʤʝʪʘʥʦʣʴʥʦʡ 

ʩʤʝʩʴʶ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝ

ʡ H2SO4 

- C. pyrenoidosa 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ: 

100 ʛ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ, 

300 ʤʣ ʩʤʝʩʠ 

ʭʣʦʨʦʬʦʨʤ: ʤʝʪʘʥʦʣ 

(2:1). 

ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ: 

ʢ ʣʠʧʠʜʘʤ ʜʦʙʘʚʣʷʣʠ 

3% H2SO4, 60 ʤʣ 

ʤʝʪʘʥʦʣʘ, ʨʝʘʢʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ 60ÁC 4 

ʯ 

7.8 

 
[479] 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ 

ʣʠʧʠʜʦʚ 

ʭʣʦʨʦʬʦʨʤ-

ʤʝʪʘʥʦʣʴʥʦʡ 

ʩʤʝʩʴʶ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝ

ʡ H2SO4 

- 
Micractinium sp. 

IC-44 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ: 

ʭʣʦʨʦʬʦʨʤ : ʤʝʪʘʥʦʣ 

(2:1). 

ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ: 

2% H2SO4 ʚ ʤʝʪʘʥʦʣʝ ʚ 

ʪʝʯʝʥʠʝ 18 ʯ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 65 ÁC 

27.1Ñ2.

4 

ʕʪʘ 

ʨʘʙʦʪʘ 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ 

ʣʠʧʠʜʦʚ ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ 

[BMIM][HSO 4] 
Micractinium sp. 

IC-44 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ: 

[BMIM][HSO 4] 

ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ: 

2% H2SO4 ʚ ʤʝʪʘʥʦʣʝ ʚ 

20.5Ñ3.

5 

ʕʪʘ 

ʨʘʙʦʪʘ 
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ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝ

ʡ H2SO4 

ʪʝʯʝʥʠʝ 18 ʯ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 65 ÁC 

ʇʨʷʤʘʷ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ 

ʣʠʧʠʜʦʚ ʙʠʦʤʘʩʩʳ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʀɾ 

[BMIM][HSO 4] 
Micractinium sp. 

IC-44 

ʇʨʷʤʘʷ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ: 1 ʛ 

ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ, 10 ʤʣ 

ʤʝʪʘʥʦʣʘ ʩ 2% H2SO4 ʠ 

10 ʛ ʀɾ 

42.0Ñ4.

3 

ʕʪʘ 

ʨʘʙʦʪʘ 

ɹʠʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ 

ʣʠʧʠʜʦʚ 

P. antarctica 

(Novozyme 435, 

ʘʜʩʦʨʙʮʠʷ ʥʘ 

ʘʢʨʠʣʦʚʦʡ 

ʩʤʦʣʝ) 

N. oceanica 

IMET1 

20 % ʌʇÄ, 25 Áʉ, 

ʤʝʪʘʥʦʣ : ʤʘʩʣʦ 12:1, 4 

ʯ 

99.1 [474] 

P. antarctica 

(Novozyme 435, 

ʘʜʩʦʨʙʮʠʷ ʥʘ 

ʘʢʨʠʣʦʚʦʡ 

ʩʤʦʣʝ) 

C. 

protothecoides 

 

5% ʌʇ, 45 Áʉ, ʤʝʪʘʥʦʣ 

: ʤʘʩʣʦ 3:1, 6 ʯ 
97 [433] 

Candida sp. 99-

125 (ʘʜʩʦʨʙʮʠʷ 

ʥʘ 

ʤʘʢʨʦʧʦʨʠʩʪʦʡ 

ʩʤʦʣʝ) 

C. 

protothecoides 

 

75% ʌʇ, 38 Áʉ, 

ʤʝʪʘʥʦʣ : ʤʘʩʣʦ 3:1, 12 

ʯ 

98 [481] 

Candida sp. 99-

125 (ʘʜʩʦʨʙʮʠʷ 

ʥʘ 

ʤʘʢʨʦʧʦʨʠʩʪʦʡ 

ʩʤʦʣʝ) 

C. 

protothecoides 

30% ʌʇ, 38 Áʉ, 

ʤʝʪʘʥʦʣ : ʤʘʩʣʦ 3:1, 12 

ʯ 

98 [482] 

Penicillium 

expansum 

(ʇʉʌɸ) 

ʉ. pyrenoidosa 

20% ʌʇ, 50 Áʉ, 3% 

ʚʦʜʳ, ʤʝʪʘʥʦʣ : ʤʘʩʣʦ 

3:1, 48 ʯ 

85.7 [483] 

R. oryzae 

(ʢʦʚʘʣʝʥʪʥʘʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʷ 

ʥʘ Fe3O4 ʩ 

ʦʢʩʠʜʦʤ 

ʛʨʘʬʝʥʘ) 

C. vulgaris 1.1% ʌʇ, 45 Áʉ, 24 ʯ 
71.19 

 
[146] 

B. cepacia 

(ʇʉʌɸ) 

Micractinium sp. 

IC-76 

12.3 ʌʇ, 40Áʉ, 2.3% 

ʚʦʜʳ, ʤʝʪʘʥʦʣ : 

ʣʠʧʠʜʳ 3.5:1, 24 ʯ 

92.9 
ʕʪʘ 

ʨʘʙʦʪʘ 

Äʌʇ ï ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ 

ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʠʣʠ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀɾ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʜʘʥʥʳʤʠ [473], ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʝʥʠʝ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ C. 

pyrenoidosa ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʛʥʫʪʴ ʚʳʭʦʜʘ ʄʕɾʂ, ʢʦʪʦʨʳʡ ʙʳʣ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʩʣʝ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʠʟ ʙʠʦʤʘʩʩʳ (ʊʘʙʣʠʮʘ 36). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦʡ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ [BMIM ][HSO4] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ 

ʧʫʪʝʤ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-44 ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʦʜʭʦʜʦʤ, ʢʦʪʦʨʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ ʠʣʠ ʜʚʫʭʵʪʘʧʥʳʤ ʧʦʜʭʦʜʦʤ, 

ʚʢʣʶʯʘʶʱʠʤ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ (ʤʝʪʦʜʦʤ ʌʦʣʯʘ ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɾ) ʠ ʧʦʩʣʝʜʫʶʱʫʶ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʶ, ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʜʠʠ ʚʳʜʝʣʝʥʠʷ ʣʠʧʠʜʦʚ. 
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ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʊʘʙʣʠʮʘ 36) ʪʘʢʞʝ ʧʦʢʘʟʘʣ, ʯʪʦ, ʭʦʪʷ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʠʤʠʯʝʩʢʦʡ ʠʣʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ (ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 99% [484]), ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʥʘ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ 

ʥʘ ʘʢʨʠʣʦʚʦʡ ʩʤʦʣʝ ʣʠʧʘʟʳ P. antarctica (ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

Novozyme 435) ʜʦʩʪʠʛʥʫʪ ʚʳʭʦʜ ʄʕɾʂ ʩʚʳʰʝ 97% ʧʨʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ C. 

protothecoides ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʳ (5%) [433]. 

ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʧʠʜʦʚ N. oceanica IMET1 (ʚʳʭʦʜ 

ʄʕɾʂ 99.1%), ʥʦ ʧʨʠ 20% Novozym 435 [480]. ʃʠʧʘʟʘ Candida sp. 99-125 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ (ʥʘ ʤʘʢʨʦʧʦʨʠʩʪʦʡ 

ʩʤʦʣʝ) ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ (Yʄʕɾʂ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ 

Chlorella cʦʩʪʘʚʠʣ 98%), ʥʦ ʚ ʨʝʘʢʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʨʤʝʥʪʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ (ʩʚʳʰʝ 30%) [481], [482]. ʄʝʥʴʰʠʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Chlorella, ʨʘʚʥʳʡ 90.81 ʠ 71.19%, ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʣʠʧʘʟʳ P. þuorescens, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʥʘ ʩʤʦʣʝ Immobead 150, ʠ ʜʣʷ R. oryzae, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ Fe3O4 ʩ 

ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [145], ʦʜʥʘʢʦ ʧʦʩʣʝʜʥʠʡ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ʧʨʠʤʝʥʷʣʩʷ ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʩʚʳʰʝ 45 ÁC). ʇʨʠʤʝʥʝʥʠʝ ʇʉʌɸ ʥʘ ʦʩʥʦʚʝ P. expansum [483] 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʚʳʭʦʜ ʄʕɾʂ ʠʟ ʣʠʧʠʜʦʚ ʉ. pyrenoidosa, ʨʘʚʥʳʡ 85.7%, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʚʳʭʦʜ ʄʕɾʂ, ʜʦʩʪʠʛʥʫʪʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʘʪɸ ʚ ʵʪʦʡ ʨʘʙʦʪʝ (ʊʘʙʣʠʮʘ 36). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʂʘʪɸ ʥʘ ʦʩʥʦʚʝ ʇʉʌɸ ʣʠʧʘʟʳ B. cepacia ʦʢʘʟʘʣʩʷ ʚʳʩʦʢʦ ʵʬʬʝʢʪʠʚʝʥ ʚ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʩʨʘʚʥʠʤ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤ 

ʬʝʨʤʝʥʪʥʳʤ ʧʨʝʧʘʨʘʪʦʤ Novozym 435.  

ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʩ ʧʨʷʤʦʡ ʠ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ (ʊʘʙʣʠʮʘ 36) ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʛʥʫʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʄʕɾʂ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʠ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʢʨʫʧʥʝʥʥʦʤ ʤʘʩʰʪʘʙʝ [485], ʯʪʦ 

ʜʝʣʘʝʪ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʠʩʣʦʪʥʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ.  
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5.1.3.2 ʇʦʣʫʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʧʦʣʫʯʝʥʠʶ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʠʟ ʫʛʣʝʚʦʜʦʚ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-44 ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 37. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʜʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [462], 

ʛʜʝ ʛʠʜʨʦʣʠʟʦʚʘʥʥʫʶ ʙʠʦʤʘʩʩʫ Scenedesmus acutus ʩʙʨʘʞʠʚʘʣʠ ʰʪʘʤʤʦʤ A. succinogenes 130Z 

ʜʦ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʚʳʭʦʜʦʤ 0.7 ʛ ʛ-1 ʩʘʭʘʨʦʚ. ɺ ʨʘʙʦʪʝ [455] ʢʨʘʭʤʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ C. reinhardtii, ʩʙʨʘʞʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʰʪʘʤʤʘ C. glutamicum, 

ʚʳʭʦʜ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʠʣ 0.28 ʛ ʛ-1 ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʘʭʘʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʜʫʮʝʥʪ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ A. succinogenes 130Z ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘʪʘ ʦʩʪʘʪʦʯʥʦʡ ʙʠʦʤʘʩʩʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʀɾ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʄʕɾʂ 

ʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ), ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʧʦʣʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʡ ʙʠʦʤʘʩʩʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʳʭʦʜ 

ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʙʳʣ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ A. 

succinogenes ʠ ʞʠʜʢʦʛʦ ʢʫʢʫʨʫʟʥʦʛʦ ʵʢʩʪʨʘʢʪʘ (83%) [486]. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

(ʊʘʙʣʠʮʘ 37) ʧʦʢʘʟʘʣ, ʯʪʦ ʙʠʦʤʘʩʩʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʣʠʰʴ ʚ ʨʘʙʦʪʝ [487]. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʠʦʤʘʩʩʫ S. obliquus ʧʦʩʣʝ 

ʝʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ H2SO4; ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ (ʤʫʨʘʚʴʠʥʦʡ 

ʠ ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪ). ɺ ʩʪʘʪʴʝ [383] ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘʨʘʙʦʪʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʙʠʦʤʘʩʩʘ P. kessleri IC-11 ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʚ (ɻʣʘʚʘ 4), ʚʳʭʦʜ ʤʫʨʘʚʴʠʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʝʚʳʩʠʣ ʜʘʥʥʳʝ ʨʘʙʦʪʳ [487] ʠ ʩʦʩʪʘʚʠʣ 49%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʤʘʩʩʘ P. kessleri IC-

11 ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ.  

ʊʘʙʣʠʮʘ 37 ï ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʧʦʣʫʯʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠʟ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

ʉʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʜʫʢʪʘ 

ʐʪʘʤʤ-

ʧʨʦʜʫʮʝʥʪ/ʢ

ʘʪʘʣʠʟʘʪʦʨ 

ʉʳʨʴʝ 
ʋʩʣʦʚʠʷ 

ʩʙʨʘʞʠʚʘʥʠʷ 
ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʉʩʳʣʢ

ʘ 

ʉʙʨʘʞʠʚʘʥʠʝ 

A. 

succinogenes 

130Z 

S. acutus 

ɻʠʜʨʦʣʠʟʘʪ 

ʧʦʣʫʯʝʥ ʧʫʪʝʤ 

ʛʠʜʨʦʣʠʟʘ ʚ 2% 

H2SO4. 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 

(0.7 ʛ ʛ-1 ʩʘʭʘʨʦʚ) 
[462] 

ʉʙʨʘʞʠʚʘʥʠʝ 

ʈʝʢʦʤʙʠ-

ʥʘʥʪʥʳʡ 

ʰʪʘʤʤ C. 

glutamicum 

C. 

reinhardtii 

ɼʣʷ ʛʠʜʨʦʣʠʟʘ 

ʢʨʘʭʤʘʣʘ ʠʟ 

ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 

(0.28 ʛ ʛ-1 ʩʘʭʘʨʦʚ) 
[455] 
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ʠʩʧʦʣʴʟʦʚʘʣʠ Ŭ-

ʘʤʠʣʘʟʫ, 

ʧʨʦʜʫʮʠʨʫʝʤʫʶ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ 

ʰʪʘʤʤʦʤ C. 

Glutamicum 

ʉʙʨʘʞʠʚʘʥʠʝ 

A. 

succinogenes 

130Z 

Micracti-

nium sp. 

IC-44 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ 

ʛʠʜʨʦʣʠʟʘʪ 

ʦʩʪʘʪʦʯʥʦʡ 

ʙʠʦʤʘʩʩʳ, 

ʧʦʣʫʯʝʥʥʦʡ 

ʧʦʩʣʝ ʧʨʷʤʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠ

ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

[BMIM][HSO 4] 

(ʩʨʝʜʘ YNB-H); ʚ 

ʘʪʤʦʩʬʝʨʝ 2% 

CO2, ʪʝʤʧʝʨʘʪʫʨʘ 

37 ÁC, 34 ʯ 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 

(0.67 Ñ 0.5 ʛ ʛ-

1ʩʘʭʘʨʦʚ) 

ʕʪʘ 

ʨʘʙʦʪʘ 

ʊʝʨʤʦʭʠʤʠ-

ʯʝʩʢʘʷ 

ʢʘʪʘʣʠʪʠʯʝʩ-

ʢʘʷ ʨʝʘʢʮʠʷ 

H2SO4 S. obliquus 

5% ʙʠʦʤʘʩʩʳ, 

0.8 M H2SO4, 

180 ÁC, 40 ʤʠʥ 

 

ʄʫʨʘʚʴʠʥʘʷ 

ʢʠʩʣʦʪʘ 25.82%, 

ʣʝʚʫʣʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 39.93% 

[487] 

ɻʠʜʨʦʪʝʨ-

ʤʘʣʴʥʘʷ 

ʢʘʪʘʣʠʪʠʯʝʩ-

ʢʘʷ ʨʝʘʢʮʠʷ 

ɻʝʪʝʨʦʧʦʣʠʢ

ʠʩʣʦʪʘ 

H5PMo10V2O

40 

P. kessleri 

IC-11 

10 ʛ ʣ-1 ʙʠʦʤʘʩʩʳ, 

10 ʤʤʦʣʴ ʣ-1 

ʢʘʪʘʣʠʟʘʪʦʨʘ, 1ī5 

MPa, 110 - 140 ÁC 

ʄʫʨʘʚʴʠʥʘʷ 

ʢʠʩʣʦʪʘ 49% 
[383] 

 

5.2 ɹʠʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʦʚʳʭ 

ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ 

5.2.1 ʇʨʠʤʝʥʝʥʠʝ ɹʂʃ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

 ɼʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ɹʂʃ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʤʘʩʣʘ (ʧʦʜʩʦʣʥʝʯʥʦʛʦ) ʩ ʤʝʪʘʥʦʣʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʡ 

ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 45ɸ). ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ɹʂʃ ʚ ʩʤʝʩʠ (0.25 ï 20% ʚʝʩ./ʚʝʩ.) ʥʘ Yʄʕɾʂ 

ʚʳʷʚʠʣ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (R2 = 0.99) ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ɹʂʃ ʠ Yʤʵʞʢ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʬʝʨʤʝʥʪʝ ʚ ʚʳʙʨʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ, ʨʘʚʥʳʡ 36.9%, ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 20% ɹʂʃ, ʦʜʥʘʢʦ ʜʦʩʪʘʪʦʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ   ʚ ʨʝʘʢʮʠʠ   ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ 5% ɹʂʃ, ʠ ʵʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ   ʙʳʣʘ ʚʳʙʨʘʥʘ   ʜʣʷ   ʜʘʣʴʥʝʡʰʠʭ   ɻ ʢʩʧʝʨʠʤʝʥʪʦʚ   
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ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ.   ɹʘʟʦʚʳʡ   ʵʢʩʧʝʨʠʤʝʥʪ   ʧʦ  ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ    ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʚʳʭʦʜ ʄʕɾʂ ʚ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ   ʚ   ʩʣʝʜʫʶʱʠʭ   ʫʩʣʦʚʠʷʭ  :  2  ʛ  ʧʦʜʩʦʣʥʝʯʥʦʛʦ  ʤʘʩʣʘ,   

ɸ.  

 

ɹ.  

 
ɺ. 

 

ɻ. 

 
ɼ.  

 

ɽ. 

 

ʈʠʩʫʥʦʢ 45 ï ʆʧʪʠʤʠʟʘʮʠʠ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩ ʤʝʪʘʥʦʣʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ɹʂʃ ʠ ʝʛʦ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ: (ɸ) ʂʦʣʠʯʝʩʪʚʦ ɹʂʃ, (ɹ) ʊʝʤʧʝʨʘʪʫʨʘ, (ɺ) 

ʂʦʣʠʯʝʩʪʚʦ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ, (ɻ) ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ : ʤʘʩʣʦ, (ɼ) ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, 

(ɽ) ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʤʦʣʴʥʦʝ   ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ : ʤʘʩʣʦ 3:1, 4 ʤʣ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ, 4% ʚʦʜʳ, 5% ɹʂʃ, ʪʝʤʧʝʨʘʪʫʨʘ 

40 Áʉ, ʚʨʝʤʷ ʨʝʘʢʮʠʠʠ 24 ʯ. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ 60 Áʉ) ʥʘ Yʄʕɾʂ (ʈʠʩʫʥʦʢ 45ɹ) 

R² = 0,9994
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ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ Yʄʕɾʂ (11.4%) ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ 30 Áʉ, ʦʜʥʘʢʦ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ 40 Áʉ (Yʄʕɾʂ 10.7%), ʧʦʩʢʦʣʴʢʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʠʟʙʳʪʦʯʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʦʭʣʘʞʝʥʠʝ 

ʨʝʘʢʪʦʨʘ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 30 Áʉ) [488]. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʨʪ-ʙʫʪʘʥʦʣ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ 

ʠ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʣʠʮʝʨʠʥʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ. ɺʳʷʚʣʝʥʦ (ʈʠʩʫʥʦʢ 45ɺ), 

ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ Yʄʕɾʂ (13.7%) ʜʦʩʪʠʛʘʣʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 4 ʤʣ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ. ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʥʦʣ : ʤʘʩʣʦ ʚ ʨʝʘʢʮʠʠ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ Yʄʕɾʂ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 11.3 ï 11.7% ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʜʚʘ ʨʘʟʘ (ʈʠʩʫʥʦʢ 45ɻ). ʉʥʠʞʝʥʠʝ Yʄʕɾʂ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʦʣʘ ʩʚʷʟʘʥʦ ʩ ʜʝʥʘʪʫʨʘʮʠʝʡ ʬʝʨʤʝʥʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ ʚ 

ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʩʘʤ ʚʳʭʦʜ ʨʝʘʢʮʠʠ, ʪʘʢ ʠ ʥʘ 

ʩʚʦʡʩʪʚʘ ʬʝʨʤʝʥʪʘ. ʀʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʛʠʜʨʦʣʠʟʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʅʘ ʈʠʩʫʥʢʝ 45ɼ ʚʠʜʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʦʜʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ 4%, ʧʨʠ ʵʪʦʤ Yʄʕɾʂ ʩʦʩʪʘʚʣʷʝʪ 16.4%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʪʝʢʘʥʠʝ 

ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʝʪʘʥʦʣʘ ʩ ʧʦʜʩʦʣʥʝʯʥʳʤ ʤʘʩʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɹʂʃ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ, ʨʘʚʥʳʡ 44%, ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʢʦʣʠʯʝʩʪʚʦ ɹʂʃ 

20%, ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ 40 Áʉ, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ : ʤʘʩʣʦ 3:1, ʩʦʜʝʨʞʘʥʠʝ ʪʨʝʪ-

ʙʫʪʘʥʦʣʘ 4 ʤʣ, ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ 4%. ɸʥʘʣʠʟ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ɹʂʃ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʧʦʢʘʟʘʣ, ʯʪʦ t1/2 ʩʦʩʪʘʚʣʷʝʪ 477 ʯ, ʧʦʩʣʝ ʜʚʘʜʮʘʪʠ ʮʠʢʣʦʚ (1 ʮʠʢʣ ï 24 ʯ) ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩ ʤʝʪʘʥʦʣʦʤ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 52.3% ʦʪ 

ʠʩʭʦʜʥʦʡ, ʘ ʚʳʭʦʜ ʄʕɾʂ ï 22.9% (ʈʠʩʫʥʦʢ 45ɽ) [418]. 

