
ɛɻʎʅʆʋʚ ʆɻʅ ʀʅɿʅʆʋʚ ʈʂʔɻʉʅʎʈʋʚ ɻʉʐʋʔʙʏ

ɞʅʍʙʉʂ ɜɻʇʗʉʂȟ ɞʍʀʑʉʙʐʍʅɻ ɛʅʋʇʝɾʋʏ PhDȟ ɞȢɝɢȢɩȟ ɞɣɩɚ

1ɦʋʀʈɼʍʚʋʑ ςπςρ



ʅˍˈ˔ˇʽ ʵˊʱˋʹˌ ʰ˄ˍʽʲʽˇˍʽˁ˗˄



ɾʹ˔ʰ˄ʽˋ˃ˇʾ ʰ˄ˍˇ˔ʺˌ

ʃʰˊʰʴ˖ʴʺ ʶ˄ʸˏ˃˖˄ ˉˇˎ 
ʶ˅ˇˎʵʶˍʶˊ˗˄ˇˎ˄ ˍʰ 
ʰ˄ˍʽʲʽˇˍʽˁʱ

ɳ˂ʰˍˍ˖˃ʷ˄ʹ ˁˎˍˍʰˊʽˁʺ 
ʵʽʰˉʶˊʰˍˈˍʹˍʰ 

ʆʰ˔ʶʾʰ ʶˁˊˇʺ ˍˇˎ ʰ˄ˍʽʲʽˇˍʽˁˇˏ 
ό˃ʷˋ˖ ʰ˄ˍ˂ʽ˗˄ efflux) 

ʆˊˇˉˇˉˇʾʹˋʹ ˍˇˎ ˋˍˈ˔ˇˎ 
ʵˊʱˋʹˌ



ɼˏˊʽʶˌ ˇ˃ʱʵʶˌ ʰ˄ˍʽʲʽˇˍʽˁ˗˄
ɮ˄ˍʽʲʽˇˍʽˁˈɾʹ˔ʰ˄ʽˋ˃ˈˌ ʵˊʱˋʹˌ ɼˏˊʽˇʽ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ʰ˄ˍˇ˔ʺˌ

ɳ˄ʸˎ˃ʽˁʺ
ʰʵˊʰ˄ˇˉˇʾʹˋʹ

ʆˊˇˉˇˉˇʾʹˋʹ ˋˍˈ˔ˇˎ ɯ˂˂ˇ

-̡ɽʰˁˍʱ˃ʶˌ ɮʵˊʰ˄ˇˉˇʽˇˏ˄ ˍʽˌPBPs 
(ˋˏ˄ʻʶˋʹ ˉʶˉˍʽʵˇʴ˂ˎˁʱ˄ʹˌ)

-̡˂ʰˁˍʰ˃ʱˋʶˌ ʆˊˇˉˇˉˇʾʹˋʹ PBPs

ʃʰˊʱˁʰ˃˕ʹ ˋˍˈ˔ˇˎ 
(mecA S.aureus)

ɮ˄ˍ˂ʾʶˌ ʶ˄ʶˊʴʹˍʽˁʺˌ 
ʶˁˊˇʺˌ

ɾʶʽ˖˃ʷ˄ʹ ˉˊˈˋ˂ʹ˕ʹ 
(ˉˇˊʾ˄ʶˌ)

ɮ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌɮ˄ʰˋˍˇ˂ʺ ˉˊ˖ˍʶʿ˄ˇˋˏ˄ʻʶˋʹˌ
όˉˊˈˋʵʶˋʹ ˋˍʹ˄ 30S ˎ ˉˇ˃ˇ˄ʱʵʰ)

ʆˊˇˉˇˉˇʽʹˍʽˁʱ ʷ˄ʸˎ˃ʰ 
ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʽʵ˗˄

ɾʶʻˎ˂ʾ˖ˋʹ rRNA ɮ˄ˍ˂ʾʶˌ ʶ˄ʶˊʴʹˍʽˁʺˌ 
ʶˁˊˇʺˌ

ɾʶʽ˖˃ʷ˄ʹ ˉˊˈˋ˂ʹ˕ʹ

(ʊ˂ˇˎˇˊˇ)ɼʽ˄ˇ˂ˈ˄ʶˌɮ˄ʰˋˍˇ˂ʺ ˍˇˉˇʿˋˇ˃ʶˊʱˋʹˌ
(ˋˏ˄ʻʶˋʹ DNA)

ʆˊˇˉˇˉˇʽʹˍʽˁʱ ʷ˄ʸˎ˃ʰ 
(!!/όсΩύ-Ib-cr)

ʆˊˇˉˇˉˇʾʹˋʹ ˋˍˈ˔ˇˎ

gyrA, parC

ɮ˄ˍ˂ʾʶˌ ʶ˄ʶˊʴʹˍʽˁʺˌ 
ʶˁˊˇʺˌ

ɾʶʽ˖˃ʷ˄ʹ ˉˊˈˋ˂ʹ˕ʹ 
(ˉˇˊʾ˄ʶˌ)

ɱ˂ˎˁˇˉʶˉˍʾʵʽʰɮ˄ʰˋˍˇ˂ʺ ˍʹˌ ˔ʽʰˋˍʺˌ ˋˏ˄ʵʶˋʹˌ 
ˍ˖˄ ʰ˂ˏˋʶ˖˄ˍʹˌ ˉʶˉˍʽʵˇʴ˂ˎˁʱ˄ʹˌ

ʆˊˇˉˇˉˇʾʹˋʹ 
ˉˊˇʵˊˈ˃ˇˎ (vanA, 
vanB, vanD,

vanC, vanE, vanG)

ɾʰˁˊˇ˂ʾʵʶˌɮ˄ʰˋˍˇ˂ʺ ˉˊ˖ˍʶʿ˄ˇˋˏ˄ʻʶˋʹˌ
(ˉˊˈˋʵʶˋʹ ˋˍʹ˄ 50S ˎ ˉˇ˃ˇ˄ʱʵʰ)

ɾʶʻˎ˂ʾ˖ˋʹ rRNA (erm) ɮ˄ˍ˂ʾʶˌ ʶ˄ʶˊʴʹˍʽˁʺˌ 
ʶˁˊˇʺˌ όmefA)



ɼˏˊʽʶˌ ˇ˃ʱʵʶˌ ʰ˄ˍʽʲʽˇˍʽˁ˗˄
ɮ˄ˍʽʲʽˇˍʽˁˈɾʹ˔ʰ˄ʽˋ˃ˈˌ ʵˊʱˋʹˌ ɼˏˊʽˇʽ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ʰ˄ˍˇ˔ʺˌ

ɳ˄ʸˎ˃ʽˁʺ
ʰʵˊʰ˄ˇˉˇʾʹˋʹ

ʆˊˇˉˇˉˇʾʹˋʹ 
ˋˍˈ˔ˇˎ 

ɯ˂˂ˇ

ɽʽ˄ʶʸˇ˂ʾʵ ɮ́˄ʰˋˍˇ˂ʺ ˉˊ˖ˍʶʿ˄ˇˋˏ˄ʻʶˋʹˌ
(23S rRNA)

T́ ˇˉˇˉˇʾʹˋʹʻʷˋʹˌ ˋˏ˄ʵʶˋʹˌ ˍˇˎ tRNA
ςA˄ʰˋˍˇ˂ʺˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ʰˊ˔ʽˁˇˏ 
ˋˎ˃ˉ˂ʷʴ˃ʰˍˇˌ тл{  

ʅʹ˃ʶʽʰˁʷˌ 
˃ʶˍʰ˂˂ʱ˅ʶʽˌ ˋˍˇ 
ʴˇ˄ʾʵʽˇ ˍˇˎ но{ 
όˋˎ˔˄ˈˍʶˊʹ ʹ 
G2576T)

ɮ˄ˍ˂ʾʶˌ ʶ˄ʶˊʴʹˍʽˁʺˌ 
ʶˁˊˇʺˌ  Gram (-), ʁ ʴʴʶ˄ʺˌ 
ʰ˄ˍˇ˔ʺ

ɼˇ˂ʽˋˍʾ˄ʹ ɮˉˇʵʽˇˊʴʱ˄˖ˋʹ ˍʹˌ ˁˎˍˍʰˊʽˁʺˌ 
˃ʶ˃ʲˊʱ˄ʹˌ

ɮ˄ʰˋˍˇ˂ʺ ʰ˄ʰˉ˄ʶˎˋˍʽˁ˗˄ ʶ˄ʸˏ˃˖˄ NDH2

ʆˊˇˉˇˉˇʾʹˋʹ LPS ʆˊˇˉˇˉˇʾʹˋʹ ˁʱ˕ʰˌ

ɮ˄ˍ˂ʾʰ  ʶ˄ʶˊʴʹˍʽˁʺˌ 
ʶˁˊˇʺˌ KpnEF

ʆʶˍˊʰˁˎˁ˂ʾ˄ʶˌɮ˄ʰˋˍˇ˂ʺ ˉˊ˖ˍʶʿ˄ˇˋˏ˄ʻʶˋʹˌ ʃˊˇˋˍʰˋʾʰ 
ˊʽʲˇˋ˗˃ʰˍˇˌ(tetM)

ɮ˄ˍ˂ʾʶˌ ʶ˄ʶˊʴʹˍʽˁʺˌ 
ʶˁˊˇʺˌ(tetA) 

ɾʶʽ˖˃ʷ˄ʹ ˉˊˈˋ˂ʹ˕ʹ

ʄʽ˒ʰ˃ˉʽˁʾ˄ɳ́˄˗˄ʶˍʰʽ ˃ʶ ˍʹ˄ wb!-ˉˇ˂ˎ˃ʶˊʱˋʹˁʰʽ 
ʰ˄ʰˋˍʷ˂˂ʶʽ ˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍˇˎ mRNA

ɾʶˍʰ˂˂ʰʴʷˌ ˋˍˇ 
rpoB(RNA 
ˉˇ˂ˎ˃ʶˊʱˋʹ)

ʆˊˇˉˇˉˇʾʹˋʹ 
ˊʽ˒ʰ˃ˉʽˁʾ˄ʹˌ(Arr)



