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ʉʇʀʉʆʂ ʆɹʆɿʅɸʏɽʅʀʁ ʀ ʉʆʂʈɸʑɽʅʀʁ 

ɸɹʇ ï ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʧʨʝʧʘʨʘʪ 

ɸʌʂ ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ 

ʢɼʅʂ ï ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ɼʅʂ 

ʆʇ ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʆʊ-ʇʎʈ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ 

ʌïʇ ï ʨʝʘʢʮʠʷ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ. 

ʍʊ ï ʭʦʣʝʨʥʳʡ ʪʦʢʩʠʥ 

ABTS ï 2,2ô azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ʩʫʙʩʪʨʘʪ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʝʨʦʢʩʠʜʘʟʳ) 

AKI ï ʩʨʝʜʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʭʦʣʝʨʥʳʭ ʚʠʙʨʠʦʥʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʜʫʢʮʠʠ 

ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ 

c-di-GMP ï ʮʠʢʣʠʯʝʩʢʠʡ ʜʠʛʫʘʥʠʣʘʪʤʦʥʦʬʦʩʬʘʪ 

Cip ï ʮʠʧʨʦʬʣʦʢʩʘʮʠʥ 

Cm ï ʭʣʦʨʘʤʬʝʥʠʢʦʣ 

Ct ï ʮʠʢʣ ʇʎʈ, ʥʘ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʘ ʥʘʯʠʥʘʝʪ 

ʧʨʝʚʳʰʘʪʴ ʬʦʥʦʚʦʝ ʟʥʘʯʝʥʠʝ (ʦʪ Cycle threshold) 

CTX ï ʧʨʦʬʘʛ CTX 

EAL ï ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʥʳʡ ʜʦʤʝʥ 

ELISA ï ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. 

GCDEF ï ʜʠʛʫʘʥʠʣʘʪ ʮʠʢʣʘʟʥʳʡ ʜʦʤʝʥ 

GM1 ï ʛʘʥʛʣʠʦʟʠʜ GM1 

IPTG ï ʠʟʦʧʨʦʧʠʣ-ɓ-D-1-ʪʠʦʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ 

Km ï ʢʘʥʘʤʠʮʠʥ 

(p)ppGpp ï ʛʫʘʥʦʟʠʥ-3'-ʜʠʬʦʩʬʘʪ 5'-ʪʨʠʬʦʩʬʘʪ ʠ ʛʫʘʥʦʟʠʥ 3 ', 5'-ʙʠʩ 

QMEAN ï ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ (ʦʪ Qualitative Model Energy Analysis) 

Rif ï ʨʠʬʘʤʧʠʮʠʥ 

SNP ï ʝʜʠʥʠʯʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʣʠʤʦʨʬʠʟʤʳ (ʦʪ Single Nucleotide 

Polymorphism) 
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Sp ï ʩʧʝʢʪʠʥʦʤʠʮʠʥ 

SR ï ʩʪʨʦʛʠʡ ʦʪʚʝʪ (ʦʪ stringent response) 

Str ï ʩʪʨʝʧʪʦʤʠʮʠʥ 

Tc ï ʪʝʪʨʘʮʠʢʣʠʥ 

TCP ï ʪʦʢʩʠʥ-ʢʦʨʝʛʫʣʠʨʫʝʤʳʝ ʧʠʣʠ ʘʜʛʝʟʠʠ 

Tp ï ʪʨʠʤʝʪʦʧʨʠʤ 

VBNC ï ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʦʝ ʩʦʩʪʦʷʥʠʝ (ʦʪ viable but not cultivation)  

VSP ï ʦʩʪʨʦʚ ʧʘʥʜʝʤʠʯʥʦʩʪʠ (ʦʪ Vibrio seventh pandemic island) 

X-gal ï 5-ʙʨʦʤʦ-4-ʭʣʦʨʦ-3-ʠʥʜʦʠʣ-ʙʝʪʘ-D-ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. 

ʉ 1961 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩʝʜʴʤʘʷ ʧʘʥʜʝʤʠʷ ʭʦʣʝʨʳ, 

ʚʦʟʙʫʜʠʪʝʣʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʛʝʥʥʳʝ ʰʪʘʤʤʳ Vibrio cholerae ʆ1 

ʩʝʨʦʛʨʫʧʧʳ ʙʠʦʚʘʨʘ El Tor. ʇʨʝʜʳʜʫʱʠʝ ʰʝʩʪʴ ʧʘʥʜʝʤʠʡ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʙʳʣʠ ʚʳʟʚʘʥʳ ʰʪʘʤʤʘʤʠ V. cholerae ʆ1 ʩʝʨʦʛʨʫʧʧʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 

(ɹʘʨʦʷʥ, 1971; Kaper et al., 1995; Faruque et al., 1998; Rodriguez, Whitten, 2018). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʰʪʘʤʤʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʆ1 ʩʝʨʦʛʨʫʧʧʝ, ʦʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʩʦʩʪʘʚʫ, ʩʪʨʫʢʪʫʨʝ ʠ ʵʢʩʧʨʝʩʩʠʠ ʨʷʜʘ ʛʝʥʦʚ 

ʧʘʪʦʛʝʥʥʦʩʪʠ, ʧʘʥʜʝʤʠʯʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʥʦʤʘ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʚ ʰʪʘʤʤʘʭ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ ʙʦʣʝʝ 22 ʛʝʥʦʚ, ʠʤʝʶʱʠʭʩʷ ʫ El Tor ʚʠʙʨʠʦʥʦʚ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʠʥʜʫʮʠʨʫʶʱʠʭ ʙʠʦʩʠʥʪʝʟ ʬʘʢʪʦʨʦʚ 

ʚʠʨʫʣʝʥʪʥʦʩʪʠ, ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤ ʧʨʦʬʠʣʝ ʙʦʣʝʝ 524 ʛʝʥʦʚ 

(Dziejman et al., 2002; Beyhan et al., 2006). ʆʪʣʠʯʠʷ ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʥʝʢʦʪʦʨʳʤ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʧʦʣʠʤʠʢʩʠʥʫ B, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʭʦʣʝʨʥʳʤ ʬʘʛʘʤ, ʩʧʦʩʦʙʥʦʩʪʴ ʘʛʛʣʶʪʠʥʠʨʦʚʘʪʴ 

ʢʫʨʠʥʳʝ ʵʨʠʪʨʦʮʠʪʳ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʮʝʪʦʠʥ ʠʟ ʛʣʶʢʦʟʳ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï 

ʇʨʦʩʢʘʫʵʨʘ) ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʠʦʚʘʨʦʚ (Han, Khie, 1963; Barrett, 

Blake, 1981; Takeya et al., 1981; Joenson et al., 1989; Biswas et al., 1992; Kovacikova 

et al., 2005; Yoon, Mekalanos, 2006). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʚʠʙʨʠʦʥʳ ʧʨʦʜʫʮʠʨʫʶʪ ʙʦʣʴʰʝ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ (ʍʊ) ʠ ʚʳʟʳʚʘʶʪ ʪʷʞʝʣʳʝ 

ʬʦʨʤʳ ʙʦʣʝʟʥʠ, ʥʦ ʙʳʩʪʨʦ ʧʦʛʠʙʘʶʪ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʦʪʢʨʳʪʳʝ ʚʦʜʦʝʤʳ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʪʠʧʠʯʥʳʝ El Tor ʚʠʙʨʠʦʥʳ, ʚʳʟʚʘʚʰʠʝ ʥʘʯʘʣʦ ʪʝʢʫʱʝʡ ʧʘʥʜʝʤʠʠ, 

ʧʨʦʜʫʮʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ, ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʚʠʪʠʝ 

ʣʝʛʢʠʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (çʤʷʛʢʘʷè ʭʦʣʝʨʘ), ʥʦ ʤʦʛʫʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʩʦʭʨʘʥʷʪʴʩʷ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ (ɹʘʨʦʷʥ, 1971; Kaper et al., 1995; DiRita et al., 1996; 
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Murley et al., 1999; Karaolis et al., 2001; Dziejman et al., 2002; Kovacikova, 

Skorupski, 2002; Beyhan et al., 2006; Hammer, Bassler, 2009). 

ʄʝʞʜʫ ʪʝʤ, ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʧʘʥʜʝʤʠʠ ʚʦʟʙʫʜʠʪʝʣʴ ʭʦʣʝʨʳ ʕʣʴ ʊʦʨ 

ʧʨʝʪʝʨʧʝʚʘʣ ʨʘʟʣʠʯʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ɺʘʞʥʝʡʰʠʝ ʠʟ ʥʠʭ ï 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʥʦʚʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʟʘ ʩʯʝʪ ʩʝʣʝʢʪʠʚʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʚʳʪʝʩʥʠʣʠ ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʚʦʟʙʫʜʠʪʝʣʷ ʥʘ ʵʥʜʝʤʠʯʥʳʭ ʧʦ 

ʭʦʣʝʨʝ ʪʝʨʨʠʪʦʨʠʷʭ (Cʤʠʨʥʦʚʘ ʩ ʩʦʘʚʪ., 2010; ʉʘʚʝʣʴʝʚ ʩ ʩʦʘʚʪ., 2012; ʄʠʨʦʥʦʚʘ ʩ 

ʩʦʘʚ., 2012; Ehara, 2008; Faruque et al., 2007; Nair et al., 2002, 2007; Safa et al., 

2005). ɻʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor ʠʣʠ 

ʛʝʥʦʚʘʨʠʘʥʪʳ ʚʦʟʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʪʠʧʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ 

ʧʨʦʬʘʛʘ CTXű ʩ ʦʧʝʨʦʥʦʤ ctxAB1, ʢʦʜʠʨʫʶʱʠʤ ʙʠʦʩʠʥʪʝʟ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ, ʦʪ 

ʭʦʣʝʨʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʛʝʥʦʚ. 

ɻʝʥʦʤ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʦʢʘʟʘʣʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʫʪʘʮʠʡ ʚ ʢʣʶʯʝʚʳʭ ʛʝʥʘʭ ʧʘʪʦʛʝʥʥʦʩʪʠ ʠ ʧʘʥʜʝʤʠʯʥʦʩʪʠ ʚ ʨʘʥʝʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚʘʨʠʘʥʪʘʭ. ʊʘʢ, ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ (2007-2016 ʛʛ.) 

ʧʦʷʚʠʣʠʩʴ ʰʪʘʤʤʳ, ʥʝʩʫʱʠʝ ʥʦʚʳʝ ʘʣʣʝʣʠ ʛʝʥʦʚ ctxB (ctxB7), tcpA (tcpA
CIRS
), ʘ 

ʪʘʢʞʝ ʜʝʣʝʮʠʶ ʚ ʦʩʪʨʦʚʝ ʧʘʥʜʝʤʠʯʥʦʩʪʠ VSP-II  (Beyhan et al., 2006; Taviani et al., 

2010; Reimer et al., 2011). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛʝʥʦʤʝ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ 

ʚʦʟʥʠʢʣʠ, ʚʠʜʠʤʦ, ʤʫʪʘʮʠʠ ʟʥʘʯʠʤʳʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʠʭ ʘʜʘʧʪʘʮʠʠ ʢ 

ʩʪʨʝʩʩʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʦʩʣʝʜʩʪʚʠ ̫ ʵʪʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ï ʧʦʚʳʰʝʥʠʝ ʚʠʨʫʣʝʥʪʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʨʷʜʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʩʚʦʡʩʪʚ (ʨʝʘʢʮʠʷ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʦʣʠʤʠʢʩʠʥʫ 

ɺ), ʘ ʪʘʢ ʞʝ ʧʦʣʫʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʵʪʠ 

ʛʝʥʦʚʘʨʠʘʥʪʳ ʚʳʪʝʩʥʠʣʠ ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ ʕʣʴ ʊʦʨ 

(ʉʤʠʨʥʦʚʘ ʩ ʩʦʘʚʪ., 2010, 2011; ɿʘʜʥʦʚʘ ʩ ʩʦʘʚʪ., 2012; Nair et al., 2002; Taneja et 

al., 2009; Grim et al., 2010; Ghosh et al., 2017; Alam et al., 2010; Son et al., 2011; 

Carignan et al., 2016; Satchell et al., 2016; Samanta et al., 2015, 2018). 
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ɺ ʵʪʦʡ ʩʚʷʟʠ ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʦʚ ʚ ʵʥʜʝʤʠʯʥʳʭ ʧʦ ʭʦʣʝʨʝ ʩʪʨʘʥʘʭ ʠ ʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʥʦʩ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʟʤʝʥʝʥʠʷ ʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʚʦʡʩʪʚ ʠ ʚʳʷʩʥʝʥʠʷ 

ʧʨʠʯʠʥ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʘʜʘʧʪʘʮʠʠ ʢ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʦʧʨʝʜʝʣʠʚʰʝʛʦ ʚʳʪʝʩʥʝʥʠʝ ʠʤʠ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʦʣʝʨʥʳʝ ʚʠʙʨʠʦʥʳ ʙʠʦʚʘʨʘ El Tor, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʠʭ, ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʮʝʪʦʠʥ (ʘʮʝʪʠʣʤʝʪʠʣʢʘʨʙʠʥʦʣ) ʠʟ 

ʛʣʶʢʦʟʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʙʫʣʴʦʥʝ ʂʣʘʨʢʘ ʦʥʠ ʜʘʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ, ʚʳʨʘʞʘʶʱʫʶʩʷ ʚ ʤʘʣʠʥʦʚʦʤ 

ʦʢʨʘʰʠʚʘʥʠʠ ʩʨʝʜʳ. ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʵʪʘ ʨʝʘʢʮʠʷ ʙʳʣʘ ʦʜʥʠʤ ʠʟ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʠʦʚʘʨʦʚ V. cholerae 

O1 ʩʝʨʦʛʨʫʧʧʳ. ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʙʠʦʚʘʨʘ 

ʙʦʣʝʝ 170 ʢʣʠʥʠʯʝʩʢʠʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El 

Tor, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚ ʄʘʪʣʘʙʝ (ɹʘʥʛʣʘʜʝʰ) ʚ 1991-1994 ʛʛ., ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʠ 

ʥʠʭ ʙʳʣʠ ʠʟʦʣʷʪʳ c ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʭʦʣʝʨʥʳʭ ʚʠʙʨʠʦʥʦʚ (Nair et al., 2002; Safa et al., 2006). ʕʪʦ 

ʦʟʥʘʯʘʣʦ, ʯʪʦ ʫ ʠʟʫʯʝʥʥʳʭ ʰʪʘʤʤʦʚ ʦʜʠʥ ʠʟ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʠʦʚʘʨʦʚ, ʙʳʣ ʠʟʤʝʥʝʥ. ɼʘʣʝʝ, ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ ʥʦʚʳʭ ʛʝʥʦʚʘʨʠʘʥʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʡ 

ʧʝʨʠʦʜ ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʠ ʠʤʝʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʫʪʘʮʠʠ ʚ ʛʝʥʦʤʝ 

(ɹʘʥʛʣʘʜʝʰ, 2001-2005 ʛʛ., ɻʘʠʪʠ, 2010 ʛ.), ʨʝʘʢʮʠʷ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ ʙʳʣʘ ʪʘʢʞʝ 

ʠʟʤʝʥʝʥʘ. ʆʥʘ ʦʢʘʟʘʣʘʩʴ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʩʥʠʞʝʥʠʝ ʫ ʥʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʛʣʶʢʦʟʫ ʜʦ ʘʮʝʪʦʠʥʘ (Son et al., 2011; Brumfield et 

al., 2018). ʅʝʩʤʦʪʨʷ ʥʘ ʚʘʞʥʦʩʪʴ ʵʪʠʭ ʜʘʥʥʳʭ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʭʦʣʝʨʳ, 

ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ ʫ ʧʨʠʨʦʜʥʳʭ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʩʪʘʥʦʚʣʝʥ. ɺʩʝ ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʭʦʣʝʨʥʳʭ 

ʚʠʙʨʠʦʥʦʚ ʠ ʚʳʷʩʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʠʟʤʝʥʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ 
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ʟʥʘʯʠʤʦʡ ʨʝʘʢʮʠʠ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʭʦʣʝʨʥʳʭ ʚʠʙʨʠʦʥʦʚ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʪʦʨʦʛʦ ʚʘʞʥʦʛʦ ʚʦʧʨʦʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʳʷʚʣʝʥʠʝʤ 

ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae 

ʙʠʦʚʘʨʘ El Tor, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʰʪʘʤʤʳ ʪʘʢʞʝ ʢʘʢ ʠ ʪʠʧʠʯʥʳʝ 

ʠʟʦʣʷʪʳ ʬʦʨʤʠʨʫʶʪ ʙʠʦʧʣʝʥʢʫ, ʟʘʱʠʱʘʶʱʫʶ ʭʦʣʝʨʥʳʝ ʚʠʙʨʠʦʥʳ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʊʠʪʦʚʘ, ʂʫʰʥʘʨʝʚʘ, 2015; 

ʇʣʝʭʘʥʦʚ, 2017; Son et al., 2011; Satchell et al., 2016). ɺʳʷʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʚ 

ʧʦʧʫʣʷʮʠʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ ʦʯʝʥʴ ʙʳʩʪʨʦ ʦʙʨʘʟʫʶʪʩʷ ʨʫʛʦʟʥʳʝ 

ʢʦʣʦʥʠʠ, ʤʦʨʬʦʣʦʛʠʷ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʦʜʫʢʮʠʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ 

ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ (Rahman et al., 2014). ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʨʫʛʦʟʥʳʝ ʬʦʨʤʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ ʢʠʩʣʦʛʦ ʨʅ, 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʭʣʦʨʘ, ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʠ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʦʚ, 

ʢʦʤʧʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʫʥʠʯʪʦʞʝʥʠʶ ʧʨʦʩʪʝʡʰʠʤʠ (Rice et al., 1992; Wai et al., 

1998; Yildiz , Schoolnik, 1999; Matz et al., 2005). ʂʨʦʤʝ ʪʦʛʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʜʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor, 

ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʨʘʥʥʠʡ ʧʝʨʠʦʜ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ (1993-2001 ʛʛ.), ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ, ʦʩʤʦʪʠʯʝʩʢʦʤʫ ʠ 

ʦʢʩʠʜʘʪʠʚʥʦʤʫ ʩʪʨʝʩʩʘʤ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥ ʚʳʪʝʩʥʝʥʠʷ 

ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʤʠ ʥʘ ʵʥʜʝʤʠʯʥʳʭ ʧʦ ʭʦʣʝʨʝ 

ʪʝʨʨʠʪʦʨʠʷʭ, ʠʟʚʝʩʪʥʳʭ ʜʘʥʥʳʭ ʦʙ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʦʩʣʝʜʥʠʭ ʷʚʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ʅʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʩʥʝʥʠʝ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʩ ʪʠʧʠʯʥʳʤʠ 

ʰʪʘʤʤʘʤʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ 

ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ. ɼʘʥʥʳʝ ʦʙ ʫʨʦʚʥʝ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʙʠʦʩʠʥʪʝʟ ʬʘʢʪʦʨʦʚ ʘʜʘʧʪʘʮʠʠ ʚ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʘʭ, ʪʘʢʞʝ ʙʳʣʠ ʙʳ ʧʦʣʝʟʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ. 

ɺʳʷʚʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʨʘʟʣʠʯʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʛʝʥʦʚ ʫ ʪʠʧʠʯʥʳʭ ʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ, ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʩʚʝʜʝʥʠʡ 

ʦʙ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʦʩʣʝʜʥʠʭ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʶ 
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ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʛʝʥʦʤʘ ʚʦʟʙʫʜʠʪʝʣʷ 

ʭʦʣʝʨʳ ʕʣʴ ʊʦʨ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʩʚʝʜʝʥʠʷ ʩʦʟʜʘʜʫʪ 

ʨʝʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʩ ʮʝʣʴʶ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʛʝʥʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʨʘʟʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʫ ʩʨʘʚʥʠʚʘʝʤʳʭ ʰʪʘʤʤʦʚ, ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʷʚʣʝʥ ʥʦʚʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʨʢʝʨ ʜʣʷ ʜʝʪʝʢʮʠʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ ʕʣʴ ʊʦʨ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʚʳʷʚʣʝʥʠʝ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor, 

ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʠ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʉʦʟʜʘʪʴ ʥʘʙʦʨ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʦʚ ʠ ʰʪʘʤʤʦʚ E. ʩoli, 

ʥʝʩʫʱʠʭ ʧʣʘʟʤʠʜʫ ʩ ʢʣʦʥʠʨʦʚʘʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʛʝʥʦʚ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ alsR, aphA, ctxA, hapR, recA, rpoS, toxR, ʥʝʦʙʭʦʜʠʤʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʦʮʝʥʢʝ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʚ ʢʣʝʪʢʘʭ V. cholerae ʆ1 

ʙʠʦʚʘʨʘ El Tor ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor, ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ 7-ʦʡ ʧʘʥʜʝʤʠʠ ʭʦʣʝʨʳ, ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʘʮʝʪʦʠʥ ʠʟ ʛʣʶʢʦʟʳ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ. 

3. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʙʠʦʩʠʥʪʝʟʝ ʘʮʝʪʦʠʥʘ, ʫ 

ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ. ʆʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ alsR ʠ aphA, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʝʛʦ ʧʨʦʜʫʢʮʠʶ, ʤʝʪʦʜʦʤ ʆʊ-

ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

4. ʆʮʝʥʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 

ʙʠʦʚʘʨʘ El Tor ʢ ʬʝʨʤʝʥʪʘʮʠʠ ʛʣʶʢʦʟʳ ʥʘ ʨʘʟʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ. 
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5. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʪʠʧʠʯʥʳʭ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʤʝʪʦʜʦʤ ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʳ. ʆʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor ʥʘ ʧʦʣʥʦʮʝʥʥʦʡ ʩʨʝʜʝ. 

6. ɺʳʷʚʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʬʘʢʪʦʨʦʚ ʘʜʘʧʪʘʮʠʠ (rpoS, hapR) ʫ 

ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor 

ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. 

 

ʅʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ 72,2% ʠʟʫʯʝʥʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor, ʚʳʜʝʣʝʥʥʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʟʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ (ʩ 1993 ʧʦ 2014 

ʛʛ.), ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʨʝʘʢʮʠʷ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʘ, ʫ 

27,8% ï ʦʪʨʠʮʘʪʝʣʴʥʘ. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʮʝʪʦʠʥ ʠʟ ʛʣʶʢʦʟʳ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʫ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ. 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ (alsD, alsO, alsS) ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ(alsR, aphA) 

ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʙʠʦʩʠʥʪʝʟ ʘʮʝʪʦʠʥʘ, ʫ ʧʨʠʨʦʜʥʳʭ 

ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ 

ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʩʥʠʞʝʥʠʷ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ ʫ 

ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʷʚʣʷʝʪʩʷ ʜʝʣʝʮʠʷ ʦʜʥʦʛʦ 

ʥʫʢʣʝʦʪʠʜʘ (T) ʚ ʠʭ ʩʪʨʫʢʪʫʨʥʦʤ ʛʝʥʝ alsD ʚ ʧʦʟʠʮʠʠ 315, ʢʦʜʠʨʫʶʱʝʤ ʬʝʨʤʝʥʪ 

ʘʮʝʪʦʣʘʢʪʘʪ ʜʝʢʘʨʙʦʢʩʠʣʘʟʫ. ʕʪʘ ʤʫʪʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʦʧ-ʢʦʜʦʥʘ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʠʦʩʠʥʪʝʟ ʜʝʬʝʢʪʥʦʛʦ ʙʝʣʢʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʧʨʠʟʥʘʢʘ ʫ 

ʠʟʫʯʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor ʩʚʷʟʘʥʳ ʪʘʢʞʝ ʩ ʧʦʚʳʰʝʥʥʳʤ (ʚ 

ʩʨʝʜʥʝʤ ʚ 2,5 ʨʘʟʘ) ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʘ aphA, ʥʝʛʘʪʠʚʥʦ 

ʚʣʠʷʶʱʠʤ ʥʘ ʧʨʦʜʫʢʮʠʶ ʘʮʝʪʦʠʥʘ. 
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ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʣʶʢʦʟʳ ʥʘ ʨʦʩʪ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʥʘ ʙʦʛʘʪʳʭ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʨʝʜʘʭ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʶʢʦʟʳ (1% ʠ ʚʳʰʝ) ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʭ ʨʦʩʪʦʚʳʝ ʩʚʦʡʩʪʚʘ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʜʦʙʘʚʣʝʥʠʝ ʛʣʶʢʦʟʳ 

(0,5% ʠ ʚʳʰʝ) ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠʥʛʠʙʠʨʫʝʪ ʨʦʩʪ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ. ɺʳʷʚʣʝʥʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʛʦ ʧʨʠʟʥʘʢʘ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ. 

ɺʧʝʨʚʳʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʪʠʧʠʯʥʳʭ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʛʝʥʦʚʘʨʠʘʥʪʳ ʦʙʣʘʜʘʣʠ ʙʦʣʴʰʝʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴʶ (ʚ ʩʨʝʜʥʝʤ ʚ ʰʝʩʪʴ ʨʘʟ ʥʘ 6-

ʝ ʩʫʪʢʠ ʩʦʚʤʝʩʪʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʘʜʘʧʪʘʮʠʦʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʧʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʦʚ ʥʘ ʧʦʣʥʦʮʝʥʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʠʭ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʝʣʢʘ RpoS (ʚ ʩʨʝʜʥʝʤ ʚ 3 ʨʘʟʘ), 

ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʘʜʘʧʪʘʮʠʠ ʚʠʙʨʠʦʥʦʚ ʢ ʩʪʨʝʩʩʦʚʳʤ ʬʘʢʪʦʨʘʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʫʩʣʦʚʠʚʰʠʤ ʚʳʪʝʩʥʝʥʠʝ 

ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʛʝʥʦʚʘʨʠʘʥʪʘʤʠ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ ʕʣʴ-ʊʦʨ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

 

ʆʧʨʝʜʝʣʝʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ ʕʣʴ ʊʦʨ ʩ ʠʟʤʝʥʝʥʥʦʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʨʝʘʢʮʠʝʡ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ. ɺʳʷʚʣʝʥʘ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʦʩʥʦʚʘ ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

V. cholerae ʙʠʦʚʘʨʘ El Tor ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʮʝʪʦʠʥ ʠʟ ʛʣʶʢʦʟʳ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩï

ʇʨʦʩʢʘʫʵʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʠʦʚʘʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʪʩʫʪʩʪʚʠʝ ʘʮʝʪʦʠʥʘ ʠʣʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʝʛʦ ʙʠʦʩʠʥʪʝʟʘ ʫ ʛʝʥʝʪʠʯʝʩʢʠ 
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ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʩʚʷʟʘʥʦ ʩ ʜʝʣʝʮʠʝʡ ʦʜʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ (T) ʚ ʩʪʨʫʢʪʫʨʥʦʤ 

ʛʝʥʝ alsD, ʧʨʠʚʦʜʷʱʝʡ ʢ ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʠ ʥʘʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ 

AlsD, ʘ ʪʘʢʞʝ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʘ aphA, 

ʷʚʣʷʶʱʝʛʦʩʷ ʥʝʛʘʪʠʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ. ʆʙʥʘʨʫʞʝʥʠʝ 

ʫʢʘʟʘʥʥʦʡ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ alsD ʚ ʛʝʥʦʤʝ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʝ ʧʦʷʚʣʝʥʠʠ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ 

ʭʦʣʝʨʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʧʝʨʚʳʭ ʛʝʥʦʚʘʨʠʘʥʪʦʚ. 

ʇʦʢʘʟʘʥʳ ʩʝʣʝʢʪʠʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

V. cholerae ʙʠʦʚʘʨʘ El Tor, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ 

ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʠʯʥʳʤʠ ʠʟʦʣʷʪʘʤʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ 

ʤʝʭʘʥʠʟʤʦʚ ʣʫʯʰʝʡ ʘʜʘʧʪʘʮʠʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʢ ʤʝʥʷʶʱʠʤʩʷ ʬʘʢʪʦʨʘʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ, ʚʠʜʠʤʦ, ʧʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʠʭ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠ ʫʚʝʣʠʯʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʥʦʛʦ 

ʛʝʥʘ rpoS. 

ʇʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʨʘʩʰʠʨʷʶʪ ʥʘʰʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ ʕʣʴ ʊʦʨ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʵʚʦʣʶʮʠʠ ʠ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʧʦʩʦʙʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ NCBI GenBank ʜʝʧʦʥʠʨʦʚʘʥʳ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʣʥʳʭ ʛʝʥʦʤʦʚ ʪʨʝʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 

ʩʝʨʦʛʨʫʧʧʳ ʩ ʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʛʝʥʦʚ als ʦʧʝʨʦʥʘ (ʢʦʜʳ ʜʦʩʪʫʧʘ JFGR00000000, 

LAED00000000, LAEM00000000). 

ɺ ɻʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʢʦʣʣʝʢʮʠʶ ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʈʦʩʅʀʇʏʀ çʄʠʢʨʦʙè 

ʜʝʧʦʥʠʨʦʚʘʥʘ ʘʚʪʦʨʩʢʘʷ ʢʦʣʣʝʢʮʠʷ ʠʟ 10 ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ E. coli 

TOP10 (ʨCR 2.1) c ʢʣʦʥʠʨʦʚʘʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ, ʨʝʛʫʣʷʪʦʨʥʳʭ ʠ 

ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʭ ʛʝʥʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ. ʕʪʠ ʰʪʘʤʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʦʮʝʥʢʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ V. cholerae 

ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʩʧʨʘʚʢʠ ʦ ʜʝʧʦʥʠʨʦʚʘʥʠʠ 
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ʰʪʘʤʤʦʚ ʂʄ2031, ʂʄ2032, ʂʄ2033, ʂʄ2034, ʂʄ2035, ʂʄ2036, ʂʄ2037, 

ʂʄ2038, ʂʄ2039, ʂʄ2040). 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʦʜʦʙʨʝʥʳ ʋʯʝʥʳʤ ʩʦʚʝʪʦʤ ʌʂʋɿ ʈʦʩʅʀʇʏʀ çʄʠʢʨʦʙè 

(ʧʨʦʪʦʢʦʣ ˉ 6 ʦʪ 08.12.2015 ʛ.) ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ çɸʣʛʦʨʠʪʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ Vibrio cholerae ʤʝʪʦʜʦʤ 

ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠè, ʩʦʜʝʨʞʘʱʠʝ ʦʧʠʩʘʥʠʝ 

ʥʘʙʦʨʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʦʚ ʠ ʰʪʘʤʤʦʚ E. coli TOP10, ʥʝʩʫʱʠʭ 

ʧʣʘʟʤʠʜʫ pCR 2.1 ʩ ʢʣʦʥʠʨʦʚʘʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʛʝʥʦʚ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʘʙʦʨ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʦʚ ʠ ʰʪʘʤʤʦʚ E. coli 

TOP10 pCR 2.1 ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʘʪʦʛʝʥʥʳʭ ʚʠʙʨʠʦʥʦʚ ʌʂʋɿ ʈʦʩʅʀʇʏʀ çʄʠʢʨʦʙè ʧʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʨʝʩʩʠʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʚ ʰʪʘʤʤʘʭ V. cholerae. 

ʇʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʧʦʚʳʰʝʥʥʳʭ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʘʭ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor 

ʚʢʣʶʯʝʥʳ ʚ ʢʫʨʩ ʣʝʢʮʠʡ çʄʠʢʨʦʙʠʦʣʦʛʠʷ ʠ ʛʝʥʝʪʠʢʘ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳè ʥʘ 

ʢʫʨʩʘʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʧʦ ʦʩʦʙʦ ʦʧʘʩʥʳʤ ʠʥʬʝʢʮʠʷʤ ʧʨʠ 

ʌʂʋɿ ʈʦʩʅʀʇʏʀ çʄʠʢʨʦʙè. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

 

1. ʉʦʟʜʘʥ ʥʘʙʦʨ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʦʚ ʠ ʰʪʘʤʤʦʚ E. coli 

TOP10, ʥʝʩʫʱʠʭ ʧʣʘʟʤʠʜʫ pCR 2.1 ʩ ʢʣʦʥʠʨʦʚʘʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʛʝʥʦʚ alsR, 

aphA, ctxA, hapR, recA, rpoS, toxR, ʩʣʫʞʘʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʦʮʝʥʢʝ 

ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʚ ʢʣʝʪʢʘʭ ʭʦʣʝʨʥʳʭ ʚʠʙʨʠʦʥʦʚ ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ c 

ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ ï ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʙʦʨ ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʦʚ ʠ ʰʪʘʤʤʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʚ 

ʠʟʫʯʘʝʤʳʭ ʰʪʘʤʤʘʭ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ. 

2. ʀʟʤʝʥʝʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʮʝʪʦʠʥ ʠʟ ʛʣʶʢʦʟʳ ʚ ʨʝʘʢʮʠʠ 

ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʠʦʚʘʨʦʚ ʚʦʟʙʫʜʠʪʝʣʷ 
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ʭʦʣʝʨʳ, ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. 

cholerae ʙʠʦʚʘʨʘ El Tor, ʚʦʟʥʠʢʰʠʭ ʢʘʢ ʚ ʨʘʥʥʠʝ (1993 ï 1994 ʛʦʜʳ), ʪʘʢ ʠ 

ʧʦʟʜʥʠʝ (2010 ï 2014 ʛʦʜʳ) ʧʝʨʠʦʜʳ ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ. ʆʪʩʫʪʩʪʚʠʝ 

ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ ʠʣʠ ʩʥʠʞʝʥʠʝ ʝʛʦ ʫʨʦʚʥʷ ʫ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʚʦʟʙʫʜʠʪʝʣʷ ʩʚʷʟʘʥʦ ʩ ʜʝʣʝʮʠʝʡ ʝʜʠʥʠʯʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ (ʊ) ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʛʝʥʝ 

alsD ʙʝʣʢʘ ʘʮʝʪʦʣʘʢʪʘʪ ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ, ʘ ʪʘʢʞʝ ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ 

ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʘ aphA, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʥʝʛʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʙʠʦʩʠʥʪʝʟʘ 

ʘʮʝʪʦʠʥʘ. 

3. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ ʚʦʟʙʫʜʠʪʝʣʷ 

ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʨʦʩʪʦʚʳʭ ʩʚʦʡʩʪʚ ʥʘ ʩʨʝʜʘʭ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʛʣʶʢʦʟʳ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʥʥʦʛʦ 

ʫʛʣʝʚʦʜʘ ʚʳʰʝ 0,5% ʚ ʫʢʘʟʘʥʥʦʡ ʩʨʝʜʝ ʨʦʩʪ ʵʪʠʭ ʰʪʘʤʤʦʚ ʧʨʝʢʨʘʱʘʝʪʩʷ. 

4. ɻʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor ʦʙʣʘʜʘʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʜʘʧʪʘʮʠʠ ʢ ʜʝʬʠʮʠʪʫ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ. ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʦʩʣʝʜʥʠʭ 

ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʪʠʧʠʯʥʳʭ. ɸʜʘʧʪʘʮʠʦʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʝʥʦʚʘʨʠʘʥʪʦʚ 

ʦʙʫʩʣʦʚʣʝʥʳ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʠʭ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ 

ʧʦʣʥʦʮʝʥʥʦʡ ʩʨʝʜʝ ʠ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʩʪʨʝʩʩʦʚʦʛʦ ʦʪʚʝʪʘ ʛʝʥʘ rpoS ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʠ ʧʨʦʰʝʜʰʝʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʫʶ 

ʧʦʚʝʨʢʫ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɺ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʜʝʣʘʥʥʳʝ ʚʳʚʦʜʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʦʙʲʝʤʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ VIII ʠ IX ɺʩʝʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʛʨʝʩʩʘʭ ʧʦ ʠʥʬʝʢʮʠʦʥʥʳʤ ʙʦʣʝʟʥʷʤ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ (ʄʦʩʢʚʘ, 



17 
 

2016, 2017), XIII ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʚ ʛʦʩʫʜʘʨʩʪʚʘʭ-ʫʯʘʩʪʥʠʢʘʭ ʉʅɻ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ 

ɺʆɿ ʧʦ ʚʥʝʜʨʝʥʠʶ ʄʄʉʇ (2005 ʛ.) ʜʦ 2016 ʛʦʜʘè (ʉʘʨʘʪʦʚ, 2016), ʇʨʦʙʣʝʤʥʦʡ 

ʢʦʤʠʩʩʠʠ (48.04) ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʩʘʥʠʪʘʨʥʦ-

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʦʭʨʘʥʝ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʍʦʣʝʨʘ ʠ 

ʧʘʪʦʛʝʥʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʚʠʙʨʠʦʥʳè (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 2016), ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ 2018è (ʄʠʥʩʢ, 

2018), ʝʞʝʛʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʀʪʦʛʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʠʥʩʪʠʪʫʪʝ çʄʠʢʨʦʙè (ʉʘʨʘʪʦʚ, 

2016, 2018). 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ  

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʧʦʣʫʯʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʰʪʘʤʤʦʚ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʮʝʪʦʠʥ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ, ʧʦ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ 

ʘʥʘʣʠʟʫ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʰʪʘʤʤʦʚ, ʦʧʨʝʜʝʣʝʥʠʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ ʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʪʠʧʠʯʥʳʭ ʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ. ɺʝʩʴ ʢʦʤʧʣʝʢʩ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʠ ʧʨʦʚʝʨʝʥ ʘʚʪʦʨʦʤ ʣʠʯʥʦ 

ʥʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʟʫʯʘʝʤʳʭ ʰʪʘʤʤʦʚ ʧʨʠ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ. ʈʘʙʦʪʘ ʧʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ ʧʦʣʥʳʭ ʛʝʥʦʤʦʚ 

ʰʪʘʤʤʦʚ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʠʣʠ ʝʛʦ ʬʨʘʛʤʝʥʪʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʥʦʤʥʦʛʦ ʠ ʧʨʦʪʝʦʤʥʦʛʦ ʘʥʘʣʠʟʘ (ʩ.ʥ.ʩ., ʢ.ʙ.ʥ. 

ɻʫʩʝʚʦʡ ʅ.ʇ., ʩ.ʥ.ʩ., ʢ.ʙ.ʥ. ɸʣʴʭʦʚʦʡ ɾ.ɺ., ʥ.ʩ. ʅʘʨʳʰʢʠʥʦʡ ɽ.ɸ.). ʐʪʘʤʤʳ 

ɽ. ʩoli, ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʦʮʝʥʢʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʙʳʣʠ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʚ.ʥ.ʩ. ʣʘʙʦʨʘʪʦʨʠʠ ʧʘʪʦʛʝʥʥʳʭ ʚʠʙʨʠʦʥʦʚ, ʢ.ʤ.ʥ. 

ʊʫʯʢʦʚʳʤ ʀ.ɺ. ʆʪʜʝʣʴʥʳʝ ʵʪʘʧʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 
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ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩʦ 

ʩ.ʥ.ʩ. ʣʘʙʦʨʘʪʦʨʠʠ ʧʘʪʦʛʝʥʥʳʭ ʚʠʙʨʠʦʥʦʚ ʢ.ʤ.ʥ. ʏʝʣʜʳʰʦʚʦʡ ʅ.ɹ. ʇʦʜʛʦʪʦʚʢʘ 

ʦʩʥʦʚʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʦʩʫʱʝʩʪʚʣʝʥʘ ʢʘʢ ʣʠʯʥʦ ʘʚʪʦʨʦʤ, ʪʘʢ ʠ ʧʨʠ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. 

