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Bl—- -~ NDM-5E.coli z % & ;¥m

B1= ~ NDM-5E. coli L5 A B
® = ~ NDM-5E. coli # #8rziz

®lz - NDM-5E. coli 7482 & ¥ il 45

BlI - MCR-1 itz % & ifm

B+ ~ MCR-1 FHk Ak ]



GEY AR

M4Eir @ ARLE H A5 KPC

5 ﬁiﬁ%ﬁfﬁi@ FE-E s B o J AR 2 o 5 Bk
R odFu i EE L E L §FFE (multidrug-resistant, MDR) ~

<

iz % £ 4u ¥ (extensively-drug resistant, XDR) % % B

=

(Enterobacteriaceae) ¢ = e L gk ¥ + 2 o H ¢ 1 carbapenem
resistant Enterobacteriaceae (CRE) R % e et I » H 58 { 5 #k+ > F]
carbapenem #g ¥ % 5 B-lactam #genfs s * # > ¥ CRE ¥ F P
How gt Z e B AT L R FIE 18 RIS F 4o polymyxin s
i % % tigecyclinesf#ed 27 F 2k o o B Lo @ 3 FenE
2015 # & > Liu et al. % % 3 3 E. coli 'wFtadf + 773 colistin-
resistance gene (mer-1) » ® 230 ¥ 4 BT L o BT DA R
10 2AR 2 mer-1 i FeoE s KPC-KP i & difep B 4 % Freng

Ao fRm o A& & kS 7 7 367 carbapenamase 2 MCR-1 e 57

£ (2017)4# % i 4F NDM-5 3 R k4 th1 2 1405 7NDM-
SE.coli 2 2 A FI %A A 47 » 408 B % 2. Ftk & NDM-5 & F5itas

T 6 Kb 5 £ 0 gt B AL F) cassette F iE A FdE A T2 404 o



AP E PR E T AT ERE RS
B fRiGE T Ty SRE AT B M oA F](tra
insertion sequence(lS) ~ transposon(Tn) ~ integron...) ~3#<& & A %]~
FI* B F1E 258 AT F W B R B R AT 4 o
FItRF 4 0 530 5 EIRE S Fehiop it v - Koy g 2

FR TR R SR T



PEECRE
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 5 NDM-5 carrying
plasmids (4 from outbreak strains, 1 from sporadic strain) by using NGS.
The data showed there is a missing fragment around NDM-5 gene of
sporadic strain. The missing fragment composed of 6 Kb 1S91-Intl 1
intergrase cassettes. This cassettes usually cause the dissemination of

antibiotic resistance genes.

The objective of this study is to establish a preliminary 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 agnets, transfer-related genes (tra,
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insertion sequence (IS), transposon (Tn), integron ...), heavy metal

resistance gene > iron-related metabolic genes, etc. These genes 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.



Mo R RFTRE A LA R P B R R ORAT TR A 2 4P
Koo RBFRBE B RME G AR e o387 § 40212 B LR
r NSt P (post-antibioticera) 7o M PEF LR Ao riE
B L RS R Fl R S G WP ket F ks @
ok (1)

w4+ & ko § £ <% (multidrug-resistant, MDR) ~ & 2 % £ 3=
# (extensively-drug resistant, XDR) # 1% 7 (Enterobacteriaceae) » 4+
% 1% 7 (Escherichia coli, E. coli) ~ ** % & & (Klebsiella pneumonia, K.
pneumonia, KP) » & = e Zp &g F 2 (2~ 3) - 2015 & % > Liuet
al. ¥ A RjEF & 4 3enE. coli fn Fikdl F A7 colistin-resistance
gene (mer-1) » & 2 F @B B TH ) > F%ET ERETHT
RS E U REL 0 do% 9k e F(Pseudomonas aeruginosa) 2
KP(4) - *gfs > = % ~ ZRIRHF F» FLIARPp L E R A

3G+ mer-1 chE.coli(b ~ 6) o szt 3R 2 A or > mer-1 373 %
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22 RRA T I FNRRIES T N £
< ~ £ R AP EF 8 L % 44 Enterobacteriaceae (4 E. coli ~ KP -
Enterobacter aerogenes - Enterobacter cloacae - Shigella sonnei ~
Salmonella spp. )i # mer-1 37| ## A F](7) - mer-1 #u# L F]e 4%
e Fa%F e Inc type 4 B 48 F 4 Incl2 ~ IncHI2 ~ incP ~ IncX4 A4 3
H(B~9) T ELy > HILBEFWHKR-€ 45472 CREL » 3 =
MDR ~ XDR ~ # 1 §_2» 2% |4 (Pandrug-resistant, PDR) % g <!
78.(10 ~ 11) o ¥ £ &2 carbapenemase % mcr-1 Fui 5 ] § =3t g
TH ) > ie- HRFETHMATMEY > F 24301 RRETHA T

