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Figurel Globa distribution of the mer-1 colistin resistance gene (The countries where the mer-1 gene was discovered are highlighted in blue)
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Table1l mer-1-harbouring bacteria and hosts?

il Ex 15 E R IR A SCHk
E. coli i PR N 1980~2014, 2012, 2013, 2014, 2016  [3,13,14]
E. coli HE N KL RS WYL KA 2005~2014, 2011, 2013, 2014 [40,41]
E. coli ERN .4 2008~2010, 2013 [16]
E. coli 3] * 2010, 2011 [40,41]
E. coli fif 2= AP CNINGE SN 2010~2013 [24]
E. coli LA B LN S 2011~2012 [27,28]
E. coli it i 2012 [17]
E. coli IRV X, M 2013 [14,21,22]
E. coli R K 2014 [29]
E. coli AR b 2014~2015 [18,19]
E. coli %= Je i X% 2015 [52]
E. coli Bl JR BRI %6 2015 [17]
E. coli 7% K 2011, 2013~2014 [35]
E. coli (] KK 2012~2013 [55]
E. coli Y [ 14 2015 [44]
E. coli mdkE X 2015 [50]
E. coli VAl R TA TR Y R I 2016 [42]
E. coli B A 42 Ea i) 2012 [54]
E. coli B LU 2014 [47]
Salmonella H 4 Uit 2013 [16]
Salmonella PE B i3 2009~2011 [35]
Salmonella L[] i 2015 [44]
Salmonella Rissen PUPEF Gict 2010 [35]
Salmonella eS| X (4 ) 2013 [39]
E. coli i AL R 2011, 2013, 2014 [3.7]
E. coli 1PN A=A 2011 [51]
E. coli faf 2% WA FER(EERGMAIL) 2009, 2009~2016, 2014 [25,26]
E. coli FH XA 2012~2014 [32]
E. coli T+ B 2014 [31]
Salmonella Typhimurium % i, ZERSA, FA, BRA) 2011, 2011~2012 [37]
Salmonella Paratyphi % A BIRAGIR 2012 [39]
Salmonella Y [ KEN 2012~2015 [43]
Salmonella Derby %HE WREY 2013 [39]
Salmonella Anatum i KGR 2013 [26]
Salmonella Schwartzengrund i KGR 2015 [26]
Salmonella Java W % KGR 2010~2015 [26]
E. coli i FEGERA L IR 2014, 2014~2015 [3,5,6,12,13]
E. coli JIE-SN peAnk 2011 [51]
E. coli v = MRS . FEAE G 2011, 2012~2013 [24]
E. coli Ky S FEME AT NA [34]
E. coli e FE R AT 2012 [17]
E. coli A FE AT 2012 [17]
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E. coli TR 9 LAY 2012 [24]
E. coli B NA 2012~2015 [43]
E. coli T ] 3 E1 R (1) 2014 [38]
E. coli P QIR T3S 2015 [32]
E. coli i+ R i Y 2015 [56]
E. coli b= - 2015 [33]
E. coli [ - 2012~2015 [36]
E. coli B - 2015 [46]
E. coli mAkE - 2014~2016, 2014~2015 [48,49]
E. coli FAT AR 4 - 2012~2013, 2015~2016 [53]
E. coli g - 2010 [51]
E. coli JERZR - - -
Shigella sonnei fige) LS 2008 [20]
Salmonella Typhimurium EEs| YT IRTE R 2012~2015 [43]
Salmonella Paratyphi B var Java %% W IR TR 2012~2015 [43]
Salmonella Virchow ki IR R 2012~2015 [43]
Salmonella £ - 2012, 2014~2015 [43]
K. pneumoniae rh EBem A . FARIBOIEY: . K 2015 [3]
Eg;ﬁg;)acter aerogenes (E. aer- 1 _ 2014 [11]
(I:E:(te;arobacter cloacae (E. cloa- i _ 2014 [11]
Unknown [ - 20114F Z i (8]
E. coli i+ y K 2012 [31]
E. coli LR K 2013 [22]

