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ɄɅɃȿɃũɃɆ 

 

ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɝŮəɑɜɖůŮ əŬɘ ɞɚɞəɚɖɟɩɗɖəŮ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ȸɘɞɚɞɔɘəɩɜ əŬɘ 

ȸɘɞŰŮɢɜɞɚɞɔɘəɩɜ ŮűŬɟɛɞɔɩɜ Űɞɡ ŰɛɐɛŬŰɞɠ ũŮɤɞ́ɜɑŬɠ Űɖɠ Ɇɢɞɚɐɠ ũŮɤˊɞɜɘəɩɜ 

ŮˊɘůŰɖɛɩɜ Űɞɡ Ⱥɚɚɖɜɘəɞɨ ɀŮůɞɔŮɘŬəɞɨ ɄŬɜŮˊɘůŰɖɛɑɞɡ. ȷɡŰɐ Űɖ ůŰɘɔɛɐ ˊɞɡ Űɞ 

ɏɟɔɞ ɏɢŮɘ ɞɚɞəɚɖɟɤɗŮɑ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ əŬɗɖɔɖŰɏɠ  ȺɛɛŬɜɞɡɐɚ 

ɇɟŬɜŰɎ əŬɘ ūɑɚɘˊˊɞ ȸŮɟɓŮɟɑŭɖ ɔɘŬ Űɖɜ ŮɡəŬɘɟɑŬ ˊɞɡ ɛɞɡ ɏŭɤůŬɜ ɜŬ ŮɟɔŬůŰɩ ůŰɞ ŮɟɔŬůŰɐɟɘɧ 

Űɞɡɠ əŬɘ ɜŬ ˊɟɞůˊŬɗɐůɤ ɜŬ űɏɟɤ ůŮ ˊɏɟŬɠ ɏɜŬ, ɧˊɤɠ ŬˊɞŭŮɑɢɗɖəŮ, ŭɨůəɞɚɞ ɏɟɔɞ. 

ȺˊɘˊɟɧůɗŮŰŬ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧůɞɡɠ ɓɟɖůəɧɜŰɞɡůŬɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ əŬŰɎ 

Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ, ɔɘŬ Űɖɜ ɓɞɐɗŮɘŬ əŬɘ Űɖɜ əŬɗɞŭɐɔɖůɖ ˊɞɡ ˊɟɞůɏűŮɟŬɜ 

ŬˊɚɧɢŮɟŬ. ȷɜŬɛűɑɓɞɚŬ ˊɞɚɚɎ ŮɡɢŬɟɘůŰɩ Ŭɝɑɕɞɡɜ ɖ ɞɘəɞɔɏɜŮɘŬ əŬɘ űɑɚɞɘ ɛɞɡ əŬɗɩɠ əŬɘ ɞɘ 

ɛɞɡůɘəɞɑ ɛɞɡ ůɡɜŮɟɔɎŰŮɠ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ, ɡˊɞɛɞɜɐ əŬɘ Ůɛɣɨɢɤůɖ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ 

Űɞɡ ˊŮɘɟɎɛŬŰɞɠ əŬɘ Űɖɠ ůɡɔɔɟŬűɐɠ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ. ɇɏɚɞɠ, ŭŮɜ ɛˊɞɟɩ ɜŬ ˊŬɟŬɚŮɑɣɤ 

ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ůɨɜŰɟɞűɞ əŬɘ ɔɡɜŬɑəŬ Űɖɠ ɕɤɐɠ ɛɞɡ Ȱűɖ, ɔɘŬ ɧɚɖ Űɖɜ ůɡɛˊŬɟɎůŰŬůɖ əŬɘ 

Űɖɜ ŮɜɗɎɟɡɜůɖ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ ůŮ ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ ůɡɜɔɟŬűɐɠ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ. 
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ȿȽɆɇȷ ɆɈɁɇɃɀȺɈɆȺɋɁ  

 

ɄɑɜŬəŬɠ 1: Ƀɘ ůɡɜŰɞɛŮɨůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ. 

ɆɨɜŰɛɖůɖ ɄɚɐɟŮɠ ɧɜɞɛŬ 

DHPAS 
ɆɡɜɗɎůɖ Űɤɜ ŬɟɤɛŬŰɘəɩɜ űŬɘɜɡɚŬəŮŰŬɚŭŮɦŭɤɜ, 

Dihydroxyphenyl acetaldehyde synthase 

IPP Ʉɡɟɞűɤůűɞɟɘəɧ ɘůɞˊŮɜŰŮɜɨɚɘɞ 

DMAPP Ʉɡɟɞűɤůűɞɟɘəɧ ŭɘɛŮɗɡɚŬɚɚɨɚɘɞ  

GPP Ʉɡɟɞűɤůűɞɟɘəɧ ɔŮɟŬɜɨɚɘɞ 

HMG-CoA ɈŭɟɞɝɡɛŮɗɡɚɞ-ɔɚɞɡŰŬɟɡɚɞ-CoA 

MVA-PP Ʉɡɟɞűɤůűɞɟɘəɧ ɛŮɓŬɚɞɜɘəɧ ɞɝɨ 

FPP Ʉɡɟɞűɤůűɞɟɘəɧ űŬɟɜŮɕɨɚɘɞ 

GGPP Ʉɡɟɞűɤůűɞɟɘəɧ ɔŮɟŬɜɡɚɔŮɟŬɜɨɚɘɞ 

GFPP Ʉɡɟɞűɤůűɞɟɘəɧ ɔŮɟŬɜɡɚűŬɟɜŮɕɨɚɘɞ 

PPPP Ʉɡɟɞűɤůűɞɟɘəɧ ˊɞɚɡˊɟŮɜɨɚɘɞ 

PEP ūɤůűɞŮɜɞɚɘəɐ ɛɞɟűɐ Űɞɡ ˊɡɟɞůŰŬűɡɚɘəɞɨ ɞɝɏɞɠ 

RsTyr ɇɡɟɞůɘɜɎůɖ Ŭˊɧ Űɞ Ralstonia solanacearum 

SsDDC ȷˊɞəŬɟɓɞɝɡɚɎůɖ Űɖɠ Dopa Ŭˊɧ Űɞ Sus scrofa  

ADH/ALR-K ȷɚŭŮɦŭɘəɐ ŬɜŬɔɤɔɎůɖ 

DHPAA 3,4 ȹɘɡŭɟɞɝɡűŬɘɜɡɚɞ ŬəŮŰŬɚŭŮɒŭɖ 

HT ɈŭɟɞɝɡŰɡɟɞůɧɚɖ 

IPTG Isopropyl ɓ-d-1thiogalactopyranoside 

SOE-PCR Splicing by Overlap Extension polymerase chain reaction 

SsDDCmut 
ȷˊɞəŬɟɓɞɝɡɚɎůɖ Űɖɠ Dopa Ŭˊɧ Űɞ Sus scrofa ɛŮ 

ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɖ Űɖɜ NdeI ɗɏůɖ 

Tyr L-Tyrosine, ɇɡɟɞůɑɜɖ 

DOPA L-3,4 Dihydroxyphenylalanine 

PLP Pyrodoxal 5ô-phosphate 

CZE Capillary Zone Electrophoresis 

DAD ɄŬɟɎŰŬɝɖ űɤŰɞŭɘɧŭɤɜ, Diode array detection 

CE ɇɟɘɢɞŮɘŭɐ ɖɚŮəŰɟɞűɧɟɖůɖ, Capillary Electrophoresis 

SsDDCmod 
ȷˊɞəŬɟɓɞɝɡɚɎůɖ Űɖɠ Dopa Ŭˊɧ Űɞ Sus scrofa ɛŮ 

ŬɜŰɘəŬŰɎůŰŬůɖ Űɖɠ ɇɡɟɞůɑɜɖɠ 332 ůŮ űŬɘɜɡɚŬɚŬɜɑɜɖ 

PAAS 
ɆɡɜɗɎůɖ Űɖɠ űŬɘɜɡɚŬəŮŰŬɚŭŮɒŭɖɠ, Phenylacetaldehyde 

synthase 

PcTDC ȷˊɞəŬɟɓɞɝɡɚɎůɖ Űɖɠ Űɡɟɞůɑɜɖɠ Ŭˊɧ Űɞ Petroselinum crispum 
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Ƀɘ űɡŰɘəɞɑ ŭŮɡŰŮɟɞɔŮɜŮɑɠ ɛŮŰŬɓɞɚɑŰŮɠ ŮɑɜŬɘ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ 

ɔɘŬ Űɘɠ űɡůɘɞɚɞɔɘəɏɠ ɚŮɘŰɞɡɟɔŮɑŮɠ Űɞɡ űɡŰɞɨ ɏɢɞɡɜ ɧɛɤɠ ɓŬůɘəɧ ɟɧɚɞ ůŰɖɜ ɎɛɡɜɎ Űɞɡ əŬɗɩɠ 

əŬɘ ůŰɖɜ ˊɟɞůŬɟɛɞɔɐ Űɞɡ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. ɇɞɡ ˊŬɟɏɢɞɡɜ ˊɟɞůŰŬůɑŬ ŮɜɎɜŰɘŬ ůŮ ŬɓɘɞŰɘəɞɨɠ 

əŬɘ ɓɘɞŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ əŬɘ əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ůŮ ŰɟŮɑɠ ɛŮɔɎɚŮɠ ɞɛɎŭŮɠ, ŰŬ ŬɚəŬɚɞŮɘŭɐ, ŰŬ 

ŰŮɟˊɏɜɘŬ əŬɘ Űɖɜ ɞɛɎŭŬ Űɤɜ űŬɘɜɞɚɘəɩɜ ɞɡůɘɩɜ. ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ Ŭɜɐəɞɡɜ ŭɘɎűɞɟŮɠ ɞɡůɑŮɠ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɖɜ ɗŮŰɘəɐ ŮˊɑŭɟŬůɖ ˊɞɡ ɏɢɞɡɜ ůŰɖɜ ɡɔŮɑŬ Űɞɡ Ŭɜɗɟɩˊɞɡ ɛŮ ɛɘŬ 

Ŭˊô ŬɡŰɏɠ ɜŬ ŮɑɜŬɘ ɖ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ. 

ȼ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ (3,4 Dihydroxyphenylethanol) ŮɑɜŬɘ ɏɜŬɠ ŭŮɡŰŮɟɞɔŮɜɐɠ 

ɛŮŰŬɓɞɚɑŰɖɠ Űɖɠ ŮɚɘɎɠ (Olea europaea) ɞ ɞˊɞɑɞɠ ůɡɜŬɜŰɎŰŬɘ əɡɟɑɤɠ ůŰŬ űɨɚɚŬ ŬɚɚɎ əŬɘ Űɞɡɠ 

əŬɟˊɞɨɠ ůŮ ɛɘəɟɧŰŮɟŮɠ ˊɞůɧŰɖŰŮɠ. ȺɑɜŬɘ ɔɜɤůŰɐ ɔɘŬ Űɘɠ ŮɡŮɟɔŮŰɘəɏɠ, ɔɘŬ Űɖɜ ɡɔŮɑŬ Űɞɡ 

Ŭɜɗɟɩˊɞɡ əŬɘ əɡɟɑɤɠ ɔɘŬ Űɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ, ŬɜŰɘɛɘəɟɞɓɘŬəɐ əŬɘ ŬɜŰɘűɚŮɔɛɞɜɩŭɖ ŭɟɎůɖ. ȼ 

ɡŭɟɞɝɡŰɡɟɞůɧɚɖ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ ɛŮ Űɖɜ ɢɟɐůɖ ɛŮɗɧŭɤɜ ɛŮŰŬɓɞɚɘəɐɠ ɛɖɢŬɜɘəɐɠ ɧˊɞɡ ɏɜŬɠ 

ɛɘəɟɞɞɟɔŬɜɘůɛɧɠ, ɧˊɤɠ Űɞ Escherichia coli, ŰɟɞˊɞˊɞɘŮɑŰŬɘ ɩůŰŮ ɜŬ Űɖɜ ˊŬɟɎɔŮɘ. 

ȼ ɓɘɞůɨɜɗŮůɖ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɖɠ Űɟɞˊɞˊɞɑɖůɖɠ ŭɨɞ 

ɔɞɜɘŭɑɤɜ. ɇɞ ɔɞɜɑŭɘɞ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ Ŭˊɧ Űɞ ɓŬəŰɐɟɘɞ Ralstonia solanacearum əŬɘ Űɞ ɔɞɜɑŭɘɞ 

Űɖɠ ůɡɜɗɎůɖɠ Űɤɜ ŬɟɤɛŬŰɘəɩɜ űŬɘɜɡɚŬəŮŰŬɚŭŮɦŭɤɜ Ŭˊɧ Űɞɜ ɛŬɥɜŰŬɜɧ. ȼ ɏəűɟŬůɖ ŬɡŰɩɜ Űɤɜ 

ŭɨɞ ɔɞɜɘŭɑɤɜ ůŰɞ E.coli ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ɛɏůŬ Ŭˊɧ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŭɘˊɚɞɨ ɓɘɞůɡɜɗŮŰɘəɞɨ ɛɞɜɞˊŬŰɘɞɨ ˊɞɡ ɝŮəɘɜɎɜŮ Ŭˊɧ Űɖɜ Űɡɟɞůɑɜɖ, ŮˊŮɘŭɐ Űɞ 

əŬɗɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ɔɞɜɑŭɘŬ ɛˊɞɟŮɑ ɜŬ ŭŮɢŰŮɑ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ɡˊɞůŰɟɩɛŬŰŬ. 

ȼ ŰɡɟɞůɘɜɎůɖ ɛˊɞɟŮɑ ɜŬ ŭŮɢɗŮɑ Űɖɜ Űɡɟɞůɑɜɖ əŬɘ Űɖɜ Űɡɟɞůɧɚɖ, Ůɜɩ ɖ ůɡɜɗɎůɖ Űɤɜ 

ŬɟɤɛŬŰɘəɩɜ űŬɘɜɡɚŬəŮŰŬɚŭŮɦŭɤɜ ɛˊɞɟŮɑ ɜŬ ŭŮɢɗŮɑ Űɖɜ Űɡɟɞůɑɜɖ əŬɘ Űɖɜ DOPA. ɆŰɖɜ 

ŮɟɔŬůɑŬ ŬɡŰɐ ŮˊɘɢŮɘɟɐɗɖəŮ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ ɛŮ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ Űɖɠ 

ůɡɜɗɎůɖɠ Űɤɜ ŬɟɤɛŬŰɘəɩɜ űŬɘɜɡɚŬəŮŰŬɚŭŮɦŭɤɜ Ŭˊɧ ɏɜŬ ɔɞɜɑŭɘɞ ˊɞɡ ŭɏɢŮŰŬɘ ɤɠ ɡˊɧůŰɟɤɛŬ 

ɛɧɜɞ Űɖɜ DOPA. 

 Ⱥ́ ɘɚɏɢɗɖəŮ Űɞ Űɟɞˊɞˊɞɘɖɛɏɜɞ ɔɞɜɑŭɘɞ Űɖɠ ɜŮűɟɘəɐɠ ŬˊɞəŬɟɓɞɝɡɚɎůɖɠ Űɖɠ DOPA Ŭˊɧ 

Űɞɜ ɢɞɑɟɞ (SsDDC) Űɞ ɞˊɞɑɞ ŭɏɢŮŰŬɘ ɤɠ ɡˊɧůŰɟɤɛŬ ɛɧɜɞ Űɖɜ DOPA ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ 

ɛɞɜɧŭɟɞɛɞ ɛɞɜɞˊɎŰɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ Űɞ 

SsDDC ɛŮŰɎ Ŭˊɧ Űɖɜ ŬɚɚŬɔɐ Űɖɠ Űɡɟɞůɑɜɖɠ 332 ůŮ űŬɘɜɡɚŬɚŬɜɑɜɖ ɏɢŮɘ Űɖɜ ɘŭɘŬɘŰŮɟɧŰɖŰŬ ɜŬ 
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ˊɟŬɔɛŬŰɞˊɞɘŮɑ ŰŬɡŰɧɢɟɞɜɖ ŬˊŬɛɑɜɤůɖ əŬɘ ŬˊɞəŬɟɓɞɝɡɚɑɤůɖ ůŰɖɜ DOPA. ȷɡŰɧ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɟɎůɖ Űɞɡ SsDDC ɤɠ ůɡɜɗɎůɖ Űɤɜ ŬɟɤɛŬŰɘəɩɜ űŬɘɜɡɚŬəŮŰŬɚŭŮɦŭɤɜ 

(DHPAS) əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ŬɚŭŮɒŭɖɠ ˊɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ ŭɨɞ ɓɐɛŬŰŬ Űɞɡ 

ɛɞɜɞˊŬŰɘɞɨ ůŰɖɜ ɑŭɘŬ ŬɜŰɑŭɟŬůɖ. ũɘŬ ɜŬ ŮɚŮɔɢɗŮɑ ɖ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ DHPAS ɤɠ ˊɟɞɠ Űɞ 

ɡˊɧůŰɟɤɛŬ əŬɘ ŰŮɚɘəɎ ɖ ˊŬɟŬɔɤɔɐ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ, ůɢŮŭɘɎůŰɖəŬɜ in vitro ŬɜŰɘŭɟɎůŮɘɠ 

ɛŮ ɡˊɧůŰɟɤɛŬ Űɖɜ Űɡɟɞůɑɜɖ ŬɚɚɎ əŬɘ Űɖɜ DOPA. ɆŰɘɠ in vitro ŬɜŰɘŭɟɎůŮɘɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɞɚɘəɎ ˊɟɤŰŮɥɜɘəɎ ŮəɢɡɚɑůɛŬŰŬ Ŭˊɧ ɓŬəŰɖɟɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ E. coli Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ 

ŮˊŬɔɤɔɘəɏɠ ůɡɜɗɐəŮɠ (ůɡɔəɏɜŰɟɤůɖɠ ŮˊŬɔɤɔɏŬ IPTG). 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɘɠ in vitro ŬɜŰɘŭɟɎůŮɘɠ ŭŮɜ ɏŭŮɘɝŬɜ əŬɛɑŬ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ 

əɚɤɜɞˊɞɘɖɛɏɜɞɡ ɔɞɜɘŭɑɞɡ DHPAS Ŭˊɧ Űɞɜ ɢɞɑɟɞ ˊɎɜɤ ůŰɖɜ Űɡɟɞůɑɜɖ əŬɘ Űɖɜ DOPA ůŰɘɠ 

ůɡɜɗɐəŮɠ ŮəŰɏɚŮůɖɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ. 
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ABSTRACT 

 

Plant secondary metabolites are organic compounds that they are not necessary for the plant 

growth, although, they play major role in the plants defense and environmental adaptation. They 

are responsible for the plants defense against biotic and abiotic factors and they are classified 

in three major groups, alkaloids, terpenes and the phenolic compounds. Many deferent 

compounds belonging in the latter group are interesting for the potential benefits in human 

health with hydroxytyrosol being one of them. 

Hydroxytyrosol (3,4 Dihydroxyphenylethanol) is a secondary metabolite that is 

produced mainly in the leaves of the olive tree (Olea europaea) and also in the fruits in lower 

concentrations. It is known for its beneficial effects in human health with some of them being, 

antioxidant, antimicrobial and anti-inflammatory activities. Using metabolic engineering 

methods microorganisms, such as Escherichia coli, can be genetically modified to produce 

hydroxytyrosol. 

Biosynthesis of hydroxytyrosol is achieved by modifying two genes. The tyrosinase 

gene taken from the bacterium Ralstonia solanacearum and the synthase of aromatic 

phenylacetaldehyde gene taken form parsley. The expression of those two genes in E. coli 

allows the production of hydroxytyrosol with the formation of a dual pathway starting from 

tyrosine, this is due to the fact that the aforementioned genes can bind to two different 

substrates. Tyrosinase can bind to tyrosine and tyrosol whereas synthase of aromatic 

phenylacetaldehyde binds to tyrosine and DOPA. This thesis attempts to optimize the 

biosynthetic pathway of hydroxytyrosol by replacing synthase of aromatic phenylacetaldehyde 

gene with a gene that binds only to DOPA. 

The modified gene DOPA decarboxylase (SsDDC), taken from the pig kidney, was 

chosen which binds to DOPA alone thus generating a singular pathway for the production of 

hydroxytyrosol. According to the bibliography, after substituting tyrosine 332 to phenylalanine 

in the SsDDC the enzyme is capable of catalyzing decarboxylation and deamination reactions 

to DOPA at the same time. This means that the SsDDC acts as a synthase of aromatic 

phenylacetaldehyde (DHPAS) and leads to the production of the corresponding aldehyde thus 

performing two steps of the hydroxytyrosol pathway in the same reactions. For the examination 



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 

 xii  

of DHPAS activity regarding substrate specificity and finally the production of hydroxytyrosol 

in vitro reaction were designed with dopa and tyrosine as substrates. Total protein extracts from 

E. coli bacterial cultures that were previously exposed to different inductive conditions (inducer 

concentrations, IPTG) were used for the in vitro reactions.  

The results from the in vitro reactions showed no activity of the cloned pig DHPAS 

gene against tyrosine or DOPA at the given conditions that the experiment was conducted. 
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1 ȺȽɆȷũɋũȼ  

 

 ɇɑˊɞŰŬ ůŰɖɜ ɕɤɐ ŭŮɜ ŮɑɜŬɘ ɔɘŬ ɜŬ Űɞ 

űɞɓɧɛŬůŰŮ, ŬɚɚɎ ɔɘŬ ɜŬ Űɞ əŬŰŬɜɞɐůɞɡɛŮ. 

 Marie Curie 

 

 

 

1.1 ūɡŰɘəɞɑ ȹŮɡŰŮɟɞɔŮɜɐɠ ɀŮŰŬɓɞɚɑŰŮɠ 

ɀŮŰŬɓɞɚɘůɛɧɠ ŮɑɜŬɘ Űɞ ůɨɜɞɚɞ Űɞɜ ɓɘɞɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ ˊɞɡ ɏɢɞɡɜ ůŰɧɢɞ, ŮɑŰŮ Űɖɜ 

ˊŬɟŬɔɤɔɐ ŮɜɩůŮɤɜ ŮɑŰŮ Űɖɜ ŭɘɎůˊŬůɖ/Ŭˊɞɘəɞŭɧɛɖůɐ Űɞɡɠ. Ƀ ˊɟɤŰɞɔŮɜɐɠ ɛŮŰŬɓɞɚɘůɛɧɠ 

ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ůɨɜɗŮůɖ ŬˊŬɟŬɑŰɖŰɤɜ ůɡůŰŬŰɘəɩɜ ɔɘŬ Űɖɜ Ůˊɘɓɑɤůɖ əŬɘ Űɞɜ ůɢɖɛŬŰɘůɛɧ Űɞɡ 

əɡŰŰɎɟɞɡ ɧˊɤɠ ɚɑˊɖ, ˊɟɤŰŮȶɜŮɠ, ɜɞɡəɚŮɥəɎ ɞɝɏŬ ə.Ŭ. (ȾŬɟɎŰŬɔɚɖɠ, 1994) Ůɜɩ ɞ ŭŮɡŰŮɟɞɔŮɜɐɠ 

ɛŮŰŬɓɞɚɘůɛɧɠ ůŮ ɛɘŬ ɞɛɎŭŬ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ ɧˊɞɡ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɘɠ 

űɡůɘɞɚɞɔɘəɏɠ ɚŮɘŰɞɡɟɔŮɑŮɠ Űɞɡ əɡŰŰɎɟɞɡ ɏɢɞɡɜ ɧɛɤɠ ɓŬůɘəɧ ɟɧɚɞ ůŰɖɜ ɎɛɡɜŬ Űɞɡ űɡŰɞɨ 

əŬɗɩɠ əŬɘ ůŰɖɜ ˊɟɞůŬɟɛɞɔɐ Űɞɡ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ (ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003).  

ɇŬ űɡŰɎ əŬɗɩɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬəɘɜɖɗɞɨɜ ɔɘŬ ɜŬ Ŭˊɞűɨɔɞɡɜ Űɞɡɠ Ůɢɗɟɞɨɠ Űɞɡɠ əŬɘ 

ŭŮɜ ŭɘŬɗɏŰɞɡɜ ŬɜɞůɞˊɞɘɖŰɘəɧ ůɨůŰɖɛŬ, ˊŬɟɎɔɞɡɜ ŰŬ ɚŮɔɧɛŮɜŬ ŭŮɡŰŮɟɞɔŮɜɐ űɡůɘəɎ ˊɟɞɥɧɜŰŬ 

ɐ ŭŮɡŰŮɟɞɔŮɜŮɑɠ ɛŮŰŬɓɞɚɑŰŮɠ (Wink, 2010b), ɞɘ ɞˊɞɑɞɘ Űɞɡɠ ˊŬɟɏɢɞɡɜ ˊɟɞůŰŬůɑŬ  Ŭˊɧ 

űɡŰɞűɎɔŬ ɕɩŬ, ˊŬɗɞɔɧɜŬ (ɏɜŰɞɛŬ, ɛɨəɖŰŮɠ ə.Ŭ.), ŬɜŰŬɔɤɜɘůŰɘəɎ űɡŰɎ əŬɘ Ŭˊɧ ŬɓɘɞŰɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ (Moore et al., 2014). ɄɟɧəŮɘŰŬɘ ɔɘŬ ˊŮɟɑˊɚɞəŬ ɛɑɔɛŬŰŬ ŮɜɩůŮɤɜ ɢŬɛɖɚɞɨ 



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 

 2 

ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ (Wink, 2010b) ɞ́ɡ ˊŬɟɎɔɞɜŰŬɘ ůŮ ŮɝŮɘŭɘəŮɡɛɏɜŬ ɧɟɔŬɜŬ əŬɘ ɘůŰɞɨɠ əŬɘ 

ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůŰŬ ɛɏɟɖ Űɞɡ űɡŰɞɨ ˊɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɔɘŬ Űɖɜ 

Ůˊɘɓɑɤůɐ Űɞɡ (Wink, 2010a).  

ũɘŬ Űɖɜ ɓɘɞůɨɜɗŮůɐ Űɞɡɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɛɞɜɞˊɎŰɘŬ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ɛŮŰŬɓɞɚɘůɛɞɨ 

əŬɘ ˊŬɟɎɔɤɔŬ ˊɟɞɥɧɜŰŬ ŬɡŰɩɜ. ɀˊɞɟɞɨɜ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗɞɨɜ ůŮ ŰɟŮɘɠ ɞɛɎŭŮɠ ŬɜɎɚɞɔŬ ɛŮ 

ŰŬ ́ɟɧŭɟɞɛŬ ɓɘɞɛɧɟɘŬ əŬɘ ɓɘɞɚɞɔɘəɎ ɛɞɜɞˊɎŰɘŬ Ŭˊô ɧˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ. ȰŰůɘ ˊɟɞəɨˊŰŮɘ ɖ 

ɞɛɎŭŬ Űɤɜ ŰŮɟˊŮɜɑɤɜ (ŰŮɟˊɏɜɘŬ) ɛŮ Űɞ ŬəŮŰɡɚɞ-ůɡɜɏɜɕɡɛɞ A ɤɠ ˊɟɧŭɟɞɛɞ ɛɧɟɘɞ ɛɏůɤ Űɖɠ 

ɞŭɞɨ Űɞɡ ɛŮɓŬɚɞɜɘəɞɨ ɞɝɏɞɠ, ɖ ɞɛɎŭŬ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ (ůɡůŰŬŰɘəɎ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɎɕɤŰɞ) 

ɧˊɞɡ ɓɘɞůɡɜŰɑɗŮɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŬɛɘɜɞɝɏŬ əŬɘ ɖ ɞɛɎŭŬ Űɤɜ űŬɘɜɞɚɘəɩɜ ɞɡůɘɩɜ (űŬɘɜɧɚŮɠ) Ŭˊɧ 

Űɞ ɛɞɜɞˊɎŰɘ Űɞɡ ůɘəɘɛɘəɞɨ əŬɘ ɛɖɚɞɜɘəɞɨ ɞɝɏɞɠ. ɆŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ŬɜŮɜŮɟɔɩɜ ŭŮɡŰŮɟɞɔŮɜɩɜ 

ɛŮŰŬɓɞɚɘŰɩɜ ŮɜŰɎůůɞɜŰŬɘ ɖ əɞɡŰɑɜɖ, ɖ ůɞɡɓŮɟɑɜɖ əŬɘ ɞɘ əɖɟɞɑ ɧˊɞɡ ˊŬɟɏɢɞɡɜ ŮˊɘűŬɜŮɘŬəɐ 

ˊɟɞůŰŬůɑŬ əŬɘ ůɡɛɓɎɚɞɡɜ ůŰɖɜ ɎɛɡɜŬ Űɤɜ űɡŰɩɜ (ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003, 

ȾŬɟɎŰŬɔɚɖɠ, 1994). 

 

1.1.1 ɃɛɎŭŬ ɇŮɟˊŮɜɑɤɜ 

 

1.1.1.1 ɀɞɟɘŬəɐ ˊŮɟɘɔɟŬűɐ əŬɘ ŰŬɝɘɜɧɛɖůɖ ɇŮɟˊŮɜɑɤɜ 

ɄɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ɞɛɎŭŬ ŭŮɡŰŮɟɞɔŮɜɩɜ ɛŮŰŬɓɞɚɘŰɩɜ ŰŬ ɛɏɚɖ Űɘɠ ɞˊɞɑŬɠ ŮɑɜŬɘ 

ŬŭɘɎɚɡŰŬ ůŰɞ ɜŮɟɧ. ɃɡůɘŬůŰɘəɎ ŮɑɜŬɘ ɚɘˊɑŭɘŬ ɧˊɞɡ ɞ ɓŬůɘəɧɠ ůəŮɚŮŰɧɠ Űɞɡɠ ŮɑɜŬɘ ɏɜŬ ɛɧɟɘɞ 

ɡŭɟɞɔɞɜɎɜɗɟŬəŬ ɛŮ ˊɏɜŰŮ ɎŰɞɛŬ ɎɜɗɟŬəŬ. ɇɞ ɘůɞˊɟɏɜɘɞ, Űɞ ŬˊɚɞɨůŰŮɟɞ Ŭˊɧ ŰŬ ŰŮɟˊɏɜɘŬ, ŮɑɜŬɘ 

ɏɜŬɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŬɠ ɛŮ ˊɏɜŰŮ ɎŰɞɛŬ ɎɜɗɟŬəŬ (C5H8). ȳɚŬ ŰŬ ŰŮɟˊɏɜɘŬ ɏɢɞɡɜ ˊɎɜɤ Ŭˊɧ ɛɘŬ 

ɛɞɜɎŭŬ ɘůɞˊɟŮɜɑɞɡ ůŰɞ ɛɧɟɘɧ Űɞɡɠ əŬɘ ɏɢɞɡɜ Űɞɜ ɔŮɜɘəɧ ɢɖɛɘəɧ Űɨˊɞ (C5H8)n. 

ɇɖɜ ŰŬɝɘɜɧɛɖůɐ Űɞɡɠ əŬɗɞɟɑɕŮɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɘůɞˊɟŮɜɘəɩɜ ɛɞɜɎŭɤɜ (C5) ˊɞɡ 

ůɡɜŬɜŰɩɜŰŬɘ ůŰɞ ɛɧɟɘɧ Űɞɡɠ. ɇŮɟˊɏɜɘŬ ɛŮ ˊɏɜŰŮ ɎŰɞɛŬ ɎɜɗɟŬəŬ ˊŮɟɘɏɢɞɡɜ ɛɘŬ ɛɞɜɎŭŬ 

ɘůɞˊɟŮɜɑɞɡ ůŰɞ ɛɧɟɘɧ Űɞɡɠ əŬɘ ɞɜɞɛɎɕɞɜŰŬɘ ɖɛɘŰŮɟˊɏɜɘŬ (C5), ŬɡŰɎ ɛŮ ŭɏəŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ 

ˊŮɟɘɏɢɞɡɜ ŭɡɞ ɛɞɜɎŭŮɠ ɘůɞˊɟŮɜɑɞɡ əŬɘ ɞɜɞɛɎɕɞɜŰŬɘ ɛɞɜɞŰŮɟˊɏɜɘŬ (C10), ɛŮ ŰɟŮɘɠ ɛɞɜɎŭŮɠ 

ɘůɞˊɟŮɜɑɞɡ ůŮůəɘŰŮɟˊɏɜɘŬ (C15), ɛŮ ŰɏůůŮɟŮɘɠ ŭɘŰŮɟˊɏɜɘŬ (C20), ɛŮ ɏɝɘ ŰɟɘŰŮɟˊɏɜɘŬ (C30), ɛŮ 

ɞəŰɩ ŰŮŰɟŬŰŮɟˊɏɜɘŬ (C40) əŬɘ ɛŮ ˊŬɟŬˊɎɜɤ ɛɞɜɎŭŮɠ ɘůɞˊɟŮɜɑɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ˊɞɚɡŰŮɟˊɏɜɘŬ 

[(C5)n]. ȳůɞɜ ŬűɞɟɎ Űɞɜ Űɟɧˊɞ ɏɜɤůɖɠ Űɤɜ ɘůɞˊɟŮɜɘəɩɜ ɛɞɜɎŭɤɜ, ɧŰŬɜ ŬɡŰɏɠ ŮɜɩɜɞɜŰŬɘ ůŮ 

ŬɜɞɘəŰɏɠ ŬɚɡůɑŭŮɠ ŰŬ ɛɧɟɘŬ ɞɜɞɛɎɕɞɜŰŬɘ ɎəɡəɚŬ ŰŮɟˊŮɜɘəɎ ůɩɛŬŰŬ Ůɜɩ ɧŰŬɜ ůɢɖɛŬŰɑɕɞɡɜ 
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əɚŮɘůŰɎ ůɡůŰɐɛŬŰŬ ɚɏɔɞɜŰŬɘ əɡəɚɘəɎ ŰŮɟˊŮɜɘəɎ ůɩɛŬŰŬ (ȺɚŮɡɗŮɟɑɞɡ, 2007, ȾŬɟɎŰŬɔɚɖɠ, 

1994, ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003). 

 

1.1.1.2 ȸɘɞůɨɜɗŮůɖ ɇŮɟˊŮɜɑɤɜ 

ȼ ɓɘɞůɨɜɗŮůɖ Űɤɜ ŰŮɟˊŮɜɑɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɞ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ Űɞɡ ɛŮɓŬɚɞɜɘəɞɨ ɞɝɏɞɠ 

ɛŮ ˊɟɧŭɟɞɛɞ ɛɧɟɘɞ Űɞ ȷəɏŰɡɚɞ-CoA. ɇɞ ɛŮɓŬɚɞɜɘəɧ ɞɝɨ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ ŮɜŭɘɎɛŮůɞ 

ˊɟɞɥɧɜ ˊɟɞɠ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ŮɜŮɟɔɩɜ ŭɞɛɘəɩɜ ůɡůŰŬŰɘəɩɜ Űɤɜ ŰŮɟˊŮɜɑɤɜ. ɀɘŬ ůŮɘɟɎ 

ŬɜŰɘŭɟɎůŮɤɜ ˊɞɡ ɝŮəɘɜɎŮɘ Ŭˊô Űɖɜ ůŰŬŭɘŬəɐ ůɡɛˊɨəɜɤůɖ Űɟɘɩɜ ɛɞɟɑɤɜ ȷəɏŰɡɚɞ-CoA  

ůɢɖɛŬŰɑɕŮɘ Űɞ ɛŮɓŬɚɞɜɘəɧ ɞɝɨ ˊɞɡ ɏɢŮɘ ɏɝɘ ɎŰɞɛŬ ɎɜɗɟŬəŬ (ȺɘəɧɜŬ 1). ɆŰɖɜ ůɡɜɏɢŮɘŬ ɖ ɏɜɤůɖ 

ŬɡŰɐ ɛŮŰɎ Ŭˊɧ ŭɘŬŭɞɢɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɡɟɞűɤůűɞɟɡɚɑɤůɖɠ əŬɘ ŬˊɞəŬɟɓɞɝɡɚɑɤůɖɠ 

ŬűɡŭŬŰɩɜŮŰŬɘ əŬɘ ůɢɖɛŬŰɑɕŮɘ Űɞ ˊɡɟɞűɤůűɞɟɘəɧ ɘůɞˊŮɜŰŮɜɨɚɘɞ (IPP). ɇɞ IPP ɛŬɕɑ ɛŮ Űɞ 

ɘůɞɛŮɟɏɠ Űɞɡ Űɞ ˊɡɟɞűɤůűɞɟɘəɧ ŭɘɛŮɗɡɚŬɚɚɨɚɘɞ (DMAPP) ŮɑɜŬɘ ŰŬ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ Űɤɜ 

ɡˊɞɞɛɎŭɤɜ Űɤɜ ŰŮɟˊŮɜɑɤɜ.   

ɇŬ ŭɨɞ ŬɡŰɎ ůɡůŰŬŰɘəɎ (IPP əŬɘ DMAPP) ɓɟɑůəɞɜŰŬɘ ůŮ ɘůɞɟɟɞˊɑŬ ŮɜŰɧɠ Űɞɡ əɡŰŰɎɟɞɡ 

əŬɘ ůɢɖɛŬŰɑɕɞɡɜ Űɘɠ ŭɘɎűɞɟŮɠ ɡˊɞɞɛɎŭŮɠ Űɤɜ ŰŮɟˊŮɜɑɤɜ ɛŮ ɎŰɞɛŬ ɎɜɗɟŬəŬ ˊɞɚɚŬˊɚɎůɘŬ Űɞɡ 

ˊɏɜŰŮ. Ʉɟɧŭɟɞɛɞɠ ɛɞɟűɐ ůɢŮŭɧɜ ɧɚɤɜ Űɞɜ ɛɞɜɞŰŮɟˊŮɜɑɤɜ ɛŮ ŭɏəŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ ŬˊɞŰŮɚŮɑ 

Űɞ ˊɡɟɞűɤůűɞɟɘəɧ ɔŮɟŬɜɨɚɘɞ (GPP) Űɞ ɞˊɞɑɞ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŬɜŰɑŭɟŬůɖ Űɞɡ IPP əŬɘ Űɞɡ 

DMAPP. ɇɞ ˊɡɟɞűɤůűɞɟɘəɧ űŬɟɜŮɕɨɚɘɞ (FPP) ɛŮ 15 ɎŰɞɛŬ ɎɜɗɟŬəŬ, ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ Űɖɜ 

ɏɜɤůɖ Űɞɡ GPP ɛŮ ɏɜŬ Ɏɚɚɞ ɛɧɟɘɞ IPP, ŮɑɜŬɘ ɖ ˊɟɧŭɟɞɛɞɠ ɛɞɟűɐ ůɢŮŭɧɜ ɧɚɤɜ Űɤɜ 

ůŮůəɘŰŮɟˊŮɜɑɤɜ əŬɘ Űɤɜ ŰɟɘŰŮɟˊŮɜɑɤɜ. ɀŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ůɡɜŭɡɎɕɞɜŰŬɠ ŰŬ ɓŬůɘəɎ ŭɞɛɘəɎ 

ůɡůŰŬŰɘəɎ Űɤɜ ŰŮɟˊŮɜɑɤɜ IPP əŬɘ DMAPP ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɧɚŮɠ ɞɘ ˊɟɧŭɟɞɛŮɠ ŮɜɩůŮɘɠ Űɤɜ 

ɡˊɞɞɛɎŭɤɜ Űɤɜ ŰŮɟˊŮɜɑɤɜ. ȯɚɚŮɠ ŰɏŰɞɘŮɠ ŮɑɜŬɘ Űɞ ˊɡɟɞűɤůűɞɟɘəɧ ɔŮɟŬɜɡɚɔŮɟŬɜɨɚɘɞ (GGPP) 

ɖ ˊɟɧŭɟɞɛɞɠ ɏɜɤůɖ ůɢŮŭɧɜ ɧɚɤɜ Űɤɜ ŭɘŰŮɟˊŮɜɑɤɜ əŬɘ Űɤɜ ŰŮŰɟŬŰŮɟˊŮɜɑɤɜ əŬɘ Űɞ 

ˊɡɟɞűɤůűɞɟɘəɧ ˊɞɚɡˊɟŮɜɨɚɘɞ (PPPP) ɖ ˊɟɧŭɟɞɛɞɠ ɛɞɟűɐ Űɤɜ ˊɞɚɡŰŮɟˊŮɜɑɤɜ (ȾŬɟɎŰŬɔɚɖɠ, 

1994, ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003). 
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ȺɘəɧɜŬ 1: ȸɘɞůɨɜɗŮůɖ əɡɟɘɧŰŮɟɤɜ ɡ́ ɞɞɛɎŭɤɜ ŰŮɟˊŮɜɑɤɜ. ȾɡɟɘɧŰŮɟŬ ŮɜŮɟɔɎ ŭɞɛɘəɎ ůɡůŰŬŰɘəɎ ŮɑɜŬɘ Űɞ 

ˊɡɟɞűɤůűɞɟɘəɧ ɘůɞˊŮɜŰŮɜɨɚɘɞ (IPP) əŬɘ Űɞ ˊɡɟɞűɤůűɞɟɘəɧ ŭɘɛŮɗɡɚŬɚɚɨɚɘɞ (DMAPP) Ŭˊɧ ŰŬ ɞˊɞɑŬ ˊɟɞəɨˊŰɞɡɜ 

ɞɘ ɡˊɞɞɛɎŭŮɠ Űɤɜ ŰŮɟˊŮɜɑɤɜ. GPP, ́ ɡɟɞűɤůűɞɟɘəɧ ɔŮɟŬɜɨɚɘɞ. HMG-CoA, ɡŭɟɞɝɡɛŮɗɡɚɞ-ɔɚɞɡŰŬɟɡɚɞ-CoA. MVA-

PP, ˊɡɟɞűɤůűɞɟɘəɧ ɛŮɓŬɚɞɜɘəɧ ɞɝɨ. FPP, ˊɡɟɞűɤůűɞɟɘəɧ űŬɟɜŮɕɨɚɘɞ. GGPP, ˊɡɟɞűɤůűɞɟɘəɧ 

ɔŮɟŬɜɡɚɔŮɟŬɜɨɚɘɞ. GFPP, ˊɡɟɞűɤůűɞɟɘəɧ ɔŮɟŬɜɡɚűŬɟɜŮɕɨɚɘɞ. PPPP, ˊɡɟɞűɤůűɞɟɘəɧ ˊɞɚɡˊɟŮɜɨɚɘɞ 

(ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003). 
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1.1.1.3 ȸɘɞɚɞɔɘəɧɠ Ʌɧɚɞɠ əŬɘ ȽŭɘɧŰɖŰŮɠ ɇŮɟˊŮɜɑɤɜ 

ȼ ŮɝŬɘɟŮŰɘəɎ ŭɘŬŭŮŭɞɛɏɜɖ ɞɛɎŭŬ Űɤɜ ŰŮɟˊŮɜɑɤɜ ́ ŬɟɞɡůɘɎɕŮɘ ɘŭɘŬɑŰŮɟɞ ɞɘəɞɚɞɔɘəɧ, ɞɘəɞɜɞɛɘəɧ 

əŬɘ ɓɘɞɛɖɢŬɜɘəɧ ŮɜŭɘŬűɏɟɤɜ. Ȱɢɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ɎɛɡɜŬ Űɤɜ űɡŰɩɜ əŬɘ ůŰɖɜ 

Ůˊɘɓɑɤůɖ Űɞɡɠ ůŮ ŬɜŰɑɝɞŮɠ ůɡɜɗɐəŮɠ. Ƀɘ ɡˊɞɞɛɎŭŮɠ Űɤɜ ŰŮɟˊŮɜɑɤɜ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŭɘɎűɞɟŮɠ 

ɞɘəɞɔɏɜŮɘŮɠ əŬɘ Ůɑŭɖ űɡŰɩɜ ůŮ ŭɘɎűɞɟŬ űɡŰɘəɎ ɧɟɔŬɜŬ ɐ ůŮ ɞɚɧəɚɖɟɞ Űɞ űɡŰɧ (ȾŬɟɎŰŬɔɚɖɠ, 

1994). 

ɇŬ ɛɞɜɞŰŮɟˊɏɜɘŬ ŮɑɜŬɘ ůɡɜɐɗɤɠ ˊŰɖŰɘəɏɠ ŮɜɩůŮɘɠ ɛŮ ŮɡɢɎɟɘůŰɖ ɞůɛɐ əŬɘ ŬŭɘɎɚɡŰŬ ůŰɞ 

ɜŮɟɧ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰŬ űɨɚɚŬ əŬɘ ŰŬ Ɏɜɗɖ Űɞɡ ɢɟɡůŬɜɗɏɛɞɡ Chrysanthemum coccineum 

əŬɘ Űɞɡ Chrysanthemum marhshalii ˊŬɟɎɔɞɜŰŬɘ ɞɘ ŮůŰɏɟŮɠ  Űɤɜ ɛɞɜɞŰŮɟˊŮɜɑɤɜ, ŰŬ 

ˊɡɟŮɗɟɞŮɘŭɐ, ŰŬ ɞˊɞɑŬ ́ ɟɞəŬɚɞɨɜ ˊŬɟɎɚɡůɖ Űɞɡ ɜŮɡɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɤɜ ŮɜŰɧɛɤɜ, ŬˊɩɚŮɘŬ 

Űɤɜ ŬɘůɗɐůŮɤɜ əŬɗɩɠ əŬɘ Űɞɜ ɗɎɜŬŰɞ Űɞɡɠ. ɇɞ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊŬɟŬɛɞɜɐɠ Űɞɡɠ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ əŬɘ ɖ ɛɖŭŬɛɘɜɐ ŰɞɝɘəɧŰɖŰŬ ůŰŬ ɗɖɚŬůŰɘəɎ əŬɗɘůŰɞɨɜ ŰŬ ˊɡɟŮɗɟɞŮɘŭɐ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ əŬɘ ŭɘŬŭŮŭɞɛɏɜŬ ɤɠ ŮɜŰɞɛɞəŰɧɜŬ. ȷˊɧ ŰŬ əɤɜɞűɧɟŬ ˊŬɟɎɔɞɜŰŬɘ ɞɘ ɟɖŰɑɜŮɠ 

ɧˊɞɡ ŮɑɜŬɘ ɛɑɔɛŬŰŬ ŰŮɟˊŮɜɑɤɜ ˊɞɡ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɞɡɠ ɟɖŰɘɜɞűɧɟɞɡɠ ˊɧɟɞɡɠ Űɞɡ əɞɟɛɞɨ, 

Űɤɜ əɚŬŭɘɩɜ əŬɘ Űɤɜ ɓŮɚɞɜɩɜ Űɤɜ űɨɚɚɤɜ. Ȱɢɞɡɜ ɟɧɚɞ ˊɟɞůŰŬŰŮɡŰɘəɧ əŬɗɩɠ ˊŬɟɞɡůɘɎɕɞɡɜ 

ŰɞɝɘəɧŰɖŰŬ ůŮ ŭɘɎűɞɟŬ ɏɜŰɞɛŬ. 