Fos A F 2 AR AT o L RE L R R S R

\\rPf

S P FEESPOL L E AR
¥] carbapenem #E 4 % ¢ §_B-lactam #g chts s+ & > ¥ CRE
Wy RS H e FoBE AT s E IR RIL F
4o polymyxin 42 % % tigecycline #f4w2 2 ¥ 3 a3 (5 f o B
A o @ omer-1 ehdih > @ F AT Fd & polymyxin it £

frf ki MR AE o W SR RIS R R - M- BE



B RELT(12) 0 A AN Es i s “NEF2 & i (post-antibiotic

b N2 )P (e

/
N
4ot
fn

era) ” o dept o HH 2R RF R (ol

T

2 g (1 2) 0 AFTE AR B RE S DS § FE A T R
WS N A EE S WREATL B SRS B
B2 R A REBE B e F R SRS T

o 20 BIERR T > MAIH A KBRS B R0 & EF wAAET

—_\

LPERERmELE L o
i = carbpenem #L# carbapenemases A F] i 3y B AE F (13)

FOECF R R A IR L e B -lactams % i = #& 3 <7 carbpenem minimum
inhibitory concentrations ( MICs )+v # )k & , { £ & 0 F_3#
carbapenemase ¢4 AL FIid F =3 A 6 F A ~ transposons ~ £
integrons }+ » ¥ ,%‘gr} horizontal gene transfer 7= ;% » -2 K 5@ E
I TR a7 R fAhm L 5 4 b carbapenemase s AL Fx
FeH e ol Fadid s - LBH L 3L o &) CRE &
F1EE B T AR

§1982 # & @ 4 % - i carbapenemase © SME-1 ( Serratia
marcescens enzyme ) o iz 4 » ¢ 3 + @ f&<h carbapenemases At 3 IR T

% 43 http://www.lahey.org/Studies » I & e fecnip i R 0 Fe A &
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AmblerA~B %2 D = = 5(14) :

1. Ambler A #g carbapenemase - H fx% /=i i~ ¥ (activesite) 7
serine "<k ik > #x H ¥ & ¥ 4L clavulanicacid & e ® e o FAE L ch
carbapenemase z F17] 3 KPC(Klebsiella pneumoniae carbapenemase )~
GES/IBC ( Guiana extended- spectrum/integron-borne cephalosporinase )
% cKPCEFRA ¥ e ¥ ¢ A 5E(ER I 7]~ ¢ A3
£ iR A1) -

2. Ambler B #g carbapenemase 3 metallo- 5 -lactamase (MBL ) -
i % 5 VIM (Verona-integron-encoded metallo- 3 -lactamase ) ~ IMP

(active onimipenem ) % NDM-1 ( New-Delhi metallo- 5 -lactamase ) °
MBL ¥ -k i# monobactam(+4= aztreonam) ¢+ 775 [ -lactams °

3. Ambler D #g carbapenemase % extended-spectrum oxacillinase
¥ -k f2 oxacillin 2 cloxacillin » = ¥+ carbapenem ~ ceftazidime -
aztreonam -K fF 4 »zisi - OXA-48 5 2003 # 5 Rt A H p K
pneumonia (KP)4 317 3| » H i@ 4§27 62.5Kb e 548 5 B o

TfER MR AF p 100 £k E CRE B pFRid T 3 &
carbapenemase A F]A| 2 FrilPRi% o F X ot 0 100 £ 1 104 & 423
3,265 tx CRE [tk © 7 683 $x(20%) 5 # # carbapenemase 7% 1% ]
(carbapenemase producing Enterobacteriaceae » CPE) » # ¢ 12 KPC-KP
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B % 0 100-102 # » 472 %7 %3 ¢ # 4 v~ (15) -
1. # — 7] carbapenem non-susceptible KP i+ ch & f&
carbapenemase £ F]A| % 1t ] o