a) NAZE 7~ Not avaliable

(Larus fuscus)) (1) kel 2 mer-10 40 56 LL K AT
BEohE. RN, 78 HAS | POHE S A [ 45 1 A 5 R N
3 BB G FE VD T TR B 4 mer-1, 1M H VY FE 2 (1 5%
RN B RN P ARGV T IRE W HEAF T mer-1, 7E7%
] 4% 37 772 5 A0 RS A P 43 25 3 A mer - L0003k [ V01T EG TR
(D). MBS H o B 20 0 ZFP 40 B A0 R AT B | 15 %€
VIR . SRR FEVDTTIRE . FE LD T G P ARG
YIRS A mer-135 K. Hor, BTSN
AR TR RV A TR 43 15 B4 7 mer - 10 K AT 1 2
A, Fi A A ST N B33 DA R RN 28 [ A SR
SYESE) T HE mer-10 KA AT IR . A4 F & di ™
s AE AT (RS IR L PR A0 2 P PR S 4 mer - 14 15
FEVDITIRE, 16k E RS IR AN A DL KK H L [
1 K& P & B AT mer-109 2 B R FE VD 1) IR
N 1 5 TR A i R 0 S 42 HE mer- 179 78 EE VR 1T G
B, 7 22 B O A HE T mer-1R9F8 Vb T G, A 22 A
X PR KR TR 71 mcr - 1Y) it BU A% B FE b T 1

MRS mer- 1A 10Fh A B 2 RIGAT I . A
KA . BIIERAAT B L Se TR I RAT . RICE A
GiFEVP IR LR RIGFEV T TR A MBLUR H U T T
A KIp AT EE R 10% 40 B i B $e B Fp AT B
SN TR ORI FEEERE S A . BRI
oy 8 H R R AR N, IR ENVD 1T IR B R
H AP 4 B B i HE A mer - L PR 4 AL FE 1 FE VD]
R . R ZEVD T IR FBUR B T TR AE, Bl
Fh ) AR A PN 0 T B mer - LAY 40 R A T 4RI AT
P B3 A AR 92 v T AR A R v (53t T
7K A ok VG 19 K A & BK B AT R4 A mer - 1
FEA.

2.2 mer-13E R BAERCRET 2 AR E B S8

H B YR 3B mer- 13 BRI 7 50 pHN SHP45(1)
SEEEF A LAOK, K #5415 mer- 13 PR 1) S5 4% 0
H R AT FE 45 S22 1, mer- 1L R BT 76 /Y 50k @ T8
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AEIZERL, 235102 Incl2, IncHI2, IncX4, IncHI1,
IncP, IncF, IncFIATIncFIl (3£2), 3% & Incl %l 5k,
HR/NBA AR A, H i d5 K9 J& pHNSHP45 (64
kb), fz/NEYSEL-4209 (58.8 kb).

3 mer-13% P RFAE DL B L X A1) 2

FEPE

mer -1 PR 78 AN [R) B ik 22 18] 1) 7K 56 88 O =0
Fofr, i 2 485 7 12 32 PR 19 o ey 7 % i A mer - 13 A
H B s EE RS . w R A b E R R R T A A
) JoRE HP ARG 21 g mer - 1K o 1626 bp, 1% 5E 4 i
H— iR i A HE 1 SAplL, R A — A hpliik
EAPL BEJE, XL R PR TR AR B9 KRR I
FE X6 0 2] ) 5 mer - 135 DR B TORE I R, 45 S
TEAS [ S P8 B0 ok, mer -1 DR 3L [X 2 %71 ELA %
FEME. mer-13E RN 3E X ) 36 R T BE R 2 5 mer- 109 5%
. | SApl 13 K38 H A7 7 T moer-13& R 1 B iE, FEPEL
H CLEE DLk 3, 755843 B I P J5hr Hh A7 78 U
D1 KL PR 123381 5 e pty | SApI A R 18 6, 355 0 ) 52 i)
5 ¥ % (inverted repeat left, IRL). 45l i & & )5 51
(inverted repeat right, IRR)F1— /%% & fifi £ A tnpA,
KEB A B R 58 B A | SAI LR, (H 24 3843 B bk
A1 SApI LN F B, REHZ D T IR E 4.
mer-13E T W R SR R o R L& s M, (U7
16T — S MCR-1BH 1 Fokr

4 moer-13% AR I8 B 1L 45

R mer-1HEE P T 20154 12 i A B &L B, SR
PR N BB RR A AE K. YA A7 B K i T
PRET R, 20t 22 804E AR I 2 48 i 3 1 #E4 mer-1
MTERE, B IS 6 2040 AT 46 #mer-1, J5 Kemer-1
(14 S B0 00 AT BB R T 2 B B R Y R B T AT
F 0T ZE WM, 4 A1 mer- 13 ] 9 8 Bk 1 BT 2005
41800 T S Y Y T 20094F 7E ik 17 14 T ok v oG ) 1) 485
Hemer-109 B2, mer- 1358 R AT DLIE 3 KSR R 1 7
FAE A 6] 1 AR TP AL 3% . A o R 1 B L B AR P A
0 381485 27 mer - L35 AT ) B Ak 9 I 922 5k DR T LA 3 4 f
PEATALAG O 5 K A 7% 3k SAE A i 4 R A PR G
# 7 mer-13E I 5341, DT I i A A B [ A
o T mer-213 i DA ERL T G 0 8 (1 45 1 mer- 13 A
P TR ok T 2 B i A 3 7 Sf A9 91, i DAk i g
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1A% 38 PRI 21 7 #E 4 mer - LRI I BT RR Y, PRz
TE7E T B XS PR At A 3 T 485 4 mer- 1 DAY TR
BRI H AT L, AR AT R & A 0 R mer- 135
A AL IR A