ɇŬ ɚŮɔɧɛŮɜŬ ŬɟɤɛŬŰɘəɎ űɡŰɎ ˊŬɟɎɔɞɡɜ ŭɘɎűɞɟŮɠ ˊŰɖŰɘəɏɠ ŮɜɩůŮɘɠ Űɖɠ ɞɛɎŭŬɠ Űɤɜ 

ŰŮɟˊŮɜɞŮɘŭɩɜ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɞůɛɐ, ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ŬɘɗɏɟɘŬ ɏɚŬɘŬ. ɄŬɟɎɔɞɜŰŬɘ əŬŰɎ 

ɞɛɎŭŮɠ ůŰŬ ŬŭŮɜɘəɎ əɨŰŰŬɟŬ ɐ ůŰɘɠ ŬŭŮɜɩŭŮɘɠ ŰɟɑɢŮɠ ůŮ ɧɚŬ ŰŬ űɡŰɘəɎ ɧɟɔŬɜŬ, əŬɘ ůŮ əɎˊɞɘŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ůɡɜŬɜŰɩɜŰŬɘ əŬɘ ůŮ Ůɘŭɘəɞɨɠ Ŭɔɤɔɞɨɠ Űɤɜ űɨɚɚɤɜ əŬɘ Űɤɜ ɓɚŬůŰɩɜ. Ƀɘ ˊɘɞ 

ɔɜɤůŰɏɠ ɞɘəɞɔɏɜŮɘŮɠ ŬɟɤɛŬŰɘəɩɜ űɡŰɩɜ ŮɑɜŬɘ ɖ Compositae, ɖ Labiatae, ɖ Myrtaceae, ɖ 

Pinaceae, ɖ Umbelliferae əŬɘ ɖ Rutaceae. ɆŰŬ  ŬɘɗɏɟɘŬ ɏɚŬɘŬ Űɞɡ əɎɗŮ űɡŰɞɨ ůɡɜŬɜŰɎŰŬɘ ɛɘŬ 

əɡɟɑŬɟɢɖ ɏɜɤůɖ ůŰɖɜ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ əŬɘ ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɞůɛɐ Űɞɡ. ũɘŬ Űɞɜ ŭɡɧůɛɞ əŬɘ Űɖɜ 

ɛɏɜŰŬ, əɡɟɑŬɟɢɖ ɞɡůɑŬ ŮɑɜŬɘ ɖ ɛŮɜɗɧɚɖ Ůɜɩ ɔɘŬ Űɖɜ ɚŮɛɞɜɘɎ Űɞ ɚɘɛɞɜɏɜɘɞ. Ƀ ɓɘɞɚɞɔɘəɧɠ ɟɧɚɞɠ 

Űɤɜ ŬɘɗŮɟɑɤɜ ŮɚŬɑɤɜ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ˊɟɞůŰŬŰŮɡŰɘəɧɠ ˊɟɞɠ ŰŬ űɡŰɞűɎɔŬ ɕɩŬ əŬɘ ɏɜŰɞɛŬ, 

ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŰŬ ɚŮɛɞɜɞŮɘŭɐ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰŬ ŬɘɗɏɟɘŬ ɏɚŬɘŬ Űɖɠ ɚŮɛɞɜɘɎɠ ́ ɞɡ 

ɏɢɞɡɜ ˊɘəɟɐ ɔŮɨůɖ əŬɘ ŬˊɤɗɖŰɘəɐ ŭɟɎůɖ. ũɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŬɘɗŮɟɑɤɜ ŮɚŬɑɤɜ Ŭˊɧ ŰŬ űɡŰɎ 

ŬˊŬɘŰŮɑŰŬɘ ŬˊɧůŰŬɝɖ əŬɘ ɏɢɞɡɜ ɛŮɔɎɚɞ Ůɛˊɞɟɘəɧ ŮɜŭɘŬűɏɟɞɜ ůŰɖɜ ɢɖɛŮɑŬ Űɟɞűɑɛɤɜ ɤɠ 

əŬɟɡəŮɨɛŬŰŬ əŬɘ Űɖɜ ŬɟɤɛŬŰɞˊɞɘŮɑŬ  

Ƀɘ ůŮůəɘŰŮˊŮɜɘəɏɠ ɚŬəŰɧɜŮɠ ˊŬɑɟɜɞɡɜ Űɞ ɧɜɞɛɎ Űɞɡɠ Ŭˊɧ ɏɜŬɜ ŭŬəŰɨɚɘɞ ɚŬəŰɧɜɖɠ ˊɞɡ 

ˊŮɟɘɏɢɞɡɜ ůŰɞ ɛɧɟɘɧ Űɞɡɠ. ȺɑɜŬɘ əɡəɚɘəɞɑ ŮůŰɏɟŮɠ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰɘɠ ŬŭŮɜɩŭŮɘɠ ŰɟɑɢŮɠ Űɤɜ 

űɡŰɩɜ Űɘɠ ɞɘəɞɔɏɜŮɘŬɠ Composite. ȺɑɜŬɘ ɘůɢɡɟɎ ŬˊɤɗɖŰɘəɎ ŮɜŰɧɛɤɜ əŬɘ ɗɖɚŬůŰɘəɩɜ ɚɧɔɞ Űɘɠ 
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ˊɘəɟɐɠ Űɞɡɠ ɔŮɨůɖɠ. ɇŬ ůŰŮɟɞŮɘŭɐ Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ŰɟɘŰŮɟˊŮɜɑɤɜ əŬɘ ŬˊɞŰŮɚɞɨɜ 

ŬɛɡɜŰɘəɎ ŭŮɡŰŮɟɞɔŮɜɐ ˊɟɞɥɧɜŰŬ ɛŮ ɔɜɤůŰɧŰŮɟɞ ˊŬɟɎŭŮɘɔɛŬ Űɘɠ űɡŰɞŮəŭɡůɧɜŮɠ. Ƀɘ 

űɡŰɞŮəŭɡůɧɜŮɠ ɚɧɔɞ Űɘɠ ɞɛɞɘɧŰɖŰŬɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ɛɧɟɘɧ Űɞɡɠ ɛŮ Űɘɠ ɞɟɛɧɜŮɠ ɏɜŭɡůɖɠ 

Űɤɜ ŮɜŰɧɛɤɜ ŭɘŬŰŬɟɎůůɞɡɜ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ŮɝɤůəŮɚŮŰɞɨ Űɞɡɠ. ȰŰůɘ ŰŬ ɏɜŰɞɛŬ 

ˊɞɡ ɗŬ ŰɟŬűɞɨɜ ɛŮ űɡŰɘəɞɨɠ ɘůŰɞɨɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ űɡŰɞŮəŭɡůɧɜŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ  ŬɜɤɛŬɚɑŮɠ 

ůŰɖɜ ɏɜŭɡůɖ ɐ əŬɘ ˊɟɧɤɟɞ ɗɎɜŬŰɞ.  

Ƀɘ əŬɟŭŮɜɞɚɑŭŮɠ ɐ əŬɟŭɘŬəɞɑ ɔɚɡəɞɕɑŰŮɠ ŮɑɜŬɘ ŰɟɘŰŮɟˊɏɜɘŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ůŰɞ ɛɧɟɘɧ 

Űɞɡɠ ɏɜŬ ɛɧɟɘɞ ůŬəɢɎɟɞɡ (ɛŬɜɧɕɖɠ ɐ ɔɚɡəɧɕɖɠ). ȺɑɜŬɘ ŬɛɡɜŰɘəɎ ŭŮɡŰŮɟɞɔŮɜɐ ˊɟɞɥɧɜŰŬ ɏɜŬɜŰɘ 

Űɤɜ űɡŰɞűɎɔɤɜ ŬɜɩŰŮɟɤɜ ůˊɞɜŭɡɚɤŰɩɜ əŬɗɩɠ ˊɏɟŬ Ŭˊɧ Űɖɜ ɏɜŰɞɜŬ ˊɘəɟɐ Űɞɡɠ ɔŮɨůɖ 

ˊɟɞəŬɚɞɨɜ ŭɘŬŰŬɟŬɢɏɠ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŬɜŰɚɘɩɜ Na/K Űɤɜ əŬɟŭɘŬəɩɜ ɛɡɩɜ. ɆɡɜŬɜŰɩɜŰŬɘ 

ůŰŬ Ůɑŭɖ Űɤɜ ɔŮɜɩɜ Digitalis, Strophanthus, Scylla əŬɘ ůŰŬ űɨɚɚŬ Űɖɠ ˊɘəɟɞŭɎűɜɖɠ (Nerium 

oleander) (ȾŬɟɎŰŬɔɚɖɠ, 1994, ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003).  

ȯɚɚɖ əŬŰɖɔɞɟɑŬ ŮɑɜŬɘ ɞɘ ůŬˊɤɜɑɜŮɠ ˊɞɡ ŮɑɜŬɘ ŰɟɘŰŮɟˊŮɜɘəɞɑ ɔɚɡəɞɕɑŰŮɠ ůŰŮɟɞŮɘŭɩɜ. 

ɄŬɟɞɡůɘɎɕɞɡɜ ŰɞɝɘəɧŰɖŰŬ ůŰŬ ɕɩŬ Ŭűɞɨ ɏɢɞɡɜ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ ŬˊɞŭɘɞɟɔŬɜɩɜɞɡɜ ɛŮɛɓɟɎɜŮɠ 

əŬɘ ɜŬ ˊɟɞəŬɚɞɨɜ Ŭɘɛɧɚɡůɖ Űɤɜ Ůɟɡɗɟɩɜ ŬɘɛɞůűŬɘɟɑɤɜ. ɆŰŬ űɡŰɎ ɚŮɘŰɞɡɟɔɞɨɜ əŬɘ ɤɠ 

ɞɟɛɧɜŮɠ űɨɚɞɡ ɐ Ŭɨɝɖůɖɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ ŬɜŰɘůɡɚɚɖˊŰɘəɩɜ ɞɡůɘɩɜ 

əŬɗɩɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɛɞɘɧŰɖŰŮɠ ɛŮ Űɘɠ ůŰŮɟɞŮɘŭŮɑɠ ɞɟɛɧɜŮɠ Űɞɡ Ŭɜɗɟɩˊɞɡ (ȾŬɟɎŰŬɔɚɖɠ, 

1994, ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003). 

 

1.1.2 ɃɛɎŭŬ Űɤɜ ȷɕɤŰɞɨɢɤɜ ŮɜɩůŮɤɜ (ŬɚəŬɚɞŮɘŭɩɜ) 

 

1.1.2.1 ɀɞɟɘŬəɐ ɄŮɟɘɔɟŬűɐ əŬɘ ŰŬɝɘɜɧɛɖůɖ ȷɚəŬɚɞŮɘŭɩɜ 

ɇŬ ŬɚəŬɚɞŮɘŭɐ ŮɑɜŬɘ ˊɞɚɨˊɚɞəŬ ɛɧɟɘŬ ˊŬɟŬɔɧɛŮɜŬ Ŭˊɧ ŰŬ űɡŰɎ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ, ɛŮŰŬɝɨ 

Ɏɚɚɤɜ, ɘŭɘŬɑŰŮɟŮɠ űŬɟɛŬəɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ɄŮɟɘɏɢɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ ɎŰɞɛɞ ŬɕɩŰɞɡ ůŮ 

ɏɜŬɜ ŮŰŮɟɞəɡəɚɘəɧ ŭŬəŰɨɚɘɞ əŬɘ, ɧˊɤɠ ŭɖɚɩɜŮɘ əŬɘ Űɞ ɧɜɞɛɎ Űɞɡɠ, ŮɑɜŬɘ ŬɚəŬɚɘəɐɠ űɨůŮɤɠ. 

Ƀɘ ŭŬəŰɨɚɘɞɘ ŬɡŰɞɑ ŮɑɜŬɘ ŭɘŬűɧɟɤɜ Űɨˊɤɜ, ˊɡɟɟɞɚɘŭɘɜɘəɧɠ, ŰɟɞˊŬɜɘəɧɠ, ˊɘˊŮɟɘŭɘɜɘəɧɠ, 

ˊɡɟɟɞɚɘɕɘŭɘɜɘəɧɠ, əɘɜɞɚɘɕɘŭɘɜɘəɧɠ, ɘůɞəɘɜɞɚɘɜɘəɧɠ, ɘɜŭɞɚɘəɧɠ ɐ ˊɡɟɘŭɘɜɘəɧɠ ŭŬəŰɨɚɘɞɠ ŮɑɜŬɘ 

ɛŮɟɘəɞɑ Ŭˊɧ ŬɡŰɞɨɠ. ɄɟɞɏɟɢɞɜŰŬɘ ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰɎ Űɞɡɠ Ŭˊɧ ŰŬ ŬɛɘɜɞɝɏŬ ŬůˊŬɟŰɘəɧ ɞɝɨ, 

ŰɟɡˊŰɞűɎɜɖ, Űɡɟɞůɑɜɖ, ɞɟɜɘɗɑɜɖ əŬɘ ɚɡůɑɜɖ (ȺɘəɧɜŬ 2).  
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ɆɡɢɜɎ, ůŰɖɜ ɞɜɞɛŬŰɞɚɞɔɑŬ Űɞɡɠ ŬˊɞŭɑŭɞɜŰŬɘ ŮɛˊŮɘɟɘəɏɠ ɞɜɞɛŬůɑŮɠ Ŭˊɧ Űɖɜ ˊɖɔɐ 

ˊɟɞɏɚŮɡůɐɠ Űɞɡɠ ɛŮ Űɖɜ əŬŰɎɚɖɝɖ -ɑɜɖ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ŭɖɚŬŭɐ ɤɠ ŬɛɑɜŮɠ, ˊɢ ɖ ŬŰɟɞˊɑɜɖ Ŭˊɧ 

Űɞ űɡŰɧ Atropa belladona. ȼ ˊɞɘəɘɚɞɛɞɟűɑŬ Űɖɠ ɢɖɛɘəɐɠ ŭɞɛɐɠ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ əŬɘ ɞ 

ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ŮɜɩůŮɤɜ ŭɘŬűɞɟŮŰɘəɐɠ ɓɘɞůɡɜɗŮŰɘəɐɠ ˊɟɞɏɚŮɡůɐɠ ˊɟɞůŭɑŭŮɘ ɘŭɘŬɑŰŮɟɖ 

ŭɡůəɞɚɑŬ ůŰɖɜ ŰŬɝɘɜɧɛɖůɐ Űɞɡɠ. ȷɡŰɧ ɞŭɐɔɖůŮ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ ŭɘŬűɧɟɤɜ ůɡůŰɖɛɎŰɤɜ 

ɞɛŬŭɞˊɞɑɖůɖɠ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ (ɄɑɜŬəŬɠ 2) ɛŮ ɞɟɘůɛɏɜŬ Ŭˊɧ ŬɡŰɎ ɜŬ ŮɑɜŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ˊɟɧŭɟɞɛɖ ɏɜɤůɖ Űɞɡɠ, Űɖɜ ɢɖɛɘəɐ Űɞɡɠ ŭɞɛɐ, Űɘɠ űŬɟɛŬəɞɚɞɔɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ, Űɖɜ 

ɞɘəɞɔɏɜŮɘŬ ɐ Űɞ űɡŰɘəɧ Ůɑŭɞɠ Ŭˊô Űɞ ɞˊɞɑɞ ˊɟɞɏɟɢɞɜŰŬɘ (ȾŬɟɎŰŬɔɚɖɠ, 1994, Ashutosh, 2007). 

ɆŰɖɜ ɓɘɞůɡɜɗŮŰɘəɐ ɞɛŬŭɞˊɞɑɖůɖ ɖ əŬŰɎŰŬɝɖ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ ɓŬůɑɕŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ 

ůŰɖɜ ɏɜɤůɖ Ŭˊô Űɖɜ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ ɢɤɟɑɠ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɖ ɢɖɛɘəɐ Űɞɡɠ ŭɞɛɐ, ɞɘ 

űŬɟɛŬəŮɡŰɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ ɐ ɖ űɡŰɘəɐ ɞɘəɞɔɏɜŮɘŬ ůŰɖɜ ɞˊɞɑŬ ɓɘɞůɡɜŰɑɗŮɜŰŬɘ (Ashutosh, 

2007). ȰŰůɘ ɧɚŬ ŰŬ ŬɚəŬɚɞŮɘŭɐ ˊɞɡ ɏɢɞɡɜ ɤɠ Ŭɟɢɘəɧ ɛɧɟɘɞ Űɞ Ŭɛɘɜɞɝɨ ŰɟɡˊŰɞűɎɜɖ 

ɞɜɞɛɎɕɞɜŰŬɘ ŬɚəŬɚɞŮɘŭɐ Űɖɠ ŰɟɡˊŰɞűɎɜɖɠ, ŬɡŰɎ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ Ŭɛɘɜɞɝɨ Űɡɟɞůɑɜɖ 

ɞɜɞɛɎɕɞɜŰŬɘ ŬɚəŬɚɞŮɘŭɐ Űɖɠ Űɡɟɞůɑɜɖɠ əŬɘ ɞɨŰɤ əŬɗŮɝɐɠ. ȼ ɢɖɛɘəɐ ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ 

ŬɚəŬɚɞŮɘŭɩɜ ŮůŰɘɎɕŮɘ ůŰɖɜ ɢɖɛɘəɐ ŭɞɛɐ Űɞɡɠ. ɇɞ ɧɜɞɛŬ Űɖɠ əɎɗŮ ɞɛɎŭŬɠ ŬɚəŬɚɞŮɘŭɞɨɠ Űɞ 

əŬɗɞɟɑɕŮɘ ɞ Űɨˊɞɠ Űɞɡ ɓŬůɘəɞɨ ŭŬəŰɡɚɑɞɡ ˊɞɡ ŮɛˊŮɟɘɏɢŮŰŬɘ ůŰɞ ɛɧɟɘɞ Űɖɠ əɎɗŮ ɏɜɤůɖɠ. ɇŬ 

ŬɚəŬɚɞŮɘŭɐ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŭŬəŰɨɚɘɞ ˊɡɟɟɞɚɘŭɑɜɖɠ ɞɜɞɛɎɕɞɜŰŬɘ ˊɡɟɟɞɚɘŭɘɜɘəɎ ŬɚəŬɚɞŮɘŭɐ, 

ŬɡŰɎ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŰɟɞˊŬɜɘəɧ ŭŬəŰɨɚɘɞ ɚɏɔɞɜŰŬɘ ŬɚəŬɚɞŮɘŭɐ Űɞɡ ŰɟɞˊŬɜɑɞɡ. ɀŮ ŬɜŰɑůŰɞɘɢɞ 

Űɟɧˊɞ ɞɜɞɛɎɕɞɜŰŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ ɞɛɎŭŮɠ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ŰŬɝɘɜɧɛɖůɖɠ ɔɘŬ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 

Űɨˊɞɡɠ ŭŬəŰɡɚɑɤɜ (ȺɘəɧɜŬ 2, ɄɑɜŬəŬɠ 2). 

ȾŬɗɩɠ ŰŬ ŬɚəŬɚɞŮɘŭɐ ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ ůɡɔəŮəɟɘɛɏɜŮɠ űŬɟɛŬəɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ɛŮ ɓɎůɖ Űɖɠ ɘŭɘɧŰɖŰŮɠ ŬɡŰɏɠ, ɜŬ ŬˊɞəŰɐůɞɡɜ ŭɖɚŬŭɐ 

űŬɟɛŬəɞɚɞɔɘəɐ ɞɛŬŭɞˊɞɑɖůɖ. ɇŬ ŬɚəŬɚɞŮɘŭɐ Űɖɠ ɞɛɎŭŬɠ ŬɡŰɐɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ ɜŬɟəɤŰɘəɎ 

ŬɜŬɚɔɖŰɘəɎ ɛŮ ˊŬɡůɑˊɞɜɖ əŬɘ ɜŬɟəɤŰɘəɐ ŭɟɎůɖ, ŬɜɗŮɚɞɜɞůɘŬəɎ ˊɞɡ ŭɟɞɡɜ əŬŰɎ Űɖɠ 

ŮɚɞɜɞůɑŬɠ ə.Ŭ. ȼ ŰŬɝɘɜɞɛɘəɐ ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŬ ŰŬ ŬɚəŬɚɞŮɘŭɐ 

ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ ɑŭɘŬ űɡŰɘəɐ ɞɘəɞɔɏɜŮɘŬ ŬɜŮɝɎɟŰɖŰŬ ɛŮ Űɘɠ ɢɖɛɘəɏɠ ɐ Űɘɠ 

űŬɟɛŬəɞɚɞɔɘəɏɠ Űɞɡɠ  ɘŭɘɧŰɖŰŮɠ əŬɘ Űɖɜ ɓɘɞůɡɜɗŮŰɘəɐ Űɞɡɠ ˊɟɞɏɚŮɡůɖ. ɉŬɟŬəŰɖɟɘůŰɘəɏɠ 

ɞɛɎŭŮɠ ŬɡŰɞɨ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŰŬɝɘɜɧɛɖůɖɠ ŮɑɜŬɘ ŰŬ ŬɚəŬɚɞŮɘŭɐ Űɤɜ ɆɞɚŬɜɞŭɩɜ 

(Solanaceous) ɔɘŬ ŰŬ ŬɚəŬɚɞŮɘŭɐ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŰŬ űɡŰɎ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ ɆɞɚŬɜɞŭɩɜ, ŰŬ 

ŬɚəŬɚɞŮɘŭɐ Űɤɜ ȾŬɜŬɓɘɜɞŮɘŭɩɜ (Cannabinaceous) ɔɘŬ ŰŬ ŬɚəŬɚɞŮɘŭɐ Űɤɜ űɡŰɩɜ Űɖɠ 

ɞɘəɞɔɏɜŮɘŬɠ Űɤɜ ȾŬɜŬɓɘɜɞŮɘŭɩɜ, ŬɚɚɎ ɡˊɎɟɢɞɡɜ əŬɘ ŬɚəŬɚɞŮɘŭɐ ˊŬɟŬɔɧɛŮɜŬ Ŭˊɧ űɡŰɎ Ɏɚɚɤɜ 

ɞɘəɞɔŮɜŮɘɩɜ (ɄɑɜŬəŬɠ 2, Ashutosh, 2007). 
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ȺɘəɧɜŬ 2: ɄŬɟŬŭŮɑɔɛŬŰŬ ŬɚəŬɚɞŮɘŭɩɜ ɛŮ ŰŬ ŬɛɘɜɞɝɏŬ Ŭˊô ŰŬ ɞˊɞɑŬ ɓɘɞůɡɜŰɑɗŮɜŰŬɘ əŬɗɩɠ əŬɘ ɞɘ ŭɞɛɏɠ ɛŮ Űɘɠ 

ɞɜɞɛŬůɑŮɠ Űɤɜ ŭŬəŰɡɚɑɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ (ȾŬɟɎŰŬɔɚɖɠ, 1994).  

 

ɄɑɜŬəŬɠ 2:ȹɘɎűɞɟɞɘ Űɟɧˊɞɘ ŰŬɝɘɜɧɛɖůɖɠ ŬɚəŬɚɞŮɘŭɩɜ əŬɘ ˊŬɟŬŭŮɑɔɛŬŰŬ (Ashutosh, 2007). 

ɇɨˊɞɠ 

ɃɛŬŭɞˊɞɑɖůɖɠ 
ɃɛɎŭŮɠ ȷɚəŬɚɞŮɘŭɩɜ ɄŬɟŬŭŮɑɔɛŬŰŬ/Ʉɟɧŭɟɞɛɞɠ ɏɜɤůɖ 

ȸɘɞůɡɜɗŮŰɘəɐ 

ɃɛŬŭɞˊɞɑɖůɖ 

ȷɚəŬɚɞŮɘŭɐ Űɖɠ ŰɟɡˊŰɞűɎɜɖɠ ɇɟɡˊŰɞűɎɜɖ 

ȷɚəŬɚɞŮɘŭɐ Űɖɠ ȿɡůɑɜɖɠ ȿɡůɑɜɖ 

ȷɚəŬɚɞŮɘŭɐ Űɖɠ Ƀɟɜɘɗɑɜɖɠ Ƀɟɜɘɗɑɜɖ 

ȷɚəŬɚɞŮɘŭɐ Űɖɠ ɇɡɟɞůɑɜɖɠ ɇɡɟɞůɑɜɖ 

ȷɚəŬɚɞŮɘŭɐ Űɖɠ ȽůŰɘŭɑɜɖɠ ȽůŰɘŭɑɜɖ 

ɉɖɛɘəɐ 

ɞɛŬŭɞˊɞɑɖůɖ 

ɄɡɟɟɞɚɘŭɘɜɘəɎ ȷɚəŬɚɞŮɘŭɐ Ɉɔɟɑɜɖ 

ɄɘˊŮɟɘŭɘɜɘəɎ ȷɚəŬɚɞŮɘŭɐ ȿɞɓŮɚɑɜɖ 

ɄɡɟɟɞɚɘɕɘŭɘɜɘəɎ ȷɚəŬɚɞŮɘŭɐ ɆŮɜŮəɘɞɜɑɜɖ 

ȷɚəŬɚɞŮɘŭɐ Űɞɡ ɇɟɞˊŬɜɑɞɡ ȷŰɟɞˊɑɜɖ 

ȾɘɜɞɚɘɜɘəɎ ȷɚəŬɚɞŮɘŭɐ Ⱦɘɜɑɜɖ 

ȽůɞəɘɜɞɚɘɜɘəɎ ȷɚəŬɚɞŮɘŭɐ ɀɞɟűɑɜɖ 

ȽɜŭɞɚɘəɎ ȷɚəŬɚɞŮɘŭɐ ȺɟɔɞɛŮŰɟɑɜɖ 

ȽɛɘŭŬɕɞɚɘəɎ ȷɚəŬɚɞŮɘŭɐ ɄɘɚɞəŬɟˊɑɜɖ 

ɄɞɡɟɘɜɘəɎ ȷɚəŬɚɞŮɘŭɐ ȾŬűŮȶɜɖ 
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ɇɨˊɞɠ 

ɃɛŬŭɞˊɞɑɖůɖɠ 
ɃɛɎŭŮɠ ȷɚəŬɚɞŮɘŭɩɜ ɄŬɟŬŭŮɑɔɛŬŰŬ/Ʉɟɧŭɟɞɛɞɠ ɏɜɤůɖ 

ɆŰŮɟɞŮɘŭɘəɎ ȷɚəŬɚɞŮɘŭɐ ɆɞɚŬɜɑɜɖ 

ūŬɟɛŬəɞɚɞɔɘəɐ 

ɃɛŬŭɞˊɞɑɖůɖ 

ɁŬɟəɤŰɘəɎ ŬɜŬɚɔɖŰɘəɎ ɀɞɟűɑɜɖ 

ȷɜɗŮɚɞɜɞůɘŬəɎ Ⱦɘɜɑɜɖ 

ȹɘŮɔŮɟŰɘəɎ ȷɜŰŬɜŬəɚŬůŰɘəɩɜ ɆŰɟɡɢɜɑɜɖ 

ȹɘŮɔŮɟŰɘəɎ Űɞɡ ȷɜŬˊɜŮɡůŰɘəɞɨ ȿɞɓŮɚɑɜɖ 

ŪŮɟŬˊŮɡŰɘəɎ ɁŮɡɟŬɚɔɘɩɜ ȷəɞɜɘŰɑɜɖ 

ȷɜŰɘɔɚŬɡəɤɛŬŰɘəɎ, ɀɡɤŰɘəɎ ɄɘɚɞəŬɟˊɑɜɖ 

ɇŬɝɘɜɞɛɘəɐ 

ɃɛŬŭɞˊɞɑɖůɖ 

ȷɚəŬɚɞŮɘŭɐ Cannabinaceous Cannabis sativa 

ȷɚəŬɚɞŮɘŭɐ Rubiaceous Pausinystalia johimbe 

ȷɚəŬɚɞŮɘŭɐ Solanaceous Capsicum annum 

 

1.1.2.2 ȸɘɞůɨɜɗŮůɖ ȷɚəŬɚɞŮɘŭɩɜ 

ȳˊɤɠ əŬɘ ůŰŬ ɛɧɟɘŬ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ ɏŰůɘ əŬɘ ɖ ɓɘɞůɨɜɗŮůɐ Űɞɡɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛŮɔɎɚɖ 

ˊɞɘəɘɚɞɛɞɟűɑŬ əŬɗɩɠ ůˊɎɜɘŬ Ŭəɞɚɞɡɗɞɨɜ ˊŬɟɧɛɞɘŮɠ ɓɘɞůɡɜɗŮŰɘəɏɠ ɞŭɞɨɠ. ɀŮ ŰŬ ˊŮɟɘůůɧŰŮɟŬ 

ŬɚəŬɚɞŮɘŭɐ ɜŬ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŰŬ ŬɛɘɜɞɝɏŬ ɞɟɜɘɗɑɜɖ, Űɡɟɞůɑɜɖ, ŰɟɡˊŰɞűɎɜɖ, ɚɡůɑɜɖ əŬɘ 

ŬůˊŬɟŰɘəɧ ɞɝɨ ŭŮɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɘŭɘŬɑŰŮɟŮɠ ɞɛɞɘɧŰɖŰŮɠ ůŰŬ ɓɘɞɚɞɔɘəɎ Űɞɡɠ ɛɞɜɞˊɎŰɘŬ 

(ȾŬɟɎŰŬɔɚɖɠ, 1994).  

ɄŬɟɧɚɖ Űɖɜ ˊɞɘəɘɚɞɛɞɟűɑŬ əŬɘ Űɖɜ ŭɘŬůˊɞɟɎ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ ůŰɞ űɡŰɘəɧ ɓŬůɑɚŮɘɞ ɖ 

ɓɘɞůɨɜɗŮůɖ Űɞɡɠ ˊŬɟɞɡůɘɎɕŮɘ əɎˊɞɘŬ ůŰŬɗŮɟɎ ɛɞŰɑɓŬ Ŭˊɧ ŬɛɑɜŮɠ ɤɠ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ əŬɗɩɠ 

əŬɘ Ŭˊɧ ŬɚŭŮɒŭŮɠ. ɀŮ ŭɘŬɛɞɟɘŬəɐ ɐ ŮɜŭɞɛɞɟɘŬəɐ ůɡɛˊɨəɜɤůɖ ɞŭɖɔɞɨɜŰŬɘ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ 

ɘɛɘɜɘŬəɩɜ əŬŰɘɧɜŰɤɜ (iminium cation) ɧˊɞɡ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ ŬɜŰɘŭɟɎůŮɘɠ Űɨˊɞɡ Mannich 

(Mannich-like reactions) ˊɟɞəɨˊŰŮɘ ɞ ɓŬůɘəɧɠ ɛɞɟɘŬəɧɠ ůəŮɚŮŰɧɠ Űɖɠ ɏɜɤůɖɠ (ȺɘəɧɜŬ 3, 

Lichman, 2021). 

Ƀɘ ŬɛɑɜŮɠ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ɓɘɞůɨɜɗŮůɖ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ŬɛɘɜɞɝɏŬ əŬɘ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ ɞɛɎŭŮɠ, Űɘɠ ˊɞɚɡŬɛɑɜŮɠ (polyamines) ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŰŬ 

ŬɛɘɜɞɝɏŬ ɞɟɜɘɗɑɜɖ, Ŭɟɔɘɜɑɜɖ əŬɘ ɚɡůɑɜɖ əŬɘ Űɘɠ ŬɟɤɛŬŰɘəɏɠ ŬɛɑɜŮɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŰŬ 

ŬɛɘɜɞɝɏŬ Űɡɟɞůɑɜɖ əŬɘ ŰɟɡˊŰɞűɎɜɖ. ȷɚɚŬɔɏɠ ůŰɞɜ ɛŮŰŬɓɞɚɘůɛɧ ˊɟɞəŬɚɞɨɛŮɜŮɠ Ŭˊɧ ŭɘɎűɞɟŬ 

ɔɞɜɑŭɘŬ ɞŭɖɔɞɨɜ ůŮ Ŭɡɝɖɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ Ŭɛɘɜɩɜ. ɇɞ ˊɚŮɧɜŬůɛŬ ŬɡŰɧ Űɤɜ Ŭɛɘɜɩɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŮ ůŰŬ ɓɘɞůɡɜɗŮŰɘəɎ ɛɞɜɞˊɎŰɘŬ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ ŬűɐɜɞɜŰŬɠ ŬɜŮˊɖɟɏŬůŰŬ ŰŬ 

ɛɞɜɞˊɎŰɘŬ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ɛŮŰŬɓɞɚɘůɛɞɨ. 
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ȺɘəɧɜŬ 3:ɀɞŰɑɓŬ ůŰŬ ŬɟɢɘəɎ ɓɐɛŬŰŬ Űɖɠ ɓɘɞůɨɜɗŮůɖɠ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ. 

 

ũɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ ɘɛɘɜɘŬəɩɜ əŬŰɘɧɜŰɤɜ (ɔɜɤůŰɎ əŬɘ ɤɠ Schiff bases) ˊɟɞɖɔŮɑŰŬɘ 

ůɡɛˊɨəɜɤůɖ Ŭɛɘɜɩɜ əŬɘ ŬɚŭŮɦŭɩɜ, ɢɤɟɑɠ Űɖɜ ɢɟɐůɖ əɎˊɞɘɞɡ Ůɜɕɨɛɞɡ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ 

ŬɜŰɘŭɟɎůŮɘɠ Űɨˊɞɡ Mannich ŰŬ ɘɛɘɜɘŬəɎ əŬŰɘɧɜŰŬ ŬɜŰɘŭɟɞɨɜ ɛɖ ŮɜɕɡɛŬŰɘəɎ ɛŮ ɎɚɚŮɠ ŮɜɩůŮɘɠ 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŭŮůɛɞɨɠ ɎɜɗɟŬəŬ-ɎɜɗɟŬəŬ ůɢɖɛŬŰɑɕɞɜŰŬɠ Űɞɜ ɓŬůɘəɧ ůəŮɚŮŰɧ Űɞɡ 

ŬɚəŬɚɞŮɘŭɞɨɠ (Lichman, 2021). 

   

1.1.2.3 ȸɘɞɚɞɔɘəɧɠ Ʌɧɚɞɠ əŬɘ ȽŭɘɧŰɖŰŮɠ ȷɚəŬɚɞŮɘŭɩɜ 

ɇŬ ŬɚəŬɚɞŮɘŭɐ ŮɑɜŬɘ ɛɘŬ ɞɛɎŭŬ ŭŮɡŰŮɟɞɔŮɜɩɜ ɛŮŰŬɓɞɚɘŰɩɜ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ 50.000 ɛɏɚɖ, 

Ŭ́ɟɎɔɞɜŰŬɘ ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɞɡɠ Ŭˊɧ ˊɞɩŭɖ ŭɘəɧŰɡɚŬ űɡŰɎ. ȷˊɞŰŮɚɞɨɜ ŬɛɡɜŰɘəɧ ɛɖɢŬɜɘůɛɧ 

ɔɘŬ ŰŬ űɡŰɎ ˊɞɡ ŰŬ ˊŬɟɎɔɞɡɜ əŬɗɩɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŰɞɝɘəɧŰɖŰŬ ˊɟɞɠ ŰŬ űɡŰɞűɎɔŬ ɕɩŬ əŬɘ Űɞɜ 

Ɏɜɗɟɤˊɞ. ɀŮɟɘəɏɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŮɜɩůŮɘɠ ɏɢɞɡɜ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ ŮˊɖɟŮɎɕɞɡɜ Űɞ əŮɜŰɟɘəɧ 

ɜŮɡɟɘəɧ ůɨůŰɖɛŬ ɎɚɚŮɠ Űɖɜ ůɨɜɗŮůɖ ˊɟɤŰŮɥɜɩɜ ɐ Űɖɜ Ůɜɕɡɛɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ əŬɘ ɎɚɚŮɠ Űɖɜ 

ˊŮɟŬŰɧŰɖŰŬ Űɤɜ əɡŰŰŬɟɘəɩɜ ɛŮɛɓɟŬɜɩɜ. ɄŬɟɞɡůɘɎɕɞɡɜ Ůˊɑůɖɠ űŬɟɛŬəŮɡŰɘəɏɠ, ɘŬŰɟɘəɏɠ 

əŬɗɩɠ əŬɘ ŭɘŮɔŮɟŰɘəɏɠ ɐ əŬŰŬˊɟŬɦɜŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ůŰɞɜ Ɏɜɗɟɤˊɞ (ɄɑɜŬəŬɠ 3) əŬɘ ɔɘô ŬɡŰɧɜ Űɞɜ 

ɚɧɔɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ űŬɟɛŬəɞɓɘɞɛɖɢŬɜɑŬ əŬɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɟɞűɖɛɎŰɤɜ 

(ȺɚŮɡɗŮɟɑɞɡ, 2007, ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003). 

ʅˎʴˁʷ˄ˍˊ˖ˋʹ ɮ˃ʽ˄˗˄ ʅˎʴˁʷ˄ˍˊ˖ˋʹ ɮ˂ʵʶːʵ˗˄

ɲʽʰ˃ˇˊʽʰˁʺ ʺ ɳ˄ʵˇ˃ˇˊʽʰˁʺ ʅˎ˃ˉʺˁ˄˖ˋʹ

ʅ˔ʹ˃ʰˍʽˋ˃ˈˌ ɹ˃ʽ˄ʽʰˁ˗˄ 
ˁʰˍʽˈ˄ˍ˖˄

ɲʽʰ˃ˇˊʽʰˁʺ ʺ ɳ˄ʵˇ˃ˇˊʽʰˁʺ ʅˎ˃ˉʺˁ˄˖ˋʹ

ɮ˄ˍʽʵˊʱˋʶʽˌ ˍˏˉˇˎ 
Mannich
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ɄɑɜŬəŬɠ 3: ȷɚəŬɚɞŮɘŭɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ůɨɔɢɟɞɜɖ ɘŬŰɟɘəɐ əŬɘ ŰŬ űɡŰɎ ˊɟɞɏɚŮɡůɐɠ Űɞɡɠ (ȺɚŮɡɗŮɟɑɞɡ, 

2007). 

ȷɚəŬɚɞŮɘŭɏɠ ūɡŰɧ Ŭˊɧ Űɞ ɞˊɞɑɞ ˊɟɞɏɟɢŮŰŬɘ ɉɟɐůŮɘɠ 

ȷŰɟɞˊɑɜɖ Hyoscyamus niger 
ɃűɗŬɚɛɞɚɞɔɑŬ ɔɘŬ ŭɘŬůŰɞɚɐ Űɖɠ əɧɟɖɠ, 

ŬɜŬəɞɨűɘůɖ əɤɚɘəɩɜ, ŬɜŰɑŭɞŰɞ ůŮ ŭɖɚɖŰɖɟɘɎůŮɘɠ 

ȸɘɜɛˊɚŬůŰɑɜɖ Catharanthus roseus 

ȷɜŰɘɜŮɞˊɚŬůɛɘəɧ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ɗŮɟŬˊŮɑŬ Űɖɠ ŬůɗɏɜŮɘŬɠ Hodgkinôs əŬɘ Ɏɚɚɤɜ 

ɚŮɛűɤɛɎŰɤɜ 

ȺɛŮŰɑɜɖ Uragoga ipecacuanha 
ȺɜŮɟɔɧ ŮɛŮŰɘəɧ ůŰɞɛŬŰɘəɎ ɢɞɟɖɔɞɨɛŮɜɞ, 

ŬɛɞɘɓŬŭɞəŰɧɜɞ 

ȾŬűŮȶɜɖ Coffea arabica ȹɘŮɔŮɟŰɘəɧ Űɞɡ əŮɜŰɟɘəɞɨ ɜŮɡɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

Ⱦɘɜɑɜɖ Cinchona officinalis ɄŬɟŬŭɞůɘŬəɧ ŬɜŰɘɛŬɚŬɟɘŬəɧ 

ȾɞəŬȶɜɖ Erythroxylon coca 
ɇɞˊɘəɧ ŬɜŬɘůɗɖŰɘəɧ, ŭɘŮɔŮɟŰɘəɧ Űɞɡ əŮɜŰɟɘəɞɨ 

ɜŮɡɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ŮɗɘůŰɘəɧ ɜŬɟəɤŰɘəɧ 

ȾɤŭŮȶɜɖ Papaver somniferum ȷɜŬɚɔɖŰɘəɧ əŬɘ ŬɜŰɘɓɖɢɘəɧ 

ȾɤɜŮɘɑɜɖ Conium maculatum 

ȺɝŬɘɟŮŰɘəɎ Űɞɝɘəɧ, ˊɟɞəŬɚŮɑ ˊŬɟɎɚɡůɖ Űɞɡ 

ɜŮɡɟɘəɞɨ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɞɛɞɘɞˊŬɗɖŰɘəɐ ůŮ 

ɛɘəɟɏɠ ŭɧůŮɘɠ 

ɀɞɟűɑɜɖ Papaver somniferum 
Ƚůɢɡɟɧ ŬɜŬɚɔɖŰɘəɧ, ɡˊɜɤŰɘəɧ, əŬŰŬˊɟŬɦɜŰɘəɧ Űɞɡ 

ɓɐɢŬ, ŮɗɘůŰɘəɧ ɜŬɟəɤŰɘəɧ 

ɁɘəɞŰɑɜɖ Nicotiana tabacum 
ȺɝŬɘɟŮŰɘəɎ Űɞɝɘəɧ, ˊɟɞəŬɚŮɑ ˊŬɟɎɚɡůɖ Űɞɡ 

ŬɜŬˊɜŮɡůŰɘəɞɨ, ŮɜŰɞɛɞəŰɧɜɞ, ŮɗɘůŰɘəɧ ɜŬɟəɤŰɘəɧ 

ɆəɞˊɞɚŬɛɑɜɖ Hyoscyamus niger 
Ƚůɢɡɟɧ ɜŬɟəɤŰɘəɧ, əŬŰŬˊɟŬɦɜŰɘəɧ əɘɜɖŰɘəɩɜ 

ŬůɗŮɜŮɘɩɜ 

ɆŰɟɡɢɜɑɜɖ Stychnos nux-vomica 
Ƚůɢɡɟɧ ŬɜŰɘŰŮŰŬɜɘəɧ, ŭɖɚɖŰɐɟɘɞ ˊɞɜŰɘəɩɜ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɞɛɞɘɞˊŬɗɖŰɘəɐ 

 

ɇɞ ˊɟɩŰɞ ŬɚəŬɚɞŮɘŭɏɠ ˊɞɡ ŬˊɞɛɞɜɩɗɖəŮ ɔɘŬ Űɘɠ ŬɜŬɚɔɖŰɘəɏɠ Űɞɡ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, 

ɘŭɘɧŰɖŰŮɠ ɐŰŬɜ ɖ ɛɞɟűɑɜɖ (ȺɘəɧɜŬ 4) əŬɘ Űɞ ˊŬɟɎɔɤɔɧ Űɖɠ ɖ ɖɟɤɑɜɖ. ȼ ɛɞɟűɑɜɖ ɓɟɑůəŮŰŬɘ ůŰɞɜ 

ɔŬɚŬəŰɩŭɖ ɢɡɛɧ Űɖɠ ɡˊɜɞűɧɟɞɡ ˊŬˊŬɟɞɨɜŬɠ (Papaver somniferum) ɞ ɞˊɞɑɞɠ ŮɛűŬɜɑɕŮŰŬɘ ɛŮŰɎ 

Ŭˊɧ ŰɟŬɡɛŬŰɘůɛɧ Űɞɡ űɡŰɞɨ. ɀŮŰɎ Ŭˊɧ ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɞɨ Űɞɡ ɔŬɚŬəŰɩŭɖ ɢɡɛɞɨ ˊŬɟɎɔŮŰŬɘ 

Űɞ ɧˊɘɞ ɧˊɞɡ ůŮ ŬɡŰɧ ˊŮɟɘɏɢɞɜŰŬɘ əŬɘ ɎɚɚŬ ŬɚəŬɚɞŮɘŭɐ ɧˊɤɠ ɖ ˊŬˊŬɓŮɟɑɜɖ, ɖ ɗɖɓŬȶɜɖ əŬɘ ɖ 

əɤŭŮȶɜɖ. ȯɚɚɞ ɔɜɤůŰɧ ŬɚəŬɚɞŮɘŭɏɠ ŮɑɜŬɘ ɖ əɞəŬȶɜɖ (ȺɘəɧɜŬ 4) ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰŬ űɨɚɚŬ Űɞɡ 

űɡŰɞɨ Űɖɠ əɧəŬ (Erythroxylon coca) əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ůŰɖɜ ɘŬŰɟɘəɐ. 

ɅɞűɐɛŬŰŬ ɧˊɤɠ ɞ əŬűɏɠ, Űɞ ŰůɎɘ əŬɘ Űɞ əŬəɎɞ əŬŰŬɜŬɚɩɜɞɜŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɘɠ 

ŭɘŮɔŮɟŰɘəɏɠ ɘŭɘɧŰɖŰɏɠ Űɞɡɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ əŬűŮȶɜɖ (ȺɘəɧɜŬ 4). ɇɞ ŬɚəŬɚɞŮɘŭɏɠ ŬɡŰɧ 

ůɡɜŬɜŰɎŰŬɘ ůŰɞ əŬűŮɧŭŮɜŰɟɞ (Coffea arabica) ŬɚɚɎ əŬɘ ůŰɞ əŬəɎɞ (Theobroma cacao) əŬɘ Űɞ 

ŰůɎɘ (Camellia sinensis). ȼ ůɡɛɓɞɚɐ Űɞɡ ůŰɖɜ ɎɛɡɜŬ Űɤɜ űɡŰɩɜ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ 

ŬɚɚɖɚɞˊɎɗŮɘŬɠ əŬɗɩɠ ˊŬɟŮɛˊɞŭɑɕŮɘ Űɖɜ ɓɚɎůŰɖůɖ ůˊŮɟɛɎŰɤɜ ŬɜŰŬɔɤɜɘůŰɘəɩɜ űɡŰɩɜ. ȯɚɚɖ 

ŭɖɛɞűɘɚɐɠ ɏɜɤůɖ ŮɑɜŬɘ ɖ ɜɘəɞŰɑɜɖ (ȺɘəɧɜŬ 4), ɓɟɑůəŮŰŬɘ ůŰɞ űɡŰɧ Űɞɡ əŬˊɜɞɨ (Nicotiana 
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tabacum) əŬɘ ɚɧɔɞ Űɖɠ ɡɣɖɚɐɠ ŰɞɝɘəɧŰɖŰɎɠ Űɖɠ ŬˊɞŰŮɚŮɑ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ŮɜŰɞɛɞəŰɧɜɞ. 

ɆɡɜŬɜŰɎŰŬɘ ůŰŬ ɢɡɛɞŰɧˊɘŬ Űɤɜ űɨɚɚɤɜ ŬɚɚɎ ɖ ˊŬɟŬɔɤɔɐ Űɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɟɑɕŬ 

(ȺɚŮɡɗŮɟɑɞɡ, 2007, ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003). 

 

 

ȺɘəɧɜŬ 4: ɇŬ ŬɚəŬɚɞŮɘŭɐ ɀɞɟűɑɜɖ, ȾŬűŮȶɜɖ, ȾɞəŬȶɜɖ əŬɘ ɜɘəɞŰɑɜɖ ɛŮ Űɘɠ ɛɞɟɘŬəɏɠ Űɞɡɠ ŭɞɛɏɠ əŬɘ űɡŰɎ ˊɟɞɏɚŮɡůɐɠ 

Űɞɡɠ (ȺɚŮɡɗŮɟɑɞɡ, 2007) 

 

1.1.3 ɃɛɎŭŬ Űɤɜ ūŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ 

 

1.1.3.1 ɀɞɟɘŬəɐ ɄŮɟɘɔɟŬűɐ əŬɘ ɇŬɝɘɜɧɛɖůɖ ūŬɘɜɞɚɩɜ 

Ƀɘ űŬɘɜɧɚŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ Ůɜɧɠ, ŰɞɡɚɎɢɘůŰɞɜ, ŬɜɗɟŬəɘəɞɨ ŭŬəŰɡɚɑɞɡ ɛŮ 

ɏɝɘ ɎŰɞɛŬ ɎɜɗɟŬəŬ ůɡɜŭŮŭŮɛɏɜŬ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŮɜŬɚɚŬůůɧɛŮɜɞɡɠ ŭɘˊɚɞɨɠ ŭŮůɛɞɨɠ, ɞ 

ɚŮɔɧɛŮɜɞɠ ŬɟɤɛŬŰɘəɧɠ ŭŬəŰɨɚɘɞɠ. ȷɡŰɧɠ űɏɟŮɘ ɛɑŬ ŰɞɡɚɎɢɘůŰɞɜ ɞɛɎŭŬ ɡŭɟɞɝɡɚɑɞɡ ́ ɞɡ ɛˊɞɟŮɑ 

ɜŬ ŮɜɩɜŮŰŬɘ ŮɑŰŮ ɛŮ Ɏɚɚɞɡɠ ŬɟɤɛŬŰɘəɞɨɠ ŭŬəŰɡɚɑɞɡɠ, ŮɑŰŮ ɛŮ əŬɟɓɞɝɡɚɘəɏɠ əŬɘ ɛŮɗɞɝɡɚɘəɏɠ 

ɞɛɎŭŮɠ, ŮɑŰŮ ɛŮ ŮŰŮɟɞəɡəɚɘəɞɨɠ ŭŬəŰɡɚɑɞɡɠ ŭɑɜɞɜŰŬɠ ɏŰůɘ ɛɘŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɞɛɞɟűɑŬ ůŰɘɠ 

űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ Űɤɜ űɡŰɩɜ. 