5.2.2 ʇʨʠʤʝʥʝʥʠʝ ɹʂʃ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʞʠʨʦʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ɹʂʃ ʚ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʞʠʨʦʚ ʧʫʪʝʤ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʠ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ 

ʩʦʝʚʦʛʦ ʤʘʩʣʘ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 46).  

ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

10% ɹʂʃ ʚ ʩʤʝʩʠ (ID 57%), ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʵʪʦʡ 

ʨʝʘʢʮʠʠ. ɹʘʟʦʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ID ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ 600 ʤʢʣ, ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ 
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: ʛʠʜʨʠʨʦʚʘʥʥʦʝ ʩʦʝʚʦʝ ʤʘʩʣʦ 3:1 (ʚʝʩ./ʚʝʩ.), ɹʂʃ 10%, ʪʝʤʧʝʨʘʪʫʨʘ 70 - 80 Áʉ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ï 

2 ʯ. ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ, ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ, 

ʩʦʩʪʘʚʣʷʝʪ 50 ï 80 ÁC [489]. ʆʧʪʠʤʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʚʳʷʚʠʣʘ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ID (57%) ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ 70 Áʉ (ʈʠʩʫʥʦʢ 46ɸ), ʩʚʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʬʝʨʤʝʥʪ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʢʪʠʚʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʥʘʪʫʨʘʮʠʠ [490]. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥʝʝ 70 Áʉ ʚ ʨʝʘʢʮʠʠ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʧʦʩʢʦʣʴʢʫ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ.  

ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (48%) ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʛʠʜʨʠʨʦʚʘʥʥʦʝ ʩʦʝʚʦʝ ʤʘʩʣʦ  :  ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ   1:3  (ʈʠʩʫʥʦʢ  46ɹ),  ʢʦʪʦʨʘʷ  ʙʳʣʘ  ʚʳʙʨʘʥʘ   

 

 

ɸ.  

 

ɹ.  

 
ɺ.  

 
ʈʠʩʫʥʦʢ 46 ï ʆʧʪʠʤʠʟʘʮʠʠ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩ ʛʠʜʨʠʨʦʚʘʥʥʳʤ 

ʩʦʝʚʳʤ ʤʘʩʣʦʚʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɹʂʃ ʠ ʝʛʦ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ: (ɸ) ʊʝʤʧʝʨʘʪʫʨʘ, (ɹ) 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ : ʤʘʩʣʦ, (ɺ) ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

 

ʜʣʷ  ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 2:3 ʟʥʘʯʝʥʠʝ ID ʥʝ ʠʟʤʝʥʠʣʦʩʴ. ɸʥʘʣʦʛʠʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʝ [489] ʜʣʷ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʳ Lipozyme TL ʚ ʨʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʠʠ ʩʤʝʩʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʠ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ ʢʫʥʞʫʪʥʦʛʦ ʤʘʩʣʘ (70:30, ʚʝʩ.%) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 70 Áʉ. ɸʥʘʣʠʟ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ɹʂʃ (ʈʠʩʫʥʦʢ 46ɺ) ʚ ʦʧʪʠʤʘʣʴʥʳʭ 
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ʫʩʣʦʚʠʷʭ (10% ɹʂʃ, ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʠʜʨʠʨʦʚʘʥʥʦʝ ʩʦʝʚʦʝ ʤʘʩʣʦ : ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ 

1:3, 70 Áʉ, 1 ʮʠʢʣ 24 ʯ)  ʚʳʷʚʠʣ, ʯʪʦ ʯʝʨʝʟ 120 ʯ ʵʢʩʧʣʫʘʪʘʮʠʠ (5 ʮʠʢʣʦʚ) ɹʂʃ ʩʦʭʨʘʥʠʣ 56.4% ʦʪ 

ʩʚʦʝʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ID 28.8%), ʨʘʩʯʝʪʥʦʝ t1/2 cʦʩʪʘʚʠʣʦ 121 ʯ [491]. 

ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (2 ʯ ʨʝʘʢʮʠʠ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ) 

ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʦʚ ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (ʈʠʩʫʥʦʢ 47). 

ɺ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʦʙʥʘʨʫʞʝʥʳ ʪʨʠʛʣʠʮʝʨʠʜʳ: SOS (2.9%), OLO (5.1%), SLL (8.7%), SOL 

(6.5%), SOO (10.6%). ʅʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ 

(LLL , LLP ʠ LOL), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʢ 

ʦʢʠʩʣʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ [492]. 

 

ʈʠʩʫʥʦʢ 47 ï ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ ʧʨʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩʤʝʩʠ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ 

ʩʦʝʚʦʛʦ ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɹʂʃ ʤʝʪʦʜʦʤ ɺʕɾʍ-ʄʉ 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʚʳʷʚʠʣ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʥʝʥʠʷ 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʩ 60 ʜʦ 56 Áʉ ʯʝʨʝʟ 2 ʯ ʨʝʘʢʮʠʠ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʤʦʣʷʨʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʛʠʜʨʠʨʦʚʘʥʥʦʝ ʩʦʝʚʦʝ ʤʘʩʣʦ : ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ 1:3, 70 Áʉ ʠ 10% ɹʂʃ) (ʈʠʩʫʥʦʢ 

48), ʯʪʦ ʙʣʠʟʢʦ ʢ ʨʝʟʫʣʴʪʘʪʘʤ [493], ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʥʠʟʠʣʘʩʴ ʥʘ 4 Áʉ ʧʨʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʘʣʴʤʦʚʦʛʦ ʩʪʝʘʨʠʥʘ ʠ ʦʣʝʠʥʘ (2:3, ʚʝʩ.%) ʧʨʠ 50 Áʉ ʯʝʨʝʟ 24 ʯ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʧʘʟʳ R. oryzae, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ ʯʘʩʪʠʮʘʭ CaCO3. ʉʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʘʩʝʣ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʝʨʝʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʞʠʨʳ ʩ ʪʨʝʙʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ɹʂʃ.  
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ʈʠʩʫʥʦʢ 48 ï ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩʤʝʩʠ 

ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ ʩʦʝʚʦʛʦ ʤʘʩʣʘ ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʚ ʨʘʟʥʳʭ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ  

5.2.3 ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ɹʂʃ ʚ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ 

 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚʳʷʚʠʣ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ɹʂʃ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ (Yʄʕɾʂ 44%) ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʧʘʟ (ʊʘʙʣʠʮʘ 38). ʀʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʣʠʧʘʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ 

ʢʦʚʘʣʝʥʪʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʦʩʠʪʝʣʷʭ, ʚ ʮʝʣʦʤ ʦʪʣʠʯʘʣʠʩʴ ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ 

(Yʄʕɾʂ > 90%) [494], [495], [496], [497], ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, 

ʥʘʧʨʠʤʝʨ, ʣʠʧʘʟʘ R. oryzae, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ ʩʤʦʣʝ Lewatit (Yʄʕɾʂ 51.7%) [498]. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣʘ ʢʦʤʤʝʨʯʝʩʢʘʷ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʣʠʧʘʟʘ T. lanuginosus (Lipozyme TL), 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ Yʄʕɾʂ ʙʳʣ ʙʣʠʟʦʢ 

ʢ 100% [499], [500].  

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʳ ɹʂʃ ʩ ʜʨʫʛʠʤʠ ʬʝʨʤʝʥʪʥʳʤʠ 

ʧʨʝʧʘʨʘʪʘʤʠ (ʊʘʙʣʠʮʘ 38) ʪʘʢʞʝ ʚʳʷʚʠʣʦ, ʯʪʦ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʩʤʝʩʝʡ ʤʘʩʝʣ ʙʳʣʘ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʢʦʤʤʝʨʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ Lipozyme TL ʠ Novozym 435 

[504],    ʘ   ʪʘʢʞʝ   ʫ   ʣʠʧʘʟʳ   Pseudomonas sp.,  ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ  ʥʘ  ʜʠʘʪʦʤʠʪʝ Celite [503].  
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ʊʘʙʣʠʮʘ 38 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʧʘʟ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʜʫʢʪʘ 

ʀʤʤʦʙʠʣʠʟʠʨʦ-

ʚʘʥʥʘʷ ʣʠʧʘʟʘ 
ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʉʩʳʣ-

ʢʘ 

ʇʝʨʝʵʪʝʨʠʬʠʢʘ-

ʮʠʷ ʩ ʤʝʪʘʥʦʣʦʤ 

P. cepacia 

(ʚʢʣʶʯʝʥʠʝ ʚ 

ʛʠʜʨʦʬʦʙʥʳʡ 

ʟʦʣʴ-ʛʝʣʴ) 

10 ʛ ʩʦʝʚʦʛʦ ʤʘʩʣʘ, 475 

ʤʛ ʌʇ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʘʩʣʦ : ʤʝʪʘʥʦʣ 1:7.5, 

0.5 ʛ ʚʦʜʳ, ʧʨʠ 35 Áʉ, 

ʚʨʝʤʷ ʨʝʘʢʮʠʠ 1 ʯ 

67% ʄʕɾʂ [501] 

Staphylococcus 

haemolyticus L62 

(ʛʠʜʨʦʬʦʙʥʘʷ 

ʘʜʩʦʨʙʮʠʷ ʩ 

ʢʦʚʘʣʝʥʪʥʦʡ 

ʩʰʠʚʢʦʡ 

ʛʣʫʪʘʨʦʚʳʤ 

ʘʣʴʜʝʛʠʜʦʤ) 

3 ʤʣ ʦʣʠʚʢʦʚʦʛʦ ʤʘʩʣʘ 

ʩ ʤʝʪʘʥʦʣʦʤ, ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:6, 1 ʛ 

ʌʇ, ʧʨʠ 35 Áʉ, ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ 6 ʯ 

90% ʄʕɾʂ [495] 

ʃʠʧʘʟʘ ABL  

Acinetobacter 

baylyi (ʥʦʩʠʪʝʣʴ 

Sepabeads EC-OD) 

ʇʘʣʴʤʦʚʦʝ ʤʘʩʣʦ ʩ 

ʤʝʪʘʥʦʣʦʤ, ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:4, 20% 

ʌʇ, ʧʨʠ 40 Áʉ, ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ 24 ʯ 

93% ʄʕɾʂ [496] 

B. cepacia 

(ʢʦʚʘʣʝʥʪʥʘʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʥʘ 

ʘʤʠʥʠʨʦʚʘʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮʘʭ) 

ʉʦʝʚʦʝ ʤʘʩʣʦ ʩ 

ʤʝʪʘʥʦʣʦʤ, ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:4, ʚʦʜʘ 

2.5%, ʪʝʨʪ-ʙʫʪʘʥʦʣ 

0.31%, ʌʇ 9%, ʧʨʠ 45 

Áʉ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 12 ʯ 

96.8% ʄʕɾʂ [497] 

C. rugosa 

(ʢʦʚʘʣʝʥʪʥʘʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʥʘ 

ʯʘʩʪʠʮʘʭ Fe3O4 ʩ 

ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ) 

ʉʦʝʚʦʝ ʤʘʩʣʦ ʩ 

ʤʝʪʘʥʦʣʦʤ, ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:4, ʌʇ 

25%, ʧʨʠ 40 Áʉ, ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ 60 ʯ 

92.8% ʄʕɾʂ 

 
[494] 

R. oryzae 

(ʘʜʩʦʨʙʮʠʷ ʥʘ 

ʩʤʦʣʝ Lewatit) 

ʄʘʩʣʦ ʷʪʨʦʬʳ ʩ 

ʤʝʪʘʥʦʣʦʤ, ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:3, ʌʇ 

5%, ʚʦʜʘ 4%, ʧʨʠ 30 

Áʉ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 48 ʯ 

51.7 % ʄʕɾʂ 

 
[498] 

Lipozyme TL 

(ʣʠʧʘʟʘ T. 

lanuginosus, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ 

ʥʘ ʩʠʣʠʢʘʛʝʣʝ) 

ʈʘʧʩʦʚʦʝ ʤʘʩʣʦ ʩ 

ʤʝʪʘʥʦʣʦʤ, ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:5, ʌʇ 

5%, ʧʨʠ 30 Áʉ, ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ 7 ʯ 

99.89% ʄʕɾʂ 

 
[500] 

Lipozyme TL 

(ʣʠʧʘʟʘ T. 

lanuginosus, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ 

ʥʘ ʩʠʣʠʢʘʛʝʣʝ) 

ʉʦʝʚʦʝ ʤʘʩʣʦ ʩ 

ʤʝʪʘʥʦʣʦʤ, ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʌʇ 

10%, ʧʨʠ 40 Áʉ, ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ 12 ʯ 

98% ʄʕɾʂ [500] 

ɹʂʃ (ʣʠʧʘʟʘ G3 G. 

stearothermophilus) 

ʇʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ ʩ 

ʤʝʪʘʥʦʣʦʤ, ʚ 
44% ʄʕɾʂ 

ʕʪʘ 

ʨʘʙʦʪʘ 
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ʩʦʦʪʥʦʰʝʥʠʠ 1:3, ʌʇ 

20%, 

4 ʤʣ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ, 

ʚʦʜʘ 4% ʧʨʠ 40 Áʉ, 

ʚʨʝʤʷ ʨʝʘʢʮʠʠ 24 ʯ 

ʇʝʨʝʵʪʝʨʠʬʠʢʘ-

ʮʠʷ ʩʤʝʩʠ ʤʘʩʝʣ 

Lipozyme TL 

(ʣʠʧʘʟʘ T. 

lanuginosus, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ 

ʥʘ ʩʠʣʠʢʘʛʝʣʝ) 

ʇʘʣʴʤʦʚʳʡ ʩʪʝʘʨʠʥ ʠ 

ʢʦʢʦʩʦʚʦʝ ʤʘʩʣʘʦ 

(75:25), ʌʇ 6%, ʧʨʠ 60 

Áʉ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 6 ʯ 

ʋʚʝʣʠʯʝʥʠʝ 

ECN38, 40, 42, 

44, 46 ʥʘ 1.1, 1.6, 

6.8, 16.7, 6.5%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[502] 

Pseudomonas sp. 

(ʠʤʤʦʙʠʣʠʟʠʨʦ-

ʚʘʥʥʘʷ ʥʘ 

ʜʠʘʪʦʤʠʪʝ Celite) 

ʇʘʣʴʤʦʚʳʡ ʩʪʝʘʨʠʥ ʠ 

ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ 

(40:60), 60 Áʉ, 8 ʯ 

ʇʦʥʠʞʝʥʠʝ SMP 

ʩ 48.5 ʜʦ 35.0 Áʉ 

 

ʉʪʝʧʝʥʴ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮ

ʠʠ ï 77.3% 

[503] 

Lipozyme TL 

(ʣʠʧʘʟʘ T. 

lanuginosus, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ 

ʥʘ ʩʠʣʠʢʘʛʝʣʝ) 

ʄʘʩʣʦ ʠʟ ʨʠʩʦʚʳʭ 

ʦʪʨʫʙʝʡ ʠ 

ʛʠʜʨʠʨʦʚʘʥʥʦʝ 

ʭʣʦʧʢʦʚʦʝ ʤʘʩʣʦ 

(80:20), ʌʇ 5 %, 60 ÁC, 

ʚʨʝʤʷ ʨʝʘʢʮʠʠ 4 ʯ 

ʉʪʝʧʝʥʴ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮ

ʠʠ 100% 

[504] 

Novozym 435 

(ʣʠʧʘʟʘ P. 

antarctica) 

ʄʘʩʣʦ ʠʟ ʨʠʩʦʚʳʭ 

ʦʪʨʫʙʝʡ ʠ 

ʛʠʜʨʠʨʦʚʘʥʥʦʝ 

ʭʣʦʧʢʦʚʦʝ ʤʘʩʣʦ 

(80:20), ʌʇ 5%, 60 ÁC, 

ʚʨʝʤʷ ʨʝʘʢʮʠʠ 5 ʯ 

ʉʪʝʧʝʥʴ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮ

ʠʠ 100% 

[504] 

ɹʂʃ (ʣʠʧʘʟʘ G3 G. 

stearothermophilus, 

ʢʦʚʘʣʝʥʪʥʦ 

ʠʤʤʦʙʠʣʠʟʠʨʦ-

ʚʘʥʥʘʷ ʥʘ 

ʤʝʟʦʧʦʨʠʩʪʦʤ 

ʩʠʣʠʢʘʛʝʣʝ) 

ɻʠʜʨʠʨʦʚʘʥʥʦʝ ʩʦʝʚʦʝ 

ʤʘʩʣʦ : ʧʦʜʩʦʣʥʝʯʥʦʝ 

ʤʘʩʣʦ 1:3, ʌʇ 10%, 70 

Áʉ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 2 ʯ 

ʉʪʝʧʝʥʴ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮ

ʠʠ 51% 

ʕʪʘ 

ʨʘʙʦʪʘ 

   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʧʘʟʘ G3 G. stearothermophilus, ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ 

ʤʝʟʦʧʦʨʠʩʪʦʤ ʩʠʣʠʢʘʛʝʣʝ, ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʢʮʠʷʭ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʩʝʣ, ʦʜʥʘʢʦ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʅʠʟʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʪʘʢ ʠ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʘʤʦʛʦ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ [416]. ʇʦʩʢʦʣʴʢʫ ʣʠʧʘʟʳ ʙʘʢʪʝʨʠʡ ʨ. Geobacillus ʤʘʣʦʠʟʫʯʝʥʳ ʚ ʩʦʩʪʘʚʝ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪ ʥʦʩʠʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ.  
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5.3 ʉʙʨʘʞʠʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʪʘʥʦʣʘ 

ʃʠʛʥʦʮʝʣʣʶʣʦʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʳʡ 

ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʨʷʜ ʩʣʦʞʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ: ʮʝʣʣʶʣʦʟʫ (40 ï 60%), 

ʛʝʤʠʮʝʣʣʶʣʦʟʫ (30%) ʠ ʣʠʛʥʠʥ (10 ï 30%) [505]. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʦʪʜʝʣʝʥʠʷ ʮʝʣʣʶʣʦʟʳ 

ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʤʘʩʩʳ ʦʪ ʣʠʛʥʠʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘ ʝʝ ʦʩʥʦʚʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ [506]. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʝʪʦʜʳ ʛʠʜʨʦʣʠʟʘ 

ʮʝʣʣʶʣʦʟʳ (c ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ [507], ʱʝʣʦʯʝʡ ʠ ʬʝʨʤʝʥʪʦʚ ʮʝʣʣʶʣʘʟ [508], 

[509]) ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʛʣʶʢʦʟʳ (> 90%) [510], ʦʜʥʘʢʦ ʦʩʥʦʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʦʪʜʝʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʉ ʮʝʣʴʶ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʠʩʣʦʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʫʛʣʝʨʦʜʥʦʡ ʦʩʥʦʚʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʛʣʶʢʦʟʫ [510], ʥʦ ʪʘʢʞʝ ʧʨʦʜʫʢʪ ʝʝ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ï 5-ɻʄʌ [511]. ʕʪʠ ʚʝʱʝʩʪʚʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʜʫʢʪʦʚ ʢʘʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ, ʪʘʢ 

ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ (ʜʠʟʝʣʴʥʦʝ ʠ ʨʝʘʢʪʠʚʥʦʝ ʪʦʧʣʠʚʦ, ʧʣʘʩʪʤʘʩʩʳ) [512], [513]. 

