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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ
6A5BU – 6-ʘʤʠʥʦ-5-ʙʨʦʤʦʫʨʘʮʠʣ
6AT – 6-ʘʤʠʥʦʪʠʤʠʥ
7-DX – 7 - ʜʝʘʟʘʢʩʘʥʪʠʥ
BsPyNP – ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʘ ʠʟ Bacillus subtilis
CTN - ʮʠʪʠʜʠʥ
DESY - Deutsches Elektronen-Synchrotron – ʥʝʤʝʮʢʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʩʠʥʭʨʦʪʨʦʥ
EC – enzyme classification; ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʝʨʤʝʥʪʦʚ
EcTP – ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ ʠʟ Escherichia coli
EcUP – ʫʨʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ ʠʟ Escherichia coli
FDA – Food and Drug Agency - ʋʧʨʘʚʣʝʥʠʝ ʧʦ ʩʘʥʠʪʘʨʥʦʤʫ ʥʘʜʟʦʨʫ ʟʘ
ʢʘʯʝʩʪʚʦʤ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʝʜʠʢʘʤʝʥʪʦʚ
GsPyNP – ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʘ ʠʟ Geobacillus stearothermophilus
hTP – ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ ʯʝʣʦʚʝʢʘ
KIN59 – 5’-O-ʪʨʠʪʠʣʠʥʦʟʠʥ
PDB – Protein Data Bank – ʙʘʥʢ ʜʘʥʥʳʭ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ
PD-ECGF – ʪʨʦʤʙʦʮʠʪʘʨʥʳʡ ʵʥʜʦʪʝʣʠʘʣʴʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ
PMSF – ʬʝʥʠʣʤʝʪʘʥʩʫʣʴʬʦʥʠʣ ʬʪʦʨʘ
PyNP – ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʘ
SaPyNP - ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʘ ʠʟ Staphylococcus aureus
SDS-PAGE - sodium dodecyl sulfate polyacrylamide gel electrophoresis – ʛʝʣʴ-
ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ
StTP – ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ ʠʟ Salmonella typhimurium
StUP – ʫʨʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ ʠʟ Salmonella typhimurium
THM - ʪʠʤʠʜʠʥ
TLS – translation-libration-screw – ʪʨʘʥʩʣʷʮʠʷ – ʣʠʙʨʘʮʠʷ - ʧʦʚʦʨʦʪ
TOP – ʪʨʠʤʝʪʦʧʨʠʤ
TP – ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ
TP124 – 1-(5’-O-ʪʨʠʪʠʣ-ɓ-D-ʨʠʙʦʬʫʨʘʥʦʟʠʣ)-ʪʠʤʠʥʘ
TP65 – (9-(8-ʬʦʩʬʦʥʦʦʢʪʠʣ)-7-ʜʝʘʟʘʢʩʘʥʪʠʥ)
TPI – thymidine phosphorylase inhibitor – ʠʥʛʠʙʠʪʦʨ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ
TtPyNP – ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʘ ʠʟ Thermus thermophilus
UP – ʫʨʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ
URI – ʫʨʠʜʠʥ
XP – extra precision – ʧʦʚʳʰʝʥʥʘʷ ʪʦʯʥʦʩʪʴ
YptUP – ʫʨʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ ʠʟ Yersinia pseudotuberculosis
2ʜʈ1ʌ – 2-ʜʝʟʦʢʩʠʨʠʙʦʟʦ-1-ʬʦʩʬʘʪ
5-ʌʋ – 5- ʬʪʦʨʫʨʘʮʠʣ
ʘ.ʦ. – ʘʤʠʥʦʢʩʠʣʦʪʥʳʝ ʦʩʪʘʪʢʠ
ʘ.ʮ. – ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ
ɺʕʌʈ - ʚʘʩʢʫʣʷʨʥʳʡ ʵʥʜʦʪʝʣʠʘʣʴʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ
ɼʅʂ – ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ
ʜʅʉʉ – ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʫʢʣʝʦʟʠʜ-ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ
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ɼʇɼ - ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥ ʜʝʛʠʜʨʦʛʝʥʘʟʘ
ʀʇʊɻ - ʠʟʦʧʨʦʧʠʣ-ɓ-D-1-ʪʠʦʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ
ʂʄ/MM – ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ / ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʝʭʘʥʠʢʘ
ʄɸʆ – ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʤʘʢʨʦʬʘʛʠ
ʄɼ – ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ
ʄʅɻʀʕ - ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʥʝʚʨʦʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʴʥʘʷ ʵʥʮʝʬʘʣʦʤʠʦʧʘʪʠʷ
ʦ/ʦ – ʦʙʲʝʤ ʢ ʦʙʲʝʤʫ
ʇʎʈ – ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ
ʇʕɻ – ʧʦʣʠʵʪʠʣʝʥ ʛʣʠʢʦʣʴ
ʈɸ – ʨʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ
ʕɼʊɸ - ʜʠʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʵʪʠʣʝʥʜʠʘʤʠʥ-ʪʝʪʨʘʫʩʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ
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ɺʚʝʜʝʥʠʝ
ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ʅʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ,

ʪʠʤʠʜʠʥʩʧʝʮʠʬʠʯʥʘʷ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʘ – ʙʝʣʢʠ-ʬʝʨʤʝʥʪʳ, ʠʛʨʘʶʱʠʝ

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʠʥʪʝʟʝ ʥʫʢʣʝʦʟʠʜʦʚ ʠ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ.

ʅʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ ʢʘʪʘʣʠʟʠʨʫʶʪ ʬʦʩʬʦʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ

ʧʫʨʠʥʦʚʳʭ ʠ ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʥʫʢʣʝʦʟʠʜʦʚ. ʕʪʦʪ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʱʝʧʣʝʥʠʠ C-N ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʠ

ʬʫʨʘʥʦʟʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʫʢʣʝʟʠʜʘ ʧʨʠ ʫʯʘʩʪʠʠ ʠʦʥʘ ʬʦʩʬʘʪʘ-ʘʥʠʦʥʘ ʩ

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʬʫʨʘʥʦʟʘ-1’-ʬʦʩʬʘʪʘ. ʆʙʨʘʪʠʤʦʩʪʴ ʵʪʦʡ

ʨʝʘʢʮʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʫʢʣʝʦʟʠʜʥʳʡ ʛʦʤʝʦʩʪʘʟ ʚ ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʘ. ʇʦ

ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ,

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʠʨʠʤʠʜʠʥ-ʩʧʝʮʠʬʠʯʥʳʝ ʠ ʧʫʨʠʥ-ʩʧʝʮʠʬʠʯʥʳʝ.

ʇʠʨʠʤʠʜʠʥ-ʩʧʝʮʠʬʠʯʥʳʝ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʠʤʠʜʠʥ-

ʠ ʫʨʠʜʠʥ- ʩʧʝʮʠʬʠʯʥʳʝ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʩʧʝʮʠʬʠʯʥʳʝ

ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ (PyNP). ʇʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ

ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ ʜʝʣʷʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ NP-I ʠ NP-II ʩʝʤʝʡʩʪʚ.

ʏʝʪʚʝʨʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʝʨʚʦʛʦ ʩʝʤʝʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ

ʪʨʠʤʝʨ, ʣʠʙʦ ʛʝʢʩʘʤʝʨ, ʘ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʚʢʣʶʯʘʝʪ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ

ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʩʫʙʲʝʜʠʥʠʮ. ʋ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʪʦʨʦʛʦ ʩʝʤʝʡʩʪʚʘ ʯʝʪʚʝʨʪʠʯʥʘʷ

ʩʪʨʫʢʪʫʨʘ – ʛʦʤʦʜʠʤʝʨ, ʩʫʙʲʝʜʠʥʠʮʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʜʚʫʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ,

ʘ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʢʘʥʴʦʥʝ ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ.

ʊʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ ʚʧʝʨʚʳʝ ʦʪʢʨʳʪʘ ʚ 1954 ʛʦʜʫ ʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ

ʬʝʨʤʝʥʪʦʤ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʤ ʨʘʩʱʝʧʣʝʥʠʝ ʥʫʢʣʝʦʟʠʜʦʚ (ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ

ʨʘʩʧʘʜʝ ɼʅʂ ʠ ʈʅʂ) ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʘʟʦʪʠʩʪʳʝ

ʦʩʥʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʠʤʠʜʠʥʘ [1]. TP ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʝʨʝʭʦʜ ʪʠʤʠʜʠʥʘ ʠ 2’-

ʜʝʟʦʢʩʠʫʨʠʜʠʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ (ʪʠʤʠʥ ʠ ʫʨʘʮʠʣ) ʠ 2-

Ŭ-D-ʜʝʟʦʢʩʠʨʠʙʦʟʦ-1-ʬʦʩʬʘʪ (2ʜʈ1ʌ) (ʈʠʩ.1). ʀʟʚʝʩʪʥʦ, ʯʪʦ TP ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ

ʘʢʪʠʚʥʦʩʪʴʶ ʜʝʟʦʢʩʠʨʠʙʦʟʠʣʪʨʘʥʩʬʝʨʘʟʳ, ʪ.ʝ. ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ

ʜʝʟʦʢʩʠʨʠʙʦʟʠʣʴʥʦʡ ʯʘʩʪʠ ʦʪ ʦʜʥʦʛʦ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʥʫʢʣʝʦʟʠʜʘ ʢ ʜʨʫʛʦʤʫ
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[2]. TP ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʣʝʪʢʘʭ ʚʩʝʭ ʵʫʢʘʨʠʦʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ

ʧʨʦʩʪʝʡʰʠʭ ʠ ʨʳʙ, ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʢʘʨʠʦʪ [3]. ʋ ʙʘʢʪʝʨʠʡ ʢʣʘʩʩʘ ʙʘʮʠʣʣ

(Bacilli) ʚʤʝʩʪʦ TP ʧʨʠʩʫʪʩʪʚʫʝʪ ʰʠʨʦʢʦ-ʩʧʝʮʠʬʠʯʥʘʷ ʧʠʨʠʤʠʜʠʥ

ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʘ (PyNP), ʩ ʨʘʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ

ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʨʘʩʱʝʧʣʝʥʠʶ ʢʘʢ ʪʠʤʠʜʠʥʘ, ʪʘʢ ʠ ʫʨʠʜʠʥʘ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ.

ʈʠʩʫʥʦʢ 1. ʈʝʘʢʮʠʷ ʬʦʩʬʦʨʦʣʠʟʘ ʪʠʤʠʜʠʥʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ

ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʦʡ.

ɺ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ TP ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ

ʘʥʛʠʦʛʝʥʝʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʨʦʤʙʦʮʠʪʘʨʥʦʛʦ

ʵʥʜʦʪʝʣʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (PD-ECGF), ʩʯʠʪʘʚʰʝʛʦʩʷ ʜʦ ʵʪʦʛʦ ʤʦʤʝʥʪʘ

ʦʪʜʝʣʴʥʳʤ ʙʝʣʢʦʤ, ʦʢʘʟʘʣʘʩʴ ʠʜʝʥʪʠʯʥʘ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ TP ʯʝʣʦʚʝʢʘ [4].

TP ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʠ ʛʣʠʦʩʪʘʪʠʥʦʤ, ʠʥʛʠʙʠʨʫʶʱʠʤ ʨʦʩʪ ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠ

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʣʠʬʝʨʘʮʠʶ ʥʝʨʚʥʦʡ ʪʢʘʥʠ [5].

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ TP ʦʙʥʘʨʫʞʝʥʦ ʚʦ ʤʥʦʛʠʭ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ, ʯʪʦ

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʝ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ

ʧʨʝʧʘʨʘʪʦʚ [6-8]. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ

ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʘʢʪʫʘʣʴʥʘ ʠ ʩʝʡʯʘʩ, ʘ TP ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ

ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ ʠʭ ʘʢʪʠʚʘʮʠʠ ʠ ʨʝʛʫʣʷʮʠʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʘʢʪʠʚʥʦʩʪʠ

[9-12]. ʈʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʠ ʠʥʛʠʙʠʪʦʨʳ TP, ʥʦʩʷʱʠʝ ʘʥʪʠʘʥʛʠʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ

ʠʣʠ ʞʝ ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʨʘʩʱʝʧʣʝʥʠʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ

ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʦʡ [13-16]. ʃʠʰʴ ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ – ʠʥʛʠʙʠʪʦʨ TP

(Tipiracil ʚ ʩʦʩʪʘʚʝ TAS-102) ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʥʘ
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ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʥʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ

ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ.

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʨʝʛʫʣʠʨʦʚʘʪʴ

ʘʢʪʠʚʥʦʩʪʴ TP, ʥʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ TP ʠ

ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʥʫʢʣʝʦʟʠʜʘʤ ʠ ʠʭ

ʧʨʦʠʟʚʦʜʥʳʤ.

ʋ ʙʘʢʪʝʨʠʡ ʢʣʘʩʩʘ ʙʘʮʠʣʣ (Bacilli) ʚʤʝʩʪʦ TP ʧʨʠʩʫʪʩʪʚʫʝʪ ʰʠʨʦʢʦ-

ʩʧʝʮʠʬʠʯʥʘʷ ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʘ, ʩ ʨʘʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ

ʘʢʪʠʚʥʦʩʪʴʶ ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʨʘʩʱʝʧʣʝʥʠʶ ʢʘʢ ʪʠʤʠʜʠʥʘ, ʪʘʢ ʠ ʫʨʠʜʠʥʘ. ʇʨʠ

ʵʪʦʤ ʦʙʘ ʬʝʨʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ NP-II ʩʝʤʝʡʩʪʚʘ

ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʬʠʮʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʥʝʢʦʪʦʨʳʭ ʪʢʘʥʝʡ

ʙʘʢʪʝʨʠʷʤʠ Mycoplasma hyorhinis ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʡ ʬʘʨʤʦʢʠʥʝʪʠʢʝ

ʬʪʦʨʧʠʨʠʤʠʜʠʥʦʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ PyNP ʚ ʵʪʠʭ

ʙʘʢʪʝʨʠʷʭ, ʨʘʩʧʦʟʥʘʶʱʝʛʦ, ʥʘʧʨʠʤʝʨ, 5-ʬʪʦʨ-2’-ʜʝʟʦʢʩʠʫʨʠʜʠʥ, 5-

ʪʨʠʬʪʦʨʪʠʤʠʜʠʥ, 5-ʬʪʦʨ-5’-ʜʝʟʦʢʩʠʫʨʠʜʠʥ [17, 18]. ʇʨʝʧʷʪʩʪʚʦʚʘʥʠʝ PyNP ʠʟ

M. hyorhinis ʬʪʦʧʠʨʠʤʠʜʠʥʦʚʦʡ ʪʝʨʘʧʠʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ

ʨʘʟʨʘʙʦʪʢʠ ʠʥʛʠʙʠʪʦʨʦʚ ʩʧʝʮʠʬʠʯʥʳʭ ʢ PyNP, ʥʦ ʥʝʩʧʦʩʦʙʥʳʭ ʩʚʷʟʘʪʴʩʷ ʩ TP.

ʊʘʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʥʠʝ ʨʘʟʣʠʯʠʡ ʚ

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ TP ʠ PyNP.

