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Abstract

Project Code : TRG5880129

Project Title :  Investigation of imipenem hypersusceptible mechanisms in multidrug
resistant Pseudomonas aeruginosa

Investigator : Dr. Piyatip Khuntayaporn
Faculty of Pharmacy, Mahidol University

E-mail Address : piyatip.khn@mahidol.ac.th

Project Period : 2 years

Pseudomonas aeruginosa is a well-known microorganism which has been concerned
as one of the most emerging threats in this century. Serious infections caused by this
pathogen are often treated by carbapenems which were considered as one of the last resort
antibiotics. Unfortunately, carbapenems resistance in Gram-negative bacteria including P.
aeruginosa was increasing. In this study, we were aimed to identify two mainly molecular
mechanisms which believed to be involved in imipenem hypersusceptible. The first
mechanism was nfxB mutant which can be resulting in overexpression of mexCD-oprJ efflux
pump systems. The specific primers were designed for nfxB gene. PCR products were
submitted for sequencing. However, nfxB mutant strain were identified but those mutant
were silent mutation. The second mechanism was metallo-beta-lactamase (MBL) production
which was important carbepenems resistance mechansims and usually related with
nosocomial infections caused by P. aeruginosa. Since MBLs gene have varied sequences, five
pairs of primers were designed to cover at least 45 genes. Each set of primers was optimized
and PCR products were submit for sequencing. This study was able to detect IMP-1, IMP-13,
IMP-14a and VIM-2. Moreover, this study was able to identify novel IMP-type MBLs, IMP-65,
which present high similarity to IMP-14. It was also noteworthy that these genes, IMP-14 and
variants, were identified only in clinical isolates related to Thailand. However, those genes
were identified in carbapenems resistance P. aeruginosa but none in imipenem
hypersusceptible. Multilocus sequence typing method was used to determine and compare
dissemination traits of imipenem hypersusceptible and MBL harboring CR-MDR P. aeruginosa.
ST235 was detected in both groups. Moreover, ST235 was found as a major ST type in
Thailand followed by ST964 and ST111. There were also many STs which never been
reported in Thailand including ST273, ST292, ST621, ST1584 and ST1816. This study was also
help emphasized the dissemination trait difference of MBL-harbored P. aeruginosa between

Thailand and European countries.

Keywords : Pseudomonas aeruginosa, Metallo beta-lactamase, nfxB, IMP-65, Multilocus

sequence typing
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e Pseudomonas aeruginosa Hunidduderidnindudosunmeluamssed  nsindge
P. aeruginosa wiiaguusasinldzunssnwiseenguasuifiun dafeldusngumadeniined ves
msfnwimsiade  ednlsfnumuindinisiesinguansufiuusnntulasiansifouuafiiounsy
audssmiade P. aeruginosa e lulassnsiseiigesnsAnuiientunalandng aesnalniiie
JiAedestunsdmalfide P aeruginosa Ly lunalausniuazifiendostunisinem
Bu nfxB %ﬁL%adﬂmiﬂma‘ﬂ’uﬁ:maq§u§%dqwa1ﬁlﬁmmnﬁwﬁmaq mexCD-opr) efflux pump %9
nsanwilngeenuuulnswesiiamusmsiuiy niB8 anduwihnsuiuannzves PCR 1%
wnzauas PCR products fldazgndalumarduiua  9inwanismaaosmuindu nixe Snisnane
fusuaegauimananeiusiAeiuludduiuail 3 wosym codon dslsidwmaliAnnisiuAsuulag
sy uaznalnfiaesivinisinuifidesiunsaiiaeulss metallo beta-lactamase Fadu
nalnfiwuldveslude P aeruginosa Tasamglumeiusiiiniansfindenielonia  udiilasan
Bundu MBLs damumannuansgs feduleuten primer sondu 5 gaiielvannsnnseunauld
og1etion 45 Bu primer usazynazgnUUlilaneAivnzaniay PCR product flsazgnaslum
Souiva Tunsfnunildwudu IMP-1, IMP-13, IMP-14a uag VIM-2 uenainiiuddsannsoduny
B IMP wfialvside IMP-65 Faflenuafnendaiu IMP-14 uasiduihidnadBunguil IMP-14 and
variants)  agnuawigdefifimuisdestutssmelnenity  udedslsfmuuiiaiaoules
metallo beta-lactamase widnilnmanuluide P. aeruginosa fineseemanewiiadadunguniugy
FevnmanuBulmithiandensfnwssurinevesderasnguuiisuiieuiuasoudioy
fulsemedug ¢ 590438 multilocus sequence typing @swuin ST235 1 ST dnvesisaes
nau uenaniudianuin ST235 Wu ST udnludseimalne  uazddusesauniie ST96E uaw
ST111 wenanilunisfnwidony ST Snvanewiadsliineiinssemulutssmdlngandeuldue,
ST273, ST292, ST621, ST1584 uay ST1816 uenvninsinwddemevsdliifiunuansing

JEUINesEUINIvEIveIUssmelnguasUssinalunivylsy

awmen :  glaluuug wogdlue), wulsdnvialaiumuanunua, 8u nfxs, 8u IMP-65,
fadladaginiulndds
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M3UUINgNEU metallo beta-lactamase fianansansaamle
NNUAALYA primer
Sdulwsesvesusiaznguiielflunismsaaeudu metallo
beta-lactamases

PCR condition Twsngaudmsunsldlnswesifiensiaaeu

81U metallo-beta-lactamases

Tnswesieldlusuwunviindu IMP-type metallo-beta-lactamases
MsutsnguBuiannsaduunlénudagyn primer

PCR condition Tiwmungaudmiunislélnswesiunissiwun

8 IMP-type metallo-beta-lactamase

Tnswesiieldlufnumiu nse

PCR condition fiwsngaudnsunisidinsweslunsinumiu nfe
Twswesiieldlufinwidu blamP-novel

PCR condition fungaudmnsunisfinwdu blaiMP-novel
sduiandlelndves primer ldlunsfinw multilocus
sequence typing

NansAnYY MLST ¥eaiie P. aeruginosa vaaidiefiinila

AoEM imipenem Waztolinsianutoulyl metallo beta-lactamase
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A9819NaT04 gel electrophoresis Tun1snsraaoudU IMP-type
metallo-beta-lactamase

Fotn9Waves gel electrophoresis Tun13nII9d0UEY VIM-type
metallo-beta-lactamase

Hav4 gel electrophoresis U1 nfxB

na multiple alignment w898u nfxB 310 clinicalisolated

P. aeruginosa

AAULUAURIEU NfxB W3BN protein sequence

Haued gel electrophoresis ¥048u IMP ¥ilaln
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. 3 & a A o I3 = & !
Pseudomonas aeruginosa +Julsunuaiisewnsuauiddy wazduduniduiongy
= o & Ao o | N (1) ax ndl ° o a
ESKAPE @sdmduivenelsafididgunianissedl 21 taserufiusiwuzdilildlunisineinisiie
z ) “ D e Ay
Wosuusalae P. aeruginosa AaNguAISUINILY (carbapenems) lagennguiliniuaiunsalunis
pangnseLFafinILazawsanusateulgiuianmuuadulugld  wenanuuudIvINgy
YY) 1 v i [} a d’lj ~ [ (2) Y] 1 [
carbapenems §admduenaguiings aldlunissnulsafindeiizuwseing 9 fegisweseitungy
Y 1| aada L. a aa . i
carbapenems 1o df#luL (imipenem) wlsiitus (meropenem) waglasiiiuy (doripenem) Wé
fausinenay carbapenems AilnauautAng walasluleuvediie P. aeruginosa dnalnianunse
& v 1y 1 & 1 v v o .
Aeraelavanenalnuaz feanuisasunalnnisaeslue WilUlar1unienissu plasmid nalnnas
Aowdflule P. aeruginosa laun naln efflux pump #99zL59N15TUBNNANLLER, NITAN
n1saselusin OprD MiYaglunisinedgaduasnisasiuouleingy carbapenemase Mviangen
| (3, 4) d <1 Y] v g . >4 1 1
nau carbapenems”  wawlilewsag U WHO dawlsznialii@ie P aeruginosa Wneraengy
I3 3" | Ao ) I3 1 1 (5)
carbapenems LUULIBNGUINAIININTULIIAIU
Tnenguiwaelsivuuaziilonaiiiie P. aeruginosa azhasiaanlaeinninilasainsely
nalnlunisheensiuniuisaesnalnfonisinn1sasne efflux pump uagann15as1slushiu oprD U
1 < a Y] v a a o faa 1 aaa (6) =
agalsfimuiinenuuialiunuateiuiuuaiiseusaeiugndanulineedanug - Fay
wee1ieazesurgiiefunalniineadesdunisiiamsnisaliwuldliddanuy nguiduuinag
wenemeSuieieIiunIsianIsnateiugidu nik8 Fudunaliinn1sad1a mexCD-opr) efflux

sl

X (7) ' = 4 v & va o ' 1 ' aa
pump systems qwumm LLWQWﬂﬂWiﬂﬂU’Wﬂ@UMU’WﬁT@QEﬂ’]"UEJWU’J']ﬁﬁ']EJWUﬁVlﬁﬂ’J’ml’N]@EJ'18&]‘17‘1

9
saa aaa

wwAndulinunsiNUSIYes mexD mRNA JIdeensanufgiuinaeiusninulines i

=

wututhezifunalnendnainmsadelusiu Opr)  wasuenaniudanudululdsnnsdini
\Retesiuioulusingu metallo-beta-lactamase daimuanansalunstesamesusazyialungs
carbapenems funns1siu Felueulasingl metallo beta-lactamase vangvfianuind1 MIC va4
&1 imipenem #3181 meropenem © satulunisanuniissauladnunalndoinlideiinesoen
paneviindaasiiuauiBeaglunsinnistudefiosluoweanld uazuenaniudrdeiliian
amudiiendestunalnfesiludeuuaiiGesnntudndae
1.1 nguszasAvedlasenis

- Anwnnalnluseduluanafidamalideiinulrosdifium

- Anwanuazuesdu opr T P. aeruginosa

- #nwneulvyl metallo beta-lactamase Tue P. aeruginosa Ndespevanaviln

- W weanewus P. aeruginosa (AmexCD-oprJ):lac oprJ
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2.1 msfnwiufiairseulesingu metallo beta-lactamase

iumiﬁﬂmﬁuﬁa%ﬁqLaulsaﬁﬂfjm metallo beta-lactamase 1ngld78 polymerase chain
reaction (PCR) iflasnnBuveseulesflunduilfiamnuuandafumnn Fesududesdinnseenuuy
primer vangg uarooNLUY primer ialianunsansiaaeviulunguillilduniian Tasasidy
ponuuulnsweslinsaaeudundu VIM-1 89 VIM-25, IMP-1 s IMP-25, wazBu NDM-1 %dsaintiy
yhnsufuilemangfmnzanyesds PR ieldlunisnsiaaou lned primer foonuuuly
%umauﬁﬁa primer IMP-A, primer IMP-B, primer IMP-C, primer VIM-D, primer VIM-E Wag primer
NDM-1

uuiilasTulenuaznanadingnatnainide P. aeruginosa aewusitldanmanatiniield

Dusuwuuluwuiunis PCR wag PCR product gninlumaunasieds agarose gel electrophoresis

22 NINTNABUAIAUBUTDY metallo beta-lactamase

PCR product 7838unda metallo beta-lactamase (vnd 2.1) ludlefitiunnageugnasly
ydfuLUafeds DNA sequencing wazlu PCR product #ilsiaunsnszyviinves metallo beta-
lactamase Tanudn lavinisesnuuy primer @ﬂiﬁﬂéfLLfi primer IMP-G, primer IMP-H LLag primer
1337 \flolvianunsnssywiares metallo beta-lactamase antuldviin1sm PCR condition
Wiz aNYeq primer gl