 

ʇʫʙʣʠʢʘʮʠʠ ʠ ʩʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ  

 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 8 ʨʘʙʦʪ, ʠʟ ʢʦʪʦʨʳʭ 3 ʩʪʘʪʴʠ ʚ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠʟʜʘʥʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʪʜʝʣʝ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʌʂʋɿ ʈʦʩʅʀʇʏʀ çʄʠʢʨʦʙè 

ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʚ ʨʘʤʢʘʭ ʧʣʘʥʦʚʦʡ ʅʀʈ 47-4-14 çʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʠʟʤʝʥʝʥʠʷ ʧʘʪʦʛʝʥʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʩʚʦʡʩʪʚ Vibrio cholerae 

ʙʠʦʚʘʨʘ ʵʣʴʪʦʨ ʚ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ 7-ʦʡ ʧʘʥʜʝʤʠʠ ʭʦʣʝʨʳè (2014-2018 ʛʛ., 

 ̄ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ 012014557721). 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʤʝʪʦʜʦʚ, ʯʝʪʳʨʝʭ ʛʣʘʚ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʶʱʝʛʦ 253 ʨʘʙʦʪ,r ʠʟ ʥʠʭ 31 ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʠ 222 ʟʘʨʫʙʝʞʥʳʭ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 132 ʩʪʨʘʥʠʮ.r ʊʝʢʩʪ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥ 12 ʪʘʙʣʠʮʘʤʠ ʠ 18 ʨʠʩʫʥʢʘʤʠ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ɻʣʘʚʘ 1.1. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʩʚʦʡʩʪʚʘ ʰʪʘʤʤʦʚ V. cholerae ʆ1 

ʩʝʨʦʛʨʫʧʧʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʠʦʚʘʨʦʚ 

ɺʠʜ Vibrio cholerae ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 200 ʩʝʨʦʛʨʫʧʧ (Kaper et al., 1995; 

Banerjee et al., 2014). ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʪʦʢʩʠʛʝʥʥʳʝ ʚʠʙʨʠʦʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʆ1 ʠ 

ʆ139 ʩʝʨʦʛʨʫʧʧʘʤ, ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʭʦʣʝʨʫ. ɺʠʙʨʠʦʥʳ ʆ1 ʩʝʨʦʛʨʫʧʧʳ ʜʝʣʷʪʩʷ 

ʥʘ ʜʚʘ ʙʠʦʚʘʨʘ ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʠ El Tor. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʳʝ ʰʝʩʪʴ ʧʘʥʜʝʤʠʡ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʙʳʣʠ ʚʳʟʚʘʥʳ ʭʦʣʝʨʥʳʤʠ ʚʠʙʨʠʦʥʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ, 

ʥʦ ʜʦʩʪʦʚʝʨʥʦ ʵʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʦʣʴʢʦ ʜʣʷ ʧʷʪʦʡ ʠ ʰʝʩʪʦʡ ʧʘʥʜʝʤʠʡ (ɹʘʨʦʷʥ, 

1971; Kaper et al., 1995; Devault et al., 2014). ɺʦʟʙʫʜʠʪʝʣʷʤʠ ʪʝʢʫʱʝʡ, 7-ʡ, 

ʧʘʥʜʝʤʠʠ ʷʚʠʣʠʩʴ ʪʠʧʠʯʥʳʝ ʪʦʢʩʠʛʝʥʥʳʝ ʰʪʘʤʤʳ ʙʠʦʚʘʨʘ El Tor, ʢʦʪʦʨʳʝ ʥʘ 

ʵʥʜʝʤʠʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʚʳʪʝʩʥʠʣʠ ʰʪʘʤʤʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 

ʠ ʫʞʝ ʙʦʣʝʝ ʧʷʪʠʜʝʩʷʪʠ ʣʝʪ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʭʦʣʝʨʳ. ʊʦʢʩʠʛʝʥʥʳʝ ʰʪʘʤʤʳ 

V. cholerae ʆ139 ʩʝʨʦʛʨʫʧʧʳ, ʚʳʟʚʘʚʰʠʝ ʨʷʜ ʢʨʫʧʥʳʭ ʚʩʧʳʰʝʢ ʭʦʣʝʨʳ ʚ ʥʘʯʘʣʝ 

90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʠʨʢʫʣʠʨʫʶʪ ʣʠʰʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʥʜʠʠ. 

ʍʦʣʝʨʥʳʝ ʚʠʙʨʠʦʥʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ ʚ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʜʝʣʷʶʪʩʷ. ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʩʦʦʙʱʝʥʠʷ ʦʙ 

ʦʙʥʘʨʫʞʝʥʠʠ ʝʜʠʥʠʯʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠ ʚʦʜʥʳʭ ʰʪʘʤʤʦʚ, ʢʘʢ ʚ ʵʥʜʝʤʠʯʥʳʭ 

ʨʘʡʦʥʘʭ (Samadi et al., 1983; Siddique et al., 1991; Das et al., 2012; Oyedeji et al., 

2013; Bakhshi et al., 2014), ʪʘʢ ʠ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠ 

ʩʪʨʘʥ ʉʅɻ (ʄʦʥʘʭʦʚʘ ʩ ʩʦʘʚʪ., 2009; Kokashvili et al., 2013). ʅʝʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʤʥʝʥʠʷ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʠʙʨʠʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʦʤ ʩʦʩʪʦʷʥʠʠ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʠ ʷʚʣʷʶʪʩʷ ʨʝʟʝʨʚʫʘʨʦʤ ʛʝʥʦʚ 

ʚʠʨʫʣʝʥʪʥʦʩʪʠ (Safa et al., 2010). ɺʳʩʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʤʝʥʥʦ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʠʙʨʠʦʥʳ ʤʦʛʣʠ ʙʳʪʴ ʜʦʥʦʨʘʤʠ ʧʨʦʬʘʛʘ ʉʊʍű (ʠʣʠ ʛʝʥʘ ctxB1) ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor 

(Faruque et al., 1993; Safa et al., 2006). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʭʦʣʝʨʥʳʝ ʚʠʙʨʠʦʥʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ El Tor ʙʠʦʚʘʨʦʚ 

ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʩʝʨʦʛʨʫʧʧʝ, ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʨʷʜʫ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ 
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ʧʨʠʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʶ ʠ ʩʪʨʫʢʪʫʨʝ ʥʝʢʦʪʦʨʳʭ ʛʝʥʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ ʠ 

ʧʘʥʜʝʤʠʯʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʙʦʣʝʝ 22 

ʛʝʥʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʫ El Tor ʚʠʙʨʠʦʥʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ 

ʣʦʢʘʣʠʟʦʚʘʥʦ ʥʘ ʜʚʫʭ ʦʩʪʨʦʚʘʭ ʧʘʥʜʝʤʠʯʥʦʩʪʠ VSP-I ʠ VSP-II  (Dziejman et al., 

2002). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ 

ʵʢʩʧʨʝʩʩʠʠ ʙʦʣʝʝ 524 ʛʝʥʦʚ (Beyhan et al., 2006). ʆʪʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʥʝʢʦʪʦʨʳʭ 

ʛʝʥʦʚ ʠʣʠ ʠʭ ʥʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ (ctxB, rstR, rtxC, tcpA, hly, ʛʝʥʳ ʦʩʪʨʦʚʦʚ 

ʧʘʥʜʝʤʠʯʥʦʩʪʠ VSP-I ʠ VSP-II) ʠʩʧʦʣʴʟʫʪʁ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʝʥʦʜʠʛʘʥʦʩʪʠʢʠ 

(Keasler et al., 1993; Olsvik et al., 1993; Davis et al., 1999). ʈʘʟʣʠʯʠʷ ʚ ʧʨʦʷʚʣʝʥʠʠ 

ʨʷʜʘ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʦʣʠʤʠʢʩʠʥʫ B, 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʭʦʣʝʨʥʳʤ ʬʘʛʘʤ, ʩʧʦʩʦʙʥʦʩʪʴ ʘʛʛʣʶʪʠʥʠʨʦʚʘʪʴ ʢʫʨʠʥʳʝ 

ʵʨʠʪʨʦʮʠʪʳ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʮʝʪʦʠʥ ʠʟ ʛʣʶʢʦʟʳ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ) 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʜʚʫʭ ʙʠʦʚʘʨʦʚ. ʇʨʠ ʵʪʦʤ ʭʦʣʝʨʥʳʝ 

ʚʠʙʨʠʦʥʳ ʙʠʦʚʘʨʘ El Tor ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ ʘʛʛʣʶʪʠʥʠʨʫʶʪ 

ʢʫʨʠʥʳʝ ʵʨʠʪʨʦʮʠʪʳ, ʦʙʨʘʟʫʶʪ ʘʮʝʪʦʠʥ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ, ʨʘʩʪʫʪ ʥʘ 

ʩʨʝʜʘʭ ʩ 50 ʤʢʛ/ʤʣ ʘʥʪʠʙʠʦʪʠʢʘ ʧʦʣʠʤʠʢʩʠʥʘ ɺ, ʣʠʟʠʨʫʶʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʭʦʣʝʨʥʳʤ ʬʘʛʦʤ ʵʣʴʪʦʨ (ʄʋʂ 4.2.2218-07, 2007; Han, Khie, 1963; Barrett, Blake, 

1981; Takeya et al., 1981; Joenson et al., 1989; Biswas et al., 1992; Kovacikova et al., 

2005; Rabaan et al., 2018). 

ʄʝʞʜʫ ʪʝʤ, ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʧʘʥʜʝʤʠʠ ʚʦʟʙʫʜʠʪʝʣʴ ʭʦʣʝʨʳ ʕʣʴ ʊʦʨ 

ʧʨʝʪʝʨʧʝʚʘʣ ʨʘʟʣʠʯʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ɺʘʞʥʝʡʰʝʝ ʠʟ ʥʠʭ ï 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʥʦʚʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʟʘ ʩʯʝʪ ʩʝʣʝʢʪʠʚʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʚʳʪʝʩʥʠʣʠ ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʚʦʟʙʫʜʠʪʝʣʷ ʥʘ ʵʥʜʝʤʠʯʥʳʭ ʧʦ 

ʭʦʣʝʨʝ ʪʝʨʨʠʪʦʨʠʷʭ (ʉʤʠʨʥʦʚʘ ʩ ʩʦʘʚʪ., 2010; ʉʘʚʝʣʴʝʚ ʩ ʩʦʘʚʪ., 2012; ʄʠʨʦʥʦʚʘ ʩ 

ʩʦʘʚʪ., 2012; Ehara, 2008; Faruque et al., 2007; Nair et al., 2002, 2007; Safa et al., 

2005). ɻʝʥʦʤ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʦʢʘʟʘʣʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʤʫʪʘʮʠʡ ʚ ʢʣʶʯʝʚʳʭ ʛʝʥʘʭ ʧʘʪʦʛʝʥʥʦʩʪʠ ʠ ʧʘʥʜʝʤʠʯʥʦʩʪʠ ʚ ʨʘʥʝʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚʘʨʠʘʥʪʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛʝʥʦʤʝ ʛʝʥʦʚʘʨʠʘʥʪʦʚ, ʚʠʜʠʤʦ, 
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ʚʦʟʥʠʢʣʠ ʤʫʪʘʮʠʠ ʠ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʛʝʥʘʭ. ʊʘʢ ʚʳʜʝʣʝʥʥʳʝ ʚ ʄʝʭʠʢʦ 

ʚ 1991-1997 ʛʛ. ʢʣʠʥʠʯʝʩʢʠʝ ʠ ʚʦʜʥʳʝ ʰʪʘʤʤʳ V. cholerae ʠʤʝʣʠ ʨʘʟʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʬʘʛʘʤ, ʧʦʣʠʤʠʢʩʠʥʫ ɺ ʠ ʦʪʣʠʯʘʣʠʩʴ ʧʦ 

ʘʛʛʣʶʪʠʥʘʙʝʣʴʥʦʩʪʠ ʢʫʨʠʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ (Alam et al., 2010). ɺʩʧʳʰʢʠ ʭʦʣʝʨʳ ʚ 

1991-1994 ʛʛ. ʚ ɹʘʥʛʣʘʜʝʰ (ʧʨʦʚʠʥʮʠʷ ʄʘʪʣʘʙ) ʙʳʣʠ ʚʳʟʚʘʥʳ ʘʪʠʧʠʯʥʳʤʠ 

(ʤʘʪʣʘʙʩʢʠʤʠ) ʚʘʨʠʘʥʪʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʪʨʠ ʪʠʧʘ ʰʪʘʤʤʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʤ ʠ ʛʝʥʝʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ (Safa et al., 2006). ɹʠʦʚʘʨ ʜʘʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʦʧʨʝʜʝʣʠʪʴ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʣʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʢʘʢ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʜʣʷ El Tor 

ʚʠʙʨʠʦʥʦʚ (Nair et al., 2002; Safa et al., 2006, 2010; Lee et al., 2009; Na-Ubol et al., 

2011). ɺʩʝ ʤʘʪʣʘʙʩʢʠʝ ʠʟʦʣʷʪʳ ʥʝ ʘʛʛʣʶʪʠʥʠʨʦʚʘʣʠ ʢʫʨʠʥʳʝ ʵʨʠʪʨʦʮʠʪʳ ʠ ʜʘʚʘʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ. ʐʪʘʤʤʳ I ʠ III  ʪʠʧʘ ʙʳʣʠ ʫʩʪʦʡʯʠʚʳ 

ʢ ʧʦʣʠʤʠʢʩʠʥʫ ɺ, II  ï ʯʫʚʩʪʚʠʪʝʣʴʥʳ. ʐʪʘʤʤʳ ʚʩʝʭ ʪʠʧʦʚ ʥʝ ʣʠʟʠʨʦʚʘʣʠʩʴ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʬʘʛʦʤ ʉ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʟʦʣʷʪʳ I ʪʠʧʘ ʙʳʣʠ ʫʩʪʦʡʯʠʚʳ ʠ ʢ ʬʘʛʫ 

ʵʣʴʪʦʨ (Safa et al., 2009). 

ɸʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ V. ʩholerae ʙʠʦʚʘʨʘ El Tor ʩ ʠʟʤʝʥʝʥʥʳʤʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʩʨʝʜʠ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ɼʘʛʝʩʪʘʥʝ ʚ 1993, 1994 ʠ 1998 ʛʛ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ 78,4% ʠʟʫʯʝʥʥʳʭ ʰʪʘʤʤʦʚ ʥʝ ʣʠʟʠʨʦʚʘʣʠʩʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʬʘʛʦʤ ʵʣʴʪʦʨ, 13,7% ï ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʠ ʘʮʝʪʦʠʥ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ, 

3,9% ʠʟʦʣʷʪʦʚ ʥʝ ʘʛʛʣʶʪʠʥʠʨʦʚʘʣʠ ʵʨʠʪʨʦʮʠʪʳ ʞʠʚʦʪʥʳʭ (ʉʘʚʝʣʴʝʚʘ ʩ ʩʦʘʚʪ., 

2013; ɺʘʩʠʣʴʝʚʘ, 2015). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʜʝʣʷʝʤʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʥʝʪʦʢʩʠʛʝʥʥʳʭ ctx-tcpA- ʠ 

ctx-tcpA+  ʰʪʘʤʤʦʚ V. ʩholerae ʆ1 ʩʝʨʦʛʨʫʧʧʳ ʙʠʦʚʘʨʘ El Tor ʥʝ ʣʠʟʠʨʫʶʪʩʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʬʘʛʦʤ ʵʣʴʪʦʨ (ɿʫʙʢʦʚʘ ʩ ʩʦʘʚʪ, 2015; ʗʰʢʫʣʦʚ ʩ ʩʦʘʚʪ., 2015; 

ʀʚʘʥʦʚʘ ʩ ʩʦʘʚʪ., 2016, 2017; ʂʨʫʛʣʠʢʦʚ ʩ ʩʦʘʚʪ, 2017). 

M.S. Son ʩ ʩʦʘʚʪ. (2011) ʠ K.D. Brumfield ʩ ʩʦʘʚʪ. (2018) ʧʨʠ ʘʥʘʣʠʟʝ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʘʥʛʣʘʜʝʰ (2001-2005 ʛʛ.) ʠ ɻʘʠʪʠ 

(2010 ʛ.), ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʥʠ ʜʘʶʪ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʫʶ ʣʠʙʦ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 

ʨʝʘʢʮʠʶ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʫ 
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ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʠʟʤʝʥʠʣʘʩʴ ʩʧʦʩʦʙʥʦʩʪʴ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʛʣʶʢʦʟʫ ʜʦ ʘʮʝʪʦʠʥʘ. 

ʇʨʠ ʵʪʦʤ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʩʨʝʜʠ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. ʩholerae ʙʠʦʚʘʨʘ El Tor ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʠʟʫʯʝʥʳ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʙʠʦʚʘʨʘ El Tor, ʘ ʪʘʢʞʝ ʰʪʘʤʤʦʚ ʆ139 

ʩʝʨʦʛʨʫʧʧʳ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʩʨʝʜʝ ʂʣʘʨʢʘ ʚʳʟʳʚʘʪʴ ʙʫʪʘʥʦʚʦʝ ʙʨʦʞʝʥʠʝ 

ʛʣʶʢʦʟʳ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʮʝʪʦʠʥ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʫʪʠ 

ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʝ ʜʚʫʭ ʤʦʣʝʢʫʣ ʧʠʨʫʚʘʪʘ ʚ Ŭ-

ʘʮʝʪʦʣʘʢʪʘʪ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʜʝʢʘʨʙʦʢʩʠʣʠʨʫʝʪʩʷ ʚ ʘʮʝʪʦʠʥ, ʠʟ ʢʦʪʦʨʦʛʦ ʚ 

ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʠʨʫʝʪʩʷ 2,3 ï ʙʫʪʘʥʜʠʦʣ (ʈʠʩʫʥʦʢ 1). ʇʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʠ ʱʝʣʦʯʠ (KOH) ʠ Ŭ-ʥʘʬʪʦʣʘ ʚ ʩʨʝʜʫ ʚʳʨʘʱʠʚʘʥʠʷ 

ʦʙʨʘʟʫʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠ ʦʢʨʘʰʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʘʣʠʥʦʚʦʛʦ (ʚʠʰʥʝʚʦʛʦ) ʮʚʝʪʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʜʦ ʩʠʭ ʧʦʨ ʧʦʢʘ ʥʝ ʠʟʚʝʩʪʝʥ. 

 

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʬʝʨʤʝʥʪʘʮʠʠ ʛʣʶʢʦʟʳ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʠ El Tor 

ʚʠʙʨʠʦʥʘʤʠ (Kovacikova et al., 2005; Yoon, Mekalanos, 2006). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʘʮʝʪʦʠʥ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ, ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʤ ʙʠʦʚʘʨʳ O1 
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ʩʝʨʦʛʨʫʧʧʳ, ʥʦ ʠ ʚʘʞʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʰʪʘʤʤʦʚ V. cholerae El 

Tor ʙʠʦʚʘʨʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʠʭ ʚʳʞʠʚʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʛʣʶʢʦʟʳ. ɺʠʙʨʠʦʥʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ ʬʝʨʤʝʥʪʠʨʫʶʪ ʛʣʶʢʦʟʫ 

ʜʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (ʤʦʣʦʯʥʘʷ, ʫʢʩʫʩʥʘʷ, ʤʫʨʘʚʴʠʥʘʷ), ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ 

ʟʘʢʠʩʣʷʶʪ ʩʨʝʜʫ (ʈʠʩʫʥʦʢ 1). ʇʦʩʢʦʣʴʢʫ ʭʦʣʝʨʥʳʡ ʚʠʙʨʠʦʥ ʷʚʣʷʝʪʩʷ 

ʢʠʩʣʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʤʦʤ, ʪʦ ʩʥʠʞʝʥʠʝ ʨʅ ʩʨʝʜʳ ʦʢʘʟʳʚʘʝʪ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʤʥʦʞʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ El Tor ʚʠʙʨʠʦʥʳ, ʦʙʨʘʟʫʶʱʠʝ ʘʮʝʪʦʠʥ ʜʦʩʪʠʛʘʶʪ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʣʶʢʦʟʳ 

(ʥʘʧʨʠʤʝʨ, ʢʠʰʝʯʥʠʢ ʯʝʣʦʚʝʢʘ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʫʪʘʥʪʥʳʝ ʰʪʘʤʤʳ El Tor 

ʚʠʙʨʠʦʥʦʚ, ʥʝ ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʘʮʝʪʦʠʥ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʠʙʨʠʦʥʳ 

ʧʣʦʭʦ ʨʘʩʪʫʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʣʶʢʦʟʳ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʩʥʠʞʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʣʦʥʠʟʠʨʦʚʘʪʴ ʢʠʰʝʯʥʠʢ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʧʨʦʜʫʢʮʠʷ ʘʮʝʪʦʠʥʘ El Tor ʚʠʙʨʠʦʥʘʤʠ ʷʚʠʣʘʩʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʠʭ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʠ ʚʳʪʝʩʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʭʦʣʝʨʳ ʕʣ ɹʊʦʨ ʧʦ ʤʠʨʫ. ɺʦʟʤʦʞʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ 

ʜʣʷ ʧʝʨʦʨʘʣʴʥʦʡ ʨʝʛʠʜʨʘʪʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʭ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ (111 

ʤʄ), ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ ʩ 1960 ʛʦʜʘ (ʥʘʯʘʣʦ ʪʝʢʫʱʝʡ ʧʘʥʜʝʤʠʠ) 

ʠ ʧʨʠʚʝʣʦ ʢ ʩʝʣʝʢʮʠʠ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʚʠʙʨʠʦʥʘʤʠ ʤʦʛʣʠ ʥʘʭʦʜʠʪʴʩʷ ʚ ʢʠʰʝʯʥʠʢʝ ʙʦʣʴʥʳʭ (Yoon, 

Mekalanos, 2006). 

ʌʝʨʤʝʥʪʘʪʠʚʥʳʡ ʧʫʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʠʥʘ (ʘʮʝʪʠʣʤʝʪʠʣʢʘʨʙʠʥʦʣʘ, 3-

ʛʠʜʨʦʢʩʠ-2-ʙʫʪʘʥʦʥʘ, ʉ4ʅ8ʆ2) ʷʚʣʷʝʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʫ ʤʥʦʛʠʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʚʠʜʦʚ. ʊʘʢ ʚʩʝ ʚʠʜʳ ʵʥʪʝʨʦʙʘʢʪʝʨʠʡ, 

ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ Erwinia, Bacillus, Klebsiella, Aeromonas ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʛʣʶʢʦʟʳ ʦʙʨʘʟʫʶʪ ʜʘʥʥʦʝ ʥʝʡʪʨʘʣʴʥʦʝ ʚʝʱʝʩʪʚʦ, ʘ ʥʝ ʩʤʝʩʴ ʢʠʩʣʦʪ, 

ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʢʠʩʣʝʥʠʝ ʩʨʝʜʳ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʚʳʞʠʚʘʥʠʶ (Renna et al., 

1993; Mayer et al., 1995; Kovacikova et al., 2005). 
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ʆʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʦʠʥʘ ʫ El Tor ʚʠʙʨʠʦʥʦʚ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʛʨʫʧʧʳ 

ʛʝʥʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ als ʦʧʝʨʦʥ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʘ I ʭʨʦʤʦʩʦʤʝ ʠ ʚʢʣʶʯʘʝʪ 

ʰʝʩʪʴ ʛʝʥʦʚ (ʈʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ als ʦʧʝʨʦʥʘ ʰʪʘʤʤʦʚ V. ʩholerae (Kovacikova et al., 

2005). ɺʳʜʝʣʝʥ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ʙʝʣʢʦʤ AphA. 

ʈʦʣʴ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠʥʘʜʣʝʞʠʪ ʛʝʥʫ alsR. ʕʢʩʧʨʝʩʩʠʷ 

alsR ʠʥʜʫʮʠʨʫʝʪʩʷ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʢʘʢ ʧʨʠʩʫʪʩʪʚʠʝ ʘʮʝʪʘʪʘ, 

ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʨʅ (Holtzclaw, Chapman, 1975; 

Renna et al., 1993; Mayer et al., 1995; Fradrich et al., 2012). ɻʝʥ alsD ʢʦʜʠʨʫʝʪ 

ʙʠʦʩʠʥʪʝʟ ʬʝʨʤʝʥʪʘ ʘʮʝʪʦʣʘʢʪʘʪ ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ, alsʆ ï ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʳ. 

ʇʨʦʜʫʢʪ ʛʝʥʘ alsS Ŭ-ʘʮʝʪʦʣʘʢʪʘʪ ʩʠʥʪʘʟʘ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʜʚʫʭ ʤʦʣʝʢʫʣ 

ʧʠʨʫʚʘʪʘ ʚ Ŭ-ʘʮʝʪʦʣʘʢʪʘʪ. ɻʝʥʳ acgA ʠ acgB ʢʦʜʠʨʫʶʪ ʩʠʥʪʝʟ ʙʝʣʢʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ EAL (ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʥʳʤ) ʠ GCDEF (ʜʠʛʫʘʥʠʣʘʪ ʮʠʢʣʘʟʥʳʤ) 

ʜʦʤʝʥʘʤʠ ʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ. ɼʘʥʥʳʝ ʙʝʣʢʠ ʨʝʛʫʣʠʨʫʶʪ 

ʩʦʜʝʨʞʘʥʠʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʠʛʫʘʥʠʣʘʪʘ (c-di-GMP), ʢʦʪʦʨʳʡ ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʦʧʣʝʥʢʠ ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʢʣʝʪʦʢ (Kovacikova et al., 2005; Fernandez 

et al., 2018). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʤʫʪʘʮʠʷʭ ʚ ʛʝʥʘʭ alsR ʠ alsS ʙʠʦʩʠʥʪʝʟ ʘʮʝʪʦʠʥʘ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʣʘʢʪʘʪ 

ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ (ʜʝʣʝʮʠʷ ʚ ʛʝʥʝ alsD) ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʧʦʥʪʘʥʥʦʝ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʮʝʪʦʣʘʢʪʘʪʘ ʚ ʘʮʝʪʦʠʥ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʩʣʘʙʦ-

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ (Kovacikova et al., 2005). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʧʦʥʪʘʥʥʦʛʦ (ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ) 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʠʥʘ ʫ 

ʤʥʦʛʠʭ ʙʘʢʪʝʨʠʡ, ʘ ʪʘʢʞʝ ʜʨʦʞʞʝʡ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʠʱʝʚʦʡ 
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ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʈʠʩʫʥʦʢ 3) (Xiao, Xu, 2007; Jia et al., 2017). ʉʪʠʤʫʣʠʨʫʶʪ 

ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ 

ʤʦʯʝʚʠʥʳ (Fernandez-Gutierrez et al., 2018). 

 

 

 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʠʥʘ ʠ 2,3 ïʙʫʪʘʥʜʠʦʣʘ ʫ ʙʘʢʪʝʨʠʡ (Jia et 

al., 2017). ʆʙʦʟʥʘʯʝʥʠʷ: ɼʂ ï ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ, cALS ï Ŭ-ʘʮʝʪʦʣʘʢʪʘʪ 

ʩʠʥʪʝʪʘʟʘ, ALDC ï Ŭ-ʘʮʝʪʦʣʘʢʪʘʪ ʜʝʢʘʨʙʦʢʩʠʣʘʟʘ, AR ï ʜʠʘʮʝʪʠʣ ʨʝʜʫʢʪʘʟʘ, BDH 

ï ʙʫʪʘʥʜʠʦʣ ʜʝʛʠʜʨʦʛʝʥʘʟʘ. 

 

ʄʝʞʜʫ ʛʝʥʘʤʠ alsO ʠ acgA ʚ als ʦʧʝʨʦʥʝ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʥʘʭʦʜʠʪʩʷ po ï 

ʟʘʚʠʩʠʤʳʡ ʪʝʨʤʠʥʘʪʦʨ, ʦʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ ʘʮʝʪʦʠʥʦʚʦʛʦ 

ʦʧʝʨʦʥʘ. 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʘʮʝʪʦʠʥʦʚʦʤ ʦʧʝʨʦʥʝ 

ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʩ ʙʝʣʢʦʤ AphA, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ ʛʝʥʘʤʠ alsR ʠ alsD 

(ʈʠʩʫʥʦʢ 2). ʂʘʢ ʠʟʚʝʩʪʥʦ, AphA ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʙʝʣʢʦʚ ʚ 

ʨʝʛʫʣʷʪʦʨʥʦʤ ʢʘʩʢʘʜʝ, ʢʦʥʪʨʦʣʠʨʫʶʱʝʤ ʙʠʦʩʠʥʪʝʟ ʬʘʢʪʦʨʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ. ɽʛʦ 

ʵʢʩʧʨʝʩʩʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʪ.ʝ. ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʩʠʩʪʝʤʦʡ quorum sensing. ʇʨʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʙʘʢʪʝʨʠʡ AphA, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ 

ʩ ʙʝʣʢʦʤ AphB, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʦʤʦʪʦʨʦʤ ʛʝʥʦʚ tcpPʅ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʮʠʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ï ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ ʠ 

ʪʦʢʩʠʥ-ʢʦʨʝʛʫʣʠʨʫʝʤʳʭ ʧʠʣʝʡ ʘʜʛʝʟʠʠ (ʈʠʩʫʥʦʢ 4) (Skorupski, Taylor, 1999; 
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Kovacikova, Skorupski, 2002; Miller  et al., 2002; Zhu et al., 2002; Faruque, Nair, 

2002). 

 

 

ʈʠʩʫʥʦʢ 4. ʈʝʛʫʣʷʪʦʨʥʘʷ ʩʝʪʴ V. cholerae, ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʙʠʦʩʠʥʪʝʟ 

ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ ʠ ʪʦʢʩʠʥ-ʢʦʨʝʛʫʣʠʨʫʝʤʳʭ ʧʠʣʝʡ ʘʜʛʝʟʠʠ ʩ ʫʯʘʩʪʠʝʤ ʙʝʣʢʘ 

AphA (Marashi et al., 2013). 

ʉʠʥʪʝʟʠʨʫʷʩʴ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, AphA ʧʦʜʘʚʣʷʝʪ ʧʨʦʜʫʢʮʠʶ 

ʘʮʝʪʦʠʥʘ, ʨʝʧʨʝʩʩʠʨʫʷ ʵʢʩʧʨʝʩʩʠʶ alsR ʠ ʜʨʫʛʠʭ ʛʝʥʦʚ ʘʮʝʪʦʠʥʦʚʦʛʦ ʦʧʝʨʦʥʘ. 

ʇʨʠ ʜʝʣʝʮʠʠ ʚ ʛʝʥʝ ʘphA ʙʠʦʩʠʥʪʝʟ ʘʮʝʪʦʠʥʘ ʚ ʢʣʝʪʢʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚ 

ʥʝʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ (Kovacikova et al., 2005). 

ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ ʚ ʰʪʘʤʤʘʭ 

ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ 

ʰʪʘʤʤʳ ʩʠʥʪʝʟʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ AphA, ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ ctxAB, ʢʦʜʠʨʫʶʱʠʭ ʙʠʦʩʠʥʪʝʟ ʍʊ, ʥʦ ʧʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦ 

ʧʦʜʘʚʣʷʝʪ ʧʨʦʜʫʢʮʠʶ ʘʮʝʪʦʠʥʘ (Yoon, Mekalanos, 2006; Matson et al., 2007). 

ɼʨʫʛʦʡ ʥʝʜʘʚʥʦ ʚʳʷʚʣʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ 

ʫ ʙʘʢʪʝʨʠʡ ʩʚʷʟʘʥ ʩ ʧʨʦʜʫʢʮʠʝʡ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (p)ppGpp, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʥʘʤʠ ʥʠʞʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʫʪʘʥʪʥʳʭ ʰʪʘʤʤʘʭ 

ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ, ʥʝ ʧʨʦʜʫʮʠʨʫʶʱʠʭ (p)ppGpp, ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ 
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ʧʨʠʩʫʪʩʪʚʠʠ ʛʣʶʢʦʟʳ ʧʨʦʠʩʭʦʜʠʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʧʨʦʜʫʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ ʠ ʟʘʤʝʜʣʝʥʠʝ ʨʦʩʪʘ (Oh et al., 2015). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʳ ʚʝʱʝʩʪʚʘ, ʠʟʤʝʥʷʶʱʠʝ ʩʦʜʝʨʞʘʥʠʝ 

(p)ppGpp ʠ ʠʥʛʠʙʠʨʫʶʱʠʝ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʙʠʦʩʠʥʪʝʟ ʘʮʝʪʦʠʥʘ. ʊʘʢ 

Y.T. Oh ʩ ʩʦʘʚʪ. (2016), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ 8364 ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʚʳʷʚʠʣʠ, 

ʯʪʦ 5-(4-chloro-2-nitrobenzoyl)-6-hydroxy-1,3-dimethylpyrimidine-2,4(1H,3H)-dione 

ʠʣʠ iMAC (Inducer Metabolism-Mediated) ʧʦʜʘʚʣʷʝʪ ʙʠʦʩʠʥʪʝʟ ʘʮʝʪʦʠʥʘ ʚ 

ʰʪʘʤʤʘʭ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ, ʩʥʠʞʘʷ ʫʨʦʚʝʥʴ (p)ppGpp ʚ ʢʣʝʪʢʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʳʩʪʨʦʡ ʛʠʙʝʣʠ ʙʘʢʪʝʨʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʠʩʣʝʥʠʷ ʩʨʝʜʳ. ʋʯʠʪʳʚʘʷ ʦʪʩʫʪʩʪʚʠʝ 

ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ iMAC ʥʘ ʢʣʝʪʢʠ ʯʝʣʦʚʝʢʘ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʧʨʝʜʣʘʛʘʶʪ ʝʛʦ ʜʦʙʘʚʣʷʪʴ ʚ ʨʘʩʪʚʦʨʳ ʜʣʷ ʧʝʨʦʨʘʣʴʥʦʡ ʨʝʛʠʜʨʘʪʘʮʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʣʝʯʝʥʠʠ ʭʦʣʝʨʳ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʘʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʦʜʝʨʞʘʪ 

72 ʤʄ ʛʣʶʢʦʟʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʦʟʜʘʝʪ ʚ ʢʠʰʝʯʥʠʢʝ ʯʝʣʦʚʝʢʘ ʩʨʝʜʫ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʶʢʦʟʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ iMAC ʧʨʠʚʝʜʝʪ ʢ 

ʙʳʩʪʨʦʡ ʛʠʙʝʣʠ ʭʦʣʝʨʥʳʭ ʚʠʙʨʠʦʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ 

ʣʝʯʝʥʠʝ ʙʦʣʴʥʳʭ (Kuhn et al., 2014; Oh et al., 2015, 2016). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʠ ʜʨʫʛʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʛʦ ʧʨʠʟʥʘʢʘ. ʊʘʢ, ʚ ʀʥʜʠʠ ʚ 2012 ʛʦʜʫ ʚʧʝʨʚʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʧʦʣʠʤʠʢʩʠʥ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʰʪʘʤʤʳ V. cholerae ʙʠʦʚʘʨʘ El Tor, ʢʦʪʦʨʳʝ ʦʯʝʥʴ 

ʙʳʩʪʨʦ ʚʳʪʝʩʥʠʣʠ ʨʝʟʠʩʪʝʥʪʥʳʝ ʢ ʜʘʥʥʦʤʫ ʘʥʪʠʙʠʦʪʠʢʫ ʰʪʘʤʤʳ. ʅʘʯʠʥʘʷ ʩ 2013 

ʛʦʜʘ, ʚʩʝ ʚʳʜʝʣʷʝʤʳʝ ʥʘ ʜʘʥʥʦʡ ʵʥʜʝʤʠʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʟʦʣʷʪʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳ 

ʢ ʧʦʣʠʤʠʢʩʠʥʫ ɺ (Samanta et al., 2015, 2018). ʇʨʠ ʵʪʦʤ ʤʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ 

ʜʘʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʩʚʦʡʩʪʚʘ ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʣʠʤʠʢʩʠʥʳ (ɺ, ʄ) ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʢʘʪʠʦʥʥʳʭ 

ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʧʝʧʪʠʜʦʚ, ʢʦʪʦʨʳʝ ʥʘʨʫʰʘʶʪ ʩʪʨʫʢʪʫʨʫ ʥʘʨʫʞʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʤʝʤʙʨʘʥʳ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ, ʚʳʪʝʩʥʷʷ ʢʘʪʠʦʥʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʠʟ 

ʣʠʧʦʧʦʣʠʩʘʜʭʘʨʠʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥʳ ʠ 

ʛʠʙʝʣʠ ʢʣʝʪʦʢ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʫʩʪʦʡʯʠʚʦʩʪʴ ʰʪʘʤʤʦʚ V. ʩholerae 

ʆ1 ʙʠʦʚʘʨʘ El Tor ʢ ʧʦʣʠʤʠʢʩʠʥʫ ɺ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ɺ 

ʪʦʤ ʯʠʩʣʝ ʚʘʞʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ almEFG ʦʧʝʨʦʥʫ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʛʦ 
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ʧʨʠʚʦʜʠʪ ʢ 100-ʢʨʘʪʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʙʘʢʪʝʨʠʡ ʢ ʜʘʥʥʦʤʫ 

ʘʥʪʠʙʠʦʪʠʢʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʤʠʥʦʘʮʝʣʠʨʦʚʘʥʠʷ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘ (ʃʇʉ). ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʃʇʉ ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʤʠʥʦʘʮʝʣʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʨʫʞʥʦʡ ʤʝʤʙʨʘʥʳ ʙʘʢʪʝʨʠʡ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʚʷʟʳʚʘʥʠʶ ʩ ʧʦʣʠʤʠʢʩʠʥʦʤ. ɺ 

ʰʪʘʤʤʘʭ V. ʩholerae ʆ1 ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ almF 

ʜʘʥʥʳʡ ʦʧʝʨʦʥ ʥʝ ʘʢʪʠʚʝʥ, ʧʦʵʪʦʤʫ ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʠʙʨʠʦʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʧʦʣʠʤʠʢʩʠʥʫ ɺ (Hankins et al., 2012; Henderson et al., 2017). ʇʦʟʠʪʠʚʥʦ 

ʨʝʛʫʣʠʨʫʶʪ ʵʢʩʧʨʝʩʩʠʠʶ ʛʝʥʦʚ almEFG ʦʧʝʨʦʥʘ ʙʝʣʢʠ ʜʚʫʭ-ʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʠʩʪʝʤ CarRS ʠ VprAB (Herrera et al., 2014; Matson et al., 2017). ʇʨʠ ʵʪʦʤ CarRS 

ʨʝʧʨʝʩʩʠʨʫʶʪ ʪʘʢʞʝ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʧʣʝʥʢʠ (Bilecen, Yildiz , 2009). 

ɼʨʫʛʦʡ ʠʟʚʝʩʪʥʳʡ ʤʝʭʘʥʠʟʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʰʪʘʤʤʦʚ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ 

ʙʠʦʚʘʨʘ El Tor ʢ ʧʦʣʠʤʠʢʩʠʥʫ ɺ ʩʚʷʟʘʥ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʣʠʧʠʜ ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʳ 

IVA, ʢʦʜʠʨʫʝʤʦʡ ʛʝʥʦʤ msbB (Matson et al., 2010).  

