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Abstract

Project Code : MRG-5380022
Project Title : Rapid detection of extended-spectrum B-lactamase gene from Escherichia coli
and Klebsiella pneumoniae by loop-mediated isothermal amplification
Investigator : Krit Thirapanmethee Faculty of Pharmacy Mahidol University
E-mail Address : krit.thi@mahidol.ac.th
Project Period : 15 June 2010 — 14 June2012

The objective of this study was to develop a rapid, sensitive, specific and inexpensive
technique for detecting the extended-spectrum B-lactamases (ESBLs) gene in Escherichia coli and
Klebsiella pneumoniae. ESBLs are a group of [B-lactamase enzyme which is produced by
Enterobacteriaceae. ESBLs are one of the important mechanisms causing multiple-resistance to
most of beta-lactam antibiotics. The detection of ESBL-producing bacteria is necessary for
identification, protection and treatment. Loop-mediated isothermal amplification (LAMP) is a novel
nucleic acid amplification method which can amplifies DNA at an isothermal condition. The ESBLs-
producing E. coli and K. pneumoniae was isolated from Ramathibodi Hospital and confirmed by
double-disk synergy test (DDST). Then, a set of specific oligonucleotide primers of LAMP for
detection of blactxme gene were designed based on blacrxwg from E. coli (GenBank accession
number AJ416345). The reaction was performed under isothermal temperature at 63°C for 60 mins.
The amplicon showed ladder-like pattern of band sizes from 226bp of blacrxmg DNA target. The
LAMP was more sensitive than the PCR by 10,000 fold. The specificity of LAMP primers for blactx.
vmo detection was observed. The LAMP product was confirmed by restriction digestion with
appropriate restriction enzymes. The sizes of the DNA fragments generated were 168, 177 and
250 bp for Mbol digestion and 165, 193, 229, 281 and 314 bp for Tagl digestion in good
agreement with the predicted size. Moreover, amplification can be visualized by addition of SYBR
Green |. The solution mixture turned green in the presence of LAMP amplicon. On the other hand,
the solution still remained orange when LAMP amplicon was absent.

In conclusion, the LAMP technique is a rapid procedure with high sensitivity and specificity
for detecting ESBLs.
Keywords: extended-spectrum [-lactamases, E. coli, K. pneumoniae, ESBLs, loop-mediated

isothermal amplification (LAMP)
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Introduction

1. Extended-spectrum [B-lactamase (ESBL)
& & Ao o Y o o & A a
wlod  p-actamase  iHunalnidanlunitlasnudosaasauuaiiise
loslawizuuafiSounsuay  deendulaZungy  Plactam @8 penicilins  uaz
cephalosporins HuaIuAIM TN 2 ngudulElunsinsnedin wagadniaihs

(2
=

o QI Fg/ U 1 { v
lawlos B-lactamase AR IWIMANINNTRAN UG Fnwuniunasiaenlasd ESBL %

o

wuagﬁiuu plasmid ‘T%\‘ILflu extrachromosomal DNA ﬁmmirm"mwa@mmmﬂﬁﬁmmaa
Wika "Lﬂaj‘é'msna@?ﬂﬁaﬁﬂu species L@EINURIBANT species NG ATNBINUAITNULEW bl
B-lactamase ﬁa‘?ﬁﬂ@mﬁuﬁaguu plasmid assusnluwuuafiSounsuay Escherichia coli
\athedunessii 1960 I@ULLUﬂ"L@Ta'm;jﬂ’mmaﬂ%%a Temoniera 396aotawlasid
wWuidn TEM-1 (1) mni’uﬁﬁuwm%LLsnauﬁaﬂagﬁ‘u fsnuwnsunsnIzaneua o s
shaflwiuafiGewansria  uazsunniuiuafiZounsuay 15w uwuaiizeluaszna
Enterobacteriaceae Pseudomonas aeruginosa Haemophillus influenzae W8s Neisseria
gonorrhoeae (1, 6) wanan TEM WA EII BN WA TWULE s B-lactamase ﬁﬁ@?ﬁlw]ﬁﬂ
Ietun ia SHY Awuannlwie Kiebsiella pneumoniae uazia CTX-M fiwuannluia £,
coli