ɀŮ ɓɎůɖ Űɞɜ ɓŬůɘəɧ ŬɜɗɟŬəɘəɧ ůəŮɚŮŰɧ Űɞɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ŬɡŰɏɠ 

ɞɛŬŭɞˊɞɘɞɨɜŰŬɘ ůŮ ŭɘɎűɞɟŮɠ əŬŰɖɔɞɟɑŮɠ. ȷɡŰɧɠ ɞ ŬɜɗɟŬəɘəɧɠ ůəŮɚŮŰɧɠ ɛˊɞɟŮɑ ɜŬ ́ ŮɟɘɏɢŮɘ ŮɑŰŮ 

Űɖɜ ɞɛɎŭŬ Űɞɡ űŬɘɜɡɚɞˊɟɞˊŬɜɑɞɡ ɧˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 
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ůɡɜŭŮŭŮɛɏɜɞ ɛŮ ŰɟɑŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ (C6-C3, ɄɑɜŬəŬɠ 4), ŮɑŰŮ Űɖɜ ɡŭɟɞɝɡɓŮɜɕɞɥəɐ ɞɛɎŭŬ ɛŮ 

ɏɜŬ ɎŰɞɛɞ ɎɜɗɟŬəŬ ůɡɜŭŮŭŮɛɏɜŬ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (C6-C1, ɄɑɜŬəŬɠ 4), Ůɜɩ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɤɜ ŬəŮŰɞűŬɘɜɞɚɩɜ ɞ ŬɟɤɛŬŰɘəɧɠ ŭŬəŰɨɚɘɞɠ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ ŭɨɞ ɎŰɞɛŬ 

ɎɜɗɟŬəŬ (C6-C2, ɄɑɜŬəŬɠ 4). Ƀɘ ɔɜɤůŰɧŰŮɟŮɠ əŬɘ ŬˊɚɞɨůŰŮɟŮɠ űɡŰɘəɏɠ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ 

ůŰɘɠ ɞˊɞɑŮɠ ɞ ŬɟɤɛŬŰɘəɧɠ ŭŬəŰɨɚɘɞɠ ŭŮɜ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ ɎɚɚŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ ŮɑɜŬɘ ɖ 

űɚɤɟɞɔɚɡəɘɜɧɚɖ, ɖ ɡŭɟɞəɘɜɧɜɖ, ɖ əŬŰŮɢɧɚɖ əŬɘ ɖ űŬɘɜɧɚɖ (ȺɘəɧɜŬ 5, ȾŬɟɎŰŬɔɚɖɠ, 1994, 

ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003). 

 

 

ȺɘəɧɜŬ 5: ɉɖɛɘəɐ ŭɞɛɐ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ űŬɘɜɧɚɖ, əŬŰŮɢɧɚɖ, ɡŭɟɞəɘɜɧɜɖ əŬɘ űɚɤɟɞɔɚɡəɘɜɧɚɖ 

(ȾŬɟɎŰŬɔɚɖɠ, 1994). 

 

Ƀɘ əŬŰɖɔɞɟɑŮɠ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ ˊɞɘəɘɚɞɛɞɟűɑŬ ůŰɖɜ 

ŭɞɛɐ Űɞɡ ɓŬůɘəɞɨ ŬɜɗɟŬəɘəɞɨ ůəŮɚŮŰɞɨ Űɞɡ ɛɞɟɑɞɡ Űɞɡɠ. ȼ ŬˊɚɞɨůŰŮɟɖ Ŭˊɧ ŬɡŰɏɠ ŮɑɜŬɘ ɖ 

əŬŰɖɔɞɟɑŬ Űɤɜ Ŭˊɚɩɜ űŬɘɜɞɚɩɜ, ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ ɧˊɞɡ űɏɟŮɘ ɏɜŬ 

ɐ ˊŬɟŬˊɎɜɤ ɡŭɟɞɝɨɚɘŬ. ȯɚɚŮɠ əŬŰɖɔɞɟɑŮɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ˊɟɧŭɟɞɛŮɠ ŮɜɩůŮɘɠ 

Űɞɡɠ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ˊɟɞəɨˊŰŮɘ əŬɘ ɖ ŭɞɛɐ Űɞɡ ɛɞɟɑɞɡ Űɞɡɠ, ɧˊɤɠ ŰŬ ˊŬɟɎɔɤɔŬ 

ɡŭɟɞɝɡɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ, Űɞɡ ɞɝɘəɞɨ űŬɘɜɡɚɑɞɡ, Űɞɡ ɡŭɟɞɝɡəɘɜɜŬɛɘəɞɨ űŬɘɜɡɚɞˊɟɞˊŬɜɑɞɡ 

(ɄɑɜŬəŬɠ 4). 

 

ɄɑɜŬəŬɠ 4:ɈˊɞɞɛɎŭŮɠ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ɛŮ Űɖɜ ɔŮɜɘəɐ ŭɞɛɐ Űɞɡɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ŮɜɩůŮɘɠ. C6: 

ŬɟɤɛŬŰɘəɧɠ ŭŬəŰɨɚɘɞɠ, C1-4: ŬɜɗɟŬəɘəɏɠ ŭɞɛɏɠ ɞɘ ɞˊɞɑŮɠ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (ɅɞɡɛˊŮɚɎəɖ-

ȷɔɔŮɚɎəɖ, 2003). 

ȷɟɘɗɛɧɠ 

ŬŰɧɛɤɜ 

ɎɜɗɟŬəŬ 

ɇɨˊɞɠ ɓŬůɘəɞɨ 

ŬɜɗɟŬəɘəɞɨ 

ůəŮɚŮŰɞɨ 

ȾŬŰɖɔɞɟɑŬ ŮɜɩůŮɤɜ ɉŬɟŬəŰɖɟɘůŰɘəɏɠ ŮɜɩůŮɘɠ 

6 C6 ȷˊɚɏɠ űŬɘɜɧɚŮɠ ȾŬŰŮɢɧɚɖ 

7 C6 - C1 ɄŬɟɎɔɤɔŬ ɈŭɟɞɝɡɓŮɜɕɞɥəɞɨ 4-ɈŭɟɞɝɡɓŮɜɕɞɥəɧ 

8 C6 - C2 
ȷəŮŰɞűŬɘɜɧɚŮɠ, ɄŬɟɎɔɤɔŬ 

Ƀɝɘəɞɨ ūŬɘɜɡɚɑɞɡ 

4-ɈŭɟɞɝɡŬəŮŰɞűŬɘɜɧɜɖ,      

4-ɈŭɟɞɝɡŬəŮŰɞűŬɘɜɡɚɞɝɘəɧ  

9 C6 - C3 
ɄŬɟɎɔɤɔŬ ɈŭɟɞɝɡəɘɜɜŬɛɘəɞɨ 

ūŬɘɜɡɚɞˊɟɞˊŬɜɑɞɡ, ȾɞɡɛŬɟɑɜŮɠ 
ȾŬűŮɥəɧ, ȺɡɔŮɜɧɚɖ, ȺůəɞɡɚŮŰɑɜɖ 
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ȷɟɘɗɛɧɠ 

ŬŰɧɛɤɜ 

ɎɜɗɟŬəŬ 

ɇɨˊɞɠ ɓŬůɘəɞɨ 

ŬɜɗɟŬəɘəɞɨ 

ůəŮɚŮŰɞɨ 

ȾŬŰɖɔɞɟɑŬ ŮɜɩůŮɤɜ ɉŬɟŬəŰɖɟɘůŰɘəɏɠ ŮɜɩůŮɘɠ 

10 C6 - C4 ɁŬűɗɞəɘɜɧɜŮɠ ũɘɞɡɔəɚɧɜɖ 

13 C6 - C1 - C6  ɂŬɜɗɧɜŮɠ ɀŬŰɕɘűŮɟɑɜɖ 

14 C6 - C2 - C6 ɆŰɘɚɓɏɜɘŬ, ȷɜɗɞəɘɜɧɜŮɠ ȺɛɞɜŰɑɜɖ, ɅŮůɓŮɟŬŰɟɧɚɖ 

15 C6 - C3 - C6 ūɚŬɓɞɜɞŮɘŭɐ ȾŮɟəŮŰɑɜɖ 

18 (C6 - C3)2 ȿɘɔɜɎɜŮɠ ɄɘɜɞɟŮůɘɜɧɚɖ 

30 (C6 - C3 - C6)2 ȹɘűɚŬɓɞɜɞŮɘŭɐ ȷɛŮɜŰɞűɚŬɓɧɜɖ 

 

ɆŮ ˊɘɞ ůɨɜɗŮŰŮɠ əŬŰɖɔɞɟɑŮɠ űŬɘɜɞɚɩɜ ɖ ŬɜɗɟŬəɘəɐ ŭɞɛɐ ůɡɜŭɏŮŰŬɘ ɛŮ ŭɨɞ 

ŬɟɤɛŬŰɘəɞɨɠ ŭŬəŰɡɚɑɞɡɠ ɧˊɤɠ ɞɘ ɝŬɜɗɧɜŮɠ, ŰŬ ůŰɘɚɓɏɜɘŬ, ŰŬ űɚŬɓɞɜɞŮɘŭɐ. ɀŮŰɎ Ŭˊɧ 

ŬɜŰɘŭɟɎůŮɘɠ ůɡɛˊɨəɜɤůɖɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ˊɞɚɡˊɚɞəɧŰŮɟŮɠ ŭɞɛɏɠ ůŰɞɜ ɓŬůɘəɧ ůəŮɚŮŰɧ Űɤɜ 

ɛɞɟɑɤɜ Űɤɜ űŬɘɜɞɚɩɜ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɘɠ ɚɘɔɜɎɜŮɠ əŬɘ ŰŬ ŭɘűɚŬɓɞɜɞŮɘŭɐ (ɄɑɜŬəŬɠ 4). ɀŮ Űɞɜ 

ˊɞɚɡɛŮɟɘůɛɧ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ˊɟɞəɨˊŰɞɡɜ əŬŰɖɔɞɟɑŮɠ ɛŮ ˊɞɚɡˊɚɞəɧŰŮɟŬ ɛɧɟɘŬ 

ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɎɚɚŮɠ əŬŰɖɔɞɟɑŮɠ (ɄɑɜŬəŬɠ 5, ȾŬɟɎŰŬɔɚɖɠ, 1994, ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 

2003). 

 

ɄɑɜŬəŬɠ 5:ɄɞɚɡɛŮɟɐ Űɤɜ ūŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ. C6: ŬɟɤɛŬŰɘəɧɠ ŭŬəŰɨɚɘɞɠ, C1 əŬɘ C3: ŬɜɗɟŬəɘəɏɠ ŭɞɛɏɠ ɞɘ ɞˊɞɑŮɠ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ, Glc: ɔɚɡəɧɕɖ (ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003). 

ȷɟɘɗɛɧɠ 

ŬŰɧɛɤɜ 

ɎɜɗɟŬəŬ 

ɇɨˊɞɠ ɓŬůɘəɞɨ 

ŬɜɗɟŬəɘəɞɨ 

ůəŮɚŮŰɞɨ 

ȾŬŰɖɔɞɟɑŬ ŮɜɩůŮɤɜ ɉŬɟŬəŰɖɟɘůŰɘəɏɠ ŮɜɩůŮɘɠ 

n 

(C6)n ɀŮɚŬɜɑɜŮɠ Űɖɠ ȾŬŰŮɢɧɚɖɠ ɄɞɚɡɛŮɟɐ Űɞɡ ɁŬűɗŬɚɘɜɑɞɡ 

(C6 - C1)n :Glc ɈŭɟɞɚɡɧɛŮɜŮɠ ɇŬɜɜɑɜŮɠ ũŬɚɚɞŰŬɜɜɑɜŮɠ 

(C6 - C3)n ȿɘɔɜɑɜŮɠ 
ɄɞɚɡɛŮɟɐ Űɖɠ ũɞɡŬɥŬəɧɚɖɠ əŬɘ Űɖɠ 

Ɇɡɟɘɜɔəɧɚɖɠ 

(C6 - C3 - C6)n ɆɡɛˊɡəɜɤɛɏɜŮɠ ɇŬɜɜɑɜŮɠ ɄɞɚɡɛŮɟɐ Űɖɠ ȾŬŰŮɢɑɜɖɠ 

 

1.1.3.2 ȸɘɞůɨɜɗŮůɖ ūŬɘɜɞɚɩɜ 

ũɘŬ Űɖɜ ɓɘɞůɨɜɗŮůɖ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ůɡɛɛŮŰɏɢɞɡɜ ŭɨɞ ɓɘɞɚɞɔɘəɎ ɛɞɜɞˊɎŰɘŬ, Űɞ 

ɛɞɜɞˊɎŰɘ Űɞɡ ůɘəɘɛɘəɞɨ ɞɝɏɞɠ əŬɘ Űɞɡ ɛɖɚɞɜɘəɞɨ ɞɝɏɞɠ. ȷˊô Űɞ ɛɞɜɞˊɎŰɘ Űɞɡ ůɘəɘɛɘəɞɨ ɞɝɏɞɠ 

ˊŬɟɎɔɞɜŰŬɘ ŰŬ ŬɟɤɛŬŰɘəɎ ŬɛɘɜɞɝɏŬ ŰɟɡˊŰɞűɎɜɖ, Űɡɟɞůɑɜɖ əŬɘ űŬɘɜɡɚŬɚŬɜɑɜɖ ˊɞɡ ŬˊɞŰŮɚɞɨɜ, 

ɛŮŰŬɝɨ Ɏɚɚɤɜ, ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ. 

ɆɡɜŮˊɩɠ ɞɘ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ Űɞɡ ůɘəɘɛɘəɞɨ ɞɝɏɞɠ 

ˊɟɞɛɖɗŮɨɞɜŰŬɘ Űɞɜ ŬɟɤɛŬŰɘəɧ Űɞɡɠ ŭŬəŰɨɚɘɞ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ. 

ũɘŬ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ Űɞɡ ůɘəɘɛɘəɞɨ ɞɝɏɞɠ əŬɘ Űɞɡ ɛɖɚɞɜɘəɞɨ ɞɝɏɞɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɟɞɥɧɜŰŬ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ɛŮŰŬɓɞɚɘůɛɞɨ. ɇɞ ȷəɏŰɡɚɞ CoA ɔɘŬ Űɞ ɛɞɜɞˊɎŰɘ 
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Űɞɡ ɛɖɚɞɜɘəɞɨ ɞɝɏɞɠ əŬɘ əɎˊɞɘɞɘ Ŭˊɚɞɑ ɡŭŬŰɎɜɗɟŬəŮɠ, ɖ űɤůűɞŮɜɞɚɘəɐ ɛɞɟűɐ Űɞɡ 

ˊɡɟɞůŰŬűɡɚɘəɞɨ ɞɝɏɞɠ (PEP, ȺɘəɧɜŬ 6) Ŭˊɧ Űɖɜ ɔɚɡəɧɚɡůɖ əŬɘ ɖ 4-űɤůűɞɟɘəɐ Ůɟɡɗɟɧɕɖ Ŭˊɧ 

Űɞ ɛɞɜɞˊɎŰɘ Űɖɠ űɤůűɞɟɘəɐɠ ˊŮɜŰɧɕɖɠ (ȺɘəɧɜŬ 6) ɔɘŬ Űɞ ɛɞɜɞˊɎŰɘ Űɞɡ ůɘəɘɛɘəɞɨ ɞɝɏɞɠ. ɀŮ 

Űɖɜ ůɡɜɏɜɤůɖ Űɖɠ PEP əŬɘ Űɖɠ 4-űɤůűɞɟɘəɐɠ Ůɟɡɗɟɧɕɖɠ ɝŮəɘɜɎŮɘ Űɞ ɛɞɜɞˊɎŰɘ Űɞɡ ůɘəɘɛɘəɞɨ 

ɞɝɏɞɠ ůŰɞ ɞˊɞɑɞ ɛŮŰɎ Ŭˊɧ ŭɘŬŭɞɢɘəɏɠ ɓɘɞɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ˊŬɟɎɔɞɜŰŬɘ űŬɘɜɡɚŬɚŬɜɑɜɖ əŬɘ 

əɘɜɜŬɛɤɛɘəɧ ɞɝɨ ˊɞɡ ɞŭɖɔɞɨɜ ůŰɖɜ ˊŬɟŬɔɤɔɐ Ŭˊɚɩɜ űŬɘɜɞɚɘəɩɜ ɞɝɏɤɜ əŬɘ ɚɘɔɜɑɜɖɠ  əŬɗɩɠ 

əŬɘ ɔŬɚɚɘəɧ ɞɝɨ Ŭˊô Űɞ ɞˊɞɑɞ ˊɟɞəɨˊŰɞɡɜ ɞɘ ɡŭɟɞɚɡɩɛŮɜŮɠ ŰŬɜɜɑɜŮɠ (ȺɘəɧɜŬ 6).   

 

 

ȺɘəɧɜŬ 6: ȸɘɞůɨɜɗŮůɖ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ Ŭˊɧ ŰŬ ɛɞɜɞˊɎŰɘŬ Űɞɡ Ɇɘəɘɛɘəɞɨ ɞɝɏɞɠ əŬɘ Űɞɡ ɀɖɚɞɜɘəɞɨ ɞɝɏɞɠ 

(ȾŬɟɎŰŬɔɚɖɠ, 1994) 

ɇɞ ɛɞɜɞˊɎŰɘ Űɞɡ ɛɖɚɞɜɘəɞɨ ɞɝɏɞɠ ɞŭɖɔŮɑ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŭɘŬűɧɟɤɜ űŬɘɜɞɚɘəɩɜ ɞɝɏɤɜ 

əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ əɘɜɜŬɛɤɛɘəɧ ɞɝɨ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ Űɞɡ ůɘəɘɛɘəɞɨ ɞɝɏɞɠ, ůŰɖɜ 

ˊŬɟŬɔɤɔɐ űɚŬɓɞɜɞŮɘŭɩɜ əŬɘ ůɡɛˊɡəɜɤɛɏɜɤɜ ŰŬɜɜɘɜɩɜ (ȺɘəɧɜŬ 6, ȾŬɟɎŰŬɔɚɖɠ, 1994). ɆŰɖɜ 

ɓɘɞůɨɜɗŮůɖ Űɤɜ űɚŬɓɞɜɞŮɘŭɩɜ ůɡɛɛŮŰɏɢɞɡɜ Űɞ ɛɞɜɞˊɎŰɘ Űɞɡ ůɘəɘɛɘəɞɨ ɞɝɏɞɠ əŬɘ Űɞɡ 

ɛɖɚɞɜɘəɞɨ ɞɝɏɞɠ. ɄɟɞɛɖɗŮɨɞɜŰŬɘ Űɞɜ ɏɜŬɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ ɛŮ Űɖɜ ɔɏűɡɟŬ Űɟɘɩɜ ŬŰɧɛɤɜ 

ɎɜɗɟŬəŬ, űŬɘɜɡɚɞˊɞɟˊŬɜɘəɐ ɞɛɎŭŬ, Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ Űɞɡ ůɘəɘɛɘəɞɨ ɞɝɏɞɠ əŬɘ Űɞɜ ŭŮɨŰŮɟɞ 

ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ ɛŮ ŰŬ ɏɝɖ ɎŰɞɛŬ ɎɜɗɟŬəŬ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ Űɞɡ ɛɖɚɞɜɘəɞɨ ɞɝɏɞɠ 

(ȾŬɟɎŰŬɔɚɖɠ, 1994). 
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1.1.3.3 ȸɘɞɚɞɔɘəɧɠ Ʌɧɚɞɠ əŬɘ ȽŭɘɧŰɖŰŮɠ ūŬɘɜɞɚɩɜ 

ȼ ɞɛɎŭŬ Űɤɜ űŬɘɜɞɚɩɜ ŮɑɜŬɘ ɖ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ ůŰɞ űɡŰɘəɧ ɓŬůɑɚŮɘɞ. ūŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ 

ˊŬɟɎɔɞɜŰŬɘ ůɢŮŭɧɜ Ŭˊɧ ɧɚŬ ŰŬ űɡŰɎ əŬɘ ůɡɜŬɜŰɩɜŰŬɘ ůŮ ŭɘɎűɞɟŬ űɡŰɘəɎ ɧɟɔŬɜŬ (űɨɚɚŬ, Ɏɜɗɖ, 

ɟɑɕŬ, ɓɚŬůŰɞɨɠ ə.Ŭ.). ȺɑɜŬɘ əŬɘ ŬɡŰɐ ɛɘŬ ɞɛɎŭŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚɖ ˊɞɘəɘɚɞɛɞɟűɑŬ əŬɘ ɞɘ 

ɘŭɘɧŰɖŰɏɠ Űɞɡɠ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ, ɛŮ Űɖɜ ˊɟɞůŰŬůɑŬ əŬɘ Űɖɜ ɎɛɡɜŬ Űɤɜ űɡŰɩɜ, Űɖɜ ˊɟɞůɏɚəɡůɖ 

ɤűɏɚɘɛɤɜ ŮɜŰɧɛɤɜ əŬɘ ɕɩɤɜ (ȺɚŮɡɗŮɟɑɞɡ, 2007, ɅɞɡɛˊŮɚɎəɖ-ȷɔɔŮɚɎəɖ, 2003). 

ɆŰŬ Ɏɜɗɖ əŬɘ ůŰɞɡɠ əŬɟˊɞɨɠ Űɤɜ űɡŰɩɜ ůɡɜŬɜŰɩɜŰŬɘ ŭɘɎűɞɟŮɠ ɢɟɤůŰɘəɏɠ ˊɞɡ Ŭɜɐəɞɡɜ 

ůŰŬ űɚŬɓɞɜɞŮɘŭɐ. ɇɏŰɞɘŮɠ ɢɟɤůŰɘəɏɠ ˊɟɞůŮɚəɨɞɡɜ ŮˊɘəɞɜɘŬůŰɏɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ 

ůŰŬɡɟɞɔɞɜɛɞˊɞɑɖůɖɠ əŬɘ űɡŰɞűɎɔŬ ɕɩŬ ˊɞɡ ɗŬ ŰɟŬűɞɨɜ ɛŮ Űɞɡɠ əŬɟˊɞɨɠ əŬɘ ɗŬ ŭɘŬůˊŮɑɟɞɡɜ 

ŰŬ ůˊɏɟɛŬŰŬ ůŮ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ. ȯɚɚŬ űɚŬɓɞɜɞŮɘŭɐ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰŬ ŮˊɘŭŮɟɛɘəɎ əɨŰŰŬɟŬ 

Űɤɜ űɨɚɚɤɜ Ŭˊɞɟɟɞűɞɨɜ Űɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ ˊɟɞůŰŬŰŮɨɞɜŰŬɠ Űɞ űɡŰɧ Ŭˊô Űɖɜ 

ŮˊɘɓɚŬɓɐ ŮˊɑŭɟŬůɖ Űɖɠ UV-B. ɆŰŬ əɡŰŰŬɟɘəɎ ŰɞɘɢɩɛŬŰŬ ɛɘŬ Ŭˊɧ Űɘɠ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ ˊɞɡ 

ůɡɜŬɜŰɎŰŬɘ ŮɑɜŬɘ ɖ ɚɘɔɜɑɜɖ ɖ ɞˊɞɑŬ ůɡɛɛŮŰɏɢŮɘ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ Űɤɜ ůəɚɖɟŮɔɢɡɛŬŰɘəɩɜ əŬɘ 

ɝɡɚɞˊŬɟŮɔɢɡɛŬŰɘəɩɜ əɡŰŰɎɟɤɜ əŬɘ ŭɘŬůűŬɚɑɕŮɘ Űɖɜ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ ɝɡɚɞˊɞɘɖɛɏɜɤɜ 

ɞɟɔɎɜɤɜ Űɞɡ űɡŰɞɨ. Ƀ ˊɟɞůŰŬŰŮɡŰɘəɧɠ Űɖɠ ɟɧɚɞɠ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŮɑɜŬɘ ɎˊŮˊŰɖ 

Ŭˊɧ ŰŬ űɡŰɞűɎɔŬ ɕɩŬ Ůɜɩ ɛŮ Űɖɜ ɝɡɚɞˊɞɑɖůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɖɢŬɜɘəɐ ˊŬɟŮɛˊɧŭɘůɖ əŬɘ 

ŬŭɡɜŬɛɑŬ ˊɟɞůɓɞɚɐɠ Ŭˊɧ ˊŬɗɞɔɧɜɞɡɠ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ. 

Ƀɘ ŰŬɜɜɑɜŮɠ ŮɑɜŬɘ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ ɔŮɜɘəɎ Űɞɝɘəɏɠ əŬɘ ɛŮ ůŰɡűɐ ɔŮɨůɖ ˊɞɡ 

ˊŬɟɎɔɞɜŰŬɘ ůŮ ŭɘɎűɞɟŬ űɡŰɘəɎ ɛɏɟɖ əŬɘ ůŮ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ. ɆŮ ɛŮɔɎɚŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ɓɟɑůəɞɜŰŬɘ ůŰŬ űɨɚɚŬ əŬɘ ůŰɞɡɠ Ɏɔɞɡɟɞɡɠ əŬɟˊɞɨɠ. Ƀ ɟɧɚɞɠ Űɤɜ ŰŬɜɜɘɜɩɜ ŮɑɜŬɘ 

ˊɟɞůŰŬŰŮɡŰɘəɧɠ ŬˊɏɜŬɜŰɘ ůŰŬ űɡŰɞűɎɔŬ ɕɩŬ əŬɘ ůŰɞɡɠ ˊŬɗɞɔɧɜɞɡɠ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ, ɚɧɔɞ 

Űɖɠ ɔŮɨůɖɠ əŬɘ Űɖɠ ŰɞɝɘəɧŰɖŰŬɠ ˊɞɡ ŭɘŬɗɏŰɞɡɜ. Ƀɘ ŰŬɜɜɑɜŮɠ ɏɢɞɡɜ ɛŮɔɎɚɖ ɢɟɐůɖ ůŰɖɜ 

ɓɡɟůɞŭŮɣɑŬ əŬɗɩɠ ɏɢɞɡɜ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ ˊɟɤŰŮȶɜŮɠ əŬɘ ɜŬ ŬɜŰɘŭɟɞɨɜ ɛŮ Űɞ 

əɞɚɚŬɔɧɜɞ ůŰŬ əɨŰŰŬɟŬ Űɤɜ ɕɩɤɜ əŬɘ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ Űɞ ŭɏɟɛŬ ŭŮɜ ŬˊɞůɡɜŰɑɗŮŰŬɘ 

(ȺɚŮɡɗŮɟɑɞɡ, 2007). 

 

1.2 ȹŮɡŰŮɟɞɔŮɜɐɠ ɀŮŰŬɓɞɚɑŰŮɠ Űɖɠ ȺɚɘɎɠ 

ȷˊɧ ŰŬ ˊɟɞɥůŰɞɟɘəɎ ɢɟɧɜɘŬ ɐŰŬɜ ɔɜɤůŰɏɠ ɞɘ ŮɡŮɟɔŮŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ŮɚɘɎɠ (Olea europaea 

L.), ůɡɔəŮəɟɘɛɏɜŬ Űɞɡ ŮɚŬɘɧɚŬŭɞɡ, Űɤɜ əŬɟˊɩɜ Űɖɠ ŮɚɘɎɠ ŬɚɚɎ əŬɘ Űɤɜ űɨɚɚɤɜ. ɆɐɛŮɟŬ ŮɑɜŬɘ 

ɔɜɤůŰɧ ɧŰɘ ɞɘ ɘŭɘɧŰɖŰŮɠ ŬɡŰɏɠ ɞűŮɑɚɞɜŰŬɘ ůŰɞɡɠ ˊŮɟɘŮɢɧɛŮɜɞɡɠ ŭŮɡŰŮɟɞɔŮɜŮɑɠ ɛŮŰŬɓɞɚɑŰŮɠ. Ƀɘ 

ɞɛɎŭŮɠ ŭŮɡŰŮɟɞɔŮɜɩɜ ɛŮŰŬɓɞɚɘŰɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ŮɚɘɎ ŮɑɜŬɘ ůŰŮɟɧɚŮɠ, ŰɞəɞűŮɟɧɚŮɠ, 
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űɚŬɓɞɜɞŮɘŭɐ, ŰɟɘŰŮɟˊŮɜɘəɎ əŬɘ űŬɘɜɞɚɘəɎ ůɡůŰŬŰɘəɎ. Ƀɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŭŮɡŰŮɟɞɔŮɜɩɜ ŬɡŰɩɜ 

ɛŮŰŬɓɞɚɘŰɩɜ Ŭűɞɟɞɨɜ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, ŬɜŰɘűɚŮɔɛɞɜɩŭɖ ŭɟɎůɖ, ˊɟɞůŰŬůɑŬ Ŭˊɧ əŬɟŭɘŬɔɔŮɘŬəɏɠ 

əŬɘ ɜŮɡɟɞŮəűɡɚɘůŰɘəɏɠ ŬůɗɏɜŮɘŮɠ, əŬɟəɑɜɞ əŬɘ ŭɘŬɓɐŰɖ (Olmo-Garc²a et al., 2018).  

Ƀɘ ŭŮɡŰŮɟɞɔŮɜŮɑɠ ɛŮŰŬɓɞɚɑŰŮɠ ůŰɖɜ ŮɚɘɎ ůɡɜŬɜŰɩɜŰŬɘ ůŰŬ űɨɚɚŬ, Űɞɡɠ ɓɚŬůŰɞɨɠ, ŰŬ 

ůˊɏɟɛŬŰŬ, Űɞɜ űɚɞɘɧ əŬɘ Űɖɜ ůɎɟəŬ Űɤɜ əŬɟˊɩɜ əŬɗɩɠ əŬɘ ůŰɞ ŮɚŬɘɧɚŬŭɞ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ɢɖɛɘəɏɠ ɞɘəɞɔɏɜŮɘŮɠ ůŮ ŭɘɎűɞɟŮɠ ŬɜŬɚɞɔɑŮɠ. ɆŰŬ ˊŬɟŬˊɎɜɤ űɡŰɘəɎ ɧɟɔŬɜŬ əŬɘ ɘůŰɞɨɠ ɏɢɞɡɜ 

ɓɟŮɗŮɑ ɞɟɔŬɜɘəɎ ɞɝɏŬ ɧˊɤɠ Űɞ əɘɜɘəɧ ɞɝɨ əŬɘ űŬɘɜɞɚɘəɎ ɞɝɏŬ, ŬɚŭŮɒŭŮɠ ɧˊɤɠ əɘɜɜŬɛɘəɎ ɞɝɏŬ, 

ɓŮɜɕɞɥəɎ ɞɝɏŬ, ɓŬɜɘɚɑɜɖ, ŮɡŭŮůɛɘəɧ ɞɝɨ əŬɘ ɓŮɟɛˊŬůəɞůɑŭɖ. Ƀɘ əɞɡɛŬɟɑɜŮɠ ŮůəɞɡɚŮŰɑɜɖ əŬɘ 

Ůůəɞɚɑɜɖ əŬɗɩɠ əŬɘ ŮɜɩůŮɘɠ űɚŬɓɞɜɞŮɘŭɩɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɘɠ űɚŬɓŬɜɧɜŮɠ, Űɘɠ űɚŬɓŬɜɧɚŮɠ, Űɘɠ 

űɚŬɓɞɜɧɚŮɠ əŬɘ ɎɚɚŮɠ. ɇɟɘŰŮɟˊŮɜɘəɏɠ ŮɜɩůŮɘɠ ɧˊɤɠ ŰɟɘŰŮɟˊŮɜɘəɎ ɞɝɏŬ əŬɘ ŰɟɘŰŮɟˊŮɜɘəɏɠ 

ŬɚəɞɧɚŮɠ, ŰɞəɞűŮɟɧɚŮɠ (əŬɘ ůŰɘɠ ŰɏůůŮɟɑɠ Űɞɡ ɛɞɟűɏɠ Ŭ-, ɓ-, ɔ-, ŭ-), ůŰŮɟɧɚŮɠ ɧˊɤɠ ɖ 

ůŰɘɔɛɞůŰŮɟɧɚɖ, ɖ əŬɛˊŮůŰŮɟɧɚɖ əŬɘ ɖ ɓ-ůɘŰɞůŰŮɟɧɚɖ. ɆŮəɞɥɟɘŭɞŮɘŭɐ ɧˊɤɠ ɖ ŮɚŮɡɟɞˊŬȶɜɖ əŬɘ 

Ŭˊɚɏɠ űŬɘɜɧɚŮɠ ɛŮ ŰŬ ˊŬɟɎɔɤɔɎ Űɞɡɠ ɧˊɤɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ əŬɘ Űɡɟɞůɧɚɖ (ɄɑɜŬəŬɠ 6, Olmo-

Garc²a et al., 2018). 

 

ɄɑɜŬəŬɠ 6: Ƀɘ ɞɛɎŭŮɠ ŭŮɡŰŮɟɞɔŮɜɩɜ ɛŮŰŬɓɞɚɘŰɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ŮɚɘɎ (Olea europaea L.) ɛŮ ˊŬɟŬŭŮɑɔɛŬŰŬ 

əŬɘ Űɖɜ əŬŰɖɔɞɟɑŬ ŮɜɩůŮɤɜ ˊɞɡ ŬɜɐəŮɘ Űɞ əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ (Olmo-Garc²a et al., 2018). 

ɉɖɛɘəɐ ɃɘəɞɔɏɜŮɘŬ ȾŬŰɖɔɞɟɑŬ ŮɜɩůŮɤɜ ɄŬɟŬŭŮɑɔɛŬŰŬ 

ɃɟɔŬɜɘəɎ ɞɝɏŬ - Ⱦɘɜɘəɧ ɞɝɨ 

ūŬɘɜɞɚɘəɎ ɞɝɏŬ əŬɘ 

ŬɚŭŮɒŭŮɠ 

ȾɘɜɜŬɛɘəɎ ɞɝɏŬ 
ȾŬűŮɥəɧ, ˊ-ȾɞɡɛŬɟɘəɧ, ūŬɘɟɞɡɚɘəɧ, 

ɆɘɜŬˊɘəɧ əŬɘ t-ȾɘɜɜŬɛɘəɧ ɞɝɨ 

ȸŮɜɕɞɥəɎ ɞɝɏŬ 
ũŬɚɚɘəɧ, ɄɟɤŰɞəŬŰŮɢɘəɧ, ũŮɜŰɘůɘəɧ ɞɝɨ 

ə.Ŭ. 

- ȸŬɜɘɚɑɜɖ 

- ȺɡŭŮůɛɘəɧ ɞɝɨ 

- ȸŮɟɛˊŬůəɞůɑŭɖ 

ȾɞɡɛŬɟɑɜŮɠ - ȺůəɞɡɚŮŰɑɜɖ, Ɇəɞɚɑɜɖ 

ūɚŬɓɞɜɞŮɘŭɐ 

ūɚŬɓŬɜɧɜŮɠ ɁŬɟɘɔəŮɜɑɜɖ 

ūɚŬɓŬɜɧɚŮɠ ɔŬɚŬəŰɞəɑɜɖ 

űɚŬɓɞɜɧɚŮɠ ȾŮɟəŮŰɑɜɖ 

ɇɟɘŰŮɟˊɏɜɘŬ 
ɇɟɘŰŮɟˊŮɜɘəɎ ɞɝɏŬ 

ɀŬůɚɘɜɘəɧ, ȸŮŰɞɡɚɘɜɘəɧ, ɃɚŬɘɜɞɚɘəɧ  

ɞɝɨ 

ɇɟɘŰŮɟˊŮɜɘəɏɠ ŬɚəɞɧɚŮɠ Ⱥɟɡɗɟɞŭɘɧɚɖ, Uvaol  

ɇɞəɞűŮɟɧɚŮɠ ȳɚŮɠ ɞɘ ɛɞɟűɏɠ Űɖɠ Ŭ-, ɓ-, ɔ-, ŭ- 

ɆŰŮɟɧɚŮɠ - 
ɆŰɘɔɛɞůŰŮɟɧɚɖ, əŬɛˊŮůŰŮɟɧɚɖ, ɓ-

ůɘŰɞůŰŮɟɧɚɖ 

ɆŮəɞɥɟɘŭɞŮɘŭɐ - ȺɚŮɡɟɞˊŬȶɜɖ 
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ɉɖɛɘəɐ ɃɘəɞɔɏɜŮɘŬ ȾŬŰɖɔɞɟɑŬ ŮɜɩůŮɤɜ ɄŬɟŬŭŮɑɔɛŬŰŬ 

ȷˊɚɏɠ ūŬɘɜɧɚŮɠ - ɈŭɟɞɝɡŰɡɟɞůɧɚɖ, ɇɡɟɞůɧɚɖ 

 

1.3 ȼ ɄŮɟɑˊŰɤůɖ Űɖɠ ɈŭɟɞɝɡŰɡɟɞůɧɚɖɠ 

ȼ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ (3,4 Dihydroxyphenylethanol) ɛŮ ɢɖɛɘəɧ Űɨˊɞ C8H10O3 ŮɑɜŬɘ ɛɘŬ űɡŰɘəɐ 

ɢɖɛɘəɐ ɏɜɤůɖ űŬɘɜɞɚɘəɐɠ űɨůŮɤɠ ˊɞɡ ŬɜɐəŮɘ ůŰɘɠ Ŭˊɚɏɠ űŬɘɜɧɚŮɠ. ūɏɟŮɘ ɏɜŬɜ ŬɟɤɛŬŰɘəɧ 

ŭŬəŰɨɚɘɞ ůŰɞɜ ɞˊɞɑɞ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ ŭɨɞ ɡŭɟɞɝɨɚɘŬ əŬɘ ɛɘŬ ɔɏűɡɟŬ ŭɨɞ ŬŰɧɛɤɜ ɎɜɗɟŬəŬ 

ɧˊɞɡ Űɞ ɏɜŬ ůɡɜŭɏŮŰŬɘ ɛŮ ɏɜŬ ɡŭɟɞɝɨɚɘɞ (ȺɘəɧɜŬ 7, National Center for Biotechnology 

Information, 2021) 

 

ȺɘəɧɜŬ 7: ȼ ŭɞɛɐ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ (National Center for Biotechnology Information, 2021) 

 

ȼ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ ɓɟɑůəŮŰŬɘ ůŰŬ űɨɚɚŬ Űɖɠ ŮɚɘɎɠ, ůŰɞɡɠ əŬɟˊɞɨɠ Űɖɠ əŬɗɩɠ əŬɘ ůŰŬ 

ŬˊɧɓɚɖŰŬ Űɤɜ ŮɚŬɘɞŰɟɘɓŮɑɤɜ. ȺɑɜŬɘ ɔɜɤůŰɐ ɔɘŬ Űɘɠ ŮɡŮɟɔŮŰɘəɏɠ, ɔɘŬ Űɖɜ ɡɔŮɑŬ Űɞɡ Ŭɜɗɟɩˊɞɡ, 

ɘŭɘɧŰɖŰŮɠ əŬɘ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ Űɖɠ ɘəŬɜɧŰɖŰŬ. ȹŮůɛŮɨɞɜŰŬɠ Űɘɠ ŮɚŮɨɗŮɟŮɠ 

ɟɑɕŮɠ ɖ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ ŬˊɞəŰɎ Űɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ɘəŬɜɧŰɖŰŬ, ůɡɜŮˊɩɠ ɛŮɘɩɜŮɘ əŬɘ Űɖɜ 

ɞɝŮɑŭɤůɖ Űɤɜ ɚɘˊɞˊɟɤŰŮɥɜɩɜ ɢŬɛɖɚɐɠ ˊɡəɜɧŰɖŰŬɠ ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ 

Ŭɗɖɟɞůəɚɐɟɤůɖɠ əŬɘ ůŰŮűŬɜɘŬɑŬɠ ɜɧůɞɡ (Trantas et al., 2019, Fernandez-Bola¶os et al., 

2012). ɆŰɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ Űɖɠ ɘəŬɜɧŰɖŰŬ ɞűŮɑɚɞɜŰŬɘ əŬɘ ɞɘ ŬɜŰɘəŬɟəɘɜɘəɏɠ Űɖɠ ɘŭɘɧŰɖŰŮɠ 

əŬɗɩɠ ɛŮɘɩɜŮɘ Űɖɜ űɗɞɟɎ Űɞɡ DNA əŬɘ Űɖɜ ɡˊŮɟɞɝŮɑŭɤůɖ Űɤɜ ɚɘˊɘŭɑɤɜ. ɆɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ 

Ůˊɘɟɟɞɐ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ əŬɘ ůŰɖɜ ůɡɜŰɐɟɖůɖ Űɤɜ əɞəɎɚɤɜ ˊɟɎɔɛŬ 

ˊɞɡ Űɖɜ əŬɗɘůŰɎ ˊɘɗŬɜɐ ɞɡůɑŬ ɔɘŬ Űɖɜ əŬŰŬˊɞɚɏɛɖůɖ Űɤɜ ůɡɛˊŰɤɛɎŰɤɜ Űɖɠ ɞůŰŮɞˊɧɟɤůɖɠ 

(Fernandez-Bola¶os et al., 2012). 
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Ȱɢɞɡɜ ŮɚŮɔɢɗŮɑ ŮɟɔŬůŰɖɟɘŬəɎ əŬɘ ɎɚɚŮɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ɧˊɤɠ ɖ 

ŬɜŰɘɛɘəɟɞɓɘŬəɐ Űɖɠ ɘəŬɜɧŰɖŰŬ ɧˊɞɡ ɏŭŮɘɝŮ ɜŬ ɏɢŮɘ ɛɡəɞˊɚŬůɛŬŰɘəɐ ŭɟɎůɖ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ŬɜŰɘɛɘəɟɞɓɘŬəɧ űɎɟɛŬəɞ əŬŰɎ ɓŬəŰɖɟɑɤɜ əŬɘ Ɏɚɚɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ 

ˊɞɡ ˊɟɞůɓɎɚɞɡɜ Űɞɜ Ɏɜɗɟɤˊɞ. ɄŬɟɞɡůɘɎɕŮɘ əŬɘ ŬɜŰɘűɚŮɔɛɞɜɩŭɖ ŭɟɎůɖ əŬɗɩɠ ŬɜŬůŰɏɚɚŮɘ 

ŭɘɎűɞɟŮɠ ɚŮɘŰɞɡɟɔŮɑŮɠ ˊɞɡ ůɡɛɓɎɚɞɡɜ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ űɚŮɔɛɞɜɩɜ, ɗɟɞɛɓɩůŮɤɜ ə.Ŭ.. 

ȺɜŭɘŬűɏɟɞɜ ɧɛɤɠ ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ɖ ŬɜŰɘɘəɐ ɘŭɘɧŰɖŰŬ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ, ɖ ɞˊɞɑŬ ɏɢŮɘ 

ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ ŬɜŬůŰɞɚɏŬɠ Űɞɡ ɘɞɨ HIV-1 Ŭűɞɨ ŮɛˊɞŭɑɕŮɘ Űɖɜ Ůɑůɞŭɧ Űɞɡ ůŰɞ əɨŰŰŬɟɞ 

(Fernandez-Bola¶os et al., 2012).  

ɆŰɖɜ ŮɚɘɎ ɖ ˊɞůɧŰɖŰŬ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɐ ɔɘŬ ɜŬ 

ɛˊɞɟɏůɞɡɜ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɞɘ ˊŬɟŬˊɎɜɤ ɘŭɘɧŰɖŰɏɠ Űɖɠ, əŬɘ ŮˊɘˊɟɧůɗŮŰŬ ɖ ůɡɔəɏɜŰɟɤůɐ Űɖɠ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, Ŭˊɧ Űɖɜ ˊɞɘəɘɚɑŬ Űɖɠ ŮɚɘɎɠ əŬɘ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ 

ůɡɜɗɐəŮɠ ɛɏɢɟɘ Űɖɜ əŬɚɚɘŮɟɔɖŰɘəɐ ŰŮɢɜɘəɐ əŬɘ Űɖɜ ɛɏɗɞŭɞ Ŭˊɞɛɧɜɤůɖɠ ˊɞɡ ɗŬ ŮűŬɟɛɞůŰŮɑ. 

ũŮɜɘəɎ, ɖ Ŭˊɞɛɧɜɤůɖ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ Ŭˊɧ Űɖɜ ŮɚɘɎ, Űɞ ŮɚŬɘɧɚŬŭɞ ɐ Ŭˊɧ ŰŬ ŬˊɧɓɚɖŰŬ 

Űɤɜ ŮɚŬɘɞŰɟɘɓŮɑɤɜ ŬˊɞŰŮɚŮɑ ˊŮɟɑˊɚɞəɖ ŭɘŬŭɘəŬůɑŬ əŬɘ ɞɘəɞɜɞɛɘəɎ Ŭůɨɛűɞɟɖ ɔɘŬ ɓɘɞɛɖɢŬɜɘəɐ 

ˊŬɟŬɔɤɔɐ  (Trantas et al., 2019). 

 

1.4 ȸɘɞůɡɜɗŮŰɘəɧ ɀɞɜɞˊɎŰɘ Űɖɠ ɈŭɟɞɝɡŰɡɟɞůɧɚɖɠ 

ȼ ɢŬɛɖɚɐ ůɡɔəɏɜŰɟɤůɖ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ůŰɖɜ ŮɚɘɎ, ɖ Ů́ɟɑˊɚɞəɖ əŬɘ 

əɞůŰɞɓɧɟŬ ŭɘŬŭɘəŬůɑŬ Űɖɠ Ŭˊɞɛɧɜɤůɐɠ Űɖɠ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ŮɡŮɟɔŮŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ 

əŬŰɏɢŮɘ, əɘɜɞɨɜ Űɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ ɏɜŬɜ ɞɘəɞɜɞɛɘəɧŰŮɟɞ əŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɞ Űɟɧˊɞ ɤɠ ˊɟɞɠ Űɖɜ 

ůɡɔəɏɜŰɟɤůɖ əŬɘ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ ɢɟɧɜɞ ˊŬɟŬɔɤɔɐɠ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ ɛŮɗɧŭɞɡɠ 

ɛŮŰŬɓɞɚɘəɐɠ ɛɖɢŬɜɘəɐɠ ɧˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Űɟɞˊɞˊɞɘɐůɞɡɜ ɔŮɜŮŰɘəɎ ɏɜŬɜ ɛɘəɟɞɞɟɔŬɜɘůɛɧ, ɧˊɤɠ 

Űɞ Escherichia coli, ɩůŰŮ ɜŬ ˊŬɟɎɔŮɘ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ. 

ũɘŬ Űɖɜ ɓɘɞůɨɜɗŮůɐ Űɖɠ ɏɢŮɘ ˊɟɞŰŬɗŮɑ ɏɜŬ ɓɘɞůɡɜɗŮŰɘəɧ ɛɞɜɞˊɎŰɘ Űɞ ɞˊɞɑɞ ɝŮəɘɜɎŮɘ Ŭˊɧ 

ŰŬ ŬɛɘɜɞɝɏŬ Űɡɟɞůɑɜɖ ɐ DOPA əŬɘ əŬŰŬɚɐɔŮɘ ůŰɖɜ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ ɏˊŮɘŰŬ Ŭˊɧ ŭɘŬŭɞɢɘəɏɠ 

ɓɘɞɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ɡŭɟɞɝɡɚɑɤůɖɠ, ŬˊɞəŬɟɓɞɝɡɚɑɤůɖɠ, ŬˊŬɛɑɜɤůɖɠ əŬɘ ŬɜŬɔɤɔɐɠ 

(ȺɘəɧɜŬ 8). 
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ȺɘəɧɜŬ 8: ɇɞ ŭɘˊɚɧ ɛɞɜɞˊɎŰɘ ɓɘɞůɨɜɗŮůɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ Ŭˊɧ Űɖɜ Űɡɟɞůɑɜɖ ɐ Űɖɜ DOPA əŬɘ ŰŬ ɏɜɕɡɛŬ ˊɞɡ 

ůɡɛɛŮŰɏɢɞɡɜ RsTYR, Űɞ ɔɞɜɑŭɘɞ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ Ŭˊɧ Űɞ Ralstonia solanacearum ˊɞɡ ŮˊɘŰŮɚŮɑ ŬɜŰɑŭɟŬůɖ 

ɡŭɟɞɝɡɚɑɤůɖɠ. PcAAS, Űɞ ɔɞɜɑŭɘɞ Űɖɠ ůɡɜɗɎůɖɠ Űɤɜ ŬɟɤɛŬŰɘəɩɜ űŬɘɜɡɚŬəŮŰŬɚŭŮɦŭɤɜ Ŭˊɧ Űɞɜ ɛŬɥɜŰŬɜɧ 

(Petroselinum crispum) ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑ ŬɜŰɑŭɟŬůɖ ŬˊɞəŬɟɓɞɝɡɚɑɤůɖɠ əŬɘ ŬˊŬɛɑɜɤůɖɠ. ADH (ALR-K), 

ŬɜŬɔɤɔɎůɖ Űɖɠ ŬɚŭŮɒŭɖɠ ˊɞɡ ŮɑɜŬɘ ŮɜŭɞɔŮɜɏɠ ɔɞɜɑŭɘɞ Űɞɡ E. coli əŬɘ ŮˊɘŰŮɚŮɑ ŬɜŬɔɤɔɘəɐ ŬɜŰɑŭɟŬůɖ (Trantas et 

al., 2019). 