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ

ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʠʨʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟ

NP-II ʩʝʤʝʡʩʪʚʘ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ

ʵʪʠʭ ʧʠʨʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟ

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ

ʟʘʜʘʯʠ:

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ TP ʠʟ Salmonella

typhimurium; PyNP ʠʟ Bacillus subtilis (BsPyNP);
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ʫʨʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ (UP) ʠʟ Yersinia pseudotuberculosis (YptUP) ʚ

ʥʝʣʠʛʘʥʜʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʩʫʙʩʪʨʘʪʘʤʠ ʠ

ʧʩʝʚʜʦʩʫʙʩʪʨʘʪʘʤʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ

ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣ

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ

ʧʝʨʝʭʦʜʘ StTP ʚ ʟʘʢʨʳʪʫʶ/ʦʪʢʨʳʪʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʠ ʧʦʠʩʢ

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ StTP

¶ ʨʘʟʨʘʙʦʪʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʠʨʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟ

ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ

1) ɺʧʝʨʚʳʝ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ ʠʟ Salmonella

typhimurium ʚ ʥʝʣʠʛʘʥʜʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʩʫʣʴʬʘʪ-

ʘʥʠʦʥʦʤ, ʩ ʪʠʤʠʜʠʥʦʤ, ʫʨʠʜʠʥʦʤ, ʮʠʪʠʜʠʥʦʤ; ʢʨʠʩʪʘʣʣʳ

ʧʠʨʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ ʠʟ Bacillus subtilis ʩ ʩʫʣʴʬʘʪ-ʘʥʠʦʥʦʤ;

ʢʨʠʩʪʘʣʣʳ ʫʨʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ ʠʟ Yersinia pseudotuberculosis.

2) ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ.

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ 2’-ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʫʨʠʜʠʥʘ ʧʨʠʚʦʜʠʪ ʢ

ʩʚʷʟʳʚʘʥʠʶ ʝʛʦ ʩ ʧʦʜʚʠʞʥʦʡ ʧʝʪʣʝʡ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ

(ʘ.ʦ.) 115-125 ʚ StTP, ʧʨʝʧʷʪʩʪʚʫʷ ʬʦʩʬʦʨʦʣʠʟʫ.

3) ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ BsPyNP ʚ ʩʚʷʟʳʚʘʥʠʠ ʬʦʩʬʘʪ-ʘʥʠʦʥʘ ʧʨʠʥʠʤʘʝʪ

ʫʯʘʩʪʠʝ ʦʩʪʘʪʦʢ Lys108, ʢʦʪʦʨʦʤʫ ʚ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʝ

ʩʦʦʪʚʝʪʩʪʚʫʝʪ Met111. ʈʘʟʣʠʯʠʝ ʚ ʦʢʨʫʞʝʥʠʠ ʬʦʩʬʘʪ-ʘʥʠʦʥʘ

ʚʳʨʘʞʘʝʪʩʷ ʚ ʤʝʥʴʰʝʤ ʯʘʩʪʠʯʥʦʤ ʟʘʨʷʜʝ ʦʜʥʦʛʦ ʠʟ ʢʠʩʣʦʨʦʜʥʳʭ

ʘʪʦʤʦʚ ʬʦʩʬʘʪ-ʘʥʠʦʥʘ ʚ TP ʚ ʩʨʘʚʥʝʥʠʠ ʩ PyNP ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ

ʧʨʦʭʦʞʜʝʥʠʶ ʢʘʪʘʣʠʟʘ ʚ TP ʧʦ ʧʫʪʠ SN2 ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ.

4) ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʥʘʨʫʞʝʥʦ ʜʚʘ

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʥʫʢʣʝʦʟʠʜʦʚ (ʜʅʉʉ1 ʠ ʜʅʉʉ2).
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5) ʄʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʅʉʉ2 ʤʦʞʝʪ

ʷʚʣʷʪʴʩʷ ʩʘʡʪʦʤ ʥʝʢʦʥʢʫʨʝʥʪʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (ʧʦʩʨʝʜʩʪʚʦʤ

ʠʥʛʠʙʠʪʦʨʘ KIN59 (5’-O-ʪʨʠʪʠʣʠʥʦʟʠʥ)).

6) ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʅʉʉ2 ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʚʷʟʳʚʘʥʠʶ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʛʦ

ʘʥʪʠʙʠʦʪʠʢʘ ʪʨʠʤʝʪʦʧʨʠʤʘ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ

ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ ʠ ʫʨʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ

ʩʚʷʟʳʚʘʪʴ ʧʨʝʧʘʨʘʪ, ʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʩʫʙʩʪʨʘʪʦʤ ʪʨʠʤʝʪʦʧʨʠʤ ʥʝ

ʤʦʞʝʪ.

7) ʇʨʦʚʝʜʝʥ ʚʠʨʪʫʘʣʴʥʳʡ ʩʢʨʠʥʠʥʛ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ

(ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʧʨʝʧʘʨʘʪʘ) ʰʠʨʦʢʦ ʩʧʝʮʠʬʠʯʥʦʡ

ʧʠʨʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ, ʥʝ ʩʚʷʟʳʚʘʶʱʝʛʦʩʷ ʩ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʦʡ.

ʅʘʡʜʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, 2-ʧʠʨʠʤʠʜʠʥ-2-ʠʣ-1H-ʠʤʠʜʘʟʦʣ-4-ʢʘʨʙʦʥʦʚʘʷ

ʢʠʩʣʦʪʘ, ʧʦ ʜʘʥʥʳʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʫʩʪʦʡʯʠʚʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ

ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʧʠʨʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ.

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʤʝʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ

ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ

ʧʠʨʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟ NP-II ʩʝʤʝʡʩʪʚʘ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʙʘʟʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ –

ʢʦʥʢʫʨʝʥʪʥʳʭ ʠ ʥʝʢʦʥʢʫʨʝʥʪʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʠʨʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟ

NP-II ʩʝʤʝʡʩʪʚʘ.

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:

1) ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ StTP ʚ ʥʝʣʠʛʘʥʜʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ

ʢʦʤʧʣʝʢʩʝ ʩ ʠʦʥʦʤ ʩʫʣʴʬʘʪʘ, c ʪʠʤʠʜʠʥʦʤ, ʫʨʠʜʠʥʦʤ ʠ ʮʠʪʠʜʠʥʦʤ;

ʩʪʨʫʢʪʫʨʘ BsPyNP ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʠʦʥʦʤ ʩʫʣʴʬʘʪʘ; ʩʪʨʫʢʪʫʨʘ YptUP ʚ

ʢʦʤʧʣʝʢʩʝ ʩ ʠʦʥʦʤ ʩʫʣʴʬʘʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ

ʘʥʘʣʠʟʘ

2) ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ StTP, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ

ʬʦʩʬʦʨʦʣʠʟʫ ʫʨʠʜʠʥʘ
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3) ʆʪʣʠʯʠʷ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ StTP ʦʪ ʰʠʨʦʢʦʩʧʝʮʠʬʠʯʥʦʡ

ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ BsPyNP ʚ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ ʠ

ʜʦʤʝʥʥʦʤ ʜʚʠʞʝʥʠʠ

4) ʄʝʩʪʦ ʠ ʭʘʨʘʢʪʝʨ ʩʚʷʟʳʚʘʥʠʷ ʥʫʢʣʝʦʟʠʜʦʚ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʘʡʪʘʭ

ʩʚʷʟʳʚʘʥʠʷ ʥʫʢʣʝʦʟʠʜʦʚ ʚ StTP ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ

ʘʥʘʣʠʟʘ

5) ʄʝʩʪʦ ʠ ʭʘʨʘʢʪʝʨ ʩʚʷʟʳʚʘʥʠʷ ʥʝʢʦʥʢʫʨʝʪʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ KIN59 ʥʘ

ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ

6) ʄʝʩʪʦ ʠ ʭʘʨʘʢʪʝʨ ʩʚʷʟʳʚʘʥʠʷ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ

ʪʨʠʤʝʪʦʧʨʠʤʘ ʩ StTP ʠ YptUP ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ

ʤʦʜʝʣʠʨʦʚʘʥʠʷ

7) ʉʪʨʫʢʪʫʨʘ ʠʥʛʠʙʠʪʦʨʘ BsPyNP, ʥʝʘʬʠʥʥʦʛʦ ʢ StTP

ɸʧʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ

ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʢʫʨʩʘʭ ʀʂ ʈɸʅ 2014 ʠ 2015 ʛʦʜʘ. ʇʦ

ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 14 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ,

ʠʟ ʢʦʪʦʨʳʭ 4 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ.
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ɻʣʘʚʘ I. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ

I.1.  ʈʦʣʴ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ
ʊʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ (EC 2.4.2.4.) ʚʧʝʨʚʳʝ ʚʳʜʝʣʝʥʘ ʚ 1987 ʛ. ʠʟ

ʪʨʦʤʙʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ [19]. TP ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʪ.ʢ. ʚ

[20] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʝʸ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ

ʧʦʪʨʝʙʣʝʥʠʷ ʪʠʤʠʜʠʥʘ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. ʋʯʠʪʳʚʘʷ ʵʪʦ,

ʧʝʨʚʦʥʘʯʘʣʴʥʦ TP ʥʘʟʚʘʥ ʪʨʦʤʙʦʮʠʪʘʨʥʳʤ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ. ɺ

[21] ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ PD-ECGF ʫʩʠʣʠʚʘʝʪ ʤʠʛʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ in

vitro ʠ ʘʥʛʠʦʛʝʥʝʟ in vivo. ʅʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʧʦʟʞʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ PD-

ECGF ʦʙʣʘʜʘʝʪ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [22, 23]. ɹʦʣʝʝ ʪʦʛʦ

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ PD-ECGF ʠ TP ʠʜʝʥʪʠʯʥʳ [24]. ʕʪʦ

ʧʨʠʚʝʣʦ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚ ʧʦʪʨʝʙʣʝʥʠʠ ʪʠʤʠʜʠʥʘ

ʚʳʟʚʘʥʦ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ PD-ECGF. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,

ʜʦʢʘʟʘʥʦ, ʯʪʦ TP ʠʣʠ PD-ECGF ʥʝ ʷʚʣʷʝʪʩʷ ʛʫʤʦʨʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ, ʢʘʢ

ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʭʦʪʷ ʠ ʦʙʣʘʜʘʝʪ ʘʥʛʠʦʛʝʥʝʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ.

ʂʨʦʤʝ ʪʦʛʦ, TP ʷʚʣʷʝʪʩʷ ʛʣʠʦʩʪʘʪʠʥʦʤ [25]. ɺ 1992, ʛʣʠʦʩʪʘʪʠʥ ʚʳʜʝʣʝʥ ʢʘʢ

ʦʪʜʝʣʴʥʳʡ ʙʝʣʦʢ ʠʟ ʥʝʡʨʦʬʠʙʨʦʤʳ ʯʝʣʦʚʝʢʘ [26]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʙʝʣʦʢ

ʟʘʤʝʜʣʷʝʪ ʨʦʩʪ ʘʩʪʨʦʮʠʪʦʚ ʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʠʟ ʥʝʡʨʦʛʣʠʠ. ɻʣʠʦʩʪʘʪʠʥ

ʦʙʝʩʧʝʯʠʚʘʝʪ  ʨʦʩʪ ʘʢʩʦʥʦʚ ʢʦʨʪʠʢʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ [27]. ɺ

[27] ʧʦʢʘʟʘʥʦ, ʯʪʦ TP, PD-ECGF ʠ ʛʣʠʦʩʪʘʪʠʥ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʙʝʣʢʦʤ.

TP ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʚʦ ʤʥʦʛʠʭ ʟʜʦʨʦʚʳʭ ʪʢʘʥʷʭ ʠ ʢʣʝʪʢʘʭ ʯʝʣʦʚʝʢʘ, ʧʨʠ

ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʙʝʣʢʘ ʚʝʣʠʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʚ ʙʳʩʪʨʦ

ʜʝʣʷʱʠʭʩʷ ʢʣʝʪʢʘʭ. ʕʪʦ ʤʘʢʨʦʬʘʛʠ, ʢʣʝʪʢʠ ʩʪʨʦʤʳ, ʛʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ,

ʨʝʪʠʢʫʣʦʮʠʪʳ. ʉʦʜʝʨʞʘʥʠʝ TP ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚ ʢʣʝʪʢʘʭ ʵʧʠʪʝʣʠʷ

ʧʠʱʝʚʦʜʘ ʠ ʧʨʷʤʦʡ ʢʠʰʢʠ, ʩʣʶʥʥʳʭ ʞʝʣʝʟʘʭ, ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ, ʤʦʯʝʚʦʤ

ʧʫʟʳʨʝ, ʩʝʣʝʟʝʥʢʝ, ʣʠʤʬʝ ʠ ʣʝʛʢʠʭ [9, 28, 29]. TP ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʢ ʚ

ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʚ ʠʭ ʷʜʨʝ [9]. ʊʨʦʤʙʦʮʠʪʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ

ʙʦʛʘʪʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ TP, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʬʝʨʤʝʥʪ ʧʨʠʥʠʤʘʝʪ

ʫʯʘʩʪʠʝ ʚ ʟʘʞʠʚʣʝʥʠʠ ʨʘʥ.
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 ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ TP ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʣʘʟʤʝ ʠ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ, ʛʜʝ

ʝʝ ʧʨʠʩʫʪʩʪʚʠʝ ʯʘʱʝ ʚʩʝʛʦ ʚʳʟʚʘʥʦ ʧʦʚʨʝʞʜʝʥʠʝʤ ʢʣʝʪʦʢ ʢʨʦʚʠ  ʠʣʠ

ʦʥʢʦʣʦʛʠʯʝʩʢʠʤ ʟʘʙʦʣʝʚʘʥʠʝʤ [30].

ʇʦʢʘʟʘʥʦ, ʯʪʦ TP ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʫ

ʞʝʥʱʠʥ [31, 32]. ʆʛʨʦʤʥʳʝ ʢʦʣʠʯʝʩʪʚʘ TP ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʣʘʮʝʥʪʝ [21] ʠ ʚ

ʵʥʜʦʤʝʪʨʠʠ, ʦʙʰʠʨʥʳʡ ʘʥʛʠʦʛʝʥʝʟ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʘʞʜʳʡ

ʤʝʥʩʪʨʫʘʣʴʥʳʡ ʮʠʢʣ [33]. ɺʦ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʪʨʠʤʝʩʪʨʘ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʚʳʩʦʢʠʝ

ʢʦʥʮʝʥʪʨʘʮʠʠ TP ʠ ʚʘʩʢʫʣʷʨʥʦʛʦ ʵʥʜʦʪʝʣʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (ɺʕʌʈ)

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʪʨʦʬʦʙʣʘʩʪʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʙʘ ʙʝʣʢʘ ʧʨʠʥʠʤʘʶʪ

ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʙʝʨʝʤʝʥʥʦʩʪʠ [19].

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ TP ʚ ʥʝʢʦʪʦʨʳʭ ʪʢʘʥʷʭ ʤʦʞʝʪ ʙʳʪʴ ʙʘʟʠʩʦʤ ʜʣʷ

ʘʢʪʠʚʘʮʠʠ ʵʪʠʤ ʬʝʨʤʝʥʪʦʚ ʧʨʦʣʝʢʘʨʩʪʚ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ

ʪʝʨʘʧʠʠ ʢʣʝʪʢʘʭ.

I.2. ʈʦʣʴ TP ʚ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ
ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ TP ʚ ʢʣʝʪʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʰʠʨʦʢʦʤ ʢʨʫʛʝ

ʭʨʦʥʠʯʝʩʢʠʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʊʘʙʣʠʮʘ 1). ʕʪʦ

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ:

1) ʂʣʝʪʢʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ,

ʤʘʢʨʦʬʘʛʠ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ TP

2) ʎʠʪʦʢʠʥʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ (ʪʘʢʠʝ ʢʘʢ

ʠʥʪʝʨʣʝʡʢʠʥ-1 ʠ ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʝʡ Ŭ), ʫʩʠʣʠʚʘʶʪ ʵʢʩʧʨʝʩʩʠʶ TP.