}ɮˉˈˁˍʹˋʹ ʶ˅˖ʴʶ˄˗˄ ʴˇ˄ʽʵʾ˖˄
}ɾʶˍʰʴ˖ʴʺ

}ʅˏʸʶˎ˅ʹ

}ɾʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ

}ʊˇˊʶʾˌ ʴˇ˄ʽʵʾ˖˄ ʰ˄ˍˇ˔ʺˌ
Ã ʃ˂ʰˋ˃ʾʵʽʰ

Ã ɾʶˍʰʻʶˍʱ ˋˍˇʽ˔ʶʾʰ

Ã ɮ˂˂ʹ˂ˇˎ˔ʾʶˌ ʶʽˋʵˇ˔ʺˌ

Ã Transposons

Ã Integrons

ɱʶ˄ʶˍʽˁʺ ʲʱˋʹ ˍʹˌ ʰ˄ˍʽ˃ʽˁˊˇʲʽʰˁʺˌʰ˄ˍˇ˔ʺˌ

}ɮˎˍˈ˃ʰˍʶˌ ˃ʶˍʰ˂˂ʱ˅ʶʽˌ

}ʅʶ ʵˇ˃ʽˁʱ ʴˇ˄ʾʵʽʰ

}ɿʅʀʑʍʑʈʘʉʋ ʒʗʎʈɻ ʀʉʁʑʈʅʆʙʏ
ɿʍɻʎʐʅʆʝʐʂʐɻʏ, ʐʍʋʌʋʌʋʚʂʎʂ ʎʐʝʔʋʑ, 
ʀʇʇʀʅʈʈɻʐʅʆʙ ʈʀʐɻʒʋʍʗ

}ʅʶ ˊˎʻ˃ʽˋˍʽˁʱ ʴˇ˄ʾʵʽʰ

}ɚʑʊʂʈʘʉʂʙ ʈʀʅʖʈʘʉʂ ʘʆʒʍɻʎʂ

ʆʰ ʲʰˁˍʺˊʽʰ ʰˉˇˁˍˇˏ˄ ʰ˄ˍˇ˔ʺ ˋʶ ʷ˄ʰ˄ ʰ˄ˍʽ˃ʽˁˊˇʲʽʰˁˈˉʰˊʱʴˇ˄ˍʰ ˃ʶ:



ɾʶˍʰʻʶˍʱ ˋˍˇʽ˔ʶʾʰ
ɚʇʇʂʇʋʑʔʚɻ ʀʅʎɿʋʔʙʏ IS1

ʰ˄ʱˋˍˊˇ˒ʶˌ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ 

Integrons

Trasposons

ɚʌʇʝ

ɫʞʉʃʀʐʋ



ɮ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈ ʴˊʱ˒ʹ˃ʰ ˍʹˌ ˋˎ˄ʶʽˋ˒ˇˊʱˌ ʵʽʱ˒ˇˊ˖˄ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ˁʰʽ ˋˎ˄ʵˎʰˋ˃ʷ˄˖˄ 
˃ʹ˔ʰ˄ʽˋ˃˗˄ ʰ˄ˍˇ˔ʺˌ  ˋˍʽˌ ˒ʻˇˊʽˇˁʽ˄ˇ˂ˈ˄ʶˌ

R

S

ECOFF

Rice LB.. Mayo ClinProc. 2012;87(2):198-208



ɾʶˍʰʲˇ˂ʺ ʵʽʰˉʶˊʰˍˈˍʹˍʰˌ

ɥʀʅʖʈʘʉʂ ʀʚʎʋɿʋʏ
} ɞʉɿʋɾʀʉʙʏ

} ɞʉʐʀʍʋɼɻʆʐʂʍʅɻʆʗ& ɜʇʑʆʋʌʀʌʐʚɿʅɻ

} ɞʌʚʆʐʂʐʂ

} ɚʌʡʇʀʅɻ ʌʋʍʅʉʡʉʈʌʋʍʀʚ ʉɻ ʎʑʈɼʀʚ in vivo 

} IS elements 

} ɩʍʝʖʍɻ ʆʖɿʅʆʝʉʅɻʇʙʊʂʏ

} ɥʀʐɻʐʝʌʅʎʂ ʌʇɻʅʎʚʋʑ 

} ɩɻʍɻɿʀʚɾʈɻʐɻȡ

} P. aeruginosaɀʅʈʅʌʀʉʘʈʂ(OprD)

} Klebsiellaspp. ɀʅʈʅʌʀʉʘʈʂ(OmpK35, ɨmpK36)

} VISA (S. aureus) 

} Gram (-) - ʆʅʉʋʇʝʉʀʏ(ʌʋʍʚʉʀʏ)

} Gram (-) - ɻʈʅʉʋɾʇʑʆʋʎʚɿʀʏ(LPS)



ɼˎˍˍʰˊʽˁˈ ˍˇʾ˔˖˃ʰ

Gram-ɸʶˍʽˁʱ Gram-ɮˊ˄ʹˍʽˁʱ

ʁʽ ʵʽʰ˒ˇˊʷˌ ˋˍʹ ʵˇ˃ʺ ˍˇˎ ˁˎˍˍʰˊʽˁˇˏ ˍˇʽ˔˗˃ʰˍˇˌ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˍˈˋˇ ˃ʶ ˍʹ˄ Gram-˔ˊ˗ˋʹΣ ˈˋˇ ˁʰʽ ˍʹ˄ ˒ˎˋʽˁʺ ʰ˄ˍˇ˔ʺ ˍ˖˄ 
˃ʽˁˊˇʲʾ˖˄ ʷ˄ʰ˄ˍʽ ˁʱˉˇʽ˖˄ ʰ˄ˍʽʲʽˇˍʽˁ˗˄ ˉˇˎ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˂ˈʴ˖ ˃ʶʴʷʻˇˎˌ ˄ʰ ʵʽʷ˂ʻˇˎ˄ ʰˉˈ ˍʽˌ ˉˇˊʾ˄ʶˌˍ˖˄ Gram-ʰˊ˄ʹˍʽˁ˗˄ 
ʲʰˁˍʹˊʾ˖˄



ɶ ʵʽʱ˔ˎˋʹ ˃ʷˋ˖ ˍʹˌ OM ʁ ˉʽˍˊʷˉʶʽ ˋʶ ˎʵˊˈ˒ˇʲʶˌ ʶ˄˗ˋʶʽˌ ˄ʰ ˒ʻʱˋˇˎ˄ ˍˇˎˌ 
ʶ˄ʵˇˁˎˍˍʱˊʽˇˎˌ ˋˍˈ˔ˇˎˌ ˍˇˎˌ

Miller SI. MBio. 2016; 7(5). pii: e01541-16



ɳ˂ʰˍˍ˖˃ʷ˄ʹ ˁˎˍˍʰˊʽˁʺ ʵʽʰˉʶˊʰˍˈˍʹˍʰ ς̱ ˊˇˉˇˉˇʾʹˋʹ 
ˉˇˊʽ˄˗˄

ʆʑʐʐɻʍʋʌʇɻʎʈɻʐʅʆʙ
ʈʀʈɼʍʗʉʂ

ʶ˅˖ˍʱˍʹ ˃ʶ˃ʲˊʱ˄ʹ

ˉʶˊʽˉ˂ʰˋ˃ʽˁˈˌ˔˗ˊˇˌ

ŬˊɧəŰɖůɖ ɛŮŰŬɚɚɎɝŮɤɜ 

ŬɜŰɞɢɐɠ 

ɴ˂˂ʶʽ˕ʹ ˉˇˊʾ˄ʹˌ ʅˍʶ˄ˈˌ ʵʾʰˎ˂ˇ ɾ̩ʶʽ˖˃ʷ˄ʹ ʷˁ˒ˊʰˋʹ

ClinMicrobiol Rev 2012; 25: 661ɀ681

OmpK36
OmpK35



ɫʑʉʀʅʎʒʋʍʗ ʐʖʉ ʈʀʐɻʇʇʗʊʀʖʉ ʎʐʅʏ OmpK35 ʆɻʅ 
OmpK3φ ʎʐʂʉ ɻʉʐʋʔʙ ʎʐʅʏ ʆɻʍɼɻʌʀʉʘʈʀʏʆɻʅ ʎʐʋʉ ʉʘʋ 
ɻʉɻʎʐʋʇʘɻ ʐʖʉ +0# Ȱvaborbactamȱ

ɥʀʐɻʇʇɻɾʘʏ ʎʐʂʉ OprDʌʋʑ ʌʍʋʆʇʙʃʂʆɻʉ in vitro 
(ʘʆʃʀʎʂ ʎʀ ʅʈʅʌʀʉʘʈʂɊ ʎʀ ʆʇʅʉʅʆʗ ʎʐʀʇʘʔʂ P.aeruginosa

Antimicrobial agent

MIC (mg/L)

KP-90
TOP10/

pl90
KP-128

TOP10/

pl128
TOP10

Ceftazidime-avibactam 16 8 2 1 0.5

Imipenem 512 16 128 16 0.25

Meropenem 512 8 512 8 0.06

Meropenem-vaborbactam 4 0.06 16 0.06 0.03

Doripenem >64 8 >64 8 ЅπȢπφ

Carbapenemase gene blaKPC-23 blaKPC-23 blaKPC-2 blaKPC-2 -

Major porin

mutation

OmpK35 FS_aa89 WT FS_aa89 WT WT

OmpK36 WT WT GD WT WT

FS_aa89: ɥʀʐɻʐʝʌʅʎʂ ʌʇɻʅʎʚʋʑ ʇʝɾʖ ʀʅʎɿʋʔʙʏ ʉʋʑʆʇʀʋʐʅɿʚʋʑ, ʈʀ ɻʌʋʐʘʇʀʎʈɻ ʐʂ 
ɿʂʈʅʋʑʍɾʚɻ ʆʖɿʅʆʖʉʚʋʑʇʙʊʂʏ ʎʐʋ ɻʈʅʉʋʊʞ89
OmpK36-WT: ɩʋʍʚʉʂʔʖʍʚʏ ʈʀʐɻʇʇʗʊʀʅʏ ɉWP_002913005.1)
GD, ɝʅʌʇɻʎʅɻʎʈʝʏ ʐʖʉ ɻʈʅʉʋʊʘʖʉ ɾʇʑʆʚʉʂʏ(G) ʆɻʅ ɻʎʌɻʍʐʅʆʋʞ(D)ʎʐʅʏ ʃʘʎʀʅʏ 136 ʆɻʅ
137

Galaniet al. ClinMicrobiol Infect. 2019; 25(6):763.e5-763.e8
Vassilaraet al. DiagnMicrobiol Infect Dis. 2017; 88: 276-281