 

ũɘŬ Űɖɜ ŬɜŬůɨůŰŬůɖ Űɞɡ ɓɘɞůɡɜɗŮŰɘəɞɨ ɛɞɜɞˊŬŰɘɞɨ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ůŰɞ E. coli 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɨɞ ɔɞɜɑŭɘŬ ŰŬ ɞˊɞɑŬ əɚɤɜɞˊɞɘɐɗɖəŬɜ ůŮ ɏɜŬɜ ˊɚŬůɛɘŭɘŬəɧ űɞɟɏŬ (pRSF 

Duet, Trantas et al., 2019), Űɞ ɔɞɜɑŭɘɞ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ Ŭˊɧ Űɞ ɓŬəŰɐɟɘɞ Ralstonia 

solanacearum (R. solanacearum Tyrosinase, RsTYR) əŬɘ Űɞ ɔɞɜɑŭɘɞ Űɖɠ ůɡɜɗɎůɖɠ Űɤɜ 

ŬɟɤɛŬŰɘəɩɜ űŬɘɜɡɚŬəŮŰŬɚŭŮɦŭɤɜ Ŭˊɧ Űɞɜ ɛŬɥɜŰŬɜɧ (Petroselinum crispum, PcAAS), ůŰɞ 

ɛɞɜɞˊɎŰɘ ůɡɛɛŮŰɏɢŮɘ əŬɘ Űɞ ɔɞɜɑŭɘɞ Űɖɠ ŬɚŭŮɦŭɘəɐɠ ŬɜŬɔɤɔɎůɖɠ ADH (ɔɜɤůŰɧ əŬɘ ɤɠ ALR-K) 

Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŮɜŭɞɔŮɜɏɠ Űɞɡ E. coli. ȾŬɗɩɠ ŰŬ ɔɞɜɑŭɘŬ PcAAS əŬɘ RsTYR ŭɏɢɞɜŰŬɘ Űɞ əŬɗɏɜŬ 

Ŭˊɧ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ɡˊɞůŰɟɩɛŬŰŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ŭɘˊɚɧ ɛɞɜɞˊɎŰɘ ůŰɖɜ ɓɘɞůɨɜɗŮůɖ Űɖɠ 

ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ. ȼ ŰɡɟɞůɘɜɎůɖ ɛˊɞɟŮɑ ɜŬ ŭŮɢɗŮɑ Űɖɜ Űɡɟɞůɑɜɖ əŬɘ Űɖɜ Űɡɟɞůɧɚɖ, Ůɜɩ ɖ 

ůɡɜɗɎůɖ ɛˊɞɟŮɑ ɜŬ ŭŮɢɗŮɑ Űɖɜ Űɡɟɞůɑɜɖ əŬɘ Űɖɜ DOPA (ȺɘəɧɜŬ 8, Trantas et al., 2019). 

 

1.5 Ɇəɞɧ́ɠ Űɖɠ ɄŰɡɢɘŬəɐɠ ȺɟɔŬůɑŬɠ 

ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ ŬɡŰɞɨ Űɞɡ ŭɘˊɚɞɨ ɛɞɜɞˊŬŰɘɞɨ Űɞ ɔɞɜɑŭɘɞ PcAAS 

ŬɜŰɘəŬŰŬůŰɎɗɖəŮ Ŭˊɧ Űɞ ɔɞɜɑŭɘɞ Űɖɠ ɜŮűɟɘəɐɠ ŬˊɞəŬɟɓɞɝɡɚɎůɖɠ Űɖɠ DOPA Ŭˊɧ Űɞɜ ɢɞɑɟɞ 

(Sus scrofa DOPA decarboxylase, SsDDC) Űɞ ɞˊɞɑɞ ŭɏɢŮŰŬɘ ɤɠ ɡˊɧůŰɟɤɛŬ Űɖɜ DOPA əŬɘ 

əŬɗɧɚɞɡ Űɖɜ Űɡɟɞůɑɜɖ. ɆŰɞ ˊɟɩŰɞ ɓɐɛŬ Űɞɡ ɜɏɞɡ ɛɞɜɞˊŬŰɘɞɨ Űɞ RsTYR ɛŮ ŬɜŰɑŭɟŬůɖ 
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ɡŭɟɞɝɡɚɑɤůɖɠ ˊɟɞůɗɏŰŮɘ ɏɜŬ ɡŭɟɞɝɨɚɘɞ ůŰɖɜ meta ɗɏůɖ Űɞɡ ŬɟɤɛŬŰɘəɞɨ ŭŬəŰɡɚɑɞɡ Űɖɠ 

Űɡɟɞůɑɜɖɠ əŬɘ ɏŰůɘ ˊɟɞəɨˊŰŮɘ ɖ DOPA. ɆŰɞ ŮˊɧɛŮɜɞ ɓɐɛŬ Űɞ SsDDC ŭɏɢŮŰŬɘ ɤɠ ɡˊɧůŰɟɤɛŬ 

Űɖɜ DOPA əŬɘ ɏɢɞɜŰŬɠ ŭɘˊɚɐ ŭɟɎůɖ ŮˊɘŰŮɚŮɑ ŬɜŰɑŭɟŬůɖ ŬˊɞəŬɟɓɞɝɡɚɑɤůɖɠ əŬɘ ŬˊŬɛɑɜɤůɖɠ 

(Bertoldi et al., 2002), ŬˊɞɛŬəɟɨɜŮɘ ŭɖɚŬŭɐ Űɖɜ əŬɟɓɞɝɡɚɞɛɎŭŬ əŬɘ Űɖɜ ŬɛɘɜɞɛɎŭŬ Ŭˊɧ Űɖɜ 

DOPA ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊŬɟɎɔŮɘ Űɖɜ ŬɚŭŮɒŭɖ Űɖɠ DOPA, DHPAA (3,4 ȹɘɡŭɟɞɝɡűŬɘɜɡɚɞ 

ŬəŮŰŬɚŭŮɒŭɖ). ɆŰɞ ŰŮɚɘəɧ ɓɐɛŬ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ Űɞ ŮɜŭɞɔŮɜɏɠ ɔɞɜɑŭɘɞ ADH ɛŮ ŬɜŬɔɤɔɘəɐ 

ŬɜŰɑŭɟŬůɖ ˊŬɟɎɔŮɘ Űɖɜ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ (HT, ȺɘəɧɜŬ 9). 

 

 

ȺɘəɧɜŬ 9: ɇɞ ɛɞɜɞˊɎŰɘ  ɓɘɞůɨɜɗŮůɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ Ŭˊɧ Űɖɜ Űɡɟɞůɑɜɖ ɐ Űɖɜ Dopa əŬɘ ŰŬ ɏɜɕɡɛŬ ɛŮ Űɖɠ 

ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ŮˊɘŰŮɚɞɨɜ. RsTYR, Űɞ ɔɞɜɑŭɘɞ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ Ŭˊɧ Űɞ Ralstonia solanacearum ˊɞɡ ŮˊɘŰŮɚŮɑ 

ŬɜŰɑŭɟŬůɖ ɡŭɟɞɝɡɚɑɤůɖɠ. SsDDC, Űɞ ɔɞɜɑŭɘɞ Űɖɠ ŬˊɞəŬɟɓɞɝɡɚɎůɖɠ Űɖɠ DOPA Ŭˊɧ Űɞɜ ɢɞɑɟɞ (Sus scrofa) ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑ ŬɜŰɑŭɟŬůɖ ŬˊɞəŬɟɓɞɝɡɚɑɤůɖɠ əŬɘ ŬˊŬɛɑɜɤůɖɠ. ADH (ALR-K), ŬɜŬɔɤɔɎůɖ Űɖɠ ŬɚŭŮɒŭɖɠ ˊɞɡ 

ŮɑɜŬɘ ŮɜŭɞɔŮɜɏɠ ɔɞɜɑŭɘɞ Űɞɡ E. coli əŬɘ ŮˊɘŰŮɚŮɑ ŬɜŬɔɤɔɘəɐ ŬɜŰɑŭɟŬůɖ.  

 

Ƀ ůəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ŬɟɢɘəɎ ɖ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ 

ɔɞɜɘŭɑɞɡ AAS Űɞɡ ɛŬɥɜŰŬɜɞɨ Ŭˊɧ Űɞ ɔɞɜɑŭɘɞ DDC Űɞɡ ɢɞɑɟɞɡ ůŰɞ ˊɟɞŰŮɘɜɧɛŮɜɞ ɓɘɞůɡɜɗŮŰɘəɧ 

ɛɞɜɞˊɎŰɘ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ɛŮ ůŰɧɢɞ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɛɞɜɞɨ ɛɞɜɞˊŬŰɘɞɨ ˊɞɡ ɝŮəɘɜɎŮɘ 

Ŭˊɧ Űɖɜ DOPA (ȺɘəɧɜŬ 9) əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɞ ɏɚŮɔɢɞɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ Űɖɠ ˊɟɤŰŮȶɜɖɠ ůŮ 

əɨŰŰŬɟŬ E. coli. ȾŬɗɩɠ Űɞ ɔɞɜɑŭɘɞ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɘɠ ɗɏůŮɘɠ ŬɜŬɔɜɩɟɘůɖɠ 

Űɤɜ Ůɜɕɨɛɤɜ NdeI əŬɘ SlaI, ɔɘŬ Űɖɜ ɡˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ SsDDC ůŰɞ ˊɚŬůɛɑŭɘɞ ɏəűɟŬůɖɠ 

pRSF əŬɘ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ ɏəűɟŬůɖ Űɞɡ ɔɞɜɘŭɑɞɡ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ, ɧˊɤɠ ŬˊŬɘŰŮɑ ɖ ůŰɟŬŰɖɔɘəɐ 

ˊŬɟŬɔɤɔɐɠ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ, ɏˊɟŮˊŮ ɜŬ ŬˊŮɜŮɟɔɞˊɞɘɖɗŮɑ ɛɘŬ ŮůɤŰŮɟɘəɐ ɗɏůɖ 

ŬɜŬɔɜɩɟɘůɖɠ Ŭˊɧ Űɞ ˊŮɟɘɞɟɘůŰɘəɧ ɏɜɕɡɛɞ NdeI. ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ ůŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ 

ŮűŬɟɛɧůŰɖəŮ ɖ ɛɏɗɞŭɞɠ Splicing by Overlap Extension ï Polymerase Chain Reaction (SOE-

PCR). ȼ ɏəűɟŬůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŮ əɨŰŰŬɟŬ E. coli, ɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɖɠ ˊɟɤŰŮȶɜɖɠ 
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əŬɗɩɠ əŬɘ ɖ ŮɝŮɘŭɑəŮɡůɖ Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ ŮɚɏɔɢɗɖəŬɜ ɛŮ in vitro ˊŮɘɟɎɛŬŰŬ ɛŮ ɡˊɧůŰɟɤɛŬ 

Űɖɜ Űɡɟɞůɑɜɖ ɐ DOPA əŬɘ ŬɜɎɚɡůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ůŰɞ ůɨůŰɖɛŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ 

(Capillary Electrophoresis, CE).
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2.1 ũɞɜɑŭɘŬ 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ Űɟɞˊɞˊɞɘɖɛɏɜɞ ɔɞɜɑŭɘɞ Űɖɠ ɜŮűɟɘəɐɠ ŬˊɞəŬɟɓɞɝɡɚɎůɖɠ Űɖɠ DOPA 

(SsDDC) Ŭˊɧ Űɞɜ ɢɞɑɟɞ (Sus scrofa), Űɞ ɞˊɞɑɞ ˊŬɟŬɢɤɟɐɗɖəŮ Ŭˊɧ Űɖɜ əŬɗɖɔɐŰɟɘŬ Mariarita 

Bertoldi. ȼ Űɟɞˊɞˊɞɑɖůɖ ŬɡŰɐ ŬɜŬűɏɟŮŰŬɘ ůŮ ŬɚɚŬɔɐ Űɖɠ Űɡɟɞůɑɜɖɠ 332 ůŮ űŬɘɜɡɚŬɚŬɜɑɜɖ 

ŭɑɜɞɜŰɎɠ Űɞɡ Űɖɜ ɘŭɘŬɘŰŮɟɧŰɖŰŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑ ŰŬɡŰɧɢɟɞɜɖ ŬˊŬɛɑɜɤůɖ əŬɘ 

ŬˊɞəŬɟɓɞɝɡɚɑɤůɖ ůŰɖɜ DOPA. ȷˊɞŰɏɚŮůɛŬ Űɖɠ Űɟɞˊɞˊɞɑɖůɖɠ ŬɡŰɐɠ ŮɑɜŬɘ ɜŬ ˊŬɟɎɔŮɘ Űɖɜ 

ŬɚŭŮɒŭɖ Űɖɠ DOPA ŬɜŰɑ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ Ŭɛɑɜɖɠ ˊɞɡ ˊŬɟɎɔɞɡɜ ɞɘ əɚŬůɘəɏɠ ŬˊɞəŬɟɓɞɝɡɚɎůŮɠ 

(Bertoldi et al., 2002). ũɘŬ Űɖɜ ŬɜŬůɨůŰŬůɖ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ ɓɘɞɢɖɛɘəɞɨ ɛɞɜɞˊŬŰɘɞɨ ɛŮ 

ɡˊɧůŰɟɤɛŬ Űɖɜ Űɡɟɞůɑɜɖ ɢɟŮɘɎůŰɖəŮ ɜŬ ŮɘůŬɢɗŮɑ ůŰɞɜ űɞɟɏŬ əŬɘ Űɞ ɔɞɜɑŭɘɞ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ 

(RsTYR) Ŭˊɧ Űɞ Ralstonia solanacearum. ɇɞ ɔɞɜɑŭɘɞ ŬɡŰɧ ŬˊɞɛɞɜɩɗɖəŮ Ŭˊɧ Űɞ ˊɚŬůɛɑŭɘɞ 

pRSF-RsTYR11 Űɞ ɞˊɞɑɞ ŮɑɢŮ ɐŭɖ əŬŰŬůəŮɡŬůŰŮɑ. ɆɡɜŭɡŬůŰɘəɎ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ 
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ɞɚɞəɚɖɟɤɛɏɜɖ ŬɜŬůɨůŰŬůɖ Űɞɡ ɓɘɞɢɖɛɘəɞɨ ɛɞɜɞˊŬŰɘɞɨ ɢɟŮɘɎůŰɖəŮ ɜŬ ŮɘůŬɢɗɞɨɜ ůŰɞɡɠ 

űɞɟŮɑɠ pRSF əŬɘ pCDF ŰŬ ɔɞɜɑŭɘŬ SsDDC əŬɘ RsTYR. 

 

2.2 ŪɟŮˊŰɘəɧ ɛɏůɞ ŬɜɎˊŰɡɝɖɠ E. coli 

ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɓŬəŰɖɟɘŬəɐɠ əŬɚɚɘɏɟɔŮɘŬɠ Escherichia coli ɏɜŬ əŬŰɎɚɚɖɚɞ ɗɟŮˊŰɘəɧ ɛɏůɞ 

ŮɑɜŬɘ Űɞ Lysogenic Broth (LB medium). ȼ ůɨůŰŬůɐ Űɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ 1% ŰɟɡˊŰɧɜɖ, 0,5% 

ɛɘəɡɚɚɘŬəɧ ŮəɢɨɚɘůɛŬ əŬɘ 1% NaCl, ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ ůŰŮɟŮɞɨ ɗɟŮˊŰɘəɞɨ ɡˊɞůŰɟɩɛŬŰɞɠ 

ˊɟɞůŰɏɗɖəŮ ɎɔŬɟ 1,5% Ůɜɩ Űɞ pH Űɞɡ ɟɡɗɛɑůŰɖəŮ ůŰɞ 7 əŬɘ ůŰɘɠ 2 ˊŮɟɘˊŰɩůŮɘɠ. ȼ 

ŬˊɞůŰŮɑɟɤůɐ Űɞɡ ɏɔɘɜŮ ůŰɞɡɠ 121ɞC ɔɘŬ 20min (Bertani, 1951). 

 

2.3 ɆŰɏɚŮɢɞɠ E. coli əŬɘ ˊɚŬůɛɘŭɘŬəɞɑ űɞɟŮɑɠ 

ɆŰɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ əɚɤɜɞˊɞɑɖůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɓŬəŰɖɟɘŬəɧ ůŰɏɚŮɢɞɠ DH10B str. K-

12 Űɞɡ Escherichia coli ɛŮ ɔŮɜɧŰɡˊɞ Fï ȹ(ara-leu)7697[ȹ(rapA'-cra' )] ȹ(lac)X74[ȹ('yahH-

mhpE)] duplication(514341-627601)[nmpC-gltI] galK16 galE15 e14ï (icdWT mcrA) 

ű80dlacZȹM15 recA1 relA1 endA1 Tn10.10 nupG rpsL150(StrR) rph+ spoT1 ȹ(mrr-hsdRMS-

mcrBC) ɚï Missense(dnaA glmS glyQ lpxK mreC murA) Nonsense(chiA gatZ fhuA? yigA ygcG) 

Frameshift(flhC mglA fruB). Ⱥɜɩ ůŰɖɜ ˊɟɤŰŮɥɜɘəɐ ɏəűɟŬůɖ Űɞ ůŰɏɚŮɢɞɠ BL21(DE3) ɛŮ 

ɔŮɜɧŰɡˊɞ Fï ompT gal dcm lon hsdSB(rB
 mB

ï) ɚ(DE3 [lacI lacUV5-T7p07 ind1 sam7 nin5]) 

[malB+]K-12(ɚ
S)  (OpenWetWare, 2010). 

Ƀ ɏɜŬɠ Ŭˊɧ Űɞɡɠ ˊɚŬůɛɘŭɘŬəɞɨɠ űɞɟŮɑɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ Űɖɜ əɚɤɜɞˊɞɑɖůɖ  ɐŰŬɜ ɞ 

pRSF duet-1. ȰɢŮɘ ɛɏɔŮɗɞɠ 3829bp, űɏɟŮɘ Űɞ ɔɞɜɑŭɘɞ ŬɜɗŮəŰɘəɧŰɖŰŬɠ ůŰɖɜ əŬɜŬɛɘəɑɜɖ, 

ˊɚɖɗɩɟŬ ɗɏůŮɤɜ ŬɜŬɔɜɩɟɘůɖɠ ˊŮɟɘɞɟɘůŰɘəɩɜ Ůɜɕɨɛɤɜ əŬɘ ŭɨɞ ɗɏůŮɘɠ ŮɘůŬɔɤɔɐɠ ɔɞɜɘŭɑɤɜ ɔɘŬ 

ɏəűɟŬůɖ. Ⱥˊɑůɖɠ ˊŮɟɘɏɢŮɘ Űɞ ɔɞɜɑŭɘɞ ɔɘŬ Űɖɜ ůɨɜɗŮůɖ Űɞɡ əŬŰŬůŰɞɚɏŬ lacI əŬɘ Űɖɜ RSF ɏɜŬɟɝɖ 

ŬɜŰɘɔɟŬűɐɠ (ori) 1030 ɧˊɞɡ ŮˊɘŰɟɏˊŮɘ ůŰɞ ˊɚŬůɛɑŭɘɞ ɜŬ ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɛɏůŬ ůŰɞ əɨŰŰŬɟɞ 

əɘ Ŭɠ ɡˊɎɟɢɞɡɜ ɎɚɚŬ ˊɚŬůɛɑŭɘŬ ŬɟəŮɑ ɜŬ ɏɢɞɡɜ ůɡɛɓŬŰɏɠ Ŭɟɢɏɠ ŬɜŰɘɔɟŬűɐɠ. Ʉɟɘɜ Ŭˊɧ əɎɗŮ 

ɗɏůɖ ŮɘůŬɔɤɔɐɠ ɔɞɜɘŭɑɞɡ ˊɟɞɖɔŮɑŰŬɘ ɖ ˊŮɟɘɞɢɐ Űɞɡ ɡˊɞəɘɜɖŰɐ ɔɘŬ Űɖɜ T7 RNA ˊɞɚɡɛŮɟɎůɖ 

Ŭˊɧ Űɞɜ ɓŬəŰɖɟɘɞűɎɔɞ T7. ȷəɞɚɞɡɗŮɑ ɖ ɗɏůɖ Űɞɡ ɢŮɘɟɘůŰɐ lac ɧˊɞɡ ɗŬ ˊɟɞůŭŮɗŮɑ ɞ 

əŬŰŬůŰɞɚɏŬɠ lacI ɔɘŬ Űɖɜ ŬˊɞŰɟɞˊɐ ɏəűɟŬůɖ Űɤɜ ɔɞɜɘŭɑɤɜ, əŬɘ ɖ ˊŮɟɘɞɢɐ ˊɟɧůŭŮůɖɠ Űɞɡ 

ɟɘɓɞůɩɛŬŰɞɠ. ȼ ŭŮɨŰŮɟɖ ɗɏůɖ ŮɘůŬɔɤɔɐɠ ɔɞɜɘŭɑɞɡ əŬŰŬɚɐɔŮɘ ůŰɞ əɤŭɘəɧɜɘɞ ɚɐɝɖɠ ɔɘŬ Űɖɜ ɇ7 

ˊɞɚɡɛŮɟɎůɖ (ȺɘəɧɜŬ 10). 
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 ȺɘəɧɜŬ 10: pRSF Duet-1 ɢɎɟŰɖɠ (www.helmholtz-muenchen.de). 

 

ȯɚɚɞɠ ˊɚŬůɛɘŭɘŬəɧɠ űɞɟɏŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ Űɞ pCDF Duet-1. ȰɢŮɘ ɛɏɔŮɗɞɠ 

3781bp, űɏɟŮɘ Űɞ ɔɞɜɑŭɘɞ ŬɜɗŮəŰɘəɧŰɖŰŬɠ ůŰɖɜ ůˊŮəŰɘɜɞɛɡəɑɜɖ əŬɘ Űɖɜ ůŰɟŮˊŰɞɛɡəɑɜɖ əŬɘ ɔɘŬ 

Ŭɟɢɐ ŬɜŰɘɔɟŬűɐɠ ɏɢŮɘ Űɖɜ CloDF13 (CDF). ɆŰŬ ɡˊɧɚɞɘˊŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŭŮɜ ŭɘŬűɏɟŮɘ 

ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɞɜ pRSF Duet-1 əŬɗɩɠ əŬɘ ŬɡŰɧɠ űɏɟŮɘ ŭɨɞ ɗɏůŮɘɠ ŮɘůŬɔɤɔɐɠ ɔɞɜɘŭɑɤɜ ɧˊɞɡ 

ɞ ɏɚŮɔɢɞɠ Űɘɠ ɏəűɟŬůɐɠ Űɞɡɠ ɔɑɜŮŰŮ ɛŮ Űɞɜ lacI əŬŰŬůŰɞɚɏŬ (ȺɘəɧɜŬ 11). ɇɞ ɔɞɜɑŭɘɞ lacI 

ˊŬɟɎɔŮɘ Űɞɜ lacI əŬŰŬůŰɞɚɏŬ ɞ ɞˊɞɑɞɠ ˊɟɞůŭɏɜŮŰŬɘ ůŰɖɜ ɗɏůɖ Űɞɡ ɢŮɘɟɘůŰɐ (lac operator, 

ȺɘəɧɜŬ 10, ȺɘəɧɜŬ 11, ȺɘəɧɜŬ 12) ůŰɞɜ ɞˊɞɑɞ ˊɟɞɖɔŮɑŰŬɘ ɞ ɡˊɞəɘɜɖŰɐɠ ɔɘŬ Űɖɜ T7 RNA 

ˊɞɚɡɛŮɟɎůɖ. ȳŰŬɜ ɞ lacI əŬŰŬůŰɞɚɏŬɠ ˊɟɞůŭŮɗŮɑ ůŰɞɜ ɢŮɘɟɘůŰɐ ˊŬɟŮɛˊɞŭɑɕŮŰŬɘ ɖ ɛŮŰŬɔɟŬűɐ 

Ŭˊɧ Űɖɜ T7 RNA ˊɞɚɡɛŮɟɎůɖ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ɔɑɜŮŰŮ ɖ ɏəűɟŬůɖ Űɤɜ ɔɞɜɘŭɑɤɜ. ũɘŬ Űɖɜ 

ɏəűɟŬůɖ ɚɞɘˊɧɜ Űɤɜ ɔɞɜɘŭɑɤɜ ŬˊŬɘŰŮɑŰŬɘ ɖ ˊŬɟɞɡůɑŬ Ůɜɧɠ ŮˊŬɔɤɔɏŬ ɞ ɞˊɞɑɞɠ ŬɜŰɘŭɟɎ ɛŮ Űɞɜ 

lacI əŬŰŬůŰɞɚɏŬ, Űɞɡ ŬɚɚɎɕŮɘ Űɖɜ ŰɟɘůŭɘɎůŰŬŰɖ ŭɞɛɐ əŬɘ Űɞɜ ŬˊɞŰɟɏˊŮɘ ɜŬ ˊɟɞůŭŮɗŮɑ ůŰɖɜ 

ɗɏůɖ Űɞɡ ɢŮɘɟɘůŰɐ. Ƀ űɡůɘəɧɠ ŮˊŬɔɤɔɏŬɠ Űɞɡ ɓŬəŰɖɟɑɞɡ (Ⱥ. coli) ŮɑɜŬɘ Űɞ ɛɧɟɘɞ Űɖɠ ɚŬəŰɧɕɖɠ. 

ɆŮ ŬɡŰɧ Űɞ ˊŮɑɟŬɛŬ ɔɘŬ Űɖɜ ŮˊŬɔɤɔɐ Űɖɠ ɏəűɟŬůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ ŮˊŬɔɤɔɏŬɠ Űɞ IPTG 

(Isopropyl ɓ-d-1-thiogalactopyranoside) ɞ ɞˊɞɑɞɠ ɏɢŮɘ Űɖɜ ɑŭɘŬ ŮˊɑŭɟŬůɖ ˊɞɡ ɏɢŮɘ ɖ ɚŬəŰɧɕɖ 

ůŰɞɜ ɢŮɘɟɘůŰɐ. 
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ȺɘəɧɜŬ 11: pCDF Duet-1 ɢɎɟŰɖɠ. (www.helmholtz-muenchen.de). 

 

 

ȺɘəɧɜŬ 12:ɇɞ űɡůɘəɧ ɞˊŮɟɧɜɘɞ Űɖɠ ɚŬəŰɧɕɖɠ ɛŮ (a) əŬŰŬůŰɞɚɐ ɏəűɟŬůɖɠ əŬɘ (b) ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ 

ˊŬɟɞɡůɑŬ ɚŬəŰɧɕɖɠ (www.biologicscorp.com). 

 

http://www.helmholtz-muenchen.de/
http://www.biologicscorp.com/
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2.3.1 PCR 

ȼ ŬɚɡůɘŭɤŰɐ ŬɜŰɑŭɟŬůɖ ˊɞɚɡɛŮɟɎůɖɠ (PCR) ŬɜŬˊŰɨɢɗɖəŮ Űɞ 1984 Ŭˊɧ Űɞ ȷɛŮɟɘəŬɜɧ 

ɓɘɞɢɖɛɘəɧ Kary Mullis. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ŮˊŬɜŬůŰŬŰɘəɐ ɛɏɗɞŭɞ ɛŮ ˊɚɏɞɜ ŮɡɟŮɑŬ ɢɟɐůɖ ůŰɖɜ 

ɓɘɞŰŮɢɜɞɚɞɔɑŬ əŬɘ Űɖɜ ɛɞɟɘŬəɐ ɓɘɞɚɞɔɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɛɘŬ ŬɚɚɖɚɞɡɢɑŬ ɜɞɡəɚŮɞŰɘŭɑɤɜ ɛˊɞɟŮɑ 

ɜŬ ŬɜŬɔɜɤɟɘůŰŮɑ ŬəɧɛŬ əŬɘ ɛɏůŬ Ŭˊɧ ˊɞɚɚɎ ɛɧɟɘŬ DNA əŬɘ ɜŬ ˊɞɚɚŬˊɚŬůɘŬůŰŮɑ Ŭˊɧ ɛŮɟɘəɏɠ 

ɢɘɚɘɎŭŮɠ ůŮ ŮəŬŰɞɛɛɨɟɘŬ ɛɏůŬ ůŮ ɚɑɔŮɠ ɩɟŮɠ. ũɘŬ Űɖɜ ɛɏɗɞŭɞ ŬɡŰɐ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɖ ɢɟɐůɖ 

ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɐ Ɏɚɚɤɜ əɡŰŰɎɟɤɜ ɔɘŬ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɞɡ DNA.  

ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Ůɜɧɠ Ůɜɕɨɛɞɡ ˊɞɡ ŬˊɞɛɞɜɩɗɖəŮ Ŭˊɧ Űɞ ɓŬəŰɐɟɘɞ 

Thermus aquaticus ɧˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŮ ɜŮɟɎ ɗŮɟɛɞˊɖɔɩɜ ɛŮ ɗŮɟɛɞəɟŬůɑŬ ɏɤɠ əŬɘ 110oC. 

ɇɞ ɏɜɕɡɛɞ ŬɡŰɧ ŮɑɜŬɘ ɖ ɗŮɟɛɞɎɜŰɞɢɖ Taq DNA ˊɞɚɡɛŮɟɎůɖ ɧˊɞɡ ɟɧɚɞ ɏɢŮɘ ɜŬ ŬɜŰɘɔɟɎűŮɘ 

ŬɚɚɖɚɞɡɢɑŮɠ DNA Ŭˊɧ ɏɜŬ ɛɞɜɧəɚɤɜɞ ɛɧɟɘɞ ɧŰŬɜ ůŮ ŬɡŰɏɠ ɡˊɎɟɢŮɘ ɛɘŬ ɛɘəɟɐ ˊŮɟɘɞɢɐ  

ŭɑəɚɤɜɞɡ (Joshi & Deshpande 2010). ȷ́ŬɟŬɑŰɖŰɖ ɚɞɘˊɧɜ ŮɑɜŬɘ ɖ ɢɟɐůɖ ɞɚɘɔɞɜɞɡəɚŮɞŰɘŭɑɤɜ 

ůɡɛˊɚɖɟɤɛŬŰɘəɩɜ ůŰŬ 3ȭ ɎəɟŬ Űɤɜ ŭɨɞ əɚɩɜɤɜ Űɞɡ ˊɟɞɠ əɚɤɜɞˊɞɑɖůɖ DNA, ˊɞɡ ŮɑɜŬɘ ɞɘ 

ŰŮɢɜɖŰɎ əŬŰŬůəŮˊŬɕɧɛŮɜɞɘ ŮəəɘɜɖŰɏɠ əŬɘ ɢɎɟɖɠ ŬɡŰɞɨɠ ɝŮəɘɜɎŮɘ Űɖɜ ŬɜŰɘɔɟŬűɐ ɖ DNA 

ˊɞɚɡɛŮɟɎůɖ (Nelson D., Cox M., Lehninger ȸŬůɘəɏɠ Ŭɟɢɏɠ ȸɘɞɢɖɛŮɑŬɠ, 2007). ɇŬ ˊŬɟŬˊɎɜɤ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɛŮ ɛɘŬ ůŮɘɟɎ Űɟɘɩɜ ɓŬůɘəɩɜ ɓɖɛɎŰɤɜ ˊɞɡ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ůŮ ɢɟɧɜɞ əŬɘ 

ɗŮɟɛɞəɟŬůɑŬ əŬɘ ŬˊɞŰŮɚɞɨɜ ŰŬ ɓŬůɘəɎ ɓɐɛŬŰŬ Űɘɠ ɛŮɗɧŭɞɡ. ȼ ŬˊɞŭɘɎŰŬɝɖ Űɞɡ DNA 

(ŭɘŬɢɤɟɘůɛɧɠ Űɞɡ ŭɑəɚɤɜɞɡ ɛɞɟɑɞɡ ůŮ ŭɨɞ ɛɞɜɧəɚɤɜŬ), ɞ ɡɓɟɘŭɘůɛɧɠ Űɞɡ ɛŮ Űɞɡɠ ŮəəɘɜɖŰɏɠ 

əŬɘ ɖ ůɨɜɗŮůɖ Űɖɠ ůɡɛˊɚɖɟɤɛŬŰɘəɐɠ ŬɚɡůɑŭŬɠ ŬˊɞŰŮɚɞɨɜ Űɞɜ əɎɗŮ əɨəɚɞ ɛɘŬɠ PCR 

ŬɜŰɑŭɟŬůɖɠ. 

ɆŰɞ ˊɟɩŰɞ ɓɐɛŬ ɛɘŬɠ Űɡˊɘəɐɠ ŬɚɡůɘŭɤŰɐɠ ŬɜŰɑŭɟŬůɖɠ ˊɞɚɡɛŮɟɎůɖɠ ɛŮ ɗɏɟɛŬɜůɖ 

ůŰɞɡɠ 90-97oC ůˊɎɜŮ ɞɘ ŭŮůɛɞɑ ɡŭɟɞɔɧɜɞɡ ˊɞɡ ůɡɔəɟŬŰɞɨɜ Űɞɡɠ ŭɨɞ əɚɩɜɞɡɠ əŬɘ 

ŬˊɞŭɘŬŰɎůůŮŰŬɘ Űɞ DNA. ɆŰɞ ŭŮɨŰŮɟɞ ɓɐɛŬ ɛŮ ˊŰɩůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞɡɠ 50-60oC 

ŮˊɘŰɡɔɢɎɜŮŰŮ ɞ ɡɓɟɘŭɘůɛɧɠ Űɤɜ ŮəəɘɜɖŰɩɜ ůŰɘɠ ůɡɛˊɚɖɟɤɛŬŰɘəɏɠ Űɞɡɠ ɗɏůŮɘɠ. ɆŰɞ ŰɟɑŰɞ əŬɘ 

ůɖɛŬɜŰɘəɧŰŮɟɞ ɓɐɛŬ ɖ ɗŮɟɛɞəɟŬůɑŬ ŬɜŮɓŬɑɜŮɘ ůŰɞɡɠ 72oC əŬɘ ɖ Taq DNA ˊɞɚɡɛŮɟɎůɖ 

ˊɟɞůəɞɚɚɎŰŮ ůŰɞɡɠ ŮəəɘɜɖŰɏɠ əŬɘ ɝŮəɘɜɎŮɘ Űɖɜ ůɨɜɗŮůɖ ɜɏŬɠ ŬɚɡůɑŭŬɠ DNA 

ůɡɛˊɚɖɟɤɛŬŰɘəɐɠ ůŰɞɜ əɎɗŮ əɚɩɜɞ Űɞɡ Ŭɟɢɘəɞɨ ɛɞɟɑɞɡ. ȰŰůɘ ůŮ əɎɗŮ əɨəɚɞ PCR  

(ŬˊɞŭɘɎŰŬɝɖɠ, ɡɓɟɘŭɘůɛɞɨ, ůɨɜɗŮůɖ ɜɏŬɠ ŬɚɡůɑŭŬɠ) Ŭˊɧ ɏɜŬ ɛɧɟɘɞ DNA ɏɢɞɡɛŮ ŭɨɞ, ůŰɞɜ 

ŮˊɧɛŮɜɞ ŰɏůůŮɟŬ, ůŰɞɜ ɛŮɗŮˊɧɛŮɜɞ ɞəŰɩ əŬɘ ɞɨŰɤ əŬɗŮɝɐɠ. ɀŮŰɎ Ŭˊɧ 30 ɛŮ 40 əɨəɚɞɡɠ 

əŬŰŬɚɐɔɞɡɛŮ ůŰɖɜ çŮɜɑůɢɡůɖè Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮŰŬɝɨ Űɤɜ ŮəəɘɜɖŰɩɜ əŬɘ ůŮ ɛɘŬ ɘəŬɜɞˊɞɘɖŰɘəɐ 

ˊɞůɧŰɖŰŬ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɛɞɟɑɞɡ DNA (Joshi & Deshpande 2010).  
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ɆŮ ŬɡŰɧ Űɞ ˊŮɑɟŬɛŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ colony PCR ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ 

ɓŬəŰɖɟɘŬəɩɜ Ŭˊɞɘəɘɩɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɞ ˊɚŬůɛɑŭɘɞ ɛŮ Űɞ ŮˊɘɗɡɛɖŰɧ ɔɞɜɑŭɘɞ  ɤɠ ˊɟɩŰɞ ɓɐɛŬ 

ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŮɘůŬɔɤɔɐɠ Űɞɡ ɔɞɜɘŭɑɞɡ ůŰɞɜ űɞɟɏŬ. ɄŬɟŬəɎŰɤ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɢɟɧɜɞɘ əŬɘ 

ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɖɠ colony PCR ɔɘŬ Űɞ əɎɗŮ ɔɞɜɑŭɘɞ. 

ũɘŬ Űɞ ɔɞɜɑŭɘɞ SsDDC ůŰɖɜ Ůəəɑɜɖůɖ Űɖɠ ŬˊɞŭɘɎŰŬɝɖɠ ɖ ɗŮɟɛɞəɟŬůɑŬ ŬɜɏɓɖəŮ ůŰɞɡɠ 98 oC 

ɔɘŬ  30s, ɖ ŬˊɞŭɘɎŰŬɝɖ ɏɔɘɜŮ ůŰɞɡɠ 98 oC ɔɘŬ 45s, ɞ ɡɓɟɘŭɘůɛɧɠ ůŰɞɡɠ 69 oC ɔɘŬ 45s əŬɘ ɖ 

ůɨɜɗŮůɖ Űɖɠ ɜɏŬɠ ŬɚɡůɑŭŬɠ ůŰɞɡɠ 72 oC ɔɘŬ 2min. ɀŮŰɎ Ŭˊɧ 30 ŮˊŬɜŬɚɐɣŮɘɠ Űɤɜ ɓɖɛɎŰɤɜ 

ŬˊɞŭɘɎŰŬɝɖɠ, ɡɓɟɘŭɘůɛɞɨ əŬɘ ůɨɜɗŮůɖɠ ɜɏŬɠ ŬɚɡůɑŭŬɠ ŰŬ ŭŮɑɔɛŬŰŬ ˊŬɟɏɛŮɘɜŬɜ ůŰɞɡɠ 72 oC ɔɘŬ 

10min əŬɘ ŬˊɞɗɖəŮɨŰɖəŬɜ ůŰɞɡɠ 4 oC. ũɘŬ Űɞ ɔɞɜɑŭɘɞ RsTYR ɖ ŭɘŬŭɘəŬůɑŬ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ůŰŬ 

ɓɐɛŬŰŬ Űɖɠ ŬˊɞŭɘɎŰŬɝɖɠ ˊɞɡ ɏɔɘɜŮ ůŰɞɡɠ 98 oC ɔɘŬ 10s, Űɞɡ ɡɓɟɘŭɘůɛɞɨ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ 

ɜŬ ˊɏűŰŮɘ ůŰɞɡɠ 67 oC ɔɘŬ 30s əŬɘ ůŰɞɜ ɢɟɧɜɞ ŮɜŬˊɧɗŮůɖɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ɛŮŰɎ Űɞ ˊɏɟŬɠ Űɤɜ 

ŮˊŬɜŬɚɐɣŮɤɜ ɞ ɞˊɞɑɞɠ ɐŰŬɜ ɔɘŬ 4min. 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ Kapa Taq PCR Kit  Űɖɠ ŮŰŬɘɟɑŬɠ Kapa Biosystems. ũɘŬ ŬɜŰɑŭɟŬůɖ 

ŰŮɚɘəɞɨ ɧɔəɞɡ 25ɛl ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ Ůɝɐɠ, ɛɘŬ ɓŬəŰɖɟɘŬəɐ ŬˊɞɘəɑŬ ůŮ 5ɛl ɜŮɟɞɨ, 

ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ  Ⱦapa Taq buffer with dye ŰŮɚɘəɐɠ ůɡɔəɏɜŰɟɤůɖɠ 1x (ˊŮɟɘɏɢŮɘ əŬɘ 1,5mM 

MgCl2), 0,2mM dNTPs mix, ŮəəɘɜɖŰɏɠ ůŮ ůɡɔəɏɜŰɟɤůɖ 0,4ɛM (forward and reverse primers) 

əŬɘ 0,5U Kapa Taq DNA ˊɞɚɡɛŮɟɎůɖ.  ȼ ɓŬəŰɖɟɘŬəɐ ŬˊɞɘəɑŬ ůɡɚɚɏɢɗɖəŮ ɛŮ ŬˊɞůŰŮɘɟɤɛɏɜɖ 

ɞŭɞɜŰɞɔɚɡűɑŭŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɏɔɘɜŮ ŮɛɓɎˊŰɘůɖ ůŰŬ 5ɛl ɜŮɟɞɨ. ɀŮ Űɖɜ ɑŭɘŬ ɞŭɞɜŰɞɔɚɡűɑŭŬ 

ŬˊɚɩɗɖəŬɜ ɔɟŬɛɛɘəɎ ɧŰɘ əɨŰŰŬɟŬ ŮɑɢŬɜ ŬˊɞɛŮɑɜŮɘ ůŮ ɏɜŬ Űɟɡɓɚɑɞ petri ůŰɖɜ ɓɎůɖ Űɞɡ ɞˊɞɑɞɡ 

ŮɑɢŬɜ ůɢŮŭɘŬůŰŮɑ ŬɟɘɗɛɖɛɏɜŬ ŰŮŰɟɎɔɤɜŬ əŬɘ ˊŮɟɘŮɑɢŮ LB, agar əŬɘ Űɞ əŬŰɎɚɚɖɚɞ ŬɜŰɘɓɘɞŰɘəɧ. 

ȼ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚɐűɗɖəŮ ɔɘŬ ɧɚŮɠ Űɖɠ ɓŬəŰɖɟɘŬəɏɠ ŬˊɞɘəɑŮɠ ɧˊɞɡ ɏɔɘɜŮ colony PCR ɔɘŬ Űɞɜ 

Ůɨəɞɚɞ ŮɜŰɞˊɘůɛɧ əŬɘ ůɡɚɚɞɔɐ Űɤɜ ɗŮŰɘəɩɜ Ŭˊɞɘəɘɩɜ. 

 

2.3.2 ȷˊŮɜŮɟɔɞˊɞɑɖůɖ ŮůɤŰŮɟɘəɐɠ ɗɏůɖɠ NdeI ɛŮ Űɖɜ ɛɏɗɞŭɞ SOE-PCR (Splicing 

by Overlap Extension - PCR) 

ȺɑɜŬɘ ɛɘŬ ɛɏɗɞŭɞɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɏɜɤůɖ ŭɘŬűɞɟŮŰɘəɩɜ ŰɛɖɛɎŰɤɜ DNA ɐ Űɖɜ ŮɘůŬɔɤɔɐ 

ɛŮŰŬɚɚɎɝŮɤɜ ɢɤɟɑɠ Űɖɜ ɢɟɐůɖ ŮɜŭɞɜɞɡəɚŮŬůɩɜ ˊŮɟɘɞɟɘůɛɞɨ əŬɘ ŬɜŰɘŭɟɎůŮɤɜ ɚɘɔɞˊɞɑɖůɖɠ. 

ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɢɎɟɖ ůŰɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ ŮəəɘɜɖŰɩɜ ɜŬ ɡɓɟɘŭɑɕɞɜŰŬɘ ɛŮ Űɞ ɛɧɟɘɞ DNA 

ŬəɧɛŬ əŬɘ ɧŰŬɜ ɞɘ ŬɚɚɖɚɞɡɢɑŮɠ Űɞɡɠ ŭŮɜ ŮɑɜŬɘ ˊɚɐɟɤɠ ůɡɛˊɚɖɟɤɛŬŰɘəɏɠ. ɀɘŬ Űɡˊɘəɐ SOE-

PCR, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ůŰɞɢŮɨɞɡɛŮ ůŰɖɜ ɛŮŰɎɚɚŬɝɖ Ůɜɧɠ ŰɛɐɛŬŰɞɠ DNA, ŬˊŬɘŰŮɑ ɏɜŬ 

Ůˊɘˊɚɏɞɜ ɕŮɡɔɎɟɘ ŮəəɘɜɖŰɩɜ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ əɚŬůɘəɐ PCR, ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ 
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ɏŰůɘ ɩůŰŮ ɜŬ ɛɖɜ ŮɑɜŬɘ ˊɚɐɟɤɠ ůɡɛˊɚɖɟɤɛŬŰɘəɞɑ ɛŮ Űɞ ŰɛɐɛŬ Űɞɡ DNA ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ 

ŰɟɞˊɞˊɞɘɐůɞɡɛŮ.  

ɄŬɟŬəɎŰɤ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɛɘŬ Űɡˊɘəɐ SOE-PCR (ȺɘəɧɜŬ 13), ɞɘ ŮəəɘɜɖŰɏɠ ɞɜɞɛɎɕɞɜŰŬɘ 

primer a əŬɘ primer b əŬɗɩɠ əŬɘ primer c əŬɘ primer d Ůɜɩ ɛŮ ɛŬɨɟɞ ŰŮŰɟɎɔɤɜɞ ůɡɛɓɞɚɑɕŮŰŬɘ 

Űɞ ůɖɛŮɑɞ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ˊɚɐɟɤɠ ůɡɛˊɚɖɟɤɛŬŰɘəɧ ɛŮ ɛɧɟɘɞ DNA əŬɘ űɏɟŮɘ Űɖɜ ŮˊɘɗɡɛɖŰɐ 

ɛŮŰɎɚɚŬɝɖ. Ƀɘ ŮəəɘɜɖŰɏɠ a əŬɘ d ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ɩůŰŮ ɜŬ ˊɟɞůŭŮɗɞɨɜ ůŰŬ ɎəɟŬ Űɞɡ ɛɞɟɑɞɡ 

DNA Ůɜɩ ɞɘ ŮəəɘɜɖŰɏɠ b əŬɘ c ůŰɞ ůɖɛŮɑɞ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ɔɑɜŮɘ ɖ ɛŮŰɎɚɚŬɝɖ. ȼ ɛɏɗɞŭɞɠ 

ɝŮəɘɜɎŮɘ ɛŮ ŭɨɞ ŬɜŰɘŭɟɎůŮɘɠ ɧˊɞɡ ůŰɖɜ ˊɟɩŰɖ ŮɜɘůɢɨŮŰŬɘ Űɞ ŰɛɐɛŬ Űɞɡ DNA ˊɞɡ ɞɟɘɞɗŮŰŮɑŰŬɘ 

Ŭˊɧ Űɞɡɠ ŮəəɘɜɖŰɏɠ a, b (product AB ȺɘəɧɜŬ 13) əŬɘ ůŰɖɜ ŭŮɨŰŮɟɖ ŮɜɘůɢɨŮŰŬɘ Űɞ ŰɛɐɛŬ ˊɞɡ 

ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɞɡɠ ŮəəɘɜɖŰɏɠ c, d (product CD ȺɘəɧɜŬ 13).  

Tɞ ɏɜŬ Ɏəɟɞ Űɤɜ ŰɛɖɛɎŰɤɜ ŬɡŰɩɜ ŮɑɜŬɘ ɧɛɞɘɞ əŬɘ űɏɟŮɘ Űɖɜ ŬɚɚŬɔɐ ůŰɖɜ ŬɚɚɖɚɞɡɢɑŬ 

Űɤɜ ɓɎůŮɤɜ ˊɞɡ ůɡůŰɐɗɖəŮ Ŭˊɧ Űɞɡɠ ŮəəɘɜɖŰɏɠ c əŬɘ b (ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ɛŬɨɟɞ ŰŮŰɟɎɔɤɜɞ, 

ȺɘəɧɜŬ 13). ɆŮ ŮˊɧɛŮɜɖ ŬɜŰɑŭɟŬůɖ ŰŬ ˊɟɞɥɧɜŰŬ AB əŬɘ CD ɡɓɟɘŭɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ. ɆŮ ŬɡŰɧ 

Űɞ ůŰɎŭɘɞ ɏɢɞɡɛŮ ɛɘŬ ŭɑəɚɤɜɖ ˊŮɟɘɞɢɐ ůŰɞ əɏɜŰɟɞ Űɞɡ ɛɞɟɑɞɡ DNA əŬɘ ɛɞɜɧəɚɤɜŮɠ ˊŮɟɘɞɢɏɠ 

ůŰŬ ɎəɟŬ. ȰŰůɘ ɞ ˊɎɜɤ əɚɩɜɞɠ Űɞɡ AB əŬɘ ɞ əɎŰɤ əɚɩɜɞɠ Űɞɡ CD ɛˊɞɟɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ 

ɤɠ ŮəəɘɜɖŰɏɠ əŬɘ ɜŬ ˊɟɞůŭŮɗŮɑ ɖ DNA ́ ɞɚɡɛŮɟɎůɖ ůŰɖɜ ŭɑəɚɤɜɖ ˊŮɟɘɞɢɐ əŬɘ ɜŬ ůɡɜɗɏůŮɘ ɜɏŬ 

ŬɚɡůɑŭŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ŮəɛŬɔŮɑɞ Űɘɠ ɛɞɜɧəɚɤɜŮɠ ˊŮɟɘɞɢɏɠ (overlap extension). ɀŮ ŬɡŰɧɜ 

Űɞɜ Űɟɧˊɞ Űɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɗŬ ŮɑɜŬɘ ɏɜŬ ɛɧɟɘɞ DNA ɧˊɞɡ ɗŬ űɏɟŮɘ Űɖɜ 

ŮˊɘɗɡɛɖŰɐ ɛŮŰɎɚɚŬɝɖ (Horton, 1995).  