5-ɻʄʌ ʦʪʜʝʣʷʶʪ ʦʪ ʩʘʭʘʨʦʚ ʚ ʛʠʜʨʦʣʠʟʥʦʡ ʩʤʝʩʠ ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ [514], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʫʙʩʪʨʘʪ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʩʙʨʘʞʠʚʘʥʠʷ [515]. ɻʣʶʢʦʟʘ, ʢʘʢ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʦʩʥʦʚʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ, ʚʢʣʶʯʘʷ 

ʵʪʘʥʦʣ [516], ʙʫʪʘʥʦʣ, [517], ʣʠʧʠʜʳ [518], ʘ ʪʘʢʞʝ ʷʥʪʘʨʥʫʶ [519] ʠ ʤʦʣʦʯʥʫʶ ʢʠʩʣʦʪʳ [520]. 

ʉʙʨʘʞʠʚʘʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʦʞʞʝʡ S. cerevisiae [521] ʠʣʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʘʢʪʝʨʠʡ Zymomonas mobilis [522] ʠ E. coli [523]. ɼʣʷ ʩʥʠʞʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʥʝʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ 

ʜʨʦʞʞʝʡ, ʪʘʢʠʭ ʢʘʢ K. marxianus [251] ʠ O. polymorpha [252]. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʧʦʩʦʙʘ 

ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʩ ʧʦʤʦʱʴʶ K. marxianus [253] ʠ O. polymorpha [252] ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʙʨʘʞʠʚʘʪʴ ʩʘʭʘʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 45 ÁC, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʟʦʬʠʣʴʥʳʭ ʜʨʦʞʞʝʡ S. cerevisiae, 

ʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʪʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 37 Áʉ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʙʨʦʞʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʢʫʣʴʪʫʨʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ [524] ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʦʩʪ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʳ. 

ʊʝʨʤʦʪʦʣʝʨʘʥʪʥʳʝ ʜʨʦʞʞʠ ʤʦʛʫʪ ʨʘʩʪʠ ʥʘ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʛʣʶʢʦʟʫ, ʢʩʠʣʦʟʫ ʠ ʮʝʣʣʦʙʠʦʟʫ 
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[252], ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪ ʚ ʛʠʜʨʦʣʠʟʘʪʘʭ ʙʠʦʤʘʩʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʪʘʥʦʣʘ. 

5.3.1 ʇʦʜʛʦʪʦʚʢʘ ʛʠʜʨʦʣʠʟʘʪʦʚ ʮʝʣʣʶʣʦʟʳ ʢ ʩʙʨʘʞʠʚʘʥʠʶ 

ʄʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʮʝʣʣʶʣʦʟʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, 

ʯʪʦ ʩʥʠʞʘʣʦ ʩʪʝʧʝʥʴ ʝʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʢʠʩʣʝʥʥʳʡ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʉʠʙʫʥʠʪ-4-ʦʢʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʛʣʶʢʦʟʫ ʠ 5-ɻʄʌ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 45 ʠ 23 ʤʦʣ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 180 Áʉ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʛʣʶʢʦʟʳ 23.1 Ñ 1.5 ʤʦʣ.%, ʚʳʭʦʜ 5-ɻʄʌ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣ 8.0 Ñ 1.4 ʤʦʣ.% 

[303].  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 5-ɻʄʌ ʧʣʦʭʦ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʠʟ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ, ʦʜʥʘʢʦ 

ʥʝʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʚʢʣʶʯʘʷ ʤʝʪʠʣʠʟʦʙʫʪʠʣʢʝʪʦʥ, ʵʪʠʣʘʮʝʪʘʪ, ʊɻʌ, ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ, 

ʘʮʝʪʦʥ, ʥ-ʙʫʪʘʥʦʣ ʠ 2-ʙʫʪʘʥʦʣ, ʘ ʪʘʢʞʝ ʀɾ [525] ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʩ ʵʪʦʡ ʮʝʣʴʶ. 

ʕʢʩʪʨʘʢʮʠʷ 5-ɻʄʌ ʠʟ ʨʘʩʪʚʦʨʦʚ ʯʘʩʪʦ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

NaCl [525], ʦʜʥʘʢʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʥʝʞʝʣʘʪʝʣʴʥʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʙʨʘʞʠʚʘʥʠʷ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʠʟ-ʟʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʜʨʦʞʞʝʡ ʢ ʦʩʤʦʪʠʯʝʩʢʦʤʫ ʩʪʨʝʩʩʫ 

[526]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ 5-ɻʄʌ ʠʟ ʚʦʜʥʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʩ ʨʘʟʥʦʡ 

ʧʦʣʷʨʥʦʩʪʴʶ. ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʣʠʟʘʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 39.  

ʊʘʙʣʠʮʘ 39 ï ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʛʠʜʨʦʣʠʟʘʪʦʚ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ ʤʝʪʦʜʦʤ ɺʕɾʍ 

 

ʉʦʝʜʠʥʝʥʠʝ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, ʛ ʣ-1 

ʀʟʦʙʫʪʘʥʦʣ ʥ-ʙʫʪʘʥʦʣ 
ɼʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ 
ʄʝʪʠʣʠʟʦʙʫʪʠʣʢʝʪʦʥ 

ʎʝʣʣʦʙʠʦʟʘ 0.4 Ñ 0.1 0.4 Ñ 0 0.3 Ñ 0 0.7 Ñ 0 

ɻʣʶʢʦʟʘ  2.0 Ñ 0.3 2.0 Ñ 0 2.0 Ñ 0.2 0.3 Ñ 0 

ʄʘʥʥʦʟʘ ʠ ʬʨʫʢʪʦʟʘ 0.7 Ñ 0.1 0.7 Ñ 0 0.7 Ñ 0 2.0 Ñ 0.1 

5-ɻʄʌ 0.0 Ñ 0 0.0 Ñ 0 0.2 Ñ 0 0.1 Ñ 0 

ʄʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ 0.1 Ñ 0 0.1 Ñ 0 0.1 Ñ 0 0.2 Ñ 0 

ɻʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ 0.2 Ñ 0 0.2 Ñ 0 0.4 Ñ 0 0.4 Ñ 0 

ʄʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ 0.1 Ñ 0 0.1 Ñ 0 0.3 Ñ 0 0.3 Ñ 0 

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 0.1 Ñ 0 0.1 Ñ 0 0.1 Ñ 0 0.1 Ñ 0 

ʈʘʩʪʚʦʨʠʪʝʣʴ 0.1 Ñ 0 0.1 Ñ 0 0.0 Ñ 0 0.0 Ñ 0 
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ʇʦ ʜʘʥʥʳʤ ʊʘʙʣʠʮʳ 39, ʥ-ʙʫʪʘʥʦʣ ʠ ʠʟʦʙʫʪʘʥʦʣ ʦʙʣʘʜʘʣʠ ʥʘʠʣʫʯʰʝʡ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 5-ɻʄʌ, ʘ ʬʫʨʬʫʨʦʣ ʚ ʦʙʨʘʟʮʘʭ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ. ʆʪʤʝʯʝʥʦ 

ʤʘʣʦʝ   ʦʩʪʘʪʦʯʥʦʝ   ʢʦʣʠʯʝʩʪʚʦ   ʨʘʩʪʚʦʨʠʪʝʣʷ  ʚ  ʩʤʝʩʠ  (ʠʟʦʙʫʪʘʥʦʣ  0.1 Ñ  0  ʛ  ʣ-1),  ʩʥʠʟʠʪ ʝʛʦ 

ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ.r ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʵʢʩʪʨʘʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ ʠʟʦʙʫʪʘʥʦʣ, ʢʘʢ ʥʘʠʤʝʥʝʝ ʪʦʢʩʠʯʥʦʝ ʜʣʷ ʢʣʝʪʦʢ 

ʩʦʝʜʠʥʝʥʠʝ. ʉʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʜʦ ʠ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ (ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ) ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 40.  

ʊʘʙʣʠʮʘ 40 ï ʉʦʩʪʘʚ ʩʤʝʩʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʉʠʙʫʥʠʪ-4-ʦʢʩ (ʯʝʨʝʟ 5 ʯ ʨʝʘʢʮʠʠ) ʠ ʧʦʩʣʝ ʝʝ ʵʢʩʪʨʘʢʮʠʠ ʠʟʦʙʫʪʘʥʦʣʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ 

ʉʦʝʜʠʥʝʥʠʝ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, ʛ ʣ-1 

ʇʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ 5-ɻʄʌ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʎʝʣʣʦʙʠʦʟʘ 0.11 Ñ 0. 3.0 Ñ 0.1 

ɻʣʶʢʦʟʘ 2.48 Ñ 0.16 15.0 Ñ 1.0 

ʄʘʥʥʦʟʘ 0.15 Ñ 0.02 2.0 Ñ 0.1 

ʌʨʫʢʪʦʟʘ 0.12 Ñ 0.01 1.3 Ñ 0.1 

5-ɻʄʌ 0.60 Ñ 0.11 0.3 Ñ 0.1 

ʌʫʨʬʫʨʦʣ 0.05 Ñ 0.01 0 

ʄʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ 0.02 Ñ 0 0.4 Ñ 0.0 

ɻʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ 0.04 Ñ 0.01 1.4 Ñ 0.2 

ʄʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ 0.06 Ñ 0.01 0.6 Ñ 0 

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 0.06 Ñ 0.01 0.3 Ñ 0.1 

ʀʟʦʙʫʪʘʥʦʣ 0 0.1 Ñ 0 

 

5.3.2 ɺʳʜʝʣʝʥʠʝ ʰʪʘʤʤʦʚ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ 

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʝ ʜʨʦʞʞʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʠʜʘʤ 

K. marxianus [527] ʠ O. polymorpha [528], ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʦʜʫʮʝʥʪʘʤʠ ʵʪʘʥʦʣʘ. 

ɹʦʣʝʝ ʪʦʛʦ, ʵʪʠ ʜʨʦʞʞʠ ʩʧʦʩʦʙʥʳ ʩʙʨʘʞʠʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʛʣʶʢʦʟʫ ʠ ʢʩʠʣʦʟʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘʪʦʚ ʙʠʦʤʘʩʩʳ [529]. ɼʨʦʞʞʠ S. cerevisiae, ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʚʠʜʦʚ ʜʨʦʞʞʝʡ, ʥʝ 

ʦʙʣʘʜʘʶʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʪʨʝʙʣʷʪʴ ʢʩʠʣʦʟʫ. ʀʭ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ï 37 ÁC, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʤʠ ʜʨʦʞʞʘʤʠ [530]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʠ ʚʳʜʝʣʝʥʠʝ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ 

ʜʨʦʞʞʝʡ, ʨʘʩʪʫʱʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 40 ÁC. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ 
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ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ 18S ʨʈʅʂ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʠʥʘʜʣʝʞʠʪ ʢ K. 

marxianus (9 ʰʪʘʤʤʦʚ), ʘ ʪʘʢʞʝ ʢ Clavispora lusitaniae (1 ʰʪʘʤʤ) ʠ Pichia kudriavzevii (1 ʰʪʘʤʤ). 

ʇʦʤʠʤʦ ʚʳʜʝʣʝʥʥʳʭ ʰʪʘʤʤʦʚ, ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʡ 

ʰʪʘʤʤ ʜʨʦʞʞʝʡ O. polymorpha CBS4732, ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʥʝ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʙʠʦʤʘʩʩʳ. ʉʧʠʩʦʢ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 

41. 

ʊʘʙʣʠʮʘ 41 ï ʐʪʘʤʤʳ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ, ʚʳʜʝʣʝʥʥʳʝ ʨʘʙʦʪʝ 

ʐʪʘʤʤ ʆʙʨʘʟʝʮ 

K. marxianus C1 ʩʳʨ 

K. marxianus D5 ʩʳʨ 

K. marxianus B5 ʢʝʬʠʨ 

K. marxianus B3 ʢʝʬʠʨ 

C. lusitaniae ʉ3 ʘʡʨʘʥ 

K. marxianus ɸ1 ʢʫʤʳʩ 

K. marxianus A5 ʢʫʤʳʩ 

K. marxianus D4 ʩʳʨ 

P. kudriavzevii B4 ʪʚʦʨʦʛ 

K. marxianus A4 ʪʚʦʨʦʛ 

K. marxianus B1 ʪʚʦʨʦʛ 

K. marxianus 4C ʪʚʦʨʦʛ 

  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʵʪʘʥʦʣʘ ʠʟ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ 

ʪʨʝʙʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʩʙʨʘʞʠʚʘʥʠʝ ʫʛʣʝʚʦʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʛʣʝʚʦʜʳ,   ʚʭʦʜʷʱʠʭ   ʚ   ʩʦʩʪʘʚ    ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ   ʛʠʜʨʦʣʠʟʘʪʦʚ   ʮʝʣʣʶʣʦʟʳ,   ʘ   ʠʤʝʥʥʦ  

ʛʣʶʢʦʟʳ,  ʤʘʥʥʦʟʳ, ʬʨʫʢʪʦʟʳ ʠʣʠ ʮʝʣʣʦʙʠʦʟʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 20 ʛ ʣ-1, ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ 

ʨʦʩʪʘ ʧʨʠ 42 ï 48 ÁC (ʊʘʙʣʠʮʘ 40). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʜʨʦʞʞʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʢʨʳʪʳʭ ʛʣʫʙʦʢʠʭ 

96-ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 49. 

ɼʚʫʭʬʘʢʪʦʨʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʬʘʢʪʦʨ 1 ï ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʬʘʢʪʦʨ 2 ï ʪʠʧ ʫʛʣʝʚʦʜʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ) ʚʳʷʚʠʣ, ʯʪʦ ʜʣʷ ʚʩʝʭ 

ʰʪʘʤʤʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʤʦʝ (p < 0.001) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʜʘʥʥʳʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ z-ʦʮʝʥʢʘ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʦʪʣʠʯʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʰʪʘʤʤʦʚ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ (ʇʨʠʣʦʞʝʥʠʝ ɼ). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ K. marxianus C1, K. marxianus 

D5 ʠ O. polymorpha CBS4732 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʦʪʣʠʯʠʝʤ ʦʪ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 

(z > 1.65 ʧʨʠ p < 0.05) ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʦ ʚʩʝʤ ʰʪʘʤʤʘʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ ʠ ʧʨʠ ʚʩʝʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʢʘʟʘʪʝʣʠ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʜʣʷ ʵʪʠʭ ʰʪʘʤʤʦʚ ʠ ʰʪʘʤʤʘ K. marxianus B5, 

ʙʣʠʟʢʦʛʦ ʢ ʥʠʤ ʧʦ ʩʚʦʡʩʪʚʘʤ, ʙʳʣʠ ʦʮʝʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ  
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ɸ. 

 
ɹ. 

 
ɺ.  

 

ʈʠʩʫʥʦʢ 49 ï ʅʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʘʤʠ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʥʘ ʤʦʜʝʣʴʥʦʡ ʩʨʝʜʝ 

YNB ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʘʭʘʨʠʜʘʤʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʛʣʫʙʦʢʠʭ 96-ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ. (ɸ) 

42 Áʉ, (ɹ) 45 Áʉ, (ɺ) 48 Áʉ 
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ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʧʦʧʨʘʚʢʦʡ ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ 

(ʇʨʠʣʦʞʝʥʠʝ ɼ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʩʨʝʜʝ 

ʩ ʛʣʶʢʦʟʦʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʰʪʘʤʤʘʤʠ ʧʦ ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʤʘʩʩʳ (p > 0.05). ʇʨʠ 42 Áʉ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʘʭ ʩ ʬʨʫʢʪʦʟʦʡ ʠ ʮʝʣʣʦʙʠʦʟʦʡ 

ʜʦʩʪʦʚʝʨʥʦ (p < 0.05) ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʦʪʣʠʯʘʣʠʩʴ ʰʪʘʤʤʳ O. polymorpha CBS4732 

ʠ K. marxianus ʉ1. ʕʪʠ ʞʝ ʰʪʘʤʤʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʠʡ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ ʰʪʘʤʤʘʤʠ (p < 0.05) ʥʘ ʩʨʝʜʘʭ ʩ ʤʘʥʥʦʟʦʡ ʠ ʮʝʣʣʦʙʠʦʟʦʡ ʧʨʠ 45 Áʉ. ʇʨʠ 48 Áʉ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʤʘʩʩʳ (p < 0.05) ʜʦʩʪʠʛʘʣ ʰʪʘʤʤ K. marxianus ʉ1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʩʝ ʰʪʘʤʤʳ ʜʨʦʞʞʝʡ ʩʧʦʩʦʙʥʳ 

ʨʘʩʪʠ ʧʨʠ 42 ÁC ʥʘ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʫʛʣʝʚʦʜʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʨʝʜʳ ʩ 

ʮʝʣʣʦʙʠʦʟʦʡ (20.0 ʛ ʣ-1), ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʢʦʪʦʨʦʡ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʩʥʠʞʘʣʦʩʴ 

(ʈʠʩʫʥʦʢ 49ɸ). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 45 ï 48 ÁC (ʈʠʩʫʥʦʢ 49ɹ, ɺ) 

ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʦʩʪʘʚʘʣʦʩʴ ʚʳʩʦʢʠʤ ʪʦʣʴʢʦ ʜʣʷ ʰʪʘʤʤʦʚ K. marxianus ʉ1 (ʜʦ 48 Áʉ) [531] 

ʠ O. polymorpha CBS4732 (ʜʦ 45 Áʉ). ʇʨʠ 45 ï 48 ÁC ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʰʪʘʤʤʦʚ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʚʳʩʦʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʬʨʫʢʪʦʟʳ  ʧʦ  ʩʨʘʚʥʝʥʠʶ  ʩ  ʦʩʪʘʣʴʥʳʤʠ  ʫʛʣʝʚʦʜʘʤʠ,  ʘ  ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ  

ʨʘʟʣʠʯʠʷ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʰʪʘʤʤʦʚ K. marxianus ʢ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʨʘʙʦʪ, ʛʜʝ ʧʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ K. marxianus 

ʥʘʢʘʧʣʠʚʘʪʴ ʙʠʦʤʘʩʩʫ ʥʘ ʩʨʝʜʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʝʚʦʜʘʤʠ (ʛʣʶʢʦʟʘ, ʤʘʥʥʦʟʘ, ʢʩʠʣʦʟʘ, 

ʮʝʣʣʦʙʠʦʟʘ) [532] ʚʧʣʦʪʴ ʜʦ 50 ÁC [533]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ O. polymorpha 

CBS4732 ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʨʠ 42 ÁC (ʈʠʩʫʥʦʢ 49ɸ) ʥʘ ʩʨʝʜʝ 

ʩ ʬʨʫʢʪʦʟʦʡ (20.0 ʛ ʣ-1). ʆʜʥʘʢʦ, ʨʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦʪ ʰʪʘʤʤ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʵʪʘʥʦʣ ʧʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ ʛʣʶʢʦʟʳ, ʤʘʥʥʦʟʳ, ʛʘʣʘʢʪʦʟʳ, ʤʘʣʴʪʦʟʳ ʠ ʢʩʠʣʦʟʳ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʮʝʣʣʦʙʠʦʟʳ) [244]. 

ɼʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʜʨʦʞʞʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ C. lusitaniae, 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʵʨʦʙʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʢʩʠʣʦʟʳ [534] ʠ ʮʝʣʣʦʙʠʦʟʳ [535] ʪʘʢʞʝ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʥʝʝ, ʥʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (25 ʠ 28 ÁC, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʧʨʦʜʫʢʮʠʠ ʵʪʘʥʦʣʘ ʥʘ ʛʠʜʨʦʣʠʟʘʪʝ ʢʨʘʭʤʘʣʘ ʤʘʥʠʦʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʚʠʜʘ ʜʨʦʞʞʝʡ ʩʦʩʪʘʚʣʷʝʪ 85.4% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ (Ve 28 ʛ ʣ-1 ʯ-1) [536]. ɺ 

ʵʪʦʡ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʰʪʘʤʤʦʚ C. lusitaniae C3 ʠ P. kudriavzevii B4 ʦʧʪʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 42 ÁC, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʙʳʣʠ ʚʳʙʨʘʥʳ ʰʪʘʤʤʳ K. marxianus C1, O. 

polymorpha CBS4732, K. marxianus D5 ʠ K. marxianus B5, ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʜʫʮʝʥʪʳ 

ʙʠʦʤʘʩʩʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʤʠ ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʙʣʘʜʘʶʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʘʢʦʧʣʝʥʠʶ ʙʠʦʤʘʩʩʳ ʧʨʠ 48 ÁC). 
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ɼʣʷ ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ, ʚʳʭʦʜʘ 

ʠ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ) ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʯʝʪʳʨʝʭ ʰʪʘʤʤʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ 

ʚ ʟʘʢʨʳʪʳʭ ʛʣʫʙʦʢʠʭ 96-ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ ʚ ʩʨʝʜʝ YNB ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʛʣʶʢʦʟʳ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 20.0 ʛ ʣ-1 (ʦʙʲʝʤ ʩʨʝʜʳ YNB-G ʚ ʣʫʥʢʝ 1 ʤʣ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 37 ï 50 ÁC (ʊʘʙʣʠʮʘ 

42). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ ʷʚʣʷʣʘʩʴ 37 ï 

42 ÁC, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 42 Áʉ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ (ʨ < 0.05, ʪʝʩʪ ʍʦʣʤʘ-

ɹʦʥʬʝʨʨʦʥʠ) ʧʘʜʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʠ 37 ÁC ʰʪʘʤʤʳ K. marxianus D5, K. marxianus B5 ʠ 

O. polymorpha CBS4732 ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʠʤʠ ʫʜʝʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʨʦʩʪʘ, ʪʦʛʜʘ ʢʘʢ ʰʪʘʤʤ K. 

marxianus C1 ʧʨʠ 42 ÁC ʦʙʣʘʜʘʣ Õ 0.40 Ñ 0.05 ʛ ʣ-1 ʯ-1, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [537]. ʇʨʠ 37 ÁC ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ ʚʩʝʭ 

ʰʪʘʤʤʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ O. polymorpha CBS4732. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʙʠʦʤʘʩʩʳ ʙʳʣ 

ʜʦʩʪʠʛʥʫʪ ʜʣʷ ʚʩʝʭ ʰʪʘʤʤʦʚ K. marxianus ʧʨʠ 42 ÁC, ʧʦʵʪʦʤʫ ʵʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʰʪʘʤʤʘ O. polymorpha 

CBS4732 ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ (ʨ < 0.05, ʪʝʩʪ ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ) ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʧʨʠ 50 

ÁC (1.59 Ñ 0.07 ʛ ʣ-1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, O. polymorpha CBS4732 ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʦʩʪʴʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʠʟʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʙʠʦʤʘʩʩʫ. 

ʊʘʙʣʠʮʘ 42 ï ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʥʘ ʩʨʝʜʝ YNB-G 

ʇʘʨʘʤʝʪʨ Üʉ K. marxianus C1 
O. polymorpha 

CBS4732 

K. marxianus 

D5 

K. marxianus 

B5 

m, ʯ-1 

37 0.35 Ñ 0.02 0.39 Ñ 0.05 0.47 Ñ 0.05 0.50 Ñ 0.03* 

42 0.40 Ñ 0.05 0.30 Ñ 0.02 0.43 Ñ 0.05 0.42 Ñ 0.03* 

45 0.37 Ñ 0.01 0.30 Ñ 0.02 0.37 Ñ 0.02 0.28 Ñ 0.03* 

50 0.22 Ñ 0.02* 0.18 Ñ 0.03* 0.28 Ñ 0.02 0.15 Ñ 0.01* 

Yʙ/s, ʛ ʛ-1 

37 0.17 Ñ 0.01* 0.14 Ñ 0.01 0.19 Ñ 0.03 0.16 Ñ 0.02 

42 0.24 Ñ 0.02 0.16 Ñ 0.01 0.25 Ñ 0.02 0.23 Ñ 0.02* 

45 0.22 Ñ 0.01 0.10 Ñ 0.01 0.23 Ñ 0.01 0.18 Ñ 0.01* 

50 0.04 Ñ 0.01* 0.10 Ñ 0.01 0.04 Ñ 0.01* 0.05 Ñ 0.00* 

Vʙ, ʛ ʣ
-1 ʯ-1 

37 0.67 Ñ 0.07* 0.39 Ñ 0.02 0.74 Ñ 0.05* 0.62 Ñ 0.02* 

42 0.40 Ñ 0.01* 0.34 Ñ 0.02* 0.41 Ñ 0.04 0.37 Ñ 0.03* 

45 0.26 Ñ 0.01 0.32 Ñ 0.04 0.35 Ñ 0.03 0.26 Ñ 0.01 

50 0.25 Ñ 0.02 0.22 Ñ 0.01 0.21 Ñ 0.01* 0.28 Ñ 0.02 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ 

ʚ ʢʦʥʮʝ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʛ ʣ-1 

37 3.6 Ñ 0.3 1.6 Ñ 0.2 3.5 Ñ 0.1* 3.7 Ñ 0.2 

42 3.3 Ñ 0.11 2.1 Ñ 0.1 3.1 Ñ 0.2* 3.1 Ñ 0.4 

45 1.9 Ñ 0.2* 1.7 Ñ 0.1 2.1 Ñ 0.1* 1.8 Ñ 0.1 

50 1.2 Ñ 0.0* 1.6 Ñ 0.1 1.2 Ñ 0.1* 1.3 Ñ 0.1 

ʅʘʙʣʶʜʘʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʝ (*p < 0.05) ʨʘʟʣʠʯʠʷ ʧʦ ʜʘʥʥʳʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʧʦʧʨʘʚʢʦʡ ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ 

ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ ʧʨʠ ʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
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5.3.3 ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʙʨʦʞʝʥʠʷ 

ʇʦʩʢʦʣʴʢʫ 5-ɻʄʌ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʪʘʤʤʳ ʜʨʦʞʞʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʵʪʦʤʫ ʩʦʝʜʠʥʝʥʠʶ, ʘ 

ʪʘʢʞʝ ʢ ʜʨʫʛʠʤ ʧʨʦʜʫʢʪʘʤ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ 50% ʩʥʠʞʝʥʠʝ ʧʨʠʨʦʩʪʘ ʙʠʦʤʘʩʩʳ 

(ʠʥʜʝʢʩ IC50) ʫ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ YNB-M. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʮʝʥʠʚʘʣʘʩʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʨʦʞʞʝʡ ʢ ʠʟʦʙʫʪʘʥʦʣʫ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʵʢʩʪʨʘʢʮʠʠ 5-ɻʄʌ ʠʟ ʩʤʝʩʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 

43. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ 5-ɻʄʌ, ʬʫʨʬʫʨʦʣ, ʫʢʩʫʩʥʘʷ ʠ ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʳ 

ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʠʤ ʚʣʠʷʥʠʝʤ ʥʘ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʜʨʦʞʞʝʡ ʧʦ ʜʘʥʥʳʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ   ʘʥʘʣʠʟʘ  ʩ   ʘʧʦʩʪʝʨʠʦʨʥʳʤ   ʘʥʘʣʠʟʦʤ   ʤʥʦʞʝʩʪʚʝʥʥʳʭ  ʩʨʘʚʥʝʥʠʡ  ʩ  ʧʦʧʨʘʚʢʦʡ 

ʊʘʙʣʠʮʘ 43 ï ɿʥʘʯʝʥʠʷ IC50 ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʛʠʙʠʨʫʶʱʠʭ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ [292] 

ʉʦʝʜʠʥʝʥʠʝ 

IC50, ʛ ʣ
-1 

K. marxianus C1 

O. 

polymorpha 

CBS4732 

K. marxianus D5 K. marxianus B5 

5-ɻʄʌ 1.96 Ñ 0.01 2.44 Ñ 0.18* 1.84 Ñ 0.02 2.03 Ñ 0.06 

ʌʫʨʬʫʨʦʣ 0.67 Ñ 0.02* 1.25 Ñ 0.10 1.59 Ñ 0.20 1.24 Ñ 0.12 

ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 1.11 Ñ 0.03* 0.39 Ñ 0.03* 0.79 Ñ 0.01 0.79 Ñ 0.01 

ʄʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ 1.30 Ñ 0.03* 0.99 Ñ 0.02* 1.36 Ñ 0.09 1.21 Ñ 0.06 

ʄʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ 15.33 Ñ 1.06 20.65 Ñ 1.94 18.70 Ñ 1.10 16.67 Ñ 0.47 

ɻʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ 15.18 Ñ 1.71 9.52 Ñ 0.30* 20.38 Ñ 1.76 20.05 Ñ 3.42 

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 30.71 Ñ 2.24 30.56 Ñ 1.77 34.36 Ñ 1.96 39.38 Ñ 1.34 

ʕʪʘʥʦʣ 51.39 Ñ 0.61 62.48 Ñ 1.18* 49.37 Ñ 0.85 46.50 Ñ 1.32 

ʀʟʦʙʫʪʘʥʦʣ 6.78 Ñ 0.54* 2.81 Ñ 0.14 3.84 Ñ 0.21 4.63 Ñ 0.34 

ɹʫʪʘʥʦʣ 2.85 Ñ 0.19 1.75 Ñ 0.08 1.53 Ñ 0.09* 3.20 Ñ 0.19* 

ʅʘʙʣʶʜʘʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʝ (*p < 0.05) ʨʘʟʣʠʯʠʷ ʧʦ ʜʘʥʥʳʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʘʥʘʣʠʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʧʦʧʨʘʚʢʦʡ ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʫ ʨʘʟʥʳʭ ʰʪʘʤʤʦʚ 

ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ O. polymorpha CBS4732 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

5-ɻʄʌ (IC50 2.44 Ñ 0.18 ʛ ʣ
-1) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ K. 

marxianus (p < 0.05). ʐʪʘʤʤ K. marxianus C1 ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʬʫʨʬʫʨʦʣʫ ʩ IC50 0.67 Ñ 0.02 ʛ ʣ
-1 (p < 0.05). ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ [538], ʚ 

ʢʦʪʦʨʦʤ ʩʦʦʙʱʘʣʦʩʴ ʦ ʪʦʢʩʠʯʝʩʢʦʤ ʚʣʠʷʥʠʠ ʬʫʨʬʫʨʦʣʘ ʥʘ ʢʣʝʪʢʠ ʜʨʦʞʞʝʡ K. marxianus ʧʨʠ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ 40 ʤʄ (3.84 ʛ ʣ-1). ʐʪʘʤʤ K. marxianus C1 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (IC50 1.11 Ñ 0.03 ʛ ʣ-1) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ (p < 0.05), ʢʦʪʦʨʘʷ, ʦʜʥʘʢʦ, ʙʳʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʰʪʘʤʤʘ K. 

marxianus TISTR5925 [538]. ʐʪʘʤʤ ʜʨʦʞʞʝʡ O. polymorpha CBS4732 ʠʤʝʝʪ ʩʘʤʫʶ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (0.39 Ñ 0.03 ʛ ʣ-1) ʩʨʝʜʠ ʚʩʝʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ (p < 0.05). ʆʥ ʪʘʢʞʝ ʠʤʝʝʪ ʫʤʝʨʝʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʫʨʘʚʴʠʥʦʡ (IC50 0.99 

Ñ 0.02 ʛ ʣ-1) ʠ ʛʣʠʢʦʣʝʚʦʡ (IC50 9.52 Ñ 0.30 ʛ ʣ
-1) ʢʠʩʣʦʪʘʤ (p < 0.05). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʰʪʘʤʤ O. 

polymorpha CBS4732 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ (IC50 20.65 Ñ 1.94 ʛ ʣ
-1). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʠʥʥʘʷ 

ʢʠʩʣʦʪʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʫ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʰʪʘʤʤʦʚ. O. polymorpha CBS4732 ʦʙʣʘʜʘʝʪ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʵʪʘʥʦʣʫ (p < 0.05), 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʩʙʨʘʞʠʚʘʥʠʷ, ʩʦ ʟʥʘʯʝʥʠʝʤ IC50 62.48 Ñ 1.18 ʛ ʣ
-1 (p < 

0.05). ɿʥʘʯʝʥʠʝ IC50 ʜʣʷ ʠʟʦʙʫʪʘʥʦʣʘ ʙʳʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʜʣʷ ʰʪʘʤʤʘ K. marxianus ʉ1, 

ʥʦ, ʫʯʠʪʳʚʘʷ ʝʛʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʛʠʜʨʦʣʠʟʘʪʝ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ (ʊʘʙʣʠʮʘ 42), ʦʥʦ 

ʥʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʙʨʦʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʙʨʦʞʝʥʠʷ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ O. polymorpha CBS4732 

ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʬʫʨʘʥʘ (ʬʫʨʬʫʨʦʣʫ ʠ 5-ɻʄʌ). ʆʜʥʘʢʦ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʰʪʘʤʤ ʦʢʘʟʘʣʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʚʳʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʰʪʘʤʤʘ K. marxianus C1. 

5.3.4 ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʥʘ ʩʨʝʜʝ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ 

ʛʠʜʨʦʣʠʟʘʪʦʤ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʘ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʛʠʜʨʦʣʠʟʘʪʘ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ 5-ɻʄʌ 

ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʜʨʦʞʞʝʡ ʧʨʦʚʦʜʠʣʠ ʝʛʦ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʜʦ pH 3.75 ï 7.00 ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʠʚʘʣʠ ʩ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ 

ʩʤʝʩʠ (ʩʨʝʜʘ YNB-M, ʩʦʜʝʨʞʘʱʘ ̫ʪʦʪ ʞʝ ʩʦʩʪʘʚ ʩʘʭʘʨʦʚ, ʯʪʦ ʠ ʛʠʜʨʦʣʠʟʘʪ) ʩ ʪʝʤ ʞʝ ʟʥʘʯʝʥʠʝʤ 

pH. ʅʘ ʈʠʩʫʥʢʝ 50 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʦʪ ʨʅ ʩʨʝʜʳ (ʧʨʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ NaOH). 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʩʥʠʞʘʝʪʩʷ ʫ ʚʩʝʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʛʠʜʨʦʣʠʟʘʪʝ ʮʝʣʣʶʣʦʟʳ, 

ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NaOH ʜʦ pH > 4.74. ʅʘʠʙʦʣʴʰʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ 

ʙʠʦʤʘʩʩʳ ʜʨʦʞʞʝʡ ʥʘʙʣʶʜʘʣʩʷ ʫ ʰʪʘʤʤʘ O. polymorpha CBS4732 ʧʨʠ pH 3.75. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ 
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ʰʪʘʤʤʘ K. marxianus C1 ʥʘ ʪʘʢʦʡ ʩʨʝʜʝ ʧʨʠ pH 4.75 ʧʨʠʚʝʣʦ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ 

ʙʠʦʤʘʩʩʳ ʜʦ 79.5 Ñ 4.4% ʠ ʤʝʥʴʰʝʤʫ ʧʨʠʨʦʩʪʫ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʚʢʣʶʯʘʷ K. marxianus 

B5 (59.1 Ñ 13.8%), O. polymorpha CBS4732 (50.9 Ñ 5.9%) ʠ K. marxianus D5 (31.9 Ñ 3.9%). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ pH ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩʦʩʪʘʚʠʣʦ 4.75. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʛʜʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʙʠʦʤʘʩʩʳ ʵʪʠʤʠ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʤʠ ʜʨʦʞʞʘʤʠ ʷʚʣʷʝʪʩʷ pH 5.0 [539]. 

 

ʈʠʩʫʥʦʢ 50 ï ʅʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʘʤʠ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ pH ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʮʝʣʣʶʣʦʟʳ ʧʦʩʣʝ ʝʛʦ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ NaOH. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 42 ÁC ʚ ʪʝʯʝʥʠʝ 16 ʯ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʙʠʦʤʘʩʩʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ YNB-M ʧʨʠ ʪʦʤ ʞʝ pH ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ 100% 

ʈʘʥʝʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʧʦʩʦʙ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʛʠʜʨʦʣʠʟʘʪʘ, ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʩʙʨʘʞʠʚʘʥʠʷ ʰʪʘʤʤʘʤʠ ʜʨʦʞʞʝʡ. ɺ ʨʘʙʦʪʝ [540] ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʛʠʜʨʦʣʠʟʘʪʘ ʜʨʝʚʝʩʠʥʳ ʝʣʠ ʩ ʧʦʤʦʱʴʶ NH4OH ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʝʝ ʩʙʨʘʞʠʚʘʥʠʠ ʜʨʦʞʞʘʤʠ S. cerevisiae ʚ ʵʪʘʥʦʣ (ʚʳʭʦʜ ʵʪʘʥʦʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 86% ʦʪ ʚʳʭʦʜʘ ʥʘ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ), ʯʝʤ ʧʨʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ Ca(ʆʅ)2 

(41% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʨʫʛʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ pH 

ʩʤʝʩʠ ʜʦ 10.0 ï 11.0 ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Ca(OH)2 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʚʝʜʝʥʠʝʤ ʜʦ pH 4.5 ï 5.0. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʦʞʞʝʚʦʛʦ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʙʨʦʞʝʥʠʷ [541]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ 

ʦʙʨʘʙʦʪʢʫ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ NaOH, NH4OH ʠ Ca(OH)2 ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 
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ʧʦʩʣʝʜʫʶʱʠʤ  ʧʦʜʢʠʩʣʝʥʠʝʤ ʜʦ ʨʅ 4.5.  ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ  ʈʠʩʫʥʢʝ 51. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ  ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ  ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ   ʘʥʘʣʠʟʘ   ʚʠʜ  h ʪʘʤʤʘ  ʠ  ʩʧʦʩʦʙ   ʥʝʡʪʨʘʣʠʟʘʮʠʠ  

 

ʈʠʩʫʥʦʢ 51 ï ʅʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʜʨʦʞʞʘʤʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʤʝʩʷʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʛʠʜʨʦʣʠʟʦʤ ʮʝʣʣʶʣʦʟʳ ʠ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɿʘ 100% 

ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ ʥʘ ʩʨʝʜʝ YNB-M ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʟʥʘʯʝʥʠʝʤ ʨʅ 

ʛʠʜʨʦʣʠʟʘʪʘ ʦʢʘʟʳʚʘʶʪ ʜʦʩʪʦʚʝʨʥʦʝ (p = 0.028; F = 2.923) ʚʣʠʷʥʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ. ɺ 

ʮʝʣʦʤ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ 

ʷʚʠʣʠʩʴ ʦʙʨʘʙʦʪʢʘ NH4OH ʠʣʠ Ca(OH)2 ʩ  ʧʦʩʣʝʜʫʶʱʠʤ  ʧʦʜʢʠʩʣʝʥʠʝʤ ʩʤʝʩʠ ʜʦ ʨʅ 4.5 (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ K. marxianus B5).  ʅʘʧʨʠʤʝʨ,  ʚ  ʩʣʫʯʘʝ  ʩʙʨʘʞʠʚʘʥʠʷ  ʛʠʜʨʦʣʠʟʘʪʘ,  

ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʛʦ  NH4OH,  ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ K. marxianus C1 ʠ O. 

polymorpha CBS4732 ʙʳʣʦ ʩʦʧʦʩʪʘʚʠʤʳʤ (78.5 Ñ 8.2 ʠ 74.6 Ñ 9.1%,   ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʩʣʫʯʘʝ 

ʰʪʘʤʤʘ K. Marxianus C1 ʧʨʠʤʝʥʝʥʠʝ  ʜʣʷ  ʥʝʡʪʨʘʣʠʟʘʮʠʠ Ca(OH)2 ʩ ʧʦʩʣʝʜʫʶʱʠʤ   

ʧʦʜʢʠʩʣʝʥʠʝʤ  ʩʨʝʜʳ  ʜʦ  ʨʅ   4.5  ʧʦʟʚʦʣʠʣʦ  ʜʦʩʪʠʯʴ   ʤʘʢʩʠʤʘʣʴʥʦʛʦ  ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʛʠʜʨʦʣʠʟʘʪʘ, ʨʘʚʥʦʛʦ 97.0 Ñ 3.1%. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘʪʘ, ʚʳʨʘʞʘʶʱʝʡʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʜʝʣʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʦʪ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ 

ʦʩʘʜʢʘ ʩʦʣʝʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʘʣʝʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʷ 

ʛʠʜʨʦʣʠʟʘʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ NH4OH (ʩʨʝʜʘ YNB-H). ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʰʪʘʤʤʳ K. marxianus C1 ʠ O. polymorpha CBS4732, ʪʘʢ ʢʘʢ ʫ ʥʠʭ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ YNB-H (ʈʠʩʫʥʦʢ ɸ52), 
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ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʨʦʞʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 44. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʙʘ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʧʨʦʜʫʮʠʨʫʶʪ ʵʪʘʥʦʣ ʥʘ ʩʨʝʜʘʭ ʩ ʛʠʜʨʦʣʠʟʘʪʦʤ 

ʮʝʣʣʶʣʦʟʳ (YNB-H) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʨʦʞʞʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʨʦʩʪʘ ʛʣʶʢʦʟʫ, ʤʘʥʥʦʟʫ ʠ ʬʨʫʢʪʦʟʫ, ʘ ʮʝʣʣʦʙʠʦʟʫ - ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ  ʢʦʣʠʯʝʩʪʚʘʭ.  ʐʪʘʤʤ  K.  marxianus   C1  ʦʙʣʘʜʘʝʪ  ʩʧʦʩʦʙʥʦʩʪʴʶ  ʦʜʥʦʚʨʝʤʝʥʥʦ  

ɸ. 