PCR product 984 metallo beta-lactamase 270 primer ﬂ?jmﬁﬂﬂﬁ’ldxﬂﬂmé”lﬁuLUEI@T’JEJ%%

DNA sequencing Lﬁaisq%ﬁma\‘ﬂ,@ﬂ%ﬁ metallo beta-lactamase

23 msfnwnsnaneiuguesdu nfx8
Tunsfnwinisnaneiuguasdu nfd tuld33nns PCR Wudu Tae primer gnoonuuuLiie
Winduaudu nfB wazaseunauludy upstream Nddnyueady niB wdanduliiinisusuite
manngvanzanvedis PCR Aldlunsnaaeuiitelilsl PCR product ves nfxB U3anaugs
Fluwislaslulsuuasnanadingnataainidie P, ceruginosa aewugildanmenainiield
Dusiuwuuluruaunis PCR uaz PCR product gniilumiuunneieds agarose gel electrophoresis
UBNIINEu PCR product GuaqL%@ﬁé’ﬂLﬁaﬂmﬁiﬁgﬂﬁwdﬁﬂméﬁuLuaéha"“;% DNA sequencing

[

wavtwanleunlssuiisuiomanudululangu nixB agiinnisnaneiug
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24 N1IRTRE0UBUTUAAULUAY0398U metallo beta-lactamase wiinll

f1 imipenemase Fafldduiuaiindeadsiuiu IMP-14 uazaaiidy allele Trigniinunyi
PCR e/l DNA polymerase 7l proof reading uazasly sequence iiiefusudduuangaton
3 a%1 Primer daflarudunizsiofu allele Inignoonuuuanlinseunquiaud start codon s
stop codon wagvnisuumanmefimungauves PCR condition iialé PCR product wémuly
Tnaudfunanaiin pGem®-T Easy wazvinisds sequence ieiudunasnads Tnena sequence

ke gnaudiluin NCBI Liveve allele Tvdvesdy imipenemase

25 nswSeumeunUineITewesdiy imipenemase wilalvaliudulunguisgniu
a1PuLUavesdu imipenemase wlialvaiuazdulungy imipenemase 7LATTIBIIUNILE
Aeumhillagnihunseuiisuanufeadesiuuazasneenuniu phylogenetic tree lngld MEGA

program version 7.0.26

26  msAnwIMAINsTaesivesdededs MLST

L%’e) P.  aeruginosa ﬁﬁ@u MBLs LLazL%’a P.  aeruginosa ﬁLﬂUL%’a imipenem
hypersusceptible  gnunlufinyi sequence typing Lﬁa@miszmmazLﬁumﬂﬁwﬁ’uL%@ P.
aeruginosa luns@ne1dug Tnen1sm sequence typing ¥ilpensvin PCR 8u 7 Bu Taglunns
naaoslieanuuy primer vl 2 gdmsudu mutl uay nuoD wazvhnsuiumanzianzay
Tne PCR product fildwesit 7 ?J'uiw,%aLwiazﬁagﬂfialﬂméﬂﬁuL‘Uﬂ Taenani3¥h sequence #iléign

ihluwSsuiguiugiuteya MLST (http://pubmlst.org/paeruginosa/)
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3.1 nsAnwgunasaeulaingy metallo-beta-lactamase

IumiﬁﬂwﬁuﬁagﬁmLaulsziﬁﬂfjm metallo beta-lactamase 1ag/l438 polymerase chain
reaction (PCR) iflasnnuvaseulesflunduilfamnuuandafumnn Fesududesdinseenuuy
primer vianeg uarooNLUY primer ialianunsansiaaeuiulunguillildunniian Tasasidu
ponuuulnseslinsaaeudundu VIM-1 89 VIM-25, IMP-1 s IMP-25, wazBu NDM-1 %dsaintiu
yhnsufuilemangiminzanvesds PR ieldlunisnsiaaou lneg primer floonuuuly
Sﬁgumuﬁﬁa primer IMP-A, primer IMP-B, primer IMP-C, primer VIM-D, primer VIM-E Wag primer

=~ | . a = v a a Y} . 9)
NDM-1 LINGA primer NOONLUUNIRLUIA LU LEUAINLAYILEBIAUINN phylogenetlc tree

lng primer floanuuuiuwsiazaIzanIansIvaeusinvasdulanunsed 1

ATl 1 M5UUsNguBU metallo beta-lactamase Miansnsansravildanusdazyn primer

Group Primer Detectable gene

IMP-A IMP-AF IMP-1, IMP-3, IMP-4, IMP-5, IMP-6, IMP-7, IMP-9, IMP-10, IMP-
IMP-AR 15, IMP-25, IMP-26

IMP-B IMP-BF IMP-1, IMP-11, IMP-16, IMP-21, IMP-22
IMP-BR

IMP-C IMP-CF IMP-1, IMP-2, IMP-8, IMP-12, IMP-13, IMP-14, IMP-18, IMP-19,
IMP-CR IMP-20, IMP-24, IMP-32, IMP-48

VIM-D VIM-DF VIM-2, VIM-3, VIM-6, VIM-8, VIM-9, VIM-10, VIM-11, VIM-14,
VIM-DR VIM-15, VIM-16, VIM-17, VIM-18, VIM-20, VIM-23, VIM-24

VIM-E VIM-EF VIM-1, VIM-2, VIM-4, VIM-5, VIM-12, VIM-19, VIM-25

VIM-ER




[y

dfutuavadauleyd metallo-beta-lactamases laniaugiudeyaves NCBI (Whdslaain
http://www.ncbi.nlm.nih.gov/nucleotide/) T ETTIRy TR EPIRLI A aligcnment  1fian1 conserved
sequence vausiaznaulnsiues lnglunism conserved sequence agldEu IMP-1 wag VIM-2 594
Tunnnguuesinsiued IMP-Type uaw VIM-type metallo-beta-lactamases pudidu iilelHidu
control Taglwsiuosusiaznguuaniniunisedl 2 wagshnmsmanneivnzauveslnsuosildly
9% PCR fannsnsit 3 Tasauusenaulunisyin PCR 50 pL Ao 14 DNA template Useangs 100
ng, 0.4 UM of each primer, 1 mM of dNTPs, 0.5 units of Tag DNA polymerase, 1X buffer (10
mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl,) wdanduiniiiieusudiuns waziewiylunisii
PCR 94ng IMP-B agfiaduiisl 4% DMSO

sl 2 diulnswedveusaznguiiiollunisnivaeudu metallo-beta-lactamases
Group Primer Primer sequence Product
name size

IMP-A | IMP-AF GTT AAC GGG TGG GGC GTT G 194 bp
IMP-AR AGC CAC TCT ATT CCG CCC GT

IMP-B | IMP-BF TTG AAG AAG TTA ACG GGT GGG G 556 bp
IMP-BR TTT CAA GAG CGA CGC ATC TCC

IMP-C | IMP-CF GGT TTG TGG AGC GCG GCT A 463 bp
IMP-CR CCT TTA ACA GCC TGT TCC CAT GT

VIM-D | VIM-DF TAG CGG TGA GTA TCC GAC AGT 604 bp
VIM-DR TGCTTC CGG GTAGTG TTG TTG

VIM-E | VIM-EF CCG GTC GGA GAG GTC CGA C 532 bp
VIM-ER CCA GAT CGG CAT CGG CCA CG
NDM-1F TAG CCG CTG CAT TGA TGC TGA 571 bp
NDM-1R CCA CCA AAA GCG ATG TCG GT




M990 3 PCR condition Mwsngaudnsunistalnsiwasiiansiaaaudu metallo

beta-lactamases

Denaturation 94 °C 3 min

30 Denaturation 94 °C 30 sec

rounds | Annealing IMP-A, IMP-C, VIM-D | 64 °C 30 sec
of IMP-B 62 °C
VIM-E 66 °C
NDM-1 60 °C

Extension 72 °C 30 sec

Final extension | 72 °C 5 min

Tunsnageumdu metallo-beta-lactamase lavinluldie P. aeruginosa Ndesosviansviln

ES ! & a da i aaa 1 ! aaa
wagRefosINgy carbapenems Nivtianiiaiulisieediifunnazlifinnulidesdlifiiuy lnana
NINAaRINUIUAe P aeruginosa  Milaulaseg1dfiiiunlinsianudu metallo-beta-
lactamase uslui P. aeruginosa Mhifiaiulisioediifiuunsianuiendguningy IMP-type

uaz VIM-type metallo-beta-lactamase fanaaslunIng 1 wag 2 auaInu
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Lane M: 2-log DNA Ladder

Lane 1: Positive control of IMP-type metallo-beta-lactamase

Lane 2 : Positive result IMP-C clinically isolated P. aeruginosa

Lane 3: Negative result of IMP-type metallo-beta-lactamase in clinically
isolated P. aeruginosa

Lane 4 : P. aeruginosa PAO1 (Negative control)

AT 1 Fegnaves gel electrophoresis Tun13m51980U8U IMP-type metallo-beta-lactamase
lneld primer 3 4n Aa IMP-AF wag IMP-AR (A) IMP-BF wag IMP-BR (B) way IMP-CF wag
IMP-CR (C) In®) PCR product #idieanisae 194, 556 way 463 bp mud1su (AUGNATUERAS
Tunw)



700

600
500

400
300

200

M1 2 3 4 1 2 3 4 M

Lane M: 2-log DNA Ladder

Lane 1: Positive control of VIM-type metallo-beta-lactamase

Lane 2 : Positive result VIM-type metallo-beta-lactamase in clinically
isolated P. aeruginosa

Lane 3: Negative result of VIM-type metallo-beta-lactamase in clinically
isolated P. aeruginosa

Lane 4 : P. aeruginosa PAO1 (Negative control)

A il 2 fhegranaves gel electrophoresis Tun19m919@0UEU VIM-type metallo-beta-lactamase
lagly primer 2 99 Ao VIM-DF uag VIM-DR (A) wag VIM-EF uag VIM-ER (B) lae PCR

product ReIN15AD 604, 532 bp MUAAU (ugnAsianslunIm)

PCR product Aldgnaslumaduiua nenanuirdalsianunsaszyviaves IMP 16 1ilesann
Iwswesfieenuuuyausnlfifiensnsiametnainii Jadndusessenuuulnsmesyrliiieldlunns
$uunviavesBunaziinusuwifuduiiaianisaiiiniu fannsed 4 lngvinvesduiiaes
ATeUARUUALaNLNTaTUNINAULARI15197 5 Tegldusummangimngauveslnsiesildly
11591 PCR #3m15197 6 wazanusenauves PCR 50 uL Ao 14 DNA template Usganas 100 ne, 0.4
UM of each primer, 1 mM of dNTPs, 0.5 units of Tag DNA polymerase, 1X buffer (10 mM Tris-

HCL, 50 mM KCL, 1.5 mM MgCl,) SNt USUUS RS



A9199 4 Tnswesielgludniunufingu IMP-type metallo-beta-lactamases

Group | Primer name Primer sequence Product size

IMP-G | IMP-GF GCT ACC GCA GCAGAG TCT TT 456 bp
IMP-GR CAG GCA ACC AAA CCA CTA CG

IMP-H | IMP-HF GGT TGG AGT GTG GTC ACT AAA C 466 bp
IMP-HR CCA AAT AGC CAA GAC CGT CC

M13197 5 NswUanguiunanusadwunlaaInLiasyn primer

Group Primer Detectable gene

IMP-G IMP-GF IMP-1, IMP-10, IMP-30, IMP-52
IMP-GR

IMP-H IMP-HF IMP-14,IMP-14a, IMP-32, IMP-48, IMP-65

IMP-HR

A9199 6 PCR condition Mwnzandmsunisldlnswesiunisimundu IMP-type metallo

beta-lactamases

Denaturation 94 °C 3 min
30 Denaturation 94 °C 30 sec
rounds | Annealing IMP-G, IMP-H 55 °C 30 sec
of Extension 72 °C 30 sec
Final extension | 72 °C 5 min

