YRR F R Chin J Biotech 2010, November 25; 26(11): 1461-1472
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjb@im.ac.cn ©2010 CJB, All rights reserved.

AR EREFRFESRE: NDM-1 5 EH 58 XA H

%\Hﬂ{% 1’2? %B*%j 1’3’ %%E 1’4’ ﬁ—( %Ul

| hERREGE AR E R B R A 5 e A B SRR %, KT 100101
2 PEPIEAEA R AR ERE, AR 230027

3 HEBREREAIR AL, JEaT 100049

4 EREA G A AR B, dEat 100101

Rl

W OE: EAEARLLE, E—RELREFRMEERFRANKAIT, HELALNAGTRERARM. WAEZH
FRABARERT KA MA R EOHA “RE”, AR REHLBIREIAFKFARAEBF TN LT HSHHEAR,
MR T EARAEF R G RE “BM”; TRARI R LT RAREEZ “RE” RBMREA VY “F
— =¥ “BEEHEFER RELA. BRFRALI, 15% %4 NDM-1 & B 86 25 Uk R LT oA e i 10 4645, fa BLAgME
iR ERARATAMZILEFLFRAFTNR AT, 21, REFD AR T OHBRIES, AEAHF O HR%,
HFAN— R TUABREEAR A ST .

X% NDM-1, BE@miF, FL5EFZR, WHAR

Arms racing between human beings and pathogens: NDM-1
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Abstract: Throughout human history, pandemic bacterial diseases such as the plague and tuberculosis have posed an enormous
threat to human beings. The discovery of antibiotics has provided us with powerful arsenal for the defense against bacterial
infections. However, bacteria are acquiring more and more resistance genes to shield off antibiotics through mutation and horizontal
gene transfer. Therefore, novel antibiotics must be produced and the arms race between bacterial pathogens and antibiotics is
becoming increasingly intense. Recently, researchers have found that plasmids carrying a new metallo-B-lactamase gene, blanpy.1,
and many other antibiotics resistance genes can easily spread through bacterial populations and confer recipient stains resistance to
nearly all of the current antibiotics. It is a threat to the human health and a great challenge for our medical science, which we are
facing. We need to find new ways to fight and win this arms racing.
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Fig. 1 Sources of resistance genes.
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XoF 7 vy g 2R MR A e i 7 A TR 24 BUdE R
MRSA i 25 PE R A W5, T 24 5 A 0 FEl L 7E
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Mo MR 2006 4F 10 AR DRI E L, 1R
MDR-TB Jfifi |, Xf 4B infil (Quinolone) &4
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fili R BEEK TR Streptococcus pneumoniae J&=—FhER
ARZE 2 IR PA PR, BB 5 BN B 20 B P it ¢
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HARERF] 90% L 1. MRSP F %58 i i F 5L 1L
(ermB R 4whth) AL BEIAR R 3L4L . rRNA FIfZ%
BEREE RS VA KL R R IMIER (mefd JEH 4 ft)
SFHIL S I 1 8 3R R IR N R BT R i 2517
A 2 A L 2 2 il R BE BRI (Multidrug-
resistant Streptococcus pneumoniae, MDRSP) X Eh iR
MK E £ (Clindamycin hydrochloride) & M 7 il
(Quinolone) Z&i Ak R T A [RIFLEE (i 25713
LR fili 92 5 BR A X 28 M8 3R (Telithromycin) . F 4%
BEfE (Linezolid) LA M H IV A (Levofloxacin) Y

(Penicillin-resistant  Streptococcus
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it 25108 L, R X 4T AR R AT R I AR 411
I ARSI T RN 40 B 27 3
4.4 A EHBEMIKE (VRE)

Tt &R (Vancomycin) Z—FHEIKEITA R,
3 3 40 141 240 T 200 R SR SR 1) 5 IR 3k B 400 7 2 7
ARKKHEHR, FZHT AT 52 [P PR
BEYY 1958 4F, T3l R FEAR X i R R A e (A
AER M R A A, #) 20 #Had 80 AR B IR
P A o TR T R A 2 A LRI,
PRI — L I 2 A R R0 8 > TG P M A TR Y I
JEBZ” . FHM 1985 AE AMTE IR A THi &R
JBRH  (Vancomycin-resistant Enterococcus , VRE)!
ZJa, SUUJLAERE] VRE #ifem 1T ax bt ) 20
4 90 4RI, TP Ay B Be il 3 1 Hior b w
RIATEIRYY , B RE T S BB TR
PRUE s VRE MAET ) AECR W TH s o W BRIl
BHRWNM 5 ZH Van A, Van B, Van C, Van D Y

Fofrifih 245 B DR e 1Y), B T T LA i R R X R 2
W SE RN I BEAIG, (50 A0 400 R 1 BN P 2R
PoAEZ PPy, VRE xt—fH T ek r it £
MATNEHR . FUETHI LIRS FERPit £d
ERATH 259, I ELAE 2001 4 3 2 BT 1 1] 2 e gz 1)
VRE. X+ VRE $ig§ P, —MAN 2R &
Tk b= A 1 PO FE S DR ORI bi A 3
IR 2 40 B e LB R R A i B R A T, T
HRW, HTRERWT KEMPAEER, BRI
TRk B2, XS B2 RN S sh ik
PP S AR Y, T, 55 8 A
TEEF R ERBIREEZRAE 1996 AFBLIR A AE (1
B o R R 2 A D A A B A A A R T
TEIMREERR T . IR EEBRTE . MEBFROIR ZE AT IR . B
AT A A5 SRR g o ) RS RBCR I T 24 (A
X VRE, X “HeliaBhgk” YA A A B o
B R R AT 2 A TEJE BE

x1 WHAEERREEMTAER
Table 1 Antibiotic resistance of superbugs around the world
Resistant bacteria Resistance gene Resistance to Sensitivity to Main hit areas