ʂʨʦʤʝ ʩʠʩʪʝʤ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʘʞʥʘʷ ʨʦʣʴ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʦʣʠʤʠʢʩʠʥʫ ɺ ʧʨʠʥʘʜʣʝʞʠʪ ʦʪʢʘʯʠʚʘʶʱʠʤ RND 

(resistance-nodulation-division) ʧʦʤʧʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ VexAB ʩʠʩʪʝʤʝ (Bina et al., 

2008).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʦʚ V. ʩholerae ʆ1 ʙʠʦʚʘʨʘ El Tor ʚ ʵʥʜʝʤʠʯʥʳʭ ʧʦ ʭʦʣʝʨʝ ʩʪʨʘʥʘʭ ʠ ʠʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʚʦʟ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʨʷʜʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʚʦʡʩʪʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʠʦʚʘʨʦʚ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʟʫʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

1.2. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ V. cholerae ʢ ʩʪʨʝʩʩʦʚʳʤ 

ʬʘʢʪʦʨʘʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ  

ʇʦʷʚʣʝʥʠʝ ʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʤʠʨʫ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor ʫʢʘʟʘʣʦ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ 

ʩʝʣʝʢʪʠʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 
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ʫʩʧʝʭ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʭʨʘʥʝʥʠʷ çʛʝʥʦʤʥʦʛʦ 

ʢʘʨʢʘʩʘè El Tor ʚʠʙʨʠʦʥʦʚ ʠ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʚʳʩʦʢʦʡ ʠʥʬʝʢʮʠʦʟʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ (Grim et al., 2010). ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʦʭʨʘʥʝʥʠʶ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚʦ 

ʚʥʝʰʥʝʡ ʩʨʝʜʝ, ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʪʘʢʞʝ ʠ ʜʣʷ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ V. cholerae 

ʙʠʦʚʘʨʘ El Tor. ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ (ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʙʠʦʧʣʝʥʢʠ, 

ʚʳʞʠʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʬʦʨʤ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʩʤʦʪʠʯʝʩʢʦʤʫ ʠ ʦʢʩʠʜʘʪʠʚʥʦʤʫ 

ʩʪʨʝʩʩʘʤ) ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʠ ʜʣʷ ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺ ʨʘʤʢʘʭ ʦʜʥʦʛʦ 

ʦʙʟʦʨʘ ʥʝʚʦʟʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ V. cholerae. ʄʳ 

ʢʨʘʪʢʦ ʦʩʪʘʥʦʚʠʤʩʷ ʪʦʣʴʢʦ ʥʘ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ. 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʦʪʢʨʳʪʳʝ ʚʦʜʦʝʤʳ El Tor ʚʠʙʨʠʦʥʳ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

(ɹʘʨʦʷʥ, 1971; Faruque et al., 1998; Cottingham et al., 2003; Colwell, 2004; Vital et 

al., 2007; Lutz et al., 2013, Nair, Takeda, 2014). ɺ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʘʭ ʚʠʙʨʠʦʥʳ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝʛʘʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʘʙʠʦʪʠʯʝʩʢʠʭ (ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ,r ʩʦʣʝʥʦʩʪʠ, ʨʅ ʩʨʝʜʳ, ʜʝʬʠʮʠʪ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʪ.ʜ.) ʠ ʙʠʦʪʠʯʝʩʢʠʭ (ʧʨʦʩʪʝʡʰʠʝ, ʬʘʛʠ) ʬʘʢʪʦʨʦʚ (Lutz et al., 2013). 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʠʜʝʘʣʴʥʳʤ ʤʝʩʪʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ 

ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʵʥʜʝʤʠʯʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʢʘʢ ʜʝʣʴʪʳ ʨʝʢ ɻʘʥʛ ʠ ɹʨʘʭʤʘʧʫʪʨʘ ʚ 

ɺʦʩʪʦʯʥʦʡ ɹʝʥʛʘʣʠʠ (ʥʳʥʝ ʈʝʩʧʫʙʣʠʢʘ ɹʘʥʛʣʘʜʝʰ). ʕʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʩʫʭʦʛʦ ʠ 

ʚʣʘʞʥʦʛʦ ʩʝʟʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʨʝʤʝʥʥʳʭ ʧʝʨʝʩʳʭʘʶʱʠʭ 

ʚʦʜʦʝʤʦʚ; ʚʳʩʦʢʘʷ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ; ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʠʥʩʦʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʦʝʤʦʚ (Hashizume, 2010). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʚʦʜʦʝʤʦʚ, ʷʚʣʷʝʪʩʷ ʦʩʤʦʣʷʨʥʦʩʪʴ 

ʩʨʝʜʳ (Colwell, Huq, 1994; McCarthy, 1996; Pascual et al., 2002; Collins, 2003; Huq 

et al., 2005; Lutz et al., 2013; Fu et al., 2014; Islam et al., 2015). 
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ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʫʩʣʦʚʠʷ ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʩʤʦʣʷʨʥʦʩʪʠ ʙʘʢʪʝʨʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʚʳʞʠʚʘʥʠʷ. ʇʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʧʦʚʳʰʝʥʠʠ ʠʣʠ ʧʦʥʠʞʝʥʠʠ ʦʩʤʦʣʷʨʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ 

ʦʩʤʦʣʷʨʥʦʩʪʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʫʨʛʦʨʘ ʙʘʢʪʝʨʠʠ ʥʘʯʠʥʘʶʪ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʝʡʪʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʩʦʚʤʝʩʪʠʤʳʝ ʦʩʤʦʨʝʛʫʣʷʪʦʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʦʩʤʦʧʨʦʪʝʢʪʦʨʳ) 

(Sleator, Hill , 2002, Altendorf et al., 2009). ɹʠʦʩʠʥʪʝʟ ʦʩʤʦʧʨʦʪʝʢʪʦʨʦʚ ʟʘʧʫʩʢʘʝʪʩʷ 

ʚ ʦʪʚʝʪ ʥʘ ʚʳʩʦʢʫʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ Na
+
, ʠʥʛʠʙʠʨʫʶʱʠʭ 

ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʣʝʪʢʘʭ. ɺ ʨʦʣʠ ʦʩʤʦʧʨʦʪʝʢʪʦʨʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʜʚʝ ʛʨʫʧʧʳ ʚʝʱʝʩʪʚ. ɺ ʧʝʨʚʫʶ ʚʭʦʜʷʪ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ (ʣʠʟʠʥ, 

ʧʨʦʣʠʥ, ʭʦʣʠʥ, ʛʣʠʮʠʥ-ʙʝʪʘʠʥ, ʢʘʨʥʠʪʠʥ). ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʫʛʣʝʚʦʜʳ ʠ 

ʧʦʣʠʦʣ (ʤʘʥʥʠʪ, ʩʘʭʘʨʦʟʘ, ʪʨʝʛʘʣʦʟʘ, ʪʘʫʨʠʥ). ɹʘʢʪʝʨʠʠ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʩʤʦʧʨʦʪʝʢʪʦʨʳ, ʥʦ ʠ ʧʦʛʣʦʱʘʪʴ ʠʭ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (Sleator, 

Hill, 2002; Pflughoeft et al., 2003; Fu et al., 2014). 

N.J. Shikuma, F.H. Yildiz  (2009) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʩʨʝʜʝ 

ʚʳʨʘʱʠʚʘʥʠʷ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, 

ʢʦʜʠʨʫʶʱʠʭ ʩʠʥʪʝʟ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʳʭ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, ʘ ʪʘʢʞʝ ʧʦʣʠʘʤʠʥʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʦʩʪʘ ʢʣʝʪʦʢ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʜʦ 0,5 ʄ ʠʟʤʝʥʷʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʙʦʣʝʝ 

300 ʛʝʥʦʚ. ɺ ʪʦʤ ʯʠʩʣʝ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʫʣʷʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʧʣʝʥʢʠ 

(ʢʦʜʠʨʫʶʱʠʭ ʙʠʦʩʠʥʪʝʟ ʤʘʥʥʦʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʠʣʝʡ ʘʜʛʝʟʠʠ, 

ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʘ), ʢʦʜʠʨʫʶʱʠʭ ʩʠʥʪʝʟ ʵʢʪʦʠʥʘ, Na+/H+ ʘʥʪʠʧʦʨʪʝʨʘ, ʘ ʪʘʢʞʝ 

ʙʝʣʢʦʚ-ʧʦʨʠʥʦʚ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ OmpU/OmpT ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 38 ʠ 40 kDa (Chakrabarti et al., 1996, Shikuma, Yildiz , 2009). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʣʢʠ-ʧʦʨʠʥʳ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ, ʥʘʭʦʜʷʩʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʦʨʤʠʨʫʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʢʘʥʘʣʳ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʦʩʤʦʘʜʘʧʪʘʮʠʠ ʙʘʢʪʝʨʠʡ. ʊʘʢ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʦʤʝ ʙʝʣʢʦʚ OmpU/OmpT ʚʘʞʥʘʷ 

ʨʦʣʴ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʰʪʘʤʤʦʚ V. cholerae ʧʨʠʥʘʜʣʝʞʠʪ 
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ʙʝʣʢʫ OmpW c ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 22 kDa. ɼʘʥʥʳʡ ʙʝʣʦʢ ʫʯʘʩʪʚʫʝʪ ʚ 

ʪʨʘʥʩʧʦʨʪʝ ʦʩʤʦʧʨʦʪʝʢʪʦʨʘ ʢʘʨʥʠʪʠʥʘ (Fu et al., 2018). 

ʇʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ ʠ ʩʪʨʫʢʪʫʨʳ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʠ ʦʪʚʝʪʦʤ ʥʘ ʦʩʤʦʪʠʯʝʩʢʠʡ ʩʪʨʝʩʩ ʷʚʣʷʝʪʩʷ ʙʠʦʩʠʥʪʝʟ ʙʝʣʢʦʚ-ʪʨʘʥʩʧʦʨʪʝʨʦʚ 

(Schlosser et al., 1995; Sleator, Hill , 2002; Shikuma, Yildiz , 2009; Fu et al., 2014). 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ Na+/H+ ʘʥʪʠʧʦʨʪʝʨ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ NhaA ʠ NhaB. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʳʚʦʜʠʪ ʠʟ 

ʢʣʝʪʢʠ ʪʦʢʩʠʯʥʳʝ ʠʦʥʳ Na+, ʟʘʤʝʥʷʷ ʠʭ ʥʘ H+ (Vimont, Berche, 2000; Hªse, 

Barquera, 2001). ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ Trk, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʜʜʝʨʞʘʥʠʝ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʟʘ ʩʯʝʪ ʚʳʚʝʜʝʥʠʷ 

ʠʦʥʦʚ Na+ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʠʦʥʦʚ K+ (Schlosser et al., 1995; Sleator, Hill, 2002; Fu et 

al., 2014). 

ɼʨʫʛʠʤ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʩʪʨʝʩʩʦʚʳʤ ʬʘʢʪʦʨʦʤ, ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ, ʩʣʫʞʘʪ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ ʠʣʠ 

ɸʌʂ (ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ, ʛʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ OH, ʩʫʧʝʨʦʢʩʠʜ ï ʘʥʠʦʥ O2). ɺ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ɸʌʂ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ, ʨʘʟʣʦʞʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʥʢʦʚ ʠ ʪ.ʧ. (Mopper, Kieber, 2000; Lesser, 2006). ɺʟʘʠʤʦʜʝʡʩʪʚʫʷ 

ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʣʝʪʢʠ, ɸʌʂ ʚʳʟʳʚʘʶʪ ʠʭ ʧʦʚʨʝʞʜʝʥʠʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ ʢʣʝʪʦʢ. ɼʝʩʪʨʫʢʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ɸʌʂ ʨʘʟʥʦʦʙʨʘʟʥʦ, ʥʦ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʚʦʜʠʪʩʷ ʢ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ, 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʄʠʭʘʡʣʦʚ, 2004; Stadtman, 1986, Imlay, Linn 1988; 

Gutteridge, Halliwell, 1990). 

ɸʜʘʧʪʘʮʠʷ ʢ ʦʢʩʠʜʘʪʠʚʥʦʤʫ ʩʪʨʝʩʩʫ ʫ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʫʤʷ 

ʧʫʪʷʤʠ ï ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ɸʌʂ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʬʝʨʤʝʥʪʦʚ (ʢʘʪʘʣʘʟ, ʦʢʩʠʜʘʟ, ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟ) ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ (ʥʝʬʝʨʤʝʥʪʥʳʡ ʧʫʪʴ) (Howell et al., 2000, Wang et al., 2012). 

ʉʠʥʪʝʟ ʟʘʱʠʪʥʳʭ ʬʝʨʤʝʥʪʦʚ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ 

ʢʦʪʦʨʳʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʧʫʩʢʘʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʋ 

ʙʦʣʴʰʠʥʩʪʚʘ ʙʘʢʪʝʨʠʡ ʛʣʘʚʥʘʷ ʨʦʣʴ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʦʪʚʦʜʠʪʩʷ ʨʝʛʫʣʷʪʦʨʥʦʤʫ 

ʙʝʣʢʫ OxyR, ʚʭʦʜʷʱʝʤʫ ʚ ʩʝʤʝʡʩʪʚʦ ʙʝʣʢʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ LysR 
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ʩʝʤʝʡʩʪʚʘ (Maddocks, Oyston, 2008; Wang et al., 2012). ʇʨʠ ʜʝʡʩʪʚʠʠ ɸʌʂ ʥʘ 

ʢʣʝʪʢʫ ʜʘʥʥʳʡ ʙʝʣʦʢ ʟʘʧʫʩʢʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʢʘʪʘʣʘʟʫ ʠ 

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʫ (Storz, Imlay, 1999). ɺ ʥʦʨʤʝ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ oxyR 

ʧʦʜʘʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʙʝʣʢʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, OxyR ʪʘʢʞʝ ʠʥʜʫʮʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ dps (VCO139), 

ʢʦʜʠʨʫʶʱʝʛʦ ʙʠʦʩʠʥʪʝʟ ʙʝʣʢʘ Dps (DNA ï binding protein from starved cells) (Xia 

et al., 2017). ʅʝʩʧʝʮʠʬʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʩ ɼʅʂ ʟʘʱʠʱʘʝʪ 

ʧʦʩʣʝʜʥʶʶ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ɸʌʂ, ʘ ʪʘʢʞʝ ʥʝʡʪʨʘʣʠʟʫʝʪ ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʝʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ Fe (II ) (Martinez, Kolter, 

1997; Zhao et al., 2002; Nair, Finkel, 2004). ʊʘʢʞʝ ʧʦʢʘʟʘʥʘ ʟʘʱʠʪʥʘʷ ʨʦʣʴ Dps ʚ 

ʫʩʣʦʚʠʷʭ ʢʠʩʣʦʪʥʦʛʦ ʩʪʨʝʩʩʘ (Jeong et al., 2008). ʂʣʶʯʝʚʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʛʝʥʘ dps 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʢʣʝʪʦʢ ʷʚʣʷʝʪʩʷ ʙʝʣʦʢ RpoS (Altuvia et al., 1994; Xia et 

al., 2017) 

ʄʝʭʘʥʠʟʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʦʚ 

ʘʥʪʠʦʢʠʩʣʠʪʝʣʝʡ, ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ ʧʨʠʤʝʨʝ ʛʝʥʘ ohrA, 

ʢʦʜʠʨʫʶʱʝʛʦ ʧʝʨʦʢʩʠʨʝʜʦʢʩʠʥ OhrA (Dubbs, Mongkolsuk, 2012). ʊʨʘʥʩʢʨʠʧʮʠʷ 

ʜʘʥʥʦʛʦ ʛʝʥʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʙʝʣʢʦʤ AphB ʩʦʚʤʝʩʪʥʦ ʩ OhrR (ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ, ʨʝʛʫʣʷʪʦʨ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ) (Liu et al., 2016). ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʜʘʥʥʳʡ ʙʝʣʢʦʚʳʡ ʪʘʥʜʝʤ, ʥʘʭʦʜʷʩʴ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ, ʙʣʦʢʠʨʫʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ohrA, ʥʦ ʧʦ ʤʝʨʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʝʪʢʫ ɸʌʂ, ʵʢʩʧʨʝʩʩʠʷ ʜʘʥʥʳʭ 

ʙʝʣʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʤ ʦʢʠʩʣʷʝʪʩʷ ʙʝʣʦʢ OhrR, ʘ ʤʝʥʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ AphB ʦʢʠʩʣʷʝʪʩʷ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ, ʧʦʜʜʝʨʞʠʚʘʷ ʪʝʤ ʩʘʤʳʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʢʣʝʪʢʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʝʨʝʘʢʪʠʚʘʮʠʶ ʩʠʩʪʝʤ ʩʪʨʝʩʩʦʚʦʛʦ 

ʦʪʚʝʪʘ ʧʨʠ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ɸʌʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʩʫʪʩʪʚʠʷ ʨʝʧʨʝʩʩʦʨʦʚ 

ʵʢʩʧʨʝʩʩʠʷ ohrA ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʈʠʩʫʥʦʢ 5). 
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ʈʠʩʫʥʦʢ 5. ʈʝʛʫʣʷʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ohrA ʙʝʣʢʘʤʠ OhrR ʠ AphB (Liu et al., 

2016). ɺ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʆ ï ʦʢʠʩʣʠʪʝʣʴ. 

ɼʨʫʛʠʤ ʠʟʚʝʩʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʟʘʱʠʪʳ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʦʪ 

ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ ï 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ ʜʝʡʩʪʚʠʝ ɸʌʂ. ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʦʙʣʘʜʘʶʪ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ ʢʘʢ ʘʩʢʦʨʙʠʥʦʚʘʷ ʠ ʤʦʯʝʚʘʷ ʢʠʩʣʦʪʳ, ʛʣʫʪʘʪʠʦʥ, 

ʪʦʢʦʬʝʨʦʣ (Halliwell, 2006). 

ɸʜʘʧʪʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʙʘʢʪʝʨʠʡ ʚ ʫʩʣʦʚʠʷ ʜʝʬʠʮʠʪʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʜʥʠʤ ʦʙʱʠʤ ʤʝʭʘʥʠʟʤʦʤ, ʢʦʪʦʨʳʡ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ çʩʪʨʦʛʠʡ ʦʪʚʝʪè (SR ï stringent response) (ʃʝʥʛʝʣʝʨ ʩ ʩʦʘʚʪ., 

2005, Potrykus, Cashel, 2008). çʉʪʨʦʛʠʡ ʦʪʚʝʪè ï ʟʘʱʠʪʥʳʡ ʤʝʭʘʥʠʟʤ ʙʘʢʪʝʨʠʡ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʠʟʤʝʥʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ. 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʪʨʦʛʠʡ ʦʪʚʝʪ ʧʨʠ ʩʥʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʰʪʘʤʤʦʚ V. cholerae, 

ʪʘʢʞʝ ʢʘʢ ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, SR ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʨʦʩʪʘ ʠ ʧʨʦʷʚʣʝʥʠʠ ʚʠʨʫʣʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ 

ʬʘʢʪʦʨʦʚ (Potrykus, Cashel, 2008; Kim et al., 2018). 

ʀʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʨʠ SR ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʢʦʧʣʝʥʠʝʤ ʚʥʫʪʨʠ 

ʢʣʝʪʦʢ ʥʝʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣ ï (p)ppGpp (ʛʫʘʥʦʟʠʥ-3'-ʜʠʬʦʩʬʘʪ 5'-ʪʨʠʬʦʩʬʘʪ ʠ 

ʛʫʘʥʦʟʠʥ 3 ', 5'-ʙʠʩ) (Das et al., 2009; Pal et al., 2011, 2012). ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ (p)ppGpp ʠʥʜʫʮʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ 



34 
 

ʙʠʦʩʠʥʪʝʟ ʙʝʣʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʞʠʚʘʥʠʝ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (Stephens et al., 1975; Cashel et al., 1996; Choy, 

2000; Jishage et al., 2002). ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʫʪʘʥʪʳ, ʥʝ ʧʨʦʜʫʮʠʨʫʶʱʠʝ 

(p)ppGpp, ʥʝ ʩʧʦʩʦʙʥʳ ʨʘʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʣʶʢʦʟʳ (Oh et al., 2015). 

ɺ ʨʘʙʦʪʝ D. Nystrom ʩ ʩʦʘʚʪ. (1990) ʥʘ ʤʦʜʝʣʠ ʤʦʨʩʢʠʭ ʚʠʙʨʠʦʥʦʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʚʠʙʨʠʦʥʘ ʥʘ ʛʦʣʦʜʘʥʠʝ (ʜʝʬʠʮʠʪ ʛʣʶʢʦʟʳ, 

ʘʤʠʥʦʢʠʩʣʦʪ, ʘʤʤʦʥʠʷ ʠ ʬʦʩʬʘʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ) ʷʚʣʷʝʪʩʷ ʪʨʝʭʩʪʘʜʠʡʥʦʡ. ʅʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ (ʩʪʘʜʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʬʘʟʳ), ʜʣʷʱʝʡʩʷ 40 ʤʠʥʫʪ, ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʢʦʧʣʝʥʠʝ (p)ppGpp ʠ ʩʥʠʞʝʥʠʝ ʩʠʥʪʝʟʘ ʈʅʂ, ʙʝʣʢʦʚ ʠ ʧʝʧʪʠʜʦʛʣʠʢʘʥʘ. ʅʘ 

ʚʪʦʨʦʡ ʩʪʘʜʠʠ (1 ï 3 ʯʘʩʘ ʦʪ ʥʘʯʘʣʘ ʛʦʣʦʜʘʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʜʳʭʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (Matins et al., 1989), ʩʢʦʨʦʩʪʠ ʙʠʦʩʠʥʪʝʟʘ ʈʅʂ, ʙʝʣʢʦʚ 

(Nystrom et al., 1986) ʠ ʧʝʧʪʠʜʦʛʣʠʢʘʥʘ (Nystrom, Kjelleberg, 1989). ʇʨʠ ʵʪʦʤ ʧʫʣ 

ppGpp ʫʤʝʥʴʰʘʝʪʩʷ. ʊʨʝʪʴʷ ʩʪʘʜʠʷ, ʥʘʩʪʫʧʘʶʱʘʷ ʩʧʫʩʪʷ 3 ʯʘʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ (Nystrom et al., 

1986; Matins et al., 1989). 

ʋʨʦʚʝʥʴ (ʨ)ppGpp ʚʥʫʪʨʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʣʝʪʢʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʬʝʨʤʝʥʪʘʤʠ, ʢʦʜʠʨʫʝʤʳʤʠ ʛʝʥʘʤʠ relA, spoT ʠ relV. ʇʨʦʜʫʢʪʳ ʛʝʥʦʚ relA ʠ relV 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʙʠʦʩʠʥʪʝʟʘ ʜʘʥʥʦʡ ʩʠʛʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ, ʘ ʬʝʨʤʝʥʪ SpoT 

ʫʯʘʩʪʚʫʝʪ ʚ ʝʝ ʛʠʜʨʦʣʠʟʝ. ʕʢʩʧʨʝʩʩʠʷ (ʨ)ppGpp ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʧʦʣʫʯʝʥʠʷ ʢʣʝʪʢʘʤʠ ʩʠʛʥʘʣʘ ʦ ʥʝʜʦʩʪʘʪʢʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (Ostiling et al., 

1996; Haralallka et al., 2003; Das et al., 2009; Pal et al., 2011; Kim et al., 2018). 

ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʪʨʦʛʦʛʦ ʦʪʚʝʪʘ ʧʨʠʥʘʜʣʝʞʠʪ ʨʝʛʫʣʷʪʦʨʥʦʤʫ 

ʙʝʣʢʫ DksA (17 kDa), ʢʦʪʦʨʳʡ ʩʦʚʤʝʩʪʥʦ ʩ (ʨ)ppGpp ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʦʡ ʠ ʘʢʪʠʚʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʪʨʦʛʦʤ ʦʪʚʝʪʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʣʦʢ DksA ʨʝʛʫʣʠʨʫʝʪ ʪʘʢʞʝ ʧʨʦʜʫʢʮʠʶ ʍʊ, 

ʧʦʜʚʠʞʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʠʦʧʣʝʥʢʠ (Pal et al., 

2011, 2012). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʧʨʦʜʫʢʮʠʶ ʍʊ ʠ ʨʦʩʪ ʢʣʝʪʦʢ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʨ)ppGpp ʢʦʥʪʨʦʣʠʨʫʝʪ ʪʘʢʞʝ ʠ ʨʝʛʫʣʷʪʦʨʥʳʡ 

ʙʝʣʦʢ FlaC, ʧʨʠʥʠʤʘʶʱʠʡ ʫʯʘʩʪʠʝ ʚ ʙʠʦʩʠʥʪʝʟʝ ʞʛʫʪʠʢʘ (McCarter, 2001; Kim et., 

2018). 
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ʂʨʦʤʝ ʧʦʟʠʪʠʚʥʳʭ ʩʫʱʝʩʪʚʫʶʪ ʠ ʥʝʛʘʪʠʚʥʳʝ ʨʝʛʫʣʷʪʦʨʳ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ 

ʫʨʦʚʝʥʴ (ʨ)ppGpp. ʈʦʣʴ ʨʝʧʨʝʩʩʦʨʘ ʚʳʧʦʣʥʷʝʪ ʙʝʣʦʢ CgtA, ʢʦʪʦʨʳʡ ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʙʘʢʪʝʨʠʡ ʚ ʙʦʛʘʪʫʶ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʨʝʜʫ ʩʦʚʤʝʩʪʥʦ ʩʦ 

SpoT ʧʦʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʜʘʥʥʦʡ ʩʠʛʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ (Raskin et al., 2007). ʅʘ 

ʨʠʩʫʥʢʝ 6 ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʘʢʮʠʷ V. cholerae ʥʘ ʥʝʜʦʩʪʘʪʦʢ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

 

ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʫʯʘʩʪʠʷ ʨʘʟʣʠʯʥʳʭ ʙʝʣʢʦʚ ʚ ʨʝʛʫʣʷʮʠʠ ʩʠʩʪʝʤʳ çʩʪʨʦʛʠʡ 

ʦʪʚʝʪè ʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʷʭ V. cholerae (Pal et al., 2011). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʦʣʦʜʘʥʠʝ ʧʦʚʳʰʘʝʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʙʘʢʪʝʨʠʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ, ʢ ʜʝʡʩʪʚʠʶ ʜʨʫʛʠʭ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ (Shibata et al., 2015). 

ʅʘ ʤʘʢʨʦʫʨʦʚʥʝ ʥʝʜʦʩʪʘʪʦʢ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʠ 

ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʢʠ. ʂʣʝʪʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʢʦʢʢʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʫʤʝʥʴʰʘʶʪʩʷ ʚ 

ʦʙʲʝʤʝ ʜʦ 85% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ (Baker, Park, 1975, Baker et al., 1983). ɺ ʠʪʦʛʝ 

ʙʘʢʪʝʨʠʠ ʤʦʛʫʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʥʝʢʫʣʴʪʠʚʠʨʫʝʤʦʝ ʩʦʩʪʦʷʥʠʝè 

(VBNC ï viable but not cultivation) (Colwell et al., 1985; Islam et al., 1994; Oliver, 

2005). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟʤʝʥʷʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ 1420 ʛʝʥʦʚ, ʚ ʪʦʤ 
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ʯʠʩʣʝ ʧʦʚʳʰʘʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʙʠʦʧʣʝʥʢʠ, 

ʫʪʠʣʠʟʘʮʠʠ ʭʠʪʠʥʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʪʨʝʩʩʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʘʢʪʠʚʥʦʩʪʠ ʨʠʙʦʩʦʤ ʠ ʜʝʣʝʥʠʠ ʢʣʝʪʦʢ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʦʨʬʦʣʦʛʠʶ ʢʣʝʪʦʢ ʩʥʠʞʘʝʪʩʷ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʧʨʝʢʨʘʱʝʥʠʝ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʠ ʥʠʟʢʘʷ ʤʝʪʘʙʦʣʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʚʳʰʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʘʢʪʝʨʠʡ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Xu et 

al., 2018). ʇʨʝʙʳʚʘʷ ʚ ʩʦʩʪʦʷʥʠʠ VBNC, ʙʘʢʪʝʨʠʠ ʥʝ ʩʧʦʩʦʙʥʳ ʨʘʩʪʠ ʥʘ ʦʙʳʯʥʳʭ 

ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ, ʥʦ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʠʨʫʣʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʊʨʠʛʛʝʨʦʤ ʧʝʨʝʭʦʜʘ ʙʘʢʪʝʨʠʡ ʚ ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʝʬʠʮʠʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʠ ʜʨʫʛʠʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʤʦʣʷʨʥʦʩʪʠ 

ʩʨʝʜʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ). ʇʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ 

ʙʘʢʪʝʨʠʠ ʤʦʛʫʪ ʦʙʨʘʪʥʦ ʨʝʚʝʨʩʠʨʦʚʘʪʴ ʚ ʚʝʛʝʪʘʪʠʚʥʫʶ ʬʦʨʤʫ (Epstein, 2009; Pinto 

et al., 2011; Nowakowska, Oliver, 2013). 

ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʭʦʣʝʨʥʦʛʦ 

ʚʠʙʨʠʦʥʘ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʥʘʜʣʝʞʠʪ ʙʠʦʧʣʝʥʢʘʤ ï 

ʩʣʦʞʥʳʤ ʪʨʝʭʤʝʨʥʳʤ ʩʪʨʫʢʪʫʨʘʤ, ʦʙʨʘʟʫʝʤʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ. ʇʨʠ ʵʪʦʤ ʙʠʦʧʣʝʥʢʘ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʢʦʥʛʣʦʤʝʨʘʪʦʤ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʥʘ ʩʫʙʩʪʨʘʪʝ, ʘ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʭʨʘʥʷʶʱʝʡʩʷ ʟʘ ʩʯʝʪ 

ʤʝʞʢʣʝʪʦʯʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʤʦʚ. ʇʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʧʣʝʥʦʢ ʫ V. cholerae ʠ ʠʭ ʫʯʘʩʪʠʝ ʚ ʚʳʞʠʚʘʥʠʠ ʧʘʪʦʛʝʥʘ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥ (ʂʫʣʠʢʘʣʦʚʘ ʩ ʩʦʘʚʪ., 2015; ʉʠʟʦʚʘ ʩ ʩʦʘʚʪ., 2015 ʊʠʪʦʚʘ ʩ ʩʦʘʚʪ., 2015, 

2016; ʇʣʝʭʘʥʦʚ, 2017; Islam, Drasar, 1990; Watnick, Kolter, 1999; Reidl, Klose, 2002; 

Haugo, Watnick, 2002; Colwell et al., 2003; Donlan et al., 2004; Beyhan et al., 2007; 

Yildiz , Visick, 2009; Zettler et al., 2013; Lutz et al., 2013; Teschler et al., 2015; Wong, 

2016), ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʥʘ ʵʪʦʤ ʚʦʧʨʦʩʝ ʤʳ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʝ ʙʫʜʝʤ. 

ʆʪʤʝʪʠʤ ʪʦʣʴʢʦ, ʯʪʦ ʚʘʞʥʳʤ ʨʝʛʫʣʷʪʦʨʥʳʤ ʙʝʣʢʦʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʦʧʣʝʥʦʢ, ʷʚʣʷʝʪʩʷ HapR (Yildiz  et al., 2004). ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʙʝʣʦʢ HapR ʢʦʥʪʨʦʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ (aphA) ʭʦʣʝʨʥʦʛʦ 
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ʚʠʙʨʠʦʥʘ, ʘ ʩ ʜʨʫʛʦʡ ï ʨʝʛʫʣʠʨʫʝʪ ʙʠʦʩʠʥʪʝʟ ʙʝʣʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʘʜʘʧʪʘʮʠʠ 

ʧʘʪʦʛʝʥʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʚʨʝʞʜʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ 

ʪʦʤ ʯʠʩʣʝ ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʘ (vpsR, vpsT), ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʙʠʦʧʣʝʥʢʠ (rbmA), ʧʨʦʜʫʢʮʠʠ ʛʝʤʘʛʛʣʶʪʠʥʠʥ/ʧʨʦʪʝʘʟʳ (hapA), ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʜʚʠʞʥʦʩʪʴ ʢʣʝʪʦʢ (flaACD) (ʈʠʩʫʥʦʢ 7).  

 

 

ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ, ʩʠʥʪʝʟʘ 

ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʧʦʜʚʠʞʥʦʩʪʠ ʙʝʣʢʘʤʠ RpoS ʠ RpoN ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʉʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʢʣʝʪʢʝ ʥʘ ʩʪʘʜʠʠ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʧʨʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʩʪʘʜʠʠ ʧʨʠ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ (Nielsen et al., 2006). 

 

ʇʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʪʨʘʥʩʢʨʠʧʮʠʷ hapR 

ʨʝʧʨʝʩʩʠʨʫʝʪʩʷ. ʇʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʘʷ ʧʨʦʜʫʢʮʠʷ ʬʘʢʪʦʨʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʦʧʣʝʥʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ 
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ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʷ HapR ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʛʝʥʳ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʠ ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʘ ʨʝʧʨʝʩʩʠʨʫʶʪʩʷ, ʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʘʢʪʠʚʥʘʷ ʧʨʦʜʫʢʮʠʷ ʛʝʤʘʛʛʣʶʪʠʥʠʥ/ʧʨʦʪʝʘʟʳ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʜʚʠʞʥʦʩʪʴ 

ʙʘʢʪʝʨʠʡ (Miller  et al., 2002; Kovacikova, Skorupski, 2002; Zhu, Mekalanos, 2003; 

Hammer, Basler, 2003; Yildiz  et al., 2004; Nielsen et al., 2006; Yildiz , Visick, 2009). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʚʩʝʭ hapR-ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʦʚ, ʢʘʢ ʠ ʩʘʤ 

ʛʝʥ hapR, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʙʝʣʢʦʤ RpoS (Nielsen et al., 2006). ʇʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʴ 

ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ RpoS ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ï ʥʘ 

ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʝʣʦʢ RpoS ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ 

HapR, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʫʢʮʠʶ RpoS (Joelsson et al., 

2007). 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʭʦʪʝʣʦʩʴ ʙʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ 

ʪʘʢʦʤ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʦʪʚʝʪʘ ʙʘʢʪʝʨʠʡ ʥʘ ʜʝʡʩʪʚʠʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʦʪʚʝʪʦʤ ʢʣʝʪʢʠ ʥʘ ʩʪʨʝʩʩ ʠ 

ʤʦʞʝʪ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʭ ʙʳʩʪʨʳʡ ʨʦʩʪ (ʃʝʥʛʝʣʝʨ ʩ ʩʦʘʚʪ., 2005). 

ʀʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʨʦʠʩʭʦʜʷʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʢ ʧʨʦʤʦʪʦʨʘʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʥʳ ʦʙʳʯʥʦʡ 

ʩʠʛʤʘ-ʩʫʙʲʝʜʠʥʠʮʳ ů70, ʛʝʥ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʢ çhousekeepingè ʛʝʥʘʤ, ʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ. ʋ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ůïʩʫʙʲʝʜʠʥʠʮ ʈʅʂï ʧʦʣʠʤʝʨʘʟʳ: RpoS (ů38), RpoH (ů32), RpoN (ů54), RpoE (ůE) 

(Hengge-Aronis, 2002; Rangel, 2011; Pal et al., 2012; Fu et al., 2014; Hosseinkhan et 

al., 2015). 

ʋʚʝʣʠʯʝʥʠʝ ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʘ RpoS ʫ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ, ʥʘʯʠʥʘʝʪʩʷ ʚ 

ʥʘʯʘʣʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ ʨʦʩʪʘ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʧʘʪʦʛʝʥʘ ʚ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ (ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʨʅ, ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʦʩʤʦʪʠʯʝʩʢʠʡ ʠ ʦʢʩʠʜʘʪʠʚʥʳʡ ʩʪʨʝʩʩʳ, ʥʝʜʦʩʪʘʪʦʢ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ), ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʦʩʪʘ 

ʢʣʝʪʦʢ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʪʨʝʩʩʦʨʦʚ (Yildiz , Schoolnik 1998; Hengge-Aronis, 2002; 

Battesti et al., 2011; Mika, Hengge, 2014). ɹʝʣʦʢ RpoS, ʩʚʷʟʳʚʘʷʩʴ ʩ ʈʅʂ-
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ʧʦʣʠʤʝʨʘʟʦʡ, ʢʦʥʪʨʦʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʙʦʣʝʝ 25 ʛʝʥʦʚ (Yildiz , Schoolnik, 1998; 

Yildiz  et al., 2004; Silva, Benitez, 2004; Wang et al., 2012). ɺ ʪʦʤ ʯʠʩʣʝ ʨʝʛʫʣʠʨʫʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ dps, katG, sodC, xthA (ʟʘʱʠʪʘ ʦʪ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ), osmB, 

osmE, otsAB, treA (ʟʘʱʠʪʘ ʦʪ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ), ʘ ʪʘʢʞʝ hapR 

(ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʨʝʛʫʣʷʪʦʨ) (Yildiz, Schoolnik, 1998; Gort et al., 1999; Barth et 

al., 2009). ɽʱʝ ʦʜʥʠʤ RpoS-ʨʝʛʫʣʠʨʫʝʤʳʤ ʛʝʥʦʤ ʷʚʣʷʝʪʩʷ alr, ʢʦʜʠʨʫʶʱʠʡ 

ʙʠʦʩʠʥʪʝʟ ʘʣʘʥʠʥ ʨʘʮʝʤʘʟʳ. ɼʘʥʥʳʡ ʬʝʨʤʝʥʪ ʧʨʝʚʨʘʱʘʝʪ L-ʘʣʘʥʠʥ ʚ ʝʛʦ 

ʵʥʘʥʪʠʦʤʝʨ D-ʘʣʘʥʠʥ (Cava et al., 2011; 2017). ɺ ʜʘʥʥʦʡ ʬʦʨʤʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ (Holtje, 1998; Vollmer et el., 2008). ɺ ʯʘʩʪʥʦʩʪʠ 

D-ʘʣʘʥʠʥ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʝʧʪʠʜʦʛʣʠʢʘʥʘ, 

ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʬʦʨʤʳ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʟʘʱʠʱʘʶʱʝʛʦ ʙʘʢʪʝʨʠʠ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (Lam et al., 2009). 

ʊʨʘʥʩʢʨʠʧʮʠʷ RpoS ʠʥʠʮʠʠʨʫʝʪʩʷ ʘʣʘʨʤʦʥʦʤ (p)ppGpp ʠ ʙʝʣʢʦʤ DksA 

(Mika, Hengge, 2014; Wurm et al., 2017; Basu et al., 2017). 

ɹʝʣʦʢ RpoN ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʛʣʦʙʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʇʦʜ ʝʛʦ 

ʢʦʥʪʨʦʣʝʤ ʥʘʭʦʜʠʪʩʷ ʧʦʯʪʠ 20% ʛʝʥʦʚ (584 ʛʝʥʘ) ʚʩʝʛʦ ʛʝʥʦʤʘ ʭʦʣʝʨʥʦʛʦ 

ʚʠʙʨʠʦʥʘ (Klose, Mekalanos, 1998; Prouty et al., 2001; Yildiz et al., 2004). ɼʘʥʥʳʡ 

ʙʝʣʦʢ ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʢʦʣʦʥʠʟʘʮʠʠ, ʧʦʜʚʠʞʥʦʩʪʠ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʤʝʥʝ, ʭʝʤʦʪʘʢʩʠʩʝ, ʦʪʚʝʪʝ ʥʘ ʪʝʧʣʦʚʦʡ ʰʦʢ (Buck et al., 2000). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ RpoN ʠ RpoS ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 7 

(Nielsen et al., 2006). 

ʉʠʛʤʘ ʬʘʢʪʦʨ RpoH (ů
32
) ʨʝʛʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚʳʞʠʚʘʥʠʝ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʝʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʘ ʨʦʣʴ RpoH ʧʨʠ 

ʚʳʞʠʚʘʥʠʠ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʚ ʢʠʰʝʯʥʠʢʝ (Slamti et al., 2007). 

ʉʠʛʤʘ ʩʫʙʲʝʜʠʥʠʮʘ RpoE (ů
E
) ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ 

ʵʢʩʪʨʘʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʩʠʛʤʘ ʬʘʢʪʦʨʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʚʠʨʫʣʝʥʪʥʦʩʪʴ ʠ 

ʨʘʟʣʠʯʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʠʥʪʝʟ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʚʳʚʦʜ 

ʤʝʪʘʣʣʦʚ ʠʟ ʢʣʝʪʢʠ (Missiakas, Raina, 1998). ʋ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ RpoE 

ʨʝʛʫʣʠʨʫʝʪ ʙʠʦʩʠʥʪʝʟ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʦʣʦʥʠʟʘʮʠʠ ʢʠʰʝʯʥʠʢʘ, ʘ ʪʘʢʞʝ 
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ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʘʪʦʛʝʥʘ ʢ ʘʥʪʠʤʠʢʨʦʙʥʳʤ ʧʝʧʪʠʜʘʤ (Kovacikova, 

Scorupski, 2002). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʜʫʢʮʠʠ Rpoɽ ʥʝʦʙʭʦʜʠʤ ʙʝʣʦʢ-ʧʦʨʠʥ 

ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ OmpU (Davis, Waldor, 2009). 

ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʭʦʣʝʨʥʳʡ ʚʠʙʨʠʦʥ ʧʦʤʠʤʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʪʘʢʞʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʤʝʞʚʠʜʦʚʦʡ 

ʢʦʥʢʫʨʝʥʮʠʠ, ʩʪʘʥʦʚʷʩʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʲʝʢʪʦʤ ʭʠʱʥʠʯʝʩʪʚʘ. ʆʩʥʦʚʥʳʤʠ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʙʘʢʪʝʨʠʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʪʨʦʬʥʳʝ ʧʨʦʩʪʝʡʰʠʝ 

(ʘʤʝʙʳ, ʠʥʬʫʟʦʨʠʠ). ʍʦʣʝʨʥʳʡ ʚʠʙʨʠʦʥ ʚʳʨʘʙʦʪʘʣ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ, 

ʟʘʱʠʱʘʶʱʠʭ ʝʛʦ ʦʪ ʫʥʠʯʪʦʞʝʥʠʷ ʧʨʦʩʪʝʡʰʠʤʠ. ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ 

ʧʨʠʥʘʜʣʝʞʠʪ ʙʠʦʧʣʝʥʢʘʤ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ V. cholerae ʣʫʯʰʝ, ʯʝʤ ʚ ʩʚʦʙʦʜʥʦ 

ʞʠʚʫʱʝʤ ʩʦʩʪʦʷʥʠʠ, ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʘʭ (Matz et al., 2005). 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʢ ʧʦʝʜʘʥʠʶ ʧʨʦʩʪʝʡʰʠʤʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʘʢʞʝ ʙʠʦʩʠʥʪʝʟʦʤ ʚʥʝʢʣʝʪʦʯʥʳʭ ʧʨʦʪʝʘʟ ʠ ʙʝʣʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʠʩʪʝʤʫ ʩʝʢʨʝʮʠʠ VI ʪʠʧʘ (Vaitkevicius et al., 2006; Pukatzki et al., 2006; Miyata et 

al., 2011; Noorian et al., 2017). 

ɺ 2010 ʛʦʜʫ C.E. Turick c ʩʦʘʚʪ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʩʦʢʠʤ ʘʥʪʠʧʨʦʪʦʟʦʡʥʳʤ 

ʵʬʬʝʢʪʦʤ ʦʙʣʘʜʘʶʪ ʢʣʝʪʢʠ, ʩʠʥʪʝʟʠʨʫʶʱʠʝ ʢʦʨʠʯʥʝʚʳʡ ʧʠʛʤʝʥʪ ï ʧʠʦʤʝʣʘʥʠʥ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʧʠʦʤʝʣʘʥʠʥ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʪʠʨʦʟʠʥʘ. 

ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʪʠʨʦʟʠʥʘ ʦʙʨʘʟʫʝʪʩʷ ʬʫʤʘʨʘʪ ʠ ʘʮʝʪʦʘʮʝʪʘʪ. ʆʜʥʘʢʦ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʛʦʤʦʛʝʥʪʠʟʘʪ 1,2 

ï ʜʠʦʢʩʠʛʝʥʘʟʳ ʠ ʥʘʢʦʧʣʝʥʠʝ ʛʦʤʦʛʝʥʪʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʦʙʨʘʟʫʝʪ ʧʠʦʤʝʣʘʥʠʥ (ʈʠʩʫʥʦʢ 8). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤʳ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ, ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʤʝʣʘʥʠʥ, 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʚʠʨʫʣʝʥʪʥʳʤʠ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʜʝʡʩʪʚʠʶ 

ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʠ ʣʫʯʰʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ (Wang et al., 2011). 
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ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘ ʜʝʛʨʘʜʘʮʠʠ ʪʠʨʦʟʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʦʤʝʣʘʥʠʥʘ 

(Noorian et al., 2017). 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʰʪʘʤʤʦʚ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ, 

ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʤʝʣʘʥʠʥ, ʧʦʣʫʯʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪʨʘʥʩʧʦʟʦʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʠ ʧʨʠ ʦʩʤʦʪʠʯʝʩʢʦʤ 

ʩʪʨʝʩʩʝ. ʆʜʥʘʢʦ ʦʙʥʘʨʫʞʝʥʳ ʠ ʧʨʠʨʦʜʥʳʝ ʰʪʘʤʤʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʦʜʫʮʠʨʦʚʘʪʴ 

ʧʠʛʤʝʥʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʜʠʥ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʪʦʢʩʠʛʝʥʥʳʡ ʰʪʘʤʤ V. cholerae ʆ1 

ʩʝʨʦʛʨʫʧʧʳ ʠ ʥʝʩʢʦʣʴʢʦ ʥʝʪʦʢʩʠʛʝʥʥʳʭ ʰʪʘʤʤʦʚ ʆ139 ʩʝʨʦʛʨʫʧʧʳ, ʚʳʜʝʣʝʥʥʳʝ 

ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (Coyne, Al -Harthi, 1992; Kotob et al., 1995; Sanchez-Amat et al., 

1998; Wang et al., 2011). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʣʝʪʢʠ V. cholerae, ʘ ʪʘʢʞʝ 

ʩʥʠʞʘʶʪ ʠʭ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, ʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʙʠʦʩʠʥʪʝʟʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʙʝʣʢʦʚ ʧʘʪʦʛʝʥ ʩʪʘʨʘʝʪʩʷ ʥʠʚʝʣʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʩʪʨʝʩʩʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʝ 

ʚʳʞʠʚʘʥʠʝ.  
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

 

2.1 ʐʪʘʤʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 48 ʰʪʘʤʤʦʚ V. cholerae O1 ʩʝʨʦʛʨʫʧʧʳ, ʠʟ ʥʠʭ 

3 ʰʪʘʤʤʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ ʠ 45 ʰʪʘʤʤʦʚ ʙʠʦʚʘʨʘ El Tor, ʠʟ ʢʦʪʦʨʳʭ 12 

ʦʪʥʦʩʠʣʠʩʴ ʢ ʪʠʧʠʯʥʳʤ ʰʪʘʤʤʘʤ El Tor, ʘ 33 ï ʢ ʛʝʥʦʚʘʨʠʘʥʪʘʤ (ʊʘʙʣʠʮʘ 1). 

ʐʪʘʤʤʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ 

çʄʠʢʨʦʙè. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʤʝʨʯʝʩʢʠʡ ʰʪʘʤʤ 

Escherichia coli TOP10 (Invitrogen, ʉʐɸ). 

ʊʘʙʣʠʮʘ 1. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ. 

ˉ 

ʧ/ʧ 

ʐʪʘʤʤ ɻʦʜ 

ɺr ʜʝʣʝʥʠʷ 

ʄʝʩʪʦ ʠ ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ 

1 2 3 4 

V. cholerae ʆ1 ʩʝʨʦʛʨʫʧʧʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 

1. M29 1942 ɸʩʪʨʘʭʘʥʴ, ʯʝʣʦʚʝʢ 

2. 569B 1950 ʀʥʜʠʷ, ʥ/ʠ 

3. Dakka35 1958 ʇʘʢʠʩʪʘʥ, ʯʝʣʦʚʝʢ 

V. cholerae ʆ1 ʩʝʨʦʛʨʫʧʧʳ ʙʠʦʚʘʨʘ El Tor ʪʠʧʠʯʥʳʝ 

4. M713 1970 ʄʦʩʢʚʘ, ʯʝʣʦʚʝʢ 

5. ʄ738 1970 ʇʝʨʤʴ, ʯʝʣʦʚʝʢ 

6. ʄ818 1970 ɹʘʣʘʢʦʚʦ, ʯʝʣʦʚʝʢ 

7. ʄ886, ʄ887, ʄ893, 

ʄ1051, ʄ1062 

1970 ɸʩʪʨʘʭʘʥʴ, ʯʝʣʦʚʝʢ 

8. ʄ2939 1970 ʂʝʨʯʴ, ʯʝʣʦʚʝʢ 

9. ʄ1011 1972 ɹʘʰʢʠʨʠʷ, ʯʝʣʦʚʝʢ 

10. ʄ1069 1972 ɺʦʣʛʦʛʨʘʜ, ʯʝʣʦʚʝʢ 

11. ʄ642 1975 ɸʩʪʨʘʭʘʥʴ, ʯʝʣʦʚʝʢ 

V. cholerae ʆ1 ʩʝʨʦʛʨʫʧʧʳ ʙʠʦʚʘʨʘ El Tor ʛʝʥʦʚʘʨʠʘʥʪʳ 

12. ʄ1264, ʄ1272, 

ʄ1298, ʄ1299 

1993 ʂʨʘʩʥʦʜʘʨ, ʯʝʣʦʚʝʢ 

13. ʄ1270, ʄ1271 1993 ʊʘʪʘʨʩʪʘʥ, ʯʝʣʦʚʝʢ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 4 

14. M1275, ʄ1278, 

ʄ1279, ʄ1297 

1993 ɼʘʛʝʩʪʘʥ, ʯʝʣʦʚʝʢ 

15. ʄ1266 1994 ʇʝʨʤʴ, ʚʥʝʰʥʷʷ ʩʨʝʜʘ 

16. ʄ1269 1994 ʄʘʛʥʠʪʦʛʦʨʩʢ, ʯʝʣʦʚʝʢ 

17. ʄ1286, ʄ1287, 

ʄ1288, M1293, ʄ1295 

1994 ɼʘʛʝʩʪʘʥ, ʯʝʣʦʚʝʢ 

18. ʄ1326 1998 ɼʘʛʝʩʪʘʥ, ʯʝʣʦʚʝʢ 

19. ʈ17644 1997 ɸʯʠʥʩʢ, ʯʝʣʦʚʝʢ 

20. ʈ17645 1997 ʀʨʢʫʪʩʢ, ʯʝʣʦʚʝʢ 

21. ʄ1344, ʄ1345, ʄ1349 2001 ʊʘʪʘʨʩʪʘʥ, ʯʝʣʦʚʝʢ 

22. M1429 2004 ɹʘʰʢʠʨʠʷ, ʯʝʣʦʚʝʢ 

23. ʄ1430 2005 ʊʚʝʨʴ, ʯʝʣʦʚʝʢ 

24. P18899 2006 ʄʫʨʤʘʥʩʢ, ʯʝʣʦʚʝʢ 

25. 147 2010 ʗʣʪʘ, ʚʥʝʰʥʷʷ ʩʨʝʜʘ 

26. ʃ3226, ʃ4150 2010 ʄʦʩʢʚʘ, ʯʝʣʦʚʝʢ 

27. 301 2011 ʊʘʛʘʥʨʦʛ, ʚʥʝʰʥʷʷ ʩʨʝʜʘ 

28. 39 2011 ʄʘʨʠʫʧʦʣʴ, ʚʥʝʰʥʷʷ ʩʨʝʜʘ 

29. ʄ1509 2012 ʄʦʩʢʚʘ, ʯʝʣʦʚʝʢ 

30. 3265/80 2014 ʄʦʩʢʚʘ, ʯʝʣʦʚʝʢ 

31. Escherichia coli TOP10 - ʂʦʤʤʝʨʯʝʩʢʠʡ ʰʪʘʤʤ 

 

2.2. ʇʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʠ ʨʝʘʢʪʠʚʳ 

ɺʳʨʘʱʠʚʘʥʠʝ ʙʘʢʪʝʨʠʡ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʤ ʘʛʘʨʝ ʠ ʙʫʣʴʦʥʝ LB 

(pH 7,6). ʉʧʝʮʠʘʣʴʥʳʝ ʩʨʝʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠ ʨʝʘʢʪʠʚʳ ʩ ʤʘʨʢʠʨʦʚʢʦʡ ʭ.ʯ., ʯ.ʜ.ʘ. ʇʦʤʠʤʦ ʨʝʘʢʪʠʚʦʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʞʝ ʨʝʘʢʪʠʚʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

Promega, Bio-Rad, Fermentas. 
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2.3. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ 

ɺʩʝ ʨʘʙʦʪʳ ʩ ʢʫʣʴʪʫʨʘʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʘʥʠʪʘʨʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʉʇ 1.3.3118-13 "ɹʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʩ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ I ï II ʛʨʫʧʧ ʧʘʪʦʛʝʥʥʦʩʪʠ (ʦʧʘʩʥʦʩʪʠ)", ʉʇ 1.3. 2322-08 

çɹʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ III  ï IV ʛʨʫʧʧ ʧʘʪʦʛʝʥʥʦʩʪʠ 

(ʦʧʘʩʥʦʩʪʠ) ʠ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʧʘʨʘʟʠʪʘʨʥʳʭ ʙʦʣʝʟʥʝʡè, ʉʇ 1.2.036-95 çʇʦʨʷʜʦʢ 

ʫʯʝʪʘ, ʭʨʘʥʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ I-IV ʛʨʫʧʧ 

ʧʘʪʦʛʝʥʥʦʩʪʠè, ʘ ʪʘʢʞʝ ʄʋ 1.3.2569-09 çʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʣʘʙʦʨʘʪʦʨʠʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʝʪʦʜʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʤʘʪʝʨʠʘʣʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ I ï IV ʛʨʫʧʧ ʧʘʪʦʛʝʥʥʦʩʪʠè. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʰʪʘʤʤʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʪʝʨʤʦʩʪʘʪʘʭ, ʘ ʪʘʢʞʝ ʥʘ 

ʰʝʡʢʝʨʝïʠʥʢʫʙʘʪʦʨʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37Áʉ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʢʨʦʙʥʦʡ ʚʟʚʝʩʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʘ ʤʫʪʥʦʩʪʠ ʆʉʆ 42-28-59-86ʇ (5 ʝʜʠʥʠʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1,0ʭ10
9 
ʤ.ʢ./ʤʣ 

ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ), ʣʠʙʦ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Biowave DNA (Biochrom Ltd, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 600 ʥʤ. 

2.4. ʀʟʫʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʰʪʘʤʤʦʚ V. cholerae ʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ 

ʧʨʝʧʘʨʘʪʘʤ ʠ ʧʦʣʫʯʝʥʠʝ ʠʟʦʣʷʪʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʫʣʴʪʫʨ ʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʧʨʝʧʘʨʘʪʘʤ (ɸɹʇ) 

ʦʧʨʝʜʝʣʷʣʠ ʜʠʩʢʦ-ʜʠʬʬʫʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʄʋʂ 4.2.2495-09 

çʆʧʨʝʜʝʣʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʦʧʘʩʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠʥʬʝʢʮʠʡ 

(ʯʫʤʘ, ʩʠʙʠʨʩʢʘʷ ʷʟʚʘ, ʭʦʣʝʨʘ, ʪʫʣʷʨʝʤʠʷ, ʙʨʫʮʝʣʣʝʟ, ʩʘʧ, ʤʝʣʠʦʠʜʦʟ) ʢ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʧʨʝʧʘʨʘʪʘʤè. ʀʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʧʘʨʘʪʳ ʬʠʨʤʳ HiMedia 

Laboratories Pvt. Limited (ʀʥʜʠʷ) ʠ ʅʀʎʌ (ʈʦʩʩʠʷ). ɼʠʩʢʠ ʩ ɸɹʇ ʠʤʝʣʠ 

ʩʣʝʜʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ï ʭʣʦʨʘʤʬʝʥʠʢʦʣ (Cm) ï 30 ʤʢʛ, ʪʝʪʨʘʮʠʢʣʠʥ (Tc) ï 30 

ʤʢʛ, ʪʨʠʤʝʪʦʧʨʠʤ (Tp) ï 25 ʤʢʛ, ʮʠʧʨʦʬʣʦʢʩʘʮʠʥ (ʉip) ï 30 ʤʢʛ. 

ɼʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʰʪʘʤʤʦʚ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʝ ʧʫʪʝʤ ʧʘʩʩʘʞʘ ʥʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʰʪʘʤʤʳ, ʥʝʩʫʱʠʝ ʩʧʦʥʪʘʥʥʳʝ ʤʫʪʘʮʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ 
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ʘʥʪʠʙʠʦʪʠʢʘʤ, ʯʪʦ ʩʣʫʞʠʣʦ ʤʘʨʢʝʨʦʤ ʧʨʠ ʧʦʜʩʯʝʪʝ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ. ɼʣʷ 

ʩʝʣʝʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʦʪʥʳʝ ʘʛʘʨʦʚʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʥʪʠʙʠʦʪʠʢʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 2, 5, 10, 20, 50, 100, 200 ʤʢʛ/ʤʣ. ʉʝʣʝʢʮʠʷ 

ʥʘʯʠʥʘʣʘʩʴ ʩ ʚʳʩʝʚʘ ʥʘ ʘʛʘʨ ʩ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʝʧʘʨʘʪʘ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʙʦʨʦʤ ʫʩʪʦʡʯʠʚʳʭ ʢʦʣʦʥʠʡ ʠ ʧʦʩʝʚʦʤ ʠʭ ʥʘ ʘʛʘʨ ʩ ʫʚʝʣʠʯʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʰʪʘʤʤʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʢʘʥʘʤʠʮʠʥʫ, 

ʩʧʝʢʪʠʥʦʤʠʮʠʥʫ, ʩʪʨʝʧʪʦʤʠʮʠʥʫ ʠ ʨʠʬʘʤʧʠʮʠʥʫ. 

2.5. ʇʦʩʪʘʥʦʚʢʘ ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʳ 

ʂʦʥʢʫʨʝʥʪʥʫʶ ʧʨʦʙʫ ʩʪʘʚʠʣʠ ʧʦ ʤʝʪʦʜʫ R. Freter ʩ ʩʦʘʚʪ. (1981) ʧʫʪʝʤ 

ʠʥʦʢʫʣʷʮʠʠ ʩʤʝʩʠ ʢʣʝʪʦʢ ʩʨʘʚʥʠʚʘʝʤʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʰʪʘʤʤʦʚ ʚ 

ʩʪʝʨʠʣʠʟʦʚʘʥʥʫʶ ʨʝʯʥʫʶ ʚʦʜʫ. ʇʘʨʳ ʰʪʘʤʤʦʚ ʪʠʧʠʯʥʳʡ/ʛʝʥʦʚʘʨʠʘʥʪ 

ʧʦʜʙʠʨʘʣʠʩʴ ʩ ʫʯʝʪʦʤ ʨʘʟʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ. ɼʣʷ ʢʦʥʪʨʦʣʷ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʘʞʜʳʡ ʰʪʘʤʤ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʥʦʡ ʨʝʯʥʦʡ ʚʦʜʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʦʯʥʫʶ ʢʫʣʴʪʫʨʫ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ, 

ʚʳʨʘʱʝʥʥʫʶ ʧʨʠ 37Áʉ ʥʘ LB ʘʛʘʨʝ. ʅʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Biowave DNA 

(Biochrom Ltd, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 600 ʥʤ ʦʧʨʝʜʝʣʷʣʠ ʦʧʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʚʳʨʦʩʰʝʡ ʢʫʣʴʪʫʨʳ, ʜʦʚʦʜʠʣʠ ʜʦ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(1ʭ10
7 
ʂʆɽ/ʤʣ) ʠ ʟʘʩʝʚʘʣʠ ʚ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʥʫʶ ʨʝʯʥʫʶ ʚʦʜʫ (ʢʦʣʠʯʝʩʪʚʦ 

ʙʘʢʪʝʨʠʡ ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ ʩʦʩʪʘʚʣʷʣʦ 5ʭ10
6 
ʂʆɽ/ʤʣ). ʇʦʩʝʚʳ (ʢʘʢ ʢʦʥʢʫʨʝʥʪʥʘʷ 

ʧʨʦʙʘ, ʪʘʢ ʠ ʤʦʥʦʢʫʣʴʪʫʨʘ) ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (22-25Áʉ). 

ʇʝʨʠʦʜʠʯʝʩʢʠ ʜʝʣʘʣʠ ʚʳʩʝʚʳ ʥʘ ʯʘʰʢʠ ʩ LB ʘʛʘʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʘʥʪʠʙʠʦʪʠʢ, ʠ 

ʧʦʜʩʯʠʪʳʚʘʣʠ ʯʠʩʣʦ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ. 

2.6. ʆʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʦʠʥʘ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩ-ʇʨʦʩʢʘʫʵʨʘ ʠ ʘʥʘʣʠʟ 

ʩʧʦʩʦʙʥʦʩʪʠ ʰʪʘʤʤʦʚ V. cholerae ʢ ʨʦʩʪʫ ʥʘ ʩʨʝʜʘʭ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʛʣʶʢʦʟʳ 

ʉʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ ʢ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ 

ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ. ʀʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʛʣʶʢʦʟʦï

ʬʦʩʬʘʪʥʦʤ ʙʫʣʴʦʥʝ ʂʣʘʨʢʘ (0,5% ʧʝʧʪʦʥʘ, 0,5% ʛʣʶʢʦʟʳ, 0,5% K2HPO4) ʚ 
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ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ɿʘʪʝʤ ʢ 1 ʤʣ ʚʳʨʦʩʰʝʡ ʢʫʣʴʪʫʨ rʜʦʙʘʚʣʷʣʠ 0,6 ʤʣ 5% ʨʘʩʪʚʦʨʘ 

Ŭïʥʘʬʪʦʣʘ ʠ 0,4 ʤʣ 40% ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʦʢʩʠʜʘ ʢʘʣʠʷ. ʋʯʝʪ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʚʦʜʠʣʠ 

ʯʝʨʝʟ 1 ʯʘʩ ʠʥʢʫʙʘʮʠʠ ʧʨʦʙʠʨʦʢ ʧʨʠ 37 
ʦ
ʉ (ʄʋʂ 4.2.2218-07). ɺ ʰʪʘʤʤʘʭ, 

ʬʝʨʤʝʥʪʠʨʫʶʱʠʭ ʛʣʶʢʦʟʫ ʜʦ ʘʮʝʪʦʠʥʘ, ʩʨʝʜʘ ʦʢʨʘʰʠʚʘʣʘʩʴ ʚ ʷʨʢʦ ʤʘʣʠʥʦʚʳʡ 

ʮʚʝʪ (ʪʝʤʥʦ-ʨʦʟʦʚʳʡ, ʩʚʝʪʣʦ-ʨʦʟʦʚʳʡ). ʐʪʘʤʤʳ, ʥʝ ʦʙʨʘʟʫʶʱʠʝ ʘʮʝʪʦʠʥ, ʜʘʚʘʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ï ʮʚʝʪ ʩʨʝʜʳ ʥʝ ʠʟʤʝʥʷʣʩʷ ʠ ʦʩʪʘʚʘʣʩʷ ʩʚʝʪʣʦ-ʞʝʣʪʳʤ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ V. cholerae ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʛʣʶʢʦʟʫ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʙʘʢʪʝʨʠʡ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ (Bhaskaran, Rouley, 1956) ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʜʘʥʥʦʛʦ ʫʛʣʝʚʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0,4; 0,5; 1,0; 3,0 %) ʚ 

ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ʈʦʩʪ ʰʪʘʤʤʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ï ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʰʪʘʤʤʘ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʛʣʶʢʦʟʫ ʚ 

ʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ ï ʦʙ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ. 

2.7. ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʰʪʘʤʤʦʚ 

ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʰʪʘʤʤʦʚ ʦʧʨʝʜʝʣʷʣʠ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠ ʧʦ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʚʦʚ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Biowave DNA (Biochrom 

Ltd, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 600 ʥʤ. ɻʦʪʦʚʠʣʠ ʩʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ 

ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ ʠ ʜʦʚʦʜʠʣʠ ʜʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʚʥʦʡ 1,0 ʧʨʠ ʆʇ 600. 

ɿʘʪʝʤ 0,5 ʤʣ ʩʫʩʧʝʥʟʠʠ ʟʘʩʝʚʘʣʠ ʚ 4,5 ʤʣ ʙʫʣʴʦʥʘ LB (ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 0,1 ʆʇ 600) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37Áʉ. ʏʝʨʝʟ 4 ʯʘʩʘ ʠʟʤʝʨʷʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʚʳʨʦʩʰʝʡ ʢʫʣʴʪʫʨʳ, ʧʘʨʘʣʣʝʣʴʥʦ ʜʝʣʘʣʠ ʚʳʩʝʚʳ ʥʘ 

ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʠ ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ. 

2.8. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ 

ʉʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʭʦʣʝʨʥʳʡ ʪʦʢʩʠʥ ʠʟʫʯʘʣʠ 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʤ ʤʝʪʦʜʦʤ GM1 ELISA (Svennerholm et al., 1983; Iwanaga et al., 

1986) ʚ 96-ʣʫʥʦʯʥʳʭ ʧʦʣʠʩʪʠʨʦʣʦʚʳʭ ʧʣʘʥʰʝʪʘʭ. ʀʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ 

ʚʳʨʘʱʠʚʘʣʠ ʚ ʫʩʣʦʚʠʷʭ, ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʧʨʦʜʫʢʮʠʠ ʪʦʢʩʠʥʘ El Tor ʚʠʙʨʠʦʥʘʤʠ 

ï AKI  ʙʫʣʴʦʥ (ʨʅ 7,8), 37
ʦ 
ʉ (Iwanaga et al., 1986). ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʲʶʛʘʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʯʝʥʥʳʝ ʧʝʨʦʢʩʠʜʘʟʦʡ Ig (H + L) ʢʨʦʣʠʯʴʠ ʘʥʪʠʪʝʣʘ (Sigma, 
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ʉʐɸ). ɼʣʷ ʧʨʦʷʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠʤʝʥʷʣʠ 0,1% ABTS (Sigma, ʉʐɸ) ʚ 

ʮʠʪʨʘʪʥʦʤ ʙʫʬʝʨʝ (pH 4,0) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,03% ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. ʋʯʝʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʩʧʫʩʪʷ 15 ʤʠʥʫʪ ʩ ʤʦʤʝʥʪʘ ʚʥʝʩʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʥʘ ʬʦʪʦʤʝʪʨʝ StatFax 2100 (ʉʐɸ) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 405 ʥʤ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʩʣʫʞʠʣ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʦʯʠʱʝʥʥʦʛʦ ʍʊ (Sigma) ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʥʛ/ʤʣ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʧʨʦʜʫʮʠʨʫʝʤʦʛʦ ʍʊ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ 

ʧʦʤʦʱʠ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ. 

2.9. ɺʳʜʝʣʝʥʠʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ɺʳʜʝʣʝʥʠʝ ɼʅʂ ʠ ʈʅʂ ʠʟ ʰʪʘʤʤʦʚ V. cholerae ʜʣʷ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʠ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʇʎʈ ʧʨʦʚʦʜʠʣʠ 

ʩʦʛʣʘʩʥʦ ʄʋ 1.3.2569 ï 09 çʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʣʘʙʦʨʘʪʦʨʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʤʝʪʦʜʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʘʪʝʨʠʘʣʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ I ï IV ʛʨʫʧʧ ʧʘʪʦʛʝʥʥʦʩʪʠè. ʇʨʠʤʝʥʷʣʠ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʥʘʙʦʨ r AxyPrep Bacterial Genomic DNA Miniprep Kit  (Axygen 

Biosciences, ʉʐɸ) ʠ Promega Total RNA Isolation System (Promega, ʉʐɸ), ʨʘʙʦʪʫ 

ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɺʳʜʝʣʝʥʠʝ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʠʟ ʰʪʘʤʤʦʚ Escherichia coli TOP10 ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦ ï ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʥʘʙʦʨʘ Invitrogen Pure Link Quick Plasmid DNA Miniprep 

Kit  (Invitrogen, ʉʐɸ). 

ʆʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʳʜʝʣʝʥʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʠʨʫʶʱʝʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʥʘ ʧʨʠʙʦʨʝ Biowave 

DNA (Biochrome Ltd, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʠʟʤʝʨʷ ̫ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʪʨʝʭ ʜʣʠʥʘʭ ʚʦʣʥ ï 230 ʥʤ, 260 ʥʤ, 280 ʥʤ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ 

ʠʟʤʝʨʷʣʠ 3-ʭ ʢʨʘʪʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ 260 ʥʤ. ʂʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʧʨʦʚʦʜʠʣʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʩʦʦʪʥʦʰʝʥʠʷ 

A260/A280 (ʦʮʝʥʢʘ ʯʠʩʪʦʪʳ ʦʪ ʙʝʣʢʦʚʳʭ ʧʨʠʤʝʩʝʡ) ʠ A260/A230 (ʦʮʝʥʢʘ ʯʠʩʪʦʪʳ 

ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ï ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʦʚ). ʂʘʯʝʩʪʚʝʥʥʦʡ 
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ʩʯʠʪʘʣʘʩʴ ɼʅʂ ʧʨʠ ʟʥʘʯʝʥʠʷʭ A260/A280 Ó 1,8; A260/A230 > 2,0. ʈʅʂ ï ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ A260/A280 Ó 2,0; A260/A230 > 2,0. 

2.10. ʇʎʈ-ʘʥʘʣʠʟ 

ʈʘʩʯʝʪ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʦʥʣʘʡʥ ʩʝʨʚʠʩʦʚ 

PrimerQuest ʠ GenScript ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʜʠʟʘʡʥʫ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ. ʇʨʘʡʤʝʨʳ ʠ ʟʦʥʜʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʚ 

ʢʦʤʧʘʥʠʠ çʉʠʥʪʦʣè (ʈʦʩʩʠʷ). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʨʘʡʤʝʨʦʚ ʠ 

ʟʦʥʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʛʣʘʚʝ 3. 

ʇʦʣʠʤʝʨʘʟʥʫʶ ʮʝʧʥʫʶ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʤʠʢʨʦʧʨʦʙʠʨʢʘʭ ʦʙʲʝʤʦʤ 200 

ʤʢʣ ʥʘ ʘʤʧʣʠʬʠʢʘʪʦʨʝ RotorGene Q (Qiagen, ɻʝʨʤʘʥʠʷ). ʂʦʥʝʯʥʳʡ ʦʙʲʝʤ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʣ 25 ʤʢʣ ʠ ʚʢʣʶʯʘʣ ʧʦ 8 ʧʤʦʣʴ ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 4 

ʧʤʦʣʴ ʟʦʥʜʘ, 1,5 ʝʜ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ ɼʅʂ ï ʧʦʣʠʤʝʨʘʟʳ, 2,5 ʤʢʣ 10-ʢʨʘʪʥʦʛʦ 

ʇʎʈ ï ʙʫʬʝʨʘ (pH 8,4), 25 ʤʄ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ, ʨʘʩʪʚʦʨ 

ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪʦʚ ʧʦ 2 ʤʄ ʢʘʞʜʦʛʦ, 2,5 ʤʢʣ ʠʩʩʣʝʜʫʝʤʦʡ ɼʅʂ (100 

ʥʛ/ʤʢʣ), ʘ ʪʘʢʞʝ ʜʝʠʦʥʠʟʦʚʘʥʥʫʶ ʚʦʜʫ ʜʦ ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʤʘ 25 ʤʢʣ. 

ʈʝʘʢʮʠʶ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ 

çʈʝʚʝʨʪʘè (ɸʤʧʣʠʉʝʥʩ, ʈʦʩʩʠʷ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

2.11. ʇʦʣʥʦʛʝʥʦʤʥʦʝ ʠ ʬʨʘʛʤʝʥʪʘʨʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ, ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ 

ʇʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ʰʪʘʤʤʦʚ V. cholerae 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʠʦʥʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ Ion 

Torrent ʥʘ ʧʨʠʙʦʨʝ çIon PGMè (Thermo Fisher Scientific, ʉʐɸ) ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ Ion Torrent Suite Software ʚʝʨʩʠʠ 3.4.2 ʠ ʚʳʰʝ (Thermo Fisher 

Scientific, ʉʐɸ). ʉʙʦʨʢʫ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Newbler gs Assembler V. 2.6 (454 Life Sciences, ʉʐɸ). 

ʌʨʘʛʤʝʥʪʘʨʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʛʝʥʘ alsD ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ ABI 

PrismÈ 3500 XL (Applied Biosystems, ʉʐɸ). 
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ɼʣʷ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ Lasergene DNASTAR V. 11.0. (DNASTAR, ʉʐɸ), 

Mega V. 6.0.(Megasoftware, ʉʐɸ), BioEdit V. 7.0.9.0. (BioEdit, ʉʐɸ). 

2.12. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ Ŭ-ʘʮʝʪʦʣʘʢʪʘʪ 

ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʝʨʚʝʨʘ SWISS ï 

MODEL (https://swissmodel.expasy.org) (Guex et al., 2009; Benkert et al., 2011; 

Bienert et al 2017; Bertoni et al., 2017; Waterhouse et al., 2018). ʇʝʨʚʠʯʥʫʶ 

ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ BioEdit 

Sequence Alignment Editor V. 7.0.9.0. ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʡ ʤʘʪʨʠʮʝ, ʧʦʣʫʯʝʥʥʦʡ 

ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ɸʤʠʥʦʢʠʩʣʦʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʙʝʣʢʘ AlsD ʰʪʘʤʤʦʚ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚʳʨʘʚʥʠʚʘʣʠ ʧʦ ʮʝʣʝʚʦʤʫ ʰʘʙʣʦʥʫ ʙʝʣʢʘ Ŭ- 

ʘʮʝʪʦʣʘʢʪʘʪ ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ ʪʠʧʠʯʥʦʛʦ ʰʪʘʤʤʘ V. cholerae N16961 ʙʠʦʚʘʨʘ El Tor 

ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ProMod 3 V. 1.1.0. ʌʠʥʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʦʜʝʣʠ ʨʝʛʫʣʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʦʚʦʛʦ ʧʦʣʷ. ʆʮʝʥʢʫ 

ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ QMEAN (Qualitative Model 

Energy Analysis) (Benkert et al., 2011). ɹr ʣʦ ʧʦʢʘʟʘʥʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ (Z 

ï score QMEAN ʜʝʬʝʢʪʥʦʛʦ ʙʝʣʢʘ AlsD ʩʦʩʪʘʚʠʣ ï 1,13, ʤʦʜʝʣʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʥʠʞʝ ʤʠʥʫʩ 4,0 ʩʯʠʪʘʶʪʩʷ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ). 

2.13. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤ Microsoft Excel (ʩʪʘʥʜʘʨʪʥʳʡ ʧʘʢʝʪ 

ʧʨʦʛʨʘʤʤ Microsoft Office 2010, ʉʐɸ) ʠ Statistica 6.0 (Statsoft, ʈʦʩʩʠʷ), ʧʫʪʝʤ 

ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ, ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʠ ʩʨʝʜʥʝʛʦ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʠ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʩʨʝʜʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ, ʨʘʟʣʠʯʠʷ 

ʩʯʠʪʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʟʥʘʯʠʤʳʤʠ ʧʨʠ p < 0,05. 
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ɻʃɸɺɸ 3. ʉʆɿɼɸʅʀɽ ʅɸɹʆʈɸ ʆʃʀɻʆʅʋʂʃɽʆʊʀɼʅʓʍ ʇʈɸʁʄɽʈʆɺ, 

ɿʆʅɼʆɺ ʀ ʂʆʅʉʊʈʋʀʈʆɺɸʅʀɽ ʐʊɸʄʄʆɺ E. COLI TOP10, 

ʅɽʉʋʑʀʍ ʇʃɸɿʄʀɼʋ pCR 2.1 ʉ ʂʃʆʅʀʈʆɺɸʅʅʓʄʀ ʋʏɸʉʊʂɸʄʀ 

ɻɽʅʆɺ, ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ʋʈʆɺʅʗ ʆʊʅʆʉʀʊɽʃʔʅʆʁ 

ʕʂʉʇʈɽʉʉʀʀ ʉʊʈʋʂʊʋʈʅʓʍ ʀ ʈɽɻʋʃʗʊʆʈʅʓʍ ɻɽʅʆɺ 

V. CHOLERAE ʄɽʊʆɼʆʄ ʆʊ-ʇʎʈ ɺ ʈɽɾʀʄɽ ʈɽɸʃʔʅʆɻʆ ɺʈɽʄɽʅʀ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʧʘʪʦʛʝʥʥʳʭ 

ʙʘʢʪʝʨʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ, ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʣʠʯʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʘʢʪʦʨʳ ʚʠʨʫʣʝʥʪʥʦʩʪʠ, ʬʝʨʤʝʥʪʳ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʤʝʪʘʙʦʣʠʟʤʘ, ʙʝʣʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʥʦ ʠ ʘʥʘʣʠʟ ʠʭ ʵʢʩʧʨʝʩʩʠʠ. ʈʘʟʨʘʙʦʪʘʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʘʥʩʢʨʠʧʪʦʚ ï 

ʤʠʰʝʥʝʡ. ʇʨʠ ʵʪʦ ʚʳʜʝʣʷʶʪ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʝ (ʛʠʙʨʠʜʠʟʘʮʠʷ in situ, Northern ï 

ʙʣʦʪ, ʤʠʢʨʦʯʠʧʳ ʠ ʜʨ.), ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʳʝ (NASBA, ʣʠʛʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ), ʘ 

ʪʘʢʞʝ ʤʝʪʦʜ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʈʅʂ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʢɼʅʂ, 

ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʤʘʪʨʠʮʝ ʈʅʂ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʨʛʘʥʠʟʤʘ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʚʝʜʝʥʠʝʤ ʆʊïʇʎʈ (ʠʣʠ ʇʎʈ ʩ ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʝʡ). ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʝʛʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

(ʥʘ 3-4 ʧʦʨʷʜʢʘ ʚʳʰʝ, ʯʝʤ Northernï ʙʣʦʪ ʛʠʙʨʠʜʠʟʘʮʠʷ), ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ (Wang et al., 1999; Muller et al., 2002; 

Malinen et al., 2003; Palmer et al., 2003). ɼʘʥʥʳʡ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʜʚʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʘ ï ʨʝʘʢʮʠʶ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʩʦʙʩʪʚʝʥʥʦ ʇʎʈ ʩ 

ʜʝʪʝʢʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (Marashi et al., 2012). 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʤʦʣʝʢʫʣ ʢɼʅʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʇʎʈ - 

ʩʪʘʥʜʘʨʪʦʚ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (Huggett et al., 2005). ʌʣʶʦʨʝʩʮʝʥʮʠʷ 

ʚ ʧʨʦʙʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ. ʎʠʢʣ, ʥʘ ʢʦʪʦʨʦʤ ʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʩʝʢʣʦ ʬʦʥʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Ct (ʦʪ ʘʥʛʣ. threshold cycle, ʪ.ʝ. 