5  mer-15H A 2Pk R AE

ey mer- 1 B R BEAE AR R 2 HW 25, FRT
mer-15E R, R T A S H A 2 Wit 2 i B L £
R L5 8 A AR . R 8.
B0 CVRNZEQE | 3SR 4R DL S RIS SE B A sh. £
T 24 TR R ) 4 A e R AY, SN LR (RN
W) MO B R Gt WEE L EE . WP AT
=5 FE 24) )k B 22 S 2 R AR B AFAE . mer-LR1H:
it 245 35 A 9 A A U B AR 4R (3R 3). HRITIF T
A& FE mer - L PR RN G B - DAY T e il 56 DT R A7 145
mer-1 7] DL 7E 7% CTX-M-1, CTX-M-8, CTX-M-14,
CTX-M-15, CTX-M-55F1CTX-M-65% A4 i # r A6
F]. Ah, WA JLEIHRIE mer-13E K AT LLYE P2 NDM af
F KPCH O B RR PRI 2. SR, AT ik & B ik
A A 58 150 2 [7) — R T i A7 A 224 A i 245 356
R, {40, aadAb, strA, strB, rmtB, tetAFlIfosA3%:, T
153 5 T & LW 2 | DUPR R D) Sl s R 1Y i
2. WEOMRERERY SR, X LU 2 3 K ] g A T R — N
B, BATATLAREE mer-Lk A L RS . — HX kR £
T 24 R A AR T, A E A I PRIA YT A SR BRI
P27,

6 MCR-1iit 258k

4 [} 7E MCR-145 35 (1) BF 5% JL T #5 4 vh 7E #5 47
mer-15E X i 20 AT 21, 3 T MCR-1i 1 i 5
Tl IF 5% ff WL 3E, HRTPI 2N IMCR-1M Z 7 A &
T 24 ML 2 P 552 11 MCR- 1% 4 71 i 22 4 (li popoly -
saccharide, LPS)[IJIE A (lipid A)JE kA7 Bk Ik 2
R A 2F B 1, BRI T IR A S Z R R R AT,
M 80T AN 22 B0 BT (E )R8, A
BRI, X AITE LS RE 4k & 2 ¢ 5 2 1Y B i AL A
F14) B £ < JiE Sk C12~C 141 JIg Ik M 4% 1 2% Fhy 440 78 1 i
i I B85 g2 58 M (E 2), $ IR
JE BT MCR-11) 22 3 T8 2 T 25 1 i A AL ), DT
R X 22 7 A 2L T 250 1 By 4 SR e 1) i AR R
MR I A A A
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Table2 A list of mer-1-carrying plasmids