PCR product fildgnaslumarduiva mndeyaiilanuinlu@e P. aeruginosa ann1aaadin
p513linuduy NDM-1 usluldie P. aeruginosa lidaulises ddfiuunsianudu wudu IMP-1,
IMP-13, IMP-14a wag VIM-2 upnanniualdansianuduniinmnuaaignaenudy IMP-14a uwadaladwu

auuaniaseiuantugudeyaves NCBI wiegnslsimuiedunisiuguindugulmidnludasin

ANSNAABULNLLALDN



3.2 MIANYININAENUTVRIEY nfxB

lunisfinwinisnaneiugvesdu niB wldis polymerase chain reaction (PCR) lagld
99NULUY primer TAsouAquBY nfiB Fasaulufedau upstream vosdusiouagyinisuuiiton
anmefunzauvesds PCR Aldlunsmagay

Toyaveddu nfxB ﬁwmmﬂgwu%’agamauﬁa Pseudomonas aeruginosa PAO1 (19151417910
http://www.pseudomonas.com/) lagyalnsiuefililunisnsrvaeudu nfB fuandluasd 7
WaaN1ITVBINISN PCR fananslunis1adi 8 e PCR 50 pL Ao 14 DNA template Useangy 100
ng, 0.4 uM of each primer, 0.4 mM of dNTPs, 0.5 units of Tagq DNA polymerase, 1X buffer (10
mM Tris-HCL, 50 mM KCl, 1.5 mM MgCl,) ﬁé’qmﬂﬁ?mauf%ﬁaﬂ%'w%mm hazNan1Innany PCR

V098U NfxB AaanslunIng 3

A1519R 7 Inswesiieldlufnwdu nfxs
Gene | Primer name Primer sequence Product size
nfxB nfxF ATT GAA AAC GGA TCG AAT GGT ACT 816 bp
nfxR GAC TGA TCT TCC CGA GTG TCG
A151471 8 PCR condition fivingaudmsunisidlnsiueslunsanuniu nfxa
Denaturation 95 °C 3 min
30 rounds | Denaturation 95 °C 30 sec
of Annealing 60 °C 30 sec
Extension 72 °C 30 sec
Final extension 72 °C 5 min
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Lane M: 2-log DNA Ladder
Lane 1: P. geruginosa PAO1
Lane 2 : Clinically isolated P. aeruginosa

1500 (imipenem susceptible)

1000 Lane 3: Clinically isolated P. aeruginosa
800
700

o (imipenem non-susceptible)

A 3 waninaes gel electrophoresis 9838 nfB e PCR product fifiesnsie 816 bp

(mugnasuandlunn)

PCR product wo38U nfxB IUL%E] clinically isolated P. aeruginosa iy imipenem
susceptible gnasluvanduiua uazteyamduialagniiuieuiieu tngldlusunsy Clustal W
(E9L87 http://www.genome jp/tools/clustalw/) Taewanisvia multiple alignment wangss
At 4 uagldiuanssa protein vasdu npd Tunmd 5 Fanuirdduuainisiasuwdauslale
danansznufunsuwanteandu B ilesainmalisudduiuaialusuriad 3 94 reading

frame wagsiia DNA hidswalinanisiasuwdasldsmiu
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PACBE
PAC13
PACBS
PACBE
PACBS5
PACB3
PAC14
PACB2
PAC1®
PACB4
PAC11
PAC12
PAO1

PACE1
PACB7

PACBG
PAC13
PACB9
PACBS
PACBS5
PACB3
PAC14
PACB2
PAC1@®
PACB4
PAC11
PAC12
PAO1

PACE1
PACB7

PACBB
PAC13
PACe9
PACBS
PACES5
PACB3
PAC14
PACB2
PAC1@
PACB4
PAC11
PAC12
PAD1

PACB1
PACB7

PACBB
PAC13
PACBS
PACBS
PACBS5
PACB3
PAC14
PACB2
PAC1@®
PACB4
PAC11
PAC12
PAO1

PACE1
PACB7

CTCAA-TGATCTTTTGTCATCTAGTTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGE
CTCAA-TGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAAATGATCTTTTGTCATCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGACAGCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAAATGATCTTTTGACAGCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC
CTCAA-TGATCTTTTGACAGCTAATTCCTTTGGACGCGAGGCCAGTTTTCTGCACAATGC

wkkkk kkkkRR Rk kR Rokok ok ok ok o o o ok ok ok o oo o o ook o ook ok ook o ok ok ok ok o
|
G@CMTCGMCCMCCGGGACCCATCGLQTGP;CCCTGATTTCCCATG&CGAGCGAC
GCACAATCGGAAAAACCAACCGGGACCCATCGATGACCCTGATTTCCCATGACGAGCGAC
GCACAATCGGAAAAACCAACCGGGACCCATCdATGPCCCTGATTTCCCATGACGAGCGAC
GCACAATCGGAAAAACCAACCGGGACCCATCGATGACCCTGATTTCCCATGACGAGCGAC
GCACAATCGGAAAAACCAACCGGGACCCATCqATGPCCETGATTTCCCATGACGAGCGAC
GCACAATCGGAAAAACCAACCGGGACCCATCGATGACCCTGATTTCCCATGACGAGCGAC
GCACAATCGGAAAAACCAACCGGGACCCATCAATGACCCTGATTTCCCATGACGAGCGAC
GCACAATCGGAAAAACCAACCGGGACCCATCdﬂTGhCCCTGATTTCCCATGACGAGCGAC
GCACAATCGGAAAAACCAACCGGGACCCATCGATGACCCTGATTTCCCATGACGAGCGAC
GCACAATCGGAAAAACCAACCGGGACCCATCqATGPCCETGATTTCCCATGACGAGCGAC
GCACAATCGGAAAAACCAACCGGGACCCATCGATGACCCTGATTTCCCATGACGAGCGAC
G@CMTCGMCCMCCGGGACCCATCG}QTGIHCCCTGATTTCCCATG&CGAGCGAC
GCACAATCAGAAAAACCAACCGGGACCCATCGATGACCCTGATTTCCCATGACGAGCGAC
GCACAATCAGAAAAACCAACCGGGACCCATCGATGACCCTGATTTCCCATGACGAGCGAC
GCACAATCAGAAAAACCAACCGGGACCCATCdATGhCCCTGATTTCCCATGACGAGCGAC

FhkkkkkE FhEkkkEEER ARk R R AR E AR R R R R Rk AR R R R R R A,

TcATCAAGGAA
TcaTcaacada
TCATCAAGGAA
TCATCAAGGAA
TCATCAAGGA
TCATCAAGGAA
TCATCAAGGAA
TCATCAAGGAA
TCATCAAGGA
TCATCAAGGAA
TCATCAAGGAA
TCATCAAGGAA
TCATCAAGGA
TCATCAAGGA
TCATCAAGGA

o ok o ok kR

TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGLCCGCGAGCGACGCTGAAGGAACTGEG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG
TGGCAGTCGCTATCGTCGACCGCCCGCGAGCGACGCTGAAGGAACTGG

ok o o o ok ok o o ok o o o ok o o ok ok o ok ok ok ok o o ok ok o ok ok o ok ok o o ok ok ok o ok ok ok R ok

CCGAGGCGGCCGGLGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACT
CCGAGGLGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACT
CCGAGGLGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACT
CCGAGGCGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACC
CCGAGGCGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACC
CCGAGGCGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACT
CCGAGGCGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACC
CCGAGGLGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACT
CCGAGGLGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACT
CCGAGGCGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACT
CCGAGGLGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACT
CCGAGGCGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACC
CCGAGGCGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACC
CCGAGGLGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACT
CCGAGGCGGCCGGCGTAAGCAAGGCCACCCTGCACCGCTTCTGCGGCACGCGGGACAACT

L2 e 2t i R R R R e LS R A R S E R R R R E R R E L L T L T
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PACEE
PAC13
PACBS
PACEE
PACBS
PACB3
PAC14
PACB2
PAC1@
PACB4
PAC11
PAC12
PAOL

PACB1
PACB7

PACBE
PAC13
PACBS
PACBE
PACBS
PACB3
PAC14
PACB2
PAC1@
PACB4
PAC11
PAC12
PAOL

PACB1
PACB7

PACBE
PAC13
PACBYS
PACBS
PACBS5
PACB3
PAC14
PACB2
PAC1®
PACB4
PAC11
PAC12
PAO1

PACE1
PACB7

PACBE
PAC13
PACBS
PACBE
PACBS5
PACB3

PAC14
PACB2
PAC1@
PACB4
PAC11
PAC12
PAD1

PACE1
PACE7

TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGALCG
TGGTGCAGATGCTCGAGGACCACGGAGAGALCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGACCG
TGGTGCAGATGCTCGAGGACCACGGAGAGALCG

LR E e Bl L LR R L L L L L L b b Lt

TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG
TGAACCAGATCATCCAGGCCTGCG

LA R R L L L L L E L L L L L ]

ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGT TGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGT TGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGT TGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGT TGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC
ACCTGGAGCATGCCGAGCCTCTGGAGGCGTTGCAGCGCCTGATCAAGGAACACCTCACCC

ok e ok ok ok ok o ok ok o ok o ok ke ok ok ok ok ok ok ok ke ok ok ok ok ok ok e ok ol e ok ok ok ol ok ok ok ol e ok ok ok o ok ok ok R ok ok R R ok

ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCALG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCALG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCALG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCALG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG
ACCGCGAGCTGCTGGTATTCCTGGTATTCCAGTACCGCCCGGACTTCCTCGACCCGCACG

LR LR LR R L E R P R LR E L E L E R L E R L EE L L LR L E L L L L L L L

GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGCGGALC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGCGGAC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGCGGAC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGLGGALC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGCGGAC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGLGGALC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGLGGALC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGBACGCCTTCTTCCTGCGCGGAC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGBACGCCTTCTTCCTGCGCGGAC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGCGGAC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGCGGAC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGCGGAC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGCGGAC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGCGGAC
GCGAAGGCGCACGCTGGCAGTCCTACCTGGAAGCGCTGGACGCCTTCTTCCTGCGCGGAC

EE 2 s 2 R R R R R LA A AL A R PR R R L R R L R R E R E R B L B E B L ks
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PACBE
PAC13
PACBS
PACB8
PACES
PACE3
PAC14
PACB2
PAC1@
PACB4
PAC11
PAC12
PAO1

PACE1
PACE7

PACBE
PAC13
PACBS
PACBE
PACBS5
PACB3
PAC14
PACB2
PAC1@
PACB4
PAC11
PAC12
PAD1

PACE1
PACE7

PACBE
PAC13
PACB9
PACBE
PACB5
PAC@3
PAC14
PAC@2
PAC1@
PACB4
PAC11
PAC12
PAD1

PACB1
PACB7

PACBE
PAC13
PACB9
PACBE
PACB5
PACE3
PAC14
PACB2
PAC1@
PACB4
PAC11
PAC12
PAD1

PACE1
PACBY

AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCAGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCAGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUAGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUGGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUGGCCGTGTTCACCGAACTGTTCATCA
AGCAGAAAGGCGTGTTTCGCATCGACATCACGGUGGCCGTGTTCACCGAACTGTTCATCA

bR 2 et P b bt b b bt e e e R R PR e b b L kL L

CCCTGGTCTACGGCATGGTCGATGCGGAACGC
CCCTGGTCTACGGCATGGTCGATGCGGAACGC
CCCTGGTCTACGGCATGGTCGATGCGGAAC
CCCTGGTCTACGGCATGGTCGATGCGGAACGC
CCCTGGTCTACGGCATGGTCGATGCGGAACHC
CCCTGGTCTACGGCATGGTCGATGCGGAACHC
CCCTGGTCTACGGCATGGTCGATGCGGAACHC
CCCTGGTCTACGGCATGGTCGATGCGGAAC
CCCTGGTCTACGGCATGGTCGATGCGGAACGC
CCCTGGTCTACGGCATGGTCGATGCGGAACGC
CCCTGGTCTACGGCATGGTCGATGCGGAACGC
CCCTGGTCTACGGCATGGTCGATGCGGAACGC
CCCTGGTCTACGGCATGGTCGATGCGGAACGT
CCCTGGTCTACGGCATGGTCGATGCGGAACGT
CCCTGGTCTACGGCATGGTCGATGLGGAACGC