IMP MIC 
8-16mg/L IMP MIC 

8-16mg/L
IMP MIC 
>32mg/L

aachange             STOP  codon frameshift



ɾʶˍʰʲˇ˂ʺ ʵʽʰˉʶˊʰˍˈˍʹˍʰˌ

ɚʑʊʂʈʘʉʂ ɻʌʘʆʆʍʅʎʂ ɩɻʍɻɿʀʚɾʈɻʐɻ

} Enterobacteralesɀʐʀʐʍɻʆʑʆʇʚʉʀʏ

} ɨ ʆʞʍʅʋʏ ʈʂʔɻʉʅʎʈʝʏ ɻʉʐʋʔʙʏ ʎʐʂʉ ʐʅɾʀʆʑʆʇʚʉʂ

} ɠ ɻʉʐʋʔʙ ɿʂʈʅʋʑʍɾʀʚʐɻʅ

Ã ɣɻʐʗ ʐʂ ɿʅʗʍʆʀʅɻ ʐʂʏ ʃʀʍɻʍɻʌʀʚɻʏʈʀ ʐʅɾʀʆʑʆʇʚʉʂ

Ã ɯʖʍʚʏ ʌʍʋʂɾʋʞʈʀʉʂ ʔʍʙʎʂ ʐʂʏ ʐʅɾʀʆʑʆʇʚʉʂʏ

} Enterobacteralesɀʔʇʖʍɻʈʒɻʅʉʅʆʝʇʂ

} Staphylococciɀʈɻʆʍʋʇʚɿʀʏ

} S. aureus, S. pneumoniae, Gram (-) - ʆʅʉʋʇʝʉʀʏ 



ɮ˄ˍ˂ʾʶˌ ʶ˄ʶˊʴʹˍʽˁʺˌ ʶˁˊˇʺˌ όefflux pumps)

9ąÌÍÁÚ&vÚÃÅÎÇÉÚ. BiochemPharmacol2017;133:43-62

Á SMR: the Small Multidrug Resistance family 

Á MFS: the Major Facilitator Superfamily

Á ABC: ATP-Binding Cassette superfamily

Á MATE: the Multidrug And Toxic compound Extrusion family 

Á RND: the resistance-Nodulation-Division family

} ɩʍʖʐʀʜʉʀʏ ʌʋʑ ʀʉʐʋʌʚʁʋʉʐɻʅ ʎʐʂʉ ʆʑʐʐɻʍʋʌʇɻʎʈɻʐʅʆʙ

ʈʀʈɼʍʗʉʂ ʝʇʖʉ ʐʖʉ ʋʍɾɻʉʅʎʈʡʉ ɾʅɻ ʐʂʉ ɻʌʋɼʋʇʙ ʐʋʊʅʆʡʉ 

ʋʑʎʅʡʉ

} ɣʖɿʅʆʋʌʋʅʋʞʉʐɻʅ ɻʌʝ ʎʞʎʐʂʈɻ ɾʋʉʅɿʚʖʉ ʋʍɾɻʉʖʈʘʉʖʉ ʎʀ ʘʉɻ 
ʋʌʀʍʝʉʅʋ

} ɠ ʘʆʒʍɻʎʂ ʐʋʑʏ ʀʚʉɻʅ ʅɿʅʋʎʑʎʐɻʎʅɻʆʙȟ ʀʌɻɾʡɾʅʈʂ ʙ ʎʅʖʌʂʇʙ

} ɚʒʋʍʋʞʉ ʌʋʇʇʘʏ ʋʈʗɿʀʏ ɻʉʐʅɼʅʋʐʅʆʡʉ

} ɠ ʎʑʉʞʌɻʍʊʂ ɿʅʗʒʋʍʖʉ ʐʞʌʖʉ ɻʉʐʇʅʡʉ ʌʍʋʆɻʇʀʚ ʑʕʂʇʋʞ 
ʀʌʅʌʘɿʋʑ ɻʉʐʋʔʙ

} ɚʌɻʅʐʋʞʉ ʈʅɻ ʌʂɾʙ ʀʉʘʍɾʀʅɻʏ ɾʅɻ ʉɻ ʇʀʅʐʋʑʍɾʙʎʋʑʉ

} ɬɻʊʅʉʋʈʋʞʉʐɻʅ ʈʀ ɼʗʎʂ ʐʂʉ ɻʈʅʉʋʊʅʆʙɻʇʇʂʇʋʑʔʚɻ ʆɻʅ ʐʂʉ ʌʂɾʙ 

ʀʉʘʍɾʀʅɻʏ ʌʋʑ ʔʍʂʎʅʈʋʌʋʅʋʞʉ ɉATP ʙ ɿʅɻʒʋʍʗ ɿʑʉɻʈʅʆʋʞɊ



RND Efflux pumps ˁʰʽ ʰ˄ˍˇ˔ʺ ˋˍʹ˄ ˍʽʴʶˁˎˁ˂ʾ˄ʹ

} Klebsiellapneumoniae
} RamAʀʉʀʍɾʋʌʋʅʀʚ ʐʂʉ ɻʉʐʇʚɻAcrAB

} ɚʌʝ ʐo AcrABʀʆʍʘʋʑʉ ʋʅ ʐʀʐʍɻʆʑʆʇʚʉʀʏ,
ʋʅ ɼ-ʇɻʆʐʗʈʀʏȟʂ ʔʇʖʍɻʈʒʀʉʅʆʝʇʂʆɻʅ ʋʅ 
ʆʅʉʋʇʝʉʀʏ

} Acinetobacterbaumannii
} AdeRSʍʑʃʈʚʁʀʅ ʐʂʉAdeABC

} AdeNʍʑʃʈʚʁʀʅ ʐʂʉAdeIJK
} ɮˉˈ ˍʰ AdeABC& AdeIJKʶˁˊʷˇˎ˄ ˇʽ
ˍʶˍˊʰˁˎˁ˂ʾ˄ʶˌΣ ˇʽ ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌ,  
ʹ ̝˂ ˖ˊʰ˃˒ʶ˄ʽˁˈ˂ʹΣ ˇʽ ˁʽ˄ˇ˂ˈ˄ʶˌˁʰʽ ʹ 
ˍˊʽ˃ʶʻˇˉˊʾ˃ʹ

Higgins et al. Antimicrob Agents Chemother. 2010; 54: 5021-5027 
Velebaet al Antimicrob Agents Chemother. 2012 ; 56: 4450ɀ4458 and 4466-4467 

} ɶ ʰ˄ˍˇ˔ʺ ˇ˒ʶʾ˂ʶˍʰʽ ˋʶ ˃ʶˍʰ˂˂ʱ˅ʶʽˌ ˋˍʰ ʴˇ˄ʾʵʽʰ ˉˇˎ ˁ˖ʵʽˁˇˉˇʽˇˏ˄ ˍˇˎˌ ˊˎʻ˃ʽˋˍʷˌ ˍ˖˄ ʰ˄ˍ˂ʽ˗˄

} ɶ ˃ʶˍʱ˂˂ʰ˅ʹ ˍˇˎ ˊˎʻ˃ʽˋˍʺ ˇʵʹʴʶʾ ˋʶ ˎˉʶˊʷˁ˒ˊʰˋʹˍ˖˄ ʰ˄ˍ˂ʽ˗˄



ʅˎ˃˃ʶˍˇ˔ʺ ˍ˖˄ IS elements ̀ ˍʹ ˊˏʻ˃ʽˋʹ ˍ˖˄ efflux pumpsʐʋʑ 
Acinetobacter

Gersonet al 2018. JAC 73, 1501-1508 

ɶ ʶʽˋʵˇ˔ʺ ʶ˄ˈˌ ISˋˍˇ ʴˇ˄ʾʵʽˇ ˍˇˎ 
ˊˎʻ˃ʽˋˍʺ ʷ˔ʶʽ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇ 
ά̀ ˉʱˋʽ˃ˇέ̱ ˇˎ,ˉˇˎ ˇʵʹʴʶʾ ˋʶ ʶ˂ʶˏʻʶˊʹ 
ʷˁ˒ˊʰˋʹ ˍʹˌ ʰ˄ˍ˂ʾʰˌ



ʆˊˇˉˇˉˇʾʹˋʹ ˋˍˈ˔ˇˎ 

ɼʽ˄ˇ˂ˈ˄ʶˌΥ ˃ʶˍʰ˂˂ʱ˅ʶʽˌ ˋˍʰ gyrA, parC
ɮ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌΥ ˃ʶʻˎ˂ʾ˖ˋʹ мсS rRNA
-̡˂ʰˁˍʱ˃ʶˌΥmecA(MRSA)



ʅˍˈ˔ˇʽ ʵˊʱˋʹˌ ʰ˄ˍʽʲʽˇˍʽˁ˗˄



} ʁʽ ˁ̔˄ˇ˂ˈ˄ʶˌʰ˄ʰˋˍʷ˂˂ˇˎ˄ ˍʹ˄ ʵˊʱˋʹ ˍʹˌ DNA
ʴˎˊʱˋʹˌˁʰʽ ˍʹˌ ˍˇˉˇʿˋˇ˃ʶˊʱˋʹˌL±Σ ˇʽ ˇˉˇʾʶˌ 
ʶ˂ʷʴ˔ˇˎ˄ ˍʹ˄ ˎˉʶˊʶ˂ʾˁ˖ˋʹˍˇˎ̝́ ˖˃ˇˋ˗˃ʰˍˇˌ

} ɲʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ˋˏ˃ˉ˂ʶʴ˃ʰ ˁʽ˄ˇ˂ˈ˄ʹˌ-
ʶ˄ʸˏ˃ˇˎ-DNAˉˇˎ ˇʵʹʴʶʾ ˋʶ ˃ʶʽ˖˃ʷ˄ʹ 
ʰ˄ˍʽʴˊʰ˒ʺ ˍˇˎ 5b! ˁʰʽ ˁˎˍˍʰˊʽˁˈ ʻʱ˄ʰˍˇ 

} ʁ ˉˊ˖ˍʶˏˇ˄ ˋˍˈ˔ˇˌ ό5b! ʴˎˊʱˋʹʺ 
ˍˇˉˇʿˋˇ˃ʶˊʱˋʹˌL±ύ ˉˇʽˁʾ˂˂ʶʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ 
ʲʰˁˍʹˊʽʰˁˈʶʾʵˇˌ ˁʰʽ ˍʹ˄ ˒ʻˇˊˇˁʽ˄ˇ˂ˈ˄ʹ

} ɱʶ˄ʽˁʱΣ ˇ ʲʰˋʽˁˈˌ ˋˍˈ˔ˇˌ ˋˍʰ Gram(-ύ ʶʾ˄ʰʽ ʹ 
DNA ɹ ˎˊʱˋʹΣ ʶ˄˗ ˋˍʰ GramόҌύ ʹ 
ˍˇˉˇʿˋˇ˃ʶˊʱˋʹIV