 

ɹ. 

 
ɺ. 

 

ɻ. 

 

ʈʠʩʫʥʦʢ 52 ï ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʜʨʦʞʞʝʡ K. marxianus C1 ʠ O. polymorpha CBS4732 ʥʘ ʩʨʝʜʝ 

YNB-H ʠ YNB-M. (ɸ) ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ K. marxianus C1 ʥʘ YNB-M, (ɹ) ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ K. 

marxianus C1 ʥʘ ʩʨʝʜʝ YNB-H, (ɺ) ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ O. polymorpha CBS4732 ʥʘ cʨʝʜʝ YNB-M, 

(ɻ) ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ O. polymorpha CBS4732 ʥʘ ʩʨʝʜʝ YNB-H 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʪʨʠ ʫʛʣʝʚʦʜʘ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ, ʪʦʛʜʘ ʢʘʢ O. polymorpha CBS4732 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪ ʛʣʶʢʦʟʫ, ʟʘʪʝʤ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʩʘʭʘʨʘ. ʐʪʘʤʤ K. marxianus C1 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ (Yʙ/ʩʩ 0.14 Ñ 0.02 ʛ ʛ-1 ʠ ɛ 0.29 Ñ 0.01 ʯ-1) ʠ 
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ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʵʪʘʥʦʣʘ (1.69 Ñ 0.10 ʛ ʣ-1 ʯ-1) ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ YNB-M. 

ʐʪʘʤʤ O. polymorpha CBS4732 ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʚʳʭʦʜ ʙʠʦʤʘʩʩʳ (Yʙ/ʩʩ 0.11 Ñ 0.01 ʛ ʛ-1). 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ K. marxianus C1 ʥʘ ʩʨʝʜʝ ʩ ʛʠʜʨʦʣʠʟʘʪʦʤ ʮʝʣʣʶʣʦʟʳ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʳʭʦʜ ʙʠʦʤʘʩʩʳ (Yʙ/ʩʩ 0.11 Ñ 0.01 ʛ ʛ-1) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ O. Polymorpha CBS4732 (Yʙ/ʩʩ 0.06 Ñ 0 ʛ ʛ-

1).   

ʊʘʙʣʠʮʘ 44 ï ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ K. marxianus C1 ʠ O. polymorpha CBS4732 ʥʘ ʩʨʝʜʘʭ YNB-M ʠ YNB-H 

ʇʘʨʘʤʝʪʨ/ʢʦʤʧʦʥʝʥʪ 
ʕʢʩʧʝʨʠʤʝʥʪ 

S1ʘ S2ʙ S3ʚ S4ʛ 

ɻʣʶʢʦʟʘʜ, ʛ ʣ-1 16.1 Ñ 0.6 14.7 Ñ 0.7 14.0 Ñ 0.3 15.7 Ñ 0.6 

ʄʘʥʦʟʘ ʠ ʬʨʫʢʪʦʟʘ ʜ, ʛ ʣ-1 3.1 Ñ 0.2 3.3 Ñ 0.2 2.7 Ñ 0.2 3.6 Ñ 0.2 

ʕʪʘʥʦʣ ʝ, ʛ ʣ-1 8.4 Ñ 0.2 6.8 Ñ 0.3 7.4 Ñ 0.3 7.6 Ñ 0.5 

ɺʝʩ ʙʠʦʤʘʩʩʳ ʝ, ʛ ʣ-1 2.7 Ñ 0.2 1.9 Ñ 0.2 1.9 Ñ 0.2 1.3 Ñ 0.2 

Ve 
e, ʛ ʣ-1 ʯ-1 1.69 Ñ 0.10 0.41 Ñ 0.02 1.10 Ñ 0.05 0.53 Ñ 0.02 

Ye/cc
 e, ʛ ʛ-1 0.44 Ñ 0.02 0.34 Ñ 0.02 0.44 Ñ 0.02 0.39 Ñ 0.03 

Yʙ/ʩʩ e, ʛ ʛ-1 0.14 Ñ 0.02 0.11 Ñ 0.1 0.11 Ñ 0.01 0.06 Ñ 0.00 

Ye 
ʝ, % (ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ) 84.0 Ñ 4.2 72.0 Ñ 5.7 84.5 Ñ 5.0 75.2 Ñ 4.3 

Õ, ʯ-1 0.29 Ñ 0.01 0.06 Ñ 0.0 0.12 Ñ 0.01 0.07 Ñ 0.0 

ʘ ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ K. marxianus C1 ʥʘ ʩʨʝʜʝ YNB-M ʚ ʪʝʯʝʥʠʝ 7 ʯ.  
ʙ ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ K. marxianus C1 ʥʘ ʩʨʝʜʝ YNB-H ʚ ʪʝʯʝʥʠʝ 14 ʯ.  
ʚ ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ O. polymorpha CBS4732 ʥʘ ʩʨʝʜʝ YNB-M ʚ ʪʝʯʝʥʠʝ 10 ʯ.  
ʛ ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ O. polymorpha CBS4732 ʥʘ ʩʨʝʜʝ YNB-H ʚ ʪʝʯʝʥʠʝ 16 ʯ.  
ʜ ʉʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ.  
ʝ ʉʦʩʪʘʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʵʪʘʥʦʣʘ, ʘ ʪʘʢʞʝ ʫʜʝʣʴʥʘʷ  ʩʢʦʨʦʩʪʴ  ʨʦʩʪʘ  ʜʣʷ  ʦʙʦʠʭ  ʰʪʘʤʤʦʚ  

ʙʳʣʠ  ʤʝʥʴʰʝ, ʯʝʤ  ʥʘ  ʤʦʜʝʣʴʥʦʡ  ʩʨʝʜʝ. ɺ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ YNB-H ʚʳʭʦʜ ʵʪʘʥʦʣʘ 

ʫ O. polymorpha CBS4732 ʙʳʣ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʰʪʘʤʤʘ K. marxianus C1, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʚʦʛʦ ʰʪʘʤʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ. ʐʪʘʤʤ K. 

marxianus C1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ O. polymorpha CBS4732 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ 

ʙʠʦʤʘʩʩʳ, ʯʪʦ, ʦʜʥʘʢʦ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʵʪʘʥʦʣʘ. ʋ ʦʙʦʠʭ ʰʪʘʤʤʦʚ ʦʙʥʘʨʫʞʝʥ 

ʚʳʩʦʢʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʵʪʘʥʦʣʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ YNB-H ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ YNB-M 

(Ye 72.0 Ñ 5.7% ʜʣʷ K. marxianus C1 ʠ 75.2 Ñ 4.3% ʜʣʷ O. polymorpha CBS4732), ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʞʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 5-ɻʄʌ ʚ ʩʨʝʜʝ [542]. ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʨʫʛʠʭ ʢʠʩʣʦʪ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ YNB-H, ʦʩʪʘʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʦʠʭ 

ʰʪʘʤʤʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʘʯʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʘʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ ʠʩʭʦʜʥʦʡ ʩʨʝʜʝ YNB-H.  
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5.3.5 ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʮʝʣʣʶʣʦʟʳ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ, ʩʙʨʘʞʠʚʘʥʠʝ ʛʠʜʨʦʣʠʟʘʪʦʚ ʙʠʦʤʘʩʩʳ 

ʤʝʟʦʬʠʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ S. cerevisiae ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ [543]. ʉʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʠʟ ʛʠʜʨʦʣʠʟʘʪʦʚ 

ʙʠʦʤʘʩʩʳ, ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣʠʮʝ 45. 

ʊʘʙʣʠʮʘ 45 ï ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʣʠʟʘʪʦʚ 

ʙʠʦʤʘʩʩʳ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʐʪʘʤʤ 

ʉʧʦʩʦʙ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʛʠʜʨʦʣʠʟʘʪʘ 

ʉʦʩʪʘʚ ʛʠʜʨʦʣʠʟʘʪʘ 
ʋʩʣʦʚʠʷ 

ʩʙʨʘʞʠʚʘʥʠʷ 

ɺʳʭʦʜ 

ʵʪʘʥʦʣʘ 

(ʚ % ʦʪ 

ʪʝʦʨʝʪʠ

ʯʝʩʢʦʛʦ) 

ʉʩʳʣʢ

ʘ 

S. cerevisiae 

ʇʨʝʜʦʙʨʘʙʦʪʘʥʥʘʷ 

ʱʝʣʦʯʴʶ ʨʠʩʦʚʘʷ 

ʩʦʣʦʤʘ (1% ʧʦ 

ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ), 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ 

ʦʩʥʦʚʝ ʛʣʠʮʝʨʠʥʘ 

(100%), 140 ÁC, 

ʚʨʝʤʷ ʨʝʘʢʮʠʠ 2 ʯ, 

ʦʯʠʩʪʢʘ ʥʘ Xad4 

ʉʦʩʪʘʚ (ʤʄ): 

ʛʣʶʢʦʟʘ ï 22.8; 

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ - 

2.21; 

ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ ï 

52.7 

ʉʦʩʪʘʚ (%): 

ʛʠʜʨʦʣʠʟʘʪ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 

ʜʨʦʞʞʝʚʦʛʦ 

ʵʢʩʪʨʘʢʪʘ - 0.25; 

(NH4)2SO4 - 0.5; 

MgSO4 - 0.1; 

KH2PO4 - 0.2. 

ʉʙʨʘʞʠʚʘʥʠʝ ʚ 

ʪʝʯʝʥʠʝ 48 ʯ. 

52.29%  

(ʦʪ 

ʪʝʦʨʝʪʠ

ʯʝʩʢʦʛʦ) 

[544] 

Kluyveromyces 

sp. IIPE453 

(MTCC 5314) 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ 

ʙʘʛʘʩʩʳ 8% H2SO4. 

ɻʠʜʨʦʣʠʟ: 10% 

ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʦʡ 

ʙʠʦʤʘʩʩʳ (ʧʦ 

ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ), 

7% ʮʝʣʣʶʣʘʟʳ 

(Advanced 

Biochemicals Ltd), 

ʧʨʠ 50 ÁC ʚ 

ʪʝʯʝʥʠʝ 22 ʯ 

ʉʘʭʘʨʠʜʳ 40% 

 

ʉʘʭʘʨʠʜʳ - 40 ʛ ʣ-

1; 

Na2HPO4 - 0.15 ʛ ʣ-

1. 

ʉʙʨʘʞʠʚʘʥʠʝ ʧʨʠ 

45 ÁC ʚ ʪʝʯʝʥʠʝ 48 

ʯ 

88% (ʦʪ 

ʪʝʦʨʝʪʠ

ʯʝʩʢʦʛʦ) 

[547] 

K. 

marxianus AT

CC 36907 

 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ 

ʙʘʛʘʩʩʳ 

1 % H2SO4; 

ɻʠʜʨʦʣʠʟ: 2% 

H2SO4, 12% 

ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʦʡ 

ʙʠʦʤʘʩʩʳ (ʧʦ 

ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ) 

ʧʨʠ 155 ÁC ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ, 

ʦʯʠʩʪʢʘ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ 

ʫʛʣʝʤ 

ʉʦʩʪʘʚ (ʛ ʣ-1): 

ʛʣʶʢʦʟʘ ï 70.0; 

ʌʫʨʬʫʨʦʣ ï 0.032; 

5-ɻʄʌ - 0.468; 

ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ï 18.15 

 

 

ʉʦʩʪʘʚ ʩʨʝʜʳ (ʛ ʣ-

1): 

ʛʣʶʢʦʟʘ ï 69.2; 

ʬʫʨʬʫʨʦʣ - 0.0019; 

5-ɻʄʌ ï 0.0542; 

ʬʝʥʦʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ï 2.65; 

(NH4)2SO4 ï 2.0; 

ʧʝʧʪʦʥ - 5.0; 

ʜʨʦʞʞʝʚʦʡ 

ʵʢʩʪʨʘʢʪ - 3.0; 

CaCl2 Ŀ 2H2O ï 0.1. 

Yʙ/ʩʩ 

0.22 ʛ ʛī

1 

ʩʘʭʘʨʦʚ 

 

[542] 
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ʉʙʨʘʞʠʚʘʥʠʝ ʧʨʠ 

30 ÜC ʚ ʪʝʯʝʥʠʝ 96 

ʯ 

S. 

cerevisiae 424

A(LNH-ST) 

 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ 

ʩʦʣʦʤʳ ʢʫʢʫʨʫʟʳ 

ʤʝʪʦʜʦʤ AFEX; 

ɻʠʜʨʦʣʠʟ: 

Spezyme CP, 

Novozyme 188, 6% 

ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʦʡ 

ʙʠʦʤʘʩʩʳ (ʧʦ 

ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ) 

ʧʨʠ 50 ÁC ʚ 

ʪʝʯʝʥʠʝ 96 ʯ 

ʌʝʨʤʝʥʪʘʪʠʚʥʳʡ 

ʛʠʜʨʦʣʠʟʘʪ 

ʉʨʝʜʘ: 

ʛʣʶʢʦʟʘ 67.4 Ñ 2.0 

ʛ ʣ-1. 

ʉʙʨʘʞʠʚʘʥʠʝ ʧʨʠ 

30 ÁC, 96 ʯ 

 

85.6 Ñ 

0.6% (ʦʪ 

ʪʝʦʨʝʪʠ

ʯʝʩʢʦʛʦ) 

[545] 

S. 

cerevisiae 424

A(LNH-ST) 

 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ 

ʩʦʣʦʤʳ ʢʫʢʫʨʫʟʳ 

ʤʝʪʦʜʦʤ AFEX; 

ɻʠʜʨʦʣʠʟ: 

ʢʩʠʣʘʥʘʟʘ ʠ 

ʧʝʢʪʠʥʘʟʘ 

Multifect, 6% 

ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʦʡ 

ʙʠʦʤʘʩʩʳ (ʧʦ 

ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ) 

ʧʨʠ 50 ÁC ʚ 

ʪʝʯʝʥʠʝ 96 ʯ 

ʌʝʨʤʝʥʪʘʪʠʚʥʳʡ 

ʛʠʜʨʦʣʠʟʘʪ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 12 ʛ ʣ-1 

ʢʩʠʣʦʟʳ 

ʉʨʝʜʘ ʩ ʢʩʠʣʦʟʦʡ 

40.8 Ñ 0.2 ʛ ʣ-1. 

ʉʙʨʘʞʠʚʘʥʠʝ ʧʨʠ 

30 ÁC, 96 ʯ 

 

 

88.5% 

(ʦʪ 

ʪʝʦʨʝʪʠ

ʯʝʩʢʦʛʦ) 

[545] 

ʂ. marxianus 

C1 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝ

ʩʢʦʡ ʮʝʣʣʶʣʦʟʳ 

ʤʝʪʦʜʦʤ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ; 

ɻʠʜʨʦʣʠʟ: 10 ʛ ʣ-1 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʮʝʣʣʶʣʦʟʳ, 10 ʛ ʣ-

1 ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʉʠʙʫʥʠʪ-4-ʦʢʩ, 

ʧʨʠ 180 ÁC, 1 ʄʇʘ 

ʚ ʪʝʯʝʥʠʝ 5 ʯ, 

ʵʢʩʪʨʘʢʮʠʷ 

ʠʟʦʙʫʪʘʥʦʣʦʤ 

ʉʦʩʪʘʚ (ʛ ʣ-1): 

ʮʝʣʣʦʙʠʦʟʘ - 0.11Ñ0; 

ʛʣʶʢʦʟʘ - 2.48Ñ0.16; 

ʤʘʥʥʦʟʘ - 0.15Ñ0.02; 

ʬʨʫʢʪʦʟʘ - 0.12Ñ0.01; 

5-ɻʄʌ - 0.60Ñ0.11; 

ʬʫʨʬʫʨʦʣ - 0.05Ñ0.01; 

ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ - 

0.02Ñ0; 

ʛʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ - 

0.04 Ñ 0.01; 

ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ - 

0.06 Ñ 0.01; 

ʚʠʥʥʘʷ ʢʠʩʣʦʪʘ - 0.06 Ñ 

0.01 

ʉʨʝʜʘ YNB-H, 42 

Áʉ, 16 ʯ 

72.0 Ñ 

5.7% (ʦʪ 

ʪʝʦʨʝʪʠ

ʯʝʩʢʦʛʦ) 

ʕʪʘ 

ʨʘʙʦʪʘ  

O. polymorpha 

CBS4732 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝ

ʩʢʦʡ ʮʝʣʣʶʣʦʟʳ 

ʤʝʪʦʜʦʤ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ; 

ɻʠʜʨʦʣʠʟ: 10 ʛ ʣ-1 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʮʝʣʣʶʣʦʟʳ, 10 ʛ ʣ-

1 ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʉʠʙʫʥʠʪ-4-ʦʢʩ, 

ʧʨʠ 180 ÁC, 1 ʄʇʘ 

ʚ ʪʝʯʝʥʠʝ 5 ʯ, 

ʵʢʩʪʨʘʢʮʠʷ 

ʠʟʦʙʫʪʘʥʦʣʦʤ 

ʉʦʩʪʘʚ (ʛ ʣ-1): 

ʮʝʣʣʦʙʠʦʟʘ - 0.11 Ñ 0; 

ʛʣʶʢʦʟʘ - 2.48 Ñ 0.16; 

ʤʘʥʥʦʟʘ - 0.15 Ñ 0.02; 

ʬʨʫʢʪʦʟʘ - 0.12 Ñ 0.01; 

5-ɻʄʌ - 0.60 Ñ 0.11; 

ʬʫʨʬʫʨʦʣ - 0.05 Ñ 0.01; 

ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ - 

0.02 Ñ 0; 

ʛʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ - 

0.04 Ñ 0.01; 

ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ - 

0.06 Ñ 0.01; 

ʚʠʥʥʘʷ ʢʠʩʣʦʪʘ - 0.06 Ñ 

0.01 

ʉʨʝʜʘ YNB-H, 42 

Áʉ, 16 ʯ 

75.2 Ñ 

4.3% (ʦʪ 

ʪʝʦʨʝʪʠ

ʯʝʩʢʦʛʦ) 

 

ʕʪʘ 

ʨʘʙʦʪʘ 
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ɺ ʨʘʙʦʪʝ [544] ʠʟʫʯʘʣʠ ʧʨʦʮʝʩʩ ʩʙʨʘʞʠʚʘʥʠʷ S. cerevisiae ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʱʝʣʦʯʴʶ ʨʠʩʦʚʦʡ ʩʦʣʦʤʳ ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʥʘ 

ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʝ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʪʘʥʦʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʣʦ 52.29% ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ. ʅʠʟʢʠʡ ʚʳʭʦʜ ʵʪʘʥʦʣʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʠʟʥʘʯʘʣʴʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʚ ʛʠʜʨʦʣʠʟʘʪʝ, ʢʦʪʦʨʘʷ 

ʦʙʣʘʜʘʝʪ ʪʦʢʩʠʯʝʩʢʠʤ ʚʣʠʷʥʠʝʤ ʥʘ ʢʣʝʪʢʠ ʜʨʦʞʞʝʡ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʭʦʜ ʵʪʘʥʦʣʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʛʠʜʨʦʣʠʟʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʉʉʉʈ ʪʘʢʞʝ ʙʳʣ ʩʨʘʚʥʠʤ ʩ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠ 

ʩʦʩʪʘʚʣʷʣ 56-59 ʣ ʥʘ 100 ʢʛ ʩʙʨʘʞʠʚʘʝʤʳʭ ʨʝʜʫʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ [546]. 

ʇʦʤʠʤʦ ʜʨʦʞʞʝʡ S. cerevisiae ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘʪʦʚ ʙʠʦʤʘʩʩʳ ʪʘʢʞʝ ʨʘʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʰʪʘʤʤʳ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ (ʊʘʙʣʠʮʘ 45). ʅʘʧʨʠʤʝʨ, ʜʘʥʥʳʝ ʨʘʙʦʪʳ 

[547], ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟʘʪ ʞʤʳʭʘ ʩʘʭʘʨʥʦʛʦ ʪʨʦʩʪʥʠʢʘ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ Kluyveromyces sp. IIPE45 ʜʣʷ 

ʩʙʨʘʞʠʚʘʥʠʷ ʧʨʠ 45 ÁC, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ 88% ʚʳʭʦʜʘ ʵʪʘʥʦʣʘ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʠ Ve 

0.36 ʛ ʣ-1 ʯ-1, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ K. marxianus C1 ʚ ʵʪʦʡ ʨʘʙʦʪʝ. 