EE 22 P 2 L R R L E R E L L L T

GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYTICGGGCGGCCAGCTCCAATTCCG
GCGYQACGGGCGGCCAGCTCCAATTCCG
GCGYQACGGGCGGCCAGCTCCAATTCCG
GCGQACGGGCGGCCAGCTCCAATTCLG

SRR REEEEEEEEEEEE L L LR L T

CGCATACCCTGGAGCAGATGTTCCTCCACLGCGOTTCCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCACLGCGOTTCCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCACLGCGOTICCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCACLGCGOTTCCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCACGGCGOTTCCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCACGGCGOTTCCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCACGGCGOTIICCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCACGGCGOTICCAATCCGGAG
CGCATACCCTGGAGCAGATGTTCCTCCACGGCGOTTCCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCACGGCGOTIICCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCACLGCGOTTCCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCACGGCGOTTCCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCATRGCGOCTCCAATCCGGT
CGCATACCCTGGAGCAGATGTTCCTCCATRGCGOCTCCAATCCGGG
CGCATACCCTGGAGCAGATGTTCCTCCATRGCGOCTCCAATCCGGG

EE S L R R LS E R L L E R L E L E T b *xkk LEE L

GCTCCTGALCCT

‘F?ﬁﬁ*ﬁt!Ft?ﬁ

TGCGCCCGCGGCGGCGCCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGLGELGGCGLCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGCGGCGGCGCCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGCGGCGGCGCCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGCGGCGGCGCCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGCGGCGGCGCCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGCGGCGRCGCCCCTCTCRTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGCGGCGGCGCCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGCGGCGRCGCCCCTCTCRTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGCGGCGRCGCCCCTCTCRTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGLGELGGCGLCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGCGGCGRCGCCCCTCTCRTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
CGCGCCCGLGECGGECGLCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
TGCGCCCGCGGLGRCGCCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG
CGCGCCCGLGGCGRCGCCCCTCTCGTCGCCGCATGGCACGGACCGATCCGCGTGCCGTCG

LE R E L L E LR LR EEE R EE R P L LR L EE L E L E L L L Bt Lkl L e L
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PACBE
PAC13
PACBS
PACES
PACBS5
PACB3
PAC14
PACB2
PAC1@
PACB4
PAC11
PAC12
PAD1

PACE1
PACB7

ACTTCGGCCGCCCGGAGGCCTGCTCGACACTCG--
ACTTCGGCCGCCCGGAGGCCTGCTCGACACTCG--
ACTTCGGCCGCCCGGAGGCCTGCTCGACACTCG--
ACTTCGGCCGCCCGGAGGCCTGCTCGACACTCG--
ACTTCGGCCGCCCGGAGGCCTGCTCGACACTCG--
ACTTCGGCCGCCCGGAGGCCTGCTCGACACTCGAA
ACTTCGGCCGCCCGGAGGCCTGCTCGACACTC-=--
ACTTCGGCCGCCCGGAGGCCTGCTCGAACAGGG- -
ACTTCGGCCGCCCGGAGGCCTGCTCGCCCGGGG- -
ACTTCGGCCGCCCGGAGGCCTGCTCGACCCGAG- -
ACTTCGGCCGCCCGGAGGCCTGCTCGACATCAA- -
ACTTCGGCCGCCCGGAGGCCTGCTCGACATCAA--
ACTTCGGCCGCCCGGAGGCCTGCTCGACA-TCGA-
ACTTCGGCCGCCCGGAGGCCTGCTCGACACTCGAA
ACTTCGGCCGCCCGGAGGCCTGCACGACACTCG--

Ak EFFEAREEREAE R ERE T EREE XX

Al 4 wa multiple alignment Y8381 nfxB 21n clinical isolated P. aeruginosa (PACO1-

NTDULAUNY (=)

PAC13) wW3sulileuiiuiie P. aeruginosa aneniugunsgiu (PAOL) lnauand start

codon way stop codon lunseulduuse (==) uazlauans mutation point Tu

15



ATG ACC CTG ATT

M T

L I
10

CGC CCG CGR GCG

R P

R B
70

CAC CGC TTC TGC

H R

F C
130

G1a| cTe nac cag

v L

N Q
190

CAG CGC CTG ATC

Qo R

L I
250

TAC CGC CCG GAC

Y R

P D
310

GCG CTG GAC GCC

B L

D A
370

Gde| Gce eTe TTC

B A

CGC GC-E' CGG GCG
G R

v F
430

490

Gdc| Tcc aaT cce

N P
550

TCC

ACG

GGC

ATC

AMG

TTC

TTC

ACC

GCC
A

CAT

CTG

ACG

ATC

GAR

CTC

TTC

GARM

AGC
S

Gdr| cGC

Y

R

GAC GAG
D E
20

ARG GAR
K E
a0

CGG GAC
R D
140

CAG GCC
Q A
200

CAC CIC
H L
260

GAC CCG
D P
320

CTG CGC
L 24
380

CTG TIC
L F
440

TCC AAT
5 N
500

TCC TGA
5 *
560

CGA CIC ATC
R L I
30
CTG GCC GAG
L A E
90
AAC CIG GTIG
N L v
150
TGC GAC CTG
c D L
210
ACC CAC CGC
T H R
270
CAC GGC GAA
H G E
330
GGA CAG CAG
G Q0 Q
390
ATC ACC CTG
I T L
450
TCC GCG CAT
5 A H
510
< 564

ALG

GCG

CAG

GAG

GAG

GGC

GTC

ACC

GCC

ATG

CAT

CIG

GCA

GGC

TAC

CIG

CTIG

40

GGC

100

CTIC

160

GCC

220

CIG

280

CGC

340

GTIG

400

GGC

460

GAG

520

GCA

GTA

GAG

GAG

GTA

TGG

TTT

ATG

CAG
Q

GTC

AGC

GAC

CCT

TTC

CAG

CGC

GTC

ATG
M

GCT ATC
Y I
50

RAG GCC
K A

CAC GGA
H G
170

CTG GAG
L E
230

CIG GTA
L v
290

TCC TAC
3 ¥
350

ATC GAC
I D
410

GAT GCG
D A
470

TTC CIC
F L
530

GTC

ACC

GAG

GCG

TIC

CTG

ATC

GRR

GAC

CTG

ACC

TTG

CAG

GRRA

ACG

C:ﬁ

cit| cae

H

60

120

180

240

300

3160

420

480

540

2N 5 §rRULUAURIEU nfxB niou protein sequence 1ABLERI97N start codon &9 stop codon

WATWERAY mutation point Tunseuld@Uv
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3.4 ANSATIRERUIUTUA P UEATDIEUN metallo beta-lactamase ¥HA b

L, =% Ao o A v a o o & | ° °
gU imipenemase YIUANULEVIARNEAAINUEU IMP-14 kaza1nadu allele Iﬂﬁugﬂmmm

PCR Tnald DNA polymerase M proof reading wazdaly sequence wiodududrsuiuaseatios

3 @54

MNUULNDLALAB P ULUAASUTIDBNWUY Primer  F98AuI I nIEsady allele  Tnuds

ATBUARNAILA start codon £4 stop codon #9M1519%1 9 wagyinsUSumannelvnzauves

PCR condition #3m151971 10 Tae PCR 50 L e 14 DNA template Uszanas 100 ng, 0.4 uM of

each primer, 0.4 mM of dNTPs, 1.5 units of KAPA HiFi DNA polymerase, 1X buffer (10 mM

Tris-HCL, 50 mM KCL, 1.5 mM MgCl,) USINTURLU L DUSUUSHIMT wazNan1sMAana PCR 989

81 blaMP-novel Sauanslunnd 6

An5197 9 Twswesinaldlud@nwidu blaiMP-novel

Product
Primer Nucleotide sequence (5'-3')

size (bp)
IMP-NF ATG AAA AAATTATIT GTT TTA TGT 741 bp
IMP-NR TTA GTC GCT TGG CTG TGA

M1519% 10 PCR condition Muungaudmsunisanengu blalMP-novel

Denaturation 95 °C 3 min
30 rounds | Denaturation 95 °C 30 sec
of Annealing 52 °C 30 sec
Extension 72 °C 30 sec
Final extension 72 °C 3 min

17



1000
800

Lane M: HyperLadderTM 1 kb

Lane 1: P. aeruginosa clinical isolates carried Novel-IMP type

AN 6 Wauas gel electrophoresis U981 IMP wilalusl NA3LULTY 1.2% agarose lag) PCR

product #1f8an15Ae 741 bp (MugnATLanIlUAIN)

Wals PCR product wartlulaauidiiunaiaiin pGem®-T Easy wagyinn13ds sequence

Wetudunadnasy lnena sequence NlagninuuTeuiisuiu IMP allas1ee MAeliseunoy

YU (AINA 7) wagnudn IMP staludin siUaguaisusudlusknuanasnalnsinuelusnu

Waguludenmd 8 datiu IMP wiialnaiFagnaatnlui NCBI ave allele Tuaivodgu imipenemase

(nAEwan) 39lg allele lvalie IMP-65

blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

ATGARARAAATTATTTGTTTTATGTGTATTCTTCTTCTGCAACATTGCAGTTGCAGAAGAA
ATGAAAAAATTATTTGTTTTATGTGTATTCTTCTTCTGCAACATTGCAGTTGCAGAAGAA
ATGAAAAAATTATTTGTTTTATGTGTATTCTTCTTCTGCAACATTGCAGTTGCAGAAGAA
ATGARARAAATTATTTGTTTTATGTGTATTCTTCTTCTGCAACATTGCAGTTGCAGAAGAA

ATGAAAAAATTATTTGTTTTATGTGTATTCTTCTTCTGCAACATTGCAGTTGCAGAAGAA
Hh kA Ak Kk Ak Ak kA A AR Ak kA kA A A Ak Ak kAR R A Ak Kk kA A KRRk kA A kA A KKKk Kk kk kK Kk

TCTTTGCCTGATTTAAAAATTGAGAAGCTTGAAGAAGGCGTTTATGTTCATACTTCGTTT
TCTTTGCCTGATTTAAAAATTGAGAAGCTTGAAGAAGGCGTTTATGTTCATACTTCGTTT
TCTTTGCCTGATTTAAAAATTGAGAAGCTTGAAGAAGGCGTTTATGTTCATACTTCGTTT
TCTTTGCCTGATTTAAARAATTGAGAAGCTTGAAGAAGGCGTTTATGTTCATACTTCGTTT
TCTTTGCCTGATTTAAAAATTGAGAAGCTTGAAGAAGGCGTTTATGTTCATACTTCGTTT

EE S S S S S S E RS SRR RS SR E R SRR RS SRS SRR RS EREEEEEEEREEEEEEEEEEES]

GAAGAAGTTAAAGGTTGGAGTGTGGTCACTARACACGGTTTGGTGGTTCTTGTGAARAAAT
GAAGAAGTTAAAGGTTGGAGTGTGGTCACTAAACACGGTTTGGTGGTTCTTGTGAAAAAT
GAAGAAGTTAAAGGTTGGAGTGTGGTCACTARACACGGTTTGGTGGTTCTTGTGAAAAAT
GAAGAAGTTAAAGGTTGGAGTGTGGTCACTARACACGGTTTGGTGGTTCTTGTGAARAAAT
GAAGAAGTTAAAGGTTGGAGTGTGGTCACTAAACACGGTTTGGTGGTTCTTGTGAAAAAT