FIUATNBITUMIAUNY B-lactamase lafianunmmufaduuaziamelunga
B-lactam mﬁmlmjLﬁaﬂadﬁuﬂsgﬂﬁﬁmmiﬂmau"lsnﬁf: wignafialvalg e vinliAe
selective pressure Iuﬂﬁagsammrﬁa Ml snamuadiawlas B-lactamase AN
agwasy  elu  B-lactamase mﬁmlwﬁﬁaanqwﬁnfwndwLm%aﬁﬁmmﬂ%um
Tugrsnasnensssfi 1980 msdsuudssnsaozdlwdoslufidumidy TEM-1 uas
SHV-1  vnlfweuiwaniseongniuas  Plactamase findu  lagswnsnssngnide
cephalosporins éuﬁ 3 lasiannzee oxyimino cephalosporin Lﬁadi}’mﬂ’n&la’lmmiumi
vansenldagnantreansdiesinldinsastaenlodofiaiiin  extended-spectrum -
lactamase (ESBL) (1,6) wazitwdinany B-lactamase 1hindwu 9 Sufias1s ESBL i Ut
plasmid ¥ l#iAaM s amaaduitlwianiia A, 2,4,6,7)

mytasuunsievadiankod B-lactamase sansarla 2 35lwnlg Aa Ambler
molecular classification Was Bush-Jacoby-Medeiros functional classification (mﬁdﬁ' 1)
(21) lwiSuInazuis P-lactamase saniiu 4 ngu A — D awddUANNIRTaUI U
ninaziilu laslundu A C uaz D 1u serine p-lactamase Aavziininaziilu serine o
U3k active site &ungy B Lilu metallo B-lactamase fidasandy zinc Tumavhau
ESBL ﬁhumﬂ%'@a%ﬂunﬁjw A §I%32UU Bush-Jacoby-Mandeiros azuiiinguuay ESBL

o ~ N : \ P .
@l’]ﬁJﬂ’ﬁ‘ﬂ’Nﬁu‘D’da’]&l’ﬁﬂLLUGVL@Lﬂ% 4 ﬂQQJI‘ﬁQ’l 1-4 LLﬂZﬂQNﬂaﬂaﬂ%ﬂﬁﬂﬂQ&l (1, 2, 7)



ESBL dnaglungu 2be (Fusnniusiia TEM uaz SHV) uazngu 2d (sfia OXA) launs

. & ad P
LLﬂGﬂQNVN 2177 LLﬁ@\‘]E]’%@nT]GV] 1

a9191 1 Mmyduunafievadiawlss B-lactamase (21)

Class/ group

Type

Examples

Ambler

classification

Penicillinases

TEM SHV PC1 CTX-M

Class A Metallo-beta-lactamases IMP-1 VIM-1
Class B Cephalosporinases AmpCs CMY-2
Class C Oxacillinases OXA-1
Class D
Bush-Jacoby-
Mandeiros
Group 1 Cephalosporinases AmpCs CMY-2
Hydrolyze extended spectrum
cephalosporins; clavulanic resistant
Group 2 All clavulanic acid susceptible
2a Penicillinases PC-1 from S.aureus
2b Broad-spectrum penicillinases TEM-1 SHV-1
2be ESBLs SHV-2 TEM-10 CTC-
2br Inhibitor resistant Ms
2c Carbenicillin hydrolyzing TEM IRT
2d Oxacillin hydrolyzing PSE-1
2e Cephalosporinase inhibited by | OXA-10 OXA-1
2f clavulanate FEC-1
Group 3 Carbapenemases KPC-1 SME-1
Metallo-beta-lactamases IMP-1 VIM-1
Hydrolyzing imipenem, inhibited by
Group 4 EDTA, resistant to clavulanate

Miscellaneous




ESBL Qﬂﬁ?@ﬂaﬁwmmﬁﬁmmaanma:muﬁgﬂLmuﬁ (1-7) @avnl% configuration
LLa:qmawﬁ'@ﬁnm active site 1asnudadly mIsuudsses active site vinlw
anumansalumsrnaesiuannis laodfienunds ESBL arsiianumedsil