ʉʙʨʘʞʠʚʘʥʠʝ ʛʠʜʨʦʣʠʟʘʪʦʚ ʙʠʦʤʘʩʩʳ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ, ʚ ʵʪʘʥʦʣ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʛʠʙʠʪʦʨʦʚ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʬʫʨʦʣʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʝʣʷʪʴ ʦʪ ʫʛʣʝʚʦʜʦʚ ʧʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ ʢ 

ʢʣʝʪʢʘʤ. ʆʯʠʩʪʢʫ ʛʠʜʨʦʣʠʟʘʪʘ ʧʝʨʝʜ ʩʙʨʘʞʠʚʘʥʠʝʤ ʜʨʦʞʞʘʤʠ K. marxianus ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʷʪ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʠʥʛʠʙʠʪʦʨʦʚ ʩʙʨʘʞʠʚʘʥʠʷ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʚʳʭʦʜ ʵʪʘʥʦʣʘ ʫ ʰʪʘʤʤʘ K. marxianus C1 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʳ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʛʠʜʨʦʣʠʟʘʪʦʤ ʮʝʣʣʶʣʦʟʳ ʙʳʣ ʚ 1.3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ 

ʤʦʜʝʣʴʥʦʡ ʩʨʝʜʝ (ʈʠʩʫʥʦʢ 52), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ. ɼʣʷ ʰʪʘʤʤʘ O. polymorpha CBS4732 ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 1.1, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʦʛʦ ʰʪʘʤʤʘ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʩʙʨʘʞʠʚʘʥʠʷ. ɸʥʘʣʦʛʠʯʥʦ 

ʚ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ ʧʨʠ 30 ÁC ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʛʦ Ca(OH)2 ʛʠʜʨʦʣʠʟʘʪʘ 

ʞʦʤʘ ʩʘʭʘʨʥʦʛʦ ʪʨʦʩʪʥʠʢʘ ʧʨʠʤʝʥʝʥ ʰʪʘʤʤ K. marxianus ATCC 36907 [548], ʛʜʝ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʬʫʨʬʫʨʦʣʘ ʚ ʩʤʝʩʠ ʧʦʢʘʟʘʥʦ ʜʝʩʷʪʠʢʨʘʪʥʦʝ ʩʥʠʞʝʥʠʝ Ve ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʴʶ (0.86 

ʛ ʣ-1 ʯ-1 ʠ 0.08 ʛ ʣ-1 ʯ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

K. marxianus, ʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʝʚʨʘʱʝʥʠʷ ʫʛʣʝʚʦʜʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʮʝʣʣʶʣʦʟʳ ʧʫʪʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ, ʚ ʵʪʘʥʦʣ, ʥʦ ʫʩʪʫʧʘʶʪ ʧʦ ʵʪʦʤʫ 

ʧʘʨʘʤʝʪʨʫ ʰʪʘʤʤʘʤ S. ʩerevisiae (ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʠ 30 ÁC), ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪ [542], [544] ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ 

ʢʠʩʣʦʪʥʳʭ ʛʠʜʨʦʣʠʟʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʙʝʥʪʦʚ ʥʝ ʧʨʠʚʝʣʦ ʢ ʧʦʣʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʨʬʫʨʦʣʘ ʠ 5-ɻʄʌ ʚ ʩʨʝʜʝ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ (ʊʘʙʣʠʮʘ 45), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʨʝʜʘ 

YNB-H ʥʘ ʦʩʥʦʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʮʝʣʣʶʣʦʟʳ ʩʦʜʝʨʞʘʣʘ ʣʠʰʴ 5-ɻʄʌ ʚ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚ ʠʪʦʛʝ ʜʦʩʪʠʛʥʫʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ 

ʵʪʘʥʦʣʘ ʚ ʵʪʦʡ ʨʘʙʦʪʝ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʨʦʚʝʜʝʥʥʦʤ ʚ ʨʘʙʦʪʝ [545], ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʦʡ ʩʦʣʦʤʳ ʢʫʢʫʨʫʟʳ ʩ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʛʠʜʨʦʣʠʟʦʤ ʠ ʩʙʨʘʞʠʚʘʥʠʝʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 30 ÁC ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʰʪʘʤʤʦʤ S. cerevisiae 424A (LNH-ST), ʢʦʪʦʨʳʡ 

ʵʢʩʧʨʝʩʩʠʨʫʝʪ ʛʝʥʳ ʤʝʪʘʙʦʣʠʟʤʘ ʢʩʠʣʦʟʳ, ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʚ ʩʢʦʨʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʵʪʘʥʦʣʘ ʠ ʝʛʦ ʚʳʭʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʥʦʡ ʩʨʝʜʦʡ (83.6 Ñ 0.9 ʠ 88.5% ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ, Ve 0.8 ʠ 0.9 Ñ 0 ʛ ʣ
-1 ʯ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʢʘʟʘʪʝʣʠ K. 

marxianus C1 ʠ O. polymorpha CBS4732 ʚ ʵʪʦʡ ʨʘʙʦʪʝ. ʏʝʨʝʟ 24 ʯ ʩʙʨʘʞʠʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘʪʘ 

ʰʪʘʤʤʦʤ S. cerevisiae 424A (LNH-ST) ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ ʩʥʠʟʠʣʘʩʴ ʙʦʣʝʝ, ʯʝʤ ʥʘ 30% (9.5 

Ñ 0.2 ʛ ʣ-1 ʜʣʷ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʣʠʟʘʪʘ ʠ 6.7 ʛ ʣ-1 ʜʣʷ ʤʦʜʝʣʴʥʦʡ ʩʨʝʜʳ) [545], ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʜʣʷ ʰʪʘʤʤʦʚ K. marxianus C1 ʠ O. polymorpha CBS4732 ʥʘ ʩʨʝʜʝ 

YNB-H. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʵʪʘʥʦʣʘ ʰʪʘʤʤʦʤ S. cerevisiae 424A (LNH-ST) 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʚʳʩʦʢʦʡ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʟ-ʟʘ ʝʛʦ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʦʙʘ ʰʪʘʤʤʘ K. marxianus C1 ʠ O. polymorpha CBS4732 ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʥʘʢʦʧʣʝʥʠʝʤ ʵʪʘʥʦʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 42 ÁC ʠ ʩʧʦʩʦʙʥʳ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ ʥʘ ʩʨʝʜʝ YNB-H, ʩʦʜʝʨʞʘʱʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʛʠʜʨʦʣʠʟʘʪ ʮʝʣʣʶʣʦʟʳ 

(ʈʠʩʫʥʦʢ 52). ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʵʪʘʥʦʣʘ ʠʟ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ 

ʮʝʣʣʶʣʦʟʳ ʧʨʠʚʝʜʝʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʘʭʘʨʦʚ ʧʦʩʣʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠ ʵʢʩʪʨʘʢʮʠʠ 5-ɻʄʌ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʧʦʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʦʯʠʩʪʢʠ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʩʙʨʘʞʠʚʘʥʠʷ.  
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ɻʃɸɺɸ 6. ʇʈʀʄɽʅɽʅʀɽ ʌɽʈʄɽʅʊʅʆɻʆ ʇʈɽʇɸʈɸʊɸ ʇʉʌɸ-ESTUT1-TRXA  ɺ 

ʈɽɸʂʎʀʀ ɻʀɼʈʆʃʀɿɸ ʄɸʃɸʊʀʆʅɸ 

6.1 ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʇʉʌɸ-estUT1-TrxA  

ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʚ ʩʚʦʡʩʪʚʘʭ estUT1-TrxA ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʤʝʪʦʜʦʤ ʇʉʌɸ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʬʝʨʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʢʦʵʢʩʧʨʝʩʩʠʠʠ 

ʩ ʰʘʧʝʨʦʥʘʤʠ E. coli ʚ ʩʦʩʪʘʚʝ ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʙʝʣʢʘ, ʜʦ ʠ ʧʦʩʣʝ ʝʛʦ ʠʤʤʦʙʠʣʠʟʘʮʠʠ.  

ɸʥʘʣʠʟ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʝstUT1-TrxA (ʊʘʙʣʠʮʘ 

31) ʠ ʇʉʌɸ-ʝstUT1-TrxA (ʊʘʙʣʠʮʘ 46) ʥʝ ʚʳʷʚʠʣʠ ʠʟʤʝʥʝʥʠʡ ʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʬʝʨʤʝʥʪʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʘ 

ʟʥʘʯʝʥʠʝ KM ʧʦʚʳʰʘʣʦʩʴ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʝʛʦ ʩʪʨʫʢʪʫʨʳ [548]. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇʉʌɸ-ʝstUT1-TrxA ʙʳʣʘ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝstUT1-TrxA, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [549]. ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʚ ʦʪʥʦʰʝʥʠʠ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ (835.5 Ñ 58.7 ʩ-1 ʤʄ-

1), ʧʨʝʚʳʰʘʶʱʝʝ ʘʥʘʣʦʛʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ ʛʠʜʨʦʣʘʟʳ ʠʟ Flavobacterium spp. 

(154.91 ʩ-1 ʤʄ-1) [550]. 

ʊʘʙʣʠʮʘ 46 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʇʉʌɸ-ʝstUT1-TrxA [551] 

ʉʫʙʩʪʨʘʪ KM, ʤʢʄ***  Kʢʘʪ, ʩ-1***  Kʢʘʪ/KM, ʩ-1Ĭʤʄ-1***  

pNPC2 176.7 Ñ 8.5 31.1 Ñ 1.2 176.1 Ñ 2.2 

pNPC4 710.7 Ñ 64.7 41.8 Ñ 0.4 59.1 Ñ 5.6 

pNPC8 2490.0 Ñ 141.8 56.9 Ñ 1.2 22.9 Ñ 1.1 

ʄʘʣʘʪʠʦʥ 29.6 Ñ 3.3 15.2 Ñ 1.0 515.4 Ñ 22.8 

ɸʢʪʠʚʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʧʨʠ 50 Áʉ ʚ 50 ʤʄ Tris-HCl pH 8.0 (ʜʣʷ ʵʬʠʨʦʚ ʧ-ʥʠʪʨʦʬʝʥʦʣʘ) ʠ ʧʨʠ 37 Áʉ 

ʚ 50 ʤʄ Tris-HCl pH 7.0 (ʜʣʷ ʤʘʣʘʪʠʦʥʘ) ʜʣʷ ʩʫʙʩʪʨʘʪʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0.003 ï10 ʤʄ. *** p < 

0.001, ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʥʩʪʘʥʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʥʳʭ ʩʫʙʩʪʨʘʪʦʚ) 

ʇʨʠ ʘʥʘʣʠʟʝ ʘʢʪʠʚʥʦʩʪʠ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʠ ʥʝʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʳ (ʈʠʩʫʥʦʢ 

53) ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʥʝ ʦʢʘʟʳʚʘʣʘ ʚʣʠʷʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ʵʩʪʝʨʘʟʳ 

estUT1-TrxA, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʩʦʩʪʘʚʠʣ 70 ï 80 Áʉ. ʇʨʠ ʵʪʦʤ ʇʉʌɸ-estUT1-TrxA ʦʪʣʠʯʘʣʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ estUT1-TrxA ʚ ʣʠʟʘʪʝ E. coli. 

ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʦʮʝʥʠʚʘʣʠ ʧʨʠ 50 ï 80 ÁC (ʈʠʩʫʥʦʢ 53ɹ, ɺ) ʚ ʪʝʯʝʥʠʝ 8 ʯ, 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ   ʠʥʘʢʪʠʚʘʮʠʠ (ki)   ʠ   ʟʥʘʯʝʥʠʷ   ʧʝʨʠʦʜʘ  ʧʦʣʫʠʥʘʢʪʠʚʘʮʠʠ   (t1/2) ʬʝʨʤʝʥʪʘ 

ʜʦ   ʠ   ʧʦʩʣʝ   ʩʰʠʚʢʠ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ʧ.2.2.3.3 (ʊʘʙʣʠʮʘ 47).  ʉʥʠʞʝʥʠʝ   ki  ʠ   ʫʚʝʣʠʯʝʥʠʝ   

t1/2   ʫʢʘʟʳʚʘʶʪ   ʥʘ   ʪʦ,   ʯʪʦ   ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ   ʇʉʌɸ-estUT1-TrxA   ʟʥʘʯʠʪʝʣʴʥʦ   ʚʳʰʝ   ʫ 
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ɸ.  

 

ɹ. 

 
                                        ɺ. 

 

ʈʠʩʫʥʦʢ 53 ï ɺʣʠʷʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʠ ʬʝʨʤʝʥʪʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

estUT1-TrxA. (ɸ) ɸʢʪʠʚʥʦʩʪʴ, (ɹ) ʉʪʘʙʠʣʴʥʦʩʪʴ ʜʦ ʩʰʠʚʢʠ, (ɺ) ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʣʝ ʩʰʠʚʢʠ. 

ɿʥʘʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 80 Áʉ ʙʳʣʦ ʧʨʠʥʷʪʦ ʟʘ 100%. pNPC2 ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ. ʉʨʘʚʥʠʤʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ estUT1-TrxA ʠ ʇʉʌɸ-estUT1-TrxA 

ʦʙʣʘʜʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 50 ʠ 70 ÁC, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʚʳʰʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʬʝʨʤʝʥʪʘ ʥʘ 20 ÁC ʧʨʠ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʝ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ 

ʩʚʷʟʝʡ ʚ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʠʭ ʜʝʥʘʪʫʨʘʮʠʶ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 54, ʦʧʪʠʤʫʤ pH ʜʣʷ ʦʙʝʠʭ ʬʦʨʤ ʬʝʨʤʝʥʪʘ ʥʝ ʠʟʤʝʥʠʣʩʷ ʠ 

ʩʦʩʪʘʚʠʣ 8.0, ʧʨʠ ʵʪʦʤ ʬʝʨʤʝʥʪ ʚ ʬʦʨʤʝ ʇʉʌɸ-estUT1-TrxA ʦʙʣʘʜʘʣ ʜʦʩʪʦʚʝʨʥʦ (p < 0.01, 

ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʙʦʣʝʝ ʚʳʩʦʢʦʡ   ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʚʥʦʩʪʴʶ   ʧʨʠ pH 7.0 
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ʊʘʙʣʠʮʘ 47 ï ʉʨʘʚʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ estUT1-TrxA ʠ ʇʉʌɸ- estUT1-TrxA 

ʊʝʤʧʝʨʘʪʫʨʘ, 

Áʉ 

ki, ʯ-1 t1/2, ʯ 

estUT1-TrxA  
ʇʉʌɸ-estUT1-

TrxA  
estUT1-TrxA  

ʇʉʌɸ-estUT1-

TrxA  

50 4.3 Ĭ 10-2 2.2 Ĭ 10-2 16.1 31.3 

60 4.5 Ĭ 10-2 3.1 Ĭ 10-2 15.4 22.5 

70 6.0 Ĭ 10-2 4.7 Ĭ 10-2 11.5 14.8 

80 22.7 Ĭ 10-2 16.5 Ĭ 10-2 3.1 4.2 

 (92.4 Ñ 7.6%) ʠ ʨʅ 9.0 (90.3 Ñ 4.7%). ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʘ (p < 0.01, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ) ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ 5.0 ï 

7.0 ʠ ʨʅ 9.0 ï 10.0 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʬʝʨʤʝʥʪʦʤ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʨʅ-ʦʧʪʠʤʫʤʘ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʚʩʣʝʜʩʪʚʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ. 

 

ʈʠʩʫʥʦʢ 54 ï ɺʣʠʷʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʠ ʬʝʨʤʝʥʪʘ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ estUT1-TrxA ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ. ɸʢʪʠʚʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʧʨʠ 50 Áʉ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ - ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ 1 ʯ ʧʨʠ 50 Áʉ (ʘʢʪʠʚʥʦʩʪʴ ʙʝʟ ʠʥʢʫʙʘʮʠʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ 

100%). pNPC2 ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ 

ʇʨʠ ʘʥʘʣʠʟʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʇʉʌɸ-

estUT1-TrxA ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ estUT1-TrxA ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ 10 ʤʄ PMSF, ʜʠʪʠʦʪʨʝʠʪʦʣʦʤ, ɓ-

ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʦʤ, 1% SDS ʠ ʊʚʠʥ-20 ʜʦʩʪʦʚʝʨʥʦ (p < 0.01, ʜʚʫʭʚʳʙʦʨʦʯʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ t-

ʪʝʩʪ) ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ 1.9, 1.2, 1.2, 1.5 ʠ 1.6 ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 48). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʧʝʨʝʯʥʘʷ ʩʰʠʚʢʘ estUT1-TrxA ʟʘʱʠʱʘʝʪ ʬʝʨʤʝʥʪ ʦʪ ʪʝʨʤʠʯʝʩʢʦʡ ʠʥʘʢʪʠʚʘʮʠʠ ʠ ʧʦʚʳʰʘʝʪ 

ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʠʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤ, ʚʢʣʶʯʘʷ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʦʜʫ (ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ [552], ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ [553]). 
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ʊʘʙʣʠʮʘ 48 ï ɺʣʠʷʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʠ ʬʝʨʤʝʥʪʘ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

estUT1-TrxA ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ 

ɺʝʱʝʩʪʚʦ estUT1-TrxA  ʇʉʌɸ-estUT1-TrxA  

ʂʦʥʪʨʦʣʴ (ʙʝʟ ʜʦʙʘʚʦʢ) 100.0 Ñ 4.2 100.0 Ñ 2.9 

30% ʕʪʘʥʦʣ 120.4 Ñ 6.2 124.7 Ñ 4.1 

30% ʄʝʪʘʥʦʣ 134.8 Ñ 3.1 140.3 Ñ 5.9 

10 ʤʄ PMSF 8.4 Ñ 1.4 15.6 Ñ 0.9 

10 ʤʄ ɼʊʊ 64.3 Ñ 5.3 77.5 Ñ 2.1 

10 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ 74.3 Ñ 3.6 90.8 Ñ 2.7 

1% SDS 62.4 Ñ 2.7 94.3 Ñ 6.1 

1% ʊʚʠʥ 20 47.6 Ñ 4.1 73.8 Ñ 2.4 

1% ʊʨʠʪʦʥ X-100 12.3 Ñ 0.7 21.7 Ñ 1.2 

ʆʩʪʘʪʦʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝ 1 ʯ ʠʥʢʫʙʘʮʠʠʠ ʧʨʠ 50 Áʉ ʠʟʤʝʨʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pNPC2 

6.2 ʇʨʠʤʝʥʝʥʠʝ ʇʉʌɸ-estUT1-TrxA  ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ 

ʇʦʩʢʦʣʴʢʫ ʇʉʌɸ-estUT1-TrxA ʫʩʪʦʡʯʠʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ, ʪʝʤʧʝʨʘʪʫʨ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʤʘʣʘʪʠʦʥ, ʦʥ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʨʝʜʝ WW. 

ɺʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʠʤʝʥʥʝʠʷ ʇʉʌɸ-estUT1-TrxA ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʜʣʷ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ (27.5 ʤʛ ʣ-1) ʧʨʠ 37 ÁC ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ (ʈʠʩʫʥʦʢ 55): 50 ʤʄ ʊris-HCl pH  

 

ʈʠʩʫʥʦʢ 55 ï ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʇʉʌɸ-estUT1-TrxA ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ. 

ʀʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʣʘʪʠʦʥʘ 27.5 ʤʛ ʣ-1, 37 Áʉ 

7.0, OECD ʠ ʩʨʝʜʝ WW, ʢʦʪʦʨʘʷ ʤʦʜʝʣʠʨʫʝʪ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʟʘʛʨʷʟʥʝʥʥʳʝ ʤʘʣʘʪʠʦʥʦʤ. ɺʳʷʚʣʝʥʦ, 

ʯʪʦ ʇʉʌɸ-estUT1-TrxA ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʨʝʜʘʭ: 50 ʤʄ 
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ʊʨʠʩïHCl pH 7.0 (t1/2 30.7 Ñ 3.0 ʩʫʪ), OECD (t1/2 14.1 Ñ 0.4 ʩʫʪ) ʠ WW (t1/2 14.8 Ñ 0.6 ʩʫʪ), 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʮʝʥʪ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ ʩʚʳʰʝ 55% ʧʦʩʣʝ 25 ʮʠʢʣʦʚ ʨʝʘʢʮʠʠ (350 ʯ) ʧʨʠ 37 

Áʉ ʚ ʩʨʝʜʝ WW. 