2. "1 PFGE 4 17 KPC-KP 2 B ehpth b (R Bl- - # R 5 X

r

'l

ST11 ¥ =" — pulsotype (PT)

P}

Egf L % T e KPC-KP i BN FRATH o 4 i

S S LN L Y

+

# — ~2011~2013 & Carbapenemase producing KPs

Carbapenemase Group (n®) Carbapenemase variants 2011 2012 2013 total total
KPC (157) KPC-2 26 72 47 157 (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%) 87(254%) 65(20%) 183 (18.4%)
total carbapenem non-susceptible KPs (994) 326 343 325 994

“n: isolates numbers in each carbapenemase group
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Bl— ~ KPC-KPs #.5: B 1% ]

13

KPC-17  Pulsotype ST type

* %

* % % K % *

*

PT1

ST

ST512

ST258
ST15



(=) g i
L R R

®* A E S ek CRE S5 Fpk - #9E¥ 1 LB Y

% % 1 CRE FAix 57 % ¥ /e = carbapenemase ~ mer-1 25 15
P F R A - ) d AL F) 2 R e 45

2. "R 7 A 4 7 (Pulsed field gel electrophoresis, PFGE)

® O R pEE T AR A AR % 0 MR BT A kR CHEF-
MAPPER (BIO-RAD, USA) » % 0.5x TBE buffer #-*» &ren s £
T A, CHEF-Mapper §& % & ;v H9812 A tk( Xbal 4] f=*» & )
F TR AR o i PRI AE 2 R RIS 0 1 R e -] 5 AR
Fo ¥ B S AR BF L E E a0 Phoretix 1D gel analysis
advanced version 5.01 (Nonlinear Dynamics, UK) $f k& {7 8.5 |+
HOER B A1 0 2 RIZEA* 2 DNA 2 BT AR#EFA 470
- UPGMA (unweighted pair group method using arithmetic averages )
17 N F S Bk Bl (dendrogram) o | Ak Bl R ) 4P PEFE SR
R A 5 R o

3. 4% F M Hmit ¢ S1-PFGE/Southern hybridization

i¢ * Sl nuclease 'T4|aF it {7 FthA A F B > 1R ET A R
CHEF-MAPPER (BIO-RAD, USA) » %3 /& : 0530 ) * T3
5 6V/cm2 »200V T & 20 ] PFR AP % 1 9 SeaKem
Gold agarose ( BMA, Rockland, ME, USA) % 0.5xTBE % 7% >

12 HO812 fFtx (Xbal *UfpEr &) § £ 2 B < gtk AR
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2 HCI depurination ~ NaOH denature ™ %2 Tris-HCI (pH 7.5)
neutralization &2 {4 » # & = NC paper + - 27 DIG {&:52 #F 4+
(Roche Applied Science). hybridization 20 - p& » iFix s » 124 §
4 Sk 1 el ik (VersaDoc, BioRad) i B & i3 4

FLE 4 DNA 35~

FeEwud g B AR S 0 4 gel cutting tips #-4% B 42 DNA g S1-
PFGE T /A ®*» 4 > ¥ 41* Wizard® SV Gel and PCR Clean-Up

System (Promega - % B ) | £ Rilp & {5 5B
FLE T A

B3P 2 FL# T4 DNA 2 QlAseq FXSingle Cell
DNA Library kit (Qiagen > 4£. B ) & {722 & » 1 2 Illumina MiSeq

g Miniseq ¥ 5 i {7 = * NGS %R o

Bioinformatics 4 17

NGS =z A ¥ #L 1 BaseSpace Sequence Hub (illumina) z
SPAdes Genome Assembler i& = de novo assembly ‘& % » = =%
+z_ 7 B # 12 ResFinder 3.0 (Center for Genomic Epidemiology,
DTU, Denmark :& {7 F#% £ F] 4 47 (16) -
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1. NDM-5E.coli z % & /31
p2014# 423 2017257 &£ 5 12tk NDM-5id 3% ko
5 Ecoli> kp 33"\%}‘% v A Fe oA B (THE HH) » - RSk
poa(CH) - 12BFH&p 1087 FER - 29 50 (TH)E
24k 0 A 6 520142 2 2017E » ¥ — F(HH)2016% 2017 & 1
FUEFIR kpTB AR BH 29 - BHUEHF3IX - S5 2
%? Fe(CH) ®++103# 3 3R 14k  (B]-)
2. NDM-5E. coli . s Bl