Ipiga K (bp) eyl Hids Ex
pEC2_1-4 230278 IncHI1B CP016183 P iR
pEC5-1 61735 Incl2 CP016185 ER VG
pEC13-1 60218 Incl2 CP016186 E R VG
pHNSHP45 64015 Incl2 KP347127 o
pSA26-MCR-1 240367 IncHI2 KU743384 U REBT AR
pKP81-BE 91041 IncFII KU994859 LI e
pECJP-B65-33 33298 IncX4 K X 084392 o
pECJP-61-63 63656 Incl2 KX 084393 o
pECJP-59-244 243572 IncHI2A K X 084394 o
pS38 247885 IncHI2A KX129782 Fii 1
pMR0516mcr 225069 IncFIB KX276657 %=
unnamedl 15998 unknown KX528699 e
pl CBEC72Hmcr 33304 IncX4 CP015977 ey
pEC2-4 235403 IncHI1B CP016184 EF N2
pS2.14-2 60950 Incl2 CP016187 EF N2
pHNSHP45-2 251493 IncHI2A KU341381 i
pK H457-3-BE 79798 IncFIl KU353730 elling
pESTMCR 33311 IncX4 KU743383 FVP e
pmerl_Incl2 64964 Incl2 KU761326 GRS
pVT553 62219 Incl2 KU870627 [ES
pABC149-MCR-1 61228 Incl2 KX013538 Rl 5% 2
pBA77-MCR-1 62661 Incl2 KX 013539 [N
pBA76-MCR-1 64942 Incl2 KX 013540 [N
pAF23 61177 Incl2 KX032519 [ES
pAF48 31808 IncX 4 KX 032520 El
pA31-12 67134 Incl2 KX 034083 o
p100R 26403 unknown KX 090925 i1
pOW3E1L 34640 IncX4 KX129783 T+
pH226B 209401 IncHI1B KX129784 T+
PMCR1-NJ-IncX 4 33395 IncX4 KX 447768 eS|
pSLy1 65888 Incl2 NZ_CP015913 % H
unnamed4 49695 IncX4 NZ_CP016550 i+
pE15004 33309 IncX4 KX772777 i
pE15017 65375 Incl2 KX772778 ]
PMCR1.2-IT 33303 IncX4 KX 236309 FARF
PMCR1_IncX4 33287 IncX4 KU761327 il
pSEEH1578_02 35297 IncX4 CP004088 %
pCROD2 39265 IncX4 FN543504 %
pJIE143 34345 IncX4 IN194214 HRFE
pSAM7 35341 IncX4 JX 981514 Y [
pBS512_33 33103 IncX4 CP001059 ES
pSH696_34 33765 IncX4 JIX 258654 ES
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g2
Sk K (bp) x o =P
pSH146_32 32447 IncX4 JX 258655 Bl
pSH163 34 33763 IncX4 JX 258656 B
pJEG012 41919 IncX4 K C354802 LR A
pSD11 37672 IncX 4 KM212169 ot
pPGXEC6 38405 IncX 4 KM580533 o
pGXEC3 41646 IncX4 KM580532 i
PMNCRE44_4 30855 IncX4 CP010880 Eq|
p93-531-1 34449 IncX4 KT754165 %
PMCR_1410 57059 Incl2 KU922754 o
pSCS23 65419 Incl2 KU934209 ]
£33 mor-1l XERTWHER
Table3 The antibiotic resistance genes coexisting with the mer-1
L) BUpEFE R A4y SR EP Sk
E. coli mer-1, blacrxm-1 2014 iR E [5]
mer-1, blacroma 2015 IR th [5]
mer-1, blacrxw- 2015 IR Bt [56]
mer-1, blacrxm.» - i R A1 ik th [14]
mer-1, blacrxm-1 2005~2014 I [40]
- 2013 73 PUBEF [42]
- 2013 IR/ [ [42]
mer-1, blanpu-s, fOSA3, rmtB, blacrx.u-es, fIOR 2014 pleszl) h [71
mer-1, blacrxw.1s 2015 ZEN T -
mer-1, blacrxu-» 2009~2014 PN faf 2 [25]
mer-1, blacrx.u-1s, aadA5, strA, strB, mph(A), sull, dfrA17 - A i [57]
mer-1, aadAl, tetA,strB, sull, dfrAl, blacrxw.is, blacrcm» 2011~2012 4Fzh) Rllin) [27]
mer-1, blacrxw.14 2012~2013 - ﬁiﬂﬂﬁi * [24]
mer-1, blacrxma 2012~2013 - Nt [24]
mer-1, blacrxw.1s 2012~2013 - ﬂ B, BARL, [24]
EHE HE
mer-1, blacrxu-es 2012~2013 - rh [24]
mer-1, blacryw.ss 2012~2013 - CHE| [24]
mer-1, blacrxw-1 - g 21 [38]
mer-1, blage.» - 55 11 R g FEREs| [38]
mer-1, blacrem-a - - 1l [38]
mer-1, blacrxma 2010 - T ] [38]
mer-1, blacrxu-12 - WK, HABR Hit [31]
K. pneumoniae mer-1, blanpm.s 2015 FARGH rh [5]
mer-1, blayow.s, blacrxw 1 2015 &K rh [5]
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Figure2 (Color online) The addition of phosphoethanolamineto lipid A by MCR-1

7 mer-13& RSN 5 7

MErmer-1EH B T2 A E R, %7 Hik
AN TR R RR [E] A5 B () e bE, B s T Z R ke il
T5 9 ok R W i e IR R SR 22 B 2R U
N, S 56 X6 o Y B AR R AT 2 T, RS DA B EUAY
Tt 24 TR o S5 R DNAE Sy i BLPCRAE AR, Xof mer - 1 [
PEAT R S 10 B 488 ke W ) mer - 15 DR A A A 1 o L
ﬂm?@%M$%W@Mﬁmam?mm%wm#
. e AT S B ORI i, K
mm%Wfﬂmﬁ%%ﬁmeﬁ%mTiﬁ%
HPCR, A bR A A7 250046 0 mor - 135 [1] [57:5960)

8 % Fhvd &t 24 K& AL 5 K mer-1.2 01

mcr-2

Ik, BARFR A G ILE BT 7 5 )
(9 1t 98 5 e A TR TR 25 28 T IneX 428 ki 485 77 1 22
B S 25 5 H mer-1.21%8, S2FR B, mer-1.25&mer-1
) —A S A A A, BIMCR-145 1 1Y 310 43 44 It i
RAF W AL AR . mer-1. 2B 76 Uk 5 2Z 1 B 43 2 )
(A R FF BT R HHY mer - L1 SO 25 A8 R H AL, Fe B
CATA B RIE. 20164E6 7, L AIIFRR 2452 A
FERN A= B 43 88 20 K FF 1R Hh %8 —>mer- 161

AR, A 44 hmer-2. 3% 3k R IneX 48 Ok 4
K & 41617 bp, Emr-lﬁ%ﬁﬁ‘@ﬁ#ﬁﬁﬂﬂ
76%1%7. A mer-235E R ) 1 H A & B, (H 2
Ji 7E 3 B PR A IR G ﬁﬁﬂiﬂﬁ%ﬂ%iﬁéﬂﬂikww
TE I ] GR AR A AT A
9 L5

PiA R W E BRI E 8 L B, %9
W2 AR AT DR AR BB 2= 2 e H sk, ln, o
SEM . B HL . RIS AN R BT R R LR T g
PEBR B TR, TR 19455 1 D /R A Bl R 244, L
ST 2 T 19524F J BLRE A5 A UR IT NI 45 1% 1 24
Yy -4 55 R AR DUR AR L R 2% B, 2Rt
e RS R I AR (19474F) . 8 K (19494F) |
+ R F (19504F) . 417 K (19524F), PUFRE (19534F) .
LA TR K (19594F) . META TS (19804F ) 4%, fili A2 4h
TG A TR e PR s ) SR AR (HF =4 H
R 8 22 1 A TR T A R AR T 2R 2, T2
ELLE, B R — EAE AT, ANRIEAEE
A JEHiEEM. TEMCR-1 R M Z R, Z8iHE
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The MCR-1 colistin resistance: A new challengeto global
public health
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Antibiotic resistance is becoming a global public heath priority. The emergence of the notorious super-bugs that can
produce the New Delhi B-lactamase 1 (NDM-1) had ever pushed us on the cusp of post-antibiotic era. The expression of
NDM-1 (and its variants like NDM-5) alows the gut microbiota to gain the robust resistance to both extended spectrum
B-lactamases (ESBL) and carbapenems, the two types of antibiotics extensively used for treatment of the multidrug-
resistant bacteria. Colistin, referred to polymyxin E, belongs to a family of cationic polypeptide antibiotics, and acts as a
final line of refuge against fatal infections by gram-negative pathogens with pan-drug resistance. Unfortunately, it seems
likely that this last-resort antibiotics has been defied greatly by the appearance of colistin resistance. To the best of
knowledge, three types of chemical modifications of the lipid A have been associated with the bacterial colistin resistance.
Generadly, the lipid A anchor of lipid polysaccharide (LPS) can be modified with amine-containing substitutes including
(i) addition of phosphoethanolamine to 4'-phosphate position of sugar; (ii) modification of sugar with amino-arabinose at
the 4'-phosphate position; and (iii) glycine (and/or diglycine) modification at 3-linked secondary acyl chain.
Consequently, the alteration of the LPS-lipid A moiety reduces the net negative charge of the bacterial outer-membrane,
which in turn attenuates the binding of the cationic antimicrobial peptide colistin to bacteria surface. Thus, it is very true
that divergent metabolic mechanisms are involved into bacterial colistin resistance. Very recently, a new mobilized
colistin resistance gene (mcr-1) is reported by a research group in China. The transferability of the MCR-1 by gene
horizontal transfer enables a variety of bacteriato be tolerant with the antibiotic polymyxin, a last line of resort against
multi-drug resistant enterobacteria. The global dissemination of the MCR-1 might pose a great challenge to the public
health, implying the arrival of “post-antibiotics’ era. It thus seems reasonable that the emergence of the MCR-1 colistin
resistance attracted promptly extensive concerns worldwide. In this brief review, we concentrate on global epidemiology
of the mer-1 gene, diversified mer-1-bearing plasmids, complicated genetic content of the mer-1, and biochemical
mechanism for the MCR-1. This review might allow us to better understand the MCR-1 colistin resistance, providing a
clue to design strategies against the mer-1-harbouring super-bug.

antibiotic resistance gene, MCR-1, polymyxin
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