EE S S S S S S E RS SRR RS SR E R SRR RS SRS SRR RS EREEEEEEEREEEEEEEEEEES]

18



blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

blaIMP-NEW
blaIMp-14
blaIMP-14a
blaIMP-32
blaIMP-48

blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

blaIMP-NEW
blaIMP-14
blaIMP-14a
blaIMP-32
blaIMP-48

GACGCCTATCTGATTGATACTCC
GACGCCTATCTGATTGATACTCC
GACGCCTATCTGATTGATACTCC

TACTGCTAAAGATACTGAAAAATTAGTCAATTGG
TACTGCTAAAGATACTGAAAAATTAGTCAATTGG
TACTGCTAAAGATACTGAAAAATTAGTCAATTGG
GACGCCTATCTGATTGATACTCC TACTGCTAAAGATACTGAAAAATTAGTCAATTGG
GACGCCTATCTGATTGATACTCC TACTGCTAAAGATACTGAAAAATTAGTCAATTGG

R S S SR SRR E R R RS SR RS SR NS EEEESEELEEEEE LSRR EEEEEREEEEEEEE S

TTTGTTGAGCGGGGCTATRAAATCRAAGGCAGTRTTTCIRCACATTTCCRTGGTGRCAGT
TTTGTTGAGCGGGGCTATAAAATCAARAGGCAGTATTTCAACACATTTCCATGGTGACAGT
TTTGTTGAGCGGGGCTATAAAATCAARAGGCAGTATTTCRACACATTTCCATGGTGACAGT
TTTGTTGAGCGGGGCTATAAAATCAARAGGCAGTATTTCRACACATTTCCATGGTGACAGT
TTTGTTGAGCGGGGCTATAAAATCAAAGGCAGTATTTCRACACATTTCCATGGTGACAGT

khkhkkhhkhhkhkdrthhkdrdrrbhhrddr b hhrddr b dd bbb dhbdd Fhdhkddrhbhhkddh b hkdddhhhhx

GCGGCTGGAATAGAGTGGCTTAATTCTCAATCTATCCCCACATATGCTTCTGAATTAACA
ACGGCTGGAATAGAGTGGCTTAATTCTCAATCTATCCCCACATATGCTTCTGAATTAACA
ACGGCTGGAATAGAGTGGCTTAATTCTCAATCTATCCCCACATATGCTTCTGAATTAACA
ACGGCTGGAATAGAGTGGCTTAATTCTCAATCTATCCCCACATATGCTTCTGAATTAACA
ACGGCTGGAATAGAGTGGCTTAATTCTCAATCTATCCCCACATATGCTTCTGAATTAACA

khhkkkhkhdkhkhhhdhhhhddhbhbhdrdrbhbhbrdrhbhbkrdrhbhddrrhbhrddrrb bbb drdr b dddhdhd

ARTGAACTTCTTAAARRAGACAATAAGGTACAAGCTAAACACTCTTTTAATGGGGTTAGT
ARTGAACTTCTTAAARRAGACAATAAGGTACAAGCTAAACACTCTTTTAATGGGGTTAGT
AATGAACTTCTTAAAAAAGACAATAAGGTACAAGCTAAACACTCTTTTAATGGGGTTAGT
AATGRACTTCTTﬁRAAARGRCAATAAGGTACARGCTA&RCACTCTTTTIATGGGGTTHGT
AARTGAACTTCTTAAARRAAGACAATAAGGTACAAGCTAAACACTCTTTTAATGGGGTTAGT

EE S S R S S AR L SR LR RS R EE SRR S SRR SRS EREEEEEEEEE T IEEEEEEEEEES

TATTCACTAAT CAARATTGAAGTTTTTTATCCAGGCCCAGGGCACACTCAAGAT
TATTCACTAAT CAARATTGAAGTTTTTTATCCAGGCCCAGGGCACACTCAAGAT
TATTCACTAAT CAAAATTGAAGTTTTTTATCCAGGCCCAGGGCACACTCAAGAT

TATTCACTAATAAAAAACAARATTGAAGTTTTTTATCCAGGCCCAGGGCACACTCAAGAT
TATTCACTAATIAAAAACAAAATTGAAGTTTTTTATCCAGGCCCAGGGCACACTCAAGAT

EE S S R R S E R L LIS SR E SRR S SRS SRS EEEEEEEEEEEEEEEREEEEEREEES

ARCGTAGTGGTTTGGTTACCTGAAAAGAARATTTTATTCGGTGGTTGCTTTGTTAAACCG
AACGTAGTGGTTTGGTTACCTGAAAAGAARATTTTATTCGGTGGTTGCTTTGTTAAACCG
AACGTAGTGGTTTGGTTACCTGAAAAGAAAATTTTATTCGGTGGTTGCTTTGTTAAACCG
ARCGTAGTGGTTTGGTTACCTGAAAAGAARATTTTATTCGGTGGTTGCTTTGTTARAACCG
ARCGTAGTGGTTTGGTTACCTGAAAAGAARATTTTATTCGGTGGTTGCTTTGTTAAACCG

EE S S R S S S AR SR LR RS R E SRR S SRR SRS E R EEE SRR EEEEREEEEEREEES

GACGGTCTTGGCTATTTGGGGGACGCARATTTAGAAGCTTGGCCAAAGTCCGCTARAAATA
GACGGTCTTGGCTATTTGGGGGACGCAAATTTAGAAGCTTGGCCAAAGTCCGCTARAATA
GACGGTCTTGGCTATTTGGGGGACGCAAATTTAGARAGCTTGGCCARAAGTCCGCTARRAATA
GACGGTCTTGGCTATTTGGGGGACGCARATTTAGAAGCTTGGCCAAAGTCCGCTARAATA
GACGGTCTTGGCTATTTGGGGGACGCARATTTAGAAGCTTGGCCAAAGTCCGCTAARATA

Ahkhkhh bk hrdhhhkddkrdhhkddbrbhd b dd b b d b dhdd bt hd bbb d b b d b d b drddbhbhbhd

TTAATGTCTAAATATGGTAAAGCAAAACTAGTTGTGTCGAGTCATAGTGATATTGGAGAT
TTAATGTCTAAATATGGTAAAGCAAAACTAGTTGTGTCGAGTCATAGTGATATTGGAGAT
TTAATGTCTAAATATGGTAAAGCAAAACTAGTTGTGTCGAGTCATAGTGATATTGGAGAT
TTAATGTCTAAATATGGTAAAGCAARACTAGTTGTGTCGAGTCATAGTGATATTGGAGAT
TTAATGTCTAAATATGGTAAAGCAARACTAGTTGTGTCGAGTCATAGTGATATTGGAGAT

RS S S S S SRS S R AR SRS R RS RS SRR LSS SRS SRR R EEEEEEEEEEESES]

GTATCACTCTTGAAACGTACATGGGAGCAGGCTGTTAAAGGGCTGAATGAAAGTAAAARNRA
GTATCACTCTTGAAACGTACATGGGAGCAGGCTGTTAAAGGGCTGAATGAAAGTAAAAAR
GTATCACTCTTGAAACGTACATGGGAGCAGGCTGTTAAAGGGCTGAATGAAAGTAAAAARA
GTATCACTCTTGAAACGTACATGGGAGCAGGCTGTTAAAGGGCTGAATGAAAGTAAAARNRA
GTATCACTCTTGAAACGTACATGGGAGCAGGCTGTTAAAGGGCTGAATGAAAGTAAAARNRA

khkhkkkhk kb hrdd b dd bbbk hhddrdbdbddd bbb bbb bbb kbbb ddd bbb bbb hhhd
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blaIMP-NEW TCATCACAGCCAAGCGACTAA

blaIMP-14 TCATCACAGCCAAGCGACTAA
blaIMP-14a TCATCACAGCCAAGCGACTAA
blaIMP-32 TCATCACAGCCAAGCGACTAA
blaIMP-48 TCATCACAGCCAAGCGACTARA

EE S S SR SRS R R EEEEEEEES]

ANA 7 aeuuared IMP  wfialurillSeurisunu IMP Aflaisusualnaceenulawn IMP-14,

IMP-14
IMP-14a
IMP-65
IMP-32
IMP-48

IMP-14
IMP-14a
IMP-65
IMP-32
IMP-48

IMP-14
IMP-14a
IMP-65
IMP-32
IMP-48

IMP-14a, IMP-32 uay IMP-48 lagansuluaiiuans1evadumas dulandlnalugdnuwansaiy

MKKLFVLCVFFFCNIAVAEESLPDLKIEKLEEGVYVHT SFEEVKGWSVVTRKHGLVVLVKNDAY LIDT PRTAKDTEKLVNWFVERGYKIKGSISTHFHGDS
MEKLFVLCVFFFCNIAVAEESLPDLKIEKLEEGVYVHT SFEEVKGWSVVTKHGLVVLVKNDAY LIDT PRTAKDTEKLVNWFVERGYKIKGSISTHFHGDS
MKKLFVLCVFFFCNIAVAEESLPDLKIEKLEEGVYVHT SFEEVKGWSVVTRKHGLVVLVKNDAY LIDT PRTAKDTEKLVNWFVERGYKIKGSISTHFHGDS
MEKLFVLCVFFFCNIAVAEESLPDLKIEKLEEGVYVHT SFEEVKGWSVVTKHGLVVLVKNDAY LIDT PTAKDTEKLVNWFVERGYKIKGSISTHFHGDS
MEKKLFVLCVFFFCNIAVAEESLPDLKIEKLEEGVYVHT SFEEVKGWSVVTKHGLVVLVKNDAY LIDT PETAKDTEKLVNWFVERGYKIKGSISTHFHGDS

B I e R

TAGIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFNGVSYSLIKNKIEVFYPGPGHTQDNVVVWLPEKKILFGGCFVKPDGLGY LGDANLEAWPKSAKT
TAGIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFNGVSYSLIKNKIEVFY PGPGHTQDNVVVWLPEKKILFGGCFVKPDGLGYLGDANLEAWPKSAKT
IAGIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFNGVSYSLIKNKIEVFYEGPGHTQDNVVVWLPEKKILFGGCFVKPDGLGYLGDANLEAWPKSAKI
TAGIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFIGVSYSLIKNKIEVFYFGPGHTQDNVVVWLPEKKILFGGCFVKPDGLGYLGDANLEAWPKSAKI
TAGIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFNGVSYSLIKNKIEVFYPGPGHTQDNVVVWLPEKKILFGGCFVKPDGLGYLGDANLEAWPKSAKT

B R O R i R e

LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
LMSKYGKAKLVVSSHSDIGDVSLLEKRTWEQAVKGLNESKKSSQPSD
LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
LMSKYGKAKLVVSSHSDIGDVSLLEKRTWEQAVKGLNESKKSSQPSD

B

Ai 8 dsulusAufiuvasenuveady IMP sialudifieusiu IMP-14, IMP-1da, IMP-32 uay IMP-

48 TeLanIaIAUlUSAUNLANANS LEATNLANANEY
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35 mswSeuiieununeIteswesdiy imipenemase wilalvaliudulunguisgaiu
A1AULUAYRIBY imipenemase wllalmiuavdulungs imipenemase MALITIEIIUUILE
neunmihillagnihuseuiisuanuneadesiuuazasiseanuniu phylogenetic tree lngldis

Neighbor-Joining laglt MEGA program version 7.0.26 lagnan13a@319 phylogenetic tree 04
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3.4 NSANYININIIATEANBMTDUTEMETS Multilocus sequence typing

e P,

aeruginosa NN8U MBLs  wazlaie P.