ɼʽ˄ˇ˂ˈ˄ʶˌΥ ʵˊʱˋʹ ˁʰʽ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ʰ˄ˍˇ˔ʺˌ

ɲˊʱˋʹ ˍ˖˄ ˍˇˉˇʿˋˇ˃ʶˊʱˋʶ˖˄ˍˏˉˇˎ LL

Redgrave et al. Trends in Microbiology2014; 22: 438-445 

ÇDNAʴˎˊʱˋʹҦʰˊ˄ʹˍʽˁʺ ˎˉʶˊʶ˂ʾˁ˖ˋʹ
Çʆˇˉˇʽˋˇ˃ʶˊʱˋʹIV Ҧʻʶˍʽˁʺ ˎˉʶˊʶ˂ʾˁ˖ˋʹ

Ҧʵʽʰ˔˖ˊʽˋ˃ˈ ʻˎʴʰˍˊʽˁ˗˄ ˔ˊ˖˃ˇˋ˖˃ʱˍ˖˄



Mʹ˔ʰ˄ʽˋ˃ˇʾ ʰ˄ˍˇ˔ʺˌ ˋˍʽˌ 
ˁʽ˄ˇ˂ˈ˄ʶˌ
} ɶ DNA ɹ ˎˊʱˋʹˁʰʽ ʹ ˍˇˉˇʿˋˇ˃ʶˊʱˋʹIVʶʾ˄ʰʽ 
ˍʶˍˊʰ˃ʶˊʺ ʷ˄ʸˎ˃ʰ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʵˏˇ GyrA
ˁʰʽ ʵˏˇ GyrBˎˉˇ˃ˇ˄ʱʵʶˌʹ ˉˊ˗ˍʹ ˁʰʽ ʵˏˇ ParCˁ ʰʽ 
ʵˏˇ ParÉ  ʵʶˏˍʶˊʹ

} ɮ˄ˍˇ˔ʺ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˃ʶˍʰ˂˂ʰʴʷˌ ˋˍʽˌ ˎˉˇ˃ˇ˄ʱʵʶˌ

} ɼˎˊʾ˖ˌ ˋˍʰ gyrAˁʰp̔arC

} ʅˍʰʵʽʰˁʺ ʰˏ˅ʹˋʹ ˍˇˎ ʶˉʽˉʷʵˇˎ ˍʹˌ ʰ˄ˍˇ˔ʺˌ 
(MIC)ˉˊˇˁˏˉˍʶʽ ʰˉˈ ʵʽʰʵˇ˔ʽˁʷˌ ˃ʶˍʰ˂˂ʰʴʷˌ 
ˋˍˇˎˌ ˉˊ˖ˍʰˊ˔ʽˁˇˏˌ ˁʰʽ ʵʶˎˍʶˊʶˏˇ˄ˍʶˌ ˋˍˈ˔ˇˎˌ



ɾʶˍʰ˂˂ʰʴʷˌ ˉˇˎ ʷ˔ˇˎ˄ ʰ˄ʽ˔˄ʶˎʻʶʾ ˋˍʰ gyrA, gyrB, parC & parE

Correiaet al., Journal of Medical Microbiology 2017;66:551ς559



ɾʶʻˎ˂ʾ˖ˋʹ ˍˇˎ мсS rRNA

ʁʽ ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌ ˉˊˇˋʵʷ˄ˇ˄ˍʰʽ ˋˍʹ˄ олS 
ˎˉˇ˃ˇ˄ʱʵʰ ˍˇˎ ʲʰˁˍʹˊʽʰˁˇˏ ˊʽʲˇˋ˗˃ʰˍˇˌ 
ˁʰʽ  ʶ˃ˉˇʵʾʸˇˎ˄ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˍˇˎ ǘwb! ʰˉˈ 
ˍʹ˄ ʻʷˋʹ ɮ ˋˍʹ ʻʷˋʹ ʄΣ ʰˉˇˍˊʷˉˇ˄ˍʰˌ  ˍʹ˄ 
ʶˉʽ˃ʺˁˎ˄ˋʹ ˍʹˌ ˉˇ˂ˎˉʶˉˍʽʵʽˁʺˌ ʰ˂ˎˋʾʵʰˌ

ʁʽ мсS rRNA ˃ ʶʻˎ˂ʱˋʶˌ ˃ʶʻˎ˂ʽ˗˄ˇˎ˄ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˄ˇˎˁ˂ʶˇˍʾʵʽʰ ˋˍʹ˄ ɮ ʻʷˋʹ 
ˍˇˎ мсS rRNA ˃ ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˃ʹ˄ 
˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋʵʶʻˇˏ˄ ˇʽ 
ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌ



16S rRNA ˃ ʶʻˎ˂ʱˋʶˌ

ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˍ˖˄ ʶ˄ʵˇʴʶ˄˗˄16S rRNA
ɾʶʻˎ˂ʰˋ˗˄

16S-RMTs

ɳ˄ʵˇʴʶ˄ʶʾˌ

ʅʶ ʰˁˍʽ˄ˇʲʰˁˍʺˊʽʰˉˇˎ 
ˉʰˊʱʴˇˎ˄ ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌ 
ˈˉ˖ˌ Streptomyces ˁ ʰʽ 
Micromonosporaspp

ɳˉʾˁˍʹˍʶˌ

ü N7-G1405* (Kgm)16S-RMTases 

Ç KgmB(kanamycin-gentamicin
methyltransferase)(Streptoalloteichustenebrarius)

Ç GrmA(gentamicin-resistance methyltransferase) 
(Micromonosporaechinospora)

Ç Sgm(sisomicin-gentamicinmethyltransferase) 
(Micromonosporazionensis)

Ç Krm(kanamycin-resistance methyltransferase) (Frankiasp)

ü N1-A1408* (Kam)16S-RMTases

Ç KamA(kanamycin-apramycinmethyltransferase)
(Streptomycestenjimariensis)

Ç KamB(Streptoalloteichustenebrarius)

Ç KamC(Saccharopolysporahirsuta)

* nucleotide position to be modified at the A-site of 16S rRNA

DoiY, Arakawa Y. ClinInfect Dis. 2007;45:88-94



ʃˊ˗ˍʹ ˉʶˊʽʴˊʰ˒ʺ ˉ˂ʰˋ˃ʽʵʽʰˁʺˌ ʶ˅˖ʴʶ˄ˇˏˌ 
16S rRNA ˃ ʶʻˎ˂ʱˋʹˌ (RmtA)

} ʆˇ ˋˍʷ˂ʶ˔ˇˌ P. aeruginosa AR-2 
ʰˉˇ˃ˇ˄˗ʻʹˁʶ ʰˉˈ ʷ˄ʰ ˁ˂ʽ˄ʽˁˈ ʵʶʾʴ˃ʰ 
όˉˍˏʶ˂ʰύ ˍˇ мффт

} ʆˇ ˋˍʷ˂ʶ˔ˇˌ tΦ ŀŜǊǳƎƛƴƻǎŀ ʷʵʶʽ˔˄ʶ ˉˇ˂ˏ 
ˎ˕ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ ʰ˄ˍˇ˔ʺ ˋʶ ˈ˂ʶˌ ˍʽˌ 
ˁ˂ʽ˄ʽˁʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʶˌ 
ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌ

ʁʽ ˋˎʴʴˊʰ˒ʶʾˌ ʰ˄ʷ˒ʶˊʰ˄ ʷ˄ʰ˄ ʶ˄ˍʶ˂˗ˌ ˄ʷˇ ˃ʹ˔ʰ˄ʽˋ˃ˈ ʴʽʰ ˍʹ˄ ʰ˄ˍˇ˔ʺ ˋˍʽˌ  ʰ˃ʽ˄ˇʴ˂ˎˁˇʸʾʵʶˌ-
ˍʹ˄ ʶ˄ʸˎ˃ʽˁʺ˃ʶʻˎ˂ʾ˖ˋʹ ˍˇˎ мс{ Ǌwb! ˋʶ Gram-ʰˊ˄ʹˍʽˁʱ ʲʰˁˍʺˊʽʰ



35% 

31% 

Pseudomonas aeruginosaAR-2 / RmtA

Streptomyces kanamyceticus/ Kmr

Streptoalloteichushindustanus/ NbrB

Micromonospora zionensis/ Sgm Micromonospora rosea/ Grm 0.1
34% 

33% 

30% 

Streptomyces tenebrarius/ KgmB

u ʆˇ ˉˊˇʿˈ˄ ˍˇˎ ʴˇ˄ʽʵʾˇˎ rmtA, ́  RmtA, ̫ ʵʶʽ˅ʶ ˋʹ˃ʰ˄ˍʽˁʺ ˇ˃ˇʽˈˍʹˍʰ ˃ʶ ˍʽˌ мсS rRNA ˃ ʶʻˎ˂ʱˋʶˌˉˇˎ ˉˊˇˋˍʰˍʶˏˇˎ˄ ˍˇ мсS rRNA ̀ ˍˇˎˌ 
ʰˁˍʽ˄ˇ˃ˏˁʹˍʶˌˉˇˎ ˉʰˊʱʴˇˎ˄ ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌˈˉ˖ˌ ˍʰ Streptomyces spp ˁʰʽ Micromonosporaspp.

Yokoyamaet al. Lancet. 2003;362(9399):1888-93

ʃˊ˗ˍʹ ˉʶˊʽʴˊʰ˒ʺ ˉ˂ʰˋ˃ʽʵʽʰˁʺˌ ʶ˅˖ʴʶ˄ˇˏˌ мс{ Ǌwb! 
˃ʶʻˎ˂ʱˋʹˌ όwƳǘ!ύ



16S rRNA ˃ ʶʻˎ˂ʱˋʶˌ

16S-RMTs

ɳ˄ʵˇʴʶ˄ʶʾˌ

ʅʶ ʰˁˍʽ˄ˇʲʰˁˍʺˊʽʰˉˇˎ 
ˉʰˊʱʴˇˎ˄ 

ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌ ˈˉ˖ˌ 
Streptomyces ˁ ʰʽ 

Micromonosporaspp

Kgm

G1405

Kam

A1408

ɳˉʾˁˍʹˍʶˌ

ʁʽˁˇʴʷ˄ʶʽʰ Arm 

ArmA, RmtA, 
RmtB1/B2, RmtC, 
RmtD/D2, RmtE, 

RmtF, RmtG, RmtH

*G1405 

ɮ˄ˍˇ˔ʺ ˋˍʽˌ 4,6-ʰ˂˂ʱ ˈ˔ʽ ˋˍʽˌ 
4,5-DOSh ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌ

ʁʽˁˇʴʷ˄ʶʽʰ Pam 

NpmA

*A1408 

ɮ˄ˍˇ˔ʺ ˋˍʽˌ п,5-DOS 
ˁʰʽ ˋˍʽˌ4,6-DOS 
ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌ

N7-G1405
Arm family

N1-A1408
Pam family

DoiY, Arakawa Y. ClinInfect Dis. 2007;45:88-94

4,6 DOS 4,5 DOS

Kanamycin
Tobramycin
Amikacin
Gentamicin
Sisomicin
Netilmicin
Plazomicin

Neomycin



ɲˇ˃ʽˁʺ ʆʰ˅ʽ˄ˈ˃ʹˋʹ ɮ˃ʽ˄ˇʴ˂ˎˁˇˋʽʵ˗˄

Aminoglycoside-aminocyclitols

Streptidine 2-deoxystreptamine (DOS)