ʊʘʙʣʠʮʘ 1. ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʦʚʝʨʵʢʩʧʨʝʩʩʠʠ TP ʠ ʨʘʟʣʠʯʥʳʭ
ʟʘʙʦʣʝʚʘʥʠʡ.

ʊʠʧ ʧʘʪʦʣʦʛʠʠ ʃʦʢʘʣʠʟʘʮʠʷ  ʉʩʳʣʢʠ ʥʘ
ʣʠʪʝʨʘʪʫʨʥʳʝ
ʠʩʪʦʯʥʠʢʠ

ɺʦʩʧʘʣʠʪʝʣʴʥʳʝ
ʟʘʙʦʣʝʚʘʥʠʷ

ʈʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ [34-37]
ɸʪʝʨʦʩʢʣʝʨʦʟ [38]
ʇʩʦʨʠʘʟ [39, 40]
ʕʥʪʝʨʠʪʳ ʠ ʢʦʣʠʪʳ  [41, 42]
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ʍʨʦʥʠʯʝʩʢʠʡ
ʛʣʦʤʝʨʫʣʦʥʝʬʨʠʪ

[43]

ɻʝʥʝʪʠʯʝʩʢʠʝ
ʟʘʙʦʣʝʚʘʥʠʷ

ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ
ʥʝʚʨʦʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʴʥʘʷ
ʵʥʮʝʬʘʣʦʤʠʦʧʘʪʠʷ

[44-47]

ʆʥʢʦʣʦʛʠʯʝʩʢʠʝ
ʟʘʙʦʣʝʚʘʥʠʷ

ʄʦʣʦʯʥʦʡ ʞʝʣʝʟʳ [23, 48, 49]
ʄʦʯʝʚʦʛʦ ʧʫʟʳʨʷ [50, 51]
ɾʝʣʫʜʢʘ [52-56]
ʇʨʷʤʦʡ ʢʠʰʢʠ [21, 22, 57, 58]
ʃʝʛʢʠʭ [59, 60]
ʇʠʱʝʚʦʜʘ [61, 62]
ʐʝʡʢʠ ʤʘʪʢʠ [63]
ʇʝʯʝʥʠ [4, 64]
ɾʝʣʯʥʳʭ ʧʨʦʪʦʢʦʚ [64]
ʑʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ [64]

ɺ [35, 37] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ TP ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʩʦʨʠʘʟʝ ʠ ʤʦʞʝʪ

ʜʦʩʪʠʛʘʪʴ 20-ʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ [40].

ʇʨʠ ʢʦʣʠʪʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ TP, ʦʩʦʙʝʥʥʦ ʚ ʤʘʢʨʦʬʘʛʘʭ ʠ

ʬʠʙʨʦʙʣʘʩʪʘʭ ʚʦʩʧʘʣʝʥʥʦʡ ʩʣʠʟʠʩʪʦʡ ʪʦʣʩʪʦʡ ʢʠʰʢʠ, ʠ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ

ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝʤ ʚʦʩʧʘʣʝʥʠʷ [36, 65]. ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʠʚʥʦʩʪʴ TP

ʚʳʰʝ ʩʨʝʜʥʝʛʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʢʣʝʪʢʘʭ ʵʥʜʦʪʝʣʠʷ ʚʦʩʧʘʣʝʥʥʦʡ ʩʣʠʟʠʩʪʦʡ

ʪʦʣʩʪʦʡ ʢʠʰʢʠ [41, 42].

ɺ [66] ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ TP ʚ ʢʣʝʪʢʘʭ ʧʦʯʢʠ ʧʨʠ

ʭʨʦʥʠʯʝʩʢʦʤ ʛʣʦʤʝʨʫʣʦʥʝʬʨʠʪʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ

ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʛʦ ʬʠʙʨʦʟʘ ʠ ʫʭʫʜʰʝʥʠʶ ʢʣʠʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʣʴʥʦʛʦ.

ʊʘʢʞʝ, TP ʫʩʠʣʝʥʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʧʨʠ ʘʪʝʨʦʩʢʣʝʨʦʟʝ [67] ʚ ʤʘʢʨʦʬʘʛʘʭ,

ʧʝʥʠʩʪʳʭ ʠ ʛʠʛʘʥʪʩʢʠʭ ʢʣʝʪʢʘʭ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʘʦʨʪʳ ʠ

ʢʦʨʦʥʘʨʥʳʭ ʘʨʪʝʨʠʡ. ʕʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [38], ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʦʣʴ TP ʚ

ʧʘʪʦʛʝʥʝʟʝ ʘʪʝʨʦʩʢʣʝʨʦʟʘ.

TP ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʪʘʢʞʝ ʠ ʚ ʧʘʪʦʛʝʥʝʟʝ ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ (ʈɸ)

[46, 68, 69], ʧʦʩʢʦʣʴʢʫ ʧʘʪʦʣʦʛʠʯʝʩʢʠ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ TP ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ

ʧʘʮʠʝʥʪʘʤʠ ʩ ʦʩʪʝʦʘʨʪʨʠʪʦʤ ʠʣʠ ʟʜʦʨʦʚʳʤʠ ʠʥʜʠʚʠʜʘʤʠ ʦʙʥʘʨʫʞʠʚʘʣʦʩʴ ʚ

ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʨʘʞʝʥʥʳʭ ʩʫʩʪʘʚʦʚ ʠ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʘʮʠʝʥʪʦʚ ʩ
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ʈɸ. TP ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʤʘʨʢʝʨʦʤ ʈɸ. ʇʨʠ

ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʡ ʠʥʲʝʢʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ TP ʚ ʢʦʣʝʥʥʳʡ ʩʫʩʪʘʚ ʢʨʦʣʠʢʘ

ʫʩʠʣʠʚʘʶʪʩʷ ʩʠʤʧʪʦʤʳ ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ [70]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ

ʵʪʦʪ ʵʬʬʝʢʪ ʤʦʞʥʦ ʙʳʣʦ ʚʳʟʚʘʪʴ ʧʨʠ ʠʥʲʝʢʮʠʠ ʥʘʪʠʚʥʦʡ TP ʠ ʝʝ ʤʫʪʘʥʪʘ

(K115E), ʥʝ ʦʙʣʘʜʘʶʱʝʛʦ ʵʥʟʠʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ

ʥʝ ʵʥʟʠʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ TP ʫʯʘʩʪʚʫʝʪ ʚ ʧʘʪʦʣʦʛʠʠ ʈɸ [65]. ɼʘʣʴʥʝʡʰʠʝ

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ TP ʫʚʝʣʠʯʠʚʘʝʪ

ʩʦʙʩʪʚʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʢʨʠʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ

ʬʠʙʨʦʙʣʘʩʪʦʧʦʜʦʙʥʳʭ ʩʠʥʦʚʠʦʮʠʪʘʭ [45]. ʂʨʦʤʝ ʪʦʛʦ, TP ʫʩʠʣʠʚʘʝʪ

ʚʥʝʢʣʝʪʦʯʥʫʶ ʩʝʢʨʝʮʠʶ ʤʘʪʨʠʯʥʦʡ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ-1 ʠ ʤʘʪʨʠʯʥʦʡ

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ-3, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʥʳʤʠ ʧʫʩʢʦʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʦʮʝʩʩʘ

ʜʝʛʝʥʝʨʘʮʠʠ ʭʨʷʱʝʡ [36, 71], ʠ ʨʝʛʫʣʠʨʫʝʪ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʶ ɺʕʌʈ, ʪʘʢ ʠ

ʤʈʅʂ. ɸʚʪʦʨʳ [72] ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʙʘ ʬʘʢʪʦʨʘ ʠʤʝʶʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ

ʵʬʬʝʢʪʳ ʥʘ ʘʥʛʠʦʛʝʥʝʟ ʧʨʠ ʈɸ.

TP, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʤʘʨʢʝʨʦʤ ʥʝʢʦʪʦʨʳʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ

ʟʘʙʦʣʝʚʘʥʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ ʵʪʦʪ ʬʝʨʤʝʥʪ ʚ ʢʣʝʪʢʘʭ,

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʚʦʩʧʘʣʠʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʛʫʣʷʮʠʠ

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʘʫʪʦʠʤʤʫʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ (ʚ

ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʨʝʚʤʘʪʦʠʜʥʦʤ ʘʨʪʨʠʪʝ).

I.3. ʋʯʘʩʪʠʝ TP ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ
ʥʝʚʨʦʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʴʥʦʡ ʵʥʮʝʬʘʣʦʤʠʦʧʘʪʠʠ
ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʥʝʚʨʦʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʴʥʘʷ ʵʥʮʝʬʘʣʦʤʠʦʧʘʪʠʷ

(ʄʅɻʀʕ) ʷʚʣʷʝʪʩʷ ʘʫʪʦʩʦʤʥʦ-ʨʝʮʝʩʩʠʚʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ

ʧʦʷʚʣʝʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʝʣʝʮʠʡ ʚ ɼʅʂ ʤʠʪʦʭʦʥʜʨʠʡ ʢʣʝʪʦʢ ʩʢʝʣʝʪʥʳʭ

ʤʳʰʮ [46]. ʕʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʢʣʠʥʠʢʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ

ʚʥʝʰʥʝʡ ʦʬʪʘʣʴʤʦʧʣʝʛʠʝʡ, ʥʘʨʫʰʝʥʠʝʤ ʤʦʪʦʨʠʢʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ

ʪʨʘʢʪʘ, ʭʫʜʦʱʘʚʦʩʪʴʶ, ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʚʨʦʧʘʪʠʝʡ, ʤʠʦʧʘʪʠʝʡ,

ʣʝʡʢʦʵʥʮʝʬʘʣʦʧʘʪʠʝʡ ʠ ʤʦʣʦʯʥʦ-ʢʠʩʣʳʤ ʘʮʠʜʦʟʦʤ.
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 ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʫʪʘʮʠʠ ʛʝʥʘ TP

ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʪʝʨʝ ʵʪʠʤ ʬʝʨʤʝʥʪʦʤ ʘʢʪʠʚʥʦʩʪʠ [68, 69]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ

ʄʅɻʀʕ ʩʠʣʴʥʦ ʦʩʣʘʙʣʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ TP ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʤʠʜʠʥʘ ʠ 2-ʜʝʟʦʢʩʠʫʨʠʜʠʥʘ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʠ ʚ ʤʳʰʝʯʥʦʡ

ʪʢʘʥʠ [35, 45, 70]. ʕʪʦ ʚʝʜʝʪ ʢ ʜʠʩʙʘʣʘʥʩʫ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʫʢʣʝʦʟʠʜʦʚ ʠ

ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ

ʨʝʧʣʠʢʘʮʠʠ ʠ ʨʝʧʘʨʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʪʝʨʘʧʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ TP ʫ

ʧʘʮʠʝʥʪʦʚ ʩ ʄʅɻʀʕ [35]. ʈʦʣʴ TP ʧʨʠ ʄʅɻʀʕ ʧʳʪʘʣʠʩʴ ʚʳʷʩʥʠʪʴ ʚ [71]. ɼʣʷ

ʵʪʦʛʦ ʘʚʪʦʨʳ ʚʳʨʘʱʠʚʘʣʠ ʤʳʰʝʡ, ʥʦʢʘʫʪʠʨʦʚʘʥʥʳʭ ʧʦ ʛʝʥʘʤ TP ʠ

ʫʨʠʜʠʥʬʦʩʬʦʨʠʣʠʟʳ (UP), ʪʘʢ ʢʘʢ UP ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʩʱʝʧʣʷʪʴ ʪʠʤʠʜʠʥ. ʋ

ʵʪʠʭ ʤʳʰʝʡ, ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ

ʧʨʠʚʝʣʦ ʢ 5-ʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʤʠʜʠʥʘ ʚ ʧʣʘʟʤʝ ʧʦ

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʢʠʤ ʪʠʧʦʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠʢʘʢʠʭ ʟʘʤʝʥ ʚ

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʠʣʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʫʩʢʫʣʘʭ ʵʪʦʡ ʤʳʰʠ

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ [66, 72]. ʃʠʰʴ ʚ ʤʦʟʛʫ ʤʦʞʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʠʪʴ

ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ: ʠʩʪʦʱʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ, ʜʝʬʠʮʠʪ

ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ, ʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ [66]. ʌʘʢʪ

ʥʘʣʠʯʠʷ ʧʘʪʦʣʦʛʠʠ ʫ ʤʳʰʠ ʣʠʰʴ ʚ ʤʦʟʛʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ

ʩʣʘʙʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʤʠʜʠʥʘ ʠʣʠ 2-ʜʝʟʦʢʩʠʫʨʠʜʠʥʘ ʫ

ʤʫʪʘʥʪʥʦʡ ʤʳʰʠ ʧʨʠ ʄʅɻʀʕ. ʊʘʢ ʫ ʯʝʣʦʚʝʢʘ, ʥʘʧʨʠʤʝʨ, ʢʦʥʮʝʥʪʨʘʮʠʷ

ʪʠʤʠʜʠʥʘ ʧʨʠ ʄʅɻʀʕ ʚʦʟʨʘʩʪʘʝʪ ʚ 100 ʨʘʟ, ʘ ʥʝ ʚ 5, ʢʘʢ ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ.

ɼʨʫʛʠʤ ʚʦʟʤʦʞʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʘʚʪʦʨʳ [47] ʩʯʠʪʘʶʪ ʢʦʨʦʪʢʠʡ ʞʠʟʥʝʥʥʳʡ

ʮʠʢʣ ʤʳʰʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʝʣʦʚʝʢʦʤ, ʪ.ʢ. ʫ ʣʶʜʝʡ ʩʨʝʜʥʠʡ ʧʝʨʠʦʜ ʧʨʦʷʚʣʝʥʠʷ

ʩʠʤʧʪʦʤʦʚ ʄʅɻʀʕ ʨʘʚʝʥ 18,7 ʛʦʜʘʤ.

ʆʜʥʘʢʦ, ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʫʪʘʮʠʠ

ʛʝʥʘ TP ʩʣʘʙʦ ʫʩʠʣʠʚʘʶʪ ʧʨʦʷʚʣʝʥʠʷ ʄʅɻʀʕ [44, 73]. ʅʘʧʨʠʤʝʨ, Kumagai ʩ

ʩʦʘʚʪ. ʧʦʩʪʫʣʠʨʫʶʪ, ʯʪʦ ʤʫʪʘʮʠʠ ʛʝʥʘ TP ʥʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʦʡ ʧʨʠʯʠʥʦʡ
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ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʪ.ʢ. ʤʫʪʘʮʠʠ TP ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʫ ʟʜʦʨʦʚʳʭ

ʠʥʜʠʚʠʜʦʚ [68].

I.4. TP ʧʨʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ
ʋʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ TP ʚ ʨʘʢʦʚʳʭ ʪʢʘʥʷʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʟʜʦʨʦʚʦʡ

ʪʢʘʥʴʶ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ [49],

ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ [50, 51], ʞʝʣʫʜʢʘ [10, 52, 56], ʣʝʛʢʠʭ [59, 64], ʧʠʱʝʚʦʜʘ [44,

61], ʰʝʡʢʠ ʤʘʪʢʠ [44, 74], ʪʦʣʩʪʦʡ ʢʠʰʢʝ [10, 44] ʠ ʦʪʩʫʪʩʪʚʦʚʘʣʦ ʚ ʧʝʯʝʥʠ,

ʦʩʥʦʚʥʳʭ ʞʝʣʯʥʳʭ ʧʨʦʪʦʢʘʭ ʠ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ [44].