1. 810130¥iIa880 penicillins LWz cephalosporins ﬁguﬁ 12 uaz 3 20119 aztreonam

u@ ld¥inane cephamycins %38 carbapenams

2. finsmezilu serine 1} active site
3. Qﬂgugdiﬂﬂ B-lactamase inhibitors L%% clavulanate sulbactam W&z tazobactam

ESBL dwiniWamnisanan TEM wia SHY uaialiwimanit fsaums
AUWUESBL ﬂ@;wlﬁﬂ‘i&fﬂu non-TEM non-SHV 1%% CTX-M uaz PER @sduwliuifia
annduas g

Tagtulisnsnunsduny ESBL annnin 700 mﬁ@LLazLﬂuﬁtymmﬂmmsmqmﬁ
démlan (3) atidn1sntues ESBL uazzfinvas ESBL Anvazuanaanwlwudas
Uszine Tag TEM waz SHY azwuleialanud CTX-M fipawiwuannly 3 Aufirinsis
Ao awsmld ﬂi:mmmummmamaLil,ﬁﬂmwﬂqiiﬁmﬁuaaﬂLLazLaL%ﬂm’Tuaaﬂ La

' A

fgafe alInuniie (22, 23) INENUNNTIELNAVEY ESBL THa CTX-M 171 Bwdy (2)
I (24 — 26) tﬁﬂu (27 — 29) 1R (30 — 32) KBaawy (33) uazFnlus (34) vinlhiAada
5988971 CTX-M 9z1flu ESBL finusdanwannluwaidy (2)

Tudszanalnefinsnumaunsznszagasuueiiefiatns  ESBL nangseaw
¢35l Lulitanond  WazAm¥NMIUENEE  Enterobacteriaceae 200  $18HnIuas
Pseudomonadaceae 100 @18819910 T.W. @Iua3uns 52t 1994 — 1996 wuinsaw
8z 26 283 Enterobacteriaceae §319 ESBL L%amulmyjﬁwuiﬂa%ﬁdﬁa K. pneumoniae
Wae Enterobacter spp. Jouas 28 Va4 Pseudomonadaceae 8319 ESBL E%’J‘Lkmﬂﬁm%a P.
aeruginosa Wae Stenotrophomonas maltophilia (8)

Biedenbach LLa:ﬂm:VLﬁme%ammjﬂamnﬂiiawmma 8 uwaiiie? 1998 wui
E.coli Sauaz 15.7 Uz K. pneumoniae a8as 45.6 8319 ESBL (9) Girlich LazAmiednsn
qﬁ'amitﬁ:l,l,a: subtype Va3 ESBL mm%a Enterobacteriaceae W8 P. aeruginosa ﬁLLam
N LW, AINT 2 T TAUINITAIN Lﬁauﬁqmmu 14 RIM1AY 1999 WU E. coli Sy
8¢ 4.5 K. pneumoniae 0882 9.6 Uz Enterobacter spp. Jouaz 26 3719 ESBL (10) °Ih<1‘7i
2 sznialigwion 09 qa1ay 1999 wuin Sawaz 24 289180 P. aeruginosa 8519 ESBL
(11)

Chanawong WazAmkfnAsUsnIaas ESBL 61 MU udvhmIfinmsila
2oIESBLABasslanusioiilu Enterobacteriaceae 43 & BWUS Uz Pseudomonadaceae
18 WUy FUEnaIn .. ASuASWNS 3ewinatl 1994 — 1996 WU Enterobacteriaceae
8519 ESBL wfla SHV wnfige (feus: 95.4) wmkfl Pseudomonadaceae WuTiia VEB

mﬂ“?‘lﬁf‘f(ﬂ (%'aﬂaz 94.4) (12) Ingviya LAZAASLENLTE K. pneumoniae Wax E. coli atindas