aeruginosa Due imipenem

hypersusceptible gnidenuilusumuiiounludine sequence typing tiagnisszuiauasiiunis

~ o & . = -:4' . ° ° =
WinuAuLe P. aeruginosa Tun1s@nendue 1aen1sn sequence typing vilaen1svin PCR 8u 7

= (10) 9 . | ) o A A °
gu  leglunisveaedldeeniuy primer Wy 2 ddmsugu mutl wag nuoD (15199 11) wagih

nsUumaneimungan lag PCR product #ilavesia 7 uluieusiasdgnaslumeanduiua

lnenan1391 sequence lagniluiSeuiisuiugiudeya MLST anduiieudasfidsusenaue

Yagu 7 Bu avgnuUasenundu ST Fevenislaauvetusiaside (15199 12)

A5197 11 Tutlanalelnavues primer Fllunnsfinen multilocus sequence typing

Primer | Nucleotide sequence (5'-3") product Ref
size (bp)

acsA-F | ACC TGG TGT ACG CCT CGC TGA C (10)
acsA-R | GAC ATA GAT GCC CTG CCC CTT GAT 52
aroE-F | TGG GGC TAT GAC TGG AAA CC (10)
arokE-R | TAA CCC GGT TTT GTG ATT CCT ACA 103
guaA-F | CGG CCT CGA CGT GTG GAT GA (10)
guaA-R | GAA CGC CTG GCT GGT CTT GTG GTA 70
mutL-F | AGG TTC GCG ACC TGT TCT T In this
mutL-R | GGA CTC TCC AGC ACG CTC T 688 study
nuoD-F | CAC CGA GTT CGA TCC CTA CT In this
nuoD-R | GGC ATC CAG TCG AGG AAC T 633 study
ppsA-F | GGT CGC TCG GTC AAG GTA GTG G (10)
ppsA-R | GGG TTC TCT TCT TCC GGC TCG TAG 7
trpE-F | GCG GCC CAG GGT CGT GAG (10)
trpE-R | CCC GGC GCT TGT TGATGG TT o
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X - & , 4 da . . X o
A9 12 Nan19ANY MLST 19918 P. aeruginosa Youreniinulsioy) imipenem LLagLyan

nsranueulesl metallo beta-lactamase

Strains MBLs ST | acsA | aroE | guaA | mutL | nuoD | ppsA | trpE
Standard strain
PAO1 549 7 5 12 3 a4 1 7
Imipenem hypersusceptible P. aeruginosa
MPPA-051 235 38 11 3 13 1 2 4
MPPA-136 235 38 11 3 13 1 2 a4
MPPA-241 235 38 11 3 13 1 2 a4
MPPA-328 235 38 11 3 13 1 2 a4
MPPA-342 235 38 11 3 13 1 2 4
MPPA-222 273 104 a4 36 71 a4 a4 53
MPPA-002 1816 40 5 11 3 a4 40 2
Metallo beta lactamases producing P. aeruginosa
MPPA-092 VIM-2 235 38 11 3 13 1 2 4
MPPA-198 VIM-2 235 38 11 3 13 1 2 a4
MPPA-213 VIM-2 235 38 11 3 13 1 2 a4
MPPA-217 VIM-2 235 38 11 3 13 1 2 a4
MPPA-286 IMP-14a 235 38 11 3 13 1 2 4
MPPA-409 VIM-2 235 38 11 3 13 1 2 a4
MPPA-066 IMP-1 964 145 5 26 3 a4 a4 26
MPPA-068 IMP-1 964 145 5 26 3 4 a4 26
MPPA-103 IMP-1 964 145 5 26 3 4 4 26
MPPA-138 IMP-65 111 17 5 5 a4 a4 a4 3
MPPA-155 IMP-65 111 17 5 5 a4 a4 a4 3
MPPA-179 IMP-14a 292 109 10 73 3 a4 4 3
MPPA-263 IMP-13 621 15 5 20 5 1 4 25
MPPA-135 VIM-2 1584 38 5 3 13 1 2 a4
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uni 4

d5UuazaiusngnanIsnaaes

1%
=

gINGUAISUINILY (carbapenems) HRmaudalunisdududalaninmaionguunsuuln

I~ wal ¢

wnsuay wawideldldennis wenandudleingu carbapenems failgaantflunisnusaieuleli

q

be

anunsngesaaneeIngy beta-lactams laeniiueulzsingu carbapenemase FanigAuauURIAaTl
iiengu carbapenems Wuenifianudidgyuazdnldlunissnvinsindenisunssdasuluiage
. . o (11) & . ¥
Pseudomonas aeruginosa Waie Acinetobacter spp. 02Y lneLe P. aeruginosa Huwe
wuaflsunsuaudAguazdinnelsafineatelanitalulsaneruialasaniglugUieniiniieg
piifuiud Tunisiadenyuusadunisanielunseuaiden dnldeindy carbapenems lunns
U (12) 1 dy . a d‘ d’lj ! ¥ £ % d’lj
Shen T wAlde P. aeruginosa finalnfignunsanensunlanatunalniazdianuisasunalnnishesn
Tngde) wiaiulanun1en1ssu plasmid id8uneswatiuee ae19lsAmuTsgudnTeiiaula
1 aada aa 1Y 1 1 = 1 1 (6)
sogndlfiuuendtinegtng widilinsuisnalnnisuansesnagrauudn
lasan1sideiladnwigaiunalnsgdu molecular @eanguaeiu Inglunguusndnu
= v a = [ | 1 | (7) |
Weaiudu nfxB alin13s1e91udtdmaion1skansaanves efflux pump nay mexCD-opr/ el
= 1 dy = a ! . . a a 1 1
NMsAnyIMUINTeTaiiaulisiasn imipenem wun1swWasuLUaaEU N8B NateaLsaEals
< a o W a f:’f{ a o o A [ 1 Ly 4
AnunisildsuilasdifuiuainTuiuaa1fui 3 ¥esyn codon wazlidinadonisnaieniugues
a1sulushu (silent mutation) Faweasuladngu niB veaenduilliiinisiasuwasaaulussiu
WeeuiuweauInsgIu P. aeruginosa PAO1
Tunalnnquiigesléviinisfnwnalnifesiuieulesl metallo beta-lactamase Faidureuleil
niinaanifvinaneengu carbapenemase Jswunnluide P. aeruginosa wing1alsinuieuledug
azyiinved metallo beta-lactamase WuazdAUkANA19vIAMENTRIUN1SYINaN88INEY beta-
lactams Ausnsineiu Tnedsieauiteulsdiuivialungy metallo beta-lactamase fiauaunse
o . { | v B8) oo & o ¥ a d'
lunsviateen imipenem wagen meropenem Auanaaiy — aetudnudosvinvesouleaiv
wuluwonguil lasnisnieulwiingy metallo betalactmase  Wuldvinnis@nwlue P,
aeruginosa nersymatssin slwazlalisesl imipenem lasnanisnaasslinsianutouled
metallo beta-lactamase luanguilanaen imipenem usiluidio P. aeruginosa Miredeumany
yianutauleyd metallo beta-lactamase wa1ewdalawn IMP-1 IMP-13 IMP-14a way VIM-2
dy 4 U 6 a |.:g! a o % Y a U 1 o 1 o Y
yannduarganusaulodvialnddeiainuualna@esiu IMP-14a  LASAILWAUIUBIA1AULIERN
IMP-14 31u7U 2 fwnus F9ludiauluaswiyan 301 Ain1ssasuwlasann Adenine (A) 1Hu
Guanine (G) @sualylusaulusunuad 101 Wasuwlasann Threonine (T) wWu Alanine (A) #9370

nsiasuwlasivilianunsaddwunsnesiludinanluve Allele wlialvsvesdulungy IMP 16
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geldsunisseyiavvesdrduduluiilu IMP-65  uenindudiBuiilndidosndy IMP-14 &
Usgnaudie IMP-32 way IMP-48 daidufiundanmirBungudsndnn (IMP14 and variants) tumy
amzdornluvszmelne 0 Wevdduivaveseulesingudnarlumeanuduiusfuieulu
imipenemase winduiivefisnesuuineunuitdwuaveaeules imipenemase ﬂa;;u‘f‘j 1A
uansafuteulesl IMP-1 Aeudenn Tnefiarmuandnauszanas 15% daoulasd IMP-1 (uteulesid
fnsnunsssasulunidiedelasansssmadiu © wenandudlugiedafidiandnu
wuinoulesl metallo beta-lactamase Ausnniigade VIM-2 A1asdieg IMP-1 wag IMP-14 and
variants ludiuauiiviniy Jaduiiurdunaiteules imipenemase nga IMP-14 and variants
oz dueulsi@amuiduanylulssimelne
devdernisaesnguanfnwignisnszaesalasiisudiouludenaengulagliis

multilocus sequence typing (MLST) @slulszinalnediiinnsfinwifeadu ST veuie P
(17, 18)

Va

Falun1sAnwd cnaeleiy

Y

aeruginosa iedbifaneiuslagnuiiies ST235 wag ST260

1%

Y 1 =2 [ & A& 1 a = J A X & J
fegrslunisAneinasiluldennenssvatesin lnanan1sAnwIwuin ST “VILWUELUW@VNaﬁNﬂQN
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##Assembly-Data-END##

FEATURES

source

gene

CDs
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Location/Qualifiers

1..741
forganism="Pseudomonas aeruginosa"
/mol_type="genomic DNA"
[strain="MPPA-138"
/db_xref="taxon:287"

1..741
/gene="blalIMP"
/allele="blaIMP-65"
/note="IMP-85"

1..741
/gene="blaIMP"
/allele="blaIMP-65"
/note="IMP-65"
/codon_start=1
ftrans|_table=11
/product="subclass B1 metallo-beta-lactamase IMP-65"
/protein_id="APM84539"
/translation="MKKLFVLCVFFFCNIAVAEESLPDLKIEKLEEGVYVHTSFEEVK
GWSVVTKHGLVVLVKNDAY LIDTPITAKDTEKLVNWFVERGYKIKGSISTHFHGDSAA
GIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFNGVSY SLIKNKIEVFYPGPGHTQD
NVVWWLPEKKILFGGCFVKPDGLGY LGDANLEAWPKSAKILMSKY GKAKLVYSSHSDI
GDVSLLKRTWEQAVKGLNESKKSSQPSD"

1 atgaaaaaat tatttgtttt atgtgtatic tictictgca acattgcagt tgcagaagaa

61 tetttgecty atttaaaaat tgagaagcett gaagaaggeq tttatgttca tacttegttt
121 gaagaagtta aaggttggag tgtggtcact aaacacggtt tggtggttct tgtgaaaaat
181 gacgcctatc tgattgatac tccaattact gctaaagata ctgaaaaatt agtcaattgg
241 tttgttgagce ggggcetataa aatcaaagge agtatttcca cacatttcca tggtgacagt
301 geggetggaa tagagtggcet taattctcaa tetatceccea catatgette tgaattaaca
361 aatgaacttc ttaaaaaaga caataaggta caagctaaac actcttttaa tggggttagt
421 tattcactaa ttaaaaacaa aattgaagtt ttttatccag gecccagggea cactcaagat
481 aacgtagtgg tttggttacc tgaaaagaaa attttattcg gtggttgett tgttaaaccg
541 gacggtcttg gcetatttggg ggacgcaaat ttagaagctt ggccaaagtc cgctaaaata
601 ttaatgtcta aatatggtaa agcaaaacta gttgtgtcga gtcatagtga tattggagat
661 gtatcactct tgaaacgtac atgggagcag getgttaaag ggctgaatga aagtaaaaaa
721 tcatcacagc caagcgacta a

I
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Abstract

Pseudomonas aeruginosa is a well-known microorganism which has been concerned as one of
the most emerging threats in this century. Serious infections caused by this pathogen are often
treated by carbapenems which were considered as one of the last resort antibiotics. Metallo-beta-
lactamase (MBL) production is one of the most important carbepenems resistance mechansims
and usually related with nosocomial infections caused by P. aeruginosa. This study was aimed to
determine MBL genes and dissemination pattern of MBL producing P. aeruginosa strains.
Specific primers were designed to detect MBL genes which include IMP-, VIM-, and NDM-
MBL genes. IMP-1, IMP-13, IMP-14a and VIM-2 were detected in this study. Moreover, novel
IMP-type MBLs was discovered and emphasized unique group of MBLs. Multilocus sequence
typing method was used to determine dissemination pattern of CR-MDR P. aeruginosa. ST235
was detected in both MBL harboring and non-haboring strains. ST235 was found as a major ST
type in Thailand followed by ST964 and ST111. There were also many STs which never been
reported in Thailand including ST273, ST292, ST621, ST1584 and ST1816. This study was also
help emphasized the dissemination trait difference of MBL-harbored P. aeruginosa in Asia.
Keywords

Pseudomonas aeruginosa, Metallo beta-lactamase, Multilocus sequence typing, IMP-65
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Introduction

Beta-lactams is a very large drug group which about half of antibiotics use nowadays.
Mechanism of beta-lactams agents is bactericidal which inhibit synthesis process of
peptidoglycan of bacteria cell wall. However, bacteria can mutate and escape from beta-lactams
by many mechanisms. One of the most prevalence resistance mechanisms against beta-lactams in
Gram-negative bacteria is production of enzymes which can destroy these agents. These
enzymes are known as beta-lactamases and can be categorized into many subgroups such as
penicillinases, cephalosporinases and extended spectrum beta-lactamases (ESBLs) (1).
Fortunately, most of beta-lactamases cannot hydrolyze carbapenems which made them
concerned as the last resort of treatment.