ʕʢʩʧʨʝʩʩʠʷ TP ʧʦʚʳʰʘʝʪʩʷ ʚ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ ʫ ʧʘʮʠʝʥʪʦʚ ʩ

ʢʣʘʩʩʠʯʝʩʢʦʡ ʣʠʤʬʦʤʦʡ ʍʦʜʞʢʠʥʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ TP

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʭʦʜʫ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ [75]. ʅʝʜʘʚʥʦ

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʧʫʭʦʣʝʚʦ-ʨʝʘʢʪʠʚʥʳʝ ʊ-ʣʠʤʬʦʮʠʪʳ, ʫ ʧʘʮʠʝʥʪʘ ʩ

ʨʝʮʠʜʠʚʠʨʫʶʱʝʡ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʤʠʝʣʦʤʦʡ, ʜʝʡʩʪʚʫʶʪ ʥʘʧʨʷʤʫʶ ʧʨʦʪʠʚ

ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ TP [76]. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ TP

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʤʠʰʝʥʴʶ ʧʨʠ ʠʤʤʫʥʦʪʝʨʘʧʠʠ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ

ʦʧʫʭʦʣʝʡ.

ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʠʟʫʯʘʣʘʩʴ ʚʟʘʠʤʦʩʚʷʟʴ ʵʢʩʧʨʝʩʩʠʠ TP ʩʦ ʩʪʝʧʝʥʴʶ ʨʘʟʚʠʪʠʷ

ʦʧʫʭʦʣʠ, ʩʪʘʜʠʝʡ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʣʦʪʥʦʩʪʴʶ ʤʠʢʨʦʩʦʩʫʜʦʚ,

ʥʘʣʠʯʠʝʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʪʘʩʪʘʟʦʚ, ʧʨʦʛʥʦʟʦʤ ʪʝʯʝʥʠʷ ʙʦʣʝʟʥʠ. ɼʣʷ

ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʩʧʨʝʩʩʠʠ ʠ ʘʢʪʠʚʥʦʩʪʠ TP ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜʦʤ

ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ (ʇʎʈ) ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ,

ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʝʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʘʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ [23, 45, 47, 49,

71, 72]. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʵʢʩʧʨʝʩʩʠʷ TP ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ

ʤʠʢʨʦʩʦʩʫʜʦʚ ʚʥʫʪʨʠ ʦʧʫʭʦʣʠ, ʩʪʘʜʠʝʡ ʦʧʫʭʦʣʠ ʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʩʪʘʟʦʚ (ʊʘʙʣʠʮʘ 2). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ,

ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ TP ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʧʣʦʭʠʤ ʧʨʦʛʥʦʟʦʤ ʪʝʯʝʥʠʷ

ʟʘʙʦʣʝʚʘʥʠʷ, ʭʦʪʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪʳ

ʚʘʨʴʠʨʫʶʪʩʷ.
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ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʫʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʦʧʫʭʦʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ

ʛʝʪʝʨʦʛʝʥʥʳʝ ʪʢʘʥʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʤʧʦʟʠʮʠʡ ʦʧʫʭʦʣʝʚʳʭ, ʩʪʨʦʤʘʣʴʥʳʭ ʠ

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʢʣʝʪʦʢ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ

ʨʘʟʣʠʯʘʪʴʩʷ. ʇʦʤʠʤʦ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʝʱʝ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ,

ʬʠʙʨʦʙʣʘʩʪʳ, ʣʠʤʬʦʮʠʪʳ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ

ʤʘʢʨʦʬʘʛʠ (ʄɸʆ) ʵʢʩʧʨʝʩʩʠʨʫʶʪ TP [60]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʄɸʆ ʠʛʨʘʶʪ

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʪʘʩʪʘʟʦʚ

ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʧʨʦʪʝʠʥʘʟ, ʭʝʤʦʢʠʥʦʚ

ʠ ʮʠʪʦʢʠʥʦʚ [77]. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʣʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ

TP ʚ ʄɸʆ ʤʝʣʘʥʦʤ [78], ʨʘʢʘ ʞʝʣʫʜʢʘ [53, 54], ʛʣʠʦʙʣʘʩʪʦʤʳ [79], ʛʨʫʜʠ [48,

80], ʪʦʣʩʪʦʡ ʢʠʰʢʠ [57, 58], ʘʩʪʨʦʮʠʪʦʚ [81], ʵʥʜʦʤʝʪʨʠʷ ʤʘʪʢʠ [82], ʠ ʧʨʦʩʪʘʪʳ

[83]. ʇʨʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʝ ʞʝʣʫʜʢʘ [60], ʦʥʢʦʣʦʛʠʠ ʘʩʪʨʦʮʠʪʦʚ [57], ʛʨʫʜʠ [54]

ʠ ʵʥʜʦʤʝʪʨʠʷ ʤʘʪʢʠ [58] ʩʪʝʧʝʥʴ ʵʢʩʧʨʝʩʩʠʠ TP ʚ ʤʘʢʨʦʬʘʛʘʭ ʢʦʨʨʝʣʠʨʫʝʪ ʩ

ʧʣʦʪʥʦʩʪʴʶ ʤʠʢʨʦʩʦʩʫʜʦʚ ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʥʚʘʟʠʚʥʦʩʪʠ

ʦʧʫʭʦʣʠ, ʪ.ʝ. ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʦʧʫʭʦʣʠ ʧʨʦʨʘʩʪʘʪʴ ʚ ʩʦʩʝʜʥʠʝ ʟʜʦʨʦʚʳʝ ʪʢʘʥʠ.

ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ TP

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ, ʥʦ ʪʘʢʞʝ ʠ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ [84,

85]. ʋʞʝ ʚ 1977 ʛʦʜʫ, Pauly ʩ ʩʦʘʚʪ. ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʫ ʦʥʢʦʙʦʣʴʥʳʭ

ʘʢʪʠʚʥʦʩʪʴ TP ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ [86]. ɺ

ʜʨʫʛʦʡ ʝʛʦ ʨʘʙʦʪʝ ʪʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʫ ʙʦʣʴʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʝʡ

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʦʜʝʨʞʘʥʠʝ TP ʚ ʘʩʮʠʪʥʳʭ ʞʠʜʢʦʩʪʷʭ ʠ ʧʣʘʟʤʝ

ʢʨʦʚʠ ʧʦʚʳʰʝʥʦ (ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʦʧʫʭʦʣʠ ʧʦʚʳʰʝʥʠʝ ʚ 15 ʨʘʟ), ʧʦ

ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤʠ ʞʠʚʦʪʥʳʤʠ [87].

ʇʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ TP ʚ ʧʣʘʟʤʝ ʫ

ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʢʦʤ ʠʤʝʶʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ ʨʘʢʝ ʰʝʡʢʠ ʤʘʪʢʠ

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ TP ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʢʣʠʥʠʯʝʩʢʦʡ

ʩʪʘʜʠʝʡ, ʨʘʟʤʝʨʦʤ ʦʧʫʭʦʣʠ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʩʪʘʟʦʚ ʚ ʣʠʤʬʦʫʟʣʘʭ ʠ ʢʨʘʡʥʝ

ʧʣʦʭʠʤ ʧʨʦʛʥʦʟʦʤ [88]. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ TP ʚ ʢʨʦʚʠ ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʦʚʘʥʳ
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ʩʦ ʩʪʝʧʝʥʴʶ ʠʥʚʘʟʠʚʥʦʩʪʠ ʦʧʫʭʦʣʠ ʠ ʟʘʚʝʜʦʤʦ ʧʣʦʭʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʣʝʯʝʥʠʝ ʫ

ʧʘʮʠʝʥʪʦʚ ʩ ʢʘʨʮʠʥʦʤʦʡ ʩʪʝʥʢʠ ʧʠʱʝʚʦʜʘ [89].

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʩʥʦʡ ʩʚʷʟʠ TP ʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʦʧʫʭʦʣʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ,

ʚʦʟʤʦʞʥʦ ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ:

1) TP ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʥʘʣʠʯʠʷ ʦʧʫʭʦʣʠ, ʘʥʛʠʦʛʝʥʝʟʘ ʚ ʥʝʡ ʠ ʧʦʷʚʣʝʥʠʝ

ʤʝʪʘʩʪʘʟʦʚ;

2) TP ʚ ʢʘʯʝʩʪʚʝ ʣʦʢʘʣʴʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ;

3) TP ʚ ʢʘʯʝʩʪʚʝ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʧʨʠ ʪʝʨʘʧʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʨʝʢʨʘʱʝʥʠʝ

ʘʥʛʠʦʛʝʥʝʟʘ ʦʧʫʭʦʣʠ.

ʊʘʙʣʠʮʘ 2. ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʩʦʜʝʨʞʘʥʠʷ TP ʚ ʢʣʝʪʢʝ ʠ
ʧʘʨʘʤʝʪʨʘʤʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [90].
 ʏʠʩʣʦ ʨʘʙʦʪ ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʫʶ

ʢʦʨʨʝʣʷʮʠʶ ʩʦʜʝʨʞʘʥʠʷ TP ʚ ʢʣʝʪʢʘʭ ʦʧʫʭʦʣʠ ʩ:
ʃʦʢʘʣʠʟʘʮʠʷ
ʦʧʫʭʦʣʠ

ʇʣʦʪʥʦʩʪʴʶ
ʤʠʢʨʦʩʦʩʫʜʦ
ʚ

ʉʪʘʜʠʝʡ
ʨʘʟʚʠʪʠʷ
ʦʧʫʭʦʣʠ

ʉʪʝʧʝʥʴʶ
ʨʘʟʚʠʪʠʷ
ʦʧʫʭʦʣʠ

ʏʠʩʣʦʤ
ʤʝʪʘʩʪʘʟ
ʦʚ

ʇʣʦʭʠʤ
ʧʨʦʛʥʦʟʦʤ

ʄʦʯʝʚʦʛʦ
ʧʫʟʳʨʴ

- 8 10 - 5

ɻʨʫʜʴ 6 1 2 - 3
ʐʝʡʢʘ ʤʘʪʢʠ 6 3 3 7 4
ʊʦʣʩʪʳʡ
ʢʠʰʝʯʥʠʢ

7 4 - 3 7

ʕʥʜʦʤʝʪʨʠʡ 7 3 1 - 2
ʇʠʱʝʚʦʜ 5 3 - 4 4
ɾʝʣʫʜʦʢ 13 4 3 7 9
ʃʝʛʢʠʝ 3 2 - - 2

I.5. ʉʪʨʫʢʪʫʨʘ TP

I.5.1.  ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ
ɺ ʩʝʨʝʜʠʥʝ 1970-ʭ ʛʦʜʦʚ TP ʚʳʜʝʣʝʥʘ ʠ ʦʯʠʱʝʥʘ ʢʘʢ ʠʟ Echerichia coli

(EcTP) [91], ʪʘʢ ʠ ʠʟ Salmonella typhimurium [92]. ʅʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʧʦʟʞʝ

ʚʳʜʝʣʝʥʘ TP ʯʝʣʦʚʝʢʘ ʠʟ ʢʣʝʪʦʢ ʘʤʥʠʦʭʦʨʠʦʥʘ [93]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ

ʘʤʠʥʦʢʠʩʣʦʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ TP ʦʩʪʘʚʘʣʘʩʴ ʚʳʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʚ

ʭʦʜʝ ʵʚʦʣʶʮʠʠ. TP ʯʝʣʦʚʝʢʘ (hTP) ʥʘ 39% ʠʜʝʥʪʠʯʥʘ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ

TP E.coli [94].



 20

TP ʬʫʥʢʮʠʦʥʠʨʫʝʪ, ʢʘʢ ʛʦʤʦʜʠʤʝʨ ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʠʜʝʥʪʠʯʥʳʭ

ʩʫʙʲʝʜʠʥʠʮ (ʈʠʩ.2), ʧʨʠ ʵʪʦʤ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʜʠʤʝʨʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 90

ʢɼʘ ʚ E.coli ʜʦ 110 ʢɼʘ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [95, 96]. ʉʪʨʫʢʪʫʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ

TP ʚʧʝʨʚʳʝ ʜʘʥʘ ʚ 1990 Walter ʩ ʢʦʣʣʝʛʘʤʠ [97], ʢʦʪʦʨʳʝ ʨʝʰʠʣʠ

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ TP E.coli (PDB ID: 1TPT, 2,80 Å). ʅʝʢʦʪʦʨʳʝ

ʧʘʨʘʤʝʪʨʳ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ TP, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʙʘʥʢʝ ʜʘʥʥʳʭ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ (PDB), ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ

3. ʇʨʠ ʘʥʘʣʠʟʝ ʘʚʪʦʨʳ [97] ʚʳʷʚʠʣʠ, ʯʪʦ ʢʘʞʜʘʷ ʩʫʙʲʝʜʠʥʠʮʘ ʩʦʜʝʨʞʠʪ

ʙʦʣʴʰʦʡ ʩʤʝʰʘʥʥʳʡ ʜʦʤʝʥ, ʩʦʜʝʨʞʘʱʠʡ Ŭ-ʩʧʠʨʘʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠ ɓ-ʪʷʞʠ

(Ŭ/ɓ ʜʦʤʝʥ), ʦʪʜʝʣʝʥʥʳʡ ʦʪ ʤʝʥʴʰʝʛʦ Ŭ-ʩʧʠʨʘʣʴʥʦʛʦ ʜʦʤʝʥʘ (Ŭ-ʜʦʤʝʥʘ)

ʙʦʣʴʰʠʤ ʢʘʥʴʦʥʦʤ. ɸʢʪʠʚʥʳʡ ʮʝʥʪʨ (ʘ.ʮ.) ʩʦʩʪʦʠʪ ʠʟ ʪʠʤʠʜʠʥ-ʩʚʷʟʳʚʘʶʱʝʛʦ

ʩʘʡʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Ŭ-ʜʦʤʝʥʘ ʠ ʬʦʩʬʘʪ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʘʡʪʘ ʚ Ŭ/ɓ ʜʦʤʝʥʝ.

ʈʠʩʫʥʦʢ 2. ɻʦʤʦʜʠʤʝʨ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ ʠʟ Escherichia coli (PDB ʢʦʜ
4EAF).