4,5 disubstituted 4,6 disubstituted

Streptomycin Neomycin
Paromomycin
Butirosin(A,B)
Ribostamycin
Lividomycin

Kanamycin
Tobramycin
Amikacin
Dibekacin
Arbekacin
Gentamicin
Sisomicin
Netilmicin
Isepamicin
Plazomicin

Monosubstituted

Apramycin 23

4

5 6

1

1
2
3

45

6

1

2

3

4

5
6



ʃˊ˗ˍʹ ʰˉˇ˃ˈ˄˖ˋʹ Gram-ʰˊ˄ʹˍʽˁ˗˄ ʲʰˁˍʹˊʾ˖˄ ˉˇˎ ˉʰˊʺʴʰʴʰ˄ 
ʶˉʾˁˍʹˍʹ 16S-rRNA ˃ ʶʻˎ˂ʱˋʹ
Date 16S-RMT Bacterial species Country Specimen 

Mobile 
element

Coexisting resistance genes Reference 

1996 armA C.freundii Poland Clinical isolate ISCR1
blaCTX-M-3, blaTEM-1, aacC2, 
aadA2, dfrA12, sul1

Golebiewskiet al, 2007

1997 rmtA P.aerugonosa Japan Sputum ˁʴ Yokoyama et al, 2003

2002 rmtB S.marcescens Japan Sputum Tn3 blaTEM-1, aadA2 Doiet al, 2004

2003 rmtC P.mirabilis Japan Throat swab ISEcp1 aphA1 Wachinoet al, 2006

2003 npmA E.coli Japan Urine IS26 Wachinoet al, 2007

2005 rmtD P.aeruginosa Brazil Urine blaSPM-1 Doiet al, 2007

2007 rmtD2 E.aerogenes Argentina Not reported ISCR14 cat, dfrA12, aadA2, sul1 Tijet et al, 2011

2010 rmtE E.coli USA Cattle ŀǇƘόо ύ-Ia, aphA7, strA, strB Davis et al, 2010

2011 rmtF K. pneumoniae wŞǳƴƛƻƴIsland Clinical isolate ISCR5 blaNDM-1, blaOXA-1, aacόсΩύ-Ib Galimandet al, 2012

2011 rmtG K. pneumoniae Brazil Clinical isolates blaKPC-2, blaCTX-M-15 Buenoet al, 2013

2009 rmtH K. pneumoniae Iraq Trauma ISCR2 blaCTX-M-15, blaSHV-1, blaOXA-1 hΩIŀǊŀ Ŝǘ ŀƭΣ нлмо

ʆˊˇˉˇˉˇʽˇˏ˄ ˍˇ˄ ˋˍˈ˔ˇ ˍ˖˄ ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʽʵ˗˄(16S rRNA) 



Å

J.-I. Wachino, Y. Arakawa / Drug Resistance Updates 15 (2012) 133ð148 (Updated)

ǒRmtF

ǒRmtG

ǒRmtH

ǒ

ǒ

ǒ
ǒ

ǒ

ǒ
ǒ

ǒ

ǒ

ǒ
ǒ

ǒǒ

ǒ

ǒ

ǒ

ʃʰʴˁˈˋ˃ʽʰ ʶ˅ʱˉ˂˖ˋʹ ˍ˖˄ 16S-rRNA ˃ ʶʻˎ˂ʰˋ˗˄

ʅˎ˄ʺʻ˖ˌ  ғм҈Σ ˋˍʹ˄ ɮ˄ʰˍˇ˂ʽˁʺ ɮˋʾʰ 5-10%



ɳˉʽˁˊʱˍʹˋʹ ˍ˖˄ мс{Ǌwb! ˃ʶʻˎ˂ʰˋ˗˄ˋˍʰ Gram (-ύ ˋˍʶ˂ʷ˔ʹ 

ɿˇʷ˃ʲˊʽˇˌ нллт ςʁˁˍ˗ʲˊʽˇˌ нллф 

όн ˔ˊˈ˄ʽʰύκ ʷ˄ʰ˄ˇˋˇˁˇ˃ʶʾˇ
ʅʶ р ˄ˇˋˇˁˇ˃ʶʾʰ ˍˇˎ ˂ʶˁʰ˄ˇˉʶʵʾˇˎ κ 
ˉˊ˗ˍˇ ʶ˅ʱ˃ʹ˄ˇ ˍˇˎ нлмс

} Klebsiellapneumoniae(n = 1534) 

}о ˋˍʶ˂ʷ˔ʹ ˃ʶ rmtB (0.2%)

} 2 KPC-2

} 1 DHA-1

} E. coli (n = 1398)

} Proteusmirabilis(n = 734) 

}о ˋˍʶ˂ʷ˔ʹ ˃ʶ rmtB (0.4%)

} 1 VIM-1

} Enterobacterspp. (n = 414)

}ʅˍʶ˂ʷ˔ʹ A.baumannii

} armA: 64.8%

}ʅˍʶ˂ʷ˔ʹ P.stuartii

} rmtB: 55.1 %

}ʅˍʶ˂ʷ˔ʹ K.pneumoniae

} rmtB a̋rmA: 3.9%

}ʅˍʶ˂ʷ˔ʹ E.coli

} rmtB: 0.2%όʷ˄ʰ ˋˍʷ˂ʶ˔ˇˌύ

}ʂ˂ʰ ˍʰ ʻʶˍʽˁʱ ˋˍʶ˂ʷ˔ʹ ˉʰˊʺʴʰʴʰ˄ 
ˁʰˊʲʰˉʶ˄ʶ˃ʱˋʹ

Galaniet al, ClinMicrobiolInfect2012; 18: E52ςE54 Nafpliotiet al. MicrobDrug Resist. 2019; 
Nafpliotiet al; EurJ ClinMicrobiolInfect Dis2021; 40:111-121



} GiakkoupiP, TryfinopoulouK, PolemisM, PappaO, MiriagouV, VatopoulosA. Circulation of a multiresistant, conjugative, IncA/C 
plasmid within the nosocomialProvidenciastuartii population in the Athens area. DiagnMicrobiolInfect Dis. 2015; 82: 62-4

} DoukaE, PerivoliotiE, KraniotakiE, FountoulisK, EconomidouF, TsakrisA, SkoutelisA, RoutsiC. Emergence of a pandrug-
resistant VIM-1-producing Providenciastuartii clonalstrain causing an outbreak in a Greek intensive care  unit. Int J Antimicrob
Agents. 2015; 45: 533-6

} OikonomouO, LiakopoulosA, PheeLM, Betts J, MeviusD, Wareham DW. Providenciastuartii Isolates from Greece: Co-Carriage 
of Cephalosporin (blaSHV-5, blaVEB-1), Carbapenem(blaVIM-1), and Aminoglycoside(rmtB) Resistance Determinants by a Multidrug-
Resistant Outbreak Clone. MicrobDrug Resist. 2016; 22: 379-86



ɳˉʽˁˊʱˍʹˋʹ ˍ˖˄ мс{Ǌwb! ˃ʶʻˎ˂ʰˋ˗˄ˋˍʽˌ /t- K.pneumoniae
ˉʰ˄ʶ˂˂ʰʵʽˁʱ

Galani et al. BMC Infect Dis. 2019; 19(1):167
Galani et al. Euro Surveill. 2018 ; 23(31).



ɳ˄ʸˎ˃ʽˁʺ ʰʵˊʰ˄ˇˉˇʾʹˋʹ

ɓ-ɚŬəŰɎɛŮɠ:ɓ-ɚŬəŰŬɛɎůŮɠ

ȷɛɘɜɞɔɚɡəɞůɑŭŮɠ: ŰɟɞˊɞɘɖŰɘəɎ ɏɜɕɡɛŬ 



ɮ˄ˍˇ˔ʺ ˋˍʰ ʲ-˂ʰˁˍʰ˃ʽˁʱ ʰ˄ˍʽʲʽˇˍʽˁʱ

} -̡ɽʰˁˍʰ˃ʱˋʶˌ

}Mʶʽ˖˃ʷ˄ʹ ʵʽʰˉʶˊʰˍˈˍʹˍʰ
}ɮ˄ˍ˂ʾʶˌ ʶ˄ʶˊʴʹˍʽˁʺˌ ʶˁˊˇʺˌ

}ɾʶʽ˖˃ʷ˄ʹ ˉˊˈˋ˂ʹ˕ʹ όˉˇˊʾ˄ʶˌύ

}ʆˊˇˉˇˉˇʾʹˋʹ PBPs
}ʃʰˊʱˁʰ˃˕ʹ ˋˍˈ˔ˇˎ όmecA S.aureus)

ɼˎˊʾʰˊ˔ˇˌ ˋˍʰ 
Gram-ʰˊ˄ʹˍʽˁʱ 

ɼˎˊʾʰˊ˔ˇˌ ˋˍʰ 
Gram-ʻʶˍʽˁʱ

Gram (-)



ɲˇ˃ʺ ˉˎˊʺ˄ʰ ʲ-˂ʰˁˍʰ˃˗˄& ˎʵˊˈ˂ˎˋʹ ʰˉˈ ʲ-˂ʰˁˍʰ˃ʱˋʹ

ʃʶ˄ʽˁʽ˂˂ʾ˄ʹ

ɼʶ˒ʰ˂ˇˋˉˇˊʾ˄ʹ

-̡˂ʰˁˍʰ˃ʱˋʹ

-̡˂ʰˁˍʰ˃ʱˋʹ

ʰʵˊʰ˄ʺ ˉˊˇʿˈ˄ˍʰ ˎʵˊˈ˂ˎˋʹˌ

ʁʽ ʲ-˂ʰˁˍʰ˃ʱˋʶˌ ʶʾ˄ʰʽ ʷ˄ʸˎ˃ʰ ˉˇˎ ʰʵˊʰ˄ˇˉˇʽˇˏ˄ ˍʽˌ ʲ-˂ʰˁˍʱ˃ʶˌΣˎʵˊˇ˂ˏˇ˄ˍʰˌˍˇ˄ ʰ˃ʽʵʽˁˈʵʶˋ˃ˈ 
O=C-N ̱ ˇˎ ʲ-˂ʰˁˍʰ˃ʽˁˇˏ ʵʰˁˍˎ˂ʾˇˎ