However, since 1980s, enzyme that could destroy carbapenems was discovered and
concerned as a threat (2). This enzyme was called imipenemase and catergorized as metallo-beta-
lactamase (MBL). MBLs are belong to class B beta lactamase which can hydrolyze all beta-
lactams except monobactams (1). MBLs cannot inhibit by any commercially beta lactamase
inhibitors but metal chelating agents such as EDTA could inhibit the activity of class B enzyme
(D).

Increasing of antibiotic resistance situations has raised an awareness around the world.
ESKAPE is a group of bacteria which has been recognized as threats of this century (3).
Pseudomonas aeruginosa is also belonged in this group because its resistance mechanisms such
as efflux pumps, loss of porins and production of beta-lactamase enzymes (4). MBLs was also
one of resistance mechanisms that frequent found in P. aeruginosa especially in severe infection.

Eventhough, MBLs producing P. aeruginosa had been isolated in Thailand. Only few

studies has been performed multilocus sequence typing (MLST) of MBL-producing P.
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aeruginosa in Asia. Only 1 study have been identified P. aeruginosa isolates of sequence type
(ST) 235 harbouring VIM-2 in Thailand. The objective of this study was to investigate the
dissemination traits of P. aeruginosa harboring MBLs including novel type of MBLs, IMP-65,

collected from hospitals across Thailand.

Results
Detection of integronl and metallo beta-lactamase genes

All CR-MDR P. aeruginosa were detected for phenotypic screened by paper diffusion
method and detected for intl gene by PCR method. One hundred and thirty four (88.74%)
clinical isolates of P. aeruginosa were positive for intl gene. One hundred and four clinical
isolates (67.97%) of CR-MDR P. aeruginosa were positive by CDT and/or DDST. These strains
were submitted for metallo beta-lactamase genes detection by PCR method. Total of 31
(20.26%) clinical isolates of P. aeruginosa were detected metallo-beta-lactamase gene by PCR
method which can be divided into VIM-type primer for 14 strains and IMP-type primer for 17
strains. In VIM-type primers, all 14 strains were detected by VIM-D primer but only 9 strains
were also detected by VIM-E. All VIM-D PCR products were sequenced and identified as VIM-
2. In IMP-type primers, all 17 strains were detected by IMP-C primer. Among those, seven
strains were detected by any IMP-type primers. All IMP-C PCR products were submitted for
sequencing. However, sequencing results could not determine specific type of IMP genes.
Therefore, those strains were amplified with IMP-G, IMP-H and IMP-13 primers to identify
specific type of IMP-MBLs. PCR products were sequenced and found IMP-1, IMP-14 and
IMP13 harboring strains for 8, 6 and 1 strains, respectively. However, two strains were

unidentified. Therefore, IMP-14 primer were designed based on IMP-14 sequence because new
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allele of MBLs present high similarity sequences to blalMP-14. Novel gene was assigned as
IMP-65 by NCBI. Dissemination of MBL genes detected in P. aeruginosa across Thailand was

showed in Figure 1.

Novel IMP-type

Translated protein sequences of IMP14, IMP-14a, IMP-32, IMP-48 and IMP-65 were
compared as showed in Figure 2. These sequences presented high similarity with one or two
amino acids change. Moreover, phylogenetic tree of IMP-type MBLs was created to analyse

evolution of IMP-65 against others IMP-type MBLs as showed in Figure 3.

MLST profile analysis

Eleven clinical isolates of MDR P. aeruginosa in Thailand were identified as ST235
based on MLST results. Among those, six clinical isolates were MBLs-producing P. aeruginosa
which harbored VIM-2 for 5 clinical isolates and only one isolate harbored IMP-14a. All IMP-1
producing isolates were identified as ST964. Moreover, both IMP-65 harbored P. aeruginosa
were characterized as ST111. Others MBLs harboring P. aeruginosa were identified as ST292,
ST621 and ST1584 which was found only one clinical isolate each. Interestingly, most of VIM-2
carrying P. aeruginosa were identified as ST235 but one isolate was identified as ST1584.
Among non-harbored MBL gene CR-MDR clinical isolates, ST235 was also identified as a
dominant type. ST273 and ST1816 were also identified in this non-harbored MBLs group. It
noteworthy that ST235 was found as dominant ST (52.38%) in Thailand followed by ST964
(14.29%) and ST111 (9.52%). ST292, ST273, ST621, ST1584 and ST1816 were found only in

one clinical isolate each.
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Discussion

Detection of metallo beta-lactamases producing microorganisms is quite a challenging.
Several phenotypic methods such as, double disc synergy test and combine disk test have been
proposed by many researches and have been used for preliminary MBL detection (5, 6). These
methods were based on susceptibility of MBL to antibiotics and properties of MBL that required
zinc ions at active site for hydrolysis beta-lactam antibiotics (1). Recently, new method, Carba-
NP test were introduced (7). Carba-NP test is a fast and easy method. However, many rural area
in many countries are still not familiar with the procedure and cost. Hence, the confirmation
method using paper disc diffusion principle is more preferred (8). EUCAST also recommend
many phenotypic method such as, DDST and CDT which also able to identify type of enzyme
for epidemiology control (9, 10).

In our study, clinical isolates were phenotypic screened by paper disc diffusion, DDST
and CDT. Many of clinical isolates were interpreted as positive. Integronl which always related
with many antibiotic resistance mechanisms was also found in most of tested clinical isolates.
These might indicated that those CR-MDR clinical isolates might carried many antibiotic
resistance mechanisms such as, loss of OprD, multiple efflux pumps, or antibiotic inactivating
enzymes and could be affected the phenotypic screening method. However, all positive
phenotypic screened were further identified for specific type of MBLs.

Most prevalence MBLs belong to IMP- and VIM- type in P. aeruginosa. However, one
of the most recent discovered MBLs, the NDM-type was also discovered worldwide (11). In our

studies, we were discovered IMP-1, IMP-13, IMP-14a, VIM-2 and a novel MBLs, IMP-65.
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Previously reported of VIM-type MBLs in Thailand were VIM-2, VIM-5 and VIM-45 (12). In
this study, we found only VIM-2 but these clinical isolates were collected from tertiary hospitals
located in different parts of Thailand. This might indicated that VIM-2 MBLs was a major player
in VIM-type MBLs in Thailand.

Some previous reports showed varies IMP-type in Thailand contained with IMP-1, IMP-
13, IMP-14, IMP-14a IMP-32 and IMP-48 (12-16). In this study, many IMP-type MBLs, IMP-1,
IMP-13, IMP-14a, and IMP-65 were identified. The results also indicated that IMP-1 and IMP-
14a might be dominant types of IMP-MBLs in Thailand. Novel IMP-type MBLs, IMP-65, was
demonstrated an amino acid changed from IMP-14 at the 101% position from alanine to
threonine. There were also some IMP-type, IMP-32 and IMP-48, which presented similar
sequences with IMP-65 and IMP-14. Moreover, IMP-14, IMP-14a, IMP-32, IMP-48 and IMP-
65 were never reported in any clinical isolate from other countries than Thailand. These might
indicated that IMP-14 and variants were localize and also dominant in Thailand.

Acquired MBL genes were always found within class | integrons which usually carried
other additional resistance genes and also known as a gene cassette (17). Integron I is an
important mechanisms that bacteria used in transfer resistance mechanisms. Most of integron I is
always found carried within transposons which help the bacteria to transfer antibiotic resistance
gene from one to another (17). In our study, we also found that most of MDR P. aeruginosa
were carried integron | gene. Moreover, All MBLs harbored P. aeruginosa except one strain
(96.55%) were also carried integron | gene which was similar to many previous studies (18, 19).

The phylogenetic tree represented evolution of IMP type. This tree have 6 groups are
group A, B, C, D, E and F. Group A contained many IMP-types including IMP-13, IMP-14,

IMP-14a, IMP-36, IMP-48. Novel IMP-65 was demonstrated close evolution with group A IMP-
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type. Other dominant IMP-type in Thailand, IMP-1 was located in group B. Pairs of primers in
this study were designed to bind different alleles of IMP-MBLs. The results showed that all IMP-
type MBLs in Thailand were detected by IMP-C primers which were designed to detect all
previously report IMP-type in Thailand but it was unable to distinguished specific alleles of
IMP-type in Thailand. From these results, this set of primer may be used as molecular
confirmation test to detect dominant type of IMP-MBLs for epidemiology control in Thailand.

ST235 was identified as a dominant ST in Thailand. Moreover, we also found that ST964
was also presented as a significant ST type among MBL-harbored P. aeruginosa. However, this
study was emphasized that ST235 was the dominant ST in Thailand when compared the results
with previous studies (20, 21). In Kim et al, they studied dissemination of carbapenemase P.
aeruginosa but only a few clinical isolates from Thailand were included and showed only ST235
(20). Another ST from Thailand is ST260 which was detected in P. aeruginosa harbored IMP-14
(22).

ST235, ST111 and ST175 are high-risk clones which now concerned as majority of P.
aeruginosa clinical isolates (22). However, in Asian countries, we found only a few ST111 (23,
24). In this study, ST111 was identified but ST175 was undiscovered. In our study, ST111 were
also carried novel IMP-type MBLs, IMP-65. These finding was quite interesting since ST111
occasionally found in Asia and IMP-65 or similar IMP-types never reported in other places than
Thailand. Unfortunately, the information about those strains cannot retrieved other than the
location of the collection.

ST273, ST292, ST621, ST964, ST1584, and ST1816 were also never been reported in
Thailand before. ST 964, the second most ST in this study, were reported in Singapore and UK

(25, 26). Those stains of ST964 in Singapore were also carried IMP-1 as found in our study.
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ST292 was another ST which were reported in Asia countries, China and Korea (27, 28).
However, we cannot find any report of ST621, ST1584, and ST1816 in Asia. It was interesting
that we found ST621 which always carrying IMP-13 as same as many countries (29). From these
results, it might indicate the different dissemination trait from European countries which
identified a lot of ST111 and ST175. However, the larger groups of samples may be required to

gain more data.