ʄʥʦʞʝʩʪʚʦ ʧʦʧʳʪʦʢ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʦ ʜʠʬʬʨʘʛʠʨʫʶʱʠʝ ʢʨʠʩʪʘʣʣʳ hTP ʥʝ

ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. Spraggon ʩ ʩʦʘʚʪ. ʧʠʩʘʣʠ ʦ ʢʨʠʩʪʘʣʣʘʭ TP ʯʝʣʦʚʝʢʘ

ʜʠʬʬʨʘʛʠʨʫʶʱʠʭ ʣʠʰʴ ʜʦ 3,5 Å, ʥʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʭʨʦʪʨʦʥʘ ʚ

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ [98]. ʅʘʢʦʥʝʮ, ʚ 2004 ʛʦʜʫ,

Norman ʩ ʩʦʘʚʪ. ʫʩʧʝʰʥʦ ʨʝʰʠʣʠ ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 2,1 Å (PDB ID:
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1UOU) ʚ ʢʦʤʧʣʝʢʩʝ ʩ TPI (Thymidine Phosphorylase Inhibitor, ʩʤ. ʥʠʞʝ) [99]. ʊʝʤ

ʥʝ ʤʝʥʝʝ, ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠ ʦʯʠʩʪʢʝ ʬʝʨʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʪʝʦʣʠʟ ʩ

ʪʨʠʧʩʠʥʦʤ, ʧʨʠʚʦʜʠʚʰʠʡ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʘ.ʦ. 409 ʠ 410,

ʘ ʧʝʪʣʷ, ʬʦʨʤʠʨʫʝʤʘʷ ʘ.ʦ. 405-416, ʙʳʣʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ. ʅʘ ʥʝʟʘʚʠʩʠʤʫʶ ʯʘʩʪʴ

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠʭʦʜʠʣʩʷ ʜʠʤʝʨ TP, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʤʦʥʦʤʝʨ

ʧʨʝʙʳʚʘʣ ʚ ʘʢʪʠʚʥʦʡ ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʜʦʤʝʥʦʚ, ʘ TPI ʟʘʥʠʤʘʣ ʩʘʡʪ

ʩʚʷʟʳʚʘʥʠʷ ʪʠʤʠʜʠʥʘ. ʕʪʘ ʨʘʙʦʪʘ ʚʧʝʨʚʳʝ ʜʘʣʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʷʟʳʚʘʥʠʠ

ʠʥʛʠʙʠʪʦʨʘ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟ, ʠ, ʚ

ʯʘʩʪʥʦʩʪʠ, TP.

ɺ 2006 ʛʦʜʫ El Omari ʩ ʩʦʘʚʪ. ʧʦʧʳʪʘʣʠʩʴ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ

ʥʝʧʨʦʪʝʦʣʠʟʠʨʦʚʘʥʥʦʡ ʯʝʣʦʚʝʯʝʩʢʦʡ TP ʧʨʠ 2,3 Å (PDB ID: 2J0F) ʩ ʧʦʤʦʱʴʶ

ʠʥʛʠʙʠʪʦʨʘ KIN59 [100], ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʣʫʯʝʥʠʶ

ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʠʬʬʨʘʛʠʨʫʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʭʦʪʷ ʥʘ ʢʘʨʪʝ ʵʣʝʢʪʨʦʥʥʦʡ

ʧʣʦʪʥʦʩʪʠ ʝʛʦ ʣʦʢʘʣʠʟʦʚʘʪʴ ʥʝ ʫʜʘʣʦʩʴ. ʅʘ ʥʝʟʘʚʠʩʠʤʫʶ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ

ʷʯʝʡʢʠ ʧʨʠʭʦʜʠʣʦʩʴ ʜʚʘ ʜʠʤʝʨʘ TP, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ

ʦʜʠʥʘʢʦʚʳʝ ʤʝʞʩʫʙʲʝʜʠʥʠʯʥʳʝ ʢʦʥʪʘʢʪʳ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʠ ʚ

ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʫʢʪʫʨʝ. ʂʨʦʤʝ ʵʪʦʛʦ ʫʜʘʣʦʩʴ ʧʦʣʥʦʩʪʴʶ ʣʦʢʘʣʠʟʦʚʘʪʴ

ʧʦʣʦʞʝʥʠʝ ʘ.ʦ.  ʧʝʪʣʠ 405-416.

ɺ 1998 Pugmire ʩ ʩʦʘʚʪ. ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ

ʛʦʤʦʣʦʛʘ TP - ʰʠʨʦʢʦʩʧʝʮʠʬʠʯʥʦʡ ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ ʠʟ

Geobacillus steʘrothermophilus, ʦʜʥʘ ʠʟ ʩʫʙʲʝʜʠʥʠʮ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ

ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ.



ʊʘʙʣʠʮʘ 3. ʉʪʨʫʢʪʫʨʳ TP ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʙʘʥʢʝ ʜʘʥʥʳʭ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ PDB.

ʀʩʪʦʯʥʠʢ ʃʠʛʘʥʜ ʈʘʟʨʝʰʝʥʠʝ,
Å ʇɻ Rfactor

ʉʂʆ ʩʚʷʟʝʡ,
Å

ʉʂʆ ʫʛʣʦʚ,
ʛʨʘʜ PDB ʢʦʜ

Escherichia coli TDR+SO4 2,8 P43212 0,28 0,011 1,5 1TPT
Escherichia coli - 2,8 I222 0,25 0,007 1,2 1OTP
Escherichia coli - 3,0 P1211 0,28 0,009 1,4 1AZY
Escherichia coli SO4 2,6 P43212 0,25 0,007 1,2 2TPT
Homo sapiens TPI 2,1 C121 0,26 - - 1UOU
Homo sapiens TDR 2,3 P1211 0,29 0,009 1,2 2J0F
Homo sapiens GOL 3,0 P1211 0,29 0,007 1,4 2WK5
Homo sapiens 5IU 2,5 P212121 0,28 0,007 1,3 2WK6

Escherichia coli 0NP+SO4+GOL 1,5 P43212 0,19 0,008 1,4 4EAD
Escherichia coli SO4+GOL 1,6 P43212 0,21 0,006 1,1 4EAF
Escherichia coli AZZ+SO4+GOL 1,5 P43212 0,20 0,008 1,3 4LHM
TDR – ʪʠʤʠʥ, SO4 – ʩʫʣʴʬʘʪ-ʘʥʠʦʥ, GOL – ʛʣʠʮʝʨʦʣ, 5IU – 5-ʡʦʜʫʨʘʮʠʣ, 0NP - 3'-ʘʟʠʜʦ-2'-ʬʪʦʨ-ʜʠʜʝʟʦʢʩʠʫʨʠʜʠʥ,
AZZ - 3'-ʘʟʠʜʦ-3'-ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ



I.5.2. ɸʢʪʠʚʥʳʡ ʮʝʥʪʨ
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʢʣʘʩʩʳ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟ ʩʚʷʟʳʚʘʶʪ ʬʦʩʬʘʪ-

ʘʥʠʦʥ ʠ ʥʫʢʣʝʦʟʠʜ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʬʦʩʬʦʨʦʣʠʟʥʫʶ ʨʝʘʢʮʠʶ, ʩʧʦʩʦʙ

ʩʚʷʟʳʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ ʵʪʠʤʠ ʬʝʨʤʝʥʪʘʤʠ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ

ʧʦʤʦʯʴ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ.

I.5.2.1. ʉʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʬʦʩʬʘʪ-ʘʥʠʦʥʘ
ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚ RCSB PDB ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʦʨʜʠʥʘʪʳ ʩʪʨʫʢʪʫʨ

TP ʩ ʠʦʥʦʤ ʬʦʩʬʘʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʨʛʘʥʠʟʘʮʠʷ ʬʦʩʬʘʪ-ʩʚʷʟʳʚʘʶʱʝʛʦ

ʩʘʡʪʘ ʦʧʠʩʳʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʝʛʦ ʘʥʘʣʦʛʦʤ - ʠʦʥʦʤ

ʩʫʣʴʬʘʪʘ: PDB ID 1TPT, 2TPT, 4EAF.

Walter ʩ ʩʦʘʚʪ. ʚʧʝʨʚʳʝ ʦʧʠʩʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ EcTP ʩ

ʩʫʣʴʬʘʪ-ʘʥʠʦʥʦʤ (PDB ʢʦʜ 1TPT) [97]. ʆʥʠ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʩʫʣʴʬʘʪ-ʘʥʠʦʥ

ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘ ʉ-ʢʦʥʮʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ɓ-ʣʠʩʪʘ ʤʝʞʜʫ S1 ʠ S2 ɓ-ʪʷʞʘʤʠ.

ʉʫʣʴʬʘʪ-ʘʥʠʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚʙʣʠʟʠ ʩʝʨʝʜʠʥʳ ʵʪʦʡ ʧʝʪʣʠ ʥʘ ʢʦʥʮʝ ɓ-ʪʷʞʘ S1,

ʬʦʨʤʠʨʫʝʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 87-91 (Thr-Gly-Gly-Val-Gly), ʟʘ

ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ Ŭ-ʩʧʠʨʘʣʴ H5 (ʘ.ʦ. 95-105). ʅʝʙʦʣʴʰʦʡ ʪʫʥʥʝʣʴ ʜʠʘʤʝʪʨʦʤ 6 Å

ʩʦʝʜʠʥʷʝʪ ʩʫʣʴʬʘʪ-ʩʚʷʟʳʚʘʶʱʠʡ ʢʘʨʤʘʥ ʩ «ʢʘʥʴʦʥʦʤ» ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ.

ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʫʧʥʦʡ ʜʣʷ

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʩʫʙʲʝʜʠʥʠʮʝ TP, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʦʜʘ ʠ ʩʘʤ ʩʫʣʴʬʘʪ-ʘʥʠʦʥ ʤʦʛʫʪ

ʧʨʦʥʠʢʘʪʴ ʚ ʬʦʩʬʘʪ-ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ ʣʠʰʴ ʯʝʨʝʟ ʵʪʦʪ ʪʫʥʥʝʣʴ

ɺ ʧʫʙʣʠʢʘʮʠʠ 1998 ʛʦʜʘ Pugmire ʩ ʩʦʘʚʪ. ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʠʦʥ ʬʦʩʬʘʪʘ

(ʩʫʣʴʬʘʪʘ) ʦʢʘʟʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘ ʤʝʞʜʦʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘ ʩʯʝʪ

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʝʪʣʠ ʠʟ ʘ.ʦ. 115-120, ʧʨʠʚʦʜʷ ʢ ʧʝʨʝʭʦʜʫ ʩʫʙʲʝʜʠʥʠʮʳ ʚ

ʯʘʩʪʠʯʥʦ ʟʘʢʨʳʪʫʶ ʢʦʥʬʦʨʤʘʮʠʶ [101]. ʉʪʘʙʠʣʠʟʘʮʠʷ ʠ ʤʝʞʜʦʤʝʥʥʳʝ

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʧʨʦʠʩʭʦʜʷʪ ʙʣʘʛʦʜʘʨʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ

His119– Gly208 (ʨʠʩ.3). El Omari ʩ ʩʦʘʚʪ. ʪʝʤ ʥʝ ʤʝʥʝʝ ʦʩʧʘʨʠʚʘʶʪ ʵʪʦʪ ʬʘʢʪ. ɺ

ʠʭ ʨʘʙʦʪʝ ʯʝʪʳʨʝ ʩʫʙʲʝʜʠʥʠʮʳ, ʟʘʥʠʤʘʶʪ ʟʘʢʨʳʪʫʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʧʨʠ ʪʦʤ,

ʯʪʦ ʚʦ ʚʩʝʭ ʦʪʩʫʪʩʪʚʫʝʪ ʬʦʩʬʘʪ-ʘʥʠʦʥ ʠʣʠ ʩʫʣʴʬʘʪ-ʘʥʠʦʥ [102]. ɺʦʜʦʨʦʜʥʘʷ
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ʩʚʷʟʴ His119-Gly208 ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʚ ʜʚʫʭ ʠʟ ʯʝʪʳʨʝʭ ʩʫʙʲʝʜʠʥʠʮ.

ʆʧʨʦʚʝʨʛʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʪʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʜʣʷ ʢʘʪʘʣʠʟʘ ʠ Mitsiki ʩ

ʩʦʘʚʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠ ʦʙʝ ʩʫʙʲʝʜʠʥʠʮʳ ʜʠʤʝʨʘ hTP ʚ ʟʘʢʨʳʪʦʡ

ʢʦʥʬʦʨʤʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʣʠʰʴ ʚ ʦʜʥʦʡ ʠʟ ʥʠʭ ʵʪʘ ʩʚʷʟʴ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ [103].

ʈʠʩʫʥʦʢ 3. ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ His119-

Gly208, ʧʨʠʚʦʜʷʱʘʷ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ

ʧʝʪʣʠ ʠʟ ʘ.ʦ. 115-125 (ʧʦʢʘʟʘʥʘ

ʬʠʦʣʝʪʦʚʳʤ) ʠ ʢ ʩʙʣʠʞʝʥʠʶ ʜʦʤʝʥʦʚ

(Ŭ-ʜʦʤʝʥ ʦʢʨʘʰʝʥ ʩʠʥʠʤ, Ŭ/ɓ – ʜʦʤʝʥ

ʟʝʣʝʥʳʤ).

ɺ 1998 Pugmire ʩ ʩʦʘʚʪ.  ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ

ʛʦʤʦʣʦʛʘ TP - ʰʠʨʦʢʦʩʧʝʮʠʬʠʯʥʦʡ ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ ʠʟ

Bacillus steraothermophilus, ʦʜʥʘ ʠʟ ʩʫʙʲʝʜʠʥʠʮ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʥʦʩʪʴʶ

ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ [104]. ʕʪʦ ʧʝʨʚʘʷ ʠ ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ

ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟ NP-II ʩʝʤʝʡʩʪʚʘ ʩ ʬʦʩʬʘʪ-ʘʥʠʦʥʦʤ. ɸʚʪʦʨʳ ʦʪʤʝʪʠʣʠ,

ʯʪʦ ʚ PyNP ʩ ʬʦʩʬʘʪ-ʘʥʠʦʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ Lys108, ʢʦʪʦʨʦʤʫ ʧʦ ʧʝʨʚʠʯʥʦʡ

ʩʪʨʫʢʪʫʨʝ ʚ TP ʩʦʦʪʚʝʪʩʪʚʫʝʪ Met111. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʚʣʠʷʝʪ

ʥʘ ʧʦʣʦʞʝʥʠʝ ʬʦʩʬʘʪ-ʘʥʠʦʥʘ ʠ ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʟʣʠʯʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʵʪʠʭ

ʬʝʨʤʝʥʪʦʚ ʢ 2’-ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʥʫʢʣʝʦʟʠʜʘ. ɺ ʦʩʪʘʣʴʥʦʤ ʩʚʷʟʳʚʘʥʠʝ

ʬʦʩʬʘʪ-ʘʥʠʦʥʘ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ PyNP ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʚʷʟʳʚʘʥʠʶ ʠʦʥʘ

ʩʫʣʴʬʘʪʘ ʚ TP.

Pugmire ʩ ʩʦʘʚʪ. ʪʘʢʞʝ ʧʨʝʧʦʣʦʞʠʣʠ ʫʯʘʩʪʠʝ ʘ.ʦ. ʬʦʩʬʘʪ-ʩʚʷʟʳʚʘʶʱʝʛʦ

ʩʘʡʪʘ ʚ ʧʨʦʭʦʞʜʝʥʠʠ ʨʝʘʢʮʠʠ: 1) ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʘ.ʦ. Lys

ʦʨʠʝʥʪʠʨʫʶʪ ʬʦʩʬʘʪ-ʘʥʠʦʥ, 2) His85 ʨʝʛʫʣʠʨʫʝʪ ʩʪʝʧʝʥʴ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ

ʬʦʩʬʘʪ-ʘʥʠʦʥʘ, 3) ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʘ.ʦ. Thr, Ser ʠʛʨʘʶʪ ʨʦʣʴ ʜʦʥʦʨʦʚ
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ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʠ ʤʦʛʫʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʠʣʠʚʘʪʴ ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ

ʬʦʩʬʘʪʘ.