ȼ ɛɏɗɞŭɞɠ SOE-PCR ŮűŬɟɛɧůŰɖəŮ ɛŮ ůəɞˊɧ Űɖɜ ɛŮŰŬɚɚŬɝɘɔɏɜŮůɖ Űɞɡ ɔɞɜɘŭɑɞɡ 

SsDDC. ȼ ɛŮŰɎɚɚŬɝɖ ŬɡŰɐ ŬűɞɟɎ ŬɟɢɘəɎ ɛɘŬ ŬɕɤŰɞɨɢŬ ɓɎůɖ, ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ɗɏůɖ 801 ɖ 

ŬŭŮɜɑɜɖ ŬɜŰɘəŬŰŬůŰɎɗɖəŮ Ŭˊɧ ɗɡɛɑɜɖ, ɔɘŬ Űɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ɗɏůɖɠ ŬɜŬɔɜɩɟɘůɖɠ Űɞɡ 

ˊŮɟɘɞɟɘůŰɘəɞɨ Ůɜɕɨɛɞɡ NdeI. ɆŮ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ɛŮ Űɞɡɠ ŮəəɘɜɖŰɏɠ SsDDC1/SsDDCmut1 

(ɄɑɜŬəŬɠ 7) əŬɘ Űɖɜ ɢɟɐůɖ Űɖɠ ɑŭɘŬɠ ɛŮɗɧŭɞɡ ˊɟɞůŰɏɗɖəŬɜ ɛŮŰɎ Űɞ əɤŭɘəɧɜɘɞ ɏɜŬɟɝɖɠ ůŰɞ 

ɔɞɜɑŭɘɞ ɞɘ ŬɕɤŰɞɨɢŮɠ ɓɎůŮɘɠ ɔɘŬ Űɖɜ ŬɚŬɜɑɜɖ ɛŮ ůŰɧɢɞ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ɗɏůɖɠ ŬɜŬɔɜɩɟɘůɖɠ 

Űɞɡ ˊŮɟɘɞɟɘůŰɘəɞɨ Ůɜɕɨɛɞɡ NcoI. 

 



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 

 30 

 

ȺɘəɧɜŬ 13: ɄŬɟɎŭŮɘɔɛŬ ɛŮŰŬɚɚŬɝɘɔɏɜŮůɖɠ ɛŮ Űɖɜ ɢɟɐůɖ SOE-PCR. Ƀɘ Primer a əŬɘ primer d ŮɑɜŬɘ ɞɘ ŮəəɘɜɖŰɏɠ ɛŮ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɑŭɘŬ ɛŮ ɛɘŬɠ əɚŬůɘəɐɠ PCR, ɞɘ primer c əŬɘ primer b ŮɑɜŬɘ ɞɘ ŮəəɘɜɖŰɏɠ ˊɞɡ űɏɟɞɡɜ Űɖɜ ŬɚɚŬɔɐ ůŰɖɜ 

ŬɚɚɖɚɞɡɢɑŬ Űɞɡ DNA ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ɛŮŰŬűɏɟɞɡɛŮ. ȼ ɛŮŰɎɚɚŬɝɖ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ɛŬɨɟɞ ŰŮŰɟɎɔɤɜɞ. ɀŮŰɎ Ŭˊɧ ŭɨɞ 

ɢɤɟɘůŰɏɠ PCR ŬɜŰɘŭɟɎůŮɘɠ ɏɢɞɡɜ ŮɜɘůɢɡɗŮɑ ŰŬ ́ ɟɞɥɧɜŰŬ  AB əŬɘ CD ɧˊɞɡ ŮɑɜŬɘ Űɞ Ŭɟɢɘəɧ ɛɧɟɘɞ DNA ɢɤɟɘůɛɏɜɞ ůŮ 

ŭɨɞ ŰɛɐɛŬŰŬ ɛŮ əɞɘɜɏɠ ˊŮɟɘɞɢɏɠ ůŰɞ ɏɜŬ Ɏəɟɞ Űɞɡɠ əŬɘ ˊɚɏɞɜ űɏɟɞɡɜ Űɖɜ ŮˊɘɗɡɛɖŰɐ ɛŮŰɎɚɚŬɝɖ. ɆŰɖ ŰɟɑŰɞ ůŰɎŭɘɞ 

űŬɑɜŮŰŬɘ ɞ ŮˊɘɗɡɛɖŰɧɠ ůɡɜŭɡŬůɛɧɠ ɡɓɟɘŭɞˊɞɑɖůɖɠ Űɤɜ ŰɛɖɛɎŰɤɜ DNA ɛŮ Űɘɠ əɞɘɜɏɠ Űɞɡɠ ˊŮɟɘɞɢɏɠ ɜŬ ůɢɖɛŬŰɑɕɞɡɜ 

Űɖɜ ɛɞɜŬŭɘəɐ ŭɑəɚɤɜɖ ˊŮɟɘɞɢɐ ůŰɞ əɏɜŰɟɞ. ȰŰůɘ ŬɡŰɐ ɖ ŭɑəɚɤɜɖ ˊŮɟɘɞɢɐ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŮəəɘɜɖŰɐɠ ɔɘŬ Űɖɜ DNA 

ˊɞɚɡɛŮɟɎůɖ əŬɘ ˊŬɟɎɔŮɘ Űɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ˊɞɡ űɏɟŮɘ Űɖɜ ɛŮŰɎɚɚŬɝɖ, mutant product AD (Horton, 1995). 

 

ɇɞ ɔɞɜɑŭɘɞ ˊŬɟŬɢɤɟɐɗɖəŮ Ŭˊɧ Űɖɜ Mariarita (Mita) Bertoldi əŬɘ ɓɟɘůəɧŰŬɜ ɐŭɖ ůŰɞɜ 

űɞɟɏŬ pKK223-3 (pKK223-3-SsDDCmod). ȼ Ŭɚɚɖɚɞɨɢɘůɖ Űɞɡ ɔɞɜɘŭɑɞɡ ɏɔɘɜŮ ɛŮ Űɞɡɠ 

Ůˊɘˊɚɏɞɜ ŮəəɘɜɖŰɏɠ SsDDC3/SsDDC4 (ɄɑɜŬəŬɠ 7) ɩůŰŮ ɜŬ ŭɘŬɓŬůŰŮɑ əŬɘ Űɞ ŮůɤŰŮɟɘəɧ Űɞɡ 

ɔɞɜɑŭɘɞ. ɆŰɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ɕŮɨɔɖ ŮəəɘɜɖŰɩɜ 

SsDDC1/SsDDCmut1 əŬɘ SsDDCmut2/SsDDC2 (ɄɑɜŬəŬɠ 7) ůŰɞɜ űɞɟɏŬ pKK223-3-SsDDC 

ůŮ ŭɨɞ ŬɚɡůɘŭɤŰɏɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɚɡɛŮɟɎůɖɠ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŬˊɞəŰɐɗɖəŬɜ ŭɨɞ ŰɛɐɛŬŰŬ 

Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ɧˊɞɡ ɞɟɘɞɗŮŰɞɨɜŰŬɘ Ŭˊɧ ŰŬ ɕŮɨɔɖ ŮəəɘɜɖŰɩɜ əŬɘ űɏɟɞɡɜ Űɘɠ ɛŮŰŬɚɚɎɝŮɘɠ 

ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ˊŬɟŬˊɎɜɤ. ȼ ŮəŰɑɛɖůɐ Űɞɡɠ ɏɔɘɜŮ ɛŮ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊɐəŰɤɛŬ 

ŬɔŬɟɧɕɖɠ əŬɘ ŬəɞɚɞɨɗɖůŮ əŬɗŬɟɘůɛɧɠ Űɤɜ ɜɞɡəɚŮɥəɩɜ ɞɝɏɤɜ Ŭˊɧ Űɞ ˊɐəŰɤɛŬ.  
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ɄɑɜŬəŬɠ 7: ȷɚɚɖɚɞɡɢɑŮɠ ŮəəɘɜɖŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. 

ȺəəɘɜɖŰɏɠ ȷɚɚɖɚɞɡɢɑŬ 

SsDDC3 ATCGGCTCGTATAATGTGTGG 

SsDDC4 GTTCTGATTTAATCTGTATCAGG 

SsDDC1 ACAGATCCATGGCGAATGCCAGCGATTTCCGTC 

SsDDCmut1 GTGCAGCCAAATGTCCTCTTCGTG 

SsDDCmut2 CACGAAGAGGACATTTGGCTGCAC 

SsDDC2 ACATAAGCTTCGATTCTGCTCTTCAGGGCAC 

RsTYRmut 1 AATAGGACATATGGCCGATGCCGCCCCGCTG 

RsTYRmut 2 GTTGATCTCGAGTCAATCAAATGACGGCGACCTCGATC 

RsTYRmut 3 CATGCCGTACTGGAACTGGACC 

RsTYRmut 4 CAGATCGCTCACGCCTTGC 

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ůɢŮŭɘɎůŰɖəŮ ɜɏŬ ŬɜŰɑŭɟŬůɖ ɛŮ ŰŬ ŰɛɐɛŬŰŬ Űɞɡ ɔɞɜɘŭɑɞɡ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ 

PCR ŬɜŰɘŭɟɎůŮɘɠ əŬɘ Űɞ Ŭɟɢɘəɧ ɔɞɜɑŭɘɞ. ɇŬ ŰɛɐɛŬŰŬ ŬɡŰɎ ɚɧɔɞ Űɘɠ ůɡɛˊɚɖɟɤɛŬŰɘəɧŰɖŰɎɠ Űɞɡɠ 

ɛŮ Űɞ Ŭɟɢɘəɧ ɔɞɜɑŭɘɞ ɛˊɞɟɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ůŬɜ ŮəəɘɜɖŰɏɠ ɧŰŬɜ ɓɟŮɗɞɨɜ ůŰɘɠ əŬŰɎɚɚɖɚŮɠ 

ůɡɜɗɐəŮɠ ɛŮ ˊɟɞɥɧɜ Űɞ SsDDC ɛŮ Űɘɠ ŮˊɘɗɡɛɖŰɏɠ ɛŮŰŬɚɚɎɝŮɘɠ. ũɘŬ Űɖɜ ŬɜŰɑŭɟŬůɖ ŬɡŰɐ 

űŰɘɎɢŰɖəŬɜ ŭɨɞ ŭɘŬɚɨɛŬŰŬ (master mix) ɧˊɞɡ ůŰɞ ɏɜŬ ɗŬ ˊŮɟɘɏɢɞɜŰŬɘ ɞɘ ŮəəɘɜɖŰɏɠ  SsDDC1 

əŬɘ SsDDC2 əŬɘ ɞɜɞɛɎůŰɖəŬɜ master mix ȷ əŬɘ master mix ȸ. 

ɇɞ  master mix ȷ ́ŮɟɘŮɑɢŮ 5ɛl 5X Phusion Buffer, 2ɛl 2,5mM dNTPs, 0.25ɛl Phusion 

polymerase əŬɘ 12,75ɛl ŬˊɞůŰŮɘɟɤɛɏɜɞ ɜŮɟɧ ɔɘŬ ɜŬ ɏɢŮɘ ŰŮɚɘəɧ ɧɔəɞ 20ɛl. ũɘŬ Űɞ master mix 

ȸ ɞɘ ˊɞůɧŰɖŰŮɠ ŭɘŬűɞɟɞˊɞɘɐɗɖəŬɜ ůŰɞ ŬˊɞůŰŮɘɟɤɛɏɜɞ ɜŮɟɧ ˊɞɡ ŮɑɜŬɘ 7,75ɛl əŬɘ Ůˊɘˊɚɏɞɜ ɏɢŮɘ 

Űɞɡɠ ŮəəɘɜɖŰɏɠ, 5ɛl Ŭˊô Űɞɜ əŬɗɏɜŬ, ɞɘ ɞˊɞɑɞɘ ɐŰŬɜ ůŮ ůɡɔəɏɜŰɟɤůɖ 10ɛɀ.  ȷɟɢɘəɎ ˊɐɟŬɛŮ 

1ɛl DNA ɔɘŬ əɎɗŮ ɛɘŬ Ŭˊɧ Űɘɠ Ŭɟɢɘəɏɠ PCR ŬɜŰɘŭɟɎůŮɘɠ əŬɘ ůɡɛˊɚɖɟɩɗɖəŮ ŬˊɞůŰŮɘɟɤɛɏɜɞ 

ɜŮɟɧ ɛɏɢɟɘ ɞ ɧɔəɞɠ ɜŬ űŰɎůŮɘ ŰŬ 5 ɛl. ȾŬŰŬůəŮɡɎůŰɖəŮ əŬɘ ɛɘŬ ŬɜŰɑŭɟŬůɖ ŭɏəŬ űɞɟɏɠ ˊɘɞ 

ŬɟŬɘɐ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊɟɞůŰɏɗɖəŬɜ 20ɛl Ŭˊɧ Űɞ master mix ȷ əŬɘ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŰɞɜ ɗŮɟɛɘəɧ 

əɡəɚɞˊɞɘɖŰɐ ɔɘŬ Űɞɡɠ ˊɟɩŰɞɡɠ 10 əɨəɚɞɡɠ. ɀŮŰɎ Ŭˊɧ ŭɏəŬ əɨəɚɞɡɠ ˊɟɞůŰɏɗɖəŬɜ 25ɛl Ŭˊɧ 

Űɞ master mix B ɧˊɞɡ ˊŮɟɘŮɑɢŮ Űɞɡɠ ŮəəɘɜɖŰɏɠ ɔɘŬ ɜŬ ɔɑɜŮɘ ɖ əɡɟɑɤɠ Ůɜɑůɢɡůɖ Űɞɡ ɔɞɜɘŭɑɞɡ. 
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Ƀɘ ɢɟɧɜɞɘ əŬɘ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ ɐŰŬɜ ůŰɞ ˊɟɩŰɞ ɓɐɛŬ 94ɞC ɔɘŬ 5 ɚŮˊŰɎ, ůŰɞ ŭŮɨŰŮɟɞ 

94ɞC ɔɘŬ 30 ŭŮɡŰŮɟɧɚŮˊŰŬ, ůŰɞ ŰɟɑŰɞ 60ɞC ɔɘŬ 1,5 ɚŮˊŰɎ əŬɘ ůŰɞ ŰɏŰŬɟŰɞ 72ɞC ɔɘŬ 2,5 ɚŮˊŰɎ. 

ɇŬ ɓɐɛŬŰŬ ŬɡŰɎ ŮˊŬɜŬɚɐűɗɖəŬɜ ŭɏəŬ űɞɟɏɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ɖ ɗŮɟɛɞəɟŬůɑŬ ɛŮɘɩɗɖəŮ ůŰɞɡɠ 

10ɞC əŬɘ ˊŬɟɏɛŮɘɜŮ ɔɘŬ ŭɏəŬ ɚŮˊŰɎ, ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ˊɟɞůŰɏɗɖəŮ Űɞ master mix B. ɀŮŰɎ ɖ 

ɗŮɟɛɞəɟŬůɑŬ ŬɡɝɐɗɖəŮ ůŰɞɡɠ 94ɞC ɔɘŬ 30 ŭŮɡŰŮɟɧɚŮˊŰŬ, ɛŮɘɩɗɖəŮ ůŰɞɡɠ 58ɞC ɔɘŬ 30 

ŭŮɡŰŮɟɧɚŮˊŰŬ əŬɘ ɝŬɜɎ ŬɡɝɐɗɖəŮ ůŰɞɡɠ 72ɞC ɔɘŬ 2 ɚŮˊŰɎ. ɇŬ ŰɟɑŬ ŰŮɚŮɡŰŬɑŬ ɓɐɛŬŰŬ 

ŮˊŬɜŬɚɐűɗɖəŬɜ ɔɘŬ ŰɟɘŬɜŰŬˊɏɜŰŮ űɞɟɏɠ. ɇɏɚɞɠ ɖ ɗŮɟɛɞəɟŬůɑŬ ˊŬɟɏɛŮɘɜŮ ůŰɞɡɠ 72ɞC ɔɘŬ ŭɏəŬ 

ɚŮˊŰɎ. 

   

2.4 Ɉ́ ɞəɚɤɜɞˊɞɑɖůɖ ɔɞɜɘŭɑɞɡ 

2.4.1 ȺɜŭɞɜɞɡəɚŮɎůŮɠ ˊŮɟɘɞɟɘůɛɞɨ əŬɘ ɚɘɔɞˊɞɑɖůɖɠ 

ɇŬ ɓŬəŰɐɟɘŬ ůɡɢɜɎ ˊɟɞůɓɎɚɚɞɜŰŬɘ Ŭˊɧ ɘɞɨɠ ɞɘ ɞˊɞɑɞɘ ŮɘůɓɎɚɞɡɜ ůŰɞ əɨŰŰŬɟɞ əŬɘ 

ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ Űɖɜ Ůɜɕɡɛɘəɐ Űɞɡ ŭɟŬůŰɖɟɘɧŰɖŰŬ. ȰŰůɘ ŮˊɘŰɡɔɢɎɜɞɡɜ Űɖɜ ˊŬɟŬɔɤɔɐ ɘɘəɩɜ 

ˊɟɤŰŮɥɜɩɜ əŬɘ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɞɡɠ. ɇŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ ɐ Ŭɚɚɘɩɠ ŮɜŭɞɜɞɡəɚŮɎůŮɠ 

ˊŮɟɘɞɟɘůɛɞɨ ŮɑɜŬɘ ɏɜŬɠ Ŭˊɧ Űɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ɎɛɡɜŬɠ Űɤɜ ɓŬəŰɖɟɑɤɜ ŬˊɏɜŬɜŰɘ ůŰɞɡɠ ɘɞɨɠ. ɇŬ 

ɛɧɟɘŬ ŬɡŰɎ ŬɜŬɔɜɤɟɑɕɞɡɜ ůɡɔəŮəɟɘɛɏɜŮɠ ŬɚɚɖɚɞɡɢɑŮɠ ɓɎůŮɤɜ ůŰɞ DNA Űɘɠ ɚŮɔɧɛŮɜŮɠ ɗɏůŮɘɠ 

ŬɜŬɔɜɩɟɘůɖɠ əŬɘ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞəŬɚɞɨɜ Űɞɛɏɠ ůŮ ŬɡŰɧ əŬŰŬůŰɟɏűɞɜŰŬɠ ɏŰůɘ 

ɧˊɞɘɞ ŮɝɤɔŮɜɏɠ ɔŮɜŮŰɘəɧ ɡɚɘəɧ ŮɘůɢɤɟɐůŮɘ ůŰɞ əɨŰŰŬɟɞ (Berg, Tymoczko and Stryer, 2002). 

Ʉɚɏɞɜ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ɓŬůɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ 

ŰŮɢɜɘəɩɜ Űɟɞˊɞˊɞɑɖůɖɠ ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ. Ȱɢɞɡɜ ɞɛŬŭɞˊɞɘɖɗŮɑ ůŮ ŰɏůůŮɟŮɘɠ ŭɘŬűɞɟŮŰɘəɞɨɠ 

Űɨˊɞɡɠ, ůɡɛɓɞɚɘɕɧɛŮɜɞɘ ɛŮ ɚŬŰɘɜɘəɞɨɠ Ŭɟɘɗɛɞɨɠ (Ƚ ɏɤɠ IV) ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɖɛŮɑɞ Űɞɛɐɠ ůŰɞ 

DNA ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɗɏůɖ ŬɜŬɔɜɩɟɘůɖɠ, Űɞɜ Ŭɟɘɗɛɧ ɡˊɞɛɞɜɎŭɤɜ, Űɖɜ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ, 

Űɖɜ ɢɟɐůɖ ůɡɜŮɜɕɨɛɞɡ ə.Ŭ.  ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ Űɨˊɞɡ II ɔɘŬ 

Űɞɜ ɚɧɔɞ ɧŰɘ əɧɓɞɡɜ Űɞ DNA ůŮ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ ɛɏůŬ ůŰɖɜ ɗɏůɖ ŬɜŬɔɜɩɟɘůɖɠ. 

ȷɜŬɔɜɤɟɑɕɞɡɜ ˊŬɚɑɜŭɟɞɛŮɠ ůɡɜɐɗɤɠ ŬɚɚɖɚɞɡɢɑŮɠ DNA ˊɏɜŰŮ ɏɤɠ ŭɏəŬ ɓɎůŮɤɜ əŬɘ 

ɢɟŮɘɎɕɞɜŰŬɘ Mg++ ɔɘŬ ɜŬ ŭɟɎůɞɡɜ (ɉŬŰɕɧˊɞɡɚɞɠ, 2001). 

ɀɧɟɘŬ DNA ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ ˊɏɣɖ ɛŮ əɎˊɞɘɞ ˊŮɟɘɞɟɘůŰɘəɧ ɏɜɕɡɛɞ ɛˊɞɟɞɨɜ ɜŬ 

Ůɜɤɗɞɨɜ ɝŬɜɎ ɛŮ Űɖɜ ŭɟɎůɖ Űɖɠ DNA ɚɘɔɎůɖɠ. ȼ DNA ɚɘɔɎůɖ ŮɑɜŬɘ ɏɜŬ ɏɜɕɡɛɞ ɧˊɞɡ ɞ 

ɓɘɞɚɞɔɘəɧɠ Űɞɡ ɟɧɚɞɠ ŮɑɜŬɘ, əŬŰɎ Űɖɜ ŬɜŰɘɔɟŬűɐ, ɜŬ ŮɜɩɜŮɘ ŰɛɐɛŬŰŬ Űɞɡ DNA. ɀˊɞɟŮɑ ɜŬ 

ŮɜɩůŮɘ ŭɘŬűɞɟŮŰɘəɎ ŰɛɐɛŬŰŬ DNA ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ ˊɟɞɏɚŮɡůɖ əŬɘ Űɞ ɛɏɔŮɗɧɠ Űɞɡɠ, 
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ůɡɜŭɡŬůŰɘəɎ ɚɞɘˊɧɜ ɛŮ Űɖɠ ŮɜŭɞɜɞɡəɚŮɎůŮɠ ˊŮɟɘɞɟɘůɛɞɨ ŬˊɞŰŮɚɞɨɜ ŬɜŬˊɧůˊŬůŰŬ ŮɟɔŬɚŮɑŬ 

ůŰɘɠ ŰŮɢɜɘəɏɠ ŬɜŬůɡɜŭɡŬůɛɏɜɞɡ DNA. ɇɛɐɛŬŰŬ DNA ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɞɜɑŭɘŬ, ɛˊɞɟɞɨɜ ɜŬ 

əɞˊɞɨɜ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ɔɜɤůŰɎ ůɖɛŮɑŬ ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ˊŮɟɘɞɟɘůŰɘəɩɜ Ůɜɕɨɛɤɜ əŬɘ ɛŮ Űɖɜ 

DNA ɚɘɔɎůɖ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ Ůɜɤɗɞɨɜ ɛŮ ŭɘŬűɞɟŮŰɘəɎ ɛɧɟɘŬ DNA ɧˊɤɠ ɏɜŬ 

ˊɚŬůɛɑŭɘɞ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɛˊɞɟŮɑ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɏɜŬɠ űɞɟɏŬɠ ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ űɏɟŮɘ 

ŮˊɘɚŮɔɛɏɜŬ ɔɞɜɑŭɘŬ (ɉŬŰɕɧˊɞɡɚɞɠ, 2001). 

 

2.4.2 ȷɜŰɘŭɟɎůŮɘɠ ˊɏɣŮɤɜ əŬɘ ɚɘɔɞˊɞɑɖůɖɠ 

ũɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDCmut ůŰɞɜ pRSF ɏɔɘɜŬɜ ́ ɏɣŮɘɠ ɛŮ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ 

NcoI əŬɘ HindIII  Űɖɠ ŮŰŬɘɟɑŬɠ Minotech. ũɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɞɡ ɔɞɜɘŭɑɞɡ RsTYR Ŭˊɧ Űɞɜ űɞɟɏŬ 

pRSF-RsTYR ɏɔɘɜŬɜ ŬɜŰɘŭɟɎůŮɘɠ ˊɏɣŮɤɜ ɛŮ ŰŬ ɏɜɕɡɛŬ HindIII  əŬɘ CspAI Űɖɠ Minotech. ũɘŬ 

Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɏɣŮɤɜ ɛŮ ŰŬ ɏɜɕɡɛŬ NcoI, HindIII , CspAI ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 1ɛg DNA, 10u 

Ůɜɕɨɛɞɡ, ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ buffer K ŰŮɚɘəɐɠ ůɡɔəɏɜŰɟɤůɖɠ 1x əŬɘ əŬŰɎɚɚɖɚɖ ˊɞůɧŰɖŰŬ 

ŬˊɞůŰŮɘɟɤɛɏɜɞɡ əŬɘ Ŭˊɘɞɜɘůɛɏɜɞɡ ɜŮɟɞɨ ɔɘŬ ŬɜŰɑŭɟŬůɖ ŰŮɚɘəɞɨ ɧɔəɞɡ 20ɛl. Ƀ ɢɟɧɜɞɠ Űɖɠ 

əɎɗŮ ŬɜŰɑŭɟŬůɖɠ ɐŰŬɜ 60min ůŰɞɡɠ 37oC.  

ȾŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ ˊŬɟŬůəŮɡɐɠ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ˊɏɣɖɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ŰŬ 

ŬɜŰɘŭɟŬůŰɐɟɘŬ ɓɟɑůəɞɜŰŬɜ ůŰɞɜ ˊɎɔɞ əŬɘ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɏɔɘɜŬɜ ůŮ ŭɞɢŮɑŬ Űɨˊɞɡ Eppendorf. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŰɖɜ ůɡůəŮɡɐ TDB-120 Dry Block-Thermostat 

Űɖɠ Biosan ůŰɖɜ əŬŰɎɚɚɖɚɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɔɘŬ Űɞ əŬŰɎɚɚɖɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɔɘŬ Űɞ əɎɗŮ 

ɏɜɕɡɛɞ. ɀŮŰɎ Ŭˊɧ əɎɗŮ ˊɏɣɖ ɏɔɘɜŮ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ ɔɘŬ Űɞɜ ŭɘŬɢɤɟɘůɛɧ 

Űɤɜ ɛɞɟɑɤɜ DNA əŬɘ Ŭˊɞɛɧɜɤůɖ Űɖɠ əŬŰɎɚɚɖɚɖɠ ɕɩɜɖɠ (ɓɚ. əŮűɎɚŬɘɞ 2.4.3) ɔɘŬ ɜŬ 

ŬəɞɚɞɡɗɐůŮɘ ŬɜŰɑŭɟŬůɖ ɚɘɔɞˊɞɑɖůɖɠ.  

ɆŮ ɧɚŮɠ Űɘɠ ɚɘɔɞˊɞɘɐůŮɘɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ əŬŰŬůəŮɡɎůŰɖəŬɜ ŬɜŰɘŭɟɎůŮɘɠ ŰŮɚɘəɞɨ ɧɔəɞɡ 

10ɛl ůŮ ŭɞɢŮɑɞ Űɨˊɞɡ Eppendrof. ũɘŬ Űɞɜ űɞɟɏŬ ŰɞˊɞɗŮŰɐɗɖəŬɜ 20ng DNA əŬɘ ˊɞůɧŰɖŰŬ DNA 

Űɞɡ ɔɞɜɘŭɑɞɡ ɩůŰŮ ŰŬ ɛɧɟɘɎ Űɞɡɠ ɜŬ ɏɢɞɡɜ ŬɜŬɚɞɔɑŬ 1:4, 10000 ɛɞɜɎŭŮɠ T4 DNA ɚɘɔɎůɖɠ 

(Takara) əŬɘ ATP ŰŮɚɘəɐɠ ůɡɔəɏɜŰɟɤůɖɠ 1mM. ȼ ŮˊɩŬůɖ ɏɔɘɜŮ ůŮ ɗŮɟɛɞəɟŬůɑŬ 2-4oC ɔɘŬ ɛɘŬ 

ɜɨəŰŬ. 
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2.4.3 ȼɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ əŬɘ əŬɗŬɟɘůɛɧɠ ɜɞɡəɚŮɥəɩɜ ɞɝɏɤɜ 

ȼ ɖɚŮəŰɟɞűɧɟɖůɖ ŮɑɜŬɘ ɛɘŬ ɛɏɗɞŭɞɠ ŭɘŬɢɤɟɘůɛɞɨ əŬɘ ˊɞůɞŰɘəɐɠ ŮəŰɑɛɖůɖɠ ɓɘɞɛɞɟɑɤɜ ɡɣɖɚɞɨ 

ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ. Ƀ ŭɘŬɢɤɟɘůɛɧɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɢɎɟɘɠ Űɖɜ əɘɜɖŰɘəɧŰɖŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ 

ŰɏŰɞɘŬ ɛŬəɟɞɛɧɟɘŬ ɧŰŬɜ ɓɟɑůəɞɜŰŬɘ ůŮ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ. ȼ əɘɜɖŰɘəɧŰɖŰŬ Űɤɜ ɛɞɟɑɤɜ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɞɡ űɞɟŰɑɞɡ Űɞɡɠ, Űɞ ɛɞɟɘŬəɧ Űɞɡɠ ɓɎɟɞɠ əŬɘ Űɞ ůɢɐɛŬ Űɞɡɠ. 

ȼɚŮəŰɟɘəɧ ˊŮŭɑɞ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ ŭɨɞ ɖɚŮəŰɟɞŭɑɤɜ (ɏɜŬ ŬɟɜɖŰɘəɧ əŬɘ ɏɜŬ ɗŮŰɘəɧ 

ɖɚŮəŰɟɧŭɘɞ) ɧˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɖɜ ůɡůəŮɡɐ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɖ ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ ɏɜŬ 

ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɛŮŰŬűɞɟɎ Űɤɜ ɘɧɜŰɤɜ. ɆŰɞ ŭɘɎɚɡɛŬ ŬɡŰɧ ŰɞˊɞɗŮŰŮɑŰŬɘ 

ɏɜŬ ˊɞɟɩŭŮɠ ɡɚɘəɧ ůŰɞ ɞˊɞɑɞ ɗŬ əɘɜɞɨɜŰŬɘ ŰŬ ɛɧɟɘŬ əŬɘ ɔɘŬ ɜŬ ˊŬɟɏɢŮɘ ɛŮɟɘəɐ ŬɜŰɑůŰŬůɖ ůŰɖɜ 

əɘɜɖŰɘəɧŰɖŰŬ Űɞɡɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɜɞɡəɚŮɥəɩɜ ɞɝɏɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ˊɐəŰɤɛŬ 

ŬɔŬɟɧɕɖɠ. 

ȼ ŬɔŬɟɧɕɖ ŮɑɜŬɘ ɏɜŬɠ ˊɞɚɡůŬəɢŬɟɑŰɖɠ ɧˊɞɡ ɏɢŮɘ Űɖɜ ɘŭɘɧŰɖŰŬ, ůŮ əŬŰɎɚɚɖɚɞ 

ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ ɜŬ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ˊɐəŰɤɛŬ ɛŮ ŭɘŬɛɏŰɟɖɛŬ ˊɧɟɤɜ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɞ 

Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɖɠ ŬɔŬɟɧɕɖɠ. ũɘŬ Űɞ DNA ɢɟɖůɘɛɞˊɞɘŮɑŰŮ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ TAE Űɞ 

ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ 1mM EDTA (ethylene-diamine-tetra-acetate), 40mM Tris 

[tris(hydroxymethyl)aminomethane, (HOCH2)3CNH2], 20mM Ɏɜɡŭɟɞ ɞɝɘəɧ ɞɝɨ (C2H4O2) ɛŮ 

pH 8.0. ɇŬ ɜɞɡəɚŮɥəɎ ɞɝɏŬ ɧɜŰŬɠ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜŬ əŬŰŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɞ ɗŮŰɘəɧ 

ɖɚŮəŰɟɧŭɘɞ ɛɏůŬ Ŭˊɧ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ. ɇŬ ɛɘəɟɧŰŮɟŬ ɛɧɟɘŬ əɘɜɞɨɜŰŬɘ ŰŬɢɨŰŮɟŬ Ŭˊɧ ŰŬ 

ɛŮɔŬɚɨŰŮɟŬ əŬɘ ɏŰůɘ ŭɘŬɢɤɟɑɕɞɜŰŬɘ əŬŰɎ ɛɏɔŮɗɞɠ ˊŮɟɜɩɜŰŬɠ ɛɏůŬ Ŭˊɧ Űɞɡɠ ˊɧɟɞɡɠ Űɞɡ 

ˊɖəŰɩɛŬŰɞɠ. ũɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɞɡ DNA ɛɏůŬ ůŰɞ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŮ 

ɓɟɤɛɘɞɨɢɞ Ŭɘɗɑŭɘɞ (EtBr). ɇɞ ɓɟɤɛɘɞɨɢɞ Ŭɘɗɑŭɘɞ ́ ŬɟŮɛɓɎɚŮŰŮ ůŰɖɜ ŭɑəɚɤɜɖ ŬɚɡůɑŭŬ Űɞɡ DNA 

əŬɘ ɧŰŬɜ ɓɟŮɗŮɑ ůŮ ɡˊŮɟɘɩŭŮɠ ŬəŰɘɜɞɓɞɚɑŬ űɗɞɟɑɕŮɘ ɛŮ ɏɜŰŬůɖ ŬɜɎɚɞɔɖ Űɖɠ ůɡɔəɏɜŰɟɤůɐɠ Űɞɡ 

DNA. ɀŮ Űɖɜ ɢɟɐůɖ ŰɛɖɛɎŰɤɜ DNA ɔɜɤůŰɞɨ ɛŮɔɏɗɞɡɠ ɔɑɜŮŰŬɘ ɖ ůɨɔəɟɘůɖ əŬɘ ɖ ˊɞůɞŰɘəɐ 

ŮəŰɑɛɖůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ (Mikkelsen and Corton, 2004). 

 ũɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ, ŬɟɢɘəɎ ˊŬɟŬůəŮɡɎůŰɖəŮ Űɞ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ 

ɓɎɕɞɜŰŬɠ ůŮ ɛɘŬ əɤɜɘəɐ űɘɎɚɖ 150ml ɟɡɗɛɘůŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ ɇȷȺ 1-1,5% ŬɔŬɟɧɕɖ ŬɜɎɚɞɔŬ 

ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ŰɛɖɛɎŰɤɜ DNA. ũɘŬ Űɖɜ ŭɘɎɚɡůɖ Űɖɠ ŬɔŬɟɧɕɖɠ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ 

ɛɘəɟɞəɡɛɎŰɤɜ ɛŮ ŬɜɎŭŮɡůɖ ŬɜɎ ŰŬəŰɎ ŭɘŬůŰɐɛŬŰŬ, ɧŰŬɜ ɖ ɗŮɟɛɞəɟŬůɑŬ ɐŰŬɜ ˊŮɟɑˊɞɡ 50oC 

ˊɟɞůŰɏɗɖəŮ 1ɛg/ml EtBr. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŰɞˊɞɗŮŰɐɗɖəŮ Űɞ ŭɘɎɚɡɛŬ ůŰɖɜ ůɡůəŮɡɐ 

ɖɚŮəŰɟɞűɧɟɖůɖɠ ɧˊɞɡ ɗŬ ůŰŮɟŮɞˊɞɘɖɗŮɑ əŬɘ ɏˊŮɘŰŬ ůɡɛˊɚɖɟɩɗɖəŮ ŭɘɎɚɡɛŬ TAE ɛɏɢɟɘɠ ɧŰɞɡ 

ɜŬ əŬɚɡűɗŮɑ Űɞ ˊɐəŰɤɛŬ. ɆŮ ɧɚŬ ŰŬ ŭŮɑɔɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɢɟɤůŰɘəɐ orange G 6x G190 

Űɖɠ ŮŰŬɘɟɑŬɠ Promega ůŮ ŬɜŬɚɞɔɑŬ 1:5 ɛŮ əɎɗŮ ŭŮɑɔɛŬ DNA. ũɘŬ əɎɗŮ ɖɚŮəŰɟɞűɧɟɖůɖ 
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ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 2,5ɛg Lambda DNA PstI Digest Űɖɠ Minotech. ũɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ˊŮŭɑɞɡ 

75V ůŰŬɗŮɟɞɨ ɟŮɨɛŬŰɞɠ ŰɟɞűɞŭɞŰɞɨɜŰŬɜ ůŰɖɜ ůɡůəŮɡɐ ɖɚŮəŰɟɞűɧɟɖůɖɠ. ɆŰɞ Űɏɚɞɠ Űɞ 

ˊɐəŰɤɛŬ ˊŬɟŬŰɖɟɐɗɖəŮ ůŮ ŰɟɎˊŮɕŬ ɡˊŮɟɘɩŭɞɡɠ űɤŰɧɠ. 

ɀŮŰɎ Ŭˊɧ əɎɗŮ ˊŬɟŬŰɐɟɖůɖ Űɞɡ ˊɖəŰɩɛŬŰɞɠ ŬɔŬɟɧɕɖɠ ůŰɖɜ ŰɟɎˊŮɕŬ ɡˊŮɟɘɩŭɞɡɠ 

űɤŰɧɠ, ŬˊɞɛɞɜɩɗɖəŬɜ ŰŬ ɗŮŰɘəɎ ŭŮɑɔɛŬŰŬ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ Űɞɡ NucleoSpin Gel 

and PCR Clean-up kit Űɖɠ ŮŰŬɘɟɑŬɠ Macherey-Nagel. ũɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ˊɟɤŰɧəɞɚɚɞɡ 

ŬɡŰɞɨ əɧˊɖəŬɜ ŰŬ ŰɛɐɛŬŰŬ Űɞɡ ˊɖəŰɩɛŬŰɞɠ ˊɞɡ ˊŮɟɘŮɑɢŬɜ Űɘɠ ŮˊɘɗɡɛɖŰɏɠ ɕɩɜŮɠ DNA əŬɘ ɛŮ 

Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŭɘŬɚɡŰɞˊɞɑɖɗɖəŮ Űɞ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ. ɀŮ Űɖɜ ˊŬɟɞɡůɑŬ 

ɢŬɞŰɟɞˊɘəɩɜ ŬɚɎŰɤɜ ůŰɞ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůɡɔəɟŬŰŮɑŰŮ Űɞ DNA  Ŭˊɧ 

Űɖɜ ɛŮɛɓɟɎɜɖ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ˊɡɟɘŰɑɞɡ Űɤɜ ŭɞɢŮɑɤɜ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ. ɀŮ ŬɡŰɧɜ 

Űɞ Űɟɧˊɞ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ŰŬ ɜɞɡəɚŮɥəɎ ɞɝɏŬ Ŭˊɧ Űɞ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ, ůɡɔəɟŬŰɞɨɜŰŬɘ Ŭˊɧ Űɖɜ 

ɛŮɛɓɟɎɜɖ ˊɡɟɘŰɑɞɡ əŬɘ ůŰɞ Űɏɚɞɠ ŮəɚɞɨɞɜŰŬɘ ŬˊŬɚɚŬɔɛɏɜŬ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɟɞůɛɑɝŮɘɠ. 

 

2.5  ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ɓŬəŰɖɟɘŬəɩɜ əɡŰŰɎɟɤɜ 

ɀŮ Űɞɜ ɧɟɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ŬɜŬűŮɟɧɛŬůŰŮ ůŰɖɜ ɛŮŰŬűɞɟɎ əŬɘ ɏəűɟŬůɖ ŮɝɤɔŮɜɞɨɠ 

ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ ɛɏůŬ ůŮ ɏɜŬ əɨŰŰŬɟɞ. ɀŮɟɘəɎ ɓŬəŰɐɟɘŬ ɏɢɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŮˊɘŰɟɏˊɞɡɜ 

ɛŮ űɡůɘəɧ Űɟɧˊɞ Űɖɜ ŮɘůŬɔɤɔɐ ŮɝɤɔŮɜɞɨɠ ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ ůŰɞ əɨŰŰŬɟɞ. ɇɏŰɞɘŬ əɨŰŰŬɟŬ 

ɞɜɞɛɎɕɞɜŰŬɘ ŭŮəŰɘəɎ (competent) əɨŰŰŬɟŬ. ȷˊɧ Űɞ 1970 ɏɢŮɘ ŮˊɘɜɞɖɗŮɑ  ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ 

ɓŬəŰɖɟɘŬəɩɜ əɡŰŰɎɟɤɜ ɛŮ ŰŮɢɜɖŰɧ Űɟɧˊɞ əŬɘ Ŭˊɧ ŰɧŰŮ ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ ŭɘɎűɞɟɞɘ ɛɏɗɞŭɞɘ. ȼ 

Ŭɟɢɘəɐ ɛɏɗɞŭɞɠ ŬűɞɟɞɨůŮ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ ɓŬəŰɖɟɘŬəɩɜ əɡŰŰɎɟɤɜ ɛŮ ˊɚŬůɛɘŭɘŬəɧ DNA 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əɟɨɞ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ ɢɚɤɟɘɞɨɢɞɡ ŬůɓŮůŰɑɞɡ (CaCl2) ůŮ ŬɜŬˊŰɡůůɧɛŮɜŬ 

əɨŰŰŬɟŬ ɛŮ ŬˊɧŰɞɛŮɠ ŮɜŬɚɚŬɔɏɠ ɗŮɟɛɞəɟŬůɑŬɠ (heat-shock ˊɟɤŰɧəɞɚɚɞ).  

ȳŰŬɜ ŰŬ ɓŬəŰɖɟɘŬəɎ əɨŰŰŬɟŬ ŮəŰŮɗɞɨɜ ůŮ ɗŮɟɛɞəɟŬůɑŬ əɞɜŰɎ ůŰɞɡɠ 0oC 

ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ ɖ əɡŰŰŬɟɘəɐ Űɞɡɠ ɛŮɛɓɟɎɜɖ. ȺˊŮɘŭɐ Űɞ DNA əŬɘ ɞɘ əɡŰŰŬɟɘəɏɠ ɛŮɛɓɟɎɜŮɠ 

ŮɑɜŬɘ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜŬ ŬˊɤɗɞɨɜŰŬɘ. ɇŬ ɗŮŰɘəɎ ɘɧɜŰŬ ŬůɓŮůŰɑɞɡ Ŭˊô Űɞ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ 

ˊɟɞůŭɏɜɞɜŰŬɘ ůŰɘɠ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜŮɠ űɤůűɞɟɘəɏɠ ɞɛɎŭŮɠ Űɞɡ DNA əŬɘ ůŰɘɠ ɞɛɎŭŮɠ 

űɤůűɞɚɘˊɘŭɑɤɜ Űɖɠ əɡŰŰŬɟɘəɐɠ ɛŮɛɓɟɎɜɖɠ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŮɝɞɡŭŮŰŮɟɩɜɞɜŰŬɘ ŰŬ 

ŬɟɜɖŰɘəɎ Űɞɡɠ űɞɟŰɑŬ əŬɘ Űɞ DNA ɛˊɞɟŮɑ ɜŬ ˊɚɖůɘɎůŮɘ Űɞɡɠ ˊɧɟɞɡɠ Űɖɠ əɡŰŰŬɟɘəɐɠ 

ɛŮɛɓɟɎɜɖɠ. ɀŮ Űɖɜ ŬˊɧŰɞɛɖ Ɏɜɞŭɞ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ (40-42oC) ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɘŬ ɗŮɟɛɘəɐ 

ŬůŰɎɗŮɘŬ (Thermal imbalance) ŮɜŰɧɠ əŬɘ ŮəŰɧɠ Űɤɜ əɡŰŰŬɟɘəɩɜ ɛŮɛɓɟŬɜɩɜ ɖ ɞˊɞɑŬ 
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ŮɝŬɜŬɔəɎɕŮɘ Űɞ DNA ɜŬ ŮɘůɢɤɟɐůŮɘ ůŰɞ əɨŰŰŬɟɞ (ȿɞɡɚŬəɎəɖɠ, ũŮɤɟɔɘəɐ ȸɘɞŰŮɢɜɞɚɞɔɑŬ əŬɘ 

ɇɟɧűɘɛŬ ȺɟɔŬůŰɖɟɘŬəɏɠ ȷůəɐůŮɘɠ, 2008).  

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮűŬɟɛɧůŰɖəŮ əŬɘ ɔɘŬ ŰŬ ŭɨɞ ɓŬəŰɖɟɘŬəɎ ůŰŮɚɏɢɖ, DH10B əŬɘ BL21, 

ɛŮ Űɞ ˊŬɟŬəɎŰɤ ˊɟɤŰɧəɞɚɚɞ. ɆŮ əŬɚɚɘɏɟɔŮɘŬ 100ɛl ŭŮəŰɘəɩɜ əɡŰŰɎɟɤɜ ˊɟɞůŰɏɗɖəŬɜ 40ng 

DNA Ŭˊô Űɞ ˊɟɞɥɧɜ Űɖɠ ɚɘɔɞˊɞɑɖůɖɠ. ȷəɞɚɞɨɗɖůŮ ˊɟɞůŮəŰɘəɐ ŬɜɎŭŮɡůɖ ɛŮ Űɞ ɢɏɟɘ əŬɘ 

ŮɜŬˊɧɗŮůɖ ůŰɞɜ ˊɎɔɞ ɔɘŬ 15 ɚŮˊŰɎ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɏɔɘɜŮ ŮˊɩŬůɖ ůŰɞɡɠ 40oC ɔɘŬ 1 ɚŮˊŰɧ əŬɘ 

ɝŬɜɎ ŮɜŬˊɧɗŮůɖ ůŰɖɜ ˊɎɔɞ ɔɘŬ 15 ɚŮˊŰɎ. ɄɟɞůŰɏɗɖəŬɜ 900ɛl LB ɢɤɟɑɠ ŬɜŰɘɓɘɞŰɘəɧ əŬɘ 

ŬűɏɗɖəŬɜ ůŰɞɡ 37oC ɛŮ ůɡɜŮɢɐ ŬɜɎŭŮɡůɖ 200rpm ɔɘŬ 60 ɚŮˊŰɎ. ɇɞ ɗɟŮˊŰɘəɧ ŭɘɎɚɡɛŬ ůŮ ŬɡŰɧ 

Űɞ ůŰɎŭɘɞ ŮɑɜŬɘ ɢɤɟɑɠ ŬɜŰɘɓɘɞŰɘəɧ ɔɘŬ ɜŬ ŭɞɗŮɑ ɞ ŬˊŬɟŬɑŰɖŰɞɠ ɢɟɧɜɞɠ ůŰŬ əɨŰŰŬɟŬ ŮəűɟɎůɞɡɜ 

ŰŬ ɔɞɜɑŭɘŬ ŬɜɗŮəŰɘəɧŰɖŰŬɠ. ɀŮŰɎ Ŭˊɧ ɛɘŬ ůɨɜŰɞɛɖ űɡɔɞəɏɜŰɟɖůɖ ɔɘŬ 10 ŭŮɡŰŮɟɧɚŮˊŰŬ ůŰɘɠ 

3000rpm ŬűŬɘɟɏɗɖəŬɜ 900ɛl ɡˊŮɟəŮɘɛɏɜɞɡ (LB) əŬɘ 50ɛl əɡŰŰɎɟɤɜ ŬˊɚɩɗɖəŬɜ ůŮ ŰɟɡɓɚɑŬ 

petri ɧˊɞɡ ŮɑɢŬɜ LB, ɎɔŬɟ əŬɘ Űɞ əŬŰɎɚɚɖɚɞ ŬɜŰɘɓɘɞŰɘəɧ. ɇŬ ŰɟɡɓɚɑŬ ɏɛŮɘɜŬɜ ůŮ ɗɎɚŬɛɞ 

ɗŮɟɛɞəɟŬůɑŬɠ 37oC ɔɘŬ ɛɘŬ ɜɨɢŰŬ. 