Methicillin-resistant Staphylococcus aureus — mecA Methicillin Daptomycin Occident, North Africa,
(MRSA) femA, femB B-lactam Tigecycline Middle East, East Asial***"!
Multidrug-resistant Mycobacterium rpoB Rifampicin Pyrazinamide Eastern Europe,
tuberculosis rpsL Streptomycin Cyloserine Southeast Asia, China,
(MDR-TB) katG Isoniazid Terizidone West Pacifict”
Streptococcus pneumoniae pbpla Penicillin Oxazolidinone Asial®>6!

ermB, mefE Macrolide Telithromycin

tetM Tetracycline Linezolid

Catpcl94 Chloromycetin Levofloxacin

gyrd Ciprofloxacin

parC, parE Fluoroquinolones
Vancomycin-resistant Enterococcus VanA, VanB, VanC,  Vancomycin Quinupristin Worldwide****!
(VRE) VanD Dalfopristin
Salmonella enterica subsp. rpsL Streptomycin Quinolones Worldwide?*6%-6%!
enterica serovar Typhimurium gyrd Nalidixic acid

rpoB Rifampicin

fusA Fusidic acid

fint, folD Actinonin
Escherichia coli gyrd, marR, parC Fluoroquinolones  Imipenem Worldwide!®*¢¢

rpsL Streptomycin Ceftazidime

rpoB Rifampicin Amikacin
Neisseria meningitidis sul2 Sulfonamide Penicillin Africa, UK, Northern

Americal®”!

Campylobacter jejuni gyrd, gyrB Quinolones Gentamicin Worldwide®®
Helicobacter pylori Omp31 Clarithromycin Amoxicillin Worldwidel® 7"
Pseudomonas aeruginosa gvrd, parC, nalB, Fluoroquinolone  Colistin Worldwide!”' 7%

nfxB B-lactam Neomycin

blarem, blasuy,

blaoxa
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CINGRENE

PR, HATHAT NDM-1 ) 90 20 1 1F A6 25k
e, FEYEE | SR mEIR . WKRANE ., Bk EH
fp == A XA B T BERUR L B . R, A
PR AER— B MR R MR AR HAR, H
H T — S8 T IS 170 20 0 R 0 B R Y R A A
R, T 22 TR 2R X6 AR B I sk 28 2 e LA 2
YERT, PMTESAE & KA . SH, dTERR
T XTI, X TAT A0 2 A By 4 T JER e PR 50
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EHE P YU RIEITEM, AE TN EE ST L
HOme AR SR, DI REAE A T, Hikd HOR
HORACEZ I, AN 1 5 78 SRAR PRAE R P iR
T HLE . I, 2R AR E N C 9%
TS HH AR 2 AU TR G O . i,
A N I I R A A B A A R, AT LA
B 36 s TRV R A 25 BRI 2007 4, S8 EDIN
Wi e M H A58 T ) Floyd Romesberg S5 N LKL T
— PN LexA WYBEPN, B2 4N T B AT S DR [m) 1Y
DNA H G W — ST 56, WFo 8 A 1 i i e 4k
B T RSN Lexd HY/NrFA6E W, NINTRESS B 1k
TEX NI RS DNA I BT A: RAETE T A B A
St o X LexA Wl o3 TP A R AR E AR, 7
R 2 4 o TR 250 SR R A, R
JH e i R R R T K W RLIA T 245 ) v LA R
Xt B R SRR U BAR AR G b E R A
BAEMINVERITE , (HIX Se 25 4] LA 85008/ it 24 5 [
PEREFNY BNy, 31X 2 IR E B RH L Y TR 2
RG-S ZMIEHC . P, A P v i ot 25 A
DB 2 oe 2L g Dt T B HL i 24 P ) P A
SRR R AT R A AT S ER
BEXTE SR A HUA 2R, U A A 2 B R AR i

BTy, i 2 A B, S LRER, AR
KIEHH T AR, BHART MMASITEE
SRR A BRI Y, T8 I A W S B A e U
VR ANGE NABOREE . SRR LRI SIRE,
ATy —Fh DA S B (B 42777

FIAT & BLAYH. NDM-1 [T 24 7 275 B2 Be N i
11, X AT RER WIS AN T BRI 25 PR 5k, (R0
RE IR s, wl Bl TR Be AL HE . R Btk
JE TR 25 TR bk © 22 M 22 25 85 R . S0k i 7 —
W Ay 21 28 T I B = R DR el A= 9
T, WHO 3 0% [ 7 52 2= g TR e 4 o 1, 748
PR IHCAE R, DI/ A0 i X oA R 7 AR e 2 vk
AIBL2 . PRI, 2R R 1 R PR A S e A 52 S
TR (R T BT AR L ST A0 T 24 1 P A R A
BHARRYL, HCaa B A 2003 G 1l
AR PUAERFIEEZ, & B R A SO iR
JAE AT SE, WRRE S PTAE RMAHIROR, FRIRREIE
PR N5 M T B v B A HTAE RNV H IR
FIABACR, I H R e 20 digAa R, fe i
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