ʆʰ˅ʽ˄ˈ˃ʹˋʹ -̡˂ʰˁˍʰ˃ʰˋ˗˄

-̡˂ʰˁˍʰ˃ʱˋʶˌ

ɴ˄ʸˎ˃ʰ ˋʶˊʾ˄ʹˌ

ʆʱ˅ʹ ɮ

ʁ˃ʱʵʰ н

2a, 2b, 2be, 
2br, 2c, 2f

ʆʱ˅ʹ C

ʁ˃ʱʵʰ м

ʆʱ˅ʹ D

ʁ˃ʱʵʰ н

2d

ɾʶˍʰ˂˂ˇ-ɴ˄ʸˎ˃ʰ

ʆʱ˅ʹ B

ʁ˃ʱʵʰ оȿŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ 

əŬŰɎ  Bush et al

ȺɜŮɟɔɧ əɏɜŰɟɞ

ȷɛɘɜɞɝɘəɐŬɚɚɖɚɞɡɢɑŬ 

əŬŰɎ Ambler



AmblerRP.Thestructureof beta-lactamases. PhilosTransR SocLondB BiolSci1980;289(1036):321-31.
Beta-LactamaseDataBase(BLDB) ςAugust 27, 2021

ɾˇˊʽʰˁʺ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˍ˖˄ ʲ-˂ʰˁˍʰ˃ʰˋ˗˄  
ˁʰˍʱ !ƳōƭŜǊ

-̡˂ʰˁˍʰ˃ʱˋʶˌ
(n=7.279)

A
(n=1.673)

B
(n=885)

C
(n=3.561)

D
(n=1.077)

ɮ
TEM, SHV, Cʆʋ-ɾ ̄˂ʰˋ˃ʽʵʽʰˁʷˌ-̡
˂ʰˁˍʰ˃ʱˋʶˌ

ʅˍʰ˒ˎ˂ˇˁˇˁˁʽˁʷˌ ˉʶ˄ʽˁʽ˂˂ʽ˄ʱˋʶˌ

ʋˊ˖˃ˇˋ˖˃ʽʰˁʷˌˍ˖˄ Klebsiella, P.vulgaris, 
B.fragilis

B ɾʶˍʰ˂˂ˇ- -̡˂ʰˁˍʰ˃ʱˋʶˌ

C ʋˊ˖˃ˇˋ˖˃ʽʰˁʷˌˁʶ˒ʰ˂ˇˋˉˇˊʽ˄ʱˋʶˌˍ˖˄ 
Gram-ʰˊ˄ʹˍʽˁ˗˄ 

D OXA-ˍˏˉˇˎ ˉ˂ʰˋ˃ʽʵʽʰˁʷˌ-̡˂ʰˁˍʰ˃ʱˋʶˌ

KPC

OXA

pAmpC

VIM

NDM

ESBL

GES



ɮˏ˅ʹˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ʲ-˂ʰˁˍʰ˃ʰˋ˗˄(ESBL, carbapenemases, 
AmpCύ ʰˉˈ ˍˇ мфтл ʷ˖ˌ ˋʺ˃ʶˊʰ

AmpC(group 1)

ESBL (group 2be)

Carbapenemases
(groups 2f & 3)
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Bush K. AntimicrobAgentsChemother2018; 62. pii: e01076-18



ɶ ʻʷˋʹ ʵˊʱˋʹˌ ˍ˖˄ ʲ-˂ʰˁˍʰ˃ʰˋ˗˄

-̡˂ʰˁˍʰ˃ʱˋʶˌ ˋˍˇ˄ 
ʶ˅˖ˁˎˍˍʱˊʽˇ˔˗ˊˇ 

(ʶ˅˖ʷ˄ʸˎ˃ʰ)

-̡˂ʰˁˍʰ˃ʱˋʶˌ ˋˍˇ˄ 
ˉʶˊʽˉ˂ʰˋ˃ʽˁˈ˔˗ˊˇ

L.L. Brunton, B.A. Chabner,, B.C. Knollmann: The Pharmacological Basis of Therapeutics, 12ed. www.accesspharmacy.com 



ɮ˄ˍˇ˔ʺ ˋˍʽˌ ʲ-˂ʰˁˍʱ˃ʶˌ

ɳˎˊʷ˖ˌ ˒ʱˋ˃ʰˍˇˌ ʲ-˂ʰˁˍʰ˃ʱˋʶˌ όESBL)

} ʃˊˇˋʵʾʵˇˎ˄ ʰ˄ˍˇ˔ʺ ˋˍʽˌ ˉʶ˄ʽˁʽ˂ʾ˄ʶˌΣ 
ˁʶ˒ʰ˂ˇˋˉˇˊʾ˄ʶˌ1 -́ 4ʹʴʶ˄ʽʱˌΣ ˁʰʽ ˋˍʽˌ 
˃ˇ˄ˇʲʰˁˍʱ˃ʶˌΣ ˈ˔ʽ ˈ˃˖ˌ ˋˍʽˌ ˁʰˊʲʰˉʶ˄ʷ˃ʶˌ 
ˁʰʽ ˍʽˌ ˁʶ˒ʰ˃ˎˋʾ˄ʶˌ

} ɮ˄ʰˋˍʷ˂˂ˇ˄ˍʰʽ ʰˉˈ ˍˇ ˁ˂ʰʲˇˎ˂ʰ˄ʽˁˈˇ˅ˏ

} ʃˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ʲ-˂ʰˁˍʰ˃ʱˋʶˌˇ˃ʱʵʰˌ ɮΥ 
ʆɳɾ-м ˁʰʽ {I±-мΦ  ɯ˂˂ʶˌ ˁˏˊʽʶˌ ˇ˃ʱʵʶˌΥ /¢·-
M, VEB, PERΣΦΦΦ ʰ˂˂ʱ ˁʰʽ ʁʋɮ

} ɲʽʰ˒ʷˊˇˎ˄ ʰˉˈ ˍˇˎˌ ˉˊˇʴˈ˄ˇˎˌ ˍˇˎˌ ˃ʶ м-5 
ʰ˃ʽ˄ˇ˅ʷʰ

ESBL: >800

TEM: 
251

SHV: 
244

CTX-
M: 251

PER: 
16

VEB:  
30

OXA: 
25

Others

Beta-LactamaseDataBase(BLDB) http://bldb.eu(27 ɮˎʴˇˏˋˍˇˎ 2021)



ɶ ɹˋˍˇˊʾʰ ˍˇˎ ˉˊ˗ˍˇˎ E. coli h ˄ʻʶˁˍʽˁˇˏ ˋˍʹ˄ ʰ˃ˉʽˁʽ˂˂ʾ˄ʹ

}ɹˇˏ˄ʽˇˌ1964: ʃˊ˗ˍʹ ˁˎˁ˂ˇ˒ˇˊʾʰ ˍʹˌ 
ʰ˃ˉʽˁʽ˂˂ʾ˄ʹˌˋˍʹ˄ ɳˎˊ˗ˉʹ

}ɲʶˁʷ˃ʲˊʽˇˌ1964:ɮ˄ʾ˔˄ʶˎˋʹ ˍˇˎ 
ˉˊ˗ˍˇˎ ˋˍʶ˂ʷ˔ˇˎˌ E. coli h ˄ʻʶˁˍʽˁˇˏ 
ˋˍʹ˄ ʰ˃ˉʽˁʽ˂˂ʾ˄ʹ

}ɼ Themoneira(ɮʻʺ˄ʰ, ɳ˂˂ʱʵʰ):

} E. colih ˉˈ ˇˎˊˇ˂ˇʾ˃˖˅ʹ

} ʃʰˊʺʴʰʴʶ ʲ-˂ʰˁˍʰ˃ʱˋʹ (TEM-1)

} ʆˇ ʴˇ˄ʾʵʽˇ ˍʹˌ ʲ-˂ʰˁˍʰ˃ʱˋʹˌ ʲˊʽˋˁˈˍʰ˄ ˋʶ 
ˉ˂ʰˋ˃ʾʵʽˇ



Activity vs

3rd gen cephs

TEM-1
1964

TEM-2
1970

Gln39­Lys

TEM-3
1987

Gln39­Lys Glu104­Lys Gly238­Ser

ɳ˅ʷ˂ʽ˅ʹ ˍ˖˄ ESBL



MICs (mg/L) ̱ ˖E˄SBL-ʻʶˍʽˁ˗˄E. coli

R- TEM-1+ TEM-3+ TEM-10+

Amoxicilin 2 1024 >2048 1024

Piperacillin 1 128 256 >128

Piperacillin/ Tazobactam4mg/L 0.5 1 2 2

Cefotaxime 0.03 0.03 8 0.25

Ceftazidime 0.25 0.5 16 128

Aztreonam 0.06 0.12 8 64

Cefoxitin 4 4 8 4

Imipenem 0.12 0.12 0.12 0.12

Meropenem 0.03 0.03 0.03 0.03



Bradford P. Clinical Microbiology Reviews 2001; 933-951



ʁʽ ʰ˃ʽ˄ˇ˅ʽˁʷˌ ʰ˂˂ʰʴʷˌ ˋˍʽˌ 9{.[ ʵʽʶˎˊˏ˄ˇˎ˄ ˍˇ ʶ˄ʶˊʴˈ ˁʷ˄ˍˊˇ ˗ˋˍʶ ˄ʰ ά˔˖ˊʱʶʽέ ˍʹ˄ 
ˇ˅ˎʽ˃ʽ˄ˇ-ˇ˃ʱʵʰ ˍ˖˄ ˄ʶˈˍʶˊ˖˄ ˁʶ˒ʰ˂ˇˋˉˇˊʽ˄˗˄

ɄŬɚŬɘɏɠ 

əŮűŬɚɞůˊɞɟɑɜŮɠ

ɁŮɧŰŮɟŮɠ 

əŮűŬɚɞůˊɞɟɑɜŮɠ



ɼʰˊʲʰˉʶ˄ʶ˃ʱˋʶˌ

ɳʾʵʹ ˁʰˊʲʰˉʶ˄ʶ˃ʰˋ˗˄

ɀɞɟɘŬəɐ ɃɛɎŭŬ* ȾŬɟɓŬˊŮɜŮɛɎůɖ

A
KPC

BIC, GES, IMI, NMC, SME 

B 

(MBL) 

IMP, VIM, NDM

AIM, DIM, GIM, SIM, SPM, TMB

C -

D
OXA-48-like

OXA-23, -40, -58, -143, -235

* ȸŬůɑɕŮŰŬɘ ůŰɖɜ ɞɛɞɚɞɔɑŬ Űɖɠ Ŭɛɘɜɞɝɘəɐɠ ŬɚɚɖɚɞɡɢɑŬɠ 

}ɴ˄ʸˎ˃ʰ ˉˇˎ ˎʵˊˇ˂ˏˇˎ˄ ˍʽˌ 
ˁʰˊʲʰˉʶ˄ʷ˃ʶˌ 

}ɼʰʽ ˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ʲ-˂ʰˁˍʱ˃ʶˌ 

}ɼ˖ʵʽˁˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ 
˔ˊ˖˃ˇˋ˖˃ʽˁʱ ʰ˂˂ʱ ˉʽˇ ˋˎ˔˄ʱ ʰˉˈ 
ˉ˂ʰˋ˃ʽʵʽʰˁʱ ʴˇ˄ʾʵʽʰ