400 U8z 500 §I0ENIMINEIGLINN TN, EIIAIAIWNS 1HaTl 2002 WU K. pneumonia
Sauaz 32 uaz E. coli Sauaz 19 @319 ESBL (13) Kiratisin uazamue lavinnsdnun E. coli
waz K. pneumoniae fi&319 ESBL Lwnmn;&’ﬂmﬁ TN, UWIINEIRY 2 UWI 362 T8
JEWIN SUIAN 2004 9 WOBAAN 2005 Wui1SBuaz 99.6 Va4 ESBL fiwuan E. coli
Jurfia CTXM wazfouss 87.4 way ESBL 7l K. pneumoniae sauiluziia SHV (35)
Niumsup LLazﬂmzLLﬂﬂL%a E. coli W8z K. pneumoniae %Wﬂ;&’ﬂwﬁéa@ia cephalosporin §u
7l 3 WuImneainiaine ESBL uaziilualia CTX-M uas SHV mﬂ‘ﬁ'q@lu E. coli uaz K.
pneumoniae ANRNAL(15)

Nathisuwan wazameledvinnsuenia E. coli 27 suWUSURT K. pneumoniae 9
mﬂﬁuﬁ:mmjﬂ’sﬂ"?‘il,ﬁﬁumﬁﬂm o lsawenunanantudluszninafamasan 04
fnuwies 2005  uazieEulWIAY 2006wmfw‘§annmﬂﬁuﬁ:ﬁumﬂvlﬁa‘?ﬁuauvlmﬂ B-
lactamase %ﬁ@ﬂﬂﬂﬂﬂﬁﬂfﬂaLLa:wﬁ@mauau"l,snﬁﬁwumnﬁq@ﬁa CTX-M Ja8az 86 o
@28 VEB Waz SHV Wuiauas 58 Uaz 14 aus1au (ﬁagaﬂ'ﬂajvlﬁmml,ws')

Tudszinalnomsdadefiats  ESBL ﬁé’mmﬁw‘ﬁuamasmﬁﬂunﬂe]mmjaa

a dlq’ 1 a‘lyd o > & o A J Py
Uszine ﬂ’]i@l@]lﬂial{ﬁﬂ?%&lﬂ?ﬂ&lﬁ&lwuﬁﬂﬂa(ﬂiﬁﬂ”ﬁ@nEl"(]@;(d“llu U INGIDE

2

Tsswgnunauwuin udsenldiedifivanniudin (36) wenanigilslumssnunad
§rfiaiflasannnsaeuswodRa cephalosporins g’uﬁ 3 flanalid lasdlamaduinaigaiia
Jouaz 54 (37) ﬂﬁ]’«gﬂﬂ‘ﬁ carbepenam i} drug of choice luﬂ’lﬁﬂ‘iﬂ’wja@l,%a@lizga
Enterobacteriaceae ‘ﬁﬁﬁ’w ESBL (38 — 41)
flasananuidesdannudumarlumssnenals  cephalosporin s;w?'i 3 I
aztreonam (42) minvnmeuinTeshaewls ESBL wieldisfenwianlums
\RanlFunduaan mIamIwLdeiiae ESBL lufagtiuudseanieidu 2 35lwaj9 fe
phenotypic detection LR genotypic detection mi@li’sﬁ]luﬁuiﬂL’é&lﬁﬂ’]iﬁ%%ﬁ‘fﬂ%
nenTsei 1980 uazl#3s non-molecular 1{lunands Clinical and Laboratory Standard
Institute (CLSI) maaa%%’gam‘%mum Health Protection Agency (HPA) a3d&WINT
ANMNIANT LLHULWILWINNIIUNNTATIIW ESBL |4 Enterobacteriaceae Wi E. coli

Kiebsiella sp. uaz Proteus sp \dunan (43) lapazganusansnvedgefidasiann

cephalosporin ‘::uﬁ 3 W cefotaxime WAZ ceftriaxone SANALMTME B-Iactamase
inhibitors fa clavulanate ﬂ’]SLLﬁJ‘JNaﬁlzgﬁ]’mﬁ’] MIC maamﬁa@awﬁamﬂlﬁ clavulanate
@288719289795 phenotypic detection L% double-disk synergy test ESBL Etest
combination disk method Famsaaaluiasufiammillamunniioaliisitasnnh
Ievire waznanlaiums ursissansalduieiasiosaludale ww VITEK 2 ESBL
test %38 Phoenix ESBL test a:n415fanu35a379uuy phenotypic detection i liaansa
vansiafiuiuanvas ESBL (SHV TEM w3a CTX-M) ¢