ʮʠʢʣ ʘʤʧʣʠʬʠʢʘʮʠʠ ʥʘ ʢʦʪʦʨʦʤ ʫʨʦʚʝʥʴ ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʧʨʝʚʳʩʠʣ ʬʦʥʦʚʳʡ) 
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(Sharkey et al., 2004; Smith et al., 2009). ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʤʝʪʦʜʦʤ 2
-ȹȹCt
, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʨʝʟʫʣʴʪʘʪʳ ʥʦʨʤʘʣʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʝʥʘ çʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘè, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʛʦ ʚ ʢʣʝʪʢʘʭ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 

(Thellin et al., 1999; Livak, Shmittgen, 2001; Shefe et al., 2006). 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʛʦ ʚ 

ʮʝʣʷʭ ʠʟʫʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʫ ʚʟʷʪʳʭ ʚ ʨʘʙʦʪʫ 

ʰʪʘʤʤʦʚ. ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥ ʩʦʟʜʘʥʠʶ ʥʘʙʦʨʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʮʝʥʠʪʴ ʵʢʩʧʨʝʩʩʠʶ ʩʣʝʜʫʶʱʠʭ ʛʝʥʦʚ: alsR, 

aphA, hapR, rpoS. ʊʘʢʞʝ, ʥʘʤʠ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʰʪʘʤʤʳ E. coli TOP 10, 

ʥʝʩʫʱʠʝ ʧʣʘʟʤʠʜʫ ʩ ʢʣʦʥʠʨʦʚʘʥʥʳʤ ʫʯʘʩʪʢʦʤ ʮʝʣʝʚʦʛʦ ʛʝʥʘ, ʩʣʫʞʘʱʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʠʟʚʝʩʪʥʦʡ ʤʘʩʩʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʇʎʈ-ʩʪʘʥʜʘʨʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʆʊ-ʇʎʈ (ʇʎʈ ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ) ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʚ 

ʢʦʪʦʨʦʡ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢɼʅʂ, ʧʦʣʫʯʝʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʟ ʤʦʣʝʢʫʣ ʈʅʂ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʝʥʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʇʎʈ-ʩʪʘʥʜʘʨʪʦʚ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʆʢʦʥʯʘʪʝʣʴʥʫʶ 

ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ 2
-ȹȹCt
, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ çʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘè. ɺ ʢʘʯʝʩʪʚʝ ʛʝʥʘ çʜʦʤʘʰʥʝʛʦ 

ʭʦʟʷʡʩʪʚʘè ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥ recɸ. ʆʮʝʥʢʫ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ʧʨʦʚʦʜʠʣʠ ʤʠʥʠʤʫʤ ʚ ʪʨʝʭ ʧʦʚʪʦʨʝʥʠʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʜʦʩʪʦʚʝʨʥʳʭ ʟʥʘʯʝʥʠʡ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Rotorgene 

Software (ɻʝʨʤʘʥʠʷ), ʚ ʢʦʪʦʨʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʯʠʩʣʘʤʠ. ʊʘʢ 

ʮʠʬʨʘ 1 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʨʘʚʥʘ 100% (ʪ.ʝ. ʟʘ ʦʜʠʥ ʮʠʢʣ 

ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʚʦʡ ɼʅʂ ʫʚʝʣʠʯʠʣʦʩʴ ʨʦʚʥʦ ʚ ʜʚʘ ʨʘʟʘ). ʆʮʝʥʢʘ ʜʘʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʘʢʮʠʠ, ʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʦʤ 2
-ȹȹCt
, ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, 
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ʯʪʦʙʳ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʛʝʥʘ ʤʠʰʝʥʠ ʠ ʛʝʥʘ ʜʦʤʘʰʥʝʛʦ 

ʭʦʟʷʡʩʪʚʘ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠʤʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʥʘʤʠ ʙʳʣʠ ʩʦʟʜʘʥ ʥʘʙʦʨ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʝ ʛʝʥʳ: alsR, aphA, hapR, ʠ rpoS; ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʙʠʦʩʠʥʪʝʟ ʙʝʣʢʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor, ʘ 

ʪʘʢʞʝ ʥʘ ʚʳʙʨʘʥʥʳʡ ʛʝʥ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ recA. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʤʝʪʦʜʘʤʠ 

ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘ ʤʘʩʩʠʚʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʙʠʦʚʘʨʘ El Tor, ʜʝʧʦʥʠʨʦʚʘʥʥʳʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ GenBank, ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʫʯʘʩʪʢʠ 

ʛʝʥʦʚ ʥʝʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ. ʇʦʩʣʝʜʫʶʱʘʷ ʨʘʙʦʪʘ ʧʦ ʜʠʟʘʡʥʫ ʧʨʘʡʤʝʨʦʚ ʠ 

ʟʦʥʜʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʠʥʪʝʨʥʝʪ ʩʝʨʚʠʩʦʚ PrimerQuest ʠ GenScript, ʩ 

ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʜʠʟʘʡʥʫ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʚ ʩʠʩʪʝʤʝ 

TaqManÈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʝ ʧʨʘʡʤʝʨ rʠ ʟʦʥʜr, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ V. cholerae ʤʝʪʦʜʦʤ ʆʊïʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ ï 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʊʘʙʣʠʮʘ 2). 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʧʨʦʚʝʨʷʣʘʩʴ ʧʫʪʝʤ ʧʦʩʪʘʥʦʚʢʠ ʇʎʈ ʩ 

ʜʝʪʝʢʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʪʦʪʘʣʴʥʦʡ ɼʅʂ, 

ʚʳʜʝʣʝʥʥʦʡ ʠʟ 48 ʰʪʘʤʤʦʚ V. cholerae, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ. 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʥʘʙʦʨʘ ʩʦʩʪʘʚʠʣʘ 99%, ʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï 1ʭ10
3 
ʢʦʧʠʡ/ʤʢʣ. 

ʇʘʨʘʣʣʝʣʴʥʦ, ʧʫʪʝʤ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʚʪʦʨʦʚ, ʧʨʦʚʦʜʠʣʘʩʴ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ ʫʩʣʦʚʠʡ ʧʦʩʪʘʥʦʚʢʠ ʇʎʈ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʘʤʧʣʠʬʠʢʘʮʠʠ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʦʜʠʥ ʮʠʢʣ 

ʜʝʥʘʪʫʨʘʮʠʠ ʧʨʠ 95Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, ʠ 40 ʮʠʢʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʜʝʥʘʪʫʨʘʮʠʶ 

ʧʨʠ 95Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʩʝʢʫʥʜ, ʠ ʦʪʞʠʛ/ʵʣʦʥʛʘʮʠʶ ʮʝʧʠ ʧʨʠ 60Áʉ ʚ ʪʝʯʝʥʠʝ 60 

ʩʝʢʫʥʜ, ʩ ʜʝʪʝʢʮʠʝʡ ʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʢʘʥʘʣʝ Green ʚʦ ʚʨʝʤʷ ʩʪʘʜʠʠ 

ʦʪʞʠʛʘ/ʵʣʦʥʛʘʮʠʠ. 
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ʊʘʙʣʠʮʘ 2. ʇʨʘʡʤʝʨʳ ʠ ʟʦʥʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ. 

ʇʨʘʡʤʝʨ/ʟʦʥʜ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 5ô ï 3ô ʈʘʟʤʝʨ 

ʘʤʧʣʠʢʦʥʘ, ʧ.ʥ. 

recA F ACGGGTAACCTCAAGCAATC 138 

recA R TATCCAAACGAACAGAAGCG 

recA P (FAM)CCACTGGCGGTAACGCACTGA(BHQ1) 

alsR F AACCCAGCTTGCGCCATAGT 130 

alsR R TCGCGCGATCGTATGCTG 

alsR P (FAM)CGCCACAGTTAAGAACGGCA(BHQ1) 

aphA F GATGCAACCGGGTACGATATAA 207 

aphA R TCTGGTTTGCCTTCCTGTG 

aphA P (FAM)ACGATATACCTGCTGATGGCTGGC(BHQ1) 

hapR F GTGGCGAATTGTGTGAGAAAC 186 

hapR R GGTAGCTATCGGCCAACTTATAC 

hapR P (FAM)AGTAGAAGATGCCGTGGAACAGGC(BHQ1) 

rpoS F GAACCAAACACGCACCATTC 103 

rpoS R TCATCGACAGGTCGGTCTAA 

rpoS P (FAM)GCCTTGACCACGAACCTACACCAG(BHQ1) 

ctxA F TGCCAAGAGGACAGAGTGAG 163 

ctxA R ATCCATCATCGTGCCTAACA 

ctxA P (FAM)TCCCGTCTGAGTTCCTCTTGCATG-(BHQ1) 

toxR F*  CGGAACCGTTTTGACGTATT 139 

toxR R CTCGCAATGATTTGCATGAC 

toxR P (FAM)TTAACCCAAGCCATTTCGAC(BHQ1) 

ʇʨʠʤʝʯʘʥʠʝ: * - ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ toxR ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ E.M. Fykse et al. (2007). 

 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʎʈ-ʩʪʘʥʜʘʨʪʦʚ ʠʟʚʝʩʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʘʤʠ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʰʪʘʤʤʳ E. coli TOP 10, ʥʝʩʫʱʠʝ 

ʢʦʤʤʝʨʯʝʩʢʫʶ ʧʣʘʟʤʠʜʫ pCR 2.1 (Ap
R
) ʩ ʢʣʦʥʠʨʦʚʘʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʛʝʥʦʚ 

alsR, aphA, hapR, rpoS, ʘ ʪʘʢʞʝ recA, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʇʎʈ-ʩʪʘʥʜʘʨʪʦʚ ʚ ʆʊ-ʇʎʈ. 
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ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʤʝʨʯʝʩʢʠʡ ʰʪʘʤʤ E. ʩoli ʊOP 10. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʘʣʠ ʇʎʈ-ʘʤʧʣʠʢʦʥʳ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ (ʊʘʙʣʠʮʘ 2), 

ʢʦʪʦʨʳʝ ʢʣʦʥʠʨʦʚʘʣʠ ʚ ʢʦʤʤʝʨʯʝʩʢʫʶ ʧʣʘʟʤʠʜʫ pCR 2.1 (ʨʘʟʤʝʨʦʤ 3931 ʧ.ʥ.), 

ʤʘʨʢʠʨʦʚʘʥʥʫʶ ʛʝʥʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʤʧʠʮʠʣʣʠʥʫ (Invitrogene, ʉʐɸ). ɿʘʪʝʤ 

ʧʦʣʫʯʝʥʥʫʶ ʧʣʘʟʤʠʜʫ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʚ ʢʣʝʪʢʠ ʰʪʘʤʤʘ E. coli TOP 10. ʆʪʙʦʨ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʢʣʦʥʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 

ʘʤʧʠʮʠʣʣʠʥ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʢʛ/ʤʣ, 40 ʤʢʛ/ʤʣ X-gal (5-ʙʨʦʤʦ-4-ʭʣʦʨʦ-3-

ʠʥʜʦʠʣ-ʙʝʪʘ-D-ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ) ʠ 40 ʤʢʣ 100 ʤʄ ʨʘʩʪʚʦʨʘ IPTG (ʠʟʦʧʨʦʧʠʣ-ɓ-

D-1-ʪʠʦʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ). ʇʦʣʫʯʝʥʥʳʝ ʝʜʠʥʠʯʥʳʝ ʙʝʣʳʝ ʢʦʣʦʥʠʠ 

ʪʨʘʥʩʬʦʨʤʘʥʪʦʚ ʚʳʩʝʚʘʣʠ ʥʘ ʩʝʢʪʦʨʘ LB ʘʛʘʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʘʤʧʠʮʠʣʣʠʥ (50 

ʤʢʛ/ʤʣ).  

ɼʘʣʝʝ ʠʟʫʯʘʣʠ ʩʪʘʙʠʣʴʥʦʩʪ ɹʥʘʩʣʝʜʦʚʘʥʠʷ ʧʣʘʟʤʠʜʳ pCR 2.1 ʰʪʘʤʤʘʤʠ 

ʪʨʘʥʩʬʦʨʤʘʥʪʦʚ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʚʳʨʘʱʠʚʘʥʠʝ ʰʪʘʤʤʦʚ ʚ 

LB ʙʫʣʴʦʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʝʚʦʤ ʥʘ LB ʘʛʘʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʢʦʣʦʥʠʡ. ʇʦʩʣʝʜʫʶʱʘʷ ʧʨʦʚʝʨʢʘ 200 ʢʣʦʥʦʚ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʣʘʟʤʠʜʳ. ɼʣʷ ʚʩʝʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʦʚ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ ʚʳʰʝ 95%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʦ 10 ʰʪʘʤʤʦʚ E. coli TOP 10, ʥʝʩʫʱʠʭ 

ʧʣʘʟʤʠʜʫ pCR 2.1 ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʮʝʣʝʚʳʭ ʛʝʥʦʚ. 

ɼʘʥʥʘʷ ʧʣʘʟʤʠʜʥʘʷ ɼʅʂ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʇʎʈ-ʩʪʘʥʜʘʨʪʦʚ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʣʠ ʤʦʣʝʢʫʣʷʨʥʫ  ʁʤʘʩʩʫ ʧʣʘʟʤʠʜʳ ʠ 

ʝʝ ʢʦʧʠʡʥʦʩʪ ɹ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ. ʀʟ ʦʙʨʘʟʮʘ ʚʳʜʝʣʝʥʥʦʡ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ 

ʛʦʪʦʚʠʣʠ ʩʝʨʠʡʥʳʝ ʨʘʟʚʝʜʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10
8
, 10

7
,
 
10

6
,
 
10

5
,
 
10

4
,
 
10

3 
ʢʦʧʠʡ/ʤʢʣ. 

ʆʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʇʎʈ ʩ 

ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ ï ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʮʝʥʠʚʘʣʠ ʪʘʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʇʎʈ ʧʦʜʙʠʨʘʣʠ ʪʨʠ ʩʪʘʥʜʘʨʪʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʘʨʠʘʮʠʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʙʣʠʟʢʠ ʢ 

ʟʥʘʯʝʥʠʶ 0,99. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 9 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ 

ʬʣʦʁʨʝʩʮʝʥʮʠʠ ʜʣʷ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ, ʩʦʜʝʨʞʘʱʝʡ ʬʨʘʛʤʝʥʪ ʛʝʥʘ aphA. 
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ʈʠʩʫʥʦʢ 9. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʧʦ ʢʘʥʘʣʫ Green,ʜʣʷ ʪʨʝʭ 

ʩʪʘʥʜʘʨʪʦʚ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʬʨʘʛʤʝʥʪ ʛʝʥʘ 

aphA, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʡ. 

1 ï ʩʪʘʥʜʘʨʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1ʭ10
8
 ʢʦʧʠʡ/ʤʣ; 2 ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ (ʢɼʅʂ ʰʪʘʤʤʘ ʄ818); 3 ï ʩʪʘʥʜʘʨʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1ʭ10
6 

ʢʦʧʠʡ/ʤʢʣ; 4 ï ʩʪʘʥʜʘʨʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1ʭ10
4 
ʢʦʧʠʡ/ʤʢʣ; 5 ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ (ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ). 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ V. cholerae ʠʟʫʯʘʝʤʳʭ ʰʪʘʤʤʦʚ 

ʚʳʜʝʣʷʣʠ ʈʅʂ ʠʟ ʢʫʣʴʪʫʨ ʚʳʨʘʱʝʥʥʳʭ ʥʘ LB ʙʫʣʴʦʥʝ. ʀʟ ʚʳʜʝʣʝʥʥʦʡ ʈʅʂ 

ʧʨʦʚʦʜʠʣʩʷ ʩʠʥʪʝʟ ʢɼʅʂ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʇʎʈ. ʇʦʤʠʤʦ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʚ ʨʝʘʢʮʠʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ 

ʩʪʘʥʜʘʨʪʘ ʮʝʣʝʚʦʡ ɼʅʂ ʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʜʣʷ ʛʝʥʘ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʙʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ), ʘ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴʥʳʡ 

ʦʙʨʘʟʝʮ. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʚʦʟʤʦʞʥʦʡ ʢʦʥʪʘʤʠʥʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʥʦʚʦʛʦ 

ʫʨʦʚʥʷ ʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʜʝʪʝʢʮʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʧʨʦʚʦʜʠʣʠ ʘʤʧʣʠʬʠʢʘʮʠʶ ʢʘʞʜʦʛʦ ʮʝʣʝʚʦʛʦ 

ʛʝʥʘ ʚ ʧʘʨʝ ʩ ʛʝʥʦʤ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣ ʚʳʙʨʘʥ ʛʝʥ 
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recA, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʛʦ ʧʦʩʪʦʷʥʥʘ. ɼʘʥʥʳʡ ʛʝʥ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ 

ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʣʠʟʘʪʦʨʘ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʧʦ ʦʮʝʥʢʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Vibrio (Chatterjee et al., 

2010; Crisafi et al., 2013; Marashi et al., 2012; 2013). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Rotor-Gene 6000 

Series Software (Corbett Life Science, ɸʚʩʪʨʘʣʠʷ) ʚʝʨʩʠʠ 1.8.17.5 ʠ ʚʳʰʝ, ʘ ʪʘʢʞʝ 

Microsoft Excel (Microsoft, ʉʐɸ). ʆʮʝʥʠʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʠ ʢʦʨʨʝʣʷʮʠʠ ʩʪʘʥʜʘʨʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʢʘʢ 

ʧʦ ʛʝʥʫ ʤʠʰʝʥʠ, ʪʘʢ ʠ ʧʦ ʛʝʥʫ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʦʚʦʜʠʣʠ ʜʦ ʦʜʠʥʘʢʦʚʳʭ ʣʠʙʦ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠʭ 

ʟʥʘʯʝʥʠʡ, ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʧʦ ʘʣʛʦʨʠʪʤʫ 2
-ȹȹCt
. ɼʘʥʥʳʝ 

ʧʦ ʵʢʩʧʨʝʩʩʠʠ ʧʦʣʫʯʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʪʘʤʤʘ, ʵʢʩʧʨʝʩʩʠʷ ʮʝʣʝʚʦʛʦ ʛʝʥʘ 

ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʣʘʩʴ ʟʘ ʝʜʠʥʠʮʫ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝ ʪʨʝʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʆʊ-ʇʎʈ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʦʚ ctxA ʠ toxR, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʙʠʦʩʠʥʪʝʟʝ ʍʊ. ɺʳʙʦʨ ʜʘʥʥʳʭ ʛʝʥʦʚ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʨʘʚʥʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ ʵʢʩʧʨʝʩʩʠʠ ʚ ʆʊ-ʇʎʈ ʩ ʢʦʣʠʯʝʩʪʚʘʤʠ ʧʨʦʜʫʮʠʨʫʝʤʦʛʦ ʪʦʢʩʠʥʘ, 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʤʝʪʦʜʘ GM1ELISA. ɼʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʢʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ ʧʨʘʡʤʝʨʳ ʠ ʟʦʥʜʳ ʥʘ ʛʝʥʳ 

ctxA ʠ toxR ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʰʪʘʤʤʳ E. coli TOP 10, ʥʝʩʫʱʠʝ ʚ ʩʦʩʪʘʚʝ 

ʧʣʘʟʤʠʜʳ pCR 2.1 ʬʨʘʛʤʝʥʪʳ ʵʪʠʭ ʛʝʥʦʚ (ʊʘʙʣʠʮʘ 2). 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 11 ʪʦʢʩʠʛʝʥʥʳʭ ʰʪʘʤʤʦʚ V.cholerae 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ El Tor (ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ) ʙʠʦʚʘʨʦʚ. ʆʮʝʥʢʘ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʪʘʤʤʘ ʛʠʧʝʨʧʨʦʜʫʮʝʥʪʘ 

ʍʊ V. cholerae 569B, ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʤʠʰʝʥʝʡ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ 

ʝʜʠʥʠʮʫ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝʥʠʠ (ʊʘʙʣʠʮʘ 3). 
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ʊʘʙʣʠʮʘ 3. ʇʨʦʜʫʢʮʠʷ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ctxA ʠ toxR ʚ ʰʪʘʤʤʘʭ V. cholerae 

ʐʪʘʤʤ V. cholerae ɻʦʜ ʠ ʤʝʩʪʦ 

ʚʳʜʝʣʝʥʠʷ 

ʇʨʦʜʫʢʮʠʷ ʍʊ, 

ʤʢʛ/ʤʣ* 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ 

ʛʝʥʦʚ** 

ctxA toxR 

569B ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 1950, ʀʥʜʠʷ 10Ñ0,4 1 1 

ʄ29 ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 1942, 

ɸʩʪʨʘʭʘʥʴ 

14Ñ0,2 1,35Ñ0,06  1,55Ñ0,06 

ʄ818 ʪʠʧʠʯʥʳʡ El Tor 

ʙʠʦʚʘʨʘ 

1970, ɹʘʣʘʢʦʚʦ 0,02Ñ0,001 0,03Ñ0,001 0,10Ñ0,005 

ʄ887 ʪʠʧʠʯʥʳʡ El Tor 

ʙʠʦʚʘʨʘ 

1970, 

ɸʩʪʨʘʭʘʥʴ 

0,01Ñ0,0001 0,02Ñ0,001 0,05Ñ0,002 

ʄ1270 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 

ʙʠʦʚʘʨʘ 

1993, 

ʊʘʪʘʨʩʪʘʥ 

0,15Ñ0,01 0,19Ñ0,005 0,10Ñ0,005 

ʄ1326 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 

ʙʠʦʚʘʨʘ 

1994, ɼʘʛʝʩʪʘʥ 0,2Ñ0,01 0,20Ñ0,01 0,13Ñ0,005 

ʈ17644 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 

ʙʠʦʚʘʨʘ 

1997, ɸʯʠʥʩʢ 0,5Ñ0,01 0,35Ñ0,01 0,18Ñ0,006 

M1429 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 

ʙʠʦʚʘʨʘ 

2004, 

ɹʘʰʢʠʨʠʷ 

0,5Ñ0,01 0,37Ñ0,01 0,17Ñ0,006 

ʈ18899 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 

ʙʠʦʚʘʨʘ 

2006, 

ʄʫʨʤʘʥʩʢ 

0,6Ñ0,01 0,43Ñ0,02 0,20Ñ0,01 

ʃ3226 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 

ʙʠʦʚʘʨʘ 

2010, ʄʦʩʢʚʘ 0,6Ñ0,01 0,40Ñ0,02 0,21Ñ0,01 

301 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 

ʙʠʦʚʘʨʘ 

2011, ʊʘʛʘʥʨʦʛ 1,2Ñ0,03 0,72Ñ0,03 0,46Ñ0,02 

ʇʨʠʤʝʯʘʥʠ:̫ *ï ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʤ ʤʝʪʦʜʦʤ GM1ELISA, ** ï ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʠʟʤʝʨʝʥʠʡ (ʟʥʘʯʝʥʠʝ P <0,05). 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ctxA ʠ toxR ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʨʦʜʫʢʮʠʝʡ ʍʊ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʤ ʤʝʪʦʜʦʤ. ʊʘʢ, 

ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʫʢʘʟʘʥʥʳʭ ʛʝʥʦʚ ʙʳʣ ʦʪʤʝʯʝʥ ʫ ʰʪʘʤʤʘ 
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V. cholerae ʄ29 ʆ1 ʩʝʨʦʛʨʫʧʧʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ, ʫ ʢʦʪʦʨʦʛʦ ʙʳʣʘ 

ʥʘʠʙʦʣʴʰʝʡ ʠ ʧʨʦʜʫʢʮʠʷ ʍʊ. ʊʠʧʠʯʥʳʝ El Tor ʚʠʙʨʠʦʥʳ ʠʤʝʣʠ ʩʘʤʳʝ ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʙʠʦʩʠʥʪʝʟʘ ʍʊ ʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ctxA ʠ toxR. ʇʨʠ ʵʪʦʤ ʥʘʠʤʝʥʴʰʠʡ 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʫʢʘʟʘʥʥʳʭ ʛʝʥʦʚ, ʢʘʢ ʠ ʧʨʦʜʫʢʮʠʷ ʍʊ, ʦʪʤʝʯʝʥ ʫ ʪʠʧʠʯʥʦʛʦ 

ʰʪʘʤʤʘ M887 ʙʠʦʚʘʨʘ El Tor. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʧʘʜʘʶʪ ʩ ʜʘʥʥʳʤʠ 

ʣʠʪʝʨʘʪʫʨʳ. ʊʘʢ ʚ ʨʘʙʦʪʘʭ S.M. Marashi ʩ ʩʦʘʚʪ. (2012, 2013) ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ctxA ʚ ʰʪʘʤʤʝ V. cholerae ATCC 14035 ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 

ʧʨʝʚʳʰʘʣʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʙʠʦʚʘʨʘ El Tor ʚ 5,0 -20,0 

ʨʘʟ. 

ɻʝʥʦʚʘʨʠʘʥʪ rʧʨʦʜʫʮʠʨʦʚʘʣʠ ʚ ʩʨʝʜʥʝʤ ʚ 36 ʨʘʟ ʙʦʣʴʰʝ ʍʊ, ʯʝʤ ʪʠʧʠʯʥʳʝ 

ʰʪʘʤʤʳ. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ctxA ʫ ʥʠʭ ʪʘʢʞʝ ʙʳʣʘ ʚ ʩʨʝʜʥʝʤ ʚ 17 ʨʘʟ ʙʦʣʴʰʝ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ toxR ʫ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʚʳʷʚʠʣ ʧʦʚʳʰʝʥʥʳʡ ʚ ʩʨʝʜʥʝʤ ʚ 2,8 ʨʘʟ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʜʘʥʥʦʛʦ ʛʝʥʘ ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʴʥʳʭ ʛʝʥʦʚ ʭʦʣʝʨʥʦʛʦ 

ʚʠʙʨʠʦʥʘ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʥʘʨʫʞʠʚʘʝʪ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʜʘʥʥʳʭ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʆʊ-ʇʎʈ ʚ ʠʟʫʯʝʥʠʠ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʥ ʥʘʙʦʨ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ, ʘ ʪʘʢʞʝ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ r ʰʪʘʤʤ r

E. coli TOP 10, ʥʝʩʫʱʠʝ ʬʨʘʛʤʝʥʪʳ ʢʣʦʥʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ V. cholerae ʤʝʪʦʜʦʤ ʜʚʫʭʩʪʘʜʠʡʥʦʡ 

ʆʊïʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ ï ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʙʦʨ ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʦʚ ʠ ʰʪʘʤʤʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʛʝʥʦʚ ʚ ʰʪʘʤʤʘʭV. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ. 
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ɻʃɸɺɸ 4. ɸʅɸʃʀɿ ʉʇʆʉʆɹʅʆʉʊʀ ɻɽʅɽʊʀʏɽʉʂʀ ʀɿʄɽʅɽʅʅʓʍ 

ʐʊɸʄʄʆɺ V. CHOLERAE O1 ɹʀʆɺɸʈɸ EL TOR ʆɹʈɸɿʆɺʓɺɸʊʔ ɸʎɽʊʆʀʅ 

ʀɿ ɻʃʖʂʆɿʓ ɺ ʈɽɸʂʎʀʀ ʌʆɻɽʉ ï ʇʈʆʉʂɸʋʕʈɸ ʀ ɺʓʗʉʅɽʅʀɽ 

ɻɽʅɽʊʀʏɽʉʂʀʍ ʆʉʅʆɺ ʀɿʄɽʅɽʅʀʗ ɽɻʆ ʇʈʆɼʋʂʎʀʀ 

 

4.1. ɸʥʘʣʠʟ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae 

ʙʠʦʚʘʨʘ El Tor  ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʮʝʪʦʠʥ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 18 ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʘ V. cholerae ʙʠʦʚʘʨʘ El Tor, ʚʳʜʝʣʝʥʥʳʭ ʩ 1993 ʧʦ 2014 ʛʦʜʳ ʠ ʚʳʟʚʘʚʰʠʭ 

ʢʘʢ ʚʩʧʳʰʢʠ, ʪʘʢ ʠ ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ ʭʦʣʝʨʳ, ʘ ʪʘʢʞʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʠʟ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʙʳʣʠ ʚʟʷʪʳ 4 ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʘ V. cholerae 

ʙʠʦʚʘʨʘ El Tor ʠ 3 ʰʪʘʤʤʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ (ʊʘʙʣʠʮʘ 4). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʳ ʛʝʥʦʚʘʨʠʘʥʪʦʚ 

ʙʳʣʠ ʟʘʚʝʟʝʥʳ ʟʘ ʧʝʨʠʦʜ ʙʦʣʝʝ ʯʝʤ 20 ʣʝʪ. ɺ ʪʝʯʝʥʠʝ ʪʘʢʦʛʦ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ 

ʧʨʦʠʩʭʦʜʠʣʠ ʨʘʟʣʠʯʥʳʝ ʵʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʭ ʛʝʥʦʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʠʟʦʣʷʪʳ ʠʤʝʣʠ ʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʝʥʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ, 

ʧʘʥʜʝʤʠʯʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ, ʪ.ʝ. ʙʳʣʠ ʛʝʥʝʪʠʯʝʩʢʠ ʨʘʟʥʦʨʦʜʥʳʤʠ, ʯʪʦ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (ʉʤʠʨʥʦʚʘ ʩ ʩʦʘʚʪ., 2011, 2013, 2014; 

ʐʘʰʢʦʚʘ, 2012; ɸʛʘʬʦʥʦʚ, 2014; ʇʣʝʭʘʥʦʚ, ɿʘʜʥʦʚʘ, 2016; ʇʣʝʭʘʥʦʚ, 2017; 

ʄʦʥʘʭʦʚʘ ʩ ʩʦʘʚʪ., 2017; Kuleshov et al., 2016). ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʧʘʩʧʦʨʪʫ ʰʪʘʤʤʘ 

ʚʩʝ ʚʟʷʪʳʝ ʚ ʘʥʘʣʠʟ ʠʟʦʣʷʪʳ ʠʤʝʣʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʧʨʠʟʥʘʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor. 

ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ 

ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʙʠʦʚʘʨʘ El Tor ʜʘʚʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʌ ï ʇ, ʯʪʦ 

ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʦʢʨʘʰʠʚʘʥʠʠ ʩʨʝʜʳ ʚ ʷʨʢʦ ʤʘʣʠʥʦʚʳʡ ʮʚʝʪ. ʐʪʘʤʤʳ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ, ʥʝ ʩʧʦʩʦʙʥʳʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʮʝʪʦʠʥʘ, ʜʘʚʘʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʌ ï ʇ, ʩʨʝʜʘ ʦʩʪʘʚʘʣʘʩʴ ʩʚʝʪʣʦ ï ʞʝʣʪʦʛʦ ʮʚʝʪʘ (ʊʘʙʣʠʮʘ 

4, ʈʠʩʫʥʦʢ 10). 
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ʊʘʙʣʠʮʘ 4. ʈʝʟʫʣʴʪʘʪʳ ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ ʠ ʩʪʨʫʢʪʫʨʘ ʛʝʥʦʚ als ʦʧʝʨʦʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʙʠʦʩʠʥʪʝʟ ʘʮʝʪʦʠʥʘ, ʫ 

ʰʪʘʤʤʦʚ V. cholerae 

ʐʪʘʤʤ V. 

cholerae 

ɻʦʜ, ʤʝʩʪʦ ʠ ʠʩʪʦʯʥʠʢ 

ʚʳʜʝʣʝʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʘʢʮʠʠ 

ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ 

ʉʪʨʫʢʪʫʨʘ ʛʝʥʦʚ als ʦʧʝʨʦʥʘ 

alsR alsD alsS alsO 

1 2 3 4 5 6 7 

ʛʝʥʦʚʘʨʠʘʥʪʳ ʙʠʦʚʘʨʘ El Tor 

ʄ1270 1993, ʊʘʪʘʨʩʪʘʥ, ʯʝʣʦʚʝʢ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

ʄ1299 1993, ʂʨʘʩʥʦʜʘʨ, ʯʝʣʦʚʝʢ ʦʪʨ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

ʄ1264 1993, ʂʨʘʩʥʦʜʘʨ, ʯʝʣʦʚʝʢ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

M1275 1993, ɼʘʛʝʩʪʘʥ, ʯʝʣʦʚʝʢ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

ʄ1266 1994, ʇʝʨʤʴ, ʚʥ.ʩʨ. ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

M1293 1994, ɼʘʛʝʩʪʘʥ, ʯʝʣʦʚʝʢ ʦʪʨ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

ʈ17644 1997, ɸʯʠʥʩʢ, ʯʝʣʦʚʝʢ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

ʄ1344 2001, ʂʘʟʘʥʴ, ʯʝʣʦʚʝʢ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

ʄ1345 2001, ʂʘʟʘʥʴ, ʯʝʣʦʚʝʢ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

ʄ1349 2001, ʂʘʟʘʥʴ, ʯʝʣʦʚʝʢ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

M1429 2004, ɹʘʰʢʠʨʠʷ, ʯʝʣʦʚʝʢ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

P18899 2006, ʄʫʨʤʘʥʩʢ, ʯʝʣʦʚʝʢ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

147 2010, ʗʣʪʘ, ʚʥ.ʩʨ. ʦʪʨ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

ʃ3226 2010, ʄʦʩʢʚʘ, ʯʝʣʦʚʝʢ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

301 2011, ʊʘʛʘʥʨʦʛ, ʚʥ. ʩʨ. ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

39 2011, ʄʘʨʠʫʧʦʣʴ, ʚʥ. ʩʨ ʩ/ʧ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

ʄ1509 2012, ʄʦʩʢʚʘ, ʯʝʣʦʚʝʢ ʦʪʨ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

3265/80 2014, ʄʦʩʢʚʘ, ʯʝʣʦʚʝʢ ʦʪʨ ʠʥʪ. ȹʊ (315) ʠʥʪ. ʠʥʪ. 

ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʙʠʦʚʘʨʘ El Tor 

ʄ818 1970, ɹʘʣʘʢʦʚʦ, ʯʝʣʦʚʝʢ ʧʦʣ. ʠʥʪ. ʠʥʪ. ʠʥʪ. ʠʥʪ. 

ʄ1062 1970, ɸʩʪʨʘʭʘʥʴ, ʯʝʣʦʚʝʢ ʧʦʣ. ʠʥʪ. ʠʥʪ. ʠʥʪ. ʠʥʪ. 

ʄ893 1970, ɸʩʪʨʘʭʘʥʴ, ʯʝʣʦʚʝʢ ʧʦʣ. ʠʥʪ. ʠʥʪ. ʉ=>T (644) ʠʥʪ. 

ʄ1011 1972, ɹʘʰʢʠʨʠʷ, ʯʝʣʦʚʝʢ ʧʦʣ. ʠʥʪ. ʠʥʪ. ʠʥʪ. ʠʥʪ. 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4 

1 2 3 4 5 6 7 

ʰʪʘʤʤʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 

ʄ29 1942, ɸʩʪʨʘʭʘʥʴ, ʯʝʣʦʚʝʢ ʦʪʨ. G=>A (202) 

C=>T (334) 

ʠʥʪ. G=>A (430) ʠʥʪ. 

569ɺ 1950, ʀʥʜʠʷ, ʥ/ʠ ʦʪʨ. G=>A(202) 

C=>T (334) 
ʠʥʪ. G=>A (430) ʠʥʪ. 

Dakka35 1958, ʇʘʢʠʩʪʘʥ, ʯʝʣʦʚʝʢ ʦʪʨ. G=>A (202) 

C=>T (334) 
ʠʥʪ. G=>A (430) ʠʥʪ. 

ʇʨʠʤʝʯʘʥʠʷ: ʧʦʣ. ï ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʩ/ʧ ï ʩʣʘʙʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʦʪʨ. ï ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ; ʠʥʪ. ï 

ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ ʠʜʝʥʪʠʯʥʘ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʫ N16961 ʙʠʦʚʘʨʘ El Tor.  
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ʈʠʩʫʥʦʢ 10. ʆʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʦʠʥʘ ʰʪʘʤʤʘʤʠ V. cholerae ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï 

ʇʨʦʩʢʘʫʵʨʘ. 

1 ï ʰʪʘʤʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 569B (ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ); 2 ï ʪʠʧʠʯʥʳʡ 

ʰʪʘʤʤ V. cholerae M818 ʙʠʦʚʘʨʘ El Tor (ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ); 3 ï 7 ï

ʛʝʥʦʚʘʨʠʘʥʪ rV. cholerae ʄ1299, 147, ʄ1429, ʃ3226, ʄ1266 ʙʠʦʚʘʨʘ El Tor. 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ 

ʦʙʨʘʟʦʚʳʚʘʣʠ ʜʚʝ ʛʨʫʧʧʳ. ʐʪʘʤʤʳ ʧʝʨʚʦʡ ʛʨʫʧʧʳ, ʚʢʣʶʯʘʚʰʠʝ 5 ʠʟʦʣʷʪʦʚ 

(27,8%), ʪʘʢ ʞʝ ʢʘʢ ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʠʙʨʠʦʥʳ ʜʘʚʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ      

ʌ ï ʇ. ɼʣʷ ʚʪʦʨʦʡ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ (13 ʰʪʘʤʤʦʚ, 72,2%) ʛʨʫʧʧʳ ʙʳʣʘ 

ʭʘʨʘʢʪʝʨʥʘ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ. ʇʨʠ ʵʪʦʤ ʮʚʝʪ ʩʨʝʜʳ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 

ʩʚʝʪʣʦ-ʨʦʟʦʚʦʛʦ ʜʦ ʪʝʤʥʦïʨʦʟʦʚʦʛʦ (ʈʠʩʫʥʦʢ 10). ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʨʘʟʥʳʡ 

ʮʚʝʪ ʩʨʝʜʳ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʥʝʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʮʝʪʦʠʥʘ, ʯʝʤ ʪʝʤʥʝʝ ʩʨʝʜʘ, ʪʝʤ ʝʛʦ ʙʦʣʴʰʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʩʝ 

ʠʟʫʯʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El 

Tor, ʟʘʚʝʟʝʥʥʳʝ ʢʘʢ ʚ ʧʝʨʚʳʝ ʛʦʜʳ ʠʭ ʧʦʷʚʣʝʥʠʷ ʥʘ ʵʥʜʝʤʠʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

(1993-1994), ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟʦʣʷʪʳ, ʠ ʠʤʝʶʱʠʝ ʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʝʥʦʚ 

ʧʘʪʦʛʝʥʥʦʩʪʠ, ʧʘʥʜʝʤʠʯʥʦʩʪʠ, ʘʜʘʧʪʘʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʧʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʛʣʶʢʦʟʫ ʜʦ ʘʮʝʪʦʠʥʘ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ. 

