
ɻʘʣʠʥʘ ʇʝʪʨʦʚʥʘ ɼʫʜʯʝʥʢʦ



ʂʘʪʘʙʦʣʠʟʤ ʞʠʨʥʳʭ ʢʠʩʣʦʪ

ʂʘʪʘʙʦʣʠʟʤ ɾʂ ïʧʨʦʪʝʢʘʝʪ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ  

¬ʚ ʧʦʩʪʘʙʩʦʨʙʪʠʚʥʳʡʧʝʨʠʦʜ, ʧʨʠ 
ʛʦʣʦʜʘʥʠʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʝ

ʕʪʘʧʢrʘʪʘʙʦʣʠʟʤʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ

ɓ ïʦʢʠʩʣʝʥʠʝ 

ʎʊʂ

ʄʊʍ ʜʳʭʘʪʝʣʴʥʘʷ ʮʝʧʴ



ɸʢʪʠʚʘʮʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʘʮʠʣïʂʦɸʩʠʥʪʝʪʘʟʳ

ʊʨʘʥʩʧʦʨʪ ʘʮʠʣ-ʂʦɸʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ 
ʤʝʤʙʨʘʥʫ ʄʊʍ ʩ ʫʯʘʩʪʠʝʤ ʢʘʨʥʠʪʠʥʘ

ʇʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ɾʂ



ɸʢʪʠʚʘʮʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ

Rȷȴȴȳ + ȳS-ȰɔȦ+ ȦȸȺ
R-CO~ S-ȰɔȦ+ ȦȲȺ + ȳ4ȶ2ȴ7

ʌʝʨʤʝʥʪ : ʘʮʠʣʂʦɸ-ʩʠʥʪʝʪʘʟʘ



ʊʨʘʥʩʧʦʨʪ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʯʝʨʝʟ 
ʚʥʫʪʨʝʥʥʶʶ ʤʝʤʙʨʘʥʫ ʤʠʪʦʭʦʥʜʨʠʡ



ʊʨʘʥʩʧʦʨʪ ɾʂ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ 

ʤʝʤʙʨʘʥʫ ʤʠʪʦʭʦʥʜʨʠʡ

ʌʝʨʤʝʥʪʳ ʠ ʙʝʣʢʠ:

ʢʘʨʥʠʪʠʥʘʮʠʣʪʨʘʥʩʬʝʨʘʟʘIïʧʝʨʝʥʦʩ ʘʮʠʣʘ
ʥʘ ʢʘʨʥʠʪʠʥ; 

ʢʘʨʥʠʪʠʥʘʮʠʣʢʘʨʥʠʪʠʥʪʨʘʥʩʣʦʢʘʟʘï
ʪʨʘʥʩʧʦʨʪ ʘʮʠʣʢʘʨʥʠʪʠʥʘʩ ʥʘʨʫʞʥʦʡ 
ʩʪʦʨʦʥʳ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ ʥʘ 
ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ 
ʤʝʤʙʨʘʥʳ ʄʊʍ; 

ʢʘʨʥʠʪʠʥʘʮʠʣʪʨʘʥʩʬʝʨʘʟʘIIïʧʝʨʝʥʦʩ ʘʮʠʣʘ
ʥʘ ʚʥʫʪʨʠʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡHSʂʦɸ.



b-ʦʢʠʩʣʝʥʠʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ
ɓ-ʦʢʠʩʣʝʥʠʝ ʘʮʠʣ-ʂʦɸʚ ʤʘʪʨʠʢʩʝ ʄʊʍ  ʚ 

ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ.

ʂʘʞʜʳʡ ʮʠʢʣ ʚʢʣʶʯʘʝʪ ʨʝʘʢʮʠʠ:

ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ, 

ʛʠʜʨʘʪʘʮʠʷ,

ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ,

ʦʪʱʝʧʣʝʥʠʝ ʘʮʝʪʠʣ-ʂʦɸ.

ʇʨʦʜʫʢʪʳ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ɓ-ʦʢʠʩʣʝʥʠʷ ïFADH2, 

NADH2 ʠ ʘʮʝʪʠʣ-ʂʦɸ. 

ɓ-ʦʢʠʩʣʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʎʊʂ ʠ  ʄʊʍ ʜʳʭʘʪʝʣʴʥʦʡ 

ʮʝʧʴʶ

.



b-ʦʢʠʩʣʝʥʠʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ



b-ʦʢʠʩʣʝʥʠʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ


