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B]=x :

Bl- ~ 103-107 & # MCR-1 Ftk 453> -

FIo o &5 BB O MCR-1 A 712 Fiki
= ~ MCR-1 producing KPz_ & %8 4~ 45

Bz ~ MCR-1 fig e 5 2 vtk



R T E

Mt © AR E 5 0 KPC

SERE G R FEE S RO H AR 2 SRS K
SRR A R R S % (multidrug-resistant, MDR)

B i % & $L ¥ (extensively-drug resistant, XDR) % # fF
(Enterobacteriaceae) % = O 4 r & ¥ + 2 o H ¢ 12 carbapenem
resistant Enterobacteriaceae (CRE) g Z e 30 > H 5%k { 5 ¥+ > 7]
carbapenem #E 2 % % [B-lactam #g s At > ¥ CRE ¥ I o
B it & B A T L pF s R A (S M2 £ e polymyxin &
Fud % 2 tigecycline g4 2 ¥ F »ad in R ip B Lo 2 7 F e g
2015 # & > Liu et al. % % 3 E. coli w Fth4g+ 73] colistin-
resistance gene (mer-1) > 2 230 ¥ @B S E T o BT o FF
tp R4 mer-1 % FioF 2 KPC-KP i@ = ehfup g 4B F e

AR o & kA 7 #F carbapenamase & MCR-1 e i

4 (107)# % = 3 ¥kl 48 MCR-1 Klebsiella pneumoniae Fj#k2 2

% 7] A A ST BRETREA e B R R AP
fRipL AL B AT 10 5 ERE S B R Hhivh
- KR G E R RPE HRT SRET TR
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VEREYRL
Keywords: carbapenemase, KPC

Rapid and large increase of multi-drug resistant pathogen has
threatened human health and public health. In particular, multidrug-
resistant (MDR), extensively-drug resistant (XDR) Enterobacteriaceae
has been increased significantly in the last decade.

The emergence of carbapenem-resistant Enterobacteriaceae (CRE)
and colistin- resistant Enterobacteriaceae have been reported recently in
Taiwan. The most important resistant mechanism is the production of
carbapenemase or colistin resistant enzyme which located on mobile
genetic elements (such as transposon, integron, plasmid) thereby
facilitate their transfer between different species. Plasmid is the major
contributor among these elements. However, a systemic investigation of
antimicrobial plasmids harboring carbapenamase or mcr-1 is lacking, and
the role of antimicrobial plasmid played in the hospital outbreaks is not
well understood.

We have analyzed genetic composition of 3 MCR-1 carrying
plasmids by using NGS. The genetic data were compared with that in
NCBI. The objective of this study is to establish database of whole
genome of antimicrobial plasmids of MDR Enterobacteriaceae. This
database will show us the whole panel of all resistance genes targeting
different classes of antimicrobial agents. These gene sequences may be
important for the survival, replication, and virulence of the resistant

bacteria. This information will potentially help us to decipher the further



mechanisms involved in the pathogenicity and the dissemination of these

pathogens.
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SEEM R EE T A R R4 b FATE RAT- 4R 3

TR EE SR BRI RA X =5 fgi#a%? Fa;%, F]MME X chg B T 26

R oo Aot i FEd % (World Health Organization, WHO) 2014 # 45
Mo L RIFTRE A LA R P B R R ORAL R A 2 4P

Rog o R BRE R A G e B3 5 A 021 R PE X AR

Er NiSFd P (post-antibioticera) 7o FEF LR Ao fris

sk SRR s Tl 2 S R PG oskidRd R Rin R iE
Lk (1)
WwE L E R +#1# (multidrug-resistant, MDR) ~ B iZ_ % & =

% (extensively-drug resistant, XDR) % 1% 7)(Enterobacteriaceae) » 4r
% 1% #(Escherichia coli, E. coli) ~ ** X 1% ] (Klebsiella pneumonia, K.
pneumonia, KP) » 1 = s Zp k¥ F 2 (2+3)°2015 # & > Liuet
al. & A R FE & A Y E. coli bw FIRIEF #77] colistin-resistance
gene (mer-1) » * = P B ORETH Y > AT HRETHT
b5 A2 BB R EL 0 4o 9k 1R F](Pseudomonas aeruginosa) 2
KP(4) - sgis - * $ ~ 2 RERDF H L FLIRIHLE P Sk 4

Z AT mer-1 ShE coli(5~ 6) o i 3F 2 Ao > mer-1 74 %



AT E RN W 2F IR TICL DT E 5 kd L~ P
SN BE L AE LR RN N N
B ~Aw 8357 57 L g a2 QL
Bi~F2AL v RAG L FNOPRESTF e £
<~ E R W Ap#F 8 3L ¢ 48 Enterobacteriaceae (4 E. coli ~ KP -
Enterobacter aerogenes ~ Enterobacter cloacae ~ Shigella sonnei -
Salmonella spp. )3+ mer-1 73] F 2L F)(7) - mer-1 Fo& L Fle 47
IF #a%F e Inc type 4w B 48 F 4o Incl2 ~ IncHI2 ~ incP ~ IncX4 44 3
H(8~9)c EF H Ly » HILFEFWHK-€ 4L CRE} > 3 =
MDR ~ XDR ~ ¥ % &_2> $# 4 (Pandrug-resistant, PDR) % if Fed)
(10 ~ 11) » % & iz4* carbapenemase % mcr-1 $2 fL F] 5 =3
TRl - HREFFHATMAY > § 201 BRETHATE
SRR FUCFS SRS S VSIS LR
S P ERE P ARG R RS -

%] carbapenem #E 44 % © H_B-lactam #F i m* & > ¥ CRE

¥ Py 2 oedpiid 2B AT R RIS MIE F
4o polymyxin #4724 % % tigecycline #F3id % ¥ F &b ip R Bk B

A o @ mer-1 ehdIR > @ FEfs R * Fud % polymyxin A &

g ooni Rk MG ARt Rk - g RS- BE



B RELC(12) ) A AP B r V{Efd F P (post-antibiotic
era) 7 4wt o WA 23 E RGP R~ 20 41 LA FeL
A Bk (15 2) 0 MFEE BRI R i § P A T A
[ RY Rl S O = 1 ,;ﬁu/\ﬁf 2 A7) kgfﬁyv&*ﬁ?&s@

W20 R A R U RE R PR SRR R E T

MIERBELRmFLFL o
i = carbpenem #L# ficarbapenemases & F| i+ 3 % H Y F (13)

7 WF KRR A IR A e 8 -lactams % iE = #F 0 carbpenem minimum
inhibitory concentrations ( MICs )+ & Jk & , { £ & v & 4§ &
carbapenemase i L Flid F 3 F 5 # H 4 ~ transposons ~ £
integrons F » ¥ %’ﬁ d horizontal gene transfer #1=> ;% » #- L F1E
IMTe s 7 B m‘m[ﬂ b5 4c b carbapenemase i AL F1x
FTEH B LTS - L 3o &t 6 CRE &84
FEE & T Y AR o

_ 1982 & & 3 4 % — B carbapenemase °© SME-1 ( Serratia
marcescens enzyme ) ° iz 4 ° © j | 7 #&:5 carbapenemases A& IR ¥

% 47> http://www.lahey.org/Studies » I ZIREFE g R 0 B A R



AmblerA~B %2 D = <~ #(14) :

1. Ambler A #f carbapenemase » H ¥ % /% it i~ ¥ (activesite) 2
serine M= A fk » vx H ¥ &v ¥ 4% clavulanic acid ¥ | B Frg] o AR L 0
carbapenemase 7 F| | 3 KPC( Klebsiella pneumoniae carbapenemase )~
GES/IBC ( Guiana extended- spectrum/integron-borne cephalosporinase )
EoKPCHEIpA ¥ Ly 7 ¢ A SR(ER S 7~ ¥ RW)IF
£ g AR E(13) e

2. Ambler B #f carbapenemase % metallo- S5 -lactamase (MBL) »
i & 52 VIM ( Verona-integron-encoded metallo- 5 -lactamase ) ~ IMP
(active on imipenem ) 2 NDM-1 ( New-Delhi metallo- 5 -lactamase ) °
MBL ¥ -k i monobactam(+4r aztreonam) *t 775 /3 -lactams °

3. Ambler D #g carbapenemase : extended-spectrum oxacillinase’
¥ K f2 oxacillin % cloxacillin » ie ¥f carbapenem - ceftazidime ~
aztreonam R 7 22§33 o OXA-48 5 2003 £ 5 At BHp K
pneumonia (KP)4 #1¥ 3] » H @ 3% 62.5Kb cdn# T a5 B o

SOAREPAIR o A% A 100 #% % CRE B AR T E

carbapenemase £ F|A| 2 FEIUPRIR o FH B 0 100 £ 3 104 & T3
3,265 = CRE Ftk » 7 683 $&(20%) = A& 2 carbapenemase 7% 1% [
(carbapenemase producing Enterobacteriaceae > CPE) » # # 12 KPC-KP
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Bod o 100-102 £ A 4552 % 7 %% ¢ % & chly 2 (15)

1. # — 37| carbapenem non-susceptible KP 3+ e & f&
carbapenemase zk F|A] % b ) o
2. ™ PFGE # 457 KPC-KP z Fé*fﬁﬁﬁl’sé GBl- B E A
ST11 # 43"+ — pulsotype (PT)
g b 5% > 7 3a %t KPC-KP s e R p ?F%%ft'ﬁ A 2
FAF R B AR
% — ~2011~2013 & Carbapenemase producing KPs
Carbapenemase Group (n®) Carbapenemase variants 2011 2012 2013 total total
KPC (157) KPC-2 26 72 a7 157 (15.8%) 145 (14.6%)
KPC-17 0 8 4 12 (1.2%)
IMP (16) IMP-8 5 4 7 16 (1.6%)
VIM (9) VIM-1 0 3 6 9 (0.9%)
NDM (1) NDM-1 0 0 1 1(0.1%)
total CPKP (183) 31(9.5%) B7(25.4%) 65(20%) 183 (18.4%)
total carbapenem non-susceptible KPs (994) 326 343 325 994

“n: isolates numbers in each carbapenemase group

11



2 [ ] g
............. KPC-17  Pulsotype ST type
*
*
*
*
*
¥ PT1 ST
*
*
*
*
*
T PT2
PT3
PT4
PT5
PT6 ST512
ST258
| P17 ST15

Bl— ~ KPC-KPs .4 i 7% @]
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(=) Htee = i

1.

T & F

e* A E Al F e CRE %Atk - ¥ EE T LB 7

# % 11 CRE @R 57 % ¥ F23 = carbapenemase ~ mer-1 5 F]H

M GE - b A TR T 4
"% 5% T A 4 +7 (Pulsed field gel electrophoresis, PFGE)

o LI pEie 7R A F % 0 1% R R A kR CHEF-
MAPPER (BIO-RAD, USA ) » % 0.5x TBE buffer #-» #7514 £ 12
T A, CHEF-Mapper § "} 5 ; 1 H9812 A ti( Xbal *T4|fs*» &)
FOEPE SR o @ UGIFE 2 SRR 0 I T KRR
okt B P AL B F L E E M Phoretix 1D gel analysis
advanced version 5.01 (Nonlinear Dynamics, UK)¥f F k& (7 345 1%
HOEB A+ > H REA* 2 DNA 2 ERTAR#HEFA 47
2 UPGMA (unweighted pair group method using arithmetic averages )
7 34§ 9 Ak Bl(dendrogram) & K Bl 21 AR i dp B0 A 49
FIBR R A S BT o
o 88 core st - S1-PFGE/Southern hybridization

& * S1 nuclease *L4|f% i {7 A A F % 0 MR BFT AR
CHEF-MAPPER (BIO-RAD, USA) > 4 pFF 1 0.5-30 ) > = 3
B % 6V/iem2 2200V 7 B iE 20 FR ARFER % * 1 99 SeaKem
Gold agarose ( BMA, Rockland, ME, USA ) % 0.5xTBE & 7% »
12 HO812 Ftk (Xbal *U41ps > 2] ) § (TR B~ [ dqtk ARG

13



12 HCI depurination ~ NaOH denature 1 %2 Tris-HCI (pH 7.5)
neutralization EJ2{s > #F T NC paper + - ¥ DIG 352 #5 4+
(Roche Applied Science) & hybridization 20 -] P& » e s » 12 i- &
Ak 18Rk (VersaDoc, BioRad) i B & &3t A

4. FL% R DNA ¥

FEFLFLE TR 12 0 12 gel cutting tips #-F1% 748 DNA p S1-
PFGE & # %+ 4 » T 41* Wizard® SV Gel and PCR Clean-Up

System (Promega > % K] ) 3R £ i 27 5B o
5. ETH A

# B2 fn B 4 DNA  QlAseq FX Single Cell
DNA Library kit (Qiagen » 4 F]) & {72 & » I 14 Illumina MiSeq

£ Miniseq T 5 i&{7 = & NGS Z_5 o

6. Bioinformatics %4 37
NGS =#_A F #L BaseSpace Sequence Hub (illumina) 2
SPAdes Genome Assembler & {7 de novo assembly e 7 » 2 5 % =
z_ % B 2 ResFinder 3.0( Center for Genomic Epidemiology, DTU,

Denmark it {7 3% 2k F] 4 47(16) -
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1.

#3+ 103-107 £ F MCR-1 Fjth

$3tf 1034 31074 £ 4 11845 F § MCR-12 Eth » 12
& 5 E. coli > 61k & Klebsiella pnemoniae > B # >t 105# #& 1) 14k
e ¥ 3 MCR-1% NDM-92_E. coli > 106# & 1 1#k e P& 4 3
MCR-12 KPC-172_E. coli (Bl - )= ¥ 4 31 & B 245 » p 103-

1074 4 Gl 2144k ~ 14 ~ 34k ~ 64k % 44K 1k © #& J1MCR-1

MCR-1 # % 4 4

K. pnemoniae % 5 MCR-12 Flfe & 8% & A &~ 47 H 518
25 & B f2i54 F MCR-1K. pnemoniae Fth2. 8 42 £ 14>
F]southern hybridization capacity ¥ 7 5B - Af % &35 344
Yo ¥ § 3% B~ F NDM-9# MCR-12_105-Sch 2 s % Ftk » i B~
103Sch ~ 103-TF ~ 104-TF ~ 105ST % 106ET - £ 12 S1-PFGE4
WERZ A d W2 TR > £ 9% MCR-14F 4 i& {7 Southern
hybridization » 14 # RIMCR-1 5 # = % > &% 4cBl= 17 © &

5tRK. pnemoniaefF|tk ¢ 321 p||MCR-1 5 48 » & 548 < -]
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A & 3% 5 A ] 2 310Kb (105-ST) ~ 220 Kb (103-SCh % 103-TF)

% 30 Kb (104-TF 2 106-ET) -

MCR-1 F#8 2 2 & F1 T A & 47

% F B fAMCR-1% 48 > ¥ 2457 I MCR-1 5 88 & e 4
B PP E3FEF F A OMCR-1FRE Y > A BB
(103-TF ~ 104-TF 2 105-ST)i& 7 NGS ° (5 de novo assemblyfs :&
7 E A~ A > %% &7 103-TF ~ 104-TF 2 105-ST2. MCR-1 %
#873) %| 4 % 5 IncHI2 ~ IncX4 % IncHIL ; ¢* *F » 33xMCR-1 &%
o g e § MCR-16n% B > S5t = v A 45 0 5 % 4ol
DS 7

103-TF 2. MCR-1 # £ o ISApll-mcr-1-orf-ISApll # = >
mer-145 %17 25 d 3 ~ B 7] (insertion sequence, IS) ISApl1=)
= I w & 4§ B 7|(direct repeat) ; 105-ST2. MCR-1 % £ e $5 d
ISApl1-mcr-1-orf-ISAplI{g. = » & % F >+ 103-TF » & =4 chISApl]
A5 kw48 B 7 (inverted repeat) ; #* ¢t > 104-TFesMCR-1 #
B R d mer-1-orfie = > famer-14 F1 VT 2535 K 5 BISApl]
B2 o

#3BMCR-157 £+ @ 2 NCBIF L & (7R 7 4 5 &

16



5% 857 103-TF? Lz~ g p @ Wk & ¢ «pBECIS-59-244 1 %Y
(KX084394)2_ F 7| 4piT > 48 3] %35 5 IncHI2 ; 3+ ¢t > 104-TF
e 3 4 4 cpNG14043 1 88 (K'Y 120364) 2 B 7]

10T > ® R AR Al 355 IncX4
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()3

T A% 5 IncX4 v MCR-1 Fd > © &@ MBP 7 F R 2
B Ml BT @ LI S8 KA %+ 8
RMCR-1 FRI5E § 550 £ b 8o ¢ 45:(1)B 718 B 49 02
Q)5 4~ | %) 30kb : (3) mer-I-orf 3% & ISApl ; (4)Fr 48+
&P PR T o g oh > st NCBI F AL R > 4 T IncX4
9 MCR-1 482 &> 30 Salmonella enterica < pSH146_32 &
$2 B 7% EAp02 0 d 3 pSHI46_32 8% ¢ 7 mer-1-orf >
Fletdawm Ad bk h mer-1-orf 3& » E A F 2 @ A5 2 MCR-
1 & 48 -

103-TF 7 MCR-1 5 %8 & 5 ISApll-mcr-1-orf-ISApll 35 F%
Hood 2 a R ISApl]l 23t e £ ARG PEEL R
(recombination) A = ISApll-mcr-1-orf & 25 ® R 48 (circular
intermediate) > #x ISApll-mcr-1-orf-ISApll # % Tn6330 #73
& J& + (transposon)’ P #v IncHI2 B 48 5 & % L & 5 Tn6330
T 4831 %] 105-ST e [SApll-mer-1-orf-ISApll £ F| %452
ISApll 25 = F w £ 48 B 7] > 7 it %ﬁ d & % % 4 (hairpin
conformation)?; = & ¢ % mcr-I-orf 03k A, ¢ [ §8 (circular
intermediate) > F]y A F G ¥ - B ATA A F Tn6390 ;

104-TF ¢ mer-1-orf & FliHd 505 R4k > ISApll > 4 #fg
TEFE- BB VILBEEAT FR RS F IR IncX4 o
MCR-1 548325 3 B Ap i & o
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A3 EHF M 2 3 MCR-1 P53 § 2 4 carbapenemase % %] > - %
4 MCR-1 22 NDM-9 2 E. coli Ftk > ¥ - & P+ MCR-1 &
KPC17 2 K. pnemoniae |tk o d 3t gt 3 tR 30 18 42 F 4o
carbapenem % colistin 352 § L& > i A kI PF¥ § carbapenemse
% MCR-1 A thd® 3 4 » BB B Toi inf > R FI7 o TRl ¥
TS PR R R X R RETRA AT

Bt g R pliwa s NELREF i E e
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K. pnemoniae
6 - mE. coli

SRS 23

103 104 105 106 107

F

Bl- ~103-107 # # MCR-1 Fikse: Bl " *, 5 1 kA 3tp 105 #
FF% 3 NDM-9 2 MCR-1 2 E.coli {tk. & 5 1k~ dp 106 #
¥ 3 KPC-17 2 MCR-1 2 E. coli Fjtk
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41-70T
41-€0T
YIS-€0T1
1S-S0T
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41-€01
Y3S-€01
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S1 PFGE

\Southern Hybridization
-
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pHNSHP45-2
(Pig, China)

pECIS-59-244
(Pig, China)

103-TF

105-ST

104-TF
100%

100%

pNG14043
(Human, Taiwan)

Blz ~ MCR-1F 48 2 & L2 vt i
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