" PFGE ALKk B A 471 2017 & 1 % & 8 thFHe
(kp 8®%) > kp HH =2 5 B k== > 80% similarity
Brvl - B clade § #R2Z 7 aft o #4TH 2 CH A 7§
Fe2. 3 Etk > BB e clade 5408 Bk - (B=)

3. NDM-5 E. coli § 4 7E 3z

& 7 fRize F NDM-5 482 £ W[4 1 S1-PFGEA %
FRmEN A S B T2 < | - 4§12 Southern hybridization
f§ P18k ¥ NDM-5 4 # 2_ = % (TH 24 » CH1$k 12 2 HH544) -
B%H7 k f THE CHE 122 # NDM-5 7 48 (TH1 ~ TH2 2
CH1) = -] » %]240kb ~ 90kb 2 50kb - £ *k HH-?I‘%& S5tk #

NDM-5% & + -] % 180kb+ % ¥ £ B (B =) o 54kHH(HH1-5)
16



Bk ok p ¥ e o PEGEG I — cluster » #Lig B 7% g > = 7

b

Bt

)y il A(Rlz) gt £ 32 W F 8 AT 4
e r o PR E R 22 T G AR 2 A BE(NGS) A
17 NDM-5 7 88 2_ 308 2 F]2_ 3 -

NDM-5 E. coli %82 2k F]rt s 47

= B f2+% NDM-5 & 482 £ B > p+:§ CH1-HH1-3 2 HH5
2% NDM-5 %48t 7 NGS 2 & 4 17 o & de novo assembly
pEZREAT ST ESE 0 F NDM-5 AFl2 o X P ELR
fi+t 1.4kb % 10.5kb(Elz ) # ¢ HH1 2 HH3 2_ 2 5 3 £
£ 0 X 105kb o fnE A T o472 % Ao 0 HHL 2 F Bz
dxiad FE KA IS26 2 A > ¥ L 1w £4F 5 7| (direct
repeat) - HH1 ' 3 % v & = 5 w i@ A Flg4E > 4§ &
NDM-5-bleMBL( bleomycin resistance gene )£7 class 1 integron-
NDM-5 A F12 bleMBL & F]& A ER & * b+ > %kxd +
=% F 7 ISAbal25 2. 3’=43% 4 B 7|(17) ; class 1 integron “,f
integrase “F » 7 & 7 ¥ & w|F o trimethoprim  (dfrAl7) »
streptomycin (aadA5) % sulphonamides (sull) = & 7] »

12 % B 4 multidrug efflux pump # it s emrE £ 7] o

g0 % NDM-5 2l 3 £ > HH ¥ Becnd 3 NDM-
SAF2 B P RAFEE 0t CHLE § 2 HHL A ke
5 NDM-5-bleMBL /& 7] » e T %5/ 5] % 1S26 %A ¥ £ » 48
£ HH1 71891 o
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S.

# MCR-1 Fthz % B3
p % i ¥ MCR-12. Ftk £ 134k » E.coli 84k » KP 5tk
P ISRMCR-1FA A & 383 F Freid 47k § » X6k 2tk &
paEa jF ok p o8 7 R(- 131 - 7LK)-
Bt 530 % F o S50 28k g ATA B - R R 3k
KpATHA FF I APNA FRROTE S o )2 LF- o
H ¥ 2tk P4 7 MCR-12 cabapenemase & #] » 1#xE.
coliff ¥ # 5 MCR-12 NDM-92L %] i 4% f & & > 1}RKP e p*
% 3 MCR-12 KPC-174 %] > i 3F p 7“iL (BT ) -
MCR-1 k2.4 stk Bl

" PFGE »#+¥7%p o3 A~B> £ A-BZ%2 3+ A-B
FreiddF2 6 $hF MCR-1 2 E.coli Hth> ¢ 2 k3§
MCR-1 2 NDM-9 z_ E.coli &p » * 6 $k MCR-1E. coli » &
7 F cluster s Bg7 ¥ @ BRI T4 o ¥ o7k p A4~ 2
3 A~C 2 R FRiEF2 5% MCR-12 Kp At ¢ 2
FPE¥ 3 MCR-1 %2 KPC-17 z- K. p & » ¢ 5k MCR-1 K.

p 7 A7 e cluster » AFom R R FRIR L F L (B) -
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()3