I.5.2.2. ʉʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʥʫʢʣʝʦʟʠʜʘ
ɺ ʧʝʨʚʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ EcTP Walter ʩ ʩʦʘʚʪ. ʦʧʠʩʳʚʘʶʪ ʪʨʠ

ʢʦʤʧʣʝʢʩʘ ʩ ʣʠʛʘʥʜʘʤʠ: ʪʠʤʠʥʦʤ, ʪʠʤʠʜʠʥʦʤ ʠ 5-ʡʦʜʫʨʘʮʠʣʦʤ [97]. ʆʜʥʘʢʦ

ʣʠʰʴ ʦʜʥʘ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ (ʩ ʪʠʤʠʥʦʤ, ʨʘʟʨʝʰʝʥʠʝ 2,8 Å) ʙʳʣʘ

ʜʝʧʦʥʠʨʦʚʘʥʘ ʚ PDB ʠ ʩʦʜʝʨʞʘʣʘ ʣʠʰʴ CŬ ʘʪʦʤʳ. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ

ʣʦʢʘʣʠʟʦʚʘʪʴ ʚʩʝ ʪʨʠ ʣʠʛʘʥʜʘ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʙʣʠʟʠ ʩʧʠʨʘʣʝʡ H8 ʠ

H9. ɸ.ʦ. ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʪʠʤʠʥʦʤ Arg171, Ser186 ʠ Lys190,

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʵʪʠʭ ʜʚʫʭ Ŭ-ʩʧʠʨʘʣʷʭ. ʉ5 ʘʪʦʤ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ

ʣʠʛʘʥʜʦʚ ʧʨʠ ʵʪʦʤ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʘʨʤʘʥʘ,

ʦʙʨʘʟʫʝʤʦʛʦ ʧʝʪʣʷʤʠ ʠʟ ʘ.ʦ. 115-123 ʠ 206-212. ɸʪʦʤʳ ʉ2 ʠ N3 ʧʠʨʠʤʠʜʠʥʦʚʦʡ

ʛʨʫʧʧʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ Ŭ-ʩʧʠʨʘʣʝʡ 8 ʠ 9. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ

ʧʦʣʦʞʝʥʠʝ 5-ʡʦʜʫʨʘʮʠʣʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʦʞʝʥʠʷ ʪʠʤʠʥʘ ʩʤʝʱʝʥʠʝʤ

ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʥʘ ~1 Å, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʦʧʠʩʳʚʘʝʤʦʛʦ ʛʠʜʨʦʬʦʙʥʦʛʦ

ʢʘʨʤʘʥʘ.

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʘʤʠ ʦʙʥʘʨʫʞʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʘʡʪʳ

ʩʚʷʟʳʚʘʥʠʷ. 5-ʡʦʜʫʨʘʮʠʣ ʣʦʢʘʣʠʟʦʚʘʥ ʤʝʞʜʫ ʧʝʪʣʷʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʘ.ʦ. 66-

79 ʠ 155-162. ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ TP E. coli (EcTP) ʩ ʪʠʤʠʥʦʤ ʣʠʛʘʥʜ ʚ ʵʪʦʤ

ʤʝʩʪʝ ʦʪʩʫʪʩʪʚʦʚʘʣ, ʥʦ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ ʫʪʦʯʥʝʥʠʷ

ʚʙʣʠʟʠ ʘ.ʦ. 263-268, ʭʦʪʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝ ʫʪʦʯʥʷʣʩʷ [97].

ʉʣʝʜʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ ʠʟ NP-II ʩʝʤʝʡʩʪʚʘ,

ʨʝʰʝʥʥʦʡ ʠ ʫʪʦʯʥʝʥʥʦʡ ʩ ʥʫʢʣʝʦʟʠʜʦʤ ʠʣʠ ʘʟʦʪʠʩʪʳʤ ʦʩʥʦʚʘʥʠʝʤ ʙʳʣʘ

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ PyNP  ʠʟ Geobacillus stearothermophilus [104]. ɺ

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʩʚʷʟʳʚʘʥʠʠ ʥʫʢʣʝʦʟʠʜʘ

ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʠ Tyr165 (Tyr168 ʚ EcTP) ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʝʢʠʥʛ -

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ ʣʠʛʘʥʜʘ. Norman ʩ ʩʦʘʚʪ. ʦʧʠʩʳʚʘʣʠ

ʧʦʭʦʞʝʝ ʚʟʘʠʤʦʜʝʡʪʩʚʠʝ ʩ ʣʠʛʘʥʜʦʤ ʚ ʢʦʤʧʣʝʢʩʝ hTP ʩ ʠʥʛʠʙʠʪʦʨʦʤ TPI [99].

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ N1 ʘʪʦʤ, ʥʝ ʬʦʨʤʠʨʫʶʱʠʡ ʚ TPI ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ,
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ʥʘʭʦʜʠʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʦʪ NH ʘʪʦʤʘ His116 (His85 ʚ EcTP)

(ʨʠʩ.4), ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ Mitsiki ʩ ʩʦʘʚʪ. ʧʨʠ ʘʥʘʣʠʟʝ

ʢʦʤʧʣʝʢʩʘ hTP ʩ 5-ʡʦʜʫʨʘʮʠʣʦʤ [103]. El Omari ʩ ʩʦʘʚʪ. ʧʨʦʚʝʣʠ ʧʦʩʣʝʜʫʶʱʝʝ

ʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ hTP ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʪʠʤʠʜʠʥʦʤ [102], ʭʦʪʷ ʥʘ ʢʘʨʪʘʭ

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʤ ʫʜʘʣʦʩʴ ʣʦʢʘʣʠʟʦʚʘʪʴ ʣʠʰʴ ʧʠʨʠʤʠʜʠʥʦʚʫʶ

ʢʦʤʧʦʥʝʥʪʫ ʣʠʛʘʥʜʘ - ʪʠʤʠʥ. ɺ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʠʤʠʥ ʪʘʢʞʝ

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ His85 (His116 ʚ hTP).

ʈʠʩʫʥʦʢ 4. ʉʚʷʟʳʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʘ TPI ʚ

ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ hTP. [99]

I.5.3. ʍʠʤʠʢʦ-ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ TP
TP ʢʘʪʘʣʠʟʠʨʫʝʪ ʬʦʩʬʦʨʦʣʠʟ ʪʠʤʠʜʠʥʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ

ʨʅ. ʇʘʥʦʚʘ ʩ ʩʦʘʚʪ. ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʄʠʭʘʵʣʠʩʘ (ʂm) ʠ

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʬʦʩʬʦʨʦʣʠʟʘ ʪʠʤʠʜʠʥʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ TP ʦʪ pH [105].

ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʤʘʢʩʠʤʫʤ ʧʨʠ ʟʥʘʯʝʥʠʠ 6,5 ʩ ʧʝʨʝʛʠʙʘʤʠ ʚ 6,1 ʠ 6,8. ʇʨʠ

ʧʦʚʳʰʝʥʠʠ pH ʦʪ 7,0 ɼʆ 8,5 ʂm ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʦʷʚʣʝʥʠʝ ʧʝʨʝʛʠʙʘ

ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʫʯʘʩʪʠʝʤ ʠʦʥʠʟʦʚʘʥʥʦʡ ʛʨʫʧʧʳ His85 ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʚ

ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ His85

ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʩʚʷʟʳʚʘʥʠʠ ʤʦʣʝʢʫʣʳ ʪʠʤʠʜʠʥʘ.

ʊʘʢʞʝ ʘʚʪʦʨʳ [105] ʧʨʦʚʝʣʠ ʰʠʨʦʢʠʡ ʭʠʤʠʢʦ-ʢʠʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦ

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʝʮʠʬʠʯʥʦʩʪʠ TP E.coli ʢ ʨʘʟʣʠʯʥʳʤ ʘʥʘʣʦʛʘʤ ʧʠʨʠʤʠʜʠʥʦʚʳʭ

ʥʫʢʣʝʦʟʠʜʦʚ (ʊʘʙʣʠʮʘ 4).
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ʊʘʙʣʠʮʘ 4. ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʬʦʩʬʦʨʦʣʠʟʘ TP
ʪʠʤʠʜʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʠʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ (50 ʤʄ
ʢʘʣʠʡ-ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ, ʨʅ 6,5, ʪʝʤʧʝʨʘʪʫʨʘ 25°ʉ. ɿʥʘʯʝʥʠʷ ʂʨ ʠʟʤʝʨʝʥʳ ʚ 50
ʤʄ ʊʨʠʩ-ʙʫʬʝʨʝ, ʨʅ 8,2, ʪʝʤʧʝʨʘʪʫʨʘ 4°ʉ, ʩʦʦʪʥʦʰʝʥʠʝ ʥʫʢʣʝʦʟʠʜ:ʬʦʩʬʘʪ
1:10) [105]

ʉʫʙʩʪʨʘʪ Kp (1/Kp) Km (Ki), ʤʢʄ kcat, ʩ-1 kcat/Km, ʤʢʄ-

1/ʩ-1

ʪʠʤʠʜʠʥ 0,07 (14,3) 300 198 0,66
2’-ʜʝʟʦʢʩʠʫʨʠʜʠʥ 0,04 (25) 320 35 0,18

4-ʪʠʦʪʠʤʠʜʠʥ 0,07(14,3) 280 63 0,25
5’-

ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ 0,05 (20) 400 260 0,64

5’-ʭʣʦʨ-5’-
ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ 0,07 (14,3) 300 1,7 0,006

5’-ʙʨʦʤ-5’-
ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ - (400) - -

5’-ʡʦʜ-5’-
ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ - 400 - -

5’-ʘʟʠʜʦ-5’-
ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ - - - -

5’-ʉ-ʤʝʪʠʣ (D-
ʘʣʣʦ)ʪʠʤʠʜʠʥ 0,14(7,0) 330 0,1 0,0003

5’-ʉ-ʤʝʪʠʣ (D-
ʪʘʣʦ)ʪʠʤʠʜʠʥ 0,1 (10) 350 0,45 0,0013

5’-ʛʦʤʦʪʠʤʠʜʠʥ 0,068 (14,6) 300 0,06 0,0018
3’-

ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ - (850) - -

3’-ʘʤʠʥʦ-3’-
ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ

(ʧʨʠ pH )
- (600) - -

3’-ʘʤʠʥʦ-3’-
ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ

(ʧʨʠ pH )
- 400 1,1 0,0027

2’,3’-ʜʠʜʝʛʠʜʨʦ-
3’-

ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ
- 350 0,4 0,0011

ʫʨʠʜʠʥ - (60) - -
ɓ-D-ʘʨʘʙʠʥʦ-

ʬʫʨʘʥʦʟʠʣʫʨʘʮʠʣ - (1000) - -

5-ʤʝʪʫʨʠʜʠʥ - (100) - -
2-ʪʠʦʫʨʠʜʠʥ - (800) - -



 28

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʘʚʪʦʨʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ TP ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ

ʩʧʝʮʠʬʠʯʥʳʤ ʬʝʨʤʝʥʪʦʤ ʠʟ ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟ, ʪ.ʢ.

ʢʘʪʘʣʠʟʠʨʫʝʪ ʣʠʰʴ ʬʦʩʬʦʨʦʣʠʟ ʪʠʤʠʜʠʥʘ ʠ 2’-ʜʝʟʦʢʩʠʫʨʠʜʠʥʘ ʠ ʥʝ

ʢʘʪʘʣʠʟʠʨʫʝʪ ʬʦʩʬʦʨʦʣʠʟ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʥʫʢʣʝʦʟʠʜʦʚ: ʫʨʠʜʠʥʘ, ʮʠʪʠʜʠʥʘ,

ʘʜʝʥʦʟʠʥʘ, ʠʥʦʟʠʥʘ, ʢʩʘʥʪʦʟʠʥʘ ʠ ʛʫʘʥʦʟʠʥʘ. ʋʨʠʜʠʥ ʞʝ ʩʧʦʩʦʙʝʥ ʠʥʛʠʙʠʨʦʚʘʪʴ

TP. 4-ʊʠʦʪʠʤʠʜʠʥ ʠ 2'- ʜʝʟʦʢʩʠʫʨʠʜʠʥ ʷʚʣʷʣʠʩʴ ʭʦʨʦʰʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ TP.

ɿʘʤʝʥʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 5'-ʧʦʣʦʞʝʥʠʠ ʫʛʣʝʚʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ

ʩʫʙʩʪʨʘʪʘ ʥʘ ʦʙʲʝʤʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʥʝ ʧʨʝʧʷʪʩʪʚʦʚʘʣʘ ʩʚʷʟʳʚʘʥʠʶ ʥʫʢʣʝʦʟʠʜʘ

ʩ TP, ʪʘʢʞʝ, ʢʘʢ ʠ ʝʝ ʦʪʩʫʪʩʪʚʠʝ (ʊʘʙʣʠʮʘ 4). ɸʚʪʦʨʘʤʠ [105] ʦʜʥʘʢʦ ʦʪʤʝʯʘʣʦʩʴ

ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʘ ʨʘʜʠʫʩʘ

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ. ʊʘʢ, 5'-ʙʨʦʤ-5'-ʜʝʟʦʢʩʠʪʠʤʠʜʠʥ ʩʚʷʟʳʚʘʣʩʷ ʩ

ʬʝʨʤʝʥʪʦʤ, ʥʦ ʥʝ ʧʦʜʚʝʨʛʘʣʩʷ ʬʦʩʬʦʨʦʣʠʟʫ, ʘ ʩʚʷʟʳʚʘʥʠʝ 5'-ʘʟʠʜʦ-5'-

ʜʝʟʦʢʩʠʪʠʤʠʜʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ 5'-

ʧʦʣʦʞʝʥʠʝ ʪʠʤʠʜʠʥʘ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʪʠʣʝʥʦʚʦʛʦ

ʟʚʝʥʘ ʥʘʙʣʶʜʘʣʩʷ ʘʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ: ʢʦʥʩʪʘʥʪʘ ʩʚʷʟʳʚʘʥʠʷ ʦʩʪʘʚʘʣʘʩʴ ʙʝʟ

ʠʟʤʝʥʝʥʠʡ, ʘ ʩʢʦʨʦʩʪʴ ʬʦʩʬʦʨʦʣʠʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʣʘʩʴ. ɿʘʤʝʥʘ 5'-

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʥʘ ʘʤʠʥʦʛʨʫʧʧʫ ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ ʠʟʤʝʥʝʥʠʶ ʘʬʠʥʥʦʩʪʠ ʣʠʛʘʥʜʘ

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʤʠʜʠʥʦʤ.

ʂʣʶʯʝʚʦʡ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ ʦʢʘʟʘʣʘʩʴ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ 3’

ʧʦʣʦʞʝʥʠʠ ʥʫʢʣʝʦʟʠʜʘ. ʆʪʩʫʪʩʪʚʠʝ ʵʪʦʡ ʛʨʫʧʧʳ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʝʝ

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʢʮʠʠ, ʦʜʥʘʢʦ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ,

ʯʪʦ ʧʨʠ ʵʪʦʤ ʂm ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʣʠʟʢʘ ʢ ʂm ʪʠʤʠʜʠʥʘ.

Miyadera ʩ ʩʦʘʚʪ. [106] ʠ ʟʘʪʝʤ Mitsiki ʩ ʩʦʘʚʪ. [103] ʧʨʦʚʝʣʠ ʨʘʙʦʪʳ ʧʦ

ʪʦʯʝʯʥʦʤʫ ʤʫʪʘʛʝʥʝʟʫ hTP. ʇʦ ʜʘʥʥʳʤ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʤʝʥʘ Arg202 (Arg171

ʚ EcTP) ʥʘ Glu, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʨʷʜ ʵʪʦʛʦ ʘ.ʦ. ʥʘ

ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʘʢʪʠʚʥʦʩʪʠ TP (ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ hTP

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 5). ɿʘʤʝʥʘ Ser117 (Ser86 ʚ EcTP) ʥʘ Gly ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ

ʧʦʪʝʨʝ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ. ʇʦ ʤʥʝʥʠʶ Mitsiki ʩ ʩʦʘʚʪ., ʟʘʤʝʥʘ ʵʪʠʭ ʘ.ʦ.

ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʩʚʷʟʳʚʘʪʴ ʩʫʙʩʪʨʘʪ [103].
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ɿʘʤʝʥʘ Ile214 (Ile183 ʚ EcTP) ʥʘ Ala, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ TP ʚ

1,5 ʨʘʟʘ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʦʩʪʴ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ TP ʩ

ʪʠʤʠʜʠʥʦʤ ʚ ʦʙʣʘʩʪʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 5-ʦʤ ʧʦʣʦʞʝʥʠʠ.

ʈʠʩʫʥʦʢ 5. ɸʢʪʠʚʥʳʡ ʮʝʥʪʨ ʢʦʤʧʣʝʢʩʘ

hTP ʩ 5-ʡʦʜʫʨʘʮʠʣʦʤ (5IU).

I.5.4. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ TP
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ TP ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʫʢʘʟʳʚʘʣʠ

ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʢʨʳʪʠʷ ʩʫʙʲʝʜʠʥʠʮʳ TP ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʬʦʩʬʦʨʦʣʠʟʘ.

Pugmire ʩ ʩʦʘʚʪ. [101] ʠ Rick ʩ ʩʦʘʚʪ. [107] ʦʧʠʩʳʚʘʣʠ ʢʦʤʧʴʶʪʝʨʥʳʝ

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ

ʩʫʙʲʝʜʠʥʠʮʳ TP E.coli.  ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ Pugmire ʩ ʩʦʘʚʪ.

ʠʩʧʦʣʴʟʦʚʘʣʠ «ʞʝʩʪʢʠʝ» ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ

ʘʢʮʝʧʪʦʨʦʤ (ʦʪ 1,9 ʜʦ 2,5 Å) ʠ ʥʘ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʠʤʠʜʠʥʘ ʠ ʩʫʣʴʬʘʪʘ.

Rick ʩ ʩʦʘʚʪ. ʦʧʠʩʳʚʘʶʪ ʧʦʧʳʪʢʫ ʧʦʣʫʯʠʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ EcTP ʚ

ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ

ʜʠʥʘʤʠʢʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʪʨʘʝʢʪʦʨʠʠ ʜʣʠʥʦʡ

200 ʧʩ ʬʝʨʤʝʥʪ ʥʝ ʧʨʠʥʷʣ ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ [107]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ

ʧʦʣʫʯʝʥʠʷ ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ Rick ʩ ʩʦʘʚʪ. ʦʩʫʱʝʩʪʚʣʷʣʠ ʨʘʩʯʝʪ ʤʝʪʦʜʦʤ

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠ ʬʠʢʩʘʮʠʠ ʢʘʞʜʦʛʦ ʜʦʤʝʥʘ ʧʦ-

ʦʪʜʝʣʴʥʦʩʪʠ. ʂʘʞʜʳʝ 0,5 ʧʩ ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʩʫʧʝʨʧʦʟʠʮʠʶ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨ, ʚ
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ʠʪʦʛʝ ʧʦʣʫʯʘʷ ʦʜʥʫ ʩʪʨʫʢʪʫʨʫ ʠʟ ʜʚʫʭ ʜʦʤʝʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʚʫʭ

ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʘʩʯʝʪʘʭ.

ʈʝʰʝʥʠʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʦʙʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʆʜʥʘʢʦ,

ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʈʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʣʦʢʘʣʴʥʦʤʫ ʤʠʥʠʤʫʤʫ ʚ ʨʝʘʣʴʥʦʩʪʠ ʥʝʜʦʩʪʠʞʠʤʦʤʫ ʧʨʠ

ʥʝʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ Rick ʩ ʩʦʘʚʪ. ʧʨʝʜʩʪʘʚʠʣʠ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʳʭ

ʨʘʩʯʝʪʦʚ ʨʝʘʢʮʠʠ ʬʦʩʬʦʨʦʣʠʟʘ ʪʠʤʠʜʠʥʘ [107]. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ

ʨʘʩʱʝʧʣʝʥʠʝ ʪʠʤʠʜʠʥʘ ʧʨʦʭʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ (ʨʠʩ.6). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ

ʧʨʦʠʩʭʦʜʠʪ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʬʦʩʬʘʪ-ʘʥʠʦʥʘ ʥʘ C1’ ʘʪʦʤ ʪʠʤʠʜʠʥʘ, ʘ ʥʘ

ʚʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʨʠʙʦʟʥʦʛʦ ʢʦʣʴʮʘ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ

ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʦʣʴ Arg171, Lys190 ʠ His85 ʚ ʢʘʪʘʣʠʟʝ. Arg171 ʷʚʣʷʝʪʩʷ

ʜʦʥʦʨʦʤ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʪʠʤʠʥʘ,

ʧʦʩʣʝ ʨʘʩʱʝʧʣʝʥʠʷ ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ. ɸʪʦʤ ʚʦʜʦʨʦʜʘ ʘʤʠʥʦ-ʛʨʫʧʧʳ Lys190

ʧʝʨʝʭʦʜʠʪ ʢ His85, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ His85 ʬʦʨʤʠʨʫʝʪ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʩ

ʬʦʩʬʘʪ-ʘʥʠʦʥʦʤ. ʆʜʠʥ ʠʟ ʚʦʜʦʨʦʜʦʚ ʪʘʢʞʝ ʧʝʨʝʭʦʜʠʪ ʦʪ Lys190 ʢ ʬʦʩʬʘʪ-

ʘʥʠʦʥʫ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʝʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ O2

ʘʪʦʤʦʤ ʪʠʤʠʜʠʥʘ, Lys190, His85 ʠ ʬʦʩʬʘʪ-ʘʥʠʦʥʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʟʘʠʤʥʦʝ

ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʢʘʪʘʣʠʟʘ.
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ʈʠʩʫʥʦʢ 6. ʇʨʦʭʦʞʜʝʥʠʝ ʨʝʘʢʮʠʠ ʬʦʩʬʦʨʦʣʠʟʘ ʚ EcTP ʧʦ ʜʘʥʥʳʤ [107].

ʇʦʤʠʤʦ ʨʘʙʦʪʳ Pugmire ʩ ʩʦʘʚʪ. ʚ 1998 ʩʪʨʫʢʪʫʨʫ PyNP ʪʘʢʞʝ

ʠʩʩʣʝʜʦʚʘʣʠ Gao ʩ ʩʦʘʚʪ. ʚ 2006. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ

PyNP ʠʟ Bacillus subtilis ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʛʦʤʦʣʦʛʠʠ, ʘ ʚ

ʢʘʯʝʩʪʚʝ ʰʘʙʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʨʫʢʪʫʨʫ PyNP ʠʟ Bacillus stearothermophilus

(1BRW; Pugmire ʩ ʩʦʘʚʪ.). ʂʦʥʝʯʥʘʷ ʧʨʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ

ʘʚʪʦʨʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩ ʜʣʠʥʦʡ

ʪʨʘʝʢʪʦʨʠʠ 1 ʥʩ. ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥ ʜʦʢʠʥʛ ʫʨʠʜʠʥʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʦʚ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʚ

ʩʪʨʫʢʪʫʨʫ PyNP ʠʟ Bacillus subtilis. ʇʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʝʨʤʝʥʪ-

ʩʫʙʩʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʜʚʝʨʛʘʣʘʩʴ ʨʘʩʯʝʪʘʤ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ /

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ

ʧʘʨʘʣʣʝʣʴʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ

ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʫʙʩʪʨʘʪʦʤ ʚʥʦʩʷʪ Lys188 (Lys190 ʚ EcTP), Arg169
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(Arg171 ʚ EcTP) ʠ His82 (His85 ʚ EcTP) (ʩʤ. ʨʠʩ.7). ʆʥʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪ

ʧʠʨʠʤʠʜʥʦʚʫʶ ʢʦʤʧʦʥʝʥʪʫ ʣʠʛʘʥʜʘ, ʫ ʢʦʪʦʨʦʛʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʥʘ

C-N ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ, ʠ ʠʜʝʪ ʦʪʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʦʪ C ʢ N.

ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘʪʠʯʥʦʝ

ʠʟʦʙʨʘʞʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ

EcTP [107].

I.6. ʀʥʛʠʙʠʪʦʨʳ TP
Folkman ʚ 1971 ʧʦʩʪʫʣʠʨʦʚʘʣ, ʯʪʦ ʨʦʩʪ ʦʧʫʭʦʣʠ ʟʘʚʠʩʠʪ ʦʪ ʘʥʛʠʦʛʝʥʝʟʘ ʠ,

ʯʪʦ ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʩʪʘʟʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʦ

ʧʦʩʨʝʜʩʪʚʦʤ ʙʣʦʢʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʘ ʢʨʦʚʠ ʢ ʦʧʫʭʦʣʠ [108]. ʅʘ ʥʘʩʪʦʷʱʠʡ

ʤʦʤʝʥʪ ʘʥʪʠ-ʘʥʛʠʦʛʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʪʘʢʠʝ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʙʝʚʘʮʠʟʫʤʘʙ –

ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠɺʕʌʈ ʘʥʪʠʪʝʣʘ (Avastin, Genentech/Roche, Basel

Switzerland) ʠ ʠʥʛʠʙʠʪʦʨʳ ʢʠʥʘʟ: ʩʦʨʘʬʝʥʠʙ (Nexavar, Bayer, Leverkusen,

Germany), ʩʫʥʠʪʠʥʠʙ (Sutent, Pfizer, New York, NY), ʵʚʝʨʦʣʠʤʫʩ ʧʦʚʩʝʤʝʩʪʥʦ

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʜʝʩʷʪʢʠ ʜʨʫʛʠʭ ʘʥʪʠ-

ʘʥʛʠʦʛʝʥʥʳʭ ʣʝʢʘʨʩʪʚ ʧʨʦʭʦʜʷʪ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ [109, 110]. ʆʜʥʘʢʦ,

ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʠʭ ʘʥʪʠ-ʘʥʛʠʦʛʝʥʥʳʭ ʪʝʨʘʧʠʡ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ, ʚʨʝʤʝʥʥʳʝ ʠ,

ʚ ʦʩʥʦʚʥʦʤ, ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʫ ʦʧʫʭʦʣʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʍʦʪʷ,
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ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʦʧʫʭʦʣʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʢʘʢ,

ʥʘʧʨʠʤʝʨ, ʩʣʘʙʘʷ ʬʘʨʤʦʢʠʥʝʪʠʢʘ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʨʠʝʤ ʣʝʢʘʨʩʪʚʘ, ʧʦʚʳʰʝʥʥʦʝ

ʨʘʩʩʘʩʳʚʘʥʠʝ ʣʝʢʘʨʩʪʚʘ ʠ ʤʫʪʘʮʠʠ ʙʝʣʢʦʚ ʤʠʰʝʥʝʡ, ʦʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ

ʚʳʟʚʘʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʙʭʦʜʥʦʛʦ ʧʫʪʠ ʚʦʢʨʫʛ ʘʥʪʠ-ʘʥʛʠʦʛʝʥʥʦʡ ʙʣʦʢʘʜʳ

ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʘʮʠʠ ʠ ʨʝʛʫʣʷʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦ-ʘʥʛʠʦʛʝʥʥʳʭ ʧʫʪʝʡ

ʚʥʫʪʨʠ ʦʧʫʭʦʣʠ [85, 111]. ʅʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʠʦʙʣʘʩʪʦʤʳ

ʧʘʮʠʝʥʪʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʢʫʨʩ ʣʝʯʝʥʠʷ ʠʥʛʠʙʠʪʦʨʦʤ ʨʝʮʝʧʪʦʨʘ ɺʕʌʈ

ʮʝʜʠʥʘʨʠʙʦʤ (Recentin, Astra Zeneca, London, UK), ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʫʭʦʣʠ

ʫʢʣʦʥʷʶʪʩʷ ʦʪ ʘʥʪʠ-ʘʥʛʠʦʛʝʥʥʦʡ ʪʝʨʘʧʠʠ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʩʝʢʨʝʮʠʠ

ʘʥʛʠʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ-2 ʬʠʙʨʦʙʣʘʩʪʦʚ ʠ ʬʘʢʪʦʨʘ-1Ŭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ

[112]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʘʥʪʠ-ʘʥʛʠʦʛʝʥʥʳʝ

ʣʝʢʘʨʩʪʚʘ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʮʝʣʠ, ʧʨʠʥʠʤʘʶʱʠʝ ʫʯʘʩʪʠʝ ʚ

ʘʥʛʠʦʛʝʥʝʟʝ. ʊ.ʢ. TP ʠʛʨʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʚ ʘʥʛʠʦʛʝʥʝʟʝ ʦʧʫʭʦʣʝʡ,

ʤʥʦʛʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʳʪʘʣʠʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʥʛʠʙʠʪʦʨʳ TP [113]. ʅʘʠʙʦʣʝʝ

ʠʟʚʝʩʪʥʳʝ ʠʥʛʠʙʠʪʦʨʳ TP ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʘʣʝʝ ʠ ʠʭ ʬʦʨʤʫʣʳ ʧʨʠʚʝʜʝʥʳ ʥʘ

ʨʠʩʫʥʢʝ 8.
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ʈʠʩʫʥʦʢ 8. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ TP.
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I.6.1.  ʇʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʤʠʜʠʥʘ
ɺ ʪʝʯʝʥʠʠ ʙʦʣʝʝ 30 ʣʝʪ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ,

ʠʥʛʠʙʠʨʫʶʱʠʤʠ TP ʙʳʣʠ ʧʨʦʠʟʚʦʜʥʳʝ ʫʨʘʮʠʣʘ, ʢʘʢ ʥʘʧʨʠʤʝʨ 6-ʘʤʠʥʦʪʠʤʠʥ

(6AT) ʠ 6-ʘʤʠʥʦ-5-ʙʨʦʤʦʫʨʘʮʠʣ (6A5BU) [114]. ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ

ʧʦʣʫʤʘʢʩʠʤʫʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (IC50) ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ

ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʂʦʛʜʘ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ TP ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ

ʬʝʨʤʝʥʪʦʤ, ʧʨʠʥʠʤʘʶʱʠʤ ʫʯʘʩʪʠʝ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʥʫʢʣʝʦʟʠʜʦʚ, ʥʦ ʪʘʢʞʝ ʠ ʚ

ʘʥʛʠʦʛʝʥʝʟʝ, ʤʥʦʛʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʩʪʘʚʠʣʠ ʩʚʦʝʡ ʮʝʣʴʶ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʦʣʝʝ

ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ TP.