§IUMIATIULY  genotypic detection azlFiTnsauiiineanamiunaing
‘d = { ] v = IQ U Qs QI o {
ESBL @99zanansnscysiiauas ESBL Auvwawle FaNHoNlTnwAanITANIIWIBE W
aSaiawlas] ESBL é183% polymerase chain reaction (PCR) annuiwsihHudi lé lvinnnsm
fauwaNaduguNaLazIwunaiavasanlad (1) 35iausaaanudnlaudlysunm
v ::§ ] ad . L n' 1
$a0%59971303739 biwulagAT phenotypic (16) LAZHIRNINITNATIVINFIFINTIV IALALATI
& o & v a L4 = o o o ad
lidndudasuongalisignidadumslendans (1) ldimmawniienms
. A L @ o A A > A aa , & o
genotypic e lddaaihdunle lWmdeuiwaiaaananlumsudsua  Anmavulawn
PCR with RFLP PCR with single-strand conformation polymorphism Ligase chain
reaction Restriction site insertion PCR uag realtime PCR #935¢n9ginaniiaasls
A A Ao t% A ° ' ° & ° [ '
LAaI o NNuENULALITIA NI lianasnsinan i lwnsaadulszinle  §auann
azlzlunuispnialuios fAn1381989 (reference laboratory) 1int
snAnlainmannaiensiluiasdjidnmstianusaglumsunuss s
NaLlaWULTaN&3N9 ESBL vinlwmaaanttondwllatnanunzauinailainuainuauinad

T3S URzgIa N TRgUEINMTUNI NIz TaReN laaae (2)

2. Loop-mediated isothermal amplification (LAMP)
& ad a o A A o £ .

LAMP 1fu35iiudwan DNA uuuwnikafigniawdulas Notomi uazame ludl
2000 (18) #ifaddadaumiaiiy wind gnded wazmanhiuwe lusfanisasiaus:
o lﬁq‘ 1 v lﬂq' U v o v A iﬂ‘y 1 = a a xR L
Fwunizanalia azldnusnizenngihoudldiniazenalsaissriiadondundn
ndn:? v v ¢:{' % > d? 1 1 v a n:{' [ 1 d%/
Fizlidayaienuditenalsauazanuhdemduaainililumsinm 44) udiza
U9rBalat lunaaanasaduaziTaudshe lsiurnvinnawizasdle Wudasinan
o @ aad = A Py o aa A a A o o
fdnpadiTi 45) lu 2 fs 3 nermsndwnldinmawniineuiiineieaianls
muﬁ%ﬁat@u‘[@zJmwnz%ﬁﬁm‘hmumsﬁuﬁqnﬁmadL%aﬁaiiﬂlu%aa@ﬂ@aaa (46) 5%
V‘iﬂﬁmimnaam%aﬁakmﬂu‘lﬂﬁaﬂﬂ’nm’mﬁ’nmﬁaﬁmﬂﬂaLLazm’mﬁ'\LwngdLﬁa
Weunuindn  Asnltlumafivdwiuasiusnisanansisldun  polymerase  chain
reaction (PCR) Ligase chain reaction Nucleic acid sequence based amplification LLag

. . . U L g | ) = =1

Strand displacement amplification VL@QT]W@JW]“IJ%HJ%@@@TJ%&E}Ua”ll,ifﬂgllLLazm”l\‘l

° '

Fmhenald (20, 47) wenananaTIaTE MaRui U IRRINIINGITadan
8n 1% &1W1I0 standardized UAzUBNDY species VAILTITINNININBL LAY (48) Udl
ad A e o A A Ada I a o . 9 v &
ATe9g naiidadlfiaeslianlanuuindrgiuazinaunsiidldamansahanlfidu
Fplamsaramedasdfidmaaainn e LAMP Fslenumanzaufiaziianlslung
a9 luiosl Juansndninenseauaiosiiandinalasiawizlulssmamsswam s
Huunssszunevaslsedamandeynarssiia