NDM-5 3. % #t- & B & & = p 2 ¥ B g % > southern
hybridization RI&g7+ & FFked NDM-5 2 e+ | L2 & % >
T ER2 Fko ¥ NDM-5 2 a7 235 £ 8 « 5w
* 2B FF(NGS)f2 %+ NDM-5 2. FH A Flie = 4 w87 =
FEVE A AT o

2= NGS f2% 4 NDM-5 548 » w9 % 5 NDM-5 & #]
PERERA14Kb 3 10Kb # % H

5 H88% 1-5% - d 3t A=t ig * MiSeq 2x150bp 4 & &
{7 paired-end T_5 % 4 455 — F £ + *T 5 300bp> iz F NDM-

B E B W iEF NDM-

5 FRMEF - Br1r ¥ REFApR G 1S26 0 H K & 705bp +
% #43% & 300bp 4p 4c 5 600bp & B > o = #-1S26 7 &
oo pF K TR LA R #]* £ 3 £ o0 MiSeq
2x300bp & {72 &L o

R AT R BT HRE 2 (HH)2 F 4 & NDM-5 A& 74t
F(Fle o HH1-3 2 HH5) > # 24 & 748 10Kb 2. ¥ ik & &
* A F(Ble HH1Z HHI3) F .. = %F%(CH)i NDM-5
BAE H AR A ] 4 50kb i)+ H 2. NDM-5 R (R =)
HFRA T e 240 17 6Kb F £ (1S91-Intl 1intergrase) » ® H
1S26 = w IR 2 FHWApF o d 3 1891 & B A Fl/E i
Fodntl 1 7 P EFE L T > Fpb o pt B F) cassette F
SRR R fE

NDM-5 »+ 2014 & J1m»> S 4% g > % B3 mp] E8

2014-2017 & > L B FIFIRIA B *‘v:“%?}‘%; HER Z °MCR-1 7
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2014 & ﬂllﬁﬁ?%l‘%ﬁa&%ﬁ%ﬁ“’ B = e Mg e 72 11
R MCR-1 Fthee & m # R IR % > & 2016 2 2017 # g 5
3. MCR-1 £ % [ carbapenemase 3% e - Ftk ¥ » & MCR-
1 ## 4 & carbapenemse B AE L b JIIR - Atk 2 I F R
Fr bk FTHY R fREEV Y 2% FE oo G ok

Pl HIpE o #g P R G AL & Az - o
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At d P hh R A AR (NGS) R R 5 L FR L
AT s TaE Y fE H ¥ database » A FT4E A TR 0 T
PR KA AR HF B A #H -

#(2017)# % S 1& = NGS %% 7% % § % FdeT

(1)# = S1-PFGE % 43 ¥ 53~ jic® J 8 [ 4 DNA 2 i :
Gt gt it DNA 28 > BiE 7§ e Bl R T
DNA 2 & %7 kA ¢ W2 H 6 ARE T i
£2 NGS %A 2 & - o

(2)i= = HeE DNA 2z pZ 3 d 30 p A% P 375

=

FLEE TR DNA 2 kB 100 0.1 ng/pl > 00 g 2 B3R
f"

rr}l«\,

(> BHE T § o AR DNA 22 BiH » X5 R

FiE R 2 g 4 o
AL PRI EE B NDMS%‘r TaeEkaL PR LER
sequence ) » ¥ £ BRARZEA HHEE AL B (o hF %

1S26) » 4~ IGH E R A B L o M £ LI AL B
BT % K 3 £ o MiSeq 2x300bp i 7 e ¥
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PFGE Southern Blot With NDM probe

TH1 TH2 CH1 HH1 HH2 H3H HH4 HH5 TH1 TH2 CH1 HH1 HH2 HH3 HH4 HH5
kb

e e

—139
—105
— 78
- 55

B = - NDM-5E. coli F#sx:a
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B Antimicrobial resistant gene

CH1

HH1

HH2

HH3

HH5

2,937 bp

10,565 bp

5,670 bp

10,521 bp

1,444 bp

1S26 : 705 bp
] ]
1 |
1 11526
ey -

blembL

I

I

I

I

| I
I

Blaon.s

[C] mobile genetic elements [] othergene

1kb

sull emrE  aadAS  dfrAl?

4

I
~I5Abal2s

1526

Intll
integrase

1526

Y 4|

class 1 integron

Bz - NDM-5E. coli 7482 & ¥ i 45
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