ɳˉʾˁˍʹˍʶˌ 
ˁʰˊʲʰˉʶ˄ʶ˃ʱˋʶˌ
27ɮˎʴˇˏˋˍˇˎ нлн1
BLDB http://bldb.eu

Enzyme family Ambler Class Pathogens -̡lactamases group

Serine- -̡
lactamases

A Enterobacterales KPC-enzymes

P. aeruginosa GES-enzymes

SME

IMI

Enterobacterales NMC-A

SHV-38

SFC-1

Serine- -̡
lactamases

D

Acinetobacter

OXA 23 group

OXA 24 group

OXA 58 group

OXA 51/66  group

Enterobacterales OXA 48 group

B. fragilis CcrA

Metallo- -̡
lactamases

B Pseudomonas
Acinetobacter
Enterobacterales

IMP-enzymes
VIM-enzymes
NDM-enzymes

Pseudomonas
SPM-1

GIM-1

Pseudomonas
Acinetobacter

SIM-1

Carbapenemases: 
>860

VIM: 74

IMP: 90

KPC: 95

NDM: 38GES:  49

OXA:
>520

Others

http://bldb.eu/


Lee et al, 2016. Front Microbiol; 7: 895

ʆˇ ʴʶ˄ʶˍʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ˍ˖˄ blaKPC-2, blaNDM-1ˁʰʽ blaOXA-48



ʅ˔ʹ˃ʰˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍˇˎ integron  ̌ ˃ʱʵʰˌ м ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍˇ blaVIM-1

ˁʰʽ ˉʶˊʽʷ˔ʶˍʰʽ ˋˍˇ ˉ˂ʰˋ˃ʾʵʽˇp541

Miriagouet al.AntimicrobAgents Chemother. 2003; 47: 395-7



ɮ˄ʰˋˍˇ˂ʶʾˌ ʲ-˂ʰˁˍʰ˃ʰˋ˗˄

ɮ˄ʰˋˍˇ˂ʶʾˌ ˃ʶ ʲ-˂ʰˁˍʰ˃ʽˁˈ ʵʰˁˍˏ˂ʽɮ̌˄ʰˋˍˇ˂ʶʾˌ ˔˖ˊʾˌ ʲ-˂ʰˁˍʰ˃ʽˁˈ ʵʰˁˍˏ˂ʽˇ

Tehrani& Martin. Medchemcomm. 2018;9: 1439-1456

×ʋ˖ˊʾˌ ʲ-˂ʰˁˍʰ˃ʽˁˈ ʵʰˁˍˏ˂ʽˇ
×ʆˇ ˒ʱˋ˃ʰ ʰ˄ʰˋˍˇ˂ʺˌ ʶˉʶˁˍʶʾ˄ʶˍʰʽ ˁʰʽ ˋˍʽˌ Yt/ 
×ɮˊˁʶˍʷˌ ʰˉˈ ˍʽˌ ˇ˅ʰˁʽ˂ʽ˄ʱˋʶˌ(classD)ˁʰʽ 
ˈ˂ʶˌ ˇʽ ɾɰL (class ɰ)ʵʶ˄ ʰ˄ʰˋˍʷ˂˂ˇ˄ˍʰʽ



ʆʰ˅ʽ˄ˈ˃ʹˋʹ ʲ-˂ʰˁˍʰ˃ʰˋ˗˄

Bush& Bradford. Nat RevMicrobiol. 2019; 17: 295-306 



άɿʷˇʽέh ˄ʰˋˍˇ˂ʶʾˌ

Avibactam Vaborbactam

} ʅˎ˄ʵˎʱʸʶˍʰʽ ˃ʶ ˁʶ˒ˍʰʸʽʵʾ˃ʹ(Zavicefta)

} ɲˊʰˋˍʽˁˈ ʷ˄ʰ˄ˍʽ ESBLs (A), KPC (A), OXA-48, 
AmpC(C)

} ɲʶ˄ ʶʾ˄ʰʽ ʵˊʰˋˍʽˁˈ ʷ˄ʰ˄ˍʽ ˍ˖˄ MBLs (B)

} ʅʹ˃ʰ˄ˍʽˁʺ ʵˊʰˋˍʽˁˈˍʹˍʰ ʷ˄ʰ˄ˍʽ P. aeruginosa

} ɮ˄ʱˉˍˎ˅ʹ ʰ˄ˍˇ˔ʺˌ ˎˉˈ ʰʴ˖ʴʺ

} ʅˎ˄ʵˎʱʸʶˍʰʽ ˃ʶ ˃ʶˊˇˉʶ˄ʷ˃ʹ(Vabomere)

} ɲˊʰˋˍʽˁˈ ʷ˄ʰ˄ˍʽ ESBLs(A), KPC (A), AmpC (C)

} ɲʶ˄ ʶʾ˄ʰʽ ʵˊʰˋˍʽˁˈ ʷ˄ʰ˄ˍʽ ˍ˖˄ a.[s(B)

} ɮ˄ˍˇ˔ʺ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾ ˋʶ ˋˍʶ˂ʷ˔ʹ ˃ʶ 
˃ʶˍʰ˂˂ʰʴʷˌ ˋˍʽˌ ˉˇˊʾ˄ʶˌ

нп ɹˇˎ˄ʾˇˎ 
2016

2018



ʁʲˊˈʴ˔ˇˌ Ҡ όҠ-loopύ ˍ˖˄ ʲ-˂ʰˁˍʰ˃ʰˋ˗˄ˍʱ˅ʹˌ ɮ

} "HotspotϦ ˉʶˊʽˇ˔ʺ ˋˍʹ˄ ˇˉˇʾʰ ʰ˃ʽ˄ˇ˅ʽˁʷˌ
ʰ˂˂ʰʴʷˌ ʶˉʶˁˍʶʾ˄ˇˎ˄ ˍˇ ˒ʱˋ˃ʰ ˎʵˊˈ˂ˎˋʹˌ 
ˉˇ˂˂˗˄ ʶ˄ʸˏ˃˖˄ 

} ɶ ˉʶˊʽˇ˔ʺ мсп-мтф ˋ˔ʹ˃ʰˍʾʸʶʽ ˍˇ Ϧˉʱˍ˖˃ʰϦ ˍˇˎ 
ʶ˄ʶˊʴˇˏ ˁʷ˄ˍˊˇˎ 

} ɮ˃ʽ˄ˇ˅ʽˁʷˌʰ˂˂ʰʴʷˌ ˋˍʽˌ ʻʷˋʶʽˌ164, 169 ˁ ʰʽ
179 ̱ ʹS̩HV-1 ˁ ʰʽ ˍʹˌKPC-2 h ˏ˅ʹˋʰ˄ ˍʹ˄ MIC
ˍʹˌ ˁʶ˒ˍʰʸʽʵʾ˃ʹˌ

Winkleret al. J AntimicrobChemother2015; 70: 2279-86



ʍ-loop

KPC
Phe       
6
Χ

Met      
47

Χ
Ala      
60

Χ
Thr
93

Χ
Pro   
104

Χ
Asp     
163

Arg     
164   

Trp
165

Leu     
167  

Leu    
169 

Ala     
172

Pro      
174

Asp     
179

Χ
Gln
191

Χ
Phe   
207

Χ
Cys
239

Gln
240

Val
Arg
241

Thr
243

Χ
Thr
253

Χ
Ala        
262

Ala        
267

Χ
Asn       
269

Χ
His/Tyr

274
Χ

Val        
278

Χ
Val        
292

Χ

ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ ҧ

Glu Pro Arg 2aa del Pro Thr Leu Tyr 2aa del Gly His Met Ala Val ins 3aa ins 3aa ins Asn 3aa ins Ala

KPC-36 KPC-77KPC-37* KPC-66 KPC-35 KPC-39 in vitro KPC-31 KPC-74 KPC-4* KPC-51* KPC-32* KPC-42 KPC-52* KPC-41 KPC-29 KPC-51* KPC-50 KPC-38

Ala KPC-73* KPC-46 KPC-32* KPC-6

in vitro 2aa ins Asp KPC-33 KPC-8 2aa del Ser 8aa ins

KPC-25 Met
KPC-12

KPC-72 KPC-52* KPC-15* KPC-14 KPC-40 KPC-34

KPC-40* KPC-28 KPC-58

KPC-53 Asn Ala

KPC-51* KPC-23 15aa ins 

KPC-44

Val

KPC-57 6aa ins

Ala KPC-73*

in vitro

7aa ins

Gln KPC-76

in vitro

ɮ˃ʽ˄ˇ˅ʽˁʷˌʰ˂˂ʰʴʷˌ ˋˍʹ˄ Yt/ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ʰ˄ˍˇ˔ʺ ˋˍʹ˄ 
ˁʶ˒ˍʰʸʽʵʾ˃ʹ/ ʰʲʽ˃ˉʰˁˍʱ˃ʹ

ȷɛɘɜɞɝɘəɐ ŬɚɚɖɚɞɡɢɑŬ ůɨɛűɤɜŬ ɛŮ Ambler et al, 1991 ɀŮ əɧəəɘɜɞ ɞɘ ˊŬɟŬɚɚŬɔɏɠ Űɖɠ KPC-2

* KPCs ɛŮ ˊŬɟŬˊɎɜɤ Ŭˊɧ ɛɘŬ ŬɛɘɜɞɝɘəɏɠŬɚɚŬɔɏɠ ɀŮ ɛˊɚŮ ɞɘ ˊŬɟŬɚɚŬɔɏɠ ŰɖɠKPC-3

ɳˉʽˁˊʰˍʶʾ ʹ D179YόɼPC-31, KPC-33). 
ɳˉʰ˄ʰ˒ˇˊʱ ˍʹˌ ʵˊʰˋˍʽˁˈˍʹˍʰˌ ˍʹˌ 

˃ʶˊˇˉʶ˄ʷ˃ʹˌ

ʋ˖ˊʾˌ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˂ʺ˕ʹ 
ceftazidime/avibactam