Conclusion

In conclusion, we were found that VIM-2 and IMP-1 were dominant MBL genes in
Thailand and we also able to identify novel IMP, IMP-65. The novel gene was emphasized on
dominant localize MBLs, IMP-14 and variants. Our study also emphasized on ST235 as a
dominant STs of P. aeruginosa. However, we might able to indicate some different ST pattern

between Asian countries and other continents.
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Material and methods

1. Bacterial culture collection

Carbapenems-resistance P. aeruginosa clinical isolates were collected in 2007-2009 from
patient in five regions of Thailand. A total of 151 P. aeruginosa clinical isolates was
characterized as carbapenems resistance among multidrug resistance (CR-MDR). Multidrug
resistance (MDR) criteria in this study was defined as non-susceptible to at least 3 of 5 drug
groups which used in Pseudomonas infection treatment (30). Carbapenems resistance (CR) was

defined by being non-susceptible to at least one carbapenem.

2. Phenotypic screening for metallo beta-lactamase
Phenotypic screening for metallo-beta-lactamase (MBL) enzyme was performed by paper
diffusion method which divided into 2 major methods which were double-disk synergy test

(DDST) and combine disk test (CD) using EDTA as metallo beta-lactamase inhibitor (5).

3. Detection of integronl gene
All CR-MDR P. aeruginosa were submitted for integronl detection by PCR method. The

specific primers, Int1l-F and Int1-R, of integronl gene were used as previously described (31).

4. Genotypic detection of metallo beta lactamase gene

Metallo beta-lactamase genes were divided into 3 groups for IMP-MBLs and 2 groups for
VIM-MBLs depended on genotypic relationship of metallo-beta-lactamase genes (11). Each set
of primers were designed to detect MBL genes in each groups (Table 1). IMP-1 and VIM-2 were

used as control. Whole-cell lysates obtained from clinical isolates were used as DNA templates

10
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for blajwp and blayy detection by PCR method. All IMP-type PCR products were further
identified for specific types of IMP-gene by PCR with IMP-G, IMP-H and IMP-13. All PCR
products were submitted for sequencing. Nucleotide sequences were compared with sequence

databases using BLAST (http://blast.ncbi.nlm.nih.gov/).

5. Amplification of new allele of IMP-MBL

IMP-N primers were designed for a full gene amplification. IMP-14 was used as template
because new allele of MBLs present high similarity sequences to blaIMP-14. A purified PCR
product was ligated with pGEM®-T Easy vector and submitted for sequencing at AlTbiotech
Sequencing Lab, Singapore. Universal primers, SP6 and T7, were used in sequencing. The new
allele of metallo-beta-lactamase sequence was translate to protein sequence by BioEdit program.
A full sequence of new metallo-meta-lactamase allele was submitted to assign as a novel allele at
NCBI database. DNA Sequences of novel allele were analyzed and compared with similar

sequences which were IMP14, IMP-14a, IMP-32 and IMP-48.

6. Phylogenetic analysis

The nucleotide sequences of IMP type genes including IMP-65 were multiple
alignment based on iterative refinement method. Evolution model of the blaIMP gene was
selected for estimate the relationships among sequence themselves without regardless species of
host. The evolutionary history using the Neighbor-Joining method and the evolutionary distances
using the Kimura 2-parameter method phylogenetic tree analyzed were performed by MEGA

program version 7.0.26.
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7. Multi locus sequence typing for metallo beta-lactamase producing

MBL harboring P. aeruginosa were selected as representatives in each location when
clinical isolates harbored the same MBL gene and demonstrated the same PFGE pattern (32). A
total of 14 clinical isolates P. aeruginosa was chosen and characterized for sequence typing (ST)
by MLST method. Seven of meropenem resistance among MDR P. aeruginosa clinical isolates
were chosen for comparison.

P. aeruginosa clinical isolates were characterized for molecular typing. MLST was
performed as described previously with some modifications (33). Briefly, seven housekeeping
genes (ascA, aroE, guaA, mutL, nuoD, ppsA, and trpE), were amplified and sequenced. The
nucleotide sequences were determined and compared with MLST database to assign the allele of

these genes and STs (http://pubmlst.org/paeruginosa/). Primers for mutL and nuoD genes were

modified in this study as showed in table 1.
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Figure legends

Figure 1
Dissemination of MBL genes detected in P. aeruginosa across Thailand. Type of MBL genes

were followed by number of samples.

Figure 2
Translated protein sequences of IMP14, IMP-14a, IMP-32, IMP-48 and IMP-65. The difference

sequences was indicated in different color.

Figure 3
Evolutionary relationships of IMP-type genes. Phylogenetic tree of IMP type were analyzed by
Neighbor-Joining method. The bootstrap consensus tree inferred from 1000 replicates is taken to

represent the evolutionary history. Novel IMP-65 was indicated by arrow.
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3¢
IMP-14 MKKLFVLCVFFFCNIAVAEESLPDLKIEKLEEGVYVHTSFEEVKGWSVVTKHGLVVLVKNDAY LI DT P AKDTEKLVNWEVERGYKIKGS ISTHFHGDS
IMP-1l4a MKKLFVLCVFFFCNIAVAEESLEDLKIEKLEEGVYVHTSFEEVKGWSVVTKHGLVVLVKNDAY LI DT PRTAKDTEKLVNWEVERGYKIKGS ISTHFHGDS
3¢ 1mp-e5 MKKLFVLCVFFFCNIAVAEESLPDLKIEKLEEGVYVHTSFEEVKGHWSVVTKHGLVVLVKNDAY LI DT PRTAKDTEKLVNWEVERGYKIKGS ISTHFHGDS
IMP-32 MKKLFVLCVEFFFCNIAVAEESLPDLKIEKLEEGVYVHTSFEEVKGWSVVTKHGLVVLVKNDAY LI DT PTAKDTEKLVNWEFVERGYKIKGS ISTHFHGDS
3g M-8 MKKLFVLCVFFFCNIAVAEESLPDLKIEKLEEGVYVHTSFEEVKGWSVVTKHGLVVLVKNDAY LI DT PETAKDTEKLVNWFVERGYKIKGS ISTHFHGDS
A A AT A A A A A A A A A A A A A A A A A A A A AT A A AT A A AT A A A AT A A AT A A AT A A A AT A A A A A A A A A A Ak dd Ah Ak h A h kA A h kA AT XAk dddrdddrdddx
3¢ IMP-14 GIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFNGVSYSLIKNKIEVEYPGPGHTQDNVVVWLPEKKI LFGGCFVKPDGLGY LGDANLEAWPKSAKT
IMP-14a GIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFNGVSYSLIKNKIEVEYPGPGHTQDNVVVWLPEKKI LFGGCFVKPDGLGY LGDANLEAWPKSAKT
IMP-65 GIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFNGVSYSLIKNKIEVEYPGPGHTQDNVVVWLPEKKI LFGGCFVKPDGLGY LGDANLEAWPK SAKT
3¢ 1Mp-32 GIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFEGVSYSLIKNKIEVFYPGPGHTQDNVVVWLPEKKI LFGGCFVKPDGLGY LGDANLEAWPKSAKT
IMP-48 GIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFNGVSYSLIKNKIEVEYPGPGHTQDNVVVWLPEKKI LFGGCFVKPDGLGY LGDANLEAWPKSAKT
3( rkkkAk kA kA XA KA AR A A A A A A A A AT A A A A H A d A d dAdAd A ddddhhkdhd bbb d bbb hbkhrhbdhbhdrrhdhrdrdrddrddrrddrdrddr
IMP-14 LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
3¢ IMP-lda LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
* IMP-65 LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
IMP-32 LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
3¢ 1MP-48 LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
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Table 1

List of primers designed in this study.

Primer Nucleotide sequence (5'-3") Detectable gene Group
IMP-AF GTT AAC GGG TGG GGC GTT G IMP-1, IMP-3, IMP-4, IMP-5, IMP-6, IMP-7, IMP-A
IMP-AR AGC CAC TCT ATT CCG CCC GT IMP-9, IMP-10, IMP-15, IMP-25, IMP-26
IMP-BF TTG AAG AAG TTA ACG GGT GGG G IMP-1, IMP-11, IMP-16, IMP-21, IMP-22 IMP-B
IMP-BR TTT CAA GAG CGA CGC ATCTCC
IMP-CF GGTTTG TGG AGC GCG GCT A IMP-1, IMP-2, IMP-8, IMP-12, IMP-13, IMP- IMP-C
IMP-CR CCT TTA ACA GCC TGT TCC CAT GT | 14, IMP-18, IMP-19, IMP-20, IMP-24
VIM-DF TAG CGG TGA GTATCC GAC AGT VIM-2, VIM-3, VIM-6, VIM-8, VIM-9, VIM- | VIM-D
VIM-DR TGCTTCCGGGTAGTGTTGTTG 10, VIM-11, VIM-14, VIM-15, VIM-16, VIM-

17, VIM-18, VIM-20, VIM-23, VIM-24
VIM-EF CCG GTC GGA GAG GTCCGAC VIM-1, VIM-2, VIM-4, VIM-5, VIM-12, VIM- | VIM-E
VIM-ER CCA GAT CGG CAT CGG CCA CG 19, VIM-25
IMP-GF GCT ACCGCAGCAGAGTCTTT IMP-1, IMP-10, IMP-30, IMP-52 IMP-G
IMP-GR CAG GCA ACC AAACCACTACG
IMP-HF GGT TGG AGT GTG GTC ACT AAAC IMP-14,IMP-14a, IMP-32, IMP-48, IMP-65 IMP-H
IMP-HR CCA AAT AGC CAA GAC CGT CC
IMP-13F AAC ACGGTTTAGTGGTGCTTGT IMP-13
IMP-13R TTAGTT ACT TGGTGATGATGT TT
IMP-NF ATG AAAAAATTATTTGTT TTATGT | IMP-14, IMP-14a, IMP-32, IMP-48, IMP-65
IMP-NR TTAGTC GCT TGG CTG TGA
mutL-F AGG TTCGCGACCTGTTCT T mutL
mutL-R GGACTCTCCAGCACGCTCT
nuoD-F CACCGAGTTCGATCCCTACT nuoD
nuoD-R GGC ATCCAGTCG AGG AACT
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Table 2 Multi-locus sequence typing (MLST) allelic profiles and sequence types (ST) of

21 P. aeruginosa clinical isolates collected across Thailand.

w - a) w

Strains ST MBLs % % é ‘g g é g
Metallo beta lactamases non-producing P. aeruginosa
MPPA-051 | 235 38 11 3 13 1 2 4
MPPA-136 | 235 38 11 3 13 1 2 4
MPPA-241 | 235 38 11 3 13 1 2 4
MPPA-328 | 235 38 11 3 13 1 2 4
MPPA-342 | 235 38 11 3 13 1 2 4
MPPA-222 | 273 104 4 36 71 4 4 53
MPPA-002 | 1816 40 5 11 3 4 40 2
Metallo beta lactamases producing P. aeruginosa
MPPA-092 | 235 VIM-2 38 11 3 13 1 2 4
MPPA-198 | 235 VIM-2 38 11 3 13 1 2 4
MPPA-213 | 235 VIM-2 38 11 3 13 1 2 4
MPPA-217 | 235 VIM-2 38 11 3 13 1 2 4
MPPA-286 | 235 | IMP-14a 38 11 3 13 1 2 4
MPPA-409 | 235 VIM-2 38 11 3 13 1 2 4
MPPA-066 | 964 IMP-1 145 5 26 3 4 4 26
MPPA-068 | 964 IMP-1 145 5 26 3 4 4 26
MPPA-103 | 964 IMP-1 145 5 26 3 4 4 26
MPPA-138 | 111 IMP-65 17 5 5 4 4 4 3
MPPA-155 | 111 IMP-65 17 5 5 4 4 4 3
MPPA-179 | 292 | IMP-14a | 109 10 73 3 4 4 3
MPPA-263 | 621 IMP-13 15 5 20 5 1 4 25
MPPA-135 | 1584 | VIM-2 38 5 3 13 1 2 4
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