6.3 ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʇʉʌɸ-estUT1-TrxA  ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ ʜʣʷ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʤʘʣʘʪʠʦʥʘ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʪʯʠʩʪʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠ ̫h ʣʘʤʦʚ ʠ ʚʨʝʜʥʳʭ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ). ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʚʦʜʳ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʧʝʩʪʠʮʠʜʳ. ʅʘʧʨʠʤʝʨ, ʦʢʠʩʣʝʥʠʝ ʭʣʦʨʦʤ ʫʜʘʣʷʝʪ ʠʟ ʚʦʜʳ 60% 

ʧʝʩʪʠʮʠʜʦʚ (ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʢʘʥʮʝʨʦʛʝʥʥʳʝ ʪʨʠʛʘʣʦʤʝʪʘʥʳ), ʘ ʦʢʠʩʣʝʥʠʝ ʦʟʦʥʦʤ - 70% 

ʧʝʩʪʠʮʠʜʦʚ [554]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʨʤʝʥʪʦʚ ʜʣʷ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʟʚʦʣʷʝʪ ʩ  

ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʦʯʠʩʪʢʫ ʦʪ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ. ʉʪʦʠʤʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʠʭ ʧʨʦʜʫʮʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ 

[555].  

ʉʨʘʚʥʝʥʠʝ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʤʘʣʘʪʠʦʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʧʦʩʦʙʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, 

ʤʠʢʨʦʙʠʘʣʴʥʦʝ ʙʠʦʨʘʟʣʦʞʝʥʠʝ ʤʘʣʘʪʠʦʥʘ (ʥʘ 50 ï 80%) ʟʘʥʠʤʘʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ (ʊʘʙʣʠʮʘ 49).  

ʅʘʧʨʠʤʝʨ, ʰʪʘʤʤ B. licheniformis ML-1 ʦʙʝʩʧʝʯʠʣ ʧʨʠʤʝʨʥʦ 78% ʫʜʘʣʝʥʠʷ ʤʘʣʘʪʠʦʥʘ ʠʟ 

ʞʠʜʢʦʡ ʩʨʝʜʳ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʜʥʝʡ [238]. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʨʙʦʢʩʠʵʩʪʝʨʘʟʘ D1CarE5 

ʙʘʢʪʝʨʠʠ Alicyclobacillus tengchongensis, ʢʣʦʥʠʨʦʚʘʥʥʘʷ ʚ pET28a(+) ʠ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʘʷ ʚ E. 

coli BL21(DE3), ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʤʘʣʘʪʠʦʥ: ʫʜʘʣʝʥʠʝ ʤʘʣʘʪʠʦʥʘ 

ʩʦʩʪʘʚʠʣʦ 89% ʚ ʪʝʯʝʥʠʝ 100 ʤʠʥ ʧʨʠ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 5 ʤʛ ʣ-1 [240]. ʌʦʩʬʦʪʠʦʵʩʪʝʨʘʟʘ 

PoOPHM9, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʘʷ ʚ P. pastoris ʠ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ ʧʦʣʠʤʝʨʝ Pluronic F127 

[556], ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ pH 7.0 ï 11.0 ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ (50 ÁC), ʯʝʤ ʫ ʥʝʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ (30 ÁC). ɸʢʪʠʚʥʦʩʪʴ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 85.4% ʦʪ ʠʩʭʦʜʥʦʡ 

ʧʦʩʣʝ 10 ʮʠʢʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɹʘʢʪʝʨʠʷ Bacillus sp. S14, ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʚ 3% ʘʣʴʛʠʥʘʪʝ 

ʢʘʣʴʮʠʷ, ʪʘʢʞʝ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʤʘʣʘʪʠʦʥʘ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

(ʫʜʘʣʝʥʠʝ   ʩʦʩʪʘʚʠʣʦ   64.4%   ʚ   ʦʧʪʠʤʘʣʴʥʳʭ   ʫʩʣʦʚʠʷʭ)   [242].  ʕʩʪʝʨʘʟʘ ʇʉʌɸ-estUT1-TrxA, 
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ʊʘʙʣʠʮʘ 49 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʩʦʙʦʚ ʫʜʘʣʝʥʠʷ ʤʘʣʘʪʠʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʝʨʤʝʥʪʦʚ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʌʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ 
ʋʜʘʣʝʥʠʝ 

ʤʘʣʘʪʠʦʥʘ, % 
ʉʩʳʣʢʘ 

ʇʉʌɸ-estUT1-TrxA (U. 

thermosphaericus) 

ʄʘʣʘʪʠʦʥ 27.5 ʤʛ ʣī1, 37 

ÁC, 14 ʯ, pH 7.0 
99.4 Ñ 2.8 

ʕʪʘ ʨʘʙʦʪʘ 

[552] 

ʇʉʌɸ-estUT1-TrxA (U. 

thermosphaericus) 

ʄʘʣʘʪʠʦʥ 27.5 ʤʛ ʣī1, 37 

Áʉ, 14 ʯ, WW 
99.5 Ñ 1.4 

ʕʪʘ ʨʘʙʦʪʘ 

[552] 

Bacillus sp. S14 ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥ 

ʚ 3% ʘʣʴʛʠʥʘʪʘ ʢʘʣʴʮʠʷ 

ʄʘʣʘʪʠʦʥ 50 ʤʛ ʣī1, 25 

ÁC, 8 ʯ, pH 7.0 
64.4 [555] 

B. licheniformis ML-1 
ʄʘʣʘʪʠʦʥ 25 ʤʛ ʣī1, 32 

ÁC, 5 ʩʫʪ, pH 7.5 
78 [239] 

ʂʘʨʙʦʢʩʠʵʩʪʝʨʘʟʘ D1CarE5 (A. 

tengchongensis) 

ʄʘʣʘʪʠʦʥ 5 ʤʛ ʣī1, 37 

ÁC, 100 ʤʠʥ, pH 7.0 
89 [241] 

Bacillus thuringiensis 
ʄʘʣʘʪʠʦʥ 250 ʤʛ ʣī1, 

30 ÁC, 3 ʩʫʪ 
50 [240] 

Pseudomonas putida 
ʄʘʣʘʪʠʦʥ 125 ʤʛ ʣī1, 30 

ÁC, 7 ʩʫʪ, pH 7.0 
72 [235] 

ʌʦʩʬʦʪʠʦʵʩʪʝʨʘʟʘ PoOP̀HM9 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ Pluronic 

F127 

ʄʘʣʘʪʠʦʥ 50 ʤʛ ʣī1, 25 

ÁC, 30 ʤʠʥ, pH 9.0 
100% [556] 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʥʝ ʪʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʠʪ ʘʢʪʠʚʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʳ 

ʙʘʢʪʝʨʠʠ Bacillus sp. S14 (ʊʘʙʣʠʮʘ 49), ʥʦ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʡ (ʫʜʘʣʝʥʠʝ ʤʘʣʘʪʠʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 78.1 Ñ 3.1%) ʚ ʪʝʯʝʥʠʝ 25 ʮʠʢʣʦʚ ʛʠʜʨʦʣʠʟʘ ʚ 50 ʤʄ ʊʨʠʩ-HCl pH 7.0, ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʧʘʨʘʤʝʪʨʳ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʬʦʩʬʦʪʠʦʵʩʪʝʨʘʟʳ PoOPHM9 [556]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʙʳʣʘ ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʇʉʌɸ-estUT1-TrxA ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʠʥʩʝʢʪʠʮʠʜ 

ʤʘʣʘʪʠʦʥ ʠʟ ʩʨʝʜʳ WW. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʤʘʣʘʪʠʦʥʘ ʩʦʩʪʘʚʠʣʘ ʩʚʳʰʝ 55.2 Ñ 1.1% ʯʝʨʝʟ 

25 ʮʠʢʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠʠ [557]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʇʉʌɸ-

estUT1-TrxA ʧʦʟʚʦʣʠʣʦ ʵʬʬʝʢʪʠʚʥʦ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʤʘʣʘʪʠʦʥ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʠʥʩʝʢʪʠʮʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

 

 



242 

 

ɿɸʂʃʖʏɽʅʀɽ 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʣʫʞʠʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʠʩʢʦʧʘʝʤʦʤʫ ʩʳʨʴʶ ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʮʝʥʳ. ʍʦʪʷ 

ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ ʩʣʫʞʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʝ ʙʠʦʤʘʩʩʳ ʥʝʧʠʱʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʈʘʟʚʠʪʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʚ ʙʫʜʫʱʝʤ ʙʦʣʝʝ ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʵʪʦʛʦ ʚʠʜʘ 

ʩʳʨʴʷ. 

ʄʠʢʨʦʚʦʜʦʨʦʩʣʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʧʠʱʝʚʦʡ ʙʠʦʤʘʩʩʳ,  

ʦʙʣʘʜʘʶʱʠʭ ʙʳʩʪʨʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʙʠʦʤʘʩʩʳ ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʶʪ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʪʘʤʤʳ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʣʠʧʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʥʘʩʳʱʝʥʥʦʩʪʠ (ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʅɾʂ ʠ ʄʅɾʂ), ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʠʦʪʦʧʣʠʚʘ, 

ʩʪʦʡʢʦʛʦ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ. ɼʨʫʛʠʤ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʶʪʩʷ ʫʛʣʝʚʦʜʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ.  

ɼʣʷ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʜʫʮʝʥʪʘ ʙʠʦʤʘʩʩʳ ʠ ʣʠʧʠʜʦʚ ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʚʳʜʝʣʝʥʠʝ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ 

ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʢʦʣʣʝʢʮʠʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʇʨʠ ʧʝʨʚʠʯʥʦʤ ʦʪʙʦʨʝ 

ʰʪʘʤʤʦʚ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʢʘʧʣʠʚʘʪʴ ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʭ ʥʘʢʦʧʣʝʥʠʝ 

ʦʪʣʠʯʘʝʪʩʷ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ ʥʘ ʨʘʟʥʳʭ ʩʨʝʜʘʭ (BBM, OECD ʠ WW). ʐʪʘʤʤʳ 

Micractinium sp. IC-76, Micractinium sp. IC-44, C. sorokiniana IPPAS C-1 ʠ C. sorokiniana IC-62 

ʧʨʦʜʫʮʠʨʦʚʘʣʠ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʰʪʘʤʤʘʤʠ ʥʘ ʩʪʘʜʠʠ ʧʝʨʚʠʯʥʦʛʦ ʦʪʙʦʨʘ ʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʣʷ ʧʦʠʩʢʘ ʰʪʘʤʤʦʚ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʩʳʱʝʥʥʳʭ ʣʠʧʠʜʦʚ, ʪʘʢ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʠʥʪʝʟ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ ʢʣʝʪʢʘʭ. ɺ ʭʦʜʝ ʧʝʨʚʠʯʥʦʛʦ ʦʪʙʦʨʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʰʪʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ P. kessleri, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʢʘʧʣʠʚʘʶʪ ʫʛʣʝʚʦʜʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʝ ʨʦʩʪʘ, ʧʦʵʪʦʤʫ ʦʥʠ ʪʘʢʞʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʤʝʪʘʙʦʣʠʟʤ 

ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʚ ʢʣʝʪʢʘʭ.  

ʇʦʠʩʢ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʨʝʜʝ BBM ʚ ʢʦʣʙʘʭ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʰʪʘʤʤʳ Micractinium sp. IC-

76, Micractinium sp. IC-44 ʠ S. abundans A1175, ʦʙʣʘʜʘʚʰʠʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʤʘʩʩʳ, ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʣʠ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ 
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ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʨʦʩʪʘ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʅɾʂ ʠ ʧʦʚʳʰʝʥʠʝʤ ʇʅɾʂ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ S. 

abundans A1175 ʦʙʣʘʜʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʩʫʤʤʘʨʥʳʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʅɾʂ ʠ ʄʅɾʂ 

(72.8 Ñ 5.8%), ʘ ʪʘʢʞʝ ʦʙʱʠʭ ʣʠʧʠʜʦʚ (44.4 Ñ 2.7%) ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ, ʯʪʦ ʙʣʠʟʢʦ ʢ 

ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʐʪʘʤʤ S. abundans A1175 ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʧʠʜʦʚ 

ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʠʭ 

ʣʠʧʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʦʙʣʘʜʘʝʪ C. sorokiniana IPPAS C-1 (38.5 

Ñ 1.7%). ʐʪʘʤʤʳ C. sorokiniana IC-62, Micractinium sp. IC-76, Micractinium sp. IC-44, C. 

sorokiniana IPPAS C-1 ʦʙʣʘʜʘʣʠ ʩʨʘʚʥʠʤʳʤ ʩ S. abundans A1175 ʫʨʦʚʥʝʤ ʣʠʧʠʜʦʚ, ʥʦ 

ʥʘʢʘʧʣʠʚʘʣʠ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ, ʧʦʵʪʦʤʫ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ ʢʣʝʪʢʘʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ.  

ʇʦʩʢʦʣʴʢʫ ʥʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʛʦ ʦʪʙʦʨʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʦʪʣʠʯʘʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ, ʜʣʷ ʘʥʘʣʠʟʘ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʤʦʜʝʣʴʥʳʝ ʩʨʝʜʳ (BBM ʠ ʆECD), 

ʪʘʢ ʠ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʩʪʦʯʥʳʭ ʚʦʜ (WW), ʢʘʢ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʡ ʩʫʙʩʪʨʘʪ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʚ ʢʦʣʙʘʭ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ 

Micractinium sp. IC-76 ʠ Micractinium sp. IC-44 ʥʘʢʘʧʣʠʚʘʣʠ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ IPPAS C-1 ʧʨʘʢʪʠʯʝʩʢʠ ʠʭ ʥʝ ʥʘʢʘʧʣʠʚʘʣ. ɺ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʰʪʘʤʤʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ C16:0 ʠ C18:1, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ C18:0 ʩʥʠʞʘʣʦʩʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʨʝʜʳ BBM, ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʵʪʠ ʰʪʘʤʤʳ ʚ ʮʝʣʦʤ ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʤʳʤʠ ʫʨʦʚʥʷʤʠ 

ʥʘʢʦʧʣʝʥʠʷ ʤʦʥʦ- ʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʂʨʦʤʝ ʪʦʛʦ, ʰʪʘʤʤʳ ʦʙʣʘʜʘʣʠ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʣʥʦʩʪʴʶ ʠʟʚʣʝʢʘʪʴ NH4
+ ʠ PO4

3- ʠʟ WW, ʥʦ ʤʘʣʦ ʚʣʠʷʣʠ ʥʘ ʍʇʂ cʨʝʜʳ. ɸʥʘʣʠʟ 

ʤʝʪʘʙʦʣʠʟʤʘ ʰʪʘʤʤʦʚ ʚʳʷʚʠʣ, ʯʪʦ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʝ ʰʪʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʦʜʘʤ Chlorella 

ʠ Micractinium, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʠʥʪʝʟʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʥʘ ʩʨʝʜʝ WW. 

ʐʪʘʤʤ Micractinium sp. IC-76 ʩ ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʦʙʣʘʜʘʝʪ 

ʥʘʠʙʦʣʴʰʠʤʠ ʦʪʣʠʯʠʷʤʠ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ 

ʨʦʩʪʘ. ʄʝʪʦʜʘʤʠ PLS-DA ʠ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʮʠʢʣʘʤ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʦʮʝʩʩʝ ʠʥʜʫʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫ Micractinium sp. IC-76 ʥʘ ʩʨʝʜʝ WW 

ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʮʠʢʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʢʨʘʭʤʘʣʘ ʠ ʫʛʣʝʚʦʜʦʚ. ɺ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ 

ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʦʟʳ ʫ ʵʪʦʛʦ ʰʪʘʤʤʘ ʙʳʣʘ ʧʦʯʪʠ ʚ ʪʨʠʥʘʜʮʘʪʴ ʨʘʟ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʦʡ. ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʠ 

ʧʠʨʦʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʧʦʩʪʫʧʣʝʥʠʷ NH4
+ ʚ ʮʠʢʣ ʤʦʯʝʚʠʥʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʘʙʦʣʠʪʳ ʙʠʦʩʠʥʪʝʟʘ ʘʤʠʥʦʢʠʩʣʦʪ, ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʮʠʢʣʘ ʪʨʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʫʯʘʩʪʚʫʶʪ ʚ ʧʝʨʝʩʪʨʦʡʢʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ. ɺ ʨʘʙʦʪʝ ʚʳʷʚʣʝʥʳ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʮʠʢʣʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʧʨʦʮʝʩʩʘʭ ʟʘʧʘʩʘʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤʠ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʩʣʫʞʠʪ 

ʦʩʥʦʚʦʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʨʦʜʫʢʮʠʠ ʫ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ. ʐʪʘʤʤ Micractinium sp. IC-76 ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʧʨʦʮʝʩʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʦʦʯʠʩʪʢʦʡ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʍʇʂ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʣʠʧʠʜʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ.  

ʇʦʩʢʦʣʴʢʫ ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʠʯʥʦʛʦ ʦʪʙʦʨʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʰʪʘʤʤʳ, ʥʝ 

ʩʧʦʩʦʙʥʳʝ ʥʘʢʘʧʣʠʚʘʪʴ ʥʝʡʪʨʘʣʴʥʳʝ ʣʠʧʠʜʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʥʘ ʩʨʝʜʝ BBM, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʚʳʚʠʪʴ ʬʘʢʪʦʨʳ, ʚʳʟʳʚʘʶʱʠʭ ʠʥʜʫʢʮʠʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʣʝʪʢʘʭ 

ʠ ʠʟʫʯʠʪʴ ʝʛʦ ʥʘ ʫʨʦʚʥʝ ʤʝʪʘʙʦʣʠʟʤʘ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʦʩʫʱʝʩʪʚʠʪʴ ʥʘʧʨʘʚʣʝʥʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʨʫʛʘ ʰʪʘʤʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ, ʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʣʠʧʠʜʦʚ, ʩ ʮʝʣʴʶ ʠʟʤʝʥʝʥʠʷ ʠʭ ʤʝʪʘʙʦʣʠʟʤʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʦʤ ʘʥʘʣʠʟʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʠʙʦʣʴʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ ʙʠʦʤʘʩʩʝ ʫ ʰʪʘʤʤʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ P. kessleri. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʦʜʝʣʴʥʦʤ ʰʪʘʤʤʝ P. kessleri IC-11, ʢʦʪʦʨʳʡ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʥʘ ʩʨʝʜʝ BBM ʥʘʢʘʧʣʠʚʘʣ 44.8 Ñ 4.0 ʛ ʣ-1 ʫʛʣʝʚʦʜʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʇʅɾʂ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 30 ʛ ʣ-1 ʙʳʣʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʩʨʝʜʝ BBM ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʦʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʰʪʘʤʤʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʚʳʩʦʢʦʣʠʧʠʜʥʳʭ ʰʪʘʤʤʦʚ, ʢʦʣʠʯʝʩʪʚʦ C16:0 ʠ C18:0 ʩʥʠʞʘʣʦʩʴ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ɾʂ C18:1 ʠ ʉ18:2 ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ. ʅʘʢʦʧʣʝʥʠʝ 

ʙʠʦʤʘʩʩʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʩʨʝʜʝ BBM, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ 

ʩʣʦʞʥʳʤ ʩʦʩʪʘʚʦʤ ʩʪʦʯʥʳʭ ʚʦʜ. ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ ʚʳʷʚʠʣ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 30 ʛ ʣ-1 ʩʦʣʝʡ ʚ 

ʩʨʝʜʫ WW ʚʳʟʳʚʘʣʦ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʠʧʠʜʦʚ, ʯʝʤ ʥʘ ʩʨʝʜʝ BBM, ʢʨʦʤʝ ʪʦʛʦ, 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʬʬʝʢʪʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʥʪʝʟʘ ʫʛʣʝʚʦʜʦʚ ʥʘ ʩʠʥʪʝʟ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʦʣʝʡ ʚ ʩʨʝʜʝ ʩʥʠʞʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʜʦʦʯʠʩʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦ NH4
+, NO3

- ʠ ʍʇʂ. ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʟʤʘ ʤʝʪʦʜʘʤʠ PCA ʠ 

PLS-DA ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʘʭ ʨʦʩʪʘ ʚʳʷʚʠʣ, ʯʪʦ ʫ P. kessleri IC-11 ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ BBM-S ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʣʘʢʪʦʟʳ ʠ ʨʘʬʠʥʦʟʳ 

(ʚ 17.3 ʠ 43.3 ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʦʡ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʦʣʝʡ. ʇʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʵʪʦʛʦ ʰʪʘʤʤʘ ʥʘ ʩʨʝʜʝ BBM ʦʙʥʘʨʫʞʝʥʦ ʧʝʨʝʢʣʶʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʩ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ. 
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ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʝʥʠʣʘʪʘ ʢʘʢ ʯʘʩʪʠ ʧʫʨʠʥʦʚʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ-ʟʘ ʠʩʪʦʱʝʥʠʷ ʧʫʣʘ ʵʢʚʠʚʘʣʝʥʪʦʚ ʵʥʝʨʛʠʠ (ɸʊʌ), ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʜʨʫʛʠʭ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʷʭ, ʚʢʣʶʯʘʷ ʤʝʪʘʙʦʣʠʟʤ ʛʣʶʢʦʟʳ ʚ ʮʠʢʣʝ ʛʣʠʢʦʣʠʟʘ. ʅʘʧʨʦʪʠʚ, ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʤʝʪʘʙʦʣʠʟʤʘ P. kessleri IC-11 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ WW ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ 

ʣʠʧʠʜʦʚ ʥʘ WW-S, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʵʢʚʠʚʘʣʝʥʪʦʚ ʵʥʝʨʛʠʠ ʚ ʮʠʢʣʝ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ, ʘ ʪʘʢʞʝ ʩ ʦʢʠʩʣʝʥʠʝʤ ʧʨʦʣʠʥʘ. ʕʪʠ ʤʝʪʘʙʦʣʠʪʳ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʥʜʠʢʘʪʦʨʳ ʧʨʦʮʝʩʩʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʩʠʥʪʝʟ ʥʝʡʪʨʘʣʴʥʳʭ 

ʣʠʧʠʜʦʚ, ʥʘʙʣʶʜʘʶʱʝʛʦʩʷ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʩʨʝʜʝ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ. 