ɳˉʰ˄ʰ˒ˇˊʱ ˍʹˌ ʵˊʰˋˍʽˁˈˍʹˍʰˌ 
ˍ˖˄ ˁʰˊʲʰˉʶ˄ʶ˃˗˄



ɾʹ˔ʰ˄ʽˋ˃ˇʾ ʰ˄ˍˇ˔ʺˌ ˋˍʹ˄ ˁʶ˒ˍʰʸʽʵʾ˃ʹ/ʰʲʽ˃ˉʰˁˍʱ˃ʹ

ɾʶˍʰ˂˂ʱ˅ʶʽˌˋˍʽˌ ʲ-˂ʰˁˍʰ˃ʱˋʶˌɯ˂˂ˇʽ ɾʹ˔ʰ˄ʽˋ˃ˇʾ

} ˋˍʹ˄ KPC

} ˋˍʹ˄CTX-M

} CTX-M-14 (P170S in vivo)

} CTX-M-15 (L169Q +S130G, D182Y in vitro)

} ˋˍʹ˄OXA-48 (in vitro)

} ˋˍʹ˄VEB (in vivo)

} ˋˍʹ˄OXA-2

} OXA-539 (ɻ ʽˉ˂ʰˋʽʰˋ˃ˈˌ ˍˇˎ D149in vivo)

} ˋˍʹ˄AmpD(in vitro)

} ʺ ʶ˂˂ʶʾ˕ʶʽˌ ˋˍʹ˄AmpC(in vitro)

} ʇˉʶˊʷˁ˒ˊʰˋʹ-̡˂ʰˁˍʰ˃ʰˋ˗˄

} KPC-3 (K. pneumoniaein vivo)

} AmpC(P. aeruginosa)

} ɳ˄ʽˋ˔ˎ˃ʷ˄ʹ ʶˁˊˇʺ(efflux)

} RamR(K. pneumoniaein vivo)

} MexAB-OprM(P. aeruginosa)

} ɾʶʽ˖˃ʷ˄ʹ ˉˊˈˋ˂ʹ˕ʹ

} OmpK35

} OmpK36

} OmpK37

} OprDς̫ ˂˂ʶʽ˕ʹ (P. aeruginosa)

K. pneumoniae
E. coli

P. aeruginosa

P. aeruginosa
E. cloacae
C. freundii

ɴ˂˂ʶʽ˕ʹΣ ˃ʶʽ˖˃ʷ˄ʹ ʷˁ˒ˊʰˋʹ 
ό˃ʶˍʰ˂˂ʱ˅ʶʽˌΣ ʶʽˋʵˇ˔ʷˌΣ ʶ˂˂ʶʾ˕ʶʽˌ ύ 
K. pneumoniaein vivo 



ʆˊˇˉˇˉˇʽʹˍʽˁʱ ɴ˄ʸˎ˃ʰ ˍ˖˄ ɮ˃ʽ˄ˇʴ˂ˎˁˇˋʽʵ˗˄



ɮʵˊʰ˄ˇˉˇʾʹˋʹ ˍ˖˄ ʰ˄ˍʽʲʽˇˍʽˁ˗˄

ʆˊˇˉˇˉˇʽʹˍʽˁʱ ʷ˄ʸˎ˃ʰ ˍ˖˄ ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʽʵ˗˄

ɮˁʶˍˎ˂ˇ
ˍˊʰ˄ˋ˒ʶˊʱˋʹ

ɮˁʶˍˎ˂ʾ˖ˋʹ
ʰ˃ʽ˄ˇ˃ʱʵʰˌ

ɮʵʶ˄ˎ˂ˇ
ˍˊʰ˄ˋ˒ʶˊʱˋʹ

ɮʵʶ˄ˎ˂ʾ˖ˋʹ
ˇ˃ʱʵʰˌ 
ˎʵˊˇ˅ˎ˂ʾˇˎ

ʊ˖ˋ˒ˇ
ˍˊʰ˄ˋ˒ʶˊʱˋʹ

ʊ˖ˋ˒ˇˊˎ˂ʾ˖ˋʹ
ˇ˃ʱʵʰˌ 
ˎʵˊˇ˅ˎ˂ʾˇˎ

ɾʶ ʲʱˋʹ ˍˇ˄ ˃ˇˊʽʰˁˈ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˍˇˎˌΣ 
ʵʽʰʽˊˇˏ˄ˍʰʽ ˋʶ о ˇ˃ʱʵʶˌ



ɿʷʶˌ ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌ

Plazomicin



ʆˊˇˉˇˉˇʽʹˍʽˁʱ ʷ˄ʸˎ˃ʰ ˍ˖˄ ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʽʵ˗˄

Mingeot-Leclercqet al. AntimicrobAgents Chemother. 1999; 43:727-37 

ˋʶ integrons, 
transposons& 
ˉ˂ʰˋ˃ʾʵʽʰ



ҌΥ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍʹˌ aL/ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ wild-type; Υ ɮˏ˅ʹˋʹ ˍʹˌ aL/ ˉʰˊʰˍʹˊʶʾˍʰʽ ˈˍʰ˄ ˍˇ ʷ˄ʸˎ˃ˇ ˎˉʶˊʶˁ˒ˊʱʸʶˍʰʽ.

ʊʰʽ˄ˈˍˎˉˇˌ ˉˇˎ ˉˊˇˋʵʾʵʶˍʰʽ ʰˉˈ ˍʰ ʷ˄ʸˎ˃ʰ ˉˇˎ ˍˊˇˉˇˉˇʽˇˏ˄ 
ˍʽˌ ʰ˃ʽ˄ˇʴ˂ˎˁˇˋʾʵʶˌ





ɮ˄ˍˇ˔ʺ ˋˍʹ˄ ˁˇ˂ʽˋˍʾ˄ʹ

Xu et al. MBio. 2018 ; 9(2). pii: e02317-17



ɼˇ˂ʽˋˍʾ˄ʹ ςʃˇ˂ˎ˃ˎ˅ʾ˄ʹ ɳ

ɾʹ˔ʰ˄ʽˋ˃ˈˌ ʵˊʱˋʹˌ

} ɮ˄ʰˋˍʷ˂˂ʶʽ  ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʶ˅˖ˍʶˊʽˁʺˌ 
˃ʶ˃ʲˊʱ˄ʹˌ

} ɶ ʻʶˍʽˁʱ ˒ˇˊˍʽˋ˃ʷ˄ʹ ˁˇ˂ʽˋˍʾ˄ʹ ˃ʶˍʰˍˇˉʾʸʶʽ ˍʰ 
ʵʽˋʻʶ˄ʺ ˁʰˍʽˈ˄ˍʰ ˉˇˎ ʴʶ˒ˎˊ˗˄ˇˎ˄ ˍʰ 
ʴʶʽˍˇ˄ʽˁʱ ˃ˈˊʽʰ [t{

} ɮˉˇˋˍʰʻʶˊˇˉˇʾʹˋʹ ˍʹˌ ʶ˅˖ˍʶˊʽˁʺˌ ˃ʶ˃ʲˊʱ˄ʹˌ 

} ɲʽʶʾˋʵˎˋʹ ˋˍʹ˄ ʶˋ˖ˍʶˊʽˁʺ ˃ʶ˃ʲˊʱ˄ʹ ˁʰʽ 
ʰ˄ʰˋˍˇ˂ʺ ˍˇˎ ʰ˄ʰˉ˄ʶˎˋˍʽˁˇˏ ʶ˄ʸˏ˃ˇˎ b5I-2

Martis et al, 2014. J Infect;69:1-12



ɲˇ˃ʺ ɽʽˉˇˉˇ˂ˎˋʰˁ˔ʰˊʾˍʹ 



ɾʹ˔ʰ˄ʽˋ˃ˈˌ ʰ˄ˍˇ˔ʺˌ

ʆˊˇˉˇˉˇʾʹˋʹ ˍˇˎ ˂ʽˉʽʵʾˇˎ A ʄˎʻ˃ʽˋˍʽˁˈ ˋˏˋˍʹ˃ʰ

Aghapouret al. Infect Drug Resist. 2019 ; 12: 965-975

pEtN: ˒˖ˋ˒ˇ-ʰʽʻʰ˄ˇ˂ʰ˃ʾ˄ʹ
L-Ara4N: 4-ʰ˃ʽ˄ˇ-4 ɻ ʶˇ˅ˎ-L-ʰˊʰʲʽ˄ˈʸʹ



ɳˉʾˁˍʹˍˇʽ ˁʰʽ ʶ˄ʵˇʴʶ˄ʶʾˌ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ʰ˄ˍˇ˔ʺˌ ˍ˖˄ Gram-
ʰˊ˄ʹˍʽˁ˗˄ ʲʰˁˍʹˊʾ˖˄ ˋˍʹ˄ ˁˇ˂ʽˋˍʾ˄ʹ

Aghapouret al. Infect Drug Resist. 2019 ; 12: 965-975

ɞʉɿʋɾʀʉʙʏ 
ɻʉʐʋʔʙ

ɩʇɻʎʈʅɿʅɻʆʗ 
ɾʋʉʚɿʅɻ

σ ʎʑʎʐʙʈɻʐɻ 
efflux



ʃʽʻʰ˄ʺ ˃ʶˍʰ˒ˇˊʱ ˍˇˎ mcr-1ʰˉˈ ˍˇ ˔ˊ˖˃ˈˋ˖˃ʰ ʰʴ˄˗ˋˍˇˎ 
ʲʰˁˍʹˊʾˇˎ ˉˇˎ ˉʰˊʱʴʶʽ ˉˇ˂ˎ˃ˎ˅ʾ˄ʹˋˍˇ ɳΦ coli

63%

59%

54%



H MCR-1 ʁ ʾ˄ʰʽ ˃ʽʰ ˍˊʰ˄ˋ˒ʶˊʱˋʹ ˒˖ˋ˒ˇ-ʰʽʻʰ˄ˇ˂ʰ˃ʾ˄ʹˌ όpEtN)

} ɮˏ˅ʹˋʹ ˍʹˌ MIC ̱ ˖˄ ˉˇ˂ˎ˃ˎ˅ʽ˄˗˄(ˁˇ˂ʽˋˍʾ˄ʹˁʰʽ ˉˇ˂ˎ˃ˎ˅ʾ˄ʹɰύ ˁʰˍʱ мс ˒ˇˊʷˌ

} ɮˉˈ 0.5 ˃ Ǝ/ml (E. coli- ʵʷˁˍʹˌ) ̀ 8ʁ ˃ Ǝ/ml (˃ʶˍʰˋˎʸʶˎʴ˃ʷ˄ˇ)

Sun et al. Trends Microbiol2018; 26: 794-808



X̠ ˊʶˌ ˈˉˇˎ ʰ˄ʽ˔˄ʶˏʻʹˁʶ ˍˇ ʴˇ˄ʾʵʽˇ mcr-1 (˃ʶ ˃ˉ˂ʶ ˔ˊ˗˃ʰ)

Sun et al. Trends Microbiol2018; 26: 794-808



mcr-1ˋˍʹ˄ ɳ˂˂ʱʵʰ