 

2.6 ɀɏɗɞŭɞɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ŮɘůŬɔɤɔɐɠ Űɤɜ ɔɞɜɘŭɑɤɜ ůŰɞɡɠ ˊɚŬůɛɘŭɘŬəɞɨɠ 

űɞɟŮɑɠ 

ȼ ˊɟɩŰɖ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ ɖ colony PCR. ɀŮ Űɖɜ ɛɏɗɞŭɞ ŬɡŰɐɜ ɏɔɘɜŮ ɖ  

ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ɓŬəŰɖɟɘŬəɩɜ Ŭˊɞɘəɘɩɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɞ ɔɞɜɑŭɘɞ. ȷəɞɚɞɨɗɖůŮ 

ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ ůŰɞ ˊɟɞɥɧɜ Űɖɠ colony PCR əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ˊŬɟŬŰɖɟɐɗɖəŬɜ ůŮ ŰɟɎˊŮɕŬ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȷűɞɨ ŮɜŰɞˊɑůɗɖəŬɜ ɞɘ ɗŮŰɘəɏɠ 

ɓŬəŰɖɟɘŬəɏɠ ŬˊɞɘəɑŮɠ ɏɔɘɜŮ Ŭˊɞɛɧɜɤůɖ DNA Ŭˊô ŬɡŰɏɠ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ, ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ 

ŮɘůŬɔɤɔɐɠ Űɞɡ ɔɞɜɘŭɑɞɡ ůŰɞɜ űɞɟɏŬ, ˊɏɣɖɠ ɛŮ ŮɜŭɞɜɞɡəɚŮɎůŮɠ ˊŮɟɘɞɟɘůɛɞɨ, ɔɜɤůŰɏɠ ɤɠ 

ˊɏɣŮɘɠ Ůɚɏɔɢɞɡ. 

 

2.7 ȷˊɞɛɧɜɤůɖ ˊɚŬůɛɘŭɘŬəɞɨ DNA 

Ƀɘ ŬˊɞɛɞɜɩůŮɘɠ ˊɚŬůɛɘŭɘŬəɞɨ DNA ŬˊɞŰŮɚɞɨɜ ŭɘŬŭɘəŬůɑŮɠ ɟɞɡŰɑɜŬɠ ɔɘŬ Űɖɜ ɛɞɟɘŬəɐ 

ɓɘɞɚɞɔɑŬ əŬɘ ɓŬůɘəɧ ɓɐɛŬ ɔɘŬ ŰŮɢɜɘəɏɠ ɔŮɜŮŰɘəɐɠ ɛɖɢŬɜɘəɐɠ ɧˊɤɠ Űɟɞˊɞˊɞɑɖůɖ ɔŮɜŮŰɘəɞɨ 

ɡɚɘəɞɨ, əɚɤɜɞˊɞɑɖůɖ, ŬɜɎˊŰɡɝɖ ɓŬəŰɖɟɘŬəɩɜ əŬɚɚɘŮɟɔŮɘɩɜ ɔɘŬ ˊɟɤŰŮɥɜɘəɐ ɏəűɟŬůɖ. 

ɄɚŬůɛɑŭɘŬ ɞɜɞɛɎɕɞɜŰŬɘ əɡəɚɘəɎ ɛɧɟɘŬ Ůɝɤɢɟɤɛɞůɤɛɘəɞɨ DNA ɧˊɞɡ ůŰɖɜ űɨůɖ ůɡɜŬɜŰɩɜŰŬɘ 

əɡɟɑɤɠ ůŮ ɓŬəŰɐɟɘŬ. Ȱɢɞɡɜ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ ŬɜŰɘɔɟɎűɞɜŰŬɘ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ɢɟɤɛɧůɤɛŬ 
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Űɤɜ ɓŬəŰɖɟɑɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɧɛɤɠ Űɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ŬɜŰɘɔɟŬűɐɠ Űɞɡ əɡŰŰɎɟɞɡ. ȹŮɜ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɘɠ űɡůɘɞɚɞɔɘəɏɠ ɚŮɘŰɞɡɟɔŮɑŮɠ əŬɘ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɞɡ əɡŰŰɎɟɞɡ, Űɞɡ 

ˊɟɞůŭɑŭɞɡɜ ɧɛɤɠ ůɖɛŬɜŰɘəɎ ɓɞɖɗɖŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧˊɤɠ ŬɜɗŮəŰɘəɧŰɖŰŬ ůŮ ŬɜŰɘɓɘɞŰɘəɎ, 

ŮˊɘŰɟɏˊɞɜŰɎɠ Űɞɡɠ ɜŬ Ůˊɘɓɘɩɜɞɡɜ ůŮ ŰɞɝɘəɎ ɔɘŬ ŬɡŰɎ ˊŮɟɘɓɎɚɚɞɜŰŬ.  

ȼ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɞ ˊŮɑɟŬɛŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɢɟɐůɖ ŰŮɢɜɞɚɞɔɑŬɠ Űɞɡ 

ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ˊɡɟɘŰɑɞɡ ɛŮ ŬɚəŬɚɘəɐ ɚɨůɖ Űɤɜ əɡŰŰɎɟɤɜ əŬɘ ŮəɛŮŰŬɚɚŮɨŮŰŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ 

ɢɟɤɛɞůɤɛɘəɧ əŬɘ Űɞ ́ɚŬůɛɘŭɘŬəɧ DNA ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɧ ɛɏɔŮɗɞɠ. ɀŮ Űɖɜ ɢɟɐůɖ ŭɘŬűɧɟɤɜ 

ɟɡɗɛɘůŰɘəɩɜ ŭɘŬɚɡɛɎŰɤɜ ŬˊɞŭɘŬŰɎůůŮŰŬɘ əŬɘ ŬɜŬŭɘŬŰɎůůŮŰŬɘ Űɞ DNA. ɇɞ ˊɚŬůɛɘŭɘŬəɧ DNA 

ɚɧɔɞ Űɞɡ ɛɘəɟɞɨ Űɞɡ ɛŮɔɏɗɞɡɠ ŬɜŬŭɘŬŰɎůůŮŰŬɘ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŮˊɘŰɡɢɑŬ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ɢɟɤɛɞůɤɛɘəɧ Űɞ ɞˊɞɑɞ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ůɨɛˊɚŮɔɛŬ ɛŬɕɑ ɛŮ ˊɟɤŰŮȶɜŮɠ, ɚɘˊɑŭɘŬ əŬɘ ɎɚɚŬ 

ůɡůŰŬŰɘəɎ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ. ȰŰůɘ ŭɘŬɢɤɟɑɕŮŰŬɘ Űɞ ɢɟɤɛɞůɤɛɘəɧ Ŭˊɧ ˊɚŬůɛɘŭɘŬəɧ DNA əŬɘ ɛŮ 

Űɖɜ ɢɟɐůɖ ɢŬɞŰɟɞˊɘəɩɜ ŬɚɎŰɤɜ Űɞ ŭŮɨŰŮɟɞ ůɡɔəɟŬŰŮɑŰŮ Ŭˊɧ Űɖɜ ɛŮɛɓɟɎɜɖ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ 

ˊɡɟɘŰɑɞɡ ɛɏɢɟɘ əŬɘ Űɖɜ ɏəɚɞɡůɐ Űɞɡ ůŰɞ ŰŮɚɘəɧ ůŰɎŭɘɞ (Pronobis, Deuitch and Peifer, 2016).  

ȷɟɢɘəɎ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɓŬəŰɖɟɘŬəɐɠ əŬɚɚɘɏɟɔŮɘŬɠ ŮˊɘɛɞɚɨɜɗɖəŬɜ 5ml ɗɟŮˊŰɘəɞɨ 

ɡɞ́ůŰɟɩɛŬŰɞɠ LB əŬɘ əŬŰɎɚɚɖɚɞɡ ŬɜŰɘɓɘɞŰɘəɞɨ ɛŮ ɓŬəŰɖɟɘŬəɎ əɨŰŰŬɟŬ ɧˊɞɡ ŮɑɢŬɜ Űɞ 

ˊɚŬůɛɑŭɘɞ ˊɟɞɠ Ŭˊɞɛɧɜɤůɖ. ɄŬɟɏɛŮɘɜŬɜ ɔɘŬ ɛɘŬ ɜɨəŰŬ ůŮ ɗŮɟɛɞəɟŬůɑŬ 37oC ɛŮ ůɡɜŮɢɐ 

ŬɜɎŭŮɡůɐ ůŰɘɠ 250rpm. ȰɔɘɜŮ ɛŮŰŬűɞɟɎ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ůŮ ŭɞɢŮɑŬ Űɨˊɞɡ Eppendorf 1,5 ml 

əŬɘ ŬəɞɚɞɨɗɖůŬɜ űɡɔɞəŮɜŰɟɐůŮɘɠ 30 ŭŮɡŰŮɟɞɚɏˊŰɤɜ ůŰŬ 11.000g. ȼ ŮˊŬɜŬŭɘɎɚɡůɖ Űɖɠ 

ˊŮɚɏŰŬɠ Űɤɜ əɡŰŰɎɟɤɜ ɏɔɘɜŮ ůɨɛűɤɜŬ ɛŮ Űɞ NucleoSpin Plasmid kit Űɖɠ ŮŰŬɘɟɑŬɠ Macherey-

Nagel əŬɗɩɠ əŬɘ ɧɚŮɠ ɞɘ ŬˊɞɛɞɜɩůŮɘɠ ˊɚŬůɛɘŭɘŬəɞɨ DNA Űɞɡ ˊŮɘɟɎɛŬŰɞɠ. ȼ ɏəɚɞɡůɖ Űɞɡ 

ˊɚŬůɛɘŭɘŬəɞɨ DNA ɏɔɘɜŮ ɛŮ Űɞ ˊɟɞŰŮɘɜɧɛŮɜɞ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ buffer AE (5mM Tris/HCl, 

pH 8,5). ɀŮ Űɞ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞ Nanodrop 2000c Űɖɠ Thermo Scientific ɏɔɘɜŮ ɞ ˊɞůɞŰɘəɧɠ 

əŬɘ ˊɞɘɞŰɘəɧɠ ɏɚŮɔɢɧɠ Űɞɡ DNA. 

 

2.8 ȷɜɎˊŰɡɝɖ ɓŬəŰɖɟɘŬəɩɜ əŬɚɚɘŮɟɔŮɘɩɜ ɔɘŬ ˊɟɤŰŮɥɜɞůɨɜɗŮůɖ 

ũɘŬ Űɖɜ ˊɟɤŰŮɥɜɘəɐ ɏəűɟŬůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɓŬəŰɖɟɘŬəɧ ůŰɏɚŮɢɞɠ BL21 (DE3). ɀŮŰɎ 

Ŭˊɧ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɤɜ əɡŰŰɎɟɤɜ Űɞɡ ůŰŮɚɏɢɞɡɠ ŬɡŰɞɨ ɛŮ Űɞɜ pRSF-SsDDCmut 

ŬəɞɚɞɨɗɖůŮ ůɡɚɚɞɔɐ ɛɘŬɠ ŬˊɞɘəɑŬɠ əŬɘ ŬɜɎˊŰɡɝɖ Űɖɠ ůŮ 5ml ɗɟŮˊŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ LB ɛŮ 

əŬɜŬɛɘəɑɜɖ. ɀŮŰɎ Ŭˊɧ ɛɘŬ ɜɨəŰŬ ůŰɞɡɠ 37oC ɛŮ ůɡɜŮɢɐ ŬɜɎŭŮɡůɖ (250rpm) ɏɔɘɜŮ Ůˊɘɛɧɚɡɜůɖ 

100ml ɗɟŮˊŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ LB ɛŮ əŬɜŬɛɘəɑɜɖ ɛŮ 2ml Ŭˊɧ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ əŬɚɚɘɏɟɔŮɘŬ ůŮ 

əɤɜɘəɏɠ űɘɎɚŮɠ Űɤɜ 500ml. Ƀɘ əŬɚɚɘɏɟɔŮɘŮɠ ˊŬɟɏɛŮɘɜŬɜ ůŰɞɡɠ 37oC ɛŮ ůɡɜŮɢɐ ŬɜɎŭŮɡůɖ 
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(250rpm). ȼ ŮəŰɑɛɖůɖ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ɏɔɘɜŮ ɛŮŰɟɩɜŰŬɠ Űɖɜ Ŭˊɞɟɟɧűɖůɐ Űɖɠ 

(OD) ůŮ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞ UV-1700 Űɖɠ ŮŰŬɘɟɑŬɠ Shimadzu. 

H ŮˊɘɗɡɛɖŰɐ Ŭˊɞɟɟɧűɖůɖ OD600 ŮɑɜŬɘ Ŭˊɧ 0,05 ɛɏɢɟɘ 0,1, ŰɧŰŮ ɖ əŬɚɚɘɏɟɔŮɘŬ ŮɑɜŬɘ 

ůŰɖɜ űɎůɖ Űɖɠ ŮəɗŮŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ. ȰɔɘɜŮ ɖ ˊɟɞůɗɐəɖ Űɞɡ IPTG ůŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ (50ɛM, 200ɛM, 1000ɛM, 500ɛM) ůŮ ɗŮɟɛɞəɟŬůɑŬ 25oC ɛŮ ůɡɜŮɢɐ ŬɜɎŭŮɡůɖ 

(250rpm) ɔɘŬ Űɖɜ ŮˊŬɔɤɔɐ Űɖɠ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ. Ƀɘ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ 

ɏɔɘɜŬɜ ɛŮŰɎ Ŭˊɧ ŰɟŮɑɠ əŬɘ Ůɑəɞůɘ ɩɟŮɠ Ŭˊô Űɖɜ ˊɟɞůɗɐəɖ Űɞɡ IPTG.  

 

2.9 Ʌɐɝɖ əɡŰŰɎɟɤɜ əŬɘ ůɡɚɚɞɔɐ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ ɓŬəŰɖɟɘŬəɐ əŬɚɚɘɏɟɔŮɘŬ  

ȼ ɚɨůɖ Űɤɜ əɡŰŰɎɟɤɜ ɏɔɘɜŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɤɜ ɡˊŮɟɐɢɤɜ (sonication). ȼ ůɡůəŮɡɐ ɡˊŮɟɐɢɤɜ 

(sonicator) űɏɟŮɘ ɛɘŬ ŬəɑŭŬ (probe) ɖ ɞˊɞɑŬ ɓɡɗɑɕŮŰŬɘ ůŰɞ ŭɘɎɚɡɛŬ ɛŮ ŰŬ əɨŰŰŬɟŬ ˊɟɞɠ ɚɨůɖ 

əŬɘ ŮəˊɏɛˊŮɘ ɡˊŮɟɐɢɞɡɠ ɛŮ ɟɡɗɛɘɕɧɛŮɜɖ ůɡɢɜɧŰɖŰŬ əŬɘ ɏɜŰŬůɖ ɞɘ ɞˊɞɑɞɘ ́ ɟɞəŬɚɞɨɜ ɛɖɢŬɜɘəɐ 

ɚɨůɖ Űɤɜ əɡŰŰŬɟɘəɩɜ ɛŮɛɓɟŬɜɩɜ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ ŰŮɢɜɘəɏɠ ŭɘŬɢɤɟɘůɛɞɨ ůŰŮɟŮɩɜ ɡɔɟɩɜ 

ůɡɚɚɏɔŮŰŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɞɡ əɡŰŰɎɟɞɡ (ɄɞɡɚɎɠ and Ɇɘŭɏɟɖɠ, 2015). 

ɀŮ ůəɞˊɧ Űɖɜ ɛɏŰɟɖůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ůɡɚɚɏɢɗɖəŮ ˊɞůɧŰɖŰŬ 

ŬɜŰɑůŰɞɘɢɖ ɛŮ 100 OD ɛɞɜɎŭŮɠ. ȼ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ɗɟŮˊŰɘəɞɨ ɡˊɞůŰɟɩɛŬŰɞɠ ɏɔɘɜŮ ɛŮ 

űɡɔɞəɏɜŰɟɖůɖ ůŰŬ 6000g əŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ 4oC ɔɘŬ 10min. ȷəɞɚɞɨɗɖůŮ ŮˊŬɜŬŭɘɎɚɡůɖ Űɤɜ 

əɡŰŰɎɟɤɜ ɛŮ Tris HCl 20mM, űɡɔɞəɏɜŰɟɖůɖ ůŰɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ əŬɘ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ 

ɡˊŮɟəŮɘɛɏɜɞɡ ɔɘŬ ɜŬ ŬűŬɘɟŮɗɞɨɜ Űɡɢɩɜ ɡˊɞɚŮɑɛɛŬŰŬ ɗɟŮˊŰɘəɞɨ ɡˊɞůŰɟɩɛŬŰɞɠ. ɇŬ əɨŰŰŬɟŬ 

ŮˊŬɜŬŭɘŬɚɨɗɖəŬɜ ůŮ Tris HCl 20mM pH 8 əŬɘ ɛŮŰŬűɏɟɗɖəŬɜ, 2ml Ŭˊɧ Űɞ əɎɗŮ ŭŮɑɔɛŬ, ůŮ 

ŭɞɢŮɑŬ Űɤɜ 5ml. 

ȼ ɟɐɝɖ Űɤɜ əɡŰŰɎɟɤɜ ɏɔɘɜŮ ɛŮ Űɖɜ ůɡůəŮɡɐ ɡˊŮɟɐɢɤɜ Labsonic U Űɖɠ ŮŰŬɘɟɑŬɠ Braun 

ɛŮ 0,6 əɨəɚɞɡɠ əŬɘ Ůɨɟɞɠ 70W ɔɘŬ 10min ɔɘŬ Űɞ əɎɗŮ ŭŮɑɔɛŬ. ɇŬ ŭɞɢŮɑŬ ɐŰŬɜ ůɡɜŮɢɩɠ ůŰɞɜ 

ˊɎɔɞ. ȷəɞɚɞɨɗɖůŮ űɡɔɞəɏɜŰɟɖůɖ ůŰŬ 20000g ɔɘŬ 30min ůŰɞɡɠ 4oC. ɔɘŬ Űɖɜ əŬɗɑɕɖůɖ Űɤɜ 

əɡŰŰŬɟɘəɩɜ ɡˊɞɚŮɘɛɛɎŰɤɜ ůŰɞɜ ˊɡɗɛɏɜŬ Űɞɡ ŭɞɢŮɑɞɡ. ɆɡɚɚɏɢɗɖəŮ Űɞ ɡˊŮɟəŮɑɛŮɜɞ Űɞ ɞˊɞɑɞ 

ˊŮɟɘŮɑɢŮ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɤɜ əɡŰŰɎɟɤɜ. 

 

2.10 ɀɏŰɟɖůɖ ˊɟɤŰŮɥɜɩɜ ɛŮ Űɖɜ ɛɏɗɞŭɞ Bradford 

ȼ ˊɞůɧŰɖŰŬ Űɤɜ ˊɟɤŰŮɥɜɩɜ ˊɞɡ ˊŬɟɎɢɗɖəŮ əŬɘ ůɡɚɚɏɢɗɖəŮ Ŭˊɧ Űɖɜ ɓŬəŰɖɟɘŬəɐ əŬɚɚɘɏɟɔŮɘŬ 

ɛŮŰɟɐɗɖəŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ Bradford. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɓŬůɑɕŮŰŬɘ ůŰɞ ɧŰɘ ɞɘ ́ ɟɤŰŮȶɜŮɠ ɏˊŮɘŰŬ Ŭˊɧ 
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Űɖɜ ˊɟɧůɛɘɝɖ ɛŮ Űɖɜ ɢɟɤůŰɘəɐ Coomassie Brilliant Blue G250 Ŭˊɞɟɟɞűɞɨɜ űɤɠ 

ůɡɔəŮəɟɘɛɏɜɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ. ȼ ɢɟɤůŰɘəɐ ŬɡŰɐ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ˊɟɞůŭɏɜŮŰŬɘ ůŰɘɠ 

ˊɟɤŰŮȶɜŮɠ əŬɘ ɜŬ ŬˊɞɟɟɞűɎ ůŰŬ 595nm ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ůɡɔəɏɜŰɟɤůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ 

(ȿɞɡɚŬəɎəɖɠ, 2008). ũɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ ŬˊŬɘŰŮɑŰŬɘ ɖ ˊŬɟŬůəŮɡɐ  Űɞɡ 

ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Bradford (ˊɞɡ űɏɟŮɘ Űɖɜ ɢɟɤůŰɘəɐ) əŬɘ ɖ əŬŰŬůəŮɡɐ ɛɘŬɠ ˊɟɧŰɡˊɖɠ əŬɛˊɨɚɖɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɟɤŰŮɥɜɘəɎ ŭɘŬɚɨɛŬŰŬ ɔɜɤůŰɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ, ɛɏůɞ Űɤɜ ɞˊɞɑɤɜ ɗŬ 

ɡˊɞɚɞɔɘůɗŮɑ ɖ ˊɞůɧŰɖŰŬ Űɤɜ ˊɟɤŰŮɥɜɩɜ.  

ȾŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Bradford ŭɘŬɚɨɗɖəŬɜ 50mg ɢɟɤůŰɘəɐɠ 

Coomassie Brilliant Blue G250 ůŮ 25ml ŬɘɗŬɜɧɚɖɠ 95%, ůŰɖɜ ůɡɜɏɢŮɘŬ ˊɟɞůŰɏɗɖəŬɜ 50ml 

űɤůűɞɟɘəɞɨ ɞɝɏɞɠ 85% (w/v) əŬɘ ɧŰŬɜ ŭɘŬɚɨɗɖəŮ ŮɜŰŮɚɩɠ ɖ ɢɟɤůŰɘəɐ ɏɔɘɜŮ ŬɟŬɑɤůɖ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ ůŮ ŰŮɚɘəɧ ɧɔəɞ 500ml. Ʉɟɘɜ Űɖɜ ɢɟɐůɖ Űɞɡ ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Bradford ˊŮɟɎůŰɖəŮ 

Ŭˊɧ ŭɘɖɗɖŰɘəɧ ɢŬɟŰɑ Whatman ɓŬɗɛɞɨ 1. ȼ ˊɟɧŰɡˊɖ əŬɛˊɨɚɖ əŬŰŬůəŮɡɎůŰɖəŮ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ ˊɟɤŰŮȶɜɖɠ BSA, Ŭˊɧ 5ɛg ɏɤɠ 100ɛg ůŮ 

ɧɔəɞ 10ɛl. ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊɟɞůŰɏɗɖəŬɜ 990ɛl ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Bradford ůŰɞ əŬɗɏɜŬ əŬɘ ɛŮŰɎ 

Ŭˊɧ 5min ɛŮŰɟɐɗɖəŮ ɖ Ŭˊɞɟɟɧűɖůɖ ůŰŬ 595nm. ɇŬ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɜ ůɡɚɚɞɔɐ Űɞɡ ůɡɜɧɚɞɡ 

Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɖɠ ɓŬəŰɖɟɘŬəɐɠ əŬɚɚɘɏɟɔŮɘŬɠ ɛŮŰɟɐɗɖəŬɜ əŬɘ ŬɡŰɎ ůŮ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞ 

ůŰŬ 595nm Ůɜɩ ɔɘŬ əɎɗŮ ɛɏŰɟɖůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 10ɛl ˊɟɤŰŮɥɜɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ ɛŬɕɑ ɛŮ 

990ɛl ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Bradford. ȳɚŮɠ ɞɘ ɛŮŰɟɐůŮɘɠ Ŭˊɞɟɟɧűɖůɖɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ɏɔɘɜŬɜ ɛŮŰɎ 

Ŭˊɧ 5min Ŭˊô Űɖɜ ˊɟɞůɗɐəɖ Űɞɡ ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Bradford. 

 

2.11 ɆɢŮŭɘŬůɛɧɠ əŬɘ ŮəŰɏɚŮůɖ in vitro ŬɜŰɘŭɟɎůŮɤɜ 

ɆɢŮŭɘɎůŰɖəŬɜ ŬɜŰɘŭɟɎůŮɘɠ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ŮɜŮɟɔɧŰɖŰŬɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ ɧŰŬɜ ɏɢɞɡɜ ɤɠ 

ɡˊɧůŰɟɤɛŬ Űɖɜ Űɡɟɞůɑɜɖ (Tyrosine, Tyr) ŬɚɚɎ əŬɘ Űɖɜ DOPA (L-3,4 

Dihydroxyphenylalanine). ɄŬɟŬůəŮɡɎůŰɖəŮ ŭɘɎɚɡɛŬ Űɡɟɞůɑɜɖɠ 2mM ŭɘŬɚɨɞɜŰŬɠ 0,0145gr 

Űɡɟɞůɑɜɖɠ ůŮ 40ml H2O əŬɘ L-DOPA 2mM ŭɘŬɚɨɞɜŰŬɠ 0,0158g DOPA ůŮ 40ml H2O əŬɘ 80ɛl 

ASA 1M (Ŭůəɞɟɓɘəɧ ɞɝɨ). 

Ƀɘ ˊɟɩŰŮɠ ŬɜŰɘŭɟɎůŮɘɠ ɏɔɘɜŬɜ ɛŮ Űɞ ŮəɢɨɚɘůɛŬ ́ ɟɤŰŮɥɜɩɜ Ŭˊɧ Űɘɠ 3h əŬɘ 20h ŮˊŬɔɤɔɐɠ 

ɏəűɟŬůɖɠ ɛŮ 500ɛɀ ůɡɔəɏɜŰɟɤůɖ IPTG (50ɛl IPTG 1ɀ ůŮ 100ml). ɆŮ ŬɜŰɑŭɟŬůɖ ŰŮɚɘəɞɨ 

ɧɔəɞɡ 1000ɛl əŬɘ 400ng ˊɟɤŰŮɥɜɩɜ ɛˊɐəŬɜ ŰŬ ɡˊɞůŰɟɩɛŬŰŬ Űɖɠ Űɡɟɞůɑɜɖɠ əŬɘ Űɖɠ DOPA 

ɢɤɟɘůŰɎ. ȰɔɘɜŮ ŮˊŬɜɎɚɖɣɖ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮ Űɞɜ ŰŮɚɘəɧ ɧɔəɞ ɜŬ ŰɟɞˊɞˊɞɘŮɑŰŮ ůŰŬ 2000ɛl 

əŬɘ Űɖɜ ˊɞůɧŰɖŰŬ ˊɟɤŰŮɥɜɩɜ ůŰŬ 1000ɛg ɛŮ ɡˊɧůŰɟɤɛŬ L-DOPA. 
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ɆŰɘɠ ŮˊɧɛŮɜŮɠ ŬɜŰɘŭɟɎůŮɘɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊɟɤŰŮȶɜŮɠ ɝŬɜɎ Ŭˊɧ 3h əŬɘ 20h ŮˊŬɔɤɔɐɠ 

ɏəűɟŬůɖɠ ɛŮ ůɡɔəŮɜŰɟɩůŮɘɠ IPTG, 50ɛM, 200ɛM əŬɘ 1000ɛM. Ƀ ŰŮɚɘəɧɠ ɧɔəɞɠ ɔɘŬ əɎɗŮ 

ŬɜŰɑŭɟŬůɖ ɐŰŬɜ 2000ɛl ɛŮ 1000ng ́ ɟɤŰŮɥɜɩɜ. ɆŮ ŬɡŰɧɜ Űɞɜ əɨəɚɞ ŬɜŰɘŭɟɎůŮɤɜ Űɞ ɡˊɧůŰɟɤɛŬ 

ɐŰŬɜ ɖ L-DOPA. 

ȳɚŮɠ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɏɔɘɜŬɜ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ əŬɘ ɔɘŬ Űɘɠ ˊɟɩŰŮɠ ŬɜŰɘŭɟɎůŮɘɠ 

Ŭˊɧ Űɖɜ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ ɛŮ 500ɛM IPTG ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 400ɛg ˊɟɤŰŮɥɜɩɜ (0,4ɛg/ɛl), 

1000ɛM Űɡɟɞůɑɜɖ (ɑŭɘŬ ůɡɔəɏɜŰɟɤůɖ əŬɘ ɔɘŬ Űɖɜ DOPA), 50ɛM PLP (Pyrodoxal 5ô-

phosphate), 20mɀ Tris Cl pH 7, 1000ɛM ASA əŬɘ ɜŮɟɧ ɛɏɢɟɘ ɞ ŰŮɚɘəɧɠ ɧɔəɞɠ ɜŬ ŮɑɜŬɘ 1000ɛl. 

ȲŭɘŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮűŬɟɛɧůŰɖəŬɜ əŬɘ ɔɘŬ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ɛŮ ŰŮɚɘəɧ ɧɔəɞ 2000ɛl ɛŮ 1000ng 

ˊɟɤŰŮɥɜɩɜ. ũɘŬ Űɘɠ ŭŮɨŰŮɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ Ŭˊɧ Űɖɜ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ ɛŮ 50, 200 əŬɘ 1000ɛM 

IPTG ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 1000ng ˊɟɤŰŮɥɜɩɜ (2ɛg/ɛl), 1000ɛM L-Dopa, 20mM PLP, 20mɀ 

Tris Cl pH 7 əŬɘ ɜŮɟɧ ɛɏɢɟɘ ɞ ŰŮɚɘəɧɠ ɧɔəɞɠ ɜŬ ŮɑɜŬɘ 2000ɛl. 

ɆŮ ɧɚŮɠ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ɏɔɘɜŬɜ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ůŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ɢɟɧɜɞɡɠ ɔɘŬ ɜŬ 

ˊŬɟŬŰɖɟɖɗŮɑ ɖ Ůɝɏɚɘɝɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ ɛŮ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ Ŭɨɝɖůɖ Űɞɡ 

ˊɟɞɥɧɜŰɞɠ. ũɘŬ Űɘɠ ˊɟɩŰŮɠ ŬɜŰɘŭɟɎůŮɘɠ ɏɔɘɜŬɜ ˊɏɜŰŮ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ, ɖ ˊɟɩŰɖ ɛŮ Űɖɜ ɏɜŬɟɝɖ 

Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůŰŬ 0min, ɖ ŭŮɨŰŮɟɖ ůŰŬ 10min, ɖ ŰɟɑŰɖ ůŰŬ 20min, ɖ ŰɏŰŬɟŰɖ ůŰŬ 30min əŬɘ 

ɖ ˊɏɛˊŰɖ ůŰŬ 60min. ȰɔɘɜŬɜ ɞɘ ɑŭɘŮɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ əŬɘ ůŰɘɠ ŭŮɨŰŮɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ, 

ŮˊɘˊɟɧůɗŮŰŬ ɔɘŬ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ɛŮ Űɘɠ 3h ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ˊɎɟɗɖəŮ ŭŮɑɔɛŬ əŬɘ ůŰɘɠ 25h 

Ůɜɩ ɔɘŬ Űɘɠ 20h ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ́ ɎɟɗɖəŮ əŬɘ ůŰŬ 120min. ȼ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ Ůɜɕɨɛɤɜ  

ɏɔɘɜŮ ůŰɞɡ 85-90oC ɔɘŬ 10min. 

 

2.12 ȷɜɎɚɡůɖ ůŰɖɜ ŰɟɘɢɞŮɘŭɐ ɖɚŮəŰɟɞűɧɟɖůɖ (Capillary Electrophoresis, CE) 

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɞɜ ŭɘŬɢɤɟɘůɛɧ, Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ əŬɘ Űɞɜ 

ˊɞůɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ ɛɞɟɑɤɜ ůŮ ɏɜŬ ŭɘɎɚɡɛŬ. ɆŰɖɜ ŰɟɘɢɞŮɘŭɐ ɖɚŮəŰɟɞűɧɟɖůɖ ɛŮ Űɖɜ ɢɟɐůɖ 

ŭɨɞ ɖɚŮəŰɟɞŭɑɤɜ (ɏɜŬ ɗŮŰɘəɧ əŬɘ ɏɜŬ ŬɟɜɖŰɘəɧ) ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ ůŮ ɏɜŬ ɘɞɜŰɘəɧ 

ŭɘɎɚɡɛŬ. ɇɞ ɘɞɜŰɘəɧ ŭɘɎɚɡɛŬ ŬɡŰɧ ɓɟɑůəŮŰŬɘ ůŮ ɏɜŬɜ ŰɟɘɢɞŮɘŭɐ ůɤɚɐɜŬ ɛɘəɟɐɠ ŮůɤŰŮɟɘəɐɠ 

ŭɘŬɛɏŰɟɞɡ ɧˊɞɡ ŮəŮɑ ŰɞˊɞɗŮŰŮɑŰŬɘ Űɞ ˊɟɞɠ ŬɜɎɚɡůɖ ŭŮɑɔɛŬ. ũɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ 

ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ ɛŮ Űɖɜ ˊɘɞ ůɡɜɖɗɘůɛɏɜɖ ɜŬ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ Ŭˊɞɟɟɧűɖůɖɠ 

ɡˊŮɟɘɩŭɞɡɠ-ɞɟŬŰɞɨ űɎůɛŬŰɞɠ. ɀŮ Űɖɜ ɢɟɐůɖ Ůɜɧɠ ɖɚŮəŰɟɞɜɘəɞɨ ɡˊɞɚɞɔɘůŰɐ ˊɟɞəɨˊŰŮɘ 

ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ ɧˊɞɡ ŰŬ ŬɜŬɚɡɧɛŮɜŬ ůɡůŰŬŰɘəɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ űŬɑɜɞɜŰŬɘ ɛŮ əɞɟɡűɏɠ. ȼ 
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ŰŬɡŰɞˊɞɑɖůɖ ɔɑɜŮŰŬɘ ɛŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ɖɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ əŬɘ ɖ 

ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ ɛŮ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŮɛɓŬŭɞɨ Űɤɜ əɞɟɡűɩɜ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ. 

ȼ ˊɘɞ ůɡɜɖɗɘůɛɏɜɖ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ ŰɟɘɢɞŮɘŭɐɠ ɖɚŮəŰɟɞűɧɟɖůɖ ɕɩɜɖɠ 

(Capillary Electrophoresis, CE) ůŰɖɜ ɞˊɞɑŬ ɞ ŰɟɘɢɞŮɘŭɐɠ ůɤɚɐɜŬɠ ɔŮɛɑɕŮɘ ɛŮ ɏɜŬ ɟɡɗɛɘůŰɘəɧ 

(ɘɞɜŰɘəɧ) ŭɘɎɚɡɛŬ əŬɘ ůŮ ŬɡŰɧ ŬůəŮɑŰŬɘ Űɞ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ. ɇɞ ɡɚɘəɧ Űɞɡ ŰɟɘɢɞŮɘŭɐ ůɤɚɐɜŬ 

ŮɑɜŬɘ Űɖɔɛɏɜɞ ɞɝŮɑŭɘɞ Űɞɡ ˊɡɟɘŰɑɞɡ əŬɘ ɖ ŮůɤŰŮɟɘəɐ Űɞɡ ŭɘɎɛŮŰɟɞɠ ŮɑɜŬɘ Ŭˊɧ 25 ɏɤɠ 100ɛm. 

ȰɢŮɘ ɡɣɖɚɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɢɟɐůɖ ɡɣɖɚɩɜ ŰɎůŮɤɜ (10-30 kV) əŬɘ 

ɖɚŮəŰɟɘəɩɜ ˊŮŭɑɤɜ (100-500 V/sec) ɛŮ ŬɜŮəŰɐ ˊŬɟŬɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ. Ⱥˊɘˊɚɏɞɜ, ɢɎɟɘɠ Űɖɜ 

ɛŮɔɎɚɖ ŬɜŬɚɞɔɑŬ ŮˊɘűɎɜŮɘŬɠ ˊɟɞɠ ɧɔəɞɡ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ, ɖ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ 

ŭɘŬɢɏŮŰŬɘ əŬɘ ɏŰůɘ ŮɑɜŬɘ Ůɨəɞɚɞ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɖ ɗŮɟɛɞəɟŬůɑŬ ůŮ ŮˊɘɗɡɛɖŰɎ ŮˊɑˊŮŭŬ. 

Ƀ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɔɑɜŮŰŬɘ əɡɟɑɤɠ ɛŮ ɓɎůɖ Űɞ űɞɟŰɑɞ. ȾŬŰɎ 

Űɖɜ ŮűŬɟɛɞɔɐ ˊŮŭɑɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖɚŮəŰɟɞűɞɟɖŰɘəɐ ɟɞɐ ůŰŬ ůɡůŰŬŰɘəɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ 

ɖɚŮəŰɟɞɤůɛɤŰɘəɐ ɟɞɐ ůŰɞ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ, ɛŮ Űɖɜ ŭŮɨŰŮɟɖ ɜŬ əɘɜŮɑŰŬɘ ˊɟɞɠ Űɖɜ əɎɗɞŭɞ 

əŬɘ ɖ ˊɟɩŰɖ ˊɟɞɠ Űɞ ɖɚŮəŰɟɧŭɘɞ ɛŮ Űɞ ŬɜŰɑɗŮŰɞ űɞɟŰɑɞ. ȼ ɖɚŮəŰɟɞɤůɛɤŰɘəɐ ɟɞɐ ˊŬɟŬůɏɟɜŮɘ 

əŬɘ ŰŬ ɞɡŭɏŰŮɟŬ űɞɟŰɘůɛɏɜŬ ůɡůŰŬŰɘəɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ɢɤɟɑɠ ɜŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ, 

əŬɘ ɖ ŰŬɢɨŰɖŰɎ Űɖɠ ŮˊɖɟŮɎɕŮŰŬɘ ɛŮŰŬɝɨ Ɏɚɚɤɜ Ŭˊɧ Űɞ pH Űɞɡ ɟɡɗɛɘůŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ. ȯɚɚɞ 

ɏɜŬ ɗŮŰɘəɧ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ ɛɘəɟɐ ˊɞůɧŰɖŰŬ ŭŮɑɔɛŬŰɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɢɎɟɘɠ Űɖɠ 

ɛɘəɟɐɠ ŭɘŬɛɏŰɟɞɡ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ, 1-2% Űɞɡ ůɡɜɞɚɘəɞɨ ɛɐəɞɡɠ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ ŮˊŬɟəŮɑ. Ƀ 

ˊɘɞ ůɡɜɖɗɘůɛɏɜɞɠ Űɟɧˊɞɠ ŮɘůŬɔɤɔɐɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ ɖ ɡŭɟɞŭɡɜŬɛɘəɐ ɛɏɗɞŭɞɠ ɛŮ ˊɑŮůɖ 25 

ɏɤɠ 100 mbar ɔɘŬ 0,5 ɏɤɠ 5 sec. 

ȼ ŬɜɑɢɜŮɡůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ Ŭˊɞɟɟɧűɖůɖɠ ɡˊŮɟɘɩŭɞɡɠ-ɞɟŬŰɞɨ (UV-Vis) 

ɔɑɜŮŰŬɘ ŮˊɎɜɤ ůŰɖɜ ůŰɐɚɖ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ (on column) əŬɘ ůɡɜɐɗɤɠ ůɡɜŭɡɎɕŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ 

ůɡůŰɐɛŬŰɞɠ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ űɤŰɞŭɘɧŭɤɜ (DAD, Diode Array Detection). ɀŮ ŬɡŰɧ Űɞ 

ůɨůŰɖɛŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛɏŰɟɖůɖ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ, Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ, 

ŰŬɡŰɧɢɟɞɜŬ ůŮ ŭɘɎűɞɟŬ ɛɐəɖ əɨɛŬŰɞɠ Ŭˊɧ Űɞ ɡˊŮɟɘɩŭŮɠ ɛɏɢɟɘ Űɞ ɞɟŬŰɧ űɎůɛŬ. ȼ 

ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɔɑɜŮŰŬɘ ɛŮŰɎ Ŭˊɧ ůɨɔəɟɘůɖ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡɠ 

ůŮ ůɡɔəŮəɟɘɛɏɜŬ ɛɐəɖ əɨɛŬŰɞɠ ɛŮ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ.  

ɆŰɖɜ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ŮɛɓŬŭɧɜ Űɤɜ əɞɟɡűɩɜ Űɤɜ ŭɘŬɢɤɟɘůɛɏɜɤɜ 

ůɡůŰŬŰɘəɩɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɚŬɛɓɎɜŮŰŬɘ ɡˊô ɧɣɖ əŬɘ ɞ ɢɟɧɜɞɠ 

ɛŮŰŬɜɎůŰŮɡůɖɠ (retention time) Űɖɠ ˊɟɞɠ ŬɜɎɚɡůɖ ɏɜɤůɖɠ. Ƀ ˊɟɩŰɞɠ ɧɟɞɠ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ 

ŰŬɢɨŰɖŰŬ ɛŮ Űɖɜ ɞˊɞɑŬ əɘɜŮɑŰŬɘ ɛɘŬ ɏɜɤůɖ ɛɏůŬ ůŰɞ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ ɡˊɧ Űɖɜ Ɏůəɖůɖ 

ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ, əŬɘ ɞ ŭŮɨŰŮɟɞɠ ůŰɞ ɢɟɧɜɞ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɛɘŬ ɞɡůɑŬ ɔɘŬ ɜŬ ɛŮŰŬəɘɜɖɗŮɑ Ŭˊô 
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Űɞ ůɖɛŮɑɞ ŮɘůŬɔɤɔɐɠ ɏɤɠ Űɖɜ ˊŮɟɘɞɢɐ ŬɜɑɢɜŮɡůɖɠ. ɇɞ ŮɛɓŬŭɧ Űɖɠ əɞɟɡűɐɠ  Űɤɜ ůɡůŰŬŰɘəɩɜ 

Űɞɡ ŬɜŬɚɡɧɛŮɜɞɡ ŭɘŬɚɨɛŬŰɞɠ, ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ ɢɟɞɜɘəɧ ŭɘɎůɖɛŬ ɧˊɞɡ ɗŬ ˊŬɟŬɛŮɑɜŮɘ Űɞ 

əŬɗɏɜŬ ůŰɖɜ ˊŮɟɘɞɢɐ ŬɜɑɢɜŮɡůɖɠ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ ŰŬ ůɡůŰŬŰɘəɎ ˊɞɡ ɏɢɞɡɜ 

ɛɘəɟɐ ɖɚŮəŰɟɞűɞɟɖŰɘəɐ ŮɡəɘɜɖůɑŬ ɗŬ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɞ ŮɛɓŬŭɧɜ əɞɟɡűɐɠ əŬɗɩɠ ˊŬɟɏɛŮɘɜŬɜ 

ɔɘŬ ɛŮɔŬɚɨŰŮɟɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ůŰɖɜ ˊŮɟɘɞɢɐ ŬɜɑɢɜŮɡůɖɠ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ. ũɘŬ ŬɝɘɧˊɘůŰɖ 

ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɘŬɘɟŮɑŰŮ Űɞ ŮɛɓŬŭɧɜ əɞɟɡűɐɠ ɛŮ Űɞɜ ɢɟɧɜɞ ɛŮŰŬɜɎůŰŮɡůɖɠ 

Űɖɠ ˊɟɞɠ ŬɜɎɚɡůɖ ɏɜɤůɖɠ (ȻɩŰɞɡ, 2015). 

ɆŰɞ ˊŮɑɟŬɛŬ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŮ 

Űɞ ɛɖɢɎɜɖɛŬ Capillary Electrophoresis (CE) G1605 Űɖɠ ŮŰŬɘɟɑŬɠ Agilent ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ 

ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ űɤŰɞŭɘɧŭɤɜ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ŰɟɘɢɞŮɘŭɐɠ ůɤɚɐɜŬɠ Ŭˊɧ Űɖɔɛɏɜɞ 

ɞɝŮɑŭɘɞ Űɞɡ ˊɡɟɘŰɑɞɡ ŮůɤŰŮɟɘəɐɠ ŭɘŬɛɏŰɟɞɡ 75ɛm əŬɘ ɛɐəɞɡɠ 50cm. ɇɞ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ  ɐŰŬɜ 25mM sodium tetraborate decahydrate ɛŮ pH 9,2. ȼ ŮɘůŬɔɤɔɐ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ ɏɔɘɜŮ ɛŮ Ɏůəɖůɖ ˊɑŮůɖɠ 50mbar ɔɘŬ 2sec əŬɘ ɖ əɡɟɑɤɠ ŬɜɎɚɡůɖ ɏɔɘɜŮ ɛŮ ŰɎůɖ 29kV 

ɔɘŬ 10min ɔɘŬ Űɞ əɎɗŮ ŭŮɑɔɛŬ. ȾŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ ɖ ůŰɐɚɖ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ ŭɘŬŰɖɟɐɗɖəŮ 

ůŰɞɡɠ 25oC, ůɡɜɗɐəŮɠ ˊɞɡ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɧ Űɞɡɠ Trantas et al., 2019. 
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3 ȷɄɃɇȺȿȺɆɀȷɇȷ 

 

 ȹŮɜ ɏɢɤ ŬˊɞŰɨɢŮɘ. ȷˊɚɎ ɓɟɐəŬ 

10.000 Űɟɧˊɞɡɠ ˊɞɡ ŭŮɜ ɚŮɘŰɞɡɟɔɞɨɜ. 

 Thomas Edison 

 

 

3.1 Ɉˊɞəɚɤɜɞˊɞɑɖůɖ əŬɘ ȾŬŰŬůəŮɡɐ ˊɚŬůɛɘŭɑɤɜ 

3.1.1 Ɉˊɞəɚɤɜɞˊɞɑɖůɖ SsDDC əŬɘ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ ŮůɤŰŮɟɘəɐɠ NdeI ɗɏůɖɠ 

ɇɞ Űɟɞˊɞˊɞɘɖɛɏɜɞ ɔɞɜɑŭɘɞ Űɖɠ ɜŮűɟɘəɐɠ ŬˊɞəŬɟɓɞɝɡɚɎůɖɠ Űɖɠ DOPA (SsDDCmod) 

ˊŬɟŬɢɤɟɐɗɖəŮ Ŭˊɧ Űɞɡɠ Bertoldi et al., 2002 əŬɘ ɓɟɘůəɧŰŬɜ ɐŭɖ ůŰɞɜ űɞɟɏŬ pKK223-3 

(pKK223-3-SsDDCmod, ȺɘəɧɜŬ 14). ũɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Űɞ ɔɞɜɑŭɘɞ ŬɡŰɧ ůŰɖɜ ŬɜŬůɨůŰŬůɖ 

Űɞɡ ɛɞɜɞˊŬŰɘɞɨ Űɖɠ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ɢɟŮɘɎůŰɖəŮ ɜŬ ɔɑɜɞɡɜ ŭɨɞ ɛŮŰŬɚɚɎɝŮɘɠ. ȼ ˊɟɩŰɖ 

ŬűɞɟɞɨůŮ Űɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ɗɏůɖɠ ŬɜŬɔɜɩɟɘůɖɠ Űɞɡ ˊŮɟɘɞɟɘůŰɘəɞɨ Ůɜɕɨɛɞɡ NdeI. 

ȾŬɗɩɠ Űɞ RsTYR ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɘɠ ɗɏůŮɘɠ ŬɜŬɔɜɩɟɘůɖɠ Űɤɜ Ůɜɕɨɛɤɜ NdeI əŬɘ SlaI (ȺɘəɧɜŬ 

18 əŮűɎɚŬɘɞ 3.1.2) ɖ ɢɟɐůɖ Űɞɡ ˊɟɩŰɞɡ ůŰɖɜ ɡˊɞəɚɤɜɞˊɞɑɖůɖ ɗŬ ɏəɞɓŮ əŬɘ Űɞ SsDDC 

ŬˊɞŰɟɏˊɞɜŰŬɠ ɏŰůɘ Űɖɜ ɏəűɟŬůɐ Űɞɡ. ȼ ŭŮɨŰŮɟɖ ɛŮŰɎɚɚŬɝɖ ŬűɞɟɞɨůŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɗɏůɖɠ 

ŬɜŬɔɜɩɟɘůɖɠ Űɞɡ ́ŮɟɘɞɟɘůŰɘəɞɨ Ůɜɕɨɛɞɡ NcoI. ȾŬɘ ŰŬ ŭɨɞ ɏɔɘɜŬɜ ŮűŬɟɛɧɕɞɜŰŬɠ Űɖɜ ɛɏɗɞŭɞ 
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SOE-PCR (Splicing by Overlap Extension-PCR) əŬɘ Űɖɜ ɢɟɐůɖ ŭɨɞ ɕŮɡɔɩɜ ŮəəɘɜɖŰɩɜ, Űɞɡ 

SsDDC2/SsDDCmut2 Űɞɡ SsDDC1/SsDDCmut1 (ɄɑɜŬəŬɠ 7 əŮűɎɚŬɘɞ 2.3.2, ȺɘəɧɜŬ 14). ɇɞ 

ˊɟɞɥɧɜ Űɖɠ SOE-PCR ɞɜɞɛɎůŰɖəŮ SsDDCmut. 