ʅʘʨʘʙʦʪʢʘ ʧʘʨʪʠʡ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚʳʷʚʠʣʘ ʥʝʙʦʣʴʰʦʝ ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ 

ʨʦʩʪʘ ʜʣʷ Micractinium sp. IC-44 ʠ Micractinium sp. IC-76, ʦʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʠʭ ʣʠʧʠʜʦʚ ʫ 

ʵʪʠʭ ʰʪʘʤʤʦʚ (11.5 Ñ 0.5 ʠ 11.3 Ñ 1.2%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʙʳʣʦ ʩʨʘʚʥʠʤʳʤ ʩ P. kessleri IC-11. 

ʉʦʜʝʨʞʘʥʠʝ ʅɾʂ ʠ ʄʅɾʂ ʫ Micractinium sp. IC-76 ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʫʩʪʘʥʦʚʢʝ ʩʦʩʪʘʚʠʣʦ 44.1 Ñ 1.3%, ʫ Micractinium sp. IC-44 ï 48.4 Ñ 4.3%, ʯʪʦ 

ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʢʦʣʙʘʭ. ʂʦʣʠʯʝʩʪʚʦ ʫʛʣʝʚʦʜʦʚ ʫ P. kessleri IC-11 ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʫʩʪʘʥʦʚʢʝ ʩʦʩʪʘʚʠʣʦ 34.3 Ñ 2.3%, ʵʪʘ ʙʠʦʤʘʩʩʘ ʙʳʣʘ ʟʘʪʝʤ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʝʥʘ ʚ ʨʘʤʢʘʭ ʩʤʝʞʥʳʭ ʨʘʙʦʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʘʤʠ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʧʦʜʭʦʜʘ ʢ ʛʠʜʨʦʣʠʟʫ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʷʚʣʷʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʠʦʤʘʩʩʳ, ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʩʪʦʠʪ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ, 

ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʱʠʝʩʷ ʥʘ ʨʳʥʢʝ ʧʨʝʧʘʨʘʪʳ ʷʚʣʷʶʪʩʷ ʟʘʨʫʙʝʞʥʳʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʣʠʧʘʟʘ B. 

cepacia. ɽʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʙʠʦʤʘʩʩʳ Micractinium sp. IC-76, 

ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʚʳʷʚʠʣʦ, ʯʪʦ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʚʳʭʦʜ 

ʄʕɾʂ ʩʦʩʪʘʚʠʣ 92.1 Ñ 0.7%, ʯʪʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʘʝʤʳʤ ʧʨʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʧʘʟ. 

ʀʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʣʠʧʘʟʘ ʂʘʪɸ ʥʘ ʧʷʪʦʤ ʮʠʢʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʣʘ ʚʳʭʦʜ ʄʕɾʂ 45.7 

Ñ 4.8%, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʣʠʧʘʟʘ ʂʘʪɸ ʠ ʤʦʜʝʣʴ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠʟ ʣʠʧʠʜʦʚ 

Micractinium sp. IC-76. 

ɼʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʠʦʤʘʩʩʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, 

ʷʚʣʷʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʘ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʣʠʧʘʟʳ 
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G. stearothermophilus G3 (ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʌʀʎ ʀʎʠɻ ʉʆ ʈɸʅ) ʥʘ ʤʝʟʦʧʦʨʠʩʪʦʤ ʩʠʣʠʢʘʛʝʣʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʧʨʝʧʘʨʘʪ ɹʂʃ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 23.6 ɽɸ ʛ-1 ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠʟ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ. ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʚʳʭʦʜ ʄʕɾʂ ʩʦʩʪʘʚʠʣ 44%. ɸʥʘʣʦʛʠʯʥʦ ɹʂʃ ʙʳʣ ʧʨʠʤʝʥʝʥ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʠ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ ʩʦʝʚʦʛʦ ʤʘʩʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ 

ʞʠʨʦʚ. ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʛʥʫʪʘʷ ʩʪʝʧʝʥʴ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ 

ʩʦʩʪʘʚʠʣʘ 51%. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ɹʂʃ ʦʙʣʘʜʘʣ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ 

ʢʦʤʤʝʨʯʝʩʪʢʠʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʣʠʧʘʟʳ, ʦʥ ʦʙʣʘʜʘʣ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʚʨʝʤʷ ʧʦʣʫʠʥʘʢʪʠʚʘʮʠʠ ɹʂʃ 

ʩʦʩʪʘʚʣʷʝʪ 477 ʯ, ʚ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ - 121 ʯ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ 

ʧʨʠʤʝʥʝʥʠʠ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʧʘʟʳ G. stearothermophilus G3 ʨʘʩʰʠʨʷʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʣʠʧʘʟ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ.  

 ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ Micractinium sp. IC-44 ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʄʕɾʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʢʘʢ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʡ ʧʦʜʭʦʜ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʩʥʠʞʘʝʪ 

ʚʳʭʦʜ ʄʕɾʂ. ʅʘʧʨʦʪʠʚ, ʧʨʷʤʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʙʠʦʤʘʩʩʳ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ H2SO4 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ [BMIM ][HSO4], ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀɾ, 

ʫʚʝʣʠʯʠʚʘʣʘ ʚʳʭʦʜ ʄʕɾʂ ʥʘ 10.4%. ʇʨʠʤʝʥʝʥʠʝ ʢʠʩʣʦʡ ʀɾ [BMIM ][HSO4] ʙʳʣʦ ʵʬʬʝʢʪʠʚʥʳʤ 

ʢʘʢ ʜʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ, ʦʜʥʘʢʦ 

ʫʩʪʫʧʘʣʦ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʘʪɸ. ʆʩʪʘʪʦʯʥʘʷ 

ʙʠʦʤʘʩʩʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʠ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ, ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʧʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ A. succinogenes 130Z ʩ 

ʚʳʭʦʜʦʤ 67.0 Ñ 5.0%, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʙʦʪ. ʕʪʦʪ ʧʦʜʭʦʜ ʚʧʝʨʚʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ 

ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ ʷʥʪʘʨʥʫʶ ʢʠʩʣʦʪʫ. 

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʤʝʭʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʉʠʙʫʥʠʪ-4-ʦʢʩ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʧʫʪʝʤ 

ʩʙʨʘʞʠʚʘʥʠʷ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʤʠ ʜʨʦʞʞʘʤʠ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʚʦʟʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ 

ʧʦʣʫʯʘʪʴ ʪʘʢʦʡ ʮʝʥʥʳʡ ʧʨʦʜʫʢʪ, ʢʘʢ 5-ɻʄʌ, ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʦʧʠʚʘ ʠ ʧʦʣʠʤʝʨʦʚ, ʥʦ ʠ ʛʣʶʢʦʟʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʧʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ ʚ ʵʪʘʥʦʣ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʬʝʨʤʝʥʪʘʮʠʠ (ʚʢʣʶʯʘʷ 5-ɻʄʌ) ʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʬʫʨʬʫʨʦʣʘ ʚ 

ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ 5-ɻʄʌ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʙʨʘʞʠʚʘʥʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʠʟ ʚʩʝʭ ʚʳʜʝʣʝʥʥʳʭ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ, ʥʘʢʘʧʣʠʚʘʶʱʠʭ 
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ʙʠʦʤʘʩʩʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 48 ÁC ʠ ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʘʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ, ʪʦʣʴʢʦ K. marxianus C1 ʠ O. polymorpha CBS4732 

ʧʨʝʚʦʩʭʦʜʠʣʠ ʜʨʫʛʠʝ ʰʪʘʤʤʳ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʢʘʧʣʠʚʘʪʴ ʙʠʦʤʘʩʩʫ ʠ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʵʪʘʥʦʣ ʥʘ 

ʩʨʝʜʝ ʩ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʛʠʜʨʦʣʠʟʘʪʦʤ ʮʝʣʣʶʣʦʟʳ. ɺʳʭʦʜ ʵʪʘʥʦʣʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ ʩ ʛʠʜʨʦʣʠʟʘʪʘʤʠ ʩʦʩʪʘʚʠʣ 72.0 Ñ 5.7% ʜʣʷ K. marxianus C1 ʠ 75.2 Ñ 

4.3% ʜʣʷ O. polymorpha CBS4732. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʰʪʘʤʤʦʚ-ʘʥʘʣʦʛʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ 

ʵʪʘʥʦʣʘ ʠʟ ʛʠʜʨʦʣʠʟʘʪʦʚ (ʥʘʧʨʠʤʝʨ, ʢʠʩʣʦʪʥʳʤ ʛʠʜʨʦʣʠʟʦʤ) ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ 

ʧʨʠʟʥʘʥ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʪʘʤʤʦʚ K. marxianus C1 ʠ O. 

polymorpha CBS4732 ʜʣʷ ʬʝʨʤʝʥʪʘʮʠʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʮʝʣʣʶʣʦʟʳ 

ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʰʪʘʤʤʳ ʫʩʪʦʡʯʠʚʳ ʢ ʠʥʛʠʙʠʪʦʨʘʤ 

ʩʙʨʘʞʠʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʢʦʤʙʠʥʘʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʦʙʨʘʙʦʪʢʠ 

ʤʝʭʘʥʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʙʨʘʞʠʚʘʥʠʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘʪʘ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʤʠ ʜʨʦʞʞʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠʣʠ ʩʧʠʨʪʦʚ. 

ʌʝʨʤʝʥʪʳ ʢʣʘʩʩʘ ʛʠʜʨʦʣʘʟ, ʛʠʜʨʦʣʠʟʫʶʱʠʝ ʩʣʦʞʥʦʵʬʠʨʥʳʝ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʘʭ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʥʝ ʪʦʣʴʢʦ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʄʕɾʂ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʨʦʚ, ʥʦ ʠ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʣʠʞʘʡʰʠʤʠ ʘʥʘʣʦʛʘʤʠ. ɼʣʷ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʳʜʝʣʝʥʠʝ ʪʝʨʤʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ U. thermosphaericus ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʦʩʪʫ ʠ ʣʠʧʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 37 ï 65 Áʉ. ʂʣʦʥʠʨʦʚʘʥʠʝ ʵʩʪʝʨʘʟʳ estUT1 ʠʟ ʵʪʦʡ ʙʘʢʪʝʨʠʠ ʚ E. coli ʚʳʷʚʠʣʦ, 

ʯʪʦ ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ XIII  ʩʝʤʝʡʩʪʚʫ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ. ʀʟʫʯʝʥʠʝ ʝʝ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʬʝʨʤʝʥʪ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʤ ʦʩʪʘʪʢʘʤ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ C2), ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠ ʨʅ ʦʧʪʠʤʫʤʦʤ (70 ï 80 Áʉ ʠ pH 8.0, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʙʣʠʟʢʠʤ ʢ ʩʚʦʡʩʪʚʘʤ ʦʧʠʩʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ XIII  ʩʝʤʝʡʩʪʚʘ. ʌʝʨʤʝʥʪ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ (ʚʨʝʤʷ ʧʦʣʫʠʥʘʢʪʠʚʘʮʠʠ 15 ʯ ʧʨʠ 60 Áʉ) ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʭʠʤʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʘʤ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɼʄʉʆ ʠ ʭʣʦʨʦʬʦʨʤʘ), ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʘʨʘʤʝʪʨʳ ʦʪʜʝʣʴʥʳʭ 

ʘʥʘʣʦʛʦʚ. ʇʦʩʢʦʣʴʢʫ ʚ E. coli ʵʩʪʝʨʘʟʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʣʴʮʘʭ ʚʢʣʶʯʝʥʠʷ, ʪʦ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʝʝ ʵʢʩʧʨʝʩʩʠʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʢʦʵʢʩʧʨʝʩʩʠʷ ʩ ʰʘʧʝʨʦʥʘʤʠ KJE, ClpB ʠ ELS, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘ ʧʦʨʷʜʦʢ ʫʚʝʣʠʯʠʪʴ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʙʝʣʢʘ. ɹʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ estUT1 ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʠʨʫʝʤʦʛʦ 

ʜʦʤʝʥʘ TrxA, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʛʦ ʩʥʠʞʘʣʦ ʘʢʪʠʚʥʦʩʪʴ ʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʬʝʨʤʝʥʪʘ. ʊʝʤ ʥʝ 
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ʤʝʥʝʝ ʩʚʦʡʩʪʚʘ estUT1-TrxA ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʩʚʷʟʴʶ ʩ ʢʦʨʦʪʢʠʤ ʨʘʜʠʢʘʣʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʩʝʢʪʠʮʠʜʘ 

ʤʘʣʘʪʠʦʥʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʝʪʦʜʦʤ ʇʉʌɸ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʵʩʪʝʨʘʟʘ ʇʉʌɸ-estUT1-TrxA. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʝʝ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʧʝʨʝʯʥʘʷ ʩʰʠʚʢʘ ʬʝʨʤʝʥʪʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʦʚʳʰʘʣʘ 

ʪʝʨʤʦ- ʠ ʨʅ-ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʠʤʠʯʝʩʢʠʤ 

ʠʥʛʠʙʠʪʦʨʘʤ. ʌʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ʇʉʌɸ-estUT1-TrxA ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʛʠʜʨʦʣʠʟʘ 

ʤʘʣʘʪʠʦʥʘ ʚ ʩʨʝʜʝ WW, ʧʨʠʯʝʤ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʦʦʯʠʩʪʢʠ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʫ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʦʚ (ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʠ ʦʟʦʥʠʨʦʚʘʥʠʷ). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʥ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʮʝʥʪ ʨʘʟʣʦʞʝʥʠʷ ʤʘʣʘʪʠʦʥʘ ʙʦʣʝʝ 55% ʧʦʩʣʝ 25 ʮʠʢʣʦʚ ʨʝʘʢʮʠʠ (350 ʯ), ʯʪʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʧʘʨʘʤʝʪʨʳ ʘʣʴʪʝʨʥʘʪʠʚʳʭ ʩʧʦʩʦʙʦʚ ʙʠʦʨʘʟʣʦʞʝʥʠʷ ʤʘʣʘʪʠʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʢʣʦʥʠʨʦʚʘʥʠʷ 

ʜʨʫʛʠʭ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʤʘʩʩʳ ʚ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʢ ʛʠʜʨʦʣʠʟʫ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʢʘʪʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʚ ʩʤʝʞʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʧʦʣʫʯʝʥʠʶ ʚʝʱʝʩʪʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʙʠʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʦʯʝʪʘʶʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʧʨʘʢʪʠʢʝ ʚ ʜʘʣʴʥʝʰʝʤ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʠʭ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
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ɺʓɺʆɼʓ 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʰʪʘʤʤʳ Scenedesmus abundans A-1175 ʠ 

Micractinium sp. IC-44 ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʥʘʠʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʫ Micractinium sp. 

ʧʦʜʚʝʨʞʝʥʳ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʢʨʘʭʤʘʣʘ ʠ ʫʛʣʝʚʦʜʦʚ. ʋ P. 

kessleri, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʫʮʠʨʫʶʱʝʡ ʫʛʣʝʚʦʜʳ, ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʧʠʜʦʚ 

ʠʥʜʫʮʠʨʫʝʪʩʷ ʧʫʪʝʤ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʵʥʝʨʛʠʠ ʚ ʮʠʢʣʝ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ, ʘ ʪʘʢʞʝ ʩ ʦʢʠʩʣʝʥʠʝʤ ʧʨʦʣʠʥʘ 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ. 

3. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠ ʁʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ ʠʟ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ Micractinium sp. ʜʦʩʪʠʛʥʫʪ ʠʭ ʚʳʭʦʜ ʩʚʳʰʝ 84.5 Ñ 

7.6% ʠ 67.0 Ñ 5.0%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʛʣʫʙʠʥʫ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʧʦʣʫʯʠʪʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ.  

4. ɺʧʝʨʚʳʝ ʢʣʦʥʠʨʦʚʘʥʘ ʚ E. coli ʪʝʨʤʦʩʪʘʙʠʣʴʥʘʷ ʵʩʪʝʨʘʟʘ estUT1 ʙʘʢʪʝʨʠʠ Ureibacillus 

thermosphaericus UT1, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ʥʘ ʦʩʥʦʚʝ ʧʦʧʝʨʝʯʥʦ ʩʰʠʪʳʭ 

ʘʛʨʝʛʘʪʦʚ ʵʪʦʡ ʵʩʪʝʨʘʟʳ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ (ʚʨʝʤʷ 

ʧʦʣʫʠʥʘʢʪʠʚʘʮʠʠ 462 ʯ) ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʤʘʣʘʪʠʦʥʘ 99.5 Ñ 1.4%) ʧʨʠ 

ʛʠʜʨʦʣʠʟʝ ʠʥʩʝʢʪʠʮʠʜʘ ʤʘʣʘʪʠʦʥʘ ʚ ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʯʪʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʙʠʦʦʯʠʩʪʢʠ. 

5. ʇʦʣʫʯʝʥ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ʥʘ ʦʩʥʦʚʝ ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ʣʠʧʘʟʳ G. stearothermophilus G3 ʥʘ ʤʝʟʦʧʦʨʠʩʪʦʤ ʩʠʣʠʢʘʛʝʣʝ, ʦʙʣʘʜʘʶʱʠʡ 

ʚʳʩʦʢʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʥʦ ʩʨʝʜʥʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʷʭ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩʤʝʩʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʠ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ ʩʦʝʚʦʛʦ ʤʘʩʣʘ (ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʞʠʨʦʚ), ʘ ʪʘʢʞʝ ʩʤʝʩʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩ 

ʤʝʪʘʥʦʣʦʤ (ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ). 

6. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʪʘʥʦʣʘ ʧʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʛʠʜʨʦʣʠʟʘʪʘ ʮʝʣʣʶʣʦʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʜʨʦʞʞʝʡ Kluyveromyces  

marxianus C1 ʠ Ogataea polymorpha CBS4732, ʩ ʚʳʭʦʜʦʤ 72.0 Ñ 5.7 ʠ 75.2 Ñ 4.3% (ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʧʦʢʘʟʘʪʝʣʷʤ, ʧʦʣʫʯʘʝʤʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʟʦʬʠʣʴʥʳʭ ʜʨʦʞʞʝʡ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʢʠʩʣʦʪʥʳʭ ʛʠʜʨʦʣʠʟʘʪʦʚ ʮʝʣʣʶʣʦʟʳ. 
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