ʌʝʥʦʪʠʧʠʯʝʩʢʠ ʜʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʦʡ (ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ) ʨʝʘʢʮʠʠ ʌïʇ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʩʠʥʪʝʟʘ 

ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ) ʘʮʝʪʦʠʥʘ ʚ ʩʨʝʜʝ ʚʳʨʘʱʠʚʘʥʠʷ. 
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4.2. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʙʠʦʩʠʥʪʝʟʝ ʘʮʝʪʦʠʥʘ ʚ 

ʰʪʘʤʤʘʭ V. cholerae 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʝʛʦ ʙʠʦʩʠʥʪʝʟʝ, ʫ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʠʧʠʯʥʳʤʠ ʠʟʦʣʷʪʘʤʠ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʣʥʳʭ ʛʝʥʦʤʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʥʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ GenBank ʰʪʘʤʤʦʚ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʳ als ʦʧʝʨʦʥʘ ʫ ʚʟʷʪʳʭ ʚ ʘʥʘʣʠʟ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ 

ʙʠʦʚʘʨʘ El Tor (ʄ818, ʄ1062, ʄ893, ʄ1011) ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʝʛʦ ʧʦʣʥʘʷ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʫ N16961 ʙʠʦʚʘʨʘ El Tor. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣ 

ʰʪʘʤʤ ʄ893, ʫ ʢʦʪʦʨʦʛʦ ʚ ʧʦʟʠʮʠʠ 644 ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ alsS ʚʳʷʚʣʝʥʘ 

ʥʝʩʠʥʦʥʠʤʠʯʥʘʷ ʟʘʤʝʥʘ ʉ ʥʘ ʊ (ʊʘʙʣʠʮʘ 4). ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʫʢʘʟʘʥʥʦʡ SNP ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʦʠʥʘ ʜʘʥʥʳʤ ʰʪʘʤʤʦʤ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ als ʦʧʝʨʦʥʘ ʫ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʩʦʜʝʨʞʘʪ ʠʥʪʘʢʪʥʳʡ ʛʝʥ alsR, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʘ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʫ. ʉʪʨʫʢʪʫʨʘ ʛʝʥʦʚ 

alsO ʠ alsS ʪʘʢʞʝ ʙʳʣʘ ʠʜʝʥʪʠʯʥʘ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʫ (ʊʘʙʣʠʮʘ 4). 

ʆʜʥʘʢʦ ʫ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʛʝʥʝʪʠʯʩʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ alsD, ʢʦʜʠʨʫʶʱʝʛʦ ʬʝʨʤʝʥʪ ʘʮʝʪʦʣʘʢʪʘʪ 

ʜʝʢʘʨʙʦʢʩʠʣʘʟʫ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʪʠʤʠʥʦʚʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʚ ʧʦʟʠʮʠʠ 315 

ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ (ʈʠʩʫʥʦʢ 11). ʅʘʣʠʯʠʝ ʜʝʣʝʮʠʠ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʦʚʝʜʝʥʠʠ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʘ alsD ʫ ʚʟʷʪʳʭ ʚ 

ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ. ɼʣʷ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʨʘʡʤʝʨʳ: alsDF ï 

CAGTGGTGAAGGCGAGATTT, alsDR ï GGCCGCTGCTGTTTAGGT. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʜʝʣʝʮʠʷ ʚ ʛʝʥʝ alsD ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʥʘʤʠ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʦʛʦ ʰʪʘʤʤʘ V. cholerae ʙʠʦʚʘʨʘ El Tor 
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BAA-2163 (2010El ï 1786, ʢʦʜ ʜʦʩʪʫʧʘ GenBank AELH 00000000.1). ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʫʢʘʟʘʥʥʳʡ ʰʪʘʤʤ ʪʘʢʞʝ ʜʘʝʪ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ 

ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ (Son et al., 2011; Brumfield et al., 2018). 

 

 

ʈʠʩʫʥʦʢ 11. ʋʯʘʩʪʦʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ alsD ʰʪʘʤʤʦʚ V. cholerae. 

ɺʳʜʝʣʝʥʘ ʜʝʣʝʮʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ. 

ʄ1293, ʄ1429, ʈ18899, ʃ3226 ï ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ ʙʠʦʚʘʨʘ El Tor; 

ʄ1011 ï ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ ʙʠʦʚʘʨʘ El Tor; ʄ29, Dakka35 ï ʰʪʘʤʤʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʙʠʦʚʘʨʘ; N16961 ʠ ʆ395 ï ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ El Tor ʠ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʦʚ. 

 

ʅʘʣʠʯʠʝ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʡ ʜʝʣʝʮʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʛʝʥʘ alsD ʧʨʠʚʦʜʠʪ ʢ 

ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʦʧ ï ʢʦʜʦʥʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʠʦʩʠʥʪʝʟʦʤ ʜʝʬʝʢʪʥʦʛʦ ʙʝʣʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʩʣʝʜʫʶʱʠʡ 

ʘʥʘʣʠʟ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ AlsD ʫ 

ʚʟʷʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʰʪʘʤʤʘ V. cholerae ʄ1293 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʬʝʨʝʥʩ-

ʰʪʘʤʤʦʤ N16961 ʙʠʦʚʘʨʘ El Tor ʚʳʷʚʠʣ ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ (ʈʠʩʫʥʦʢ 12, 

ʊʘʙʣʠʮʘ 5). 

 



65 
 

 

ʈʠʩʫʥʦʢ 12. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪ ʙʝʣʢʘ AlsD ʫ ʰʪʘʤʤʦʚ V. cholerae.  

ʄ1293, ʄ1429, ʈ18899, ʃ3226 ï ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ ʙʠʦʚʘʨʘ El Tor; 

ʄ1011 ï ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ ʙʠʦʚʘʨʘ El Tor; ʄ29, Dakka35 ï ʰʪʘʤʤʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʙʠʦʚʘʨʘ; N16961 ʠ ʆ395 ï ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ El Tor ʠ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʦʚ. ɺ ʧʦʟʠʮʠʠ 117 ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʦʚ, ʥʘ 

ʤʝʩʪʝ ʤʝʪʠʦʥʠʥʘ, ʥʘʭʦʜʠʪʩʷ ʩʪʦʧ ï ʢʦʜʦʥ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʟʥʘʢʦʤ *. 

ʊʘʙʣʠʮʘ 5. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʙʝʣʢʘ AlsD ʫ 

ʛʝʥʦʚʘʨʠʘʥʪʘ V. cholerae ʄ1293 ʠ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʘ N16961 ʙʠʦʚʘʨʘ El Tor. 

ɸʤʠʥʦʢʠʩʣʦʪʘ ʂʦʣʠʯʝʩʪʚʦ ʇʨʦʮʝʥʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ ʇʨʦʮʝʥʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ 

ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ N16961  ʛʝʥʦʚʘʨʠʘʥʪ ʄ1293  
ɸʣʘʥʠʥ 19 7,25 13 11,11 

ʎʠʩʪʝʠʥ 3 1,15 3 2,56 

ɸʩʧʘʨʘʛʠʥ 11 4,20 4 3,42 

ɻʣʫʪʘʤʠʥ 16 7,25 8 6,84 

ʌʝʥʠʣʘʣʘʥʠʥ 17 6,49 8 6,84 

ɻʣʠʮʠʥ 19 7,25 9 7,69 

ɻʠʩʪʠʜʠʥ 10 3,82 5 4,27 

ʀʟʦʣʝʡʮʠʥ 20 7,63 7 5,98 

ʃʠʟʠʥ 4 1,53 1 0,85 

ʃʝʡʮʠʥ 19 7,25 13 11,11 

ʄʝʪʠʦʥʠʥ 4 1,53 2 1,71 

ɸʩʧʘʨʘʛʠʥ 7 2,67 2 1,71 

ʇʨʦʣʠʥ 15 5,73 6 5,13 

ɻʣʫʪʘʤʠʥ 26 9,92 11 9,40 

ɸʨʛʠʥʠʥ 17 6,49 3 2,56 

ʉʝʨʠʥ 13 4,96 9 7,69 

ʊʨʝʦʥʠʥ 18 6,87 6 5,13 

ɺʘʣʠʥ 16 6,11 3 2,56 

ʊʨʠʧʪʦʬʘʥ 0 0,0 0 0,0 

ʊʠʨʦʟʠʥ 7 2,67 3 2,56 

ɺʉɽɻʆ  

ɸʄʀʅʆʂʀʉʃʆʊ 

261  116  
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ʇʨʦʚʝʜʝʥʥʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʘ AlsD ʫ ʚʟʷʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʦʛʦ ʰʪʘʤʤʘ 

ʄ1293 ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʝ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʪʠʧʠʯʥʦʛʦ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʘ V. cholerae N16961 (ʈʠʩʫʥʦʢ 13). ɹʝʣʦʢ AlsD 

ʰʪʘʤʤʘ ʄ1293 ʩʠʣʴʥʦ ʨʝʜʫʮʠʨʦʚʘʥ ʠ ʥʝ ʠʤʝʝʪ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʣʦʢ AlsD ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʥʝ ʩʧʦʩʦʙʝʥ 

ʧʦʣʥʦʮʝʥʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ. 

 

                                  ɸ                                                              ɹ 

ʈʠʩʫʥʦʢ 13. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ AlsD ʫ ʨʝʬʝʨʝʥʩ-

ʰʪʘʤʤʘ V. cholerae N16961 ʙʠʦʚʘʨʘ El Tor (ɸ) ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʦʛʦ ʰʪʘʤʤʘ 

ʄ1293 (ɹ). 

ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʧʨʠ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ alsD ʠ ʦʪʩʫʪʩʪʚʠʠ 

ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʣʘʢʪʘʪ ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ ʚʦʟʤʦʞʥʦ ʩʧʦʥʪʘʥʥʦʝ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʘʮʝʪʦʣʘʢʪʘʪʘ ʚ ʘʮʝʪʦʠʥ, ʯʪʦ ʬʝʥʦʪʠʧʠʯʝʩʢʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʥʘʣʠʯʠʠ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʌ-ʇ. ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩ ̫

ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʮʝʪʦʠʥʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʘʨʴʠʨʦʚʘʥʠʠ ʮʚʝʪʘ ʩʨʝʜʳ 

(Kovacikova et al., 2005). ɺʦʟʤʦʞʥʦ, ʫ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʥʘʤʠ ʧʨʠʨʦʜʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʮʝʩʩ ʩʧʦʥʪʘʥʥʦʛʦ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʣʠʯʠʠ 

ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʌ-ʇ. 
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ʇʨʠ ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʳ als ʦʧʝʨʦʥʘ ʰʪʘʤʤʦʚ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʘ V. cholerae N16961 ʙʠʦʚʘʨʘ El Tor ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʥʘʣʠʯʠʝ 2-ʭ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ ʚ ʛʝʥʝ alsR (G/A ʚ ʧʦʟʠʮʠʠ 202, ʧʨʠʚʦʜʷʱʝʡ ʢ 

ʟʘʤʝʥʝ ʘʣʘʥʠʥʘ ʥʘ ʪʨʝʦʥʠʥ, ʠ C/T ʚ ʧʦʟʠʮʠʠ 334, ʩʦ ʩʤʝʥʦʡ ʘʨʛʠʥʠʥʘ ʥʘ ʮʠʩʪʝʠʥ), 

ʘ ʪʘʢʞʝ 1 ʥʝʩʠʥʦʥʠʤʠʯʥʦʡ ʟʘʤʝʥʳ ʚ ʛʝʥʝ alsS (G/A ʚ ʧʦʟʠʮʠʠ 430 ʩʦ ʩʤʝʥʦʡ 

ʠʟʦʣʝʡʮʠʥʘ ʥʘ ʚʘʣʠʥ) (ʊʘʙʣʠʮʘ 4). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ 

alsR ʠʣʠ alsS ʧʨʠʚʦʜʷʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ (Kovacikova et al., 

2005). ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʜʥʦʡ 

ʠʟ ʧʨʠʯʠʥ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʌ-ʇ ʚ ʰʪʘʤʤʘʭ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 

(ʦʪʩʫʪʩʪʚʠʝ ʘʮʝʪʦʠʥʘ) ʷʚʣʷʶʪʩʷ SNPs ʚ ʨʝʛʫʣʷʪʦʨʥʦʤ ʙʝʣʢʝ ʠ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʙʠʦʩʠʥʪʝʟʝ ʘʮʝʪʦʠʥʘ, ʫʩʪʘʥʦʚʣʝʥʘ ʠʜʝʥʪʠʯʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ alsR, 

alsS ʠ alsʆ ʫ ʠʟʫʯʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʫ 

V. cholerae N16961 ʙʠʦʚʘʨʘ El Tor. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ alsD 

ʦʙʥʘʨʫʞʝʥʘ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʘʷ ʜʝʣʝʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʦʷʚʣʝʥʠʶ ʩʪʦʧ-ʢʦʜʦʥʘ ʠ 

ʙʠʦʩʠʥʪʝʟʫ ʜʝʬʝʢʪʥʦʛʦ ʬʝʨʤʝʥʪʘ ʘʮʝʪʦʣʘʢʪʘʪ ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ. 

4.3. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ alsR ʠ aphA, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʙʠʦʩʠʥʪʝʟ ʘʮʝʪʦʠʥʘ, ʫ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ ʩʦʜʝʨʞʘʪ ʠʥʪʘʢʪʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʘ alsR, ʝʛʦ ʵʢʩʧʨʝʩʩʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ, 

ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʫʢʘʟʘʥʥʦʛʦ ʛʝʥʘ ʤʝʪʦʜʦʤ ʆʊ ï 

ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 9 ʧʨʠʨʦʜʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚ 

1993-2011 ʛʛ., ʘ ʪʘʢʞʝ 4 ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʘ (ʊʘʙʣʠʮʘ 6). ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩ-

ʰʪʘʤʤʘ, ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ alsR ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʚʟʷʪʘ ʟʘ ʝʜʠʥʠʮʫ, ʧʨʦʠʟʚʦʣʴʥʦ ʙʳʣ 
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ʚʳʙʨʘʥ ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ V. cholerae ʄ818 ʙʠʦʚʘʨʘ El Tor. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ alsR ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʠ 

ʫʨʦʚʝʥʴ ʝʛʦ ʵʢʩʧʨʝʩʩʠʠ ʩʦʧʦʩʪʘʚʠʤ ʩ ʵʢʩʧʨʝʩʩʠʝʡ ʜʘʥʥʦʛʦ ʛʝʥʘ ʚ ʪʠʧʠʯʥʳʭ 

ʰʪʘʤʤʘʭ (ʊʘʙʣʠʮʘ 6). 

 

ʊʘʙʣʠʮʘ 6. ʋʨʦʚʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ alsR ʠ aphA ʚ 

ʰʪʘʤʤʘʭ V. cholerae. 

ʐʪʘʤʤ V. cholerae 

ʙʠʦʚʘʨʘ El Tor 

ɻʦʜ ʠ ʤʝʩʪʦ 

ʚʳʜʝʣʝʥʠʷ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ 

ʛʝʥʦʚ* 

alsR aphA 

ʄ818 ʪʠʧʠʯʥʳʡ 1970, ɹʘʣʘʢʦʚʦ 1 1 

ʄ893 ʪʠʧʠʯʥʳʡ 1970, ɸʩʪʨʘʭʘʥʴ 2,14Ñ0,10 1,32Ñ0,06 

ʄ1062 ʪʠʧʠʯʥʳʡ 1970, ɸʩʪʨʘʭʘʥʴ 1,53Ñ0,06 0,93Ñ0,04 

ʄ1011 ʪʠʧʠʯʥʳʡ 1972, ɹʘʰʢʠʨʠʷ 1,79Ñ0,07 0,90Ñ0,04 

ʄ1270 ʛʝʥʦʚʘʨʠʘʥʪ 1993, ʊʘʪʘʨʩʪʘʥ 0,85Ñ0,04 1,52Ñ0,07 

ʄ1299 ʛʝʥʦʚʘʨʠʘʥʪ 1993, ʂʨʘʩʥʦʜʘʨ 1,13Ñ0,05 1,74Ñ0,07 

ʄ1266 ʛʝʥʦʚʘʨʠʘʥʪ 1994, ʇʝʨʤʴ 1,08Ñ0,05 2,46Ñ0,11 

ʈ17644 ʛʝʥʦʚʘʨʠʘʥʪ 1997, ɸʯʠʥʩʢ 2,60Ñ0,12 2,06Ñ0,10 

ʄ1345 ʛʝʥʦʚʘʨʠʘʥʪ 2001, ʂʘʟʘʥʴ 3,05Ñ0,15 2,31Ñ0,11 

147 ʛʝʥʦʚʘʨʠʘʥʪ 2010, ʗʣʪʘ 1,13Ñ0,05 5,09Ñ0,24 

ʃ3226 ʛʝʥʦʚʘʨʠʘʥʪ 2010, ʄʦʩʢʚʘ 1,97Ñ0,08 2,04Ñ0,10 

39 ʛʝʥʦʚʘʨʠʘʥʪ 2011, ʄʘʨʠʫʧʦʣʴ 2,77Ñ0,13 3,92Ñ0,19 

301 ʛʝʥʦʚʘʨʠʘʥʪ 2011, ʊʘʛʘʥʨʦʛ 1,93Ñ0,09 2,28Ñ0,11 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʨʘʩʩʯʠʪʘʥʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʤʝʨʝʥʠʡ (ʟʥʘʯʝʥʠʝ P <0,05). 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʘphA. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʙʝʣʦʢ AphA, ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ʢʦʪʦʨʳʤ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ 

ʛʝʥʘʤʠ alsR ʠ alsD (ʈʠʩʫʥʦʢ 2), ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 
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ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʘʮʝʪʦʠʥʦʚʦʛʦ ʦʧʝʨʦʥʘ ʠ ʧʦʜʘʚʣʷʝʪ ʧʨʦʜʫʢʮʠʶ ʘʮʝʪʦʠʥʘ 

(Kovacikova et al., 2005). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ aphA ʫ ʚʟʷʪʳʭ ʚ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ V. cholerae. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʛʝʥʘ ʫ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʰʪʘʤʤʦʚ ʷʚʣʷʝʪʩʷ ʠʥʪʘʢʪʥʦʡ ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʛʝʥʘ aphA ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʘ V. cholerae N16961 ʙʠʦʚʘʨʘ El Tor (ʈʠʩʫʥʦʢ 14). 

 

 

 

ʈʠʩʫʥʦʢ 14. ʌʨʘʛʤʝʥʪ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ aphA ʰʪʘʤʤʦʚ 

V. cholerae. 

N16961 ï ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤ V. cholerae ʙʠʦʚʘʨʘ El Tor ʥʫʢʣʝʦʪʠʜʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ aphA ʢʦʪʦʨʦʛʦ ʚʟʷʪʘ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ GenBank;  

ʄ818, ʄ893, ʄ1062, ʄ1011 ï ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʙʠʦʚʘʨʘ El Tor; 

ʄ1270, ʄ1299, ʄ1266, ʈ17644, ʄ1345, 147, ʃ3226, 39, 301 ï ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ. 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ aphA ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʘʭ 

ʵʢʩʧʨʝʩʩʠʷ ʜʘʥʥʦʛʦ ʛʝʥʘ ʥʠʞʝ, ʯʝʤ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ alsR (ʊʘʙʣʠʮʘ 6). ɺʠʜʠʤʦ, ʚ 

ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʘʭ ʙʝʣʦʢ AphA ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʙʠʦʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʝʣʢʘ ɸlsR ʠ ʧʨʦʜʫʢʮʠʶ ʘʮʝʪʦʠʥʘ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ aphA ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʫʢʘʟʘʥʥʦʛʦ ʛʝʥʘ ʧʨʝʚʳʰʘʝʪ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʠʧʠʯʥʳʭ 

ʰʪʘʤʤʦʚ ʚ ʩʨʝʜʥʝʤ ʚ 2,5 ʨʘʟʘ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ aphA, 



70 
 

ʷʚʣʷʶʱʝʛʦʩʷ ʥʝʛʘʪʠʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ, ʪʘʢʞʝ ʤʦʞʝʪ 

ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʧʦʥʠʞʝʥʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ ʫ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V.cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor. ʋʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ aphA 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6 ʠ ʥʘ ʨʠʩʫʥʢʝ 15. 

 

 
ʈʠʩʫʥʦʢ 15. ʋʨʦʚʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ aphA ʚ ʰʪʘʤʤʘʭ V. cholerae 

ʙʠʦʚʘʨʘ El Tor. ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʘ, ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ aphA ʢʦʪʦʨʦʛʦ 

ʧʨʠʥʷʪʘ ʟʘ ʝʜʠʥʠʮʫ, ʠʩʧʦʣʴʟʦʚʘʥ ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ ʄ818. 

ʄ818, ʄ893, ʄ1062, ʄ1011 ï ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʙʠʦʚʘʨʘ El Tor;  

ʄ1270, ʄ1299, ʄ1266, ʈ17644, ʄ1345, 147, ʃ3226, 39, 301 ï ʧʨʠʨʦʜʥʳʝ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ V. cholerae ʙʠʦʚʘʨʘ El Tor, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʨʝʤʝʥʠ 

ʚʳʜʝʣʝʥʠʷ ʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʜʘʶʪ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʫʶ, ʘ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ als 

ʦʧʝʨʦʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʨʝʛʫʣʷʪʦʨʥʳʡ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʙʠʦʩʠʥʪʝʟʝ ʘʮʝʪʦʠʥʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ alsR ʠ 

aphA ʧʦʢʘʟʘʣ, ʯʪʦ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʘ ̫ (ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʘ)̫ ʨʝʘʢʮʠ ̫ ʌʦʛʝʩï

ʇʨʦʩʢʘʫʵʨʘ ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ (ʪ.ʝ. ʩʥʠʞʝʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ ʠʟ ʛʣʶʢʦʟʳ) ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʡ 
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ʜʝʣʝʮʠʝʡ ʚ ʛʝʥʝ alsD, ʢʦʜʠʨʫʶʱʝʤ ʘʮʝʪʦʣʘʢʪʘʪ ʜʝʢʘʨʙʦʢʩʠʣʘʟʫ, ʦʪʚʝʪʩʪʚʝʥʥʫʶ ʟʘ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʮʝʪʦʣʘʢʪʘʪʘ ʚ ʘʮʝʪʦʠʥ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ 

ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʘ aphA, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʥʝʛʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʙʠʦʩʠʥʪʝʟʘ 

ʘʮʝʪʦʠʥʘ. 
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ɻʃɸɺɸ 5. ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ ʈɸɿʅʓʍ ʂʆʅʎɽʅʊʈɸʎʀʁ ɻʃʖʂʆɿʓ 

ʅɸ ʈʆʉʊ ɻɽʅɽʊʀʏɽʉʂʀ ʀɿʄɽʅɽʅʅʓʍ ʐʊɸʄʄʆɺ V. CHOLERAE O1 

ɹʀʆɺɸʈɸ EL TOR ʅɸ ʇʆʃʅʆʎɽʅʅʓʍ ʀ ɻʆʃʆɼʅʓʍ ʉʈɽɼɸʍ 

ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʦʙ ʠʟʤʝʥʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʛʣʶʢʦʟʫ ʜʦ ʘʮʝʪʦʠʥʘ ʚ ʨʝʘʢʮʠʠ 

ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ, ʜʘʣʝʝ ʙʳʣ ʠʟʫʯʝʥ ʠʭ ʨʦʩʪ ʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʦʛʦ ʫʛʣʝʚʦʜʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʛʣʶʢʦʟʘ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʩʫʙʩʪʨʘʪʦʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ 

ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫ ʭʦʣʝʨʥʦʛʦ 

ʚʠʙʨʠʦʥʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ El Tor ʚʠʙʨʠʦʥʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʠʥʘ ʭʦʨʦʰʦ ʨʘʩʪʫʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʣʶʢʦʟʳ (ʜʦ 3%). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʰʪʘʤʤʳ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ 

ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʦʜʝʨʞʘʥʠʶ ʛʣʶʢʦʟʳ ʠ ʥʝ ʨʘʩʪʫʪ ʥʘ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

1% ʛʣʶʢʦʟʳ (Yoon, Mekalanos, 2006). ʉʚʝʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʛʣʶʢʦʟʳ ʥʘ ʨʦʩʪ 

ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʪʁ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 19 ʛʝʥʦʚʘʨʠʘʥʪʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor, ʘ ʪʘʢʞʝ 

6 ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʠ 3 ʰʪʘʤʤʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ (ʊʘʙʣʠʮʘ 7). ʐʪʘʤʤʳ 

ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʶʢʦʟʳ (0,4; 0,5; 1,0; 

3,0 %). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

0,4% ʚʩʝ ʰʪʘʤʤʳ ʜʘʚʘʣʠ ʭʦʨʦʰʠʡ ʨʦʩʪ (ʊʘʙʣʠʮʘ 7). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ ʜʦ 0,5% ʨʦʩʪ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʟʘʤʝʜʣʷʣʩʷ ʠ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 10
4
 ʂʆɽ/ʤʣ ʚʳʨʘʩʪʘʣʠ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʳʝ ʢʦʣʦʥʠʠ (ʈʠʩʫʥʦʢ 16). 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ ʜʦ 1% ʚ ʩʨʝʜʝ ʚʳʨʘʱʠʚʘʥʠʷ ʢʦʣʦʥʠʠ 

ʬʦʨʤʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ El Tor ʚʠʙʨʠʦʥʦʚ. ɻʝʥʦʚʘʨʠʘʥʪʳ, ʢʘʢ ʠ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʠʙʨʠʦʥʳ, ʥʝ ʨʦʩʣʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʊʘʙʣʠʮʘ 7, ʈʠʩʫʥʦʢ 16). 
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ʊʘʙʣʠʮʘ 7. ʉʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ V. cholerae ʨʘʩʪʠ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʣʶʢʦʟʳ 

 

ʐʪʘʤʤ 

V. cholerae 

ʄʝʩʪʦ ʠ ʛʦʜ 

ʚʳʜʝʣʝʥʠʷ 

ʈʦʩʪ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ 

ʩʨʝʜʝ ʩ ʛʣʶʢʦʟʦʡ* 

0,4% 0,5% 1% 

ʪʠʧʠʯʥʳʝ El Tor ʚʠʙʨʠʦʥʳ 

ʄ818 ɹʘʣʘʢʦʚʦ, 1970 + + + 

ʄ713 ʄʦʩʢʚʘ, 1970 + + + 

ʄ738 ʇʝʨʤʴ, 1970 + + + 

ʄ893 ɸʩʪʨʘʭʘʥʴ, 1970 + + + 

ʄ1062 ɸʩʪʨʘʭʘʥʴ, 1970 + + + 

ʄ1011 ɹʘʰʢʠʨʠʷ, 1972 + + + 

ʛʝʥʦʚʘʨʠʘʥʪʳ El Tor 

ʄ1264, ʄ1272 ʂʨʘʩʥʦʜʘʨ, 1993 + ʩʣ.ʨ. ï 

ʄ1270 ʊʘʪʘʨʩʪʘʥ, 1993 + ʩʣ.ʨ. ï 

ʄ1275, ʄ1297 ɼʘʛʝʩʪʘʥ, 1993 + ʩʣ.ʨ. ï 

ʄ1293 ɼʘʛʝʩʪʘʥ, 1994 + ʩʣ.ʨ. ï 

ʄ1266 ʇʝʨʤʴ, 1994 + ʩʣ.ʨ. ï 

ʄ1269 ʄʘʛʥʠʪʦʛʦʨʩʢ, 1994 + ʩʣ.ʨ. ï 

ʈ17644 ɸʯʠʥʩʢ, 1997 + ʩʣ.ʨ. ï 

ʈ17645 ʀʨʢʫʪʩʢ, 1997 + ʩʣ.ʨ. ï 

ʄ1344, ʄ1345 ʂʘʟʘʥʴ, 2001 + ʩʣ.ʨ. ï 

ʄ1429 ɹʘʰʢʠʨʠʷ, 2004 + ʩʣ.ʨ. ï 

ʄ1430 ʊʚʝʨʴ, 2005 + ʩʣ.ʨ. ï 

ʈ18899 ʄʫʨʤʘʥʩʢ, 2006 + ʩʣ.ʨ. ï 

ʃ3226, ʃ4150 ʄʦʩʢʚʘ, 2010 + ʩʣ.ʨ. ï 

301 ʊʘʛʘʥʨʦʛ, 2011 + ʩʣ.ʨ. ï 

ʄ1509 ʄʦʩʢʚʘ, 2012 + ʩʣ.ʨ. ï 

ʰʪʘʤʤʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 

ʄ29 ɸʩʪʨʘʭʘʥʴ, 1942 + ʩʣ.ʨ. ï 

569B ʀʥʜʠʷ, 1950 + ʩʣ.ʨ. ï 

Dakka35 ʇʘʢʠʩʪʘʥ, 1958 + ʩʣ.ʨ. ï 

ʇʨʠʤʝʯʘʥʠʝ: * ï ç+è ï ʭʦʨʦʰʠʡ ʨʦʩʪ; çʩʣ.ʨè ï ʩʣʘʙʳʡ ʨʦʩʪ, 

ʥʘʣʠʯʠʝ ʝʜʠʥʠʯʥʳʭ ʢʦʣʦʥʠʡ; çïè ï ʨʦʩʪ ʦʪʩʫʪʩʪʚʫʝʪ. 
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                                        ɸ                                                     ɹ 

ʈʠʩʫʥʦʢ 16. ʈʦʩʪ ʰʪʘʤʤʦʚ V. cholerae ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʨʘʟʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝ ʛʣʶʢʦʟʳ (ɸ ï ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,5%, ɹ ï ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1% ʛʣʶʢʦʟʳ). 1 

ï ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ ʄ818 ʙʠʦʚʘʨʘ El Tor; 2 ï ʰʪʘʤʤ 569ɺ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ; 

3ï4 ï ʛʝʥʦʚʘʨʠʘʥʪ rʄ1270 ʠ ʄ1509 ʙʠʦʚʘʨʘ El Tor. ʂʫʣʴʪʫʨʘ ʨʘʩʪʠʪʨʦʚʘʥʘ ʩ 10
9
 

(ʚʥʠʟʫ) ʜʦ 10
4
 ʂʆɽ/ʤʣ (ʚʚʝʨʭʫ). 

 

ʆʜʥʘʢʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʥʘ ʙʦʛʘʪʦʤ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʘʛʘʨʝ ʠʣʠ ʙʫʣʴʦʥʝ LB ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1% ʛʣʶʢʦʟʳ ʥʝ ʦʢʘʟʳʚʘʣʦ 

ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʭ ʨʦʩʪ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʘʢʪʠʚʥʦ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʛʣʶʢʦʟʫ 

ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʨʘʱʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʛʝʥʦʚʘʨʠʘʥʪ rʘʢʪʠʚʥʦ ʨʦʩʣʠ ʜʘʞʝ ʚ 

LB ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 3% ʛʣʶʢʦʟʳ. 

ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʦ ʥʝʦʜʠʥʘʢʦʚʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ 

ʨʘʩʪʠ ʥʘ ʩʨʝʜʘʭ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʶʢʦʟʳ, ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ 

ʚ ʦʢʠʩʣʝʥʠʠ ʛʣʶʢʦʟʳ ʜʦ ʧʠʨʫʚʘʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʠʢʦʣʠʟʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʛʣʠʢʦʣʠʟ, 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʬʝʨʤʝʥʪʘʮʠʠ ʛʣʶʢʦʟʳ ʫ ʚʩʝʭ ʞʠʚʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʱʝʧʣʝʥʠʷ ʛʣʶʢʦʟʳ ʧʠʨʫʚʘʪ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʮʠʢʣ 
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ʂʨʝʙʩʘ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʤʝʥ), ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʠʥʘ 

(ʈʠʩʫʥʦʢ 1). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʠʟʫʯʝʥʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 11 ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʛʣʠʢʦʣʠʟʝ (ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ ʠʟʦʤʝʨʘʟʳ (vc0374), 6-ʬʦʩʬʦʬʨʫʢʪʦʢʠʥʘʟʳ 

(vc2689), ʬʨʫʢʪʦʟʦ-ʙʠʬʦʩʬʘʪ ʘʣʴʜʦʣʘʟʳ (vc0478), ʪʨʠʦʟʬʦʩʬʘʪ ʠʟʦʤʝʨʘʟʳ 

(vc2670), ʛʣʠʮʝʨʘʣʴʜʝʛʠʜ-3-ʬʦʩʬʘʪ ʜʝʛʠʜʨʦʛʝʥʘʟʳ (vc2000); 

ʬʦʩʬʦʛʣʠʮʝʨʘʪʢʠʥʘʟʳ (vc0477); 2,3-ʙʠʬʦʩʬʦʛʣʠʮʝʨʘʪ ʥʝʟʘʚʠʩʠʤʦʡ 

ʬʦʩʬʦʛʣʠʮʝʨʘʪ ʤʫʪʘʟʳ (vc0336); ʝʥʦ ʬʦʩʬʦʧʠʨʫʚʘʪ ʛʠʜʨʘʪʘʟʳ (vc2447); ʧʠʨʫʚʘʪ 

ʢʠʥʘʟʳ II  (vc2008); ʜʠʛʠʜʨʦʣʠʧʦʘʤʠʜ ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʳ (vc2413); 

ʜʠʛʠʜʨʦʣʠʧʦʘʤʠʜ ʜʝʛʠʜʨʦʛʝʥʘʟʳ (vc2412), ʠʜʝʥʪʠʯʥʘ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʫ 

V. cholerae N16961 ʙʠʦʚʘʨʘ El Tor. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʳʩʢʘʟʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʫ ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae 

ʙʠʦʚʘʨʘ El Tor ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʧʨʦʠʟʦʰʣʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʬʝʨʤʝʥʪʘʮʠʠ ʛʣʶʢʦʟʳ. ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʶʢʦʟʳ (0,5% ʠ ʚʳʰʝ) ʦʢʘʟʳʚʘʝʪ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʨʦʩʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʙʦʛʘʪʦʡ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʩʨʝʜʝ ʛʣʶʢʦʟʘ ʘʢʪʠʚʥʦ ʧʦʪʨʝʙʣʷʝʪʩʷ ʛʝʥʦʚʘʨʠʘʥʪʘʤʠ ʠ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʭ ʨʦʩʪʦʚʳʝ ʩʚʦʡʩʪʚʘ. ʄʦʞʥʦ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ V. cholerae ʙʠʦʚʘʨʘ El Tor 

ʛʝʥʦʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ ʧʨʠʚʝʣʦ ʥʝ ʪʦʣʴʢʦ ʢ ʧʦʚʳʰʝʥʠʶ ʠʭ 

ʚʠʨʫʣʝʥʪʥʦʩʪʠ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʙʦʣʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʬʝʨʤʝʥʪʘʮʠʠ ʛʣʶʢʦʟʳ. ʋʯʠʪʳʚʘʷ, ʧʨʠʩʫʪʩʪʚʠʝ ʜʘʥʥʦʛʦ ʫʛʣʝʚʦʜʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚ ʢʠʰʝʯʥʠʢʝ ʯʝʣʦʚʝʢʘ, ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʣʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʧʦʚʳʰʝʥʠʶ ʠʭ ʘʜʘʧʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʤʘʢʨʦʦʨʛʘʥʠʟʤ. ɼʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʪʘʢʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʬʝʨʤʝʥʪʘʮʠʠ 

ʛʣʶʢʦʟʳ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɻʃɸɺɸ 6. ɺʓʗɺʃɽʅʀɽ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʆʉʆɹɽʅʅʆʉʊɽʁ 

ɻɽʅɽʊʀʏɽʉʂʀ ʀɿʄɽʅɽʅʅʓʍ ʐʊɸʄʄʆɺ V. CHOLERAE O1 ɹʀʆɺɸʈɸ 

EL TOR, ʆʇʈɽɼɽʃʗʖʑʀʍ ʀʍ ɺʓʉʆʂʀʁ ʋʈʆɺɽʅʔ ɸɼɸʇʊɸʎʀʀ ʂ 

ɺʅɽʐʅʀʄ ʌɸʂʊʆʈɸʄ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ 

 

6.1. ʆʮʝʥʢʘ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʦʚ V. cholerae O1 ʙʠʦʚʘʨʘ El Tor ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʚʝʜʝʥʠʡ, ʦ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʥʝʜʘʚʥʦ ʚʦʟʥʠʢʰʠʭ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor, ʥʝʢʦʪʦʨʳʝ ʠʭ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʪʦʤ ʯʠʩʣʝ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠʯʠʥʳ ʠʭ ʙʳʩʪʨʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʩʠʛʝʥʥʳʭ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 

ʙʠʦʚʘʨʘ El Tor (ʩʧʦʩʦʙʥʳʭ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚʳʟʳʚʘʪʴ ʪʷʞʝʣʳʝ ʵʧʠʜʝʤʠʠ). ɺ ʨʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥʦʚʘʨʠʘʥʪʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʠʧʠʯʥʳʭ 

ʰʪʘʤʤʦʚ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ, ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʠ 

ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʦʚ, ʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʪʠʧʠʯʥʳʝ ʠʟʦʣʷʪʳ, ʭʦʨʦʰʦ ʩʦʭʨʘʥʷʶʪʩʷ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʇʣʝʭʘʥʦʚ, 2017). ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʦ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʩ ʪʠʧʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʅʘʤʠ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʠ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʠʭ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʥʘʭʦʞʜʝʥʠʠ ʩ ʪʠʧʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʠʣʴʪʨʦʚʘʥʥʘʷ 

ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʥʘʷ ʨʝʯʥʘʷ ʚʦʜʘ, ʚʟʷʪʘʷ ʠʟ ʨʝʢʠ ɺʦʣʛʘ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. 
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ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 7 ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʠ 22 ʧʨʠʨʦʜʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʘ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʊʘʙʣʠʮʘ 8). 

 

ʊʘʙʣʠʮʘ 8. ʆʧʨʝʜʝʣʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʧʨʠʨʦʜʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor 

ʐʪʘʤʤ 

V. cholerae 

ʄʝʩʪʦ, ʛʦʜ ʠ 

ʠʩʪʦʯʥʠʢ 

ʚʳʜʝʣʝʥʠʷ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ɸɹʇ 

Tc Cip Cm Tp Km Rif Sp Str 

ʊʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʙʠʦʚʘʨʘ El Tor 

ʄ886, ʄ893, 

ʄ1051, 1062 

ɸʩʪʨʘʭʘʥʴ, 1970, 

ʯʝʣʦʚʝʢ 
S S S S S S S S 

ʄ818 1970, ɹʘʣʘʢʦʚʦ, 

ʯʝʣʦʚʝʢ 
S S S S S S S S 

ʄ1011 ɹʘʰʢʠʨʠʷ, 1972, 

ʯʝʣʦʚʝʢ 
S S S S S S S S 

ʄ642 ɸʩʪʨʘʭʘʥʴ, 1975, 

ʯʝʣʦʚʝʢ 
S S S S S S S S 

ɻʝʥʦʚʘʨʠʘʥʪ rʙʠʦʚʘʨʘ El Tor 

ʄ1264, 1272, 

ʄ1298, 1299 

ʂʨʘʩʥʦʜʘʨ, 1993, 

ʯʝʣʦʚʝʢ 
R S R R S S R R 

ʄ1270, 1271 ʊʘʪʘʨʩʪʘʥ, 1993, 

ʯʝʣʦʚʝʢ 
R S R R S S R R 

ʄ1275, 1278, 

ʄ1279, 1297 

ɼʘʛʝʩʪʘʥ, 1993, 

ʯʝʣʦʚʝʢ 
R S R R S S S R 

ʄ1295, 1293 ɼʘʛʝʩʪʘʥ, 1994, 

ʯʝʣʦʚʝʢ 
S S S R S S S R 

ʄ1286, 1287, 

ʄ1288 

ɼʘʛʝʩʪʘʥ, 1994, 

ʯʝʣʦʚʝʢ 
S S R R S S S R 

ʄ1269 ʄʘʛʥʠʪʦʛʦʨʩʢ, 

1994, ʯʝʣʦʚʝʢ 
R S R R S S S R 

ʈ17644 ɸʯʠʥʩʢ, 1997, 

ʯʝʣʦʚʝʢ 
S S R R S S S R 

ʄ1429 ɹʘʰʢʠʨʠʷ, 2004, 

ʯʝʣʦʚʝʢ 
S S R R S S S R 

ʈ18899 ʄʫʨʤʘʥʩʢ, 2006, 

ʯʝʣʦʚʝʢ 
S S R R S S S R 

ʃ3226 ʄʦʩʢʚʘ, 2010, 

ʯʝʣʦʚʝʢ 
S S R R S S S R 

301 ʊʘʛʘʥʨʦʛ, 2011, 

ʚʥʝʰʥʷʷ ʩʨʝʜʘ 
S S R R S S S R 

ʄ1509 ʄʦʩʢʚʘ, 2012, 

ʯʝʣʦʚʝʢ 
S S S R S S S R 

ʇʨʠʤʝʯʘʥʠ:̫ Tc ï ʪʝʪʨʘʮʠʢʣʠʥ, Cip ï ʮʠʧʨʦʬʣʦʢʩʘʮʠʥ, Cm ï ʭʣʦʨʘʤʬʝʥʠʢʦʣ, Tp ï 

ʪʨʠʤʝʪʦʧʨʠʤ, Km ï ʢʘʥʘʤʠʮʠʥ, Rif ï ʨʠʬʘʤʧʠʮʠʥ, Sp ï ʩʧʝʢʪʠʥʦʤʠʮʠʥ, Str ï 

ʩʪʨʝʧʪʦʤʠʮʠʥ; Rï ʫʩʪʦʡʯʠʚʦʩʪʴ, S ï ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 
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ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʳ ʥʝʦʙʭʦʜʠʤʘ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʚʳʩʝʚʘʝʤʳʭ ʥʘ ʧʠʪʘʪʝʣʴʥʳʡ ʘʛʘʨ ʢʣʦʥʦʚ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚʟʷʪʳʭ ʚ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ V. cholerae ʢ 

ʘʥʪʠʙʠʦʪʠʢʘʤ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ/ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʢ ʥʝʢʦʪʦʨʳʤ ʘʥʪʠʙʠʦʪʠʢʘʤ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 8. 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʦʚ V. cholerae ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʢʣʦʥʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʪʘʢʠʤ ʘʥʪʠʙʠʦʪʠʢʘʤ ʢʘʢ ʢʘʥʘʤʠʮʠʥ, 

ʨʠʬʘʤʧʠʮʠʥ, ʩʧʝʢʪʠʥʦʤʠʮʠʥ ʠ ʩʪʨʝʧʪʦʤʠʮʠʥ. ʉʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʤʫʪʘʥʪʦʚ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʢʣʦʥʳ, ʧʦʢʘʟʘʚʰʠʝ ʥʘʠʙʦʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ. 

ɼʘʣʝʝ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦ ʚʟʷʪʳʭ ʰʪʘʤʤʦʚ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʧʘʨʳ 

(ʪʠʧʠʯʥʳʡ/ʛʝʥʦʚʘʨʠʘʥʪ) ʰʪʘʤʤʦʚ ʩ ʨʘʟʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ: 

M1011Km
R
/M1270Sp

R
; M1062Rif

R
/P17644Sp

R
; ʄ893RifR/301Sp

R
; 

ʄ818Rif
R
/ʃ3226Str

R
. ʊʠʧʠʯʥʳʝ ʰʪʘʤʤʳ (ʄ1011, ʄ1062, ʄ893, ʄ818) ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʦʪ ʙʦʣʴʥʳʭ ʚ ʧʝʨʠʦʜ 1970-1972 ʛʛ., ʛʝʥʦʚʘʨʠʘʥʪ r (ʄ1270, ʈ17644, 

ʃ3226, 301) ʙʳʣʠ ʠʟʦʣʠʨʦʚʘʥʳ ʚ 1993-2011 ʛʛ. ɻʦʪʦʚʠʣʠ ʚʟʚʝʩʴ ʰʪʘʤʤʦʚ 

ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (1ʭ10
7
 ʂʆɽ/ʤʣ) ʠ ʟʘʩʝʚʘʣʠ ʚ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʥʫʶ 

ʨʝʯʥʫʶ ʚʦʜʫ. ɺ ʠʪʦʛʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʡ ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ ʩʦʩʪʘʚʣʷʣʦ 

5ʭ10
6 
ʂʆɽ/ʤʣ. ʇʨʦʙʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʜʝʣʘʷ ʚʳʩʝʚʳ ʥʘ ʧʣʘʩʪʠʥʢʠ ʘʛʘʨʘ ʩ ʘʥʪʠʙʠʦʪʠʢʘʤʠ ʠ ʧʦʜʩʯʠʪʳʚʘ ̫ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʠʧʠʯʥʳʤʠ ʠʟʦʣʷʪʘʤʠ, ʯʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʩʝʚʘʝʤʳʭ 

ʙʘʢʪʝʨʠʡ. ʊʘʢ, ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʛʝʥʦʚʘʨʠʘʥʪʘ M1270 Sp
R
 ʥʘ 4-ʝ ʩʫʪʢʠ 

ʩʦʚʤʝʩʪʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʩ ʪʠʧʠʯʥʳʤ ʰʪʘʤʤʦʤ M1011Km
R
 ʧʨʝʚʳʰʘʣʦ ʂʆɽ 

ʧʦʩʣʝʜʥʝʛʦ ʚ 77,6 ʨʘʟ. ʅʘ 6-ʝ ʩʫʪʢʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ ʪʠʧʠʯʥʦʛʦ 

ʰʪʘʤʤʘ M1011Km
R
, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʨʦʩʪʘ ʰʪʘʤʤʘ M1270 Sp

R
. ɺʦʟʤʦʞʥʦ, ʜʘʥʥʳʡ 
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ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ ʧʦʛʠʙ ʠʣʠ ʧʝʨʝʰʝʣ ʚ ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʧʦʧʫʣʷʮʠʠ 

ʰʪʘʤʤʦʚ ʄ893Rif
R
/301Sp

R
 ʥʘ 4 ʩʫʪʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʡ ʦʙʦʠʭ 

ʰʪʘʤʤʦʚ ʙʳʣʦ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ. ʆʜʥʘʢʦ ʥʘ 18 ʩʫʪʢʠ ʂʆɽ ʛʝʥʦʚʘʨʠʘʥʪʘ 

301Sp
R
 ʙʳʣʦ ʚ 3,9 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʄ893Rif

R
. ɺ ʧʘʨʝ ʰʪʘʤʤʦʚ 

P17644Sp
R
/M1062Rif

R
 ʥʘ 4 ʩʫʪʢʠ ʠʥʢʫʙʘʮʠʠ ʯʠʩʣʦ ʂʆɽ ʛʝʥʦʚʘʨʠʘʥʪʘ ʧʨʝʚʳʰʘʣʘ 

ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʠʧʠʯʥʦʛʦ ʰʪʘʤʤʘ ʚ 2,8 ʨʘʟʘ, ʘ ʥʘ 18 ʩʫʪʢʠ ʚ 3,2 ʨʘʟʘ. ɺ ʧʘʨʝ 

ʰʪʘʤʤʦʚ ʄ818Rif
R
/ʃ3226Str

R
 ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʦʛʦ ʰʪʘʤʤʘ. ʅʘ 4-ʝ ʩʫʪʢʠ ʢʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʡ 

ʛʝʥʦʚʘʨʠʘʥʪʘ ʧʨʝʚʳʰʘʣʦ ʂʆɽ ʪʠʧʠʯʥʦʛʦ ʚ 9,2 ʨʘʟʘ, ʥʘ 6-ʝ ï ʚ 10,4 ʨʘʟʘ. ʅʘ 18-ʝ 

ʩʫʪʢʠ ʞʠʟʥʝʩʧʦʩʦʙʥʳʝ ʙʘʢʪʝʨʠʠ ʪʠʧʠʯʥʦʛʦ ʰʪʘʤʤʘ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 9. 

 

ʊʘʙʣʠʮʘ 9. ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʳ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ 

V. cholerae ʙʠʦʚʘʨʘ El Tor ʚ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʥʦʡ ʨʝʯʥʦʡ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʭ ʂʆɽ ʚ ʤʦʥʦʢʫʣʴʪʫʨʝ. 

ʐʪʘʤʤ ʄʝʩʪʦ, ʛʦʜ 

ʠ ʠʩʪʦʯʥʠʢ 

ʚʳʜʝʣʝʥʠʷ 

ʂʆɽ/ʤʣ*, ʦʧʨʝʜʝʣʝʥʥʦʝ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʯʝʨʝʟ: 

4 ʩʫʪʦʢ ʚ 

ʩʤʝʩʠ 

6 ʩʫʪʦʢ ʚ 

ʩʤʝʩʠ 

18 ʩʫʪʦʢ ʚ 

ʩʤʝʩʠ 

18 ʩʫʪʦʢ 

ʤʦʥʦʢʫʣʴʪʫʨʘ 

M1011Km
R
 ɹʘʰʢʠʨʠʷ, 

1972, ʯʝʣʦʚʝʢ 

1,06ʭ10
4
Ñ120 0 0 1,7ʭ10

4
Ñ450 

M1270Sp
R
 ʊʘʪʘʨʩʪʘʥ, 

1993, ʯʝʣʦʚʝʢ 

8,2ʭ10
5
Ñ400 6,4ʭ10

4
Ñ300 4,5ʭ10

4
Ñ200 7,2ʭ10

4
Ñ340 

M1062Rif
R
 ɸʩʪʨʘʭʘʥʴ, 

1970, ʯʝʣʦʚʝʢ 

4,0ʭ10
4
Ñ100 2,0ʭ10

4
Ñ100 1,1ʭ10

4
Ñ50 2,3ʭ10

4
Ñ110 

P17644Sp
R
 ɸʯʠʥʩʢ, 1997, 

ʯʝʣʦʚʝʢ 

1,12ʭ10
5
Ñ300 6,04ʭ10

4
Ñ300 2,5ʭ10

4
Ñ100 7,2ʭ10

4
Ñ360 

ʄ893 Rif
R
 ɸʩʪʨʘʭʘʥʴ, 

1970, ʯʝʣʦʚʝʢ 

5,1ʭ10
5
Ñ250 2,7ʭ10

4
Ñ480 1,2ʭ10

4
Ñ550 2,5ʭ10

4
Ñ120 

301Sp
R
 ʊʘʛʘʥʨʦʛ, 2011, 

ʚʥʝʰʥʷʷ ʩʨʝʜʘ 

5,3ʭ10
5
Ñ210 5,9ʭ10

4
Ñ220 4,0ʭ10

4
Ñ200 9,8ʭ10

4
Ñ480 

ʄ818Rif
R
 ɹʘʣʘʢʦʚʦ, 1970, 

ʯʝʣʦʚʝʢ 

3,6ʭ10
4
Ñ170 2,5ʭ10

4
Ñ120 0 9,1ʭ10

4
Ñ450 

ʃ3226Str
R
 ʄʦʩʢʚʘ, 2010, 

ʯʝʣʦʚʝʢ 

3,32ʭ10
5
Ñ160 2,6ʭ10

5
Ñ125 2,2ʭ10

5
Ñ100 3,78ʭ10

5Ñ180 

ʇʨʠʤʝʯʘʥʠʝ:  * ï ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 3-ʭ ʦʧʳʪʦʚ (ʈ᾽0,05). 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ ʥʝʢʦʪʦʨʳʭ 

ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʝ (M1011Km
R
, ʄ818Rif

R
), ʚ 
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ʤʦʥʦʢʫʣʴʪʫʨʝ ʧʦʧʫʣʷʮʠʷ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ, ʪʘʢʞʝ ʢʘʢ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ, 

ʩʦʭʨʘʥʷʣʘʩʴ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʩʝʚʘʝʤʦʩʪʠ (ʊʘʙʣʠʮʘ 9). 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ 

ʩʚʝʜʝʥʠʷʤʠ ʦ ʜʣʠʪʝʣʴʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʇʣʝʭʘʥʦʚ, 2017). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ ʣʫʯʰʝ 

ʘʜʘʧʪʠʨʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʦʙʣʘʜʘʶʪ 

ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ. ʄʦʞʥʦ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʜʥʘ ʠʟ 

ʧʨʠʯʠʥ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʫʚʝʣʠʯʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʜʘʣʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʦʮʝʥʢʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʰʪʘʤʤʦʚ 

V. cholerae ʙʠʦʚʘʨʘ El Tor. 

6.2. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V.cholerae O1 ʙʠʦʚʘʨʘ El Tor ʥʘ ʧʦʣʥʦʮʝʥʥʦʡ ʩʨʝʜʝ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ, ʠʩʩʣʝʜʫʝʤʳʝ 

ʰʪʘʤʤʳ V. cholerae ʚ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʤʝʱʘʣʠ ʚ ʙʫʣʴʦʥ LB. ʏʝʨʝʟ 4 

ʯʘʩʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʥʘʯʘʣʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ ʨʦʩʪʘ) ʦʧʨʝʜʝʣʷʣʠ ʦʧʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʧʦʜʨʦʩʰʝʡ ʢʫʣʴʪʫʨʳ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʚʳʩʝʚ ʰʪʘʤʤʦʚ ʥʘ LB 

ʘʛʘʨ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʜʩʯʝʪʦʤ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ hʪʘʤʤʳ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ ʨʦʩʪʦʤ. ʊʘʢ ʆʇ ʛʝʥʦʚʘʨʠʘʥʪʘ 

ʄ1270Sp
R
 ʧʨʝʚʳʰʘʣʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʠʧʠʯʥʦʛʦ ʰʪʘʤʤʘ ʄ1011Km

R
 ʚ 

4,8 ʨʘʟ, ʘ ʆʇ ʛʝʥʦʚʘʨʠʘʥʪʘ ʃ3226 Str
R
 ʙʳʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʄ818 Rif

R
 ʚ 1,2 ʨʘʟʘ. 

ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʫ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ: ʆʇ ʛʝʥʦʚʘʨʠʘʥʪʘ P17644 Sp
R
 

ʙʳʣʘ ʚ 1,7 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʆʇ ʪʠʧʠʯʥʦʛʦ ʰʪʘʤʤʘ M1062 Rif
R
, ʘ ʚ ʧʘʨʝ 301 Sp

R
/ 

893
 
 Rif

R
 ʨʘʟʥʠʮʘ ʙʳʣʘ ʚ 1,8 ʨʘʟ (ʊʘʙʣʠʮʘ 10). 
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ʊʘʙʣʠʮʘ 10. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʰʪʘʤʤʦʚ V. cholerae 

ʙʠʦʚʘʨʘ El Tor ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ LB ʙʫʣʴʦʥʝ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. 

ʐʪʘʤʤ  

V. cholerae 

ʂʦʣʠʯʝʩʪʚʦ  

ʂʆɽ (ʭ10
4
) 

Oʇ ʧʨʠ 600 

ʥʤ 

ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʆʇ 

ʛʝʥʦʚʘʨʠʘʥʪʘ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʆʇ 

ʪʠʧʠʯʥʦʛʦ ʰʪʘʤʤʘ  

M1011 Km
R
 850Ñ35 0,23 Ñ 0,01 

> ʚ 4,8 ʨʘʟ 
M1270 Sp

R
 4251Ñ200 1,1 Ñ 0,05 

M1062 Rif
R
 2960Ñ140 0,84 Ñ 0,04 

> ʚ 1,7 ʨʘʟʘ 
P17644 Sp

R
 4736Ñ230 1,45 Ñ 0,07 

ʄ893
 
 Rif

R
 2355Ñ100 0,6 Ñ 0,03 

> ʚ 1,8 ʨʘʟ 
301 Sp

R
 4240Ñ180 1,09 Ñ 0,05 

ʄ818 Rif
R
 4501Ñ210 0,97 Ñ 0,04 

> ʚ 1,2 ʨʘʟʘ 
ʃ3226 Str

R
 4945Ñ220 1,16 Ñ 0,05 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʦʧʳʪʦʚ (ʟʥʘʯʝʥʠʝ P<0,05). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ V. cholerae ʙʠʦʚʘʨʘ El Tor 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ ʟʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 

ʬʦʨʤʠʨʫʶʪ ʙʦʣʴʰʝ ʢʦʣʦʥʠʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʧʦʚʳʰʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, 

ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʠ ʷʚʠʣʦʩʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʠʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʝ. 

ɼʘʣʝʝ ʤʳ ʨʘʩʰʠʨʠʣʠ ʚʳʙʦʨʢʫ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʰʪʘʤʤʦʚ, ʚʟʷʚ ʚ ʘʥʘʣʠʟ ʝʱʝ 

ʜʚʘ ʪʠʧʠʯʥʳʭ ʪʦʢʩʠʛʝʥʥʳʭ ʰʪʘʤʤʘ ʠ 10 ʛʝʥʦʚʘʨʠʘʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʚʝʟʝʥʥʳʭ ʚ 

ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ (2012-2014) (ʊʘʙʣʠʮʘ 11). ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʰʪʘʤʤʦʚ ʪʘʢʞʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʝʥʦʚʘʨʠʘʥʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʝʭ ʚʟʷʪʳʭ ʚ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʙʳʣʘ ʚ ʩʨʝʜʥʝʤ ʚ 1,7 ʨʘʟ 

ʚʳʝh, ʯʝʤ ʫ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ. 
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ʊʘʙʣʠʮʘ 11. ʇʦʢʘʟʘʪʝʣʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El 

Tor ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ LB ʙʫʣʴʦʥʝ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. 

ʐʪʘʤʤ 

V. cholerae 

ʄʝʩʪʦ, ʛʦʜ ʠ ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ Oʇ ʧʨʠ 600 

ʥʤ 

ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ 

ʄ2939 ʂʝʨʯʴ, 1970, ʯʝʣʦʚʝʢ 0,83 Ñ 0,04 

ʄ1069 ɺʦʣʛʦʛʨʘʜ, 1972, ʯʝʣʦʚʝʢ 0,65 Ñ 0,03 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ 

ʄ1299 ʂʨʘʩʥʦʜʘʨ, 1993, ʯʝʣʦʚʝʢ 1,08 Ñ 0,05 

ʄ1264 ʂʨʘʩʥʦʜʘʨ, 1993, ʯʝʣʦʚʝʢ 1,09 Ñ 0,05 

ʄ1266 ʇʝʨʤʴ, 1994, ʚʥʝʰʥʷʷ ʩʨʝʜʘ 1,03 Ñ 0,05 

ʄ1344 ʂʘʟʘʥʴ, 2001, ʯʝʣʦʚʝʢ 1,3 Ñ 0,06 

ʄ1345 ʂʘʟʘʥʴ, 2001, ʯʝʣʦʚʝʢ 1,29 Ñ 0,06 

ʄ1349 ʂʘʟʘʥʴ, 2001, ʯʝʣʦʚʝʢ 1,08 Ñ 0,05 

147 ʗʣʪʘ, 2010, ʚʥʝʰʥʷʷ ʩʨʝʜʘ 1,19 Ñ 0,05 

39 ʄʘʨʠʫʧʦʣʴ, 2011, ʚʥʝʰʥʷʷ ʩʨʝʜʘ 1,15 Ñ 0,05 

ʄ1509 ʄʦʩʢʚʘ, 2012, ʯʝʣʦʚʝʢ 1,2 Ñ 0,06 

3265/80 ʄʦʩʢʚʘ, 2014, ʯʝʣʦʚʝʢ 1,16 Ñ 0,05 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʦʧʳʪʦʚ (ʟʥʘʯʝʥʠʝ 

P<0,05). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

V. cholerae ʙʠʦʚʘʨʘ El Tor ʚʳʰʝ, ʯʝʤ ʫ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ, ʚ ʩʨʝʜʥʝʤ ʚ 1,7 ʨʘʟ. 

6.3. Cʦʧʦʩʪʘʚʣʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ rpoS ʠ hapR, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʙʠʦʩʠʥʪʝʟ ʬʘʢʪʦʨʦʚ ʘʜʘʧʪʘʮʠʠ, ʫ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ, ʦ ʣʫʯʰʝʡ ʘʜʘʧʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʩ ʪʠʧʠʯʥʳʤʠ ʠʟʦʣʷʪʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʣʠʪʝʨʘʪʫʨʳ, ʦʙ 

ʫʯʘʩʪʠʠ ʙʝʣʢʘ RpoS ʚ ʧʦʚʳʰʝʥʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ (Yildiz , Schoolnik, 1998), ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 
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ʠʟʫʯʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ rpoS ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʰʪʘʤʤʘʭ ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ 

rpoS ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʦʣʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ rpoS ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʛʝʥʘ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʘ N16961. ʀʩʢʣʶʯʝʥʠʝ 

ʩʦʩʪʘʚʠʣ ʰʪʘʤʤ V. cholerae 301 (ʊʘʛʘʥʨʦʛ, 2011), ʢʦʪʦʨʳʡ ʠʤʝʣ ʚʩʪʘʚʢʫ CTTAC ʚ 

ʧʦʟʠʮʠʠ 219 ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ (ʈʠʩʫʥʦʢ 17). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ rpoS ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ (ʇʣʝʭʘʥʦʚ, 2017). 

 

 

ʈʠʩʫʥʦʢ 17. ʅʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ rpoS ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor. ʈʘʤʢʦʡ ʚʳʜʝʣʝʥʘ 

ʥʫʢʣʝʦʪʠʜʥʘʷ ʚʩʪʘʚʢʘ ʚ ʧʦʟʠʮʠʠ 219 ʫ ʰʪʘʤʤʘ 301. 

ʄ1264, ʄ1270, ʄ1299, ʄ1266, ʄ1345, 39, 147, 301 ï ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ 

ʰʪʘʤʤʳ; N16961 ï ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤ V. cholerae ʙʠʦʚʘʨʘ El Tor. 

 

ɼʘʣʝʝ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ rpoS ʚ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʘʭ ʠ 

ʛʝʥʦʚʘʨʠʘʥʪʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʘ, ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ rpoS ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʥʷʪʘ ʟʘ ʝʜʠʥʠʮʫ, ʠʩʧʦʣʴʟʦʚʘʥ ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ V. cholerae ʄ818. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ rpoS ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚ ʩʨʝʜʥʝʤ ʚ 3 ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʫ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ (ʊʘʙʣʠʮʘ 12, ʈʠʩʫʥʦʢ 18). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣ ʪʦʣʴʢʦ 

ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ V. cholerae ʄ893, ʫ ʢʦʪʦʨʦʛʦ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ rpoS ʦʧʨʝʜʝʣʠʪʴ 
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ʥʝ ʫʜʘʣʦʩʴ. ɺʦʟʤʦʞʥʦ, ʚ ʜʘʥʥʦʤ ʰʪʘʤʤʝ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ rpoS ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʫʣʴʪʫʨ,r ʥʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʰʪʘʤʤʝ V. cholerae 301 ʚʩʪʘʚʢʠ ʚ ʛʝʥʝ rpoS 

ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʜʘʥʥʦʛʦ ʛʝʥʘ, ʢʦʪʦʨʘʷ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʜʨʫʛʠʤʠ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ. 

 

ʊʘʙʣʠʮʘ 12. ʋʨʦʚʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ rpoS ʠ hapR ʚ 

ʰʪʘʤʤʘʭ V. cholerae. 

ʐʪʘʤʤ V. cholerae ɻʦʜ ʠ ʤʝʩʪʦ 

ʚʳʜʝʣʝʥʠʷ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ 

ʛʝʥʦʚ* 

rpoS hapR 

ʄ818 ʪʠʧʠʯʥʳʡ El Tor 1970, ɹʘʣʘʢʦʚʦ 1 1 

ʄ893 ʪʠʧʠʯʥʳʡ El Tor 1970, ɸʩʪʨʘʭʘʥʴ ʥ/ʦ** 0,61Ñ0,03 

ʄ1062 ʪʠʧʠʯʥʳʡ El Tor 1970, ɸʩʪʨʘʭʘʥʴ 0,62Ñ0,03 1,18Ñ0,05 

ʄ1011 ʪʠʧʠʯʥʳʡ El Tor 1972, ɹʘʰʢʠʨʠʷ 0,42Ñ0,02 0,84Ñ0,04 

ʄ1270 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 1993, ʊʘʪʘʨʩʪʘʥ 1,77Ñ0,08 0,40Ñ0,02 

ʄ1299 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 1993, ʂʨʘʩʥʦʜʘʨ 1,12Ñ0,05 0,66Ñ0,03 

ʄ1266 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 1994, ʇʝʨʤʴ 1,60Ñ0,07 2,06Ñ0,09 

ʈ17644 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 1997, ɸʯʠʥʩʢ 2,19Ñ0,10 0,90Ñ0,04 

ʄ1345 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 2001, ʂʘʟʘʥʴ 3,00Ñ0,14 5,12Ñ0,24 

147 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 2010, ʗʣʪʘ 1,22Ñ0,05 0,46Ñ0,02 

ʃ3226 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 2010, ʄʦʩʢʚʘ 2,04Ñ0,09 0,89Ñ0,04 

39 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 2011, ʄʘʨʠʫʧʦʣʴ 3,31Ñ0,15 0,97Ñ0,04 

301 ʛʝʥʦʚʘʨʠʘʥʪ El Tor 2011, ʊʘʛʘʥʨʦʛ 1,83Ñ0,09 1,14Ñ0,05 

ʇʨʠʤʝʯʘʥʠʷ: * ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʨʘʩʩʯʠʪʘʥʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʤʝʨʝʥʠʡ (ʟʥʘʯʝʥʠʝ P <0,05), ** ï ʥʝ ʦʧʨʝʜʝʣʝʥʦ. 
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ʈʠʩʫʥʦʢ 18. ʋʨʦʚʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ rpoS ʚ ʰʪʘʤʤʘʭ V. cholerae. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʘ, ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ rpoS ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʷʪʘ ʟʘ ʝʜʠʥʠʮʫ, 

ʠʩʧʦʣʴʟʦʚʘʥ ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ ʄ818. 

ʄ818, ʄ893, ʄ1062, ʄ1011 ï ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʙʠʦʚʘʨʘ El Tor;  

ʄ1270, ʄ1299, ʄ1266, ʈ17644, ʄ1345, 147, ʃ3226, 39, 301 ï ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤ.r 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ RpoS ʧʦʟʠʪʠʚʥʦ ʨʝʛʫʣʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʘ hapR (Yildiz  

et al., 2004), ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʜʘʥʥʦʛʦ 

ʛʝʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʛʝʥʦʚʘʨʠʘʥʪ rʥʝ ʦʪʣʠʯʘʶʪʩʷ 

ʧʦ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ hapR ʦʪ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣ ʰʪʘʤʤ 

V. cholerae M1345, ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʣ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʢ ʪʠʧʠʯʥʳʭ, ʪʘʢ ʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚ 5,4 ï 5,6 ʨʘʟʘ (ʊʘʙʣʠʮʘ 6). ɺʝʨʦʷʪʥʦ, ʚ 

ʜʘʥʥʦʤ ʰʪʘʤʤʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ hapR, ʢʘʢ ʦʜʥʦʛʦ ʠʟ 

ʢʣʶʯʝʚʳʭ ʛʝʥʦʚ ʩʠʩʪʝʤʳ quorum sensing, ʦʢʘʟʳʚʘʶʪ ʜʨʫʛʠʝ ʙʝʣʢʠ, ʥʘʧʨʠʤʝʨ, 

LuxO. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ 

ʠʟʫʯʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor 

ʫʚʝʣʠʯʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʝʩʩʦʚʦʛʦ ʦʪʚʝʪʘ ʛʝʥʘ rpoS. 
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ɿɸʂʃʖʏɽʅʀɽ 

ʋʞʝ ʙʦʣʝʝ 50 ʣʝʪ ʚ ʤʠʨʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩʝʜʴʤʘʷ ʧʘʥʜʝʤʠʷ ʭʦʣʝʨʳ, 

ʥʘʯʘʚʰʘʷʩʷ ʚ 1961 ʛʦʜʫ. ʕʪʠʦʣʦʛʠʯʝʩʢʠʤ ʘʛʝʥʪʦʤ ʜʘʥʥʦʡ ʧʘʥʜʝʤʠʠ ʷʚʣʷʶʪʩʷ 

ʪʦʢʩʠʛʝʥʥʳʝ ʰʪʘʤʤʳ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʆ1 ʩʝʨʦʛʨʫʧʧʳ ʙʠʦʚʘʨʘ El Tor, 

ʟʘʤʝʥʠʚʰʠʝ ʥʘ ʵʥʜʝʤʠʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʧʨʝʜʳʜʫʱʝʡ ʰʝʩʪʦʡ 

ʧʘʥʜʝʤʠʠ V. cholerae ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ (ɹʘʨʦʷʥ, 1971; Kaper et al., 1995; 

Faruque et al., 1998; Rodriguez, Whitten, 2018). ɺʠʙʨʠʦʥʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ 

ʧʨʦʜʫʮʠʨʫʶʪ ʙʦʣʴʰʝ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ ʠ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʪʷʞʝʣʳʝ ʬʦʨʤʳ 

ʙʦʣʝʟʥʠ. ʆʜʥʘʢʦ El Tor ʚʠʙʨʠʦʥʳ ʣʫʯʰʝ ʚʳʞʠʚʘʶʪ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ, ʯʪʦ 

ʷʚʠʣʦʩʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʠʭ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɺ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʚʦʟʥʠʢʣʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ 

ʙʠʦʚʘʨʘ El Tor ʠʣʠ ʛʝʥʦʚʘʨʠʘʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʬʘʛ CTXű ʩ ʦʧʝʨʦʥʦʤ ctxAB1, 

ʢʦʜʠʨʫʶʱʠʤ ʙʠʦʩʠʥʪʝʟ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ, ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ. 

ɻʝʥʦʚʘʨʠʘʥʪʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʠʧʠʯʥʳʭ El Tor ʚʠʙʨʠʦʥʦʚ, ʚʳʟʚʘʚʰʠʭ ʥʘʯʘʣʦ 

ʪʝʢʫʱʝʡ ʧʘʥʜʝʤʠʠ, ʧʦʚʳʰʝʥʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʴʶ. ɺ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ ʚʳʪʝʩʥʠʣʠ ʥʘ ʵʥʜʝʤʠʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʪʠʧʠʯʥʳʝ ʠʟʦʣʷʪʳ ʠ 

ʧʦʣʫʯʠʣʠ ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʊʘʢ ʟʘʥʦʩ ʠʟʤʝʥʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʠʭ ʵʧʠʜʝʤʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʪʘʣʦ ʩʝʨʴʝʟʥʦʡ 

ʤʝʜʠʢʦʩʦʮʠʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ɻʘʠʪʠ. ʇʨʦʜʦʣʞʘʶʱʠʝʩʷ ʵʧʠʜʝʤʠʠ ʠ ʚʩʧʳʰʢʠ 

ʭʦʣʝʨʳ, ʚʳʟʚʘʥʥʳʝ ʛʝʥʦʚʘʨʠʘʥʪʘʤʠ, ʚ ʨʷʜʝ ʩʪʨʘʥ ɸʬʨʠʢʠ ʠ ɸʟʠʠ, ʥʘʥʦʩʷʪ ʥʝ 

ʪʦʣʴʢʦ ʫʨʦʥ ʚ ʜʘʥʥʳʭ ʩʪʨʘʥʘʭ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʟʘʥʦʩʫ ʚʦʟʙʫʜʠʪʝʣʷ ʚ ʜʨʫʛʠʝ 

ʨʝʛʠʦʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʈʦʩʩʠʡʩʢʫʶ ʌʝʜʝʨʘʮʠʶ. ɺʩʝ ʩʣʫʯʘʠ ʭʦʣʝʨʳ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 25 ʣʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʪʘʢʞʝ ʚʳʟʚʘʥʳ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ V. cholerae ʙʠʦʚʘʨʘ El Tor (ʉʤʠʨʥʦʚʘ ʩ ʩʦʘʚʪ., 2011; 

ʉʘʚʝʣʴʝʚ ʩ ʩʦʘʚʪ., 2012; ʄʠʨʦʥʦʚʘ ʩ ʩʦʘʚ., 2012; ʄʦʩʢʚʠʪʠʥʘ ʩ ʩʦʘʚʪ., 2017). 

ʅʝʩʤʦʪʨʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʥʦʚʘʨʠʘʥʪʦʚ V. cholerae ʙʠʦʚʘʨʘ El 

Tor, ʥʝʢʦʪʦʨʳʝ ʠʭ ʩʚʦʡʩʪʚʘ, ʠʟʫʯʝʥʳ ʥʝ ʜʦʩʪʘʪʦʯʥʦ. ʊʘʢ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ 

ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʟʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 
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ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʨʠʟʥʘʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʙʠʦʚʘʨʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʠ ʚʳʪʝʩʥʝʥʠʷ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae 

ʙʠʦʚʘʨʘ El Tor ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʭʨʘʥʝʥʠʷ çʛʝʥʦʤʥʦʛʦ 

ʢʘʨʢʘʩʘè El Tor ʚʠʙʨʠʦʥʦʚ ʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʚʳʩʦʢʦʡ ʠʥʬʝʢʮʠʦʟʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ 

ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ (Grim et al., 2010). ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʘʷ ʚʠʨʫʣʝʥʪʥʦʩʪʴ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʟʳʚʘʪʴ ʪʷʞʝʣʳʝ ʬʦʨʤʳ 

ʙʦʣʝʟʥʠ ʩ ʚʳʩʦʢʦʡ ʣʝʪʘʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʦ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʣʦʥʠʟʘʮʠʠ ʢʠʰʝʯʥʠʢʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʫʚʝʣʠʯʝʥʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ (Nair et al., 2002; 

Taneja et al., 2009; Grim et al., 2010; Ghosh-Banerjee et al., 2010; Alam et al., 2010; 

Son et al., 2011; Satchell et al., 2016; Carignan et al., 2016). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

ʠʩʩʣʝʜʦʚʘʥʳ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚ ʵʥʜʝʤʠʯʥʳʭ ʧʦ ʭʦʣʝʨʝ ʩʪʨʘʥʘʭ ʠ ʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʥʦʩ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʟʤʝʥʝʥʠʷ ʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʘʜʘʧʪʘʮʠʠ ʢ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʧʨʝʜʝʣʠʚʰʝʛʦ ʚʳʪʝʩʥʝʥʠʝ ʠʤʠ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ. ɺ ʩʚʷʟʠ 

ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤ, ʮʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʚʳʷʚʣʝʥʠʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ 

ʙʘʢʪʝʨʠʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʛʝʥʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʫ, ʥʦ ʠ 

ʵʢʩʧʨʝʩʩʠʶ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʨʘʡʤʝʨʳ, ʟʦʥʜʳ, ʘ ʪʘʢʞʝ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʰʪʘʤʤʳ E. ʩoli, ʥʝʩʫʱʠʝ ʧʣʘʟʤʠʜʫ 



88 
 

pCR 2.1 ʩ ʢʣʦʥʠʨʦʚʘʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ 

ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ (recɸ, ctxA, toxR, alsR, aphA, hapR, rpoS), ʥʝʦʙʭʦʜʠʤʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʦʮʝʥʢʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʰʪʘʤʤʘʭ V. cholerae ʆ1 

ʙʠʦʚʘʨʘ El Tor. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʆʊ-ʇʎʈ 

(ʇʎʈ ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ) ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʦʡ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢɼʅʂ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʟ ʤʦʣʝʢʫʣ ʈʅʂ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʝʥʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʇʎʈ-ʩʪʘʥʜʘʨʪʦʚ 

ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʆʢʦʥʯʘʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ 2
-ȹȹCt
, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ 

çʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘè, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥ recɸ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ GenBank ʙʳʣʠ ʚʟʷʪʳ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʛʝʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʫʯʘʩʪʢʠ ʥʝʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ. ʇʦʩʣʝʜʫʶʱʘʷ ʨʘʙʦʪʘ ʧʦ ʜʠʟʘʡʥʫ 

ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʠʥʪʝʨʥʝʪ ʩʝʨʚʠʩʦʚ PrimerQuest ʠ 

GenScript ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʜʠʟʘʡʥʫ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʚ 

ʩʠʩʪʝʤʝ TaqManÈ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʦʟʜʘʥ ʥʘʙʦʨ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ï ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ V. cholerae ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʥʘʙʦʨʘ ʩʦʩʪʘʚʠʣʘ 99%, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï 1ʭ10
3 
ʢʦʧʠʡ/ʤʢʣ. 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʎʈ-ʩʪʘʥʜʘʨʪʦʚ ʠʟʚʝʩʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʣʝʝ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʰʪʘʤʤʳ E. coli TOP 10, ʥʝʩʫʱʠʝ 

ʧʣʘʟʤʠʜʫ pCR 2.1 ʩ ʢʣʦʥʠʨʦʚʘʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʩʪʘʥʜʘʨʪʦʚ. ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʰʪʘʤʤʳ 

E. ʩoli ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ 

çʄʠʢʨʦʙè. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʦʮʝʥʠʚʘʣʠ, ʠʟʫʯʘʷ 

ʵʢʩʧʨʝʩʩʠʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʛʝʥʘ ctxA, ʢʦʜʠʨʫʶʱʝʛʦ ʙʠʦʩʠʥʪʝʟ ɸ ʩʫʙʲʝʜʠʥʠʮʳ ʍʊ, 

ʠ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʘ toxR, ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʢʘʩʢʘʜ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 
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ʙʠʦʩʠʥʪʝʟʝ ʍʊ. ɺʳʙʦʨ ʜʘʥʥʳʭ ʛʝʥʦʚ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʨʘʚʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʠʭ ʵʢʩʧʨʝʩʩʠʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʜʫʮʠʨʫʝʤʦʛʦ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ, 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ GM1 ELISA. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 11 

ʪʦʢʩʠʛʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ El Tor (ʪʠʧʠʯʥʳʭ ʠ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ) ʙʠʦʚʘʨʦʚ. ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʪʘʤʤʘ ï ʛʠʧʝʨʧʨʦʜʫʮʝʥʪʘ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ V. cholerae 569B, 

ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʤʠʰʝʥʝʡ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ ʝʜʠʥʠʮʫ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʨʝʭʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʥʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ctxA ʠ toxR ʙʳʣʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʨʦʜʫʢʮʠʝʡ ʍʊ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʥ ʥʘʙʦʨ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʰʪʘʤʤʳ E. coli TOP 10, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʭ, 

ʪʘʢ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʚ ʰʪʘʤʤʘʭ V. cholerae ʤʝʪʦʜʦʤ ʆʊïʇʎʈ ʩ 

ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ ï ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. 

ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

V. cholerae ʙʠʦʚʘʨʘ El Tor ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʮʝʪʦʠʥ ʚ ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ ʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʷʩʥʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʧʨʦʜʫʢʮʠʠ ʫ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʦʪʣʠʯʠʷ ʚ 

ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʦʧʠʩʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ 

2001-2005 ʠ 2010 ʛʛ. (Son et al., 2011). ʆʜʥʘʢʦ ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʜʘʥʥʦʛʦ 

ʠʟʤʝʥʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ ʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʩʨʝʜʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʥʝ ʠʟʫʯʝʥʘ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 18 ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ 

V. cholerae ʙʠʦʚʘʨʘ El Tor, ʚʳʜʝʣʝʥʥʳʭ ʚ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 2014 ʛʛ., ʠ ʚʳʟʚʘʚʰʠʭ 

ʢʘʢ ʚʩʧʳʰʢʠ, ʪʘʢ ʠ ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ ʭʦʣʝʨʳ, ʘ ʪʘʢʞʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʠʟ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʛʝʥʦʚʘʨʠʘʥʪʳ ʙʳʣʠ 

ʟʘʚʝʟʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʩʝʜʴʤʦʡ 

ʧʘʥʜʝʤʠʠ ʠ ʙʳʣʠ ʛʝʥʝʪʠʯʝʩʢʠ ʨʘʟʥʦʨʦʜʥʳʤʠ. ʐʪʘʤʤʳ, ʚʳʜʝʣʝʥʥʳʝ ʚ ʥʘʯʘʣʴʥʳʡ 

ʧʝʨʠʦʜ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ (1993-1994 ʛʛ.), ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ, 

ʟʘʚʝʟʝʥʥʳʭ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ (2010-2014 ʛʛ.), ʧʦ ʩʪʨʫʢʪʫʨʝ ʛʝʥʦʚ 
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ʧʘʪʦʛʝʥʥʦʩʪʠ, ʧʘʥʜʝʤʠʯʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ. ɻʝʥʝʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ 

ʰʪʘʤʤʦʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʨʘʥʝʝ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (ʉʤʠʨʥʦʚʘ ʩ ʩʦʘʚʪ. 2011, 

2014; ʉʘʚʝʣʴʝʚ ʩ ʩʦʘʚʪ., 2012; ʐʘʰʢʦʚʘ, 2012; ɸʛʘʬʦʥʦʚ, 2014; ʇʣʝʭʘʥʦʚ, 

ɿʘʜʥʦʚʘ, 2016; ʄʦʥʘʭʦʚʘ ʩ ʩʦʘʚʪ., 2017; Kuleshov et al., 2016). ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʙʠʦʚʘʨʘ El Tor ʠ ʰʪʘʤʤʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ El Tor ʙʠʦʚʘʨʘ ʦʙʨʘʟʦʚʳʚʘʣʠ ʘʮʝʪʦʠʥ ʠ 

ʜʘʚʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʌïʇ, ʯʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʦʢʨʘʰʠʚʘʥʠʠ ʩʨʝʜʳ ʚ 

ʷʨʢʦ ʤʘʣʠʥʦʚʳʡ ʮʚʝʪ. ʐʪʘʤʤʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ, ʥʝ ʩʧʦʩʦʙʥʳʝ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʮʝʪʦʠʥʘ, ʜʘʚʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʌïʇ, ʩʨʝʜʘ ʦʩʪʘʚʘʣʘʩʴ 

ʩʚʝʪʣʦ-ʞʝʣʪʦʡ. ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ ʦʙʨʘʟʦʚʳʚʘʣʠ 

ʜʚʝ ʛʨʫʧʧʳ. ʀʟʦʣʷʪʳ ʧʝʨʚʦʡ ʛʨʫʧʧʳ (5 ʠʟ 18 ï 27,8%) ʥʝ ʧʨʦʜʫʮʠʨʦʚʘʣʠ ʘʮʝʪʦʠʥ, 

ʨʝʘʢʮʠʷ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ ʫʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʘʷ (ʮʚʝʪ ʩʨʝʜʳ 

ʦʩʪʘʚʘʣʩʷ ʩʚʝʪʣʦ-ʞʝʣʪʳʤ). ɺ ʜʘʥʥʫʶ ʛʨʫʧʧʳ ʚʦʰʣʠ ʜʚʘ ʢʣʠʥʠʯʝʩʢʠʭ ʰʪʘʤʤʘ, 

ʚʳʜʝʣʝʥʥʳʭ ʚ 1993 ʛʦʜʫ (ʄ1299, ʄ1293), ʦʜʠʥ ʚʦʜʥʳʡ ʰʪʘʤʤ (147), 

ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʚ 2010 ʛʦʜʫ, ʘ ʪʘʢʞʝ ʜʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʰʪʘʤʤʘ (ʄ1509, 3265/80), 

ʟʘʚʝʟʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 2012 ʠ 2014 ʛʛ. ɺʪʦʨʘʷ, ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ 

ʛʨʫʧʧʘ (13 ʠʟ 18 ï 72,2%), ʚʢʣʶʯʘʣʘ ʠʟʦʣʷʪʳ, ʜʘʶʱʠʝ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʨʝʘʢʮʠʶ. ʇʨʠ ʵʪʦʤ ʮʚʝʪ ʩʨʝʜʳ ʚʘʨʴʠʨʦʚʘʣ ʦʪ ʩʚʝʪʣʦ-ʨʦʟʦʚʦʛʦ ʜʦ ʪʝʤʥʦ-ʨʦʟʦʚʦʛʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ 

ʰʪʘʤʤʳ, ʟʘʚʝʟʝʥʥʳʝ ʢʘʢ ʚ ʧʝʨʚʳʝ ʛʦʜʳ ʠʭ ʧʦʷʚʣʝʥʠʷ ʥʘ ʵʥʜʝʤʠʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

(1993-1994), ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟʦʣʷʪʳ, ʥʝʩʫʱʠʝ ʚ ʛʝʥʦʤʝ ʨʘʟʣʠʯʥʳʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʫʪʘʮʠʠ, ʜʘʶʪ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʫʶ ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ 

ʌïʇ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʩʠʥʪʝʟʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ) 

ʘʮʝʪʦʠʥʘ ʚ ʩʨʝʜʝ ʚʳʨʘʱʠʚʘʥʠʷ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ 

ʛʝʥʦʚʘʨʠʘʥʪʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ als ʦʧʝʨʦʥʘ (alsR, alsD, alsS, alsʆ), ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʝʛʦ 

ʙʠʦʩʠʥʪʝʟʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʰʪʘʤʤʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʠʜʝʥʪʠʯʥʦʩʪʴ 

ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ alsR, alsS ʠ alsʆ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
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ʜʘʥʥʳʭ ʛʝʥʦʚ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʫ V. cholerae N16961 ʙʠʦʚʘʨʘ El Tor. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ alsD, ʢʦʜʠʨʫʶʱʝʛʦ ʙʠʦʩʠʥʪʝʟ ʘʮʝʪʦʣʘʢʪʘʪ 

ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʠ Ŭ-ʘʮʝʪʦʣʘʢʪʘʪʘ ʚ ʘʮʝʪʦʠʥ, 

ʦʙʥʘʨʫʞʝʥʘ ʜʝʣʝʮʠʷ ʪʠʤʠʥʦʚʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʚ ʧʦʟʠʮʠʠ 315. ʅʘʣʠʯʠʝ ʫʢʘʟʘʥʥʦʡ 

ʜʝʣʝʮʠʠ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠ ʬʨʘʛʤʝʥʪʘʨʥʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʛʝʥʘ ʫ 

ʚʟʷʪʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʰʪʘʤʤʦʚ V. cholerae. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ ʪʠʤʠʥʦʚʦʛʦ 

ʥʫʢʣʝʦʪʠʜʘ ʚ ʧʦʟʠʮʠʠ 315 ʚ ʛʝʥʝ alsD ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʘʢʞʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʛʝʥʘ ʫ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʦʛʦ 

ʰʪʘʤʤʘ V. cholerae ʙʠʦʚʘʨʘ El Tor BAA-2163 (2010El ï 1786, ʢʦʜ ʜʦʩʪʫʧʘ 

GenBank AELH 00000000.1). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʜʣʷ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʘ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ (Son et al., 

2011; Brumfield et al., 2018). 

ɼʝʣʝʮʠʷ ʚ ʛʝʥʝ alsD ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʪʦʧ ï ʢʦʜʦʥʘ. ʇʦʩʣʝʜʫʶʱʝʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ AlsD ʫ ʚʟʷʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʦʛʦ 

ʰʪʘʤʤʘ V. cholerae ʄ1293 ʧʦʢʘʟʘʣʦ ʝʛʦ ʜʝʬʝʢʪʥʦʩʪʴ (ʩʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ). ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʣʠʪʝʨʘʪʫʨʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʮʝʪʦʣʘʢʪʘʪ ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ ʚʦʟʤʦʞʝʥ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ï ʩʧʦʥʪʘʥʥʦʝ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʘʮʝʪʦʣʘʢʪʘʪʘ ʚ ʘʮʝʪʦʠʥ, 

ʯʪʦ ʬʝʥʦʪʠʧʠʯʝʩʢʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʌ-ʇ 

(Kovacikova et al., 2005). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

(ʩʧʦʥʪʘʥʥʦʛʦ) ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʠʥʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʫ ʜʨʫʛʠʭ ʙʘʢʪʝʨʠʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (Xiao, Xu, 2007). ɺʝʨʦʷʪʥʦ, 

ʫ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʤʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤ ʧʨʦʮʝʩʩ ʩʧʦʥʪʘʥʥʦʛʦ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʮʝʪʦʠʥʘ, 

ʧʦʵʪʦʤʫ ʮʚʝʪ ʩʨʝʜʳ ʚʘʨʴʠʨʫʝʪ ʦʪ ʩʚʝʪʣʦ-ʨʦʟʦʚʦʛʦ ʜʦ ʪʝʤʥʦʛʦ-ʨʦʟʦʚʦʛʦ, ʥʦ ʚ ʠʪʦʛʝ 

ʨʝʘʢʮʠʷ ʫʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʘʷ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʧʘʨʘʣʣʝʣʴʥʦ ʙʠʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʪʨʝʭ ʰʪʘʤʤʦʚ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ (ʄ29, 569ɺ, Dakka35) ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʘ 

V. cholerae N16961 ʙʠʦʚʘʨʘ El Tor ʚʳʷʚʠʣ ʥʝʩʠʥʦʥʠʤʠʯʝʩʢʠʝ ʟʘʤʝʥʳ ʚ 
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ʨʝʛʫʣʷʪʦʨʥʦʤ ʛʝʥʝ alsR ʠ ʛʝʥʝ alsS, ʢʦʜʠʨʫʶʱʠʤ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʫ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʤʫʪʘʮʠʠ ʚ ʜʘʥʥʳʭ ʛʝʥʘʭ ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʥʦʤʫ ʦʪʩʫʪʩʪʚʠʶ 

ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ (Kovacikova et al., 2005). ɺʦʟʤʦʞʥʦ, ʦʜʠʥ ʠʟ ʤʝʭʘʥʠʟʤʦʚ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ (ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ) ʚ 

ʰʪʘʤʤʘʭ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ ʦʙʫʩʣʦʚʣʝʥ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʘʭ alsR ʠ alsS, 

ʢʦʜʠʨʫʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʝʣʦʢ-ʨʝʛʫʣʷʪʦʨ ʠ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʫ, ʥʦ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʘʣʝʝ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ 

ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʘ alsR, ʧʦʟʠʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ als 

ʦʧʝʨʦʥʘ, ʘ ʪʘʢʞʝ ʛʝʥʘ aphA, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʘʩʢʘʜʥʦʡ ʨʝʛʫʣʷʮʠʠ ʙʠʦʩʠʥʪʝʟʘ ʬʘʢʪʦʨʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ï 

ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ ʠ ʪʦʢʩʠʥ-ʢʦʨʝʛʫʣʠʨʫʝʤʳʭ ʧʠʣʝʡ ʘʜʛʝʟʠʠ, ʘ ʪʘʢʞʝ 

ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ alsR, ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ʢʦʪʦʨʳʤ ʨʘʩʧʦʣʦʞʝʥ 

ʚ als ʦʧʝʨʦʥʝ (Kovacikova et al., 2005). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʡ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ aphA ʫ ʚʟʷʪʳʭ ʚ 

ʘʥʘʣʠʟ 9 ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚ 1993-

2011 ʛʛ., ʧʦʢʘʟʘʣ ʝʛʦ ʠʜʝʥʪʠʯʥʦʩʪʴ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʫ V. cholerae N16961 ʙʠʦʚʘʨʘ 

El Tor. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ alsR ʚ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʘʭ ʩʦʧʦʩʪʘʚʠʤ ʩ 

ʵʢʩʧʨʝʩʩʠʝʡ ʜʘʥʥʦʛʦ ʛʝʥʘ ʚ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʘʭ. ʇʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ 

aphA ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʘʭ ʵʢʩʧʨʝʩʩʠʷ aphA ʥʠʞʝ, ʯʝʤ ʵʢʩʧʨʝʩʩʠʷ 

ʛʝʥʘ alsR. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʝʣʦʢ ɸphA ʥʝ ʦʢʘʟʳʚʘʝʪ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʙʠʦʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʝʣʢʘ ɸlsR ʠ ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʧʨʦʜʫʮʠʨʫʶʪ ʘʮʝʪʦʠʥ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ aphA ʧʨʝʚʳʰʘʝʪ 

ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʚ 2,5 ʨʘʟʘ. ʇʦʚʳʰʝʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ʙʝʣʢʘ 

AphA, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʚʠʨʫʣʝʥʪʥʦʩʪʠ ï ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ ʠ ʪʦʢʩʠʥ-ʢʦʨʝʛʫʣʠʨʫʝʤʳʭ ʧʠʣʝʡ ʘʜʛʝʟʠʠ, ʫ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫʢʘʟʘʥʥʳʝ ʰʪʘʤʤʳ ʦʪʣʠʯʘʶʪʩʷ 
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ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ (ʉʤʠʨʥʦʚʘ ʩ ʩʦʘʚʪ., 

2011, 2012; Nair et al., 2002; Taneja et al., 2009; Grim et al., 2010; Ghosh-Banerjee et 

al., 2010; Alam et al., 2010; Son et al., 2011; Carignan et al., 2016; Satchell et al., 

2016). ɺʦʟʤʦʞʥʦ, ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ aphA, ʷʚʣʷʶʱʝʛʦʩʷ 

ʥʝʛʘʪʠʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ, ʪʘʢʞʝ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ 

ʧʦʥʠʞʝʥʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ ʫ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʦʚ V. cholerae ʆ1 ʙʠʦʚʘʨʘ El Tor. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ 

ʰʪʘʤʤʳ V. cholerae ʙʠʦʚʘʨʘ El Tor, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʣʝʥʠʷ ʠ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʜʘʶʪ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʫʶ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ. ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ als 

ʦʧʝʨʦʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʨʝʛʫʣʷʪʦʨʥʳʡ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʙʠʦʩʠʥʪʝʟʝ ʘʮʝʪʦʠʥʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʘʷ (ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ) ʨʝʘʢʮʠʷ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ ʫ ʜʘʥʥʳʭ 

ʰʪʘʤʤʦʚ (ʪ.ʝ. ʩʥʠʞʝʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ ʠʟ 

ʛʣʶʢʦʟʳ) ʦʙʫʩʣʦʚʣʝʥʘ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʡ ʜʝʣʝʮʠʝʡ ʚ ʛʝʥʝ alsD, ʢʦʜʠʨʫʶʱʝʤ 

ʘʮʝʪʦʣʘʢʪʘʪ ʜʝʢʘʨʙʦʢʩʠʣʘʟʫ, ʦʪʚʝʪʩʪʚʝʥʥʫʶ ʟʘ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʮʝʪʦʣʘʢʪʘʪʘ 

ʚ ʘʮʝʪʦʠʥ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʘ aphA, 

ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʥʝʛʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ. ɺʳʷʚʣʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʜʘʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʧʨʠʟʥʘʢʘ, ʥʘʨʷʜʫ ʩ 

ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʧʦʣʠʤʠʢʩʠʥʫ ɺ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor (Samanta et al., 2015, 2018) 

ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʩʤʦʪʨʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʩʪʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ ʰʪʘʤʤʘʤʠ ʭʦʣʝʨʥʦʛʦ 

ʚʠʙʨʠʦʥʘ ʷʚʣʷʝʪʩʷ ʛʣʶʢʦʟʘ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʫʛʣʝʚʦʜ 

ʠ ʨʘʩʪʠ ʥʘ ʩʨʝʜʘʭ ʩ ʨʘʟʥʳʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ 

ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ El Tor ʚʠʙʨʠʦʥʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʠʥʘ ʭʦʨʦʰʦ 

ʨʘʩʪʫʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʣʶʢʦʟʳ (ʜʦ 3%), ʚ ʪʦ ʞʝ ʚʨʝʤʷ 
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ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʠʙʨʠʦʥʳ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʦʜʝʨʞʘʥʠʶ ʛʣʶʢʦʟʳ. ʇʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʚ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ 1% ʛʣʶʢʦʟʳ, ʧʨʦʠʩʭʦʜʠʪ 

ʙʳʩʪʨʦʝ ʟʘʢʠʩʣʝʥʠʝ ʩʨʝʜʳ ʠ ʨʦʩʪ ʰʪʘʤʤʦʚ ʧʨʝʢʨʘʱʘʝʪʩʷ (Yoon, Mekalanos, 2006). 

ʉʚʝʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʛʣʶʢʦʟʳ ʥʘ ʨʦʩʪ ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 

ʨʘʟʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʛʣʶʢʦʟʳ (0,4; 0,5; 1,0; 3,0 %) ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʰʪʘʤʤʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʦʜʝʨʞʘʥʠʶ ʛʣʶʢʦʟʳ, ʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʘ ʚʳʰʝ 0,5% 

ʚ ʩʨʝʜʝ ʚʳʨʘʱʠʚʘʥʠʷ ʠʭ ʨʦʩʪ, ʢʘʢ ʠ ʰʪʘʤʤʦʚ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʚʘʨʘ, 

ʧʨʝʢʨʘʱʘʝʪʩʷ. ʆʜʥʘʢʦ ʚ ʩʨʝʜʝ ʩ ʙʦʛʘʪʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

(ʙʫʣʴʦʥ LB) ʨʦʩʪ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʧʨʦʠʩʭʦʜʠʣ ʠ ʧʨʠ ʚʳʩʦʢʠʭ (3%) ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʛʣʶʢʦʟʳ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʠʟʤʝʥʝʥʠʷ ʬʝʨʤʝʥʪʘʮʠʠ ʛʣʶʢʦʟʳ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 11 ʛʝʥʦʚ (vc0374, ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ 

ʠʟʦʤʝʨʘʟʳ; vc26896, ʬʦʩʬʦʬʨʫʢʪʦʢʠʥʘʟʳ; vc0478, ʬʨʫʢʪʦʟʦïʙʠʬʦʩʬʘʪ ʘʣʴʜʦʣʘʟʳ; 

vc2670, ʪʨʠʦʟʬʦʩʬʘʪ ʠʟʦʤʝʨʘʟʳ; vc2000, ʛʣʠʮʝʨʘʣʴʜʝʛʠʜï3ïʬʦʩʬʘʪ 

ʜʝʛʠʜʨʦʛʝʥʘʟʳ; vc0477, ʬʦʩʬʦʛʣʠʮʝʨʘʪʢʠʥʘʟʳ; vc0336, 2,3 ï ʙʠʬʦʩʬʦʛʣʠʮʝʨʘʪ 

ʥʝʟʘʚʠʩʠʤʦʡ ʬʦʩʬʦʛʣʠʮʝʨʘʪ ʤʫʪʘʟʳ; vc2447, ʝʥʦ ʬʦʩʬʦʧʠʨʫʚʘʪ ʛʠʜʨʘʪʘʟʳ; 

vc2008, ʧʠʨʫʚʘʪ ʢʠʥʘʟʳ II; vc2413, ʜʠʛʠʜʨʦʣʠʧʦʘʤʠʜ ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʳ; vc2412, 

ʜʠʛʠʜʨʦʣʠʧʦʘʤʠʜ ʜʝʛʠʜʨʦʛʝʥʘʟʳ), ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʨʚʦʤ ʵʪʘʧʝ ʬʝʨʤʝʥʪʘʮʠʠ 

ʛʣʶʢʦʟʳ ï ʦʢʠʩʣʝʥʠʠ ʜʦ ʧʠʨʫʚʘʪʘ ʚ ʨʝʘʢʮʠʠ ʛʣʠʢʦʣʠʟʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʣʠʪʝʨʘʪʫʨʳ ʛʣʠʢʦʣʠʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʱʝʧʣʝʥʠʷ 

ʛʣʶʢʦʟʳ ʚ ʢʣʝʪʢʘʭ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ, ʘ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʠʨʫʚʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʦ ʚʩʝʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ 

(Kovacikova et al., 2005). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʚ ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʠ 

ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʘ V. cholerae N16961 ʙʠʦʚʘʨʘ El Tor. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ 

ʰʪʘʤʤʳ V. cholerae ʙʠʦʚʘʨʘ El Tor, ʟʘʚʝʟʝʥʥʳʝ ʢʘʢ ʚ ʧʝʨʚʳʝ ʛʦʜʳ ʠʭ ʧʦʷʚʣʝʥʠʷ 
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ʥʘ ʵʥʜʝʤʠʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (1993-1994), ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟʦʣʷʪʳ ʠ ʠʤʝʶʱʠʝ 

ʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʝʥʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ, ʧʘʥʜʝʤʠʯʥʦʩʪʠ, ʘʜʘʧʪʘʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʛʣʶʢʦʟʫ. ʌʝʥʦʪʠʧʠʯʝʩʢʠ 

ʜʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚʳʨʘʞʘʶʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʨʦʩʪʘ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʛʣʶʢʦʟʳ (0,5% ʠ ʚʳʰʝ) ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ. ʄʦʞʥʦ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ V. cholerae ʙʠʦʚʘʨʘ El Tor ʛʝʥʦʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʚʠʙʨʠʦʥʦʚ ʧʨʠʚʝʣʦ ʥʝ ʪʦʣʴʢʦ ʢ ʧʦʚʳʰʝʥʠʶ ʠʭ ʚʠʨʫʣʝʥʪʥʦʩʪʠ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʙʦʣʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʝʨʤʝʥʪʘʮʠʠ ʛʣʶʢʦʟʳ. ʋʯʠʪʳʚʘʷ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʜʘʥʥʦʛʦ ʫʛʣʝʚʦʜʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʢʠʰʝʯʥʠʢʝ ʯʝʣʦʚʝʢʘ, 

ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʣʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʠʭ ʘʜʘʧʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʚ ʤʘʢʨʦʦʨʛʘʥʠʟʤ. ʆʜʥʘʢʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʝʥʥʦʡ 

ʬʝʨʤʝʥʪʘʮʠʠ ʛʣʶʢʦʟʳ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ ʠ ʚʣʠʷʥʠʝ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘ ʠʭ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥ ʚʳʷʚʣʝʥʠʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʪʠʧʠʯʥʳʭ 

ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʠʣʴʪʨʦʚʘʥʥʘʷ 

ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʥʘʷ ʨʝʯʥʘʷ ʚʦʜʘ (ʨ. ɺʦʣʛʘ). ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 7 ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʠ 22 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʘ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʳ ʥʝʦʙʭʦʜʠʤʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ, ʧʦʵʪʦʤʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʠʟʫʯʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʠ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ ʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʧʨʝʧʘʨʘʪʘʤ ʠ ʤʝʪʦʜʦʤ 

ʩʝʣʝʢʮʠʠ ʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʘʥʪʠʙʠʦʪʠʢ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʰʪʘʤʤʳ ʫʩʪʦʡʯʠʚʳʝ ʢ ʪʘʢʠʤ ʘʥʪʠʙʠʦʪʠʢʘʤ ʢʘʢ ʢʘʥʘʤʠʮʠʥ, ʨʠʬʘʤʧʠʮʠʥ, 

ʩʧʝʢʪʠʥʦʤʠʮʠʥ ʠ ʩʪʨʝʧʪʦʤʠʮʠʥ. ʉʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʤʫʪʘʥʪʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʢʣʦʥʳ, ʧʦʢʘʟʘʚʰʠʝ ʥʘʠʙʦʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ 

ʧʨʠʟʥʘʢʘ. ɼʘʣʝʝ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦ ʚʟʷʪʳʭ ʰʪʘʤʤʦʚ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʯʝʪʳʨʝ 
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ʧʘʨʳ (ʪʠʧʠʯʥʳʡ/ʛʝʥʦʚʘʨʠʘʥʪ) ʰʪʘʤʤʦʚ ʩ ʨʘʟʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʘʥʪʠʙʠʦʪʠʢʘʤ: M1011Km
R
/M1270Sp

R
; M1062Rif

R
/P17644Sp

R
; ʄ893Rif

R
/301Sp

R
; 

ʄ818Rif
R
/ʃ3226Str

R
 ʠ ʧʦʤʝʱʝʥʳ ʚ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʥʫʶ ʨʝʯʥʫʶ ʚʦʜʫ. ʏʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʜʝʣʘʣʠ ʚʳʩʝʚʳ ʠ ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʨʦʩʰʠʭ ʙʘʢʪʝʨʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʛʝʥʦʚʘʨʠʘʥʪʳ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʠʧʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ, ʯʪʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʩʝʚʘʝʤʳʭ 

ʙʘʢʪʝʨʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʜʚʫʭ ʧʘʨʘʭ (M1011Km
R
/M1270Sp

R
; ʄ818Rif

R
/ʃ3226Str

R
) 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʝ ʙʘʢʪʝʨʠʠ ʪʠʧʠʯʥʦʛʦ ʰʪʘʤʤʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 6 ʠ 18 ʩʫʪʢʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ ʚ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʝ, ʚ ʤʦʥʦʢʫʣʴʪʫʨʝ ʧʦʧʫʣʷʮʠʠ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩʦʭʨʘʥʷʣʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠʨʦʜʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ 

ʣʫʯʰʝ ʘʜʘʧʪʠʨʫʶʪʩʷ ʠ ʜʦʤʠʥʠʨʫʶʪ ʥʘʜ ʪʠʧʠʯʥʳʤʠ ʠʟʦʣʷʪʘʤʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ S. Pradhan ʩ ʩʦʘʚʪ. (2010, 2013) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʙʨʠʦʥʦʚ ʠ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ 

V. cholerae ʙʠʦʚʘʨʘ El Tor ʧʦʩʣʝʜʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʨʦʩʪʘ ʜʦʤʠʥʠʨʦʚʘʣʠ ʥʘʜ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʚʠʙʨʠʦʥʘʤʠ. ʄʳ ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʰʪʘʤʤʦʚ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʚʳʰʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʮʝʥʢʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ 

ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ.  

ʀʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ ʚ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʤʝʱʘʣʠ ʚ ʙʫʣʴʦʥ LB. 

ʏʝʨʝʟ 4 ʯʘʩʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʥʘʯʘʣʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ ʨʦʩʪʘ) ʦʧʨʝʜʝʣʷʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʜʨʦʩʰʝʡ ʢʫʣʴʪʫʨʳ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʚʳʩʝʚ 

ʰʪʘʤʤʦʚ ʥʘ LB ʘʛʘʨ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʜʩʯʝʪʦʤ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥʦʚʘʨʠʘʥʪ r ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʦʩʣʠ ʙʳʩʪʨʝʝ, ʯʝʤ ʪʠʧʠʯʥʳʝ 



97 
 

ʠʟʦʣʷʪʳ. ɺ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʫʩʧʝʥʟʠʡ ʛʝʥʦʚʘʨʠʘʥʪʦʚ 

ʯʝʨʝʟ 4 ʯʘʩʘ ʚʳʨʘʱʠʚʘʥʠʷ ʧʨʝʚʳʰʘʣʠ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʠʧʠʯʥʳʭ 

ʰʪʘʤʤʦʚ ʚ 1,7 ʨʘʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʧʦʜʩʯʝʪʝ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ ʥʘ ʧʣʘʩʪʠʥʢʘʭ 

ʘʛʘʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʙʝ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʰʪʘʤʤʦʚ 

ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠʥʘʜʣʝʞʠʪ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʠʛʤʘ-ʩʫʙʲʝʜʠʥʠʮʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʝʣʢʫ RpoS (Yildiz , Schoolnik, 

1998). ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʣʠʪʝʨʘʪʫʨʳ, ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ rpoS. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ rpoS ʫ ʚʩʝʭ 

ʚʟʷʪʳʭ ʚ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ ʠʜʝʥʪʠʯʥʘ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʦʛʦ ʛʝʥʘ ʨʝʬʝʨʝʥʩ-ʰʪʘʤʤʫ 

V. cholerae N16961 ʙʠʦʚʘʨʘ El Tor. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣ ʰʪʘʤʤ V. cholerae 301 

(ʊʘʛʘʥʨʦʛ, 2011), ʥʝʩʫʱʠʡ ʚʩʪʘʚʢʫ CTTAC ʚ ʧʦʟʠʮʠʠ 219 ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ. 

ʇʨʠ ʦʮʝʥʢʝ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʘ rpoS ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʝʛʦ 

ʵʢʩʧʨʝʩʩʠʠ ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚ ʩʨʝʜʥʝʤ ʚ 3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣ ʪʦʣʴʢʦ ʪʠʧʠʯʥʳʡ ʰʪʘʤʤ V. cholerae ʄ893, ʫ ʢʦʪʦʨʦʛʦ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ rpoS ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ɺʦʟʤʦʞʥʦ, ʚ ʜʘʥʥʦʤ ʰʪʘʤʤʝ 

ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ rpoS ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʚʳʨʘʱʠʚʘʥʠʷ, ʥʦ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʚʩʪʘʚʢʠ CTTAC ʚ 

ʛʝʥʝ rpoS, ʧʦ ʝʛʦ ʵʢʩʧʨʝʩʩʠʠ V. cholerae 301 ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ RpoS ʧʦʟʠʪʠʚʥʦ ʨʝʛʫʣʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʘ hapR (Yildiz  

et al., 2004), ʜʘʣʝʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʜʘʥʥʦʛʦ ʛʝʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʰʪʘʤʤʳ ʥʝ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ ʧʦ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ hapR. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣ 

ʛʝʥʦʚʘʨʠʘʥʪ V. cholerae M1345, ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʣ ʩʨʝʜʥʠʝ 
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ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʪʠʧʠʯʥʳʭ, ʪʘʢ ʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚ 5,4 ï 5,6 ʨʘʟʘ. ɺʝʨʦʷʪʥʦ, 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ hapR ʚ ʜʘʥʥʦʤ ʰʪʘʤʤʝ, ʢʘʢ 

ʦʜʥʦʛʦ ʠʟ ʢʣʶʯʝʚʳʭ ʛʝʥʦʚ ʩʠʩʪʝʤʳ quorum sensing, ʦʢʘʟʳʚʘʶʪ ʜʨʫʛʠʝ ʙʝʣʢʠ, 

ʥʘʧʨʠʤʝʨ, LuxO. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʩʦʟʜʘʥ ʥʘʙʦʨ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʦʚ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʰʪʘʤʤʳ E. coli 

TOP10, ʥʝʩʫʱʠʝ ʢʣʦʥʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʦʚ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ 

V. cholerae O1 ʤʝʪʦʜʦʤ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʆʊïʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ ï 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʦʚʝʜʝʥʥʳʡ 

ʘʥʘʣʠʟ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʚʦʡʩʪʚ ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor ʧʦʢʘʟʘʣ, ʯʪʦ 72,2% ʠʟʫʯʝʥʥʳʭ ʠʟʦʣʷʪʦʚ, 

ʟʘʚʝʟʝʥʥʳʭ ʢʘʢ ʚ ʧʝʨʚʳʝ ʛʦʜʳ ʠʭ ʧʦʷʚʣʝʥʠʷ ʥʘ ʵʥʜʝʤʠʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (1993-

1994), ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʰʪʘʤʤʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʛʝʥʦʤʘ, ʩʠʥʪʝʟʠʨʫʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʮʝʪʦʠʥʘ ʠʟ ʛʣʶʢʦʟʳ, ʯʪʦ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ. 

ʆʩʪʘʣʴʥʳʝ ʠʟʫʯʝʥʥʳʝ ʰʪʘʤʤʳ (27,8%) ʥʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʘʮʝʪʦʠʥ, ʯʪʦ 

ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʌʦʛʝʩïʇʨʦʩʢʘʫʵʨʘ. ɺʳʷʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ 

ʚ ʬʝʨʤʝʥʪʘʮʠʠ ʛʣʶʢʦʟʳ ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʠ ʪʠʧʠʯʥʳʭ ʠʟʦʣʷʪʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʛʝʥʦʚ als ʦʧʝʨʦʥʘ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ alsR ʠ aphA, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʙʠʦʩʠʥʪʝʟ ʘʮʝʪʦʠʥʘ, ʚʳʷʚʠʣ, ʯʪʦ ʫʪʨʘʪʘ ʠʣʠ ʩʥʠʞʝʥʠʝ 

ʧʨʦʜʫʢʮʠʠ ʘʮʝʪʦʠʥʘ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ ʦʙʫʩʣʦʚʣʝʥʘ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʡ ʜʝʣʝʮʠʝʡ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʛʝʥʝ alsD, ʢʦʜʠʨʫʶʱʝʤ ʘʮʝʪʦʣʘʢʪʘʪ 

ʜʝʢʘʨʙʦʢʩʠʣʘʟʫ, ʦʪʚʝʪʩʪʚʝʥʥʫʶ ʟʘ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʮʝʪʦʣʘʢʪʘʪʘ ʚ ʘʮʝʪʦʠʥ, ʘ 

ʪʘʢʞʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ aphA. ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʧʦʚʳʰʝʥʥʳʭ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʛʝʥʦʚʘʨʠʘʥʪʦʚ 

ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʩ ʪʠʧʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʉʝʣʝʢʪʠʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 



99 
 

ʰʪʘʤʤʦʚ V. cholerae ʙʠʦʚʘʨʘ El Tor ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʛʣʦʙʘʣʴʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʝʩʩʦʚʦʛʦ ʦʪʚʝʪʘ ʛʝʥʘ rpoS, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʢʦʥʪʨʦʣʝ ʙʠʦʩʠʥʪʝʟʘ 

ʬʘʢʪʦʨʦʚ ʘʜʘʧʪʘʮʠʠ ʚ ʰʪʘʤʤʘʭ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ rpoS ʷʚʣʷʝʪʩʷ 

ʛʣʦʙʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʩʪʨʝʩʩʦʚʦʛʦ ʦʪʚʝʪʘ ʤʦʞʥʦ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʛʝʥʦʚʘʨʠʘʥʪ r ʙʫʜʫʪ ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʡʩʪʚʠʶ ʠ ʜʨʫʛʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʦʩʤʦʪʠʯʝʩʢʦʤʫ ʠ ʦʢʩʠʜʘʪʠʚʥʦʤʫ 

ʩʪʨʝʩʩʘʤ). 
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ɺʓɺʆɼʓ 

1. ʉʦʟʜʘʥ ʥʘʙʦʨ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʦʚ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʰʪʘʤʤʦʚ E. coli TOP 10 ʥʝʩʫʱʠʭ ʧʣʘʟʤʠʜʫ pCR 2.1. ʩ ʢʣʦʥʠʨʦʚʘʥʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʛʝʥʦʚ ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ alsR, aphA, ctxA, hapR, recA, rpoS, toxR. 

ɼʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʘʭ V. 

cholerae ʆ1 ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ ï ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʝʪʦʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

2. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʧʨʠʟʥʘʢ ï ʨʝʘʢʮʠʷ ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʠʦʚʘʨʦʚ V. cholerae O1, ʠʟʤʝʥʝʥ ʫ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ, 

ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ 7-ʦʡ 

ʧʘʥʜʝʤʠʠ ʭʦʣʝʨʳ (1993-2014 ʛʛ.). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʠʧʠʯʥʳʭ 

ʠʟʦʣʷʪʦʚ, ʫ 72,2% ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ, ʨʝʘʢʮʠʷ 

ʌʦʛʝʩ ï ʇʨʦʩʢʘʫʵʨʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʫ 27,8% - ʦʪʨʠʮʘʪʝʣʴʥʦʡ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʣʠʙʦ ʦʪʩʫʪʩʪʚʠʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʘʮʝʪʦʠʥ ʠʟ ʛʣʶʢʦʟʳ. 

3. ʀʟʤʝʥʝʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʮʝʪʦʠʥʘ ʫ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚʦʟʙʫʜʠʪʝʣʷ 

ʭʦʣʝʨʳ ʕʣʴ ʊʦʨ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʜʝʣʝʮʠʠ ʝʜʠʥʠʯʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ (ʊ ʚ 

ʧʦʟʠʮʠʠ 315) ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʛʝʥʝ alsD, ʢʦʜʠʨʫʶʱʝʤ ʘʮʝʪʦʣʘʢʪʘʪ 

ʜʝʢʘʨʙʦʢʩʠʣʘʟʫ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ aphA, ʥʝʛʘʪʠʚʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʙʠʦʩʠʥʪʝʟʘ ʘʮʝʪʦʠʥʘ, ʧʨʝʚʳʰʘʶʱʝʛʦ ʪʘʢʦʚʦʡ ʫ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ 

ʚ ʩʨʝʜʥʝʤ ʚ 2,5 ʨʘʟʘ. 

4. ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʦʩʪʦʚʳʭ ʩʚʦʡʩʪʚ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʛʣʶʢʦʟʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʠʭ ʥʘ ʩʨʝʜʘʭ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʠʧʠʯʥʳʭ ʰʪʘʤʤʦʚ, ʜʦʙʘʚʣʝʥʠʝ ʚ ʵʪʠ 

ʩʨʝʜʳ ʛʣʶʢʦʟʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,5% ʠ ʚʳʰʝ ʦʢʘʟʳʚʘʝʪ ʠʥʛʠʙʠʨʫʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʨʦʩʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʙʦʛʘʪʦʡ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʨʝʜʝ 
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(LB ʙʫʣʴʦʥ) ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʫʛʣʝʚʦʜʘ (1% ʠ ʚʳʰʝ) ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʨʦʩʪʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʚʘʨʠʘʥʪʦʚ. 

5. ɺ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʪʠʧʠʯʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʭʦʣʝʨʥʦʛʦ 

ʚʠʙʨʠʦʥʘ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʦʩʣʝʜʥʠʭ ʙʳʣʘ ʚ ʩʨʝʜʥʝʤ ʚ ʰʝʩʪʴ ʨʘʟ 

ʚʳʰʝ (ʥʘ ʰʝʩʪʳʝ ʩʫʪʢʠ ʚʳʨʘʱʠʚʘʥʠʷ). ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʜʘʧʪʘʮʠʠ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʭʦʣʝʨʳ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʠʧʠʯʥʳʤʠ ʠʟʦʣʷʪʘʤʠ, ʢ ʜʝʡʩʪʚʠʶ ʪʘʢʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʢ ʜʝʬʠʮʠʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

6. ɸʜʘʧʪʘʮʠʦʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʰʪʘʤʤʦʚ V. cholerae 

ʙʠʦʚʘʨʘ El Tor ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʠʯʥʳʤʠ ʠʟʦʣʷʪʘʤʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʥʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʝʩʩʦʚʦʛʦ ʦʪʚʝʪʘ ʛʝʥʘ rpoS. 
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