 

 

ȺɘəɧɜŬ 14: Ⱥɜɑůɢɡůɖ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ ɔɞɜɘŭɑɞɡ Űɖɠ ɜŮűɟɘəɐɠ ŬˊɞəŬɟɓɞɝɡɚɎůɖɠ Űɖɠ DOPA Űɞɡ ɢɞɑɟɞɡ 

(SsDDCmod) Ŭˊô Űɞɜ űɞɟɏŬ pKK223-3 əŬɘ SOE-PCR ɔɘŬ Űɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ŮůɤŰŮɟɘəɐ ɗɏůɖɠ ŬɜŬɔɜɩɟɘůɖɠ 

Űɞɡ ˊŮɟɘɞɟɘůŰɘəɞɨ Ůɜɕɨɛɞɡ NdeI. Fragment 1, ŰɛɐɛŬ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ˊɞɡ ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɞɡɠ ŮəəɘɜɖŰɏɠ 

SsDDC1/SsDDCmut1 ɛŮɔɏɗɞɡɠ 818bp. Fragment 2, ŰɛɐɛŬ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ˊɞɡ ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɞɡɠ 

ŮəəɘɜɖŰɏɠ SsDDCmut2/SsDDC2 ɛŮɔɏɗɞɡɠ 710bp. SsDDC SOE-PCR_NdeI deactivation, ́ ɟɞɥɧɜ Űɖɠ SOE-PCR ɧˊɞɡ 

ɞɜɞɛɎůŰɖəŮ SsDDCmut, ɛŮ ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɖ Űɖɜ ŮůɤŰŮɟɘəɐ NdeI ɗɏůɖ. 

 

ȷəɞɚɞɨɗɖůŮ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ 1%, Űɞ əɞɛɛɎŰɘ Űɞɡ ˊɖəŰɩɛŬŰɞɠ 

ˊɞɡ ˊŮɟɘŮɑɢŮ Űɞ SsDDCmut əɧˊɖəŮ ɛŮ ɜɡůŰɏɟɘ əŬɘ ŬˊɞɛɞɜɩɗɖəŮ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ 

Űɞɡ NucleoSpin Gel and PCR Clean-up kit (Mini) Űɖɠ ŮŰŬɘɟɑŬɠ Macherey-Nagel. ɆŰɖɜ ůɡɜɏɢŮɘŬ 

ɏɔɘɜŬɜ ˊɏɣŮɘɠ Űɞɡ SsDDCmut əŬɘ Űɞɡ ɎŭŮɘɞɡ űɞɟɏŬ pRSF ɛŮ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ NcoI əŬɘ 

HindIII  (ȺɘəɧɜŬ 15), əŬɘ ŬɜŰɘŭɟɎůŮɘɠ ɚɘɔɞˊɞɑɖůɖɠ ɛŮ T4 DNA ɚɘɔɎůɖ Takara ůŮ ŬɜŬɚɞɔɑŬ 

űɞɟɏŬ əŬɘ ɔɞɜɘŭɑɞɡ 1:4 əŬɘ ˊɞůɧŰɖŰŬ ɔɞɜɘŭɑɞɡ 40ng. 



Ⱦɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŰɞ E.coli 

 

 45 

 

 

ȺɘəɧɜŬ 15: ȺɘůŬɔɤɔɐ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ ɔɞɜɘŭɑɞɡ SsDDCmut ůŰɞɜ űɞɟɏŬ  pRSF-Duet 1. ȷɜŰɘŭɟɎůŮɘɠ ˊɏɣŮɤɜ ɛŮ 

ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ NcoI əŬɘ HindIII  əŬɘ ŬɜŰɘŭɟɎůŮɘɠ ɚɘɔɞˊɞɑɖůɖɠ ɛŮ T4DNA ɚɘɔɎůɖ (Takara).  

 

ɄɞůɧŰɖŰŬ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɖɠ ɚɘɔɞˊɞɑɖůɖɠ ˊɟɞůŰɏɗɖəŮ ůŮ 100ɛl ŭŮəŰɘəɩɜ 

əɡŰŰɎɟɤɜ E.coli Űɞɡ ůŰŮɚɏɢɞɡɠ DH10B ɔɘŬ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɞɡɠ ůɨɛűɤɜŬ ɛŮ Űɞ 

ˊɟɤŰɧəɞɚɚɞ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ əŮűɎɚŬɘɞ 2.5. ɇɞ ŬɜŰɘɓɘɞŰɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰŬ 

ŰɟɡɓɚɑŬ petri ɧˊɞɡ ŬˊɚɩɗɖəŬɜ ŰŬ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜŬ əɨŰŰŬɟŬ ɐŰŬɜ ɖ əŬɜŬɛɘəɑɜɖ. ũɘŬ Űɞɜ 

ɏɚŮɔɢɞ ŮɘůŬɔɤɔɐɠ Űɞɡ SsDDCmut ůŰɞɜ pRSF ůɡɚɚɏɢŰɖəŬɜ ŭɏəŬ ŬˊɞɘəɑŮɠ Ŭˊɧ ŰŬ 

ɛŮŰŬůɢɖɛŬŰɘůɛɏɜŬ əɨŰŰŬɟŬ əŬɘ ɏɔɘɜŮ colony PCR ɛŮ ůəɞˊɧ ɜŬ ŮɜɘůɢɡɗŮɑ Űɞ SsDDCmut, ɛŮ 

ŬɜŬɛŮɜɧɛŮɜɞ ɛɏɔŮɗɞɠ 710bp. Ƀɘ ŮəəɘɜɖŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ ɞɘ 

SsDDCmut2/SsDDC2 əŬɘ ŬəɞɚɞɨɗɖůŮ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ 1% Űɤɜ 

ŭŮɘɔɛɎŰɤɜ Űɖɠ colony PCR (ȺɘəɧɜŬ 16). Ƀɘ ŬˊɞɘəɑŮɠ pRSF-SsDDC-12, 14, 15,16,18 əŬɘ 20 

ůɡɚɚɏɢɗɖəŬɜ ɔɘŬ ɜŬ Ŭəɞɚɞɡɗɐůɞɡɜ ˊɏɣŮɘɠ ɛŮ ŮɜŭɞɜɞɡəɚŮɎůŮɠ ˊŮɟɘɞɟɘůɛɞɨ ɔɘŬ Ůˊɘˊɚɏɞɜ 

ɏɚŮɔɢɞ Űɖɠ ŮɘůŬɔɤɔɐɠ Űɞɡ SsDDCmut ůŰɞɜ pRSF. 
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ȺɘəɧɜŬ 16: ȼɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ Űɖɠ Colony PCR ɛŮ ŮəəɘɜɖŰɏɠ SsDDCmut2/SsDDC2 ɔɘŬ Űɞɜ 

ɏɚŮɔɢɞ ŮɘůŬɔɤɔɐɠ Űɞɡ ˊɚŬůɛɘŭɑɞɡ pRSF-SsDDCmut ůŮ ŭɘɎűɞɟŮɠ ŬˊɞɘəɑŮɠ. ɀɎɟŰɡɟŬɠ ɔɜɤůŰɞɨ ɛŮɔɏɗɞɡɠ ɞ ɚ\PstI ɛŮ 

ŰŬ ɛŮɔɏɗɖ, Ŭˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ, 11501bp, 5077bp, 4749bp, 2838bp, 1986bp, 1700bp, 1159bp, 1093bp, 805bp, 

514bp. ȹŮɑɔɛŬ ˊɞɡ ˊŮɟɘŮɑɢŮ ɛɧɜɞ ɜŮɟɧ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Ůˊɘɛɧɚɡɜůɖɠ (water). O űɞɟɏŬɠ pRSF ɢɤɟɑɠ Űɞ SsDDCmut 

(Self). ɇɞ ɛɏɔŮɗɞɠ Űɤɜ ŬɜŬɛŮɜɧɛŮɜɤɜ ŰɛɖɛɎŰɤɜ DNA ŮɑɜŬɘ 710bp. 

 

ȰɔɘɜŮ Ŭˊɞɛɧɜɤůɖ ˊɚŬůɛɘŭɘŬəɞɨ DNA, Ŭˊɧ ŰŬ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜŬ əɨŰŰŬɟŬ E.coli  

DH10B Űɤɜ ˊŬɟŬˊɎɜɤ Ŭˊɞɘəɘɩɜ, ůɨɛűɤɜŬ ɛŮ Űɞ ́ ɟɤŰɧəɞɚɚɞ Űɞɡ NucleoSpin Plasmid kit Űɖɠ 

ŮŰŬɘɟɑŬɠ Macherey-Nagel. ɇɞ ˊɚŬůɛɘŭɘŬəɧ DNA ůŰɖɜ ůɡɜɏɢŮɘŬ ŮɚɏɔɢɗɖəŮ ɛŮ ŮɜŭɞɜɞɡəɚŮɎůŮɠ 

ˊŮɟɘɞɟɘůɛɞɨ ɔɘŬ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ɧŰɘ o pRSF ˊŮɟɘɏɢŮɘ Űɞ ɔɞɜɑŭɘɞ SsDDCmut. ɇŬ ˊŮɟɘɞɟɘůŰɘəɎ 

ɏɜɕɡɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ŬɡŰɧ ŮɑɜŬɘ ŰŬ EcoRV əŬɘ SlaI Űɖɠ ŮŰŬɘɟɑŬɠ 

Minotech, ɞ ɛɎɟŰɡɟŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ űɞɟɏŬɠ pRSF ɢɤɟɑɠ Űɞ ɔɞɜɑŭɘɞ (ȺɘəɧɜŬ 17). 

 ȼ ˊɏɣɖ Űɤɜ ˊɚŬůɛɘŭɑɤɜ ɛŮ Űɞ ɏɜɕɡɛɞ EcoRV ɏɢŮɘ ŬɜŬɛŮɜɧɛŮɜŮɠ ɕɩɜŮɠ Űɘɠ 3779bp ɔɘŬ 

Űɞɜ ɎŭŮɘɞ űɞɟɏŬ, 3748bp əŬɘ 1495bp ɔɘŬ Űɞɜ űɞɟɏŬ ɛŮ Űɞɜ ɔɞɜɑŭɘɞ Ůɜɩ ɖ ˊɏɣɖ ɛŮ Űɞ SlaI ɏɢŮɘ 

ŬɜŬɛŮɜɧɛŮɜŮɠ ɕɩɜŮɠ Űɘɠ 3779bp ɔɘŬ Űɞɜ ɎŭŮɘɞ űɞɟɏŬ, 3888bp əŬɘ 1355bp ɔɘŬ Űɞɜ űɞɟɏŬ ɛŮ Űɞɜ 

ɔɞɜɑŭɘɞ (ȺɘəɧɜŬ 17, ɄɑɜŬəŬɠ 9 əŮűɎɚŬɘɞ 3.1.2). ɀŮŰɎ Űɞɜ ɏɚŮɔɢɞ ɛŮ Űɘɠ ŮɜŭɞɜɞɡəɚŮɎůŮɠ 

ˊŮɟɘɞɟɘůɛɞɨ ŬəɞɚɞɨɗɖůŮ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ŭŮəŰɘəɩɜ ɓŬəŰɖɟɘŬəɩɜ əɡŰŰɎɟɤɜ E. coli 

BL21(DE3) ɛŮ Űɞ ˊɚŬůɛɑŭɘɞ pRSF-SsDDCmut, Űɞ ŬɜŰɘɓɘɞŰɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ 

əŬɜŬɛɘəɑɜɖ. ȷˊɧ Űɖɜ ȺɘəɧɜŬ 17 űŬɑɜŮŰŬɘ ɧŰɘ ɞɘ əɚɩɜɞɘ 21 əŬɘ 23 ŭɑɜɞɡɜ Űɞ ůɤůŰɧ ˊɟɞűɑɚ 
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ɕɤɜɩɜ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ˊŬɟŬəɎŰɤ. Ƀɘ əɚɩɜɞɘ ŬɡŰɞɑ űɡɚɎɢŰɖəŬɜ ůŰɞɡɠ -80ɞC 

ůŮ 15% ɔɚɡəŮɟɧɚɖɠ. ɇɞ ˊɚŬůɛɑŭɘɞ pRSF-SsDDCmut ŮɑɜŬɘ ŬɡŰɧ ɛŮ Űɞ ɞˊɞɑɞ ŰɟɞˊɞˊɞɘɐɗɖəŮ 

Űɞ ɓŬəŰɖɟɘŬəɧ ůŰɏɚŮɢɞɠ E. coli BL21(DE3) əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɘɠ in vitro ŬɜŰɘŭɟɎůŮɘɠ ɔɘŬ 

ɜŬ ŮɚŮɔɢɗŮɑ ɖ ɘəŬɜɧŰɖŰɎ Űɞɡ ɜŬ ˊŬɟɎɔŮɘ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ.  

 

 

ȺɘəɧɜŬ 17: ȼɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ, ˊɏɣŮɘɠ Ůɚɏɔɢɞɡ Űɞɡ űɞɟɏŬ pRSF-SsDDCmut ɛŮ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ 

ɏɜɕɡɛŬ EcoRV əŬɘ SlaI Űɖɠ Minotech. ɄɏɣŮɘɠ Űɞɡ űɎɔɞɡ ɛŮ Űɞ ˊŮɟɘɞɟɘůŰɘəɧ ɏɜɕɡɛŮ PstI (ɚ\PstI Digest), ŭŮɝɘɎ 

ɔɟɎűɞɜŰŬɘ ŰŬ ɛŮɔɏɗɖ Űɤɜ əɞɛɛɏɜɤɜ ŰɛɖɛɎŰɤɜ ůŮ ɕŮɨɔɖ ɓɎůŮɤɜ (bp). Ʉɏɣɖ Űɞɡ ɎŭŮɘɞɡ űɞɟɏŬ ɛŮ Űɞ ɏɜɕɡɛŬ EcoRV 

(pRSF EcoRV), ˊɏɣɖ Űɞɡ əɚɩɜɞɡ SsDDC21 ɛŮ Űɞ ɏɜɕɡɛɞ EcoRV (SsDDC21 EcoRV), ˊɏɣɖ Űɞɡ əɚɩɜɞɡ SsDDC23 

ɛŮ Űɞ ɏɜɕɡɛɞ EcoRV (SsDDC23 EcoRV), ˊɏɣɖ Űɞɡ əɚɩɜɞɡ SsDDC21 ɛŮ Űɞ ɏɜɕɡɛɞ SlaI (SsDDC21 SlaI), ˊɏɣɖ Űɞɡ 

əɚɩɜɞɡ SsDDC23 ɛŮ Űɞ ɏɜɕɡɛɞ SlaI ( SsDDC23 SlaI). ɇŬ ŬɜŬɛŮɜɧɛŮɜŬ ɛŮɔɏɗɖ Űɤɜ əɞɛɛɏɜɤɜ ŰɛɖɛɎŰɤɜ DNA 

űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 9 ůŰɞ  əŮűɎɚŬɘɞ 3.1.2. 

 

3.1.2 Ɉˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ RsTYR ůŰɞɜ űɞɟɏŬ pRSF-SsDDCmut 

ɇɞ ɔɞɜɑŭɘɞ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ ŮɑɢŮ əɚɤɜɞˊɞɘɖɗŮɑ ůŰɞɜ űɞɟɏŬ pRSF-RsTYR. ũɘŬ Űɖɜ 

ɡˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ RsTYR Ŭˊɧ Űɞɜ űɞɟɏŬ pRSF-RsTYR ůŰɞɜ pRSF űɞɟɏŬ ˊɞɡ ɐŭɖ 

ɏűŮɟŮ Űɞ SsDDCmut (pRSF-SsDDCmut) ɏɔɘɜŬɜ ŬɜŰɘŭɟɎůŮɘɠ ˊɏɣŮɤɜ ɛŮ ŰŬ ɏɜɕɡɛŬ CspAI 

(ɘůɞůɢɘɕɞɛŮɟɏɠ Űɞɡ AgeI) əŬɘ HindIII Űɖɠ ŮŰŬɘɟɑŬɠ Minotech. ɀŮŰɎ Ŭˊɧ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ 

ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ 1% ŬˊɞɛɞɜɩɗɖəŮ Űɞ əɞɛɛɎŰɘ Űɞɡ ˊɖəŰɩɛŬŰɞɠ ˊɞɡ ˊŮɟɘŮɑɢŮ Űɞ ɔɞɜɑŭɘɞ 

RsTYR ɛŮ ɓɎůɖ Űɞ ˊɟɤŰɧəɞɚɚɞ Űɞɡ NucleoSpin Gel and PCR Clean-up kit (Midi ). ɀŮ ŰŬ ɑŭɘŬ 
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ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ ɏɔɘɜŬɜ ˊɏɣŮɘɠ Űɞɡ űɞɟɏŬ pRSF-SsDDCmut əŬɘ ŬəɞɚɞɨɗɖůŬɜ 

ɚɘɔɞˊɞɘɐůŮɘɠ ɛŮ T4 DNA ɚɘɔɎůɖ Takara, ůŮ ŬɜŬɚɞɔɑŬ űɞɟɏŬ əŬɘ ɔɞɜɘŭɑɞɡ 1:4 əŬɘ ˊɞůɧŰɖŰŬ 

ɔɞɜɘŭɑɞɡ 40ng (ȺɘəɧɜŬ 18, ɄɑɜŬəŬɠ 8). 

 

 

ȺɘəɧɜŬ 18: Ɉˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ RsTYR Ŭˊɧ Űɞɜ űɞɟɏŬ pRSF-RsTYR ůŰɞɜ pRSF-SsDDCmut. 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ɏɜɕɡɛŬ CspAI əŬɘ HindIII Űɞ ɞˊɞɑŬ ˊɏˊŰɞɡɜ Űɞɡɠ űɞɟŮɑɠ ůŰɘɠ ɗɏůŮɘɠ 2014 əŬɘ 143 ɔɘŬ Űɞɜ 

pRSF-RsTYR əŬɘ ůŰɘɠ ɗɏůŮɘɠ 1980 əŬɘ 1557 ɔɘŬ Űɞɜ pRSF-SsDDCmut ŬɜŰɑůŰɞɘɢŬ. ɇɞ ɔɞɜɑŭɘɞ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ 

ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɘɠ ɗɏůŮɘɠ ŬɜŬɔɜɩɟɘůɖɠ Űɤɜ ˊŮɟɘɞɟɘůŰɘəɩɜ Ůɜɕɨɛɤɜ NdeI əŬɘ SlaI. ȼ Ŭɟɢɐ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDCmut 

ŮɑɜŬɘ ůŰɖɜ ɗɏůɖ ŬɜŬɔɜɩɟɘůɖɠ Űɞɡ Ůɜɕɨɛɞɡ NcoI. 

 

Ƀ ɏɚŮɔɢɞɠ Űɖɠ ŮɘůŬɔɤɔɐɠ Űɞɡ ɔɞɜɘŭɑɞɡ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ ůŰɞɜ pRSF-SsDDCmut ɏɔɘɜŮ 

ɛŮ colony PCR ŬɟɢɘəɎ ɛŮ Űɞɡɠ ŮəəɘɜɖŰɏɠ RsTYRmut1/RsTYRmut2 əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ Űɞɡɠ 

RsTYRmut3/RsTYRmut4. Ƀɘ əɚɩɜɞɘ ˊɞɡ ɏŭɤůŬɜ ɗŮŰɘəɧ ůɐɛŬ ůŰɘɠ colony PCR ŮɚɏɔɢɗɖəŬɜ 

ɛŮ ˊɏɣŮɘɠ ɛŮ ŰŬ ɏɜɕɡɛŬ BamHI əŬɘ SlaI Űɖɠ Minotech. 
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ɄɑɜŬəŬɠ 8: ɄɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɠ ŮɜŭɞɜɞɡəɚŮɎůŮɠ ˊŮɟɘɞɟɘůɛɞɨ əŬɘ Űɘɠ ˊɏɣŮɘɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɖɜ ɡˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ 

ɔɞɜɘŭɑɞɡ RsTYR Ŭˊô Űɞɜ pRSF-RsTYR ůŰɞɜ pRSF-SsDDCmut. 

 

ɆŰɖɜ colony PCR ɔɘŬ Űɞɜ pRSF-SsDDCmut ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɕŮɨɔɞɠ ŮəəɘɜɖŰɩɜ 

SsDDCmut2/SsDDC2 (ɄɑɜŬəŬɠ 7 əŮűɎɚŬɘɞ 2.3.2). ȼ ɛɏɗɞŭɞɠ ŮűŬɟɛɧůŰɖəŮ ɧˊɤɠ 

ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ əŮűɎɚŬɘɞ 2.3.1 ɛŮ Űɟɞˊɞˊɞɑɖůɖ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ ɡɓɟɘŭɘůɛɞɨ ɧˊɞɡ ɏɔɘɜŮ 

ůŰɞɡɠ 58oC əŬɘ ůŰɞɜ ɢɟɧɜɞ Űɖɠ ůɨɜɗŮůɖɠ Űɖɠ ɜɏŬɠ ŬɚɡůɑŭŬɠ ˊɞɡ ɐŰŬɜ ɔɘŬ 1min. ɇŬ 

ˊɟɤŰɧəɞɚɚŬ ɔɘŬ Űɖɜ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ əŬɘ ɔɘŬ Űɖɜ Ŭˊɞɛɧɜɤůɖ 

ˊɚŬůɛɘŭɘŬəɞɨ DNA ́ ŮɟɘɔɟɎűɞɜŰŬɘ ůŰůŬ əŮűɎɚŬɘŬ 2.4.3 əŬɘ 2.7 ŬɜŰɑůŰɞɘɢŬ. Ƀɘ ˊɏɣŮɘɠ Ůɚɏɔɢɞɡ 

ɔɘŬ Űɞɜ pRSF-SsDDCmut ɏɔɘɜŬɜ ɛŮ ŰŬ ɏɜɕɡɛŬ EcoRV əŬɘ SlaI Űɖɠ ŮŰŬɘɟɑŬɠ Minotech, ɤɠ 

ɛɎɟŰɡɟŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ űɞɟɏŬɠ pRSF ɢɤɟɑɠ Űɞ ɔɞɜɑŭɘɞ. ɇŬ ˊŬɟŬˊɎɜɤ ɏɜɕɡɛŬ ˊɏˊŰɞɡɜ 

Űɞɜ pRSF-SsDDCmut ůŮ ŭɨɞ ůɖɛŮɑŬ, ŮɜŰɧɠ əŬɘ ŮəŰɧɠ Űɞɡ ɔɞɜɘŭɑɞɡ. ȰŰůɘ ůŰŬ ŭŮɑɔɛŬŰŬ ɧˊɞɡ 

ɡˊɎɟɢŮɘ Űɞ  SsDDCmut ůŰɞɜ pRSF ɗŬ ˊɟɞəɨɣɞɡɜ ŭɨɞ ɔɟŬɛɛɘəɎ ɛɧɟɘŬ DNA əŬɘ ɏɜŬ ɧˊɞɡ 

ɡˊɎɟɢŮɘ ɞ pRSF ɢɤɟɑɠ Űɞ ɔɞɜɑŭɘɞ. Ƀɘ ŬɚɚɖɚɞɡɢɑŮɠ ŬɜŬɔɜɩɟɘůɖɠ Űɤɜ EcoRV əŬɘ SlaI əŬɗɩɠ əŬɘ 

ŰŬ ɛŮɔɏɗɖ Űɤɜ ɔɟŬɛɛɘəɩɜ ɛɞɟɑɤɜ DNA ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ˊɏɣŮɘɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬɠ 9. 

O ɏɚŮɔɢɞɠ Űɖɠ ɡˊɞəɚɤɜɞˊɞɑɖůɖɠ Űɞɡ RsTYR ůŰɞɜ pRSF-SsDDCmut ɏɔɘɜŮ ɛŮ ŭɨɞ 

ŭɘŬŭɞɢɘəɏɠ colony PCR. ɇɞ ˊɟɩŰɞ ɕŮɨɔɞɠ ŮəəɘɜɖŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ Űɞ 

RsTYRmut1/RsTYRmut2 əŬɘ Űɞ ŭŮɨŰŮɟɞ ɕŮɨɔɞɠ Űɞ RsTYRmut3/RsTYRmut4 (ɄɑɜŬəŬɠ 7 

əŮűɎɚŬɘɞ 2.3.2). ɆŮ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ɞ ɏɚŮɔɢɞɠ ŮɘůŬɔɤɔɐɠ Űɞɡ ɔɞɜɘŭɑɞɡ ůŰɞɜ űɞɟɏŬ ɏɔɘɜŮ ɛŮ 

ˊɏɣŮɘɠ Ůɚɏɔɢɞɡ ɛŮ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ BamHI əŬɘ SlaI Űɖɠ Minotech. ũɘŬ Űɖɜ ˊɏɣɖ Űɞɡ 

pRSF-SsDDCmut-RsTYR ɛŮ Űɞ ˊŮɟɘɞɟɘůŰɘəɧ ɏɜɕɡɛɞ BamHI ɡˊɐɟɢŬɜ ŭɡɞ ŬɜŬɛŮɜɧɛŮɜŮɠ 

ɕɩɜŮɠ, ɛɘŬ ɛŮ ɛɏɔŮɗɞɠ 5037bp əŬɘ ɛɘŬ ɛŮ 1654bp (ɄɑɜŬəŬɠ 9). ɆŰɖɜ ˊɏɣɖ ɛŮ Űɞ SlaI ɡˊɐɟɢŬɜ 

Ůˊɑůɖɠ ŭɨɞ ŬɜŬɛŮɜɧɛŮɜŮɠ ɕɩɜŮɠ əŬɘ ŰŬ ɛŮɔɏɗɖ Űɞɡɠ ɐŰŬɜ 3888bp əŬɘ 2803bp (ɄɑɜŬəŬɠ 9). Ƀ 

ɏɚŮɔɢɞɠ ɛŮ Űɘɠ ŭɨɞ ŭɘŬŭɞɢɘəɏɠ colony PCR əŬɗɩɠ əŬɘ ɛŮ Űɘɠ ŮɜŭɞɜɞɡəɚŮɎůŮɠ ˊŮɟɘɞɟɘůɛɞɨ 

ɏŭŮɘɝŮ ˊɤɠ ŭŮɜ ɐŰŬɜ ŮˊɘŰɡɢɖɛɏɜɖ ɖ ɡˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ RsTYR ůŰɞɜ pRSF-SsDDCmut. 

ȰɜɕɡɛŬ 
ȷɚɚɖɚɞɡɢɑŬ 

ȷɜŬɔɜɩɟɘůɖɠ 

Ʉɏɣɖ Űɞɡ pRSF-RsTYR Ʉɏɣɖ Űɞɡ  pRSF-SsDDCmut 

Ⱥˊ/ɚɖɣɖ 

ȾŬŰ/ůɖɠ 

ɆɖɛŮɑɞ  

ȾŬŰ/ůɖɠ 

ɀŮɔ.

DNA 

(bp) 

ȺˊŬɜɎɚɖɣɖ  

ȾŬŰɎŰɛɖůɖɠ 

ɆɖɛŮɑŬ  

ȾŬŰ/ůɖɠ 

ɀŮɔ. 

DNA 

(bp) 

CspAI  
5ȭ A|CCGGT 3ȭ 

3ȭ TGGCC|A 5ȭ 
1 2014  

1871  

1 1980  

4820  

HindIII  
5ȭ A|AGCTT 3ȭ 

3ȭ TTCGA|A 5ȭ 
1 143  1 1557  



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 

 50 

 

ɄɑɜŬəŬɠ 9: ɄɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɘɠ ˊɏɣɖɠ Ůɚɏɔɢɞɡ Űɤɜ pRSF-SsDDCmut, pRSF, pRSF-SsDDCmut-RsTYR, pCDF-

SsDDCmut əŬɘ pCDF-SsDDCmut-RsTYR ɛŮ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ EcoRV, SlaI əŬɘ BamHI (ɔɘŬ Űɞɜ ˊɑɜŬəŬ ŬɡŰɧɜ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ŭɘŬŭɘəŰɡŬəɧ ŮɟɔŬɚŮɑɞ http://www.geneinfinity.org/sms/sms_redigest.html, Űɞ ɚɞɔɘůɛɘəɧ 

SnapGene Viewer 5.3.1 Ŭˊɧ Insightful Science, ŭɘŬɗɏůɘɛɞ ůŰɖɜ ɖɚŮəŰɟɞɜɘəɐ ŭɘŮɨɗɡɜůɖ snapgene.com). 

 

3.1.3 ȾŬŰŬůəŮɡɐ ˊɚŬůɛɘŭɑɞɡ pCDF-SsDDCmut əŬɘ Űɞɡ pCDF-SsDDCmut-RsTYR 

ũɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ SsDDCmut ůŰɞɜ űɞɟɏŬ pCDF ɏɔɘɜŮ ɡˊɞəɚɤɜɞˊɞɑɖůɖ Ŭˊô Űɞɜ pRSF-

SsDDCmut. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ˊɏɣŮɘɠ ɛŮ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ NcoI əŬɘ HindIII  Űɖɠ 

Minotech Űɞɡ ɎŭŮɘɞɡ űɞɟɏŬ pCDF Duet-1 əŬɘ Űɞɡ pRSF-SsDDCmut (ȺɘəɧɜŬ 19, ɄɑɜŬəŬɠ 10). 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɏɔɘɜŮ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊɐəŰɤɛŬ ŬɔŬɟɧɕɖɠ 1%, Ŭˊɞɛɧɜɤůɖ DNA Űɤɜ 

ŰɛɖɛɎŰɤɜ Űɞɡ ˊɖəŰɩɛŬŰɞɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɞ ɔɞɜɑŭɘɞ SsDDCmut əŬɘ Űɞɜ űɞɟɏŬ pCDF. Ƀɘ 

ŬɜŰɘŭɟɎůŮɘɠ ɚɘɔɞˊɞɘɐůŮɤɜ ɏɔɘɜŬɜ ɧˊɤɠ əŬɘ ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ɡˊɞəɚɤɜɞˊɞɘɐůŮɘɠ. ȷˊɧ Űɞ 

ˊɟɞɥɧɜ Űɖɠ ɚɘɔɞˊɞɑɖůɖɠ ɡˊɞɚɞɔɑůɗɖəŮ ˊɞůɧŰɖŰŬ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 40ng DNA ɔɞɜɘŭɑɞɡ əŬɘ 

ɛŮŰŬůɢɖɛŬŰɑůŰɖəŬɜ 100ɛl əɡŰŰɎɟɤɜ E.coli DH10B. ɇɞ ŬɜŰɘɓɘɞŰɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰŬ 

ŰɟɡɓɚɑŬ petri ɐŰŬɜ ɖ ůˊŮəŰɘɜɞɛɡəɑɜɖ. ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ɡˊɞəɚɤɜɞˊɞɑɖůɖɠ ɏɔɘɜŮ colony PCR 

ɛŮ Űɞɡɠ ŮəəɘɜɖŰɏɠ SsDDCmut2/SsDDC2 əŬɘ ˊɏɣŮɘɠ Ůɚɏɔɢɞɡ ɛŮ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ SlaI 

əŬɘ EcoRV (ɄɑɜŬəŬɠ 7 əŮűɎɚŬɘɞ 2.3.2, ɄɑɜŬəŬɠ 9 əŮűɎɚŬɘɞ 3.1.2). 

ȰɜɕɡɛŬ 
ȷɚɚɖɚɞɡɢɑŬ 

ȷɜŬɔɜɩɟɘůɖɠ 

Ʉɏɣɖ Űɞɡ pRSF Ʉɏɣɖ Űɞɡ  pRSF-SsDDC 

ȺˊŬ/ɣɖ 

ȾŬ/ůɖɠ 

ɆɖɛŮɑŬ  

ȾŬŰɎŰɛɖůɖɠ 

ɀŮɔ.

DNA 

(bp) 

ȺˊŬ/ɣɖ 

ȾŬ/ůɖɠ 

ɆɖɛŮɑŬ  

ȾŬŰɎŰɛɖůɖɠ 

ɀŮɔ. 

DNA 

(bp) 

EcoRV 
5ȭ GAT| ATC 3ȭ 

3ȭ CTA|TAG 5ȭ 
1 270 - 269  3779  2 

239 - 238  3748  

1734 - 1733  1495  

SlaI  
5ȭ C| TCGAG 3ȭ 

3ȭ GAGCT|C 5ȭ 
1 305 - 304  3779  2 

414 - 413  3888  

1769 - 1768  1355  

Ʉɏɣɖ Űɞɡ pRSF-SsDDCmut-RsTYR Ʉɏɣɖ Űɞɡ  pCDF-SsDDCmut 

BamHI 
5ȭ G|GATCC 3ȭ 

3ȭ CCTAG|G 5ȭ 
2 

2910 - 1255 5037  
-  -  -  

1256 - 2909  1654  

SlaI  
5ȭ C| TCGAG 3ȭ 

3ȭ GAGCT|C 5ȭ 
2 

3217 - 413  3888  
2 

1769 - 413  3840  

414 - 3216 2803  414 - 1768  1355  

EcoRV 
5ȭ GAT| ATC 3ȭ 

3ȭ CTA|TAG 5ȭ 
-  -  -  2 

1734 - 238  3700  

239 - 1733  1495  

Ʉɏɣɖ Űɞɡ pCDF-SsDDCmut-RsTYR 

BamHI 
5ȭ G|GATCC 3ȭ 

3ȭ CCTAG|G 5ȭ 
2 

2910 - 1255  4989  

1256 - 2909  1654  

SlaI  
5ȭ C| TCGAG 3ȭ 

3ȭ GAGCT|C 5ȭ 
2 

3217 - 413  3840  

414 - 3216  2803  

http://www.geneinfinity.org/sms/sms_redigest.html
https://www.snapgene.com/
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 ȼ ɡˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ Ŭˊɧ Űɞɜ pRSF-RsTYR ůŰɞɜ űɞɟɏŬ 

pCDF-SsDDCmut ɏɔɘɜŮ ɛŮ ˊɏɣŮɘɠ Űɤɜ űɞɟɏɤɜ pRSF-RsTYR əŬɘ pRSF-SsDDCmut ɛŮ ŰŬ 

ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ CspAI əŬɘ HindIII Űɖɠ ŮŰŬɘɟɑŬɠ Minotech (ȺɘəɧɜŬ 20, ɄɑɜŬəŬɠ 11), ɞɘ 

ŬɜŰɘŭɟɎůŮɘɠ ɚɘɔɞˊɞɘɐůŮɤɜ ɏɔɘɜŬɜ ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬˊɎɜɤ. Ƀ ɏɚŮɔɢɞɠ Űɖɠ 

ɡˊɞəɚɤɜɞˊɞɑɖůɖɠ Űɞɡ RsTYR ůŰɞɜ pCDF-SsDDCmut ɏɔɘɜŮ ɛŮ colony PCR ŬɟɢɘəɎ ɛŮ Űɞɡɠ 

ŮəəɘɜɖŰɏɠ RsTYRmut1/RsTYRmut2 əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ Űɞɡɠ RsTYRmut3/RsTYRmut4 

əŬɗɩɠ əŬɘ ɛŮ ˊɏɣŮɘɠ Ůɚɏɔɢɞɡ ɛŮ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ BamHI əŬɘ SlaI (ɄɑɜŬəŬɠ 7 əŮűɎɚŬɘɞ 

2.3.2, ɄɑɜŬəŬɠ 9 əŮűɎɚŬɘɞ 3.1.2). 

Ƀ ɏɚŮɔɢɞɠ Űɖɠ ŮɘůŬɔɤɔɐɠ Űɞɡ SsDDCmut ůŰɞɜ pCDF ɏɔɘɜŮ ɛŮ colony PCR ɛŮ Űɞɡɠ 

ŮəəɘɜɖŰɏɠ SsDDCmut2/SsDDC2 (ɄɑɜŬəŬɠ 7 əŮűɎɚŬɘɞ 2.3.2) əŬɘ ɛŮ ˊɏɣŮɘɠ Ůɚɏɔɢɞɡ ɛŮ ŰŬ 

ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ SlaI əŬɘ EcoRV. ɇɞ ˊŮɟɘɞɟɘůŰɘəɧ ɏɜɕɡɛɞ SlaI ˊɏˊŰŮɘ Űɞɜ pCDF-

SsDDCmut ůŮ ŭɨɞ ůɖɛŮɑŬ əŬɘ ɏŰůɘ ɏŭɤůŮ ŭɨɞ ɕɩɜŮɠ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɛɘŬɠ ɜŬ ɐŰŬɜ 3840bp 

əŬɘ Űɖɠ Ɏɚɚɖɠ 1355bp (ɄɑɜŬəŬɠ 9 əŮűɎɚŬɘɞ 3.1.2). ɆŰɖɜ ˊɏɣɖ ɛŮ Űɞ ˊŮɟɘɞɟɘůŰɘəɧ ɏɜɕɡɛɞ 

EcoRV ɡˊɐɟɢŬɜ ŭɨɞ ůɖɛŮɑŬ əŬŰɎŰɛɖůɖɠ ůŰɞɜ pCDF-SsDDCmut ɛŮ ŬˊɞŰɏɚŮůɛŬ ŭɨɞ ŰɛɐɛŬŰŬ 

DNA ɛŮɔɏɗɞɡɠ 3700bp əŬɘ 1495bp (ɄɑɜŬəŬɠ 9 əŮűɎɚŬɘɞ 3.1.2). 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ɡˊɞəɚɤɜɞˊɞɑɖůɖɠ Űɞɡ RsTYR ůŰɞɜ pCDF-SsDDCmut 

ɏɔɘɜŬɜ, ɧˊɤɠ əŬɘ ˊŬɟŬˊɎɜɤ, colony PCR ɛŮ Űɞ ɕŮɨɔɞɠ ŮəəɘɜɖŰɩɜ RsTYRmut1/RsTYRmut2 

(ɄɑɜŬəŬɠ 7 əŮű. 2.3.2) əŬɘ ˊɏɣŮɘɠ Ůɚɏɔɢɞɡ ɛŮ ŰŬ ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ BamHI əŬɘ SlaI Űɖɠ 

Minotech. Ƀɘ ŬɜŬɛŮɜɧɛŮɜŮɠ ɕɩɜŮɠ ɔɘŬ Űɘɠ ˊɏɣŮɘɠ ɛŮ Űɞ ˊŮɟɘɞɟɘůŰɘəɧ ɏɜɕɡɛɞ BamHI ɐŰŬɜ ŭɨɞ, 

ɛŮ ɛɏɔŮɗɞɠ 4989bp əŬɘ 1654bp (ɄɑɜŬəŬɠ 9 əŮűɎɚŬɘɞ 3.1.2). ɆŰɘɠ ˊɏɣŮɘɠ Ůɚɏɔɢɞɡ ɛŮ Űɞ SlaI ɞɘ 

ŬɜŬɛŮɜɧɛŮɜŮɠ ɕɩɜŮɠ ŮɑɢŬɜ ɛɏɔŮɗɞɠ 3840bp əŬɘ 2803bp (ɄɑɜŬəŬɠ 9 əŮűɎɚŬɘɞ 3.1.2). Ƀɘ  

ŬɜŰɘŭɟɎůŮɘɠ ˊɏɣŮɤɜ ɏɔɘɜŬɜ ůŮ ŰŮɚɘəɧ ɧɔəɞ 30ɛl,  240ng DNA ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɛŬɕɑ ɛŮ 24u 

Ůɜɕɨɛɞɡ. ɇŬ əŬŰɎɚɚɖɚŬ ɟɡɗɛɘůŰɘəɎ ŭɘŬɚɨɛŬŰŬ ɔɘŬ Űɞ əɎɗŮ ɏɜɕɡɛɞ, ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ˊŬɟŬůəŮɡɎůŰɟɘŬ ŮŰŬɘɟɑŬ, əŬɗɩɠ əŬɘ 100ɛg/ml BSA (ɞɟɞɚŮɡəɤɛŬŰɑɜɖ, bovine serum albumin) 

ůŮ ɑŭɘŬ ŬɜŬɚɞɔɑŬ, ůŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɏɛŮɘɜŬɜ ůŮ ɗŮɟɛɞəɟŬůɑŬ 37oC ɔɘŬ  2,5h. 
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ȺɘəɧɜŬ 19: Ɉˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ SsDDCmut Ŭˊô Űɞɜ pRSF-SsDDCmut ůŰɞɜ űɞɟɏŬ pCDF. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ 

ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ NcoI əŬɘ HindIII  ŰŬ ɞˊɞɑŬ əɧɓɞɡɜ Űɞɡɠ űɞɟŮɑɠ ůŰɘɠ ɗɏůŮɘɠ 69 əŬɘ 1557 ɔɘŬ Űɞɜ pRSF-

SsDDCmut əŬɘ ůŰɘɠ 69 əŬɘ 143 ɔɘŬ Űɞɜ pCDF Duet-1 ŬɜŰɑůŰɞɘɢŬ. SsDDCmut-pRSF, ɞ pRSF ɛŮ Űɞ ɔɞɜɑŭɘɞ 

SsDDCmut. pCDF Duet-1, o ɎŭŮɘɞɠ űɞɟɏŬɠ pCDF. SsDDCmut-pCDF, ɞ űɞɟɏŬɠ pCDF ɛŮ Űɞ ɔɞɜɑŭɘɞ SsDDCmut. 

 

ɄɑɜŬəŬɠ 10: ɄɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɠ ŮɜŭɞɜɞɡəɚŮɎůŮɠ ˊŮɟɘɞɟɘůɛɞɨ əŬɘ Űɘɠ ˊɏɣŮɘɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɖɜ ɡˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ 

ɔɞɜɘŭɑɞɡ SsDDCmut Ŭˊô Űɞɜ pRSF-SsDDCmut ůŰɞɜ pCDF (ɔɘŬ Űɞɜ ˊɑɜŬəŬ ŬɡŰɧɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ŭɘŬŭɘəŰɡŬəɧ 

ŮɟɔŬɚŮɑɞ http://www.geneinfinity.org/sms/sms_redigest.html, Űɞ ɚɞɔɘůɛɘəɧ SnapGene Viewer 5.3.1 Ŭˊɧ Insightful 

Science, ŭɘŬɗɏůɘɛɞ ůŰɖɜ ɖɚŮəŰɟɞɜɘəɐ ŭɘŮɨɗɡɜůɖ snapgene.com). 

ȰɜɕɡɛŬ 
ȷɚɚɖɚɞɡɢɑŬ 

ȷɜŬɔɜɩɟɘůɖɠ 

Ʉɏɣɖ Űɞɡ pCDF Ʉɏɣɖ Űɞɡ  pRSF-SsDDC 

Ⱥˊ/ɚɖɣɖ 

ȾŬŰ/ůɖɠ 

ɆɖɛŮɑɞ  

ȾŬŰ/ůɖɠ 

ɀŮɔ.

DNA 

(bp) 

ȺˊŬɜɎɚɖɣɖ  

ȾŬŰɎŰɛɖůɖɠ 

ɆɖɛŮɑŬ  

ȾŬŰ/ůɖɠ 

ɀŮɔ. 

DNA 

(bp) 

HindIII  
5ȭ A|AGCTT 3ȭ 

3ȭ TTCGA|A 5ȭ 
1 2410 - 5355  2946  1 1558 - 69  3755  

NcoI 
5ȭ C|CATGG 3ȭ 

3ȭ GGTAC|C 5ȭ 
1 5356 - 689  2569  1 70- 1557  1488  

http://www.geneinfinity.org/sms/sms_redigest.html
https://www.snapgene.com/
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ȺɘəɧɜŬ 20: Ɉˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ RsTYR Ŭˊɧ Űɞɜ űɞɟɏŬ pRSF-RsTYR ůŰɞɜ űɞɟɏŬ pCDF-SsDDC. 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ɏɜɕɡɛŬ CspAI əŬɘ HindIII Űɞ ɞˊɞɑŬ ˊɏˊŰɞɡɜ Űɞɡɠ űɞɟŮɑɠ ůŰɘɠ ɗɏůŮɘɠ 2014 əŬɘ 143 ɔɘŬ Űɞɜ 

pRSF-RsTYR əŬɘ ůŰɘɠ ɗɏůŮɘɠ 1980 əŬɘ 1557 ɔɘŬ Űɞɜ pCDF-SsDDCmut ŬɜŰɑůŰɞɘɢŬ. ɇɞ ɔɞɜɑŭɘɞ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ 

ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɘɠ ɗɏůŮɘɠ ŬɜŬɔɜɩɟɘůɖɠ Űɤɜ ˊŮɟɘɞɟɘůŰɘəɩɜ Ůɜɕɨɛɤɜ NdeI əŬɘ SlaI. ȼ Ŭɟɢɐ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDCmut 

ŮɑɜŬɘ ůŰɖɜ ɗɏůɖ ŬɜŬɔɜɩɟɘůɖɠ Űɞɡ Ůɜɕɨɛɞɡ NcoI.  

 

ɄɑɜŬəŬɠ 11: ɄɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɠ ŮɜŭɞɜɞɡəɚŮɎůŮɠ ˊŮɟɘɞɟɘůɛɞɨ əŬɘ Űɘɠ ˊɏɣŮɘɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɖɜ ɡˊɞəɚɤɜɞˊɞɑɖůɖ Űɞɡ 

ɔɞɜɘŭɑɞɡ RsTYR Ŭˊô Űɞɜ pRSF-RsTYR ůŰɞɜ pRSF-SsDDCmut. 

 

Ƀɘ ɏɚŮɔɢɞɘ Űɖɠ ɡˊɞəɚɤɜɞˊɞɑɖůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDCmut ůŰɞɜ pCDF əŬɗɩɠ əŬɘ Űɞɡ ɔɞɜɘŭɑɞɡ 

RsTYR ůŰɞɜ pCDF-SsDDCmut ɏŭŮɘɝŬɜ ɧɚŮɠ Űɘɠ űɞɟɏɠ ŬɟɜɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůɡɜŮˊɩɠ ŭŮɜ 

ȰɜɕɡɛŬ 
ȷɚɚɖɚɞɡɢɑŬ 

ȷɜŬɔɜɩɟɘůɖɠ 

Ʉɏɣɖ Űɞɡ pRSF-RsTYR Ʉɏɣɖ Űɞɡ  pCDF-SsDDCmut 

Ⱥˊ/ɚɖɣɖ 

ȾŬŰ/ůɖɠ 

ɆɖɛŮɑɞ  

ȾŬŰ/ůɖɠ 

ɀŮɔ.

DNA 

(bp) 

ȺˊŬɜɎɚɖɣɖ  

ȾŬŰɎŰɛɖůɖɠ 

ɆɖɛŮɑŬ  

ȾŬŰ/ůɖɠ 

ɀŮɔ. 

DNA 

(bp) 

CspAI  
5ȭ A|CCGGT 3ȭ 

3ȭ TGGCC|A 5ȭ 
1 2014  

1871  

1 1980  

4820  

HindIII  
5ȭ A|AGCTT 3ȭ 

3ȭ TTCGA|A 5ȭ 
1 143  1 1557  
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ɐŰŬɜ ŮˊɘŰɡɢɖɛɏɜŮɠ ɞɘ ɡˊɞəɚɤɜɞˊɞɘɐůŮɘɠ Űɤɜ ɔɞɜɘŭɑɤɜ SsDDCmut əŬɘ RsTYR ůŰɞɜ űɞɟɏŬ 

pCDF. 

 

3.2 In  vitro ˊŮɘɟɎɛŬŰŬ əŬɘ ȷɜɎɚɡůɖ ůŰɖɜ ŰɟɘɢɞŮɘŭɐ ɖɚŮəŰɟɞűɧɟɖůɖ (CE) 

ɀŮŰɎ Ŭˊɧ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɤɜ əɡŰŰɎɟɤɜ E.coli BL21(DE3) ɛŮ Űɞ pRSF-SsDDCmut 

ŬəɞɚɞɨɗɖůŮ ůɡɚɚɞɔɐ ɛɘŬɠ ŬˊɞɘəɑŬɠ əŬɘ ŬɜɎˊŰɡɝɖ Űɖɠ ůŮ 5ml ɗɟŮˊŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ LB ɛŮ 

əŬɜŬɛɘəɑɜɖ. ɇɞ ˊɟɤŰɧəɞɚɚɞ ŮűŬɟɛɧůŰɖəŮ ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ əŮűɎɚŬɘɞ 2.8. ȼ ŮəŰɑɛɖůɖ 

Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ɏɔɘɜŮ ɛŮŰɟɩɜŰŬɠ Űɖɜ Ŭˊɞɟɟɧűɖůɐ Űɖɠ (OD) ůŰŬ 600nm ůŮ 

űŬůɛŬŰɞűɤŰɧɛŮŰɟɞ UV-1700 Űɖɠ ŮŰŬɘɟɑŬɠ Shimadzu. ȼ ́ ɟɞůɗɐəɖ Űɞɡ IPTG ɔɘŬ Űɖɜ ŮˊŬɔɤɔɐ 

Űɖɠ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ ɏɔɘɜŮ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ. Ƀɘ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ Űɤɜ 

əŬɚɚɘŮɟɔŮɘɩɜ ɏɔɘɜŬɜ ɛŮŰɎ Ŭˊɧ ŰɟŮɑɠ əŬɘ Ůɑəɞůɘ ɩɟŮɠ Ŭˊô Űɖɜ ˊɟɞůɗɐəɖ Űɞɡ IPTG (ɄɑɜŬəŬɠ 12, 

ɄɑɜŬəŬɠ 13). 