ɺ 2000 ʛʦʜʫ Fukushima ʩ ʩʦʘʚʪ. ʩʠʥʪʝʟʠʨʦʚʘʣʠ 5-ʭʣʦʨ-6-[1-(2-

ʠʤʠʥʦʧʠʨʨʦʣʦʜʠʥʠʣ)ʤʝʪʠʣ]ʫʨʘʮʠʣʛʠʜʨʦʭʣʦʨʠʜ (TPI), ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʩʠʣʴʥʳʭ

ʠʥʛʠʙʠʪʦʨʦʚ TP, IC50 TPI ʨʘʚʥʘ 35 ʥʄ [115]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʤʦʣʝʢʫʣʘ

ʙʣʦʢʠʨʫʝʪ ʥʝʢʦʪʦʨʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ TP. ʅʘʧʨʠʤʝʨ, ʚ [62]

ʚʳʷʚʣʝʥʦ, ʯʪʦ TPI ʠʥʛʠʙʠʨʫʝʪ TP-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʘʥʛʠʦʛʝʥʝʟ. ʇʨʝʧʘʨʘʪ

ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʠ ʧʣʦʪʥʦʩʪʴ ʤʠʢʨʦʩʦʩʫʜʦʚ [98]. ʂʨʦʤʝ ʪʦʛʦ,

ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ TPI ʧʦʜʘʚʣʷʶʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʘʩʪʘʟʳ

ʦʧʫʭʦʣʠ ʚ ʧʝʯʝʥʠ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ɓ-ʛʣʦʙʠʥʘ,

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʨʢʝʨʘ ʤʠʢʨʦʤʝʪʘʩʪʘʟ [116]. ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ TPI ʚ

ʢʦʤʙʠʥʘʮʠʠ ʩ ʮʠʪʦʪʦʢʩʠʥʦʤ – 3-ʬʪʦʨʫʨʠʜʠʥʦʤ, ʦʜʦʙʨʝʥ ʋʧʨʘʚʣʝʥʠʝʤ ʧʦ

ʩʘʥʠʪʘʨʥʦʤʫ ʥʘʜʟʦʨʫ ʟʘ ʢʘʯʝʩʪʚʦʤ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʝʜʠʢʘʤʝʥʪʦʚ ʉʐɸ

(FDA) ʜʣʷ ʣʝʯʝʥʠʷ ʤʝʪʘʩʪʘʟʦʚ ʨʘʢʘ ʧʨʷʤʦʡ ʢʠʰʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʨʠʤʝʥʝʥʠʝ

ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ (TPI+3-ʬʪʦʨʫʨʠʜʠʥ), ʠʤʝʥʫʝʤʦʛʦ Lonsurf,

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ: ʤʠʝʣʦʩʫʧʨʝʩʩʠʝʡ, ʘʥʝʤʠʝʡ ʠ

ʥʝʡʪʨʦʧʝʥʠʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ TP ʜʦ ʩʠʭ ʧʦʨ

ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʋʩʧʝʭ TPI ʚʜʦʭʥʦʚʠʣ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ

ʥʘ ʩʦʟʜʘʥʠʝ ʩʭʦʞʠʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʠʨʘʷʩʴ ʥʘ ʠʭ ʮʚʠʪʪʝʨʠʦʥʥʫʶ

ʧʨʠʨʦʜʫ [117, 118]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʫʩʧʝʰʥʳʭ

ʠʥʛʠʙʠʪʦʨʦʚ: 5-ʬʪʦʨ-6-ʠʤʠʜʘʟʦʣ-1-ʠʣʤʝʪʠʣ-ʫʨʘʮʠʣ (Ki = 51 ʥʄ ʜʣʷ EcTP;

[118]) ʠ 5-ʬʪʦʨ-6-[(2-ʘʤʠʥʦʠʤʠʜʘʟʦʣ-1-ʠʣ)ʤʝʪʠʣ]ʫʨʘʮʠʣ (Ki = 11 ʥʄ ʜʣʷ EcTP

ʠ 17 ʥʄ ʜʣʷ hTP; [117]).
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I.6.2. ʇʨʦʠʟʚʦʜʥʳʝ ʧʫʨʠʥʘ
ɺ 1998 ʛʦʜʫ, Balzarini ʩ ʩʦʘʚʪ. ʩʠʥʪʝʟʠʨʦʚʘʣʠ 7-ʜʝʘʟʘʢʩʘʥʪʠʥ (7-DX),

ʧʝʨʚʦʝ ʧʫʨʠʥʦʚʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʩ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ

ʧʠʨʠʤʠʜʠʥ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʘʤ (ʥʘʧʨʠʤʝʨ, TP) [13]. ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ

ʜʠʟʘʡʥʘ 7-DX ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ TP E.coli (PDB ID 2TPT). ɺ

[93] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʣʠʛʘʥʜ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʝʪ

ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ TP, ʥʦ ʠ ʩʧʦʩʦʙʝʥ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ

ʥʦʚʳʭ ʩʦʩʫʜʦʚ.

ɼʦʩʪʫʧʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ TP E.coli, ʨʝʰʝʥʥʦʡ ʤʝʪʦʜʦʤ

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʘʢʞʝ ʧʦʚʣʝʢʣʘ ʟʘ ʩʦʙʦʡ ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʢʘʢ ʩ ʪʠʤʠʥ-, ʪʘʢ ʠ ʩ ʬʦʩʬʘʪ-

ʩʚʷʟʳʚʘʶʱʠʤ ʩʘʡʪʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪ.ʝ. ʤʫʣʴʪʠʩʘʡʪʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ TP.

ʕʪʠ ʪʠʧʳ ʤʦʣʝʢʫʣ ʩʦʩʪʦʷʪ ʠʟ ʦʩʥʦʚʘʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʩʘʡʪʦʤ

ʩʚʷʟʳʚʘʥʠʷ ʥʫʢʣʝʦʟʠʜʘ, ʠ ʬʦʩʬʦʥʘʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʬʦʩʬʘʪ-

ʩʚʷʟʳʚʘʶʱʠʤ ʩʘʡʪʦʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʠʤʠʥ- ʠ ʬʦʩʬʘʪ-ʩʚʷʟʳʚʘʶʱʠʤʠ

ʩʘʡʪʘʤʠ ʩʫʙʲʝʜʠʥʠʮʳ TP ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ ʚ ʦʪʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ

ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 10 Å. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʠʤʠʥʦʚʳʝ ʠ ʬʦʩʬʘʪʥʳʝ

ʬʨʘʛʤʝʥʪʳ ʵʪʠʭ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʮʝʧʦʯʢʦʡ ʠʟ 6-9

ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ [14, 15]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʙʦʠʤʠ

ʩʘʡʪʘʤʠ ʩʚʷʟʳʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, «ʟʘʤʦʨʘʞʠʚʘʶʪ» ʬʝʨʤʝʥʪ ʚ

ʦʪʢʨʳʪʦʡ, ʥʝʘʢʪʠʚʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ

TP65 (9-(8-ʬʦʩʬʦʥʦʦʢʪʠʣ)-7-ʜʝʘʟʘʢʩʘʥʪʠʥ), ʩʦʜʝʨʞʘʱʠʡ ʘʣʢʠʣʴʥʫʶ

ʬʦʩʬʦʥʘʪʥʫʶ ʛʨʫʧʧʫ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʫʶ ʩ 7-DX. ɿʥʘʯʝʥʠʝ IC50 ʵʪʦʛʦ

ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʤʠʢʨʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʪʘ ʤʦʣʝʢʫʣʘ ʩʧʦʩʦʙʥʘ

ʪʘʢʞʝ ʙʣʦʢʠʨʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ TP, ʚʳʨʘʞʘʶʱʫʶʩʷ, ʥʘʧʨʠʤʝʨ, ʚ

ʘʥʛʠʦʛʝʥʝʟʝ ʠʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʢʨʦʚʘʩʢʫʣʷʨʥʳʭ ʧʨʦʨʘʩʪʘʥʠʡ ʠʟ ʘʛʨʝʛʘʪʦʚ

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʚ ʬʠʙʨʠʥʦʚʦʤ ʛʝʣʝ [16].

ɼʨʫʛʠʤ ʠʟʚʝʩʪʥʳʤ ʧʫʨʠʥʦʚʳʤ ʧʨʦʠʟʚʦʜʥʳʤ, ʠʥʛʠʙʠʨʫʶʱʠʤ TP,

ʷʚʣʷʝʪʩʷ 5-O-ʪʨʠʪʠʣʠʥʦʟʠʥ (KIN59). KIN59 ʩʦʩʪʦʠʪ ʠʟ ʧʫʨʠʥʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ

(ʛʠʧʦʢʩʘʥʪʠʥ), ʨʠʙʦʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ ʪʨʠʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 5’-ʧʦʣʦʞʝʥʠʠ



 37

ʨʠʙʦʟʳ. KIN59 ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʢʨʦʚʝʥʦʩʥʳʭ

ʩʦʩʫʜʦʚ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʝʛʨʘʜʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʦʪ

ʵʬʬʝʢʪ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʥʘ ʢʣʝʪʢʠ

ʩʦʩʫʜʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ TP, ʵʪʘ

ʤʦʣʝʢʫʣʘ ʥʝ ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʧʨʠʨʦʜʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ

ʥʫʢʣʝʦʟʠʜ ʠʣʠ ʬʦʩʬʘʪ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʩʘʡʪʘʤʠ TP, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʦʚʳʤ,

ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʤ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ ʬʝʨʤʝʥʪʘ ʥʝʢʦʥʢʫʨʝʥʪʥʳʤ

ʦʙʨʘʟʦʤ [119]. ɺ [119, 120] ʜʦʢʘʟʳʚʘʣʘʩʴ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ

ʪʨʠʬʝʥʠʣʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ KIN59 ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ TP ʠ ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ

ʘʥʛʠʦʛʝʥʝʟʘ. ɺ [120] ʪʘʢʞʝ ʦʧʠʩʳʚʘʶʪʩʷ ʘʥʘʣʦʛʠ KIN59, ʜʣʷ ʢʦʪʦʨʳʭ

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʦʥʩʪʘʥʪʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ TP. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʨʘʤʠ

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʛʠʧʦʢʩʘʥʪʠʥʦʚʦʡ ʛʨʫʧʧʳ KIN59 ʥʘ ʪʠʤʠʥ ʧʨʠʚʦʜʠʪ ʢ

ʫʚʝʣʠʯʝʥʠʶ ʠʥʛʠʙʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʛʘʥʜʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ,

ʥʝʢʦʥʢʫʨʝʥʪʥʳʡ ʤʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʘʚʪʦʨʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʣʠʰʴ ʜʣʷ

ʦʜʥʦʛʦ ʣʠʛʘʥʜʘ: 1-(5’-O-ʪʨʠʪʠʣ-ɓ-D-ʨʠʙʦʬʫʨʘʥʦʟʠʣ)-ʪʠʤʠʥʘ (TP124).

I.6.3.  ʀʥʛʠʙʠʪʦʨʳ TP ʥʝʥʫʢʣʝʦʟʠʜʥʦʡ ʧʨʠʨʦʜʳ
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʝʢʦʪʦʨʳʤʠ ʛʨʫʧʧʘʤʠ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ

ʩʦʟʜʘʪʴ ʠʥʛʠʙʠʪʦʨʳ TP ʥʝʥʫʢʣʝʦʟʠʜʥʦʡ ʧʨʠʨʦʜʳ. ɼʣʷ ʵʪʦʛʦ ʚʳʙʠʨʘʣʠʩʴ

ʩʭʦʞʠʝ ʩ ʥʫʢʣʝʦʟʠʜʘʤʠ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʣʠʥʠʢʝ. ʂʘʢ ʧʨʘʚʠʣʦ ʚ

ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʪʘ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 7-DX. Khan ʩ ʩʦʘʚʪ. ʚ 2009

ʧʨʦʚʝʣʠ ʭʠʤʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ 19 ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʟʚʦʜʥʳʭ 3-ʬʦʨʤʠʣʭʨʦʤʦʥʘ.

ʆʜʥʦ ʠʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʠʪʦʛʝ ʦʙʣʘʜʘʣʦ IC50 ʤʝʥʴʰʝʡ, ʯʝʤ ʫ 7-DX (19,8 ʚ

ʩʨʘʚʥʝʥʠʠ ʩ 39,3 ʤʢʄ)[121]. ɺ ʩʪʘʪʴʝ 2013 ʛʦʜʘ ʵʪʠʤʠ ʞʝ ʘʚʪʦʨʘʤʠ

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʦʠʩʢʘ ʠʥʛʠʙʠʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 1,3,4-ʦʢʩʘʜʠʘʟʦʣʝʡ [122].

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʨʝʜʠ 16 ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʛʦ ʪʠʧʘ, ʣʠʰʴ ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʝ IC50

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ IC50 ʜʣʷ 7-DX. ɺ 2015 ʛʦʜʫ ʵʪʦʡ ʞʝ

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ 25 ʩʦʝʜʠʥʝʥʠʡ

ʥʘ ʦʩʥʦʚʝ 2-ʘʨʠʣʭʠʥʘʟʦʣʠʥʘ-4(3H)-ʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ IC50 ʦʜʥʦʛʦ ʠʟ ʩʦʝʜʠʥʝʥʠʡ

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ IC50 ʜʣʷ 7-DX. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ 2013
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ʛʦʜʫ ʚʳʰʣʦ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʨʠʘʟʠʥʦʚ ʠ

ʠʭ ʧʠʨʘʟʦʣʴʥʳʭ ʠ ʪʨʠʘʟʦʣʴʥʳʭ ʘʥʘʣʦʛʦʚ [123-125]. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ

ʜʘʥʥʳʝ [126] ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ,

ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ ʪʨʠʤʝʪʦʧʨʠʤʘ ʢ

ʢʣʝʪʢʘʤ ʙʘʢʪʝʨʠʠ Yersinia pestis. ʕʪʘ ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʥʦʩʠʪʴ ʟʘʱʠʪʥʳʡ ʧʦ

ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʧʘʨʘʪʫ ʭʘʨʘʢʪʝʨ, ʘ ʩʭʦʜʩʪʚʦ ʪʨʠʤʝʪʦʧʨʠʤʘ ʩ ʥʫʢʣʝʦʟʠʜʘʤʠ

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʪʨʠʤʝʪʦʧʨʠʤʘ ʧʦʩʨʝʜʩʪʚʦʤ TP.

I.7. TP ʚʦ ʬʪʦʨʦʧʠʨʠʤʠʜʠʥʦʚʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ

I.7.1. 5-ʬʪʦʨʫʨʘʮʠʣ
ɺ 1957 ʛʦʜʫ Heidelberger ʩ ʩʦʘʚʪ. ʦʙʥʘʨʫʞʠʣʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫ
5-ʬʪʦʨʫʨʘʮʠʣʘ (5-ʌʋ) [127]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 5-ʌʋ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ
ʧʨʠ ʣʝʯʝʥʠʠ ʢʦʣʦʨʝʢʪʘʣʴʥʳʭ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺʦʟʤʦʞʥʳʝ
ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ 5-ʌʋ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 9.

ʈʠʩʫʥʦʢ 9. ʆʩʥʦʚʥʳʝ ʧʫʪʠ ʤʝʪʘʙʦʣʠʟʤʘ 5-ʬʪʦʨʫʨʘʮʠʣʘ (5-ʌʋ) ʚ ʢʣʝʪʢʝ. TP –
ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ, ɼʇɼ – ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥ ʜʝʛʠʜʨʦʛʝʥʘʟʘ, ʆʌʈʊ –
ʦʨʦʪʘʪ ʬʦʩʬʦʨʠʙʦʟʠʣʪʨʘʥʩʬʝʨʘʟʘ, UP – ʫʨʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ, ʋʂ – ʫʨʠʜʠʥ
ʢʠʥʘʟʘ, ʈʈ-ʨʠʙʦʥʫʢʣʝʦʪʠʜ ʨʝʜʫʢʪʘʟʘ, ʊʉ - ʪʠʤʠʜʠʣʘʪʩʠʥʪʘʟʘ. 5-ʌʜʋ – 5-


































































































































































