 

ɄɑɜŬəŬɠ 12: ɄŮɟɘŮɢɧɛŮɜɞ in nitro ŬɜŰɘŭɟɎůŮɤɜ Ŭˊɧ Űɘɠ əŬɚɚɘɏɟɔŮɘŮɠ ɛŮ 3 əŬɘ 20 ɩɟŮɠ ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ɛŮ 500ɛM 

IPTG əŬɘ ŰŮɚɘəɧ ɧɔəɞ ŬɜŰɑŭɟŬůɖɠ 1000ɛl ɛŮ 400ng ˊɟɤŰŮɥɜɩɜ. 

ȵɟŮɠ 

ȺˊŬɔɤɔɐɠ 

ȰəűɟŬůɖɠ 

(h) 

ɄŬɟɞɡůɑŬ (+) əŬɘ 

ȷˊɞɡůɑŬ (-) 

ɄɟɤŰŮɥɜɩɜ ůŰɖɜ 

ŬɜŰɑŭɟŬůɖ 

ɄŬɟɞɡůɑŬ (+) əŬɘ 

ȷˊɞɡůɑŬ (-) 

ɡˊɞůŰɟɩɛŬŰɞɠ ůŰɖɜ 

ŬɜŰɑŭɟŬůɖ 

Ⱥɜɕɡɛɘəɧ ɈˊɧůŰɟɤɛŬ 

3 

+ + 
ɇɡɟɞůɑɜɖ 

- + 

+ + 
DOPA 

- + 

20 

+ + 
ɇɡɟɞůɑɜɖ 

- + 

+ + 
DOPA 

-  + 

 

ɀŮŰɎ Űɘɠ ŰɟŮɑɠ əŬɘ Űɘɠ Ůɑəɞůɘ ɩɟŮɠ ůɡɚɚɏɢɗɖəŮ ˊɞůɧŰɖŰŬ əŬɚɚɘɏɟɔŮɘŬɠ ŬɜŰɑůŰɞɘɢɖ ɛŮ 

600OD ɛɞɜɎŭŮɠ ɔɘŬ ɜŬ ɛŮŰɟɖɗŮɑ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɟɤŰŮɥɜɩɜ ˊɞɡ ˊŬɟɐɢɗɖůŬɜ. ȼ ɟɐɝɖ Űɤɜ 

əɡŰŰɎɟɤɜ ɏɔɘɜŮ ɛŮ Űɖɜ ůɡůəŮɡɐ ɡˊŮɟɐɢɤɜ Labsonic U Űɖɠ ŮŰŬɘɟɑŬɠ Braun ɛŮ 0,6 əɨəɚɞɡɠ əŬɘ 

Ůɨɟɞɠ 70W ɔɘŬ 10min ɔɘŬ Űɞ əɎɗŮ ŭŮɑɔɛŬ əŬɘ ɖ ɛɏŰɟɖůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ ɏɔɘɜŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ 

Bradford. Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ůɢŮŭɘɎůŰɖəŬɜ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ŮɜŮɟɔɧŰɖŰŬɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ ŮɑɢŬɜ 

ɡˊɧůŰɟɤɛŬ Űɖɜ Űɡɟɞůɑɜɖ (L-Tyrosine, TYR) ŬɚɚɎ əŬɘ Űɖɜ DOPA (L-3,4 

Dihydroxyphenylalanine) ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ 1mM. ȹɘŬűɞɟɞˊɞɘɞɨɜŰŬɜ ůŰɞɜ ŰŮɚɘəɧ ɧɔəɞ 

ŬɜŰɑŭɟŬůɖɠ, ůŰɖɜ ˊɞůɧŰɖŰŬ ˊɟɤŰŮɥɜɩɜ ˊɞɡ ˊŮɟɘŮɑɢŬɜ əŬɘ ůŰɖɜ ůɡɔəɏɜŰɟɤůɖ IPTG ˊɞɡ 
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ˊɟɞůŰɏɗɖəŮ əŬŰɎ Űɘɠ 3h ɐ 20h ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ. Ƀɘ Ŭɟɢɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ŮɑɢŬɜ 

1000ɛl ŰŮɚɘəɧ ɧɔəɞ ŬɜŰɑŭɟŬůɖɠ ɛŮ 400ɛg ˊɟɤŰŮȶɜŮɠ əŬɘ 500ɛɀ IPTG (ɄɑɜŬəŬɠ 12) Ůɜɩ ɞɘ 

ŮˊɧɛŮɜŮɠ ŮɑɢŬɜ 2000ɛl ŰŮɚɘəɧ ɧɔəɞ ŬɜŰɑŭɟŬůɖɠ ɛŮ Űɖɜ ˊɞůɧŰɖŰŬ ˊɟɤŰŮɥɜɩɜ ɜŬ ŮɑɜŬɘ 1000ng 

əŬɘ 50ɛɀ, 200ɛɀ ɐ 1000ɛɀ ůɡɔəɏɜŰɟɤůɖ IPTG (ɄɑɜŬəŬɠ 13). 

 

ɄɑɜŬəŬɠ 13: ɄŮɟɘŮɢɧɛŮɜɞ in nitro ŬɜŰɘŭɟɎůŮɤɜ Ŭˊɧ Űɘɠ əŬɚɚɘɏɟɔŮɘŮɠ ɛŮ 3 əŬɘ 20 ɩɟŮɠ ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ɛŮ 50ɛM, 

200ɛM əŬɘ 1000ɛM IPTG əŬɘ ŰŮɚɘəɧ ɧɔəɞ ŬɜŰɑŭɟŬůɖɠ 2000ɛl əŬɘ 1000ng ˊɟɤŰŮɥɜɩɜ. 

ȵɟŮɠ 

ȺˊŬɔɤɔɐɠ 

ȰəűɟŬůɖɠ 

(h) 

ɆɡɔəŮɜŰɟɩůŮɘɠ 

IPTG (ɛM)  

ɄŬɟɞɡůɑŬ (+) əŬɘ 

ȷˊɞɡůɑŬ (-) 

ɄɟɤŰŮɥɜɩɜ ůŰɖɜ 

ŬɜŰɑŭɟŬůɖ 

ɄŬɟɞɡůɑŬ (+) əŬɘ 

ȷˊɞɡůɑŬ (-) 

ɡˊɞůŰɟɩɛŬŰɞɠ ůŰɖɜ 

ŬɜŰɑŭɟŬůɖ 

Ⱥɜɕɡɛɘəɧ 

ɈˊɧůŰɟɤɛŬ 

3 

50 

+ + 

DOPA 

- + 

- - 

1000 
+ + 

+ - 

20 

50 

+ + 

- + 

+ - 

200 
+ + 

+ - 

0 
+ + 

+ - 

 

ȼ ŮəŰɑɛɖůɖ Űɖɠ in vitro ŮɜŮɟɔɧŰɖŰŬɠ ɏɔɘɜŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ŰɟɘɢɞŮɘŭɞɨɠ 

ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ůŰɞ ɛɖɢɎɜɖɛŬ Capillary Electrophoresis (CE) G1605 Űɖɠ ŮŰŬɘɟɑŬɠ 

Agilent ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ űɤŰɞŭɘɧŭɤɜ (Diode Array Detector, 

DAD). Ƀɘ ůɡɜɗɐəŮɠ əŬŰɎ Űɘɠ ɞˊɞɑŮɠ ɏɔɘɜŮ ɖ ŬɜɎɚɡůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞ 

əŮűɎɚŬɘɞ 2.12. ȷɟɢɘəɎ ŬɜŬɚɨɗɖəŬɜ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɛŮ 1000ɛl ŰŮɚɘəɧ ɧɔəɞ, ˊɞůɧŰɖŰŬ 

ˊɟɤŰŮɥɜɩɜ 400ng əŬɘ 500ɛɀ IPTG ɔɘŬ Űɖɜ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ (ȺɘəɧɜŬ 21, 

ȺɘəɧɜŬ 22). 

ɆŰɞɜ ˊɟɩŰɞ əɨəɚɞ ŬɜŰɘŭɟɎůŮɤɜ Űɞ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ ɐŰŬɜ ɖ Űɡɟɞůɑɜɖ əŬɘ ɖ DOPA. 

ɆŰɘɠ ŬɜŰɘŭɟɎůŮɘɠ ɛŮ ɡˊɧůŰɟɤɛŬ Űɖɜ Űɡɟɞůɑɜɖ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ ˊɟɞɥɧɜ ŮɑɜŬɘ ɖ Űɡɟɞůɧɚɖ ŮɎɜ Űɞ 

SsDDCmut ŭɏɢŮŰŬɘ Űɖɜ Űɡɟɞůɑɜɖ ɤɠ ɡˊɧůŰɟɤɛŬ ŭɘŬűɞɟŮŰɘəɎ ŭŮɜ ˊɟɞɓɚɏˊŮŰŬɘ əŬŰŬɜɎɚɤůɖ 

Űɖɠ Űɡɟɞůɑɜɖɠ əŬɘ ˊŬɟŬɔɤɔɐ ˊɟɞɥɧɜŰɞɠ. ɆŰɘɠ ŬɜŰɑŭɟŬůɖɠ ɛŮ ɡˊɧůŰɟɤɛŬ Űɖɜ DOPA Űɞ ˊɟɞɥɧɜ 

ŮɑɜŬɘ ɖ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ. ũɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ in vitro ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ SsDDCmut 

ŬɜŬɚɨɗɖəŬɜ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ˊɞɡ ɏɔɘɜŬɜ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ  ůŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ (ȺɘəɧɜŬ 21). 
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ȺɘəɧɜŬ 21: In vitro ŮɜŮɟɔɧŰɖŰŬ Űɞɡ pRSF-SsDDCmut ɛŮ ɡˊɧůŰɟɤɛŬ DOPA əŬɘ ɇɡɟɞůɑɜɖ əŬɘ 3h ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ 

ɛŮ 500ɛɀ IPTG. Ƀ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ ŬɜŰɑŭɟŬůɖɠ ɐŰŬɜ 1000ɛl əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 400ng ˊɟɤŰŮɥɜɩɜ. ȼ 

ŮɜŮɟɔɧŰɖŰŬ Űɞɡ SsDDCmut ɛŮ ɡˊɧůŰɟɤɛŬ ɇɡɟɞůɑɜɖ əŬɘ ˊɟɞɥɧɜ Űɖɜ ɇɡɟɞůɧɚɖ (ȷ). ȷˊɞɡůɑŬ ˊɟɤŰŮɥɜɩɜ əŬɘ ˊŬɟɞɡůɑŬ 

ɇɡɟɞůɑɜɖɠ ɛŮ Űɞ ˊɟɞɥɧɜ ɜŬ ŮɑɜŬɘ ɖ ɇɡɟɞůɧɚɖ (ȸ). ȼ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ SsDDCmut ɛŮ ɡˊɧůŰɟɤɛŬ Dopa əŬɘ ˊɟɞɥɧɜ Űɖɜ 

ɈŭɟɞɝɡŰɡɟɞůɧɚɖ (ũ). ȷˊɞɡůɑŬ ˊɟɤŰŮɥɜɩɜ əŬɘ ˊŬɟɞɡůɑŬ DOPA Űɞ ˊɟɞɥɧɜ ŮɑɜŬɘ ɖ ɈŭɟɞɝɡŰɡɟɞůɧɚɖ (ȹ). 

 

ȼ ˊɟɩŰɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɏɔɘɜŮ ůŰɖɜ Ŭɟɢɐ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, ɖ ŭŮɨŰŮɟɖ ɛŮŰɎ Ŭˊɧ 10 ɚŮˊŰɎ, 

ɖ ŰɟɑŰɖ ɛŮŰɎ Ŭˊɧ 20 ɚŮˊŰɎ, ɖ ŰɏŰŬɟŰɖ ɛŮŰɎ Ŭˊɧ 30 ɚŮˊŰɎ əŬɘ ɖ ˊɏɛˊŰɖ ɛŮŰɎ Ŭˊɧ 1 ɩɟŬ. ɀɘŬ 

ŬəɧɛŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɏɔɘɜŮ 25 ɩɟŮɠ ɛŮŰɎ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɖ ɞˊɞɑŬ ŭŮɜ ŮɛűŬɜɑɕŮŰŬɘ 

ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ. ȼ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ Űɡɟɞůɑɜɖ əŬɘ DOPA ɐŰŬɜ 1mM. ɇŬ 

ŬɟɢɘəɎ ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ in vitro ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ SsDDCmut 

ˊŮɟɘŮɑɢŬɜ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ ɓŬəŰɖɟɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ůŰɘɠ ɞˊɞɑŮɠ ɖ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ 

Űɞɡ ɔɞɜɘŭɑɞɡ ŮɑɢŮ ɔɑɜŮɘ ɔɘŬ 3h ɛŮ ůɡɔəɏɜŰɟɤůɖ IPTG 500ɛɀ əŬɘ Űɡɟɞůɑɜɖ ɔɘŬ Ůɜɕɡɛɘəɧ 

ɡˊɧůŰɟɤɛŬ. Ⱥˊɑůɖɠ ŬɜŬɚɨɗɖəŬɜ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɘɠ in vitro ŬɜŰɘŭɟɎůŮɘɠ ɛŮ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ 

Ŭˊɧ Űɘɠ ɑŭɘŮɠ ɓŬəŰɖɟɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ əŬɘ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ DOPA. ȯɚɚŬ ŭŮɑɔɛŬŰŬ ˊɞɡ 

ŬɜŬɚɨɗɖəŬɜ ɐŰŬɜ ɛŮ Űɞ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ Űɡɟɞůɑɜɖ ɐ DOPA ɢɤɟɑɠ Űɞ ůɨɜɞɚɞ Űɤɜ 

ˊɟɤŰŮɥɜɩɜ, ɛŮ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɟɤŰŮɥɜɩɜ ŬɚɚɎ ɢɤɟɑɠ Űɞ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ əŬɘ ɢɤɟɑɠ 

Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ ɞɨŰŮ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ (ȺɘəɧɜŬ 21). 

ȺˊɧɛŮɜŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ɐŰŬɜ Ŭˊɧ Űɘɠ in vitro ŬɜŰɘŭɟɎůŮɘɠ Űɞɡ SsDDCmut 

ˊɞɡ ˊŮɟɘŮɑɢŬɜ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ ɓŬəŰɖɟɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ɧˊɞɡ ŮɑɢŮ ɔɑɜŮɘ 20h ŮˊŬɔɤɔɐ 



Ⱦɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŰɞ E.coli 

 

 57 

ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ ɛŮ 500ɛɀ IPTG əŬɘ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ Űɡɟɞůɑɜɖ ɐ DOPA. 

ȷɜŬɚɨɗɖəŬɜ ŭŮɑɔɛŬŰŬ ˊɞɡ ˊŮɟɘŮɑɢŬɜ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ əŬɘ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ Űɡɟɞůɑɜɖ, 

ɝŮɢɤɟɘůŰɎ ŭŮɑɔɛŬŰŬ ˊɞɡ ˊŮɟɘŮɑɢŬɜ DOPA əŬɘ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ. ɆŮ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ 

ŬɜŬɚɨɗɖəŬɜ ŭŮɑɔɛŬŰŬ ɢɤɟɑɠ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ ŬɚɚɎ ɛŮ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ Űɡɟɞůɑɜɖ ɐ 

DOPA, ŭŮɑɔɛŬŰŬ ɢɤɟɑɠ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ ŬɚɚɎ ɛŮ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ əŬɘ ŭŮɑɔɛŬŰŬ ɢɤɟɑɠ 

Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ ɞɨŰŮ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ (ȺɘəɧɜŬ 22). 

 

 

ȺɘəɧɜŬ 22: In vitro ŮɜŮɟɔɧŰɖŰŬ Űɞɡ SsDDCmut ɛŮ ɡˊɧůŰɟɤɛŬ DOPA əŬɘ ɇɡɟɞůɑɜɖ əŬɘ 20h ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ ɛŮ 

500ɛɀ IPTG. Ƀ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ ŬɜŰɑŭɟŬůɖɠ ɐŰŬɜ 1000ɛl əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 400ng ˊɟɤŰŮɥɜɩɜ. ȼ ŮɜŮɟɔɧŰɖŰŬ 

Űɞɡ SsDDCmut ɛŮ ɡˊɧůŰɟɤɛŬ ɇɡɟɞůɑɜɖ əŬɘ ˊɟɞɥɧɜ Űɖɜ ɇɡɟɞůɧɚɖ (ȷ). ȷˊɞɡůɑŬ ˊɟɤŰŮɥɜɩɜ əŬɘ ˊŬɟɞɡůɑŬ ɇɡɟɞůɑɜɖɠ 

Űɞ ˊɟɞɥɧɜ ŮɑɜŬɘ ɖ ɇɡɟɞůɧɚɖ (ȸ). ȼ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ SsDDCmut ɛŮ ɡˊɧůŰɟɤɛŬ DOPA əŬɘ ˊɟɞɥɧɜ Űɖɜ ɈŭɟɞɝɡŰɡɟɞůɧɚɖ 

(ũ). ȷˊɞɡůɑŬ ˊɟɤŰŮɥɜɩɜ əŬɘ ˊŬɟɞɡůɑŬ DOPA Űɞ ˊɟɞɥɧɜ ŮɑɜŬɘ ɖ ɈŭɟɞɝɡŰɡɟɞůɧɚɖ (ȹ). 

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ŬɜŬɚɨɗɖəŬɜ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ŮɑɢŬɜ ŰŮɚɘəɧ ɧɔəɞ 2000ɛl əŬɘ ˊŮɟɘŮɑɢŬɜ 

ˊɞůɧŰɖŰŬ ˊɟɤŰŮɥɜɩɜ 1000ng, Űɞ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ ɖ DOPA əŬɘ 

ɖ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ ɏɔɘɜŮ ůŮ 3h əŬɘ 20h ɛŮ 50ɛɀ, 200ɛɀ əŬɘ 1000ɛɀ IPTG 

(ȺɘəɧɜŬ 23, ȺɘəɧɜŬ 24, ȺɘəɧɜŬ 25). ɆŰɞɜ ŭŮɨŰŮɟɞ əɨəɚɞ ŬɜŰɘŭɟɎůŮɤɜ ŬɜŬɚɨɗɖəŬɜ ˊɟɩŰŬ ŰŬ 

ŭŮɑɔɛŬŰŬ ˊɞɡ ˊŮɟɘŮɑɢŬɜ ˊɟɤŰŮȶɜŮɠ Ŭˊɧ ɓŬəŰɖɟɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ˊɞɡ ŮɑɢŮ ɔɑɜŮɘ 3h ŮˊŬɔɤɔɐ 

ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ ɛŮ 50ɛɀ əŬɘ 1000ɛɀ IPTG. ȯɚɚŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ɐŰŬɜ 

ɢɤɟɑɠ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ ŬɚɚɎ ɛŮ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ əŬɗɩɠ əŬɘ ŭŮɑɔɛŬŰŬ ɢɤɟɑɠ ˊɟɤŰŮȶɜŮɠ 
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ɞɨŰŮ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ. ȷɜŬɚɨɗɖəŬɜ ŮűŰɎ ŭŮɑɔɛŬŰŬ ɔɘŬ əɎɗŮ ŬɜŰɑŭɟŬůɖ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ 

ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ Űɘɠ ŬɜŰɑŭɟŬůɖɠ. ȼ ˊɟɩŰɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ˊɞɡ ŬɜŬɚɨɗɖəŮ ɐŰŬɜ 

ůŰŬ 0 ɚŮˊŰɎ, ɖ ŭŮɨŰŮɟɖ ůŰŬ 10 ɚŮˊŰɎ, ɖ ŰɟɑŰɖ ůŰŬ 20 ɚŮˊŰɎ, ɖ ŰɏŰŬɟŰɖ ůŰŬ 25 ɚŮˊŰɎ, ɖ ˊɏɛˊŰɖ 

ůŰŬ 30 ɚŮˊŰɎ, ɖ ɏəŰɖ ůŰɖ 1 ɩɟŬ əŬɘ ɖ ɏɓŭɞɛɖ ůŰɘɠ 25 ɩɟŮɠ (ȺɘəɧɜŬ 23).  

 

 

ȺɘəɧɜŬ 23: In vitro ŮɜŮɟɔɧŰɖŰŬ Űɞɡ SsDDCmut ɛŮ ɡˊɧůŰɟɤɛŬ DOPA, 3h ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ ɛŮ 50ɛɀ əŬɘ 1000ɛɀ 

IPTG. Ƀ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ ŬɜŰɑŭɟŬůɖɠ ɛŮ ˊɟɞɥɧɜ Űɖɜ ɈŭɟɞɝɡŰɡɟɞůɧɚɖ ɐŰŬɜ 2000ɛl əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 1000ng 

ˊɟɤŰŮɥɜɩɜ. ɄŬɟɞɡůɑŬ ˊɟɤŰŮɥɜɩɜ əŬɘ ɡˊɞůŰɟɩɛŬŰɞɠ ɛŮ 1000ɛɀ IPTG (ȷ). ɄŬɟɞɡůɑŬ ˊɟɤŰŮɥɜɩɜ əŬɘ 

ɡˊɞůŰɟɩɛŬŰɞɠ ɛŮ 50ɛɀ IPTG (ȸ). ȷˊɞɡůɑŬ ˊɟɤŰŮɥɜɩɜ ɛŮ ɡˊɧůŰɟɤɛŬ DOPA (ũ). 

 

Ƀɘ ŮˊɧɛŮɜŮɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ˊŮɟɘŮɑɢŬɜ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ 

ɓŬəŰɖɟɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ůŰɘɠ ɞˊɞɑŮɠ ŮɑɢŮ ɔɑɜŮɘ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ ɔɘŬ 20h ɛŮ 

50ɛɀ əŬɘ 200ɛɀ IPTG əŬɘ ŮɑɢŬɜ ůɡɜɞɚɘəɧ ɧɔəɞ ŬɜŰɑŭɟŬůɖɠ 2000ɛl əŬɘ ˊɞůɧŰɖŰŬ ˊɟɤŰŮɥɜɩɜ 

1000ng (ȺɘəɧɜŬ 24, ȺɘəɧɜŬ 25). ȷɜŬɚɨɗɖəŬɜ Ůˊɑůɖɠ əŬɘ ŭŮɑɔɛŬŰŬ Ŭˊɧ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ 

ˊŮɟɘŮɑɢŬɜ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ ɓŬəŰɖɟɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ůŰɘɠ ɞˊɞɑŮɠ ŭŮɜ ŮɑɢŮ ɔɑɜŮɘ ŮˊŬɔɤɔɐ 

ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ (ȺɘəɧɜŬ 25).  

ũɘŬ Űɖɜ ŬɜŰɑŭɟŬůɖ ˊɞɡ ˊŮɟɘŮɑɢŮ ˊɟɤŰŮȶɜŮɠ Ŭˊɧ ɓŬəŰɖɟɘŬəɐ əŬɚɚɘɏɟɔŮɘŬ ˊɞɡ ɖ ŮˊŬɔɤɔɐ 

ɏəűɟŬůɖɠ ɏɔɘɜŮ ɛŮ 50ɛɀ IPTG ŬɜŬɚɨɗɖəŬɜ ŮűŰɎ ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. ɇɞ ˊɟɩŰɞ ŭŮɑɔɛŬ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ Ŭɟɢɐ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0 

ɚŮˊŰɎ), Űɞ ŭŮɨŰŮɟɞ ůŰŬ 10 ɚŮˊŰɎ, Űɞ ŰɟɑŰɞ ůŰŬ 20 ɚŮˊŰɎ, Űɞ ŰɏŰŬɟŰɞ ůŰŬ 25 ɚŮˊŰɎ, Űɞ ˊɏɛˊŰɞ 



Ⱦɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŰɞ E.coli 

 

 59 

ůŰŬ 30 ɚŮˊŰɎ, Űɞ ɏəŰɞ ůŰŬ 60 ɚŮˊŰɎ əŬɘ Űɞ ɏɓŭɞɛɞ ůŰɘɠ 25 ɩɟŮɠ. ȺűŰɎ ŭŮɑɔɛŬŰŬ ŬɜŬɚɨɗɖəŬɜ 

ɔɘŬ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ˊŮɟɘŮɑɢŬɜ ˊɟɤŰŮȶɜŮɠ Ŭˊɧ ɓŬəŰɖɟɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ůŰɘɠ ɞˊɞɑŮɠ ŮɑɢŮ 

ɔɑɜŮɘ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ ɛŮ 200ɛɀ IPTG əŬɘ ɔɘŬ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ŭŮɜ ˊŮɟɘŮɑɢŬɜ ůɨɜɞɚɞ 

ˊɟɤŰŮɥɜɩɜ ŬɚɚɎ ˊŮɟɘŮɑɢŬɜ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ. 

Ƀɘ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ 

ŮɑɜŬɘ ůŰɖɜ Ŭɟɢɐ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0 ɚŮˊŰɎ), ůŰŬ 10 ɚŮˊŰɎ, ůŰŬ 20 ɚŮˊŰɎ, ůŰŬ 30 ɚŮˊŰɎ, ůŰŬ 60 

ɚŮˊŰɎ, ůŰŬ 120 ɚŮˊŰɎ əŬɘ ůŰɘɠ 25 ɩɟŮɠ. ȷɜŬɚɨɗɖəŬɜ əŬɘ ŭŮɑɔɛŬŰŬ ɢɤɟɑɠ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ 

ŬɚɚɎ ɛŮ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ DOPA, ŭŮɑɔɛŬŰŬ ɢɤɟɑɠ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ ŬɚɚɎ ɛŮ ůɨɜɞɚɞ 

ˊɟɤŰŮɥɜɩɜ əŬɘ ŭŮɑɔɛŬŰŬ ɢɤɟɑɠ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ ɞɨŰŮ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ (ȺɘəɧɜŬ 24). 

 

 

ȺɘəɧɜŬ 24: In vitro ŮɜŮɟɔɧŰɖŰŬ Űɞɡ SsDDCmut ɛŮ ɡˊɧůŰɟɤɛŬ DOPA, 20h ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ ɛŮ 50ɛɀ əŬɘ 200ɛɀ 

IPTG. Ƀ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ ŬɜŰɑŭɟŬůɖɠ ɛŮ ˊɟɞɥɧɜ Űɖɜ ɈŭɟɞɝɡŰɡɟɞůɧɚɖ ɐŰŬɜ 2000ɛl əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 1000ng 

ˊɟɤŰŮɥɜɩɜ. ɄŬɟɞɡůɑŬ ˊɟɤŰŮɥɜɩɜ əŬɘ ɡˊɞůŰɟɩɛŬŰɞɠ ɛŮ 50ɛɀ IPTG (ȷ). ɄŬɟɞɡůɑŬ ˊɟɤŰŮɥɜɩɜ əŬɘ ɡˊɞůŰɟɩɛŬŰɞɠ 

ɛŮ 200ɛɀ IPTG (ȸ). ȷˊɞɡůɑŬ ˊɟɤŰŮɥɜɩɜ ɛŮ ɡˊɧůŰɟɤɛŬ DOPA (ũ). 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ɐŰŬɜ Ŭˊɧ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ˊŮɟɘŮɑɢŬɜ Űɞ 

Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ DOPA əŬɘ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ ɓŬəŰɖɟɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ůŰɘɠ ɞˊɞɑŮɠ 

ŭŮɜ ŮɑɢŮ ɔɑɜŮɘ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ. ȷɜŬɚɨɗɖəŬɜ ɏɝɖ ŭŮɑɔɛŬŰŬ ɔɘŬ Űɖɜ əɎɗŮ 

ŬɜŰɑŭɟŬůɖ ɧˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. ɇɞ ˊɟɩŰɞ 

ŭŮɑɔɛŬ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ Ŭɟɢɐ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0 ɚŮˊŰɎ), Űɞ ŭŮɨŰŮɟɞ ůŰŬ 20 ɚŮˊŰɎ, Űɞ ŰɟɑŰɞ ůŰŬ 
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40 ɚŮˊŰɎ, Űɞ ŰɏŰŬɟŰɞ ůŰŬ 60 ɚŮˊŰɎ, Űɞ ˊɏɛˊŰɞ ůŰŬ 120 ɚŮˊŰɎ, əŬɘ Űɞ ɏəŰɞ ůŰɘɠ 25 ɩɟŮɠ. ȼ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ Ůɜɕɡɛɘəɞɨ ɡˊɞůŰɟɩɛŬŰɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ŬɜŰɑŭɟŬůɖ ɐŰŬɜ 1mM. 

ȼ Ɏɚɚɖ ŬɜŰɑŭɟŬůɖ ˊɞɡ ŬɜŬɚɨɗɖəŮ ˊŮɟɘŮɑɢŮ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ ɓŬəŰɖɟɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ 

ůŰɘɠ ɞˊɞɑŮɠ ŭŮɜ ŮɑɢŮ ɔɑɜŮɘ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ ŬɚɚɎ ɢɤɟɑɠ Űɞ Ůɜɕɡɛɘəɧ ɡˊɧůŰɟɤɛŬ 

DOPA. ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ŬɜŰɘůŰɞɘɢɞɨůŬɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬˊɎɜɤ (ȺɘəɧɜŬ 25). 

 

 

ȺɘəɧɜŬ 25: In vitro ŮɜŮɟɔɧŰɖŰŬ Űɞɡ SsDDCmut ɛŮ ɡˊɧůŰɟɤɛŬ DOPA, ɢɤɟɑɠ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ (ɢɤɟɑɠ IPTG). Ƀ 

ůɡɜɞɚɘəɧɠ ɧɔəɞɠ ŬɜŰɑŭɟŬůɖɠ ɛŮ ˊɟɞɥɧɜ Űɖɜ ɈŭɟɞɝɡŰɡɟɞůɧɚɖ ɐŰŬɜ 2000ɛl əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 1000ng ́ ɟɤŰŮɥɜɩɜ. 
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4 ɆɈȻȼɇȼɆȼ  

 

 ɆɖɛŬɜŰɘəɧ ŮɑɜŬɘ ɜŬ ɛɖɜ ůŰŬɛŬŰɎŮɘ 

ˊɞŰɏ əŬɜŮɑɠ ɜŬ ́ɟɞɓɚɖɛŬŰɑɕŮŰŬɘ, ɐ ɜŬ 

ɛŬɗŬɑɜŮɘ. 

 Albert Eistein 

 

 

ɇŬ ɔɞɜɑŭɘŬ PcAAS əŬɘ RsTYR ɛŮ Űɞ ɜŬ ŭɏɢɞɜŰŬɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ɡˊɞůŰɟɩɛŬŰŬ ɞŭɖɔɞɨɜ 

ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŭɘˊɚɞɨ ɓɘɞɚɞɔɘəɞɨ ɛɞɜɞˊŬŰɘɞɨ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ Ŭˊɧ 

Űɖɜ Űɡɟɞůɑɜɖ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ŬˊŬɘŰɖŰɘəɧ ɤɠ ˊɟɞɠ Űɖɜ ˊɞůɧŰɖŰŬ əŬɘ Űɖɜ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɞɡ Ůɜɕɨɛɞɡ əŬɗɩɠ ŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ɔɞɜɑŭɘŬ ůɡɛɛŮŰɏɢɞɡɜ ůŮ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ Űɞ əŬɗɏɜŬ əŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬŭɟɞɛɏɠ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ. ɇɞ RsTYR 

ɛŮŰŬŰɟɏˊŮɘ Űɖɜ Űɡɟɞůɑɜɖ ůŮ DOPA əŬɘ Űɖɜ Űɡɟɞůɧɚɖ ůŮ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ əŬɘ Űɞ PcAAS 

ɛŮŰŬŰɟɏˊŮɘ Űɖɜ Űɡɟɞůɑɜɖ ůŮ HPAA əŬɘ Űɖɜ DOPA ůŮ DHPAA (ȺɘəɧɜŬ 8 əŮűɎɚŬɘɞ 1.4). 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Trantas et al., 2019 ŰŬ ˊŬɟŬˊɎɜɤ ɔɞɜɑŭɘŬ ŮˊɘŰŮɚɞɨɜ Űɖɠ ŬɜŰɘŭɟɎůŮɘɠ ŬɡŰɏɠ 

ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ŰŬɢɨŰɖŰŮɠ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ůɡɛɓɎɚŮɘ ŬɟɜɖŰɘəɎ ůŰɞɜ ɢɟɧɜɞ ˊŬɟŬɔɤɔɐɠ 

ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ɚɧɔɞ Űɖɠ Ŭůɨɔɢɟɞɜɖɠ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ ˊɟɞɥɧɜŰɤɜ əŬɘ ɡˊɞůŰɟɤɛɎŰɤɜ. 

Ⱥˊɘˊɚɏɞɜ, ɚɧɔɞ Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ əŬɘ Űɖɠ ŭɘˊɚɐɠ ŭŮəŰɘəɧŰɖŰŬɠ ɡˊɞůŰɟɤɛɎŰɤɜ ɖ 

ˊɞůɧŰɖŰŬ Ůɜɕɨɛɞɡ ˊɞɡ ɗŬ ˊŬɟŬɢɗŮɑ ɗŬ ɛɞɘɟŬůŰŮɑ ůŰɘɠ ˊŬɟŬˊɎɜɤ ŬɜŰɘŭɟɎůŮɘɠ ɞɘ ɞˊɞɑŮɠ, Ŭɜ əŬɘ 

ɧɚŮɠ ůɡɛɓɎɚɞɡɜ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ, űŬɑɜɞɜŰŬɘ ɜŬ ŮɑɜŬɘ ɛŮ ɡɣɖɚɏɠ ŮɜŮɟɔŮɘŬəɏɠ 

ŬˊŬɘŰɐůŮɘɠ. 
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ȼ ɢɟɐůɖ Űɞɡ Ůɜɕɨɛɞɡ SsDDCmut ůŰɞ ɓɘɞɚɞɔɘəɧ ɛɞɜɞˊɎŰɘ ɓɘɞůɨɜɗŮůɖɠ 

ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ɏɔɘɜŮ ɛŮ ůŰɧɢɞ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊŬɟŬɔɤɔɐɠ Űɖɠ. ȿɧɔɤ 

Űɖɠ ɘəŬɜɧŰɖŰɎɠ Űɞɡ ɜŬ ŭɏɢŮŰŬɘ ɛɧɜɞ Űɖɜ DOPA ɤɠ ɡˊɧůŰɟɤɛŬ əŬɘ ɜŬ ŮˊɘŰŮɚŮɑ 

ŬˊɞəŬɟɓɞɝɡɚɑɤůɖ əŬɘ ŰŬɡŰɧɢɟɞɜɖ ŬˊŬɛɑɜɤůɖ ůŮ ŬɡŰɐɜ ˊɘɗŬɜɩɠ ɜŬ ůɡɛɓɎɚŮɘ ůŰɖɜ ŰŬɢɨŰŮɟɖ 

əŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɖ, Ŭˊɧ ˊɚŮɡɟɎɠ ɛŮŰŬɓɞɚɘůɛɞɨ, ˊŬɟŬɔɤɔɐ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ. ɆɡɜŮˊɩɠ ɛŮ Űɖɜ 

ɢɟɐůɖ Űɞɡ Ůɜɕɨɛɞɡ SsDDCmut ɖ ɡŭɟɞɝɡŰɡɟɞůɧɚɖ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ Ŭˊɧ Űɖɜ L-DOPA ɛŮŰɎ 

Ŭˊɧ ŭɨɞ ŭɘŬŭɞɢɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ŬˊɞəŬɟɓɞɝɡɚɑɤůɖɠ-ŬˊŬɛɑɜɤůɖɠ əŬɘ ŬɜŬɔɤɔɐɠ. 

ɆŰɖɜ ŬɜɎɚɡůɖ ůŰɖɜ ŰɟɘɢɞŮɘŭɐ ɖɚŮəŰɟɞűɧɟɖůɖ ŭŮɜ űɎɜɖəŮ əŬŰŬɜɎɚɤůɖ Űɖɠ ɇɡɟɞůɑɜɖɠ 

ɐ Űɖɠ DOPA, ɛŮɟɘəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ ˊɞɡ ŮɛűŬɜɑůŰɖəŬɜ ɢŬɟŬəŰɖɟɑůŰɖəŬɜ ɤɠ űɡůɘɞɚɞɔɘəɏɠ 

ɚɧɔɤ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɛɖɢŬɜɐɛŬŰɞɠ ůɡɜŮˊɩɠ ŭŮɜ ɡˊɐɟɝŮ ɛŮŰŬɓɞɚɐ ůŰɖɜ ůɡɔəɏɜŰɟɤůɖ Űɞɡ 

ɡˊɞůŰɟɩɛŬŰɞɠ ɞɨŰŮ ˊŬɟŬɔɤɔɐ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ ɐ əɎˊɞɘɞɡ Ɏɚɚɞɡ ˊɟɞɥɧɜŰɞɠ. 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ űɞɟɏŬ pRSF-SsDDCmut ůŰɞ E.coli ˊŬɟɎɢɗɖəŮ ˊɟɤŰŮȶɜɖ 

ɢɤɟɑɠ ŬɡŰɐ ɜŬ ŮɑɜŬɘ ɚŮɘŰɞɡɟɔɘəɐ əŬɘ ɜŬ ɞŭɖɔɐůŮɘ ůŰɖɜ ɓɘɞůɨɜɗŮůɖ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ. 

ȾŬɘ Ɏɚɚɞɘ ɏɢɞɡɜ ˊŬɟŬŰɖɟɐůŮɘ Űɖɜ ɏɚɚŮɘɣɖ ŮɜŮɟɔɧŰɖŰŬɠ Ůɜɕɨɛɤɜ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Űɤɜ 

ůɡɜɗŬůɩɜ Űɤɜ űŬɘɜɡɚŬəŮŰŬɚŭŮɒŭɤɜ ůŮ ˊŬɟɧɛɞɘɞ ůɨůŰɖɛŬ ɏəűɟŬůɖɠ (Achmon et al, 2014) 

ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɞɘ ůɡɜɗɐəŮɠ ɏəűɟŬůɖɠ ŭŮɜ ŮɑɜŬɘ ɘŭŬɜɘəɏɠ əŬɘ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɓŮɚŰɘůŰɞˊɞɘɖɗɞɨɜ. Ⱥˊɑůɖɠ, ɛɘŬ Ɏɚɚɖ ˊɟɞůɏɔɔɘůɖ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ́ŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ 

əɚɤɜɞˊɞɑɖůɖ əŬɘ ˊɟɤŰŮɥɜɘəɐ ɏəűɟŬůɖ Űɖɠ Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ɜŮűɟɘəɐɠ ŬˊɞəŬɟɓɞɝɡɚɎůɖɠ Űɖɠ 

DOPA Ŭˊɧ Űɞɜ ɢɞɑɟɞ, Ŭˊɧ Űɞɡɠ Bertoldi et al., 2002 ɢɤɟɑɠ ɜŬ ɔɑɜŮɘ ɖ ɛŮŰŬɚɚŬɝɘɔɏɜŮůɖ ɛŮ SOE-

PCR ɔɘŬ Űɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ NdeI ɗɏůɖɠ ɔɘŬ ɜŬ ŮɚŮɔɢɗŮɑ Ŭɜ ɖ Űɟɞˊɞˊɞɑɖůɖ ŬɡŰɐ ŮˊɖɟɏŬůŮ 

Űɖɜ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɞɡ Ůɜɕɨɛɞɡ. ɇɏɚɞɠ, ůŰɞ ˊɚŬɑůɘɞ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮˊɘɢŮɘɟɐɗɖəŮ ɖ 

əŬŰŬůəŮɡɐ Űɤɜ ˊɚŬůɛɘŭɑɤɜ pRSF-SsDDCmut-RsTYR, pCDF-SsDDCmut, pCDF-

SsDDCmut-RsTYR ɩůŰŮ ůŮ ŮˊɧɛŮɜŬ ůŰɎŭɘŬ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ ɤɠ ˊɟɞɠ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡɠ 

ůŰɖɜ ˊŬɟŬɔɤɔɐ ɡŭɟɞɝɡŰɡɟɞůɧɚɖɠ. ɀŮŰɎ Ŭˊɧ ŬɟɜɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɡˊɞəɚɤɜɞˊɞɘɐůŮɤɜ 

ůɡɛˊŮɟŬɑɜŮŰŬɘ ˊɤɠ ɢɟŮɘɎɕŮŰŬɘ ɛŮɔŬɚɨŰŮɟɖ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ əŬŰŬůəŮɡɐ Űɞɡɠ.
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ɄȷɅȷɅɇȼɀȷ Ƚ ï ȼȿȺȾɇɅɃūȺɅɃũɅȷɀɀȷɇȷ 

ɇɅȽɉɃȺȽȹɃɈɆ ȼȿȺȾɇɅɃūɃɅȼɆȼɆ 

 

ȺɘəɧɜŬ 26: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 1000ɛl əŬɘ 400ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɛŮ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ Űɘɠ 3h ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ɛŮ 500ɛɀ IPTG əŬɘ ɡˊɧůŰɟɤɛŬ ɇɡɟɞůɑɜɖ. ɆŰɞ 

ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min 

(ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ) əŬɘ ɛŮŰɎ Ŭˊɧ 60min (Ⱥ). 



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 
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ȺɘəɧɜŬ 27:  ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 1000ɛl əŬɘ 400ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɢɤɟɑɠ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɟɤŰŮɥɜɩɜ əŬɘ ɡˊɧůŰɟɤɛŬ ɇɡɟɞůɑɜɖ. ɆŰɞ ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ 

ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. 

ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min (ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ) əŬɘ ɛŮŰɎ Ŭˊɧ 

60min (Ⱥ). 



Ⱦɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŰɞ E.coli 
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ȺɘəɧɜŬ 28: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 1000ɛl əŬɘ 400ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɛŮ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ Űɘɠ 20h ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ɛŮ 500ɛɀ IPTG əŬɘ ɡˊɧůŰɟɤɛŬ ɇɡɟɞůɑɜɖ. 

ɆŰɞ ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ 

Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min 

(ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ) əŬɘ ɛŮŰɎ Ŭˊɧ 60min (Ⱥ). 



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 
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ȺɘəɧɜŬ 29: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 1000ɛl əŬɘ 400ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɢɤɟɑɠ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɟɤŰŮɥɜɩɜ əŬɘ ɡˊɧůŰɟɤɛŬ ɇɡɟɞůɑɜɖ. ɆŰɞ ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ 

ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. 

ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min (ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ) əŬɘ ɛŮŰɎ Ŭˊɧ 

60min (Ⱥ). 



Ⱦɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŰɞ E.coli 
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ȺɘəɧɜŬ 30: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 1000ɛl əŬɘ 400ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmutɛŮ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ Űɘɠ 3h ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ɛŮ 500ɛɀ IPTG əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ 

ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min 

(ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ) əŬɘ ɛŮŰɎ Ŭˊɧ 60min (Ⱥ). 



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 
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ȺɘəɧɜŬ 31: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 1000ɛl əŬɘ 400ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɢɤɟɑɠ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ 

ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ 

ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min (ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ) əŬɘ ɛŮŰɎ Ŭˊɧ 60min 

(Ⱥ). 



Ⱦɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŰɞ E.coli 
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ȺɘəɧɜŬ 32: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 1000ɛl əŬɘ 400ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɛŮ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ Űɘɠ 20h ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ɛŮ 500ɛM IPTG əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ 

ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min 

(ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ) əŬɘ ɛŮŰɎ Ŭˊɧ 60min (Ⱥ). 



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 
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ȺɘəɧɜŬ 33: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 1000ɛl əŬɘ 400ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɢɤɟɑɠ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ 

ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ 

ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min (ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ) əŬɘ ɛŮŰɎ Ŭˊɧ 60min 

(Ⱥ). 



Ⱦɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŰɞ E.coli 
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ȺɘəɧɜŬ 34: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖɠ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 2000ɛl əŬɘ 1000ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɛŮ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ Űɘɠ 3h ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ɛŮ 50ɛɀ IPTG əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ 

ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min 

(ũ), ɛŮŰɎ Ŭˊɧ 25min (ȹ), ɛŮŰɎ Ŭˊɧ 30min (Ⱥ) əŬɘ ɛŮŰɎ Ŭˊɧ 60min (Ȼ). 

 



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 
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ȺɘəɧɜŬ 35: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖɠ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 2000ɛl əŬɘ 1000ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmutɢɤɟɑɠ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ 

ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ 

ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min (ũ), ɛŮŰɎ Ŭˊɧ 25min (ȹ), ɛŮŰɎ Ŭˊɧ 30min 

(Ⱥ) əŬɘ ɛŮŰɎ Ŭˊɧ 60min (Ȼ). 



Ⱦɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŰɞ E.coli 
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ȺɘəɧɜŬ 36: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖɠ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 2000ɛl əŬɘ 1000ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɛŮ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ Űɘɠ 3h ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ɛŮ 1000ɛɀ IPTG əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ 

ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min 

(ũ), ɛŮŰɎ Ŭˊɧ 25min (ȹ), ɛŮŰɎ Ŭˊɧ 30min (Ⱥ) əŬɘ ɛŮŰɎ Ŭˊɧ 60min (Ȼ). 



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 
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ȺɘəɧɜŬ 37: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖɠ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 2000ɛl əŬɘ 1000ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɛŮ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ Űɘɠ 20h ŮˊŬɔɤɔɐɠ ɏəűɟŬůɖɠ ɛŮ 50ɛɀ IPTG əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ 

ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min 

(ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ), ɛŮŰɎ Ŭˊɧ 60min (Ⱥ) əŬɘ ɛŮŰɎ Ŭˊɧ 120min (Ȼ). 



Ⱦɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŰɞ E.coli 
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ȺɘəɧɜŬ 38: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖɠ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 2000ɛl əŬɘ 1000ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɢɤɟɑɠ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ 

ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ 

ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min (ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ), ɛŮŰɎ Ŭˊɧ 60min 

(Ⱥ), ɛŮŰɎ Ŭˊɧ 120min (Ȼ) əŬɘ ɛŮŰɎ Ŭˊɧ 25h (ȼ). 



ɄŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ȿŮɚŮŭɎəɖ ɄɏŰɟɞɡ 
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ȺɘəɧɜŬ 39: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖɠ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 2000ɛl əŬɘ 1000ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɛŮ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ Űɘɠ 20h ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ ɛŮ 200ɛɀ IPTG əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ 

ˊɟɩŰɞ ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 10min (ȸ), ɛŮŰɎ Ŭˊɧ 20min 

(ũ), ɛŮŰɎ Ŭˊɧ 30min (ȹ), ɛŮŰɎ Ŭˊɧ 60min (Ⱥ), ɛŮŰɎ Ŭˊɧ 120min (Ȼ) əŬɘ ɛŮŰɎ Ŭˊɧ 25h (ȼ). 



Ⱦɚɤɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ SsDDC ůŰɞ E.coli 
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ȺɘəɧɜŬ 40: ȼɚŮəŰɟɞűŮɟɞɔɟɎɛɛŬŰŬ ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ ɕɩɜɖɠ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ɛŮ ˊŬɟɎŰŬɝɖ 

űɤŰɞŭɘɧŭɤɜ. ȷɜɎɚɡůɖ Ŭˊɧ Űɖɜ in vitro ŬɜŰɑŭɟŬůɖɠ, ɛŮ ůɡɜɞɚɘəɧ ɧɔəɞ 2000ɛl əŬɘ 1000ng ˊɟɤŰŮɥɜɩɜ, Űɞɡ pRSF-

SsDDCmut ɛŮ Űɞ ůɨɜɞɚɞ ˊɟɤŰŮɥɜɩɜ ɢɤɟɑɠ ŮˊŬɔɤɔɐ ɏəűɟŬůɖɠ əŬɘ ɡˊɧůŰɟɤɛŬ DOPA. ɆŰɞ ˊɟɩŰɞ 

ɖɚŮəŰɟɞűŮɟɧɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ůŮ ɔɜɤůŰɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ůŰŬ ɡˊɧɚɞɘˊŬ ɖ ŬɜɎɚɡůɖ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ůŮ ŭɘɎűɞɟɞɡɠ ɢɟɧɜɞɡɠ. ɆŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (0min, ȷ), ɛŮŰɎ Ŭˊɧ 20min (ȸ), ɛŮŰɎ Ŭˊɧ 40min 

(ũ), ɛŮŰɎ Ŭˊɧ 60min (ȹ), ɛŮŰɎ Ŭˊɧ 120min (Ⱥ). 

 