LAMP 1HudfAsenmaiinsiwau DNA uuptwdsandanulhuazanudinzgs

IFpamniasnlunmafediten nalnesdjfison swnmoudldidu 3 Junaudes fe



TUEUEU (initiation step) dAuswuunusay (cycling amplification step) Lazduda
aul#ena (elongation step) lummuifinufismndasanduiowlss DNA polymerase #if)
strand-replacement activity TIUNY specific oligonucleotide primer ulu (inner primer) 2
\&s (FIP, BIP) Wae primer éwwan (outer primer) 2 & (F3, B3) Aslanuimiziu
fAULURUS DNA LHnany 6 dunid 619 9n (gﬂ‘ﬁ' 1.1) DNA fidoam A wanuas

primer 113 4 \§uaQn denature lasanuTauudivnldiduasnud Ujisenanialaids

tawlaal DNA polymerase uddlidfisendnufiwliiduiam 30 - 60 wifl w4 gauwniin

MANNERU
5
BIP &
Loop F B2 B3
EEE) & (B35
5 F3 b~ F2 b F1 }——eeed BiC i B2C }~{ B3C }—

— F3c — F2¢c —— Fi¢c )—B1 — B2 M B3 5
5[ F3] 5057

F3
(&) {F2] Loop B
3 FIP

sU 1.1, laezunsuusas primer AlFuU{ATN LAMP primer dlu (FIP uaz BIP)
Usznaudiy 2 @ufa (F2 uae Flc B2 waz Blc) &% primer ﬂuana:aﬁnww:ﬁu F3 was

B3 &ufiiln loop primer a:aaﬂLLUUIﬁagszﬁ'jwa F1c NU F2c a2 B1c NU B2c (20)

ﬂa"l,ﬂmil,ﬁ@ﬂg‘jﬁ%mﬁaLLa@ﬂugﬂﬁ 1.2 (18) inner primer FIP 2zUNUGILHAL
F2c U% DNA whnangusas5urinnsad19DNA daw (U 2A) outer primer F3 9zaun
GAUS F3c UWLEW DNA Lﬂﬁ%mm,l,ﬁﬁlé&l&'dl,mﬂ:ﬁ DNA uuy strand replacement
Uaaaay FIP linked complementary strand Favznasy loop AUsudIunits DNA &g
L?}lmLﬁuf:ﬁ]:ﬁ’mﬁf’]ﬁLﬂu template U843 reverse primer BIP L8z B3 lun3F9LAT12% DNA
dnaelUGsaziiadln dumb-bell shape (structure 6) LLéTﬁﬂLﬂ?iﬂugﬂs'NLﬂu stem-loop
DNA (structure7) viufilas stem-loop DNA fsvnwindiln template luifjA3e1300

daqll auasum Wedugaljismezlddunauzas DNA 3U196049 fia stem-loop



DNA DNA &188%¢ ANENI6199N% ez DNA ﬁﬁgﬂiwmﬁmmanw (cauliflower DNA)

nfinIWasu loop wane 9 loop lu DNA suLdieariu (U7 2 structure 16-18)

N3N IUI% DNA lag LAMP ﬁqmauﬁ'@ﬁmmmmlumim’mm DNA 1813

ﬂxﬂuaglilué"aamamm'swmﬂﬁa leun

Loop primer anansaLsadfATeuazifinanalvasy izl (gﬂﬁ 1)
mmmi’@ﬂﬁﬁ%mﬁLﬁ@%uvl,@ﬁwu real time I@U@mﬂm’lmjuﬁﬁ@ \flasan
JriiaUfA3819:Un138379  magnesium  pyrophosphate Falaiazanein
fansaNadinlaaluaiilan Ll,azﬁswmud’\mmﬂuﬁl,ﬁ@ funsnsanlwn
USums DNA Suduludnasngle 49)

o liwnanitldnswaw s end point agsiitszansanlas Tomita
uazamie la ﬂmﬂ‘fmiﬁmLl,aaﬁﬂﬁmmméﬁLn@mm,ﬁ@ﬂg‘jﬁ‘%mvl,ﬁﬁ%u (50)
fnoowih LAMP - Samwhdesadudifasniensdwdewludaades
avaanFifiadasnin PCR (19) usy LAMP fanwlwnnnit PCR (~2.2
cfu/test) (51)
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Ill. Elongation and recycling step

su 1.2, Aalnmsiia LAMP m3iia LAMP utseanidu 3 duaeutasfe initiation step

cycling amplification step L8z elongation step (18)

NnauaNUAGINa1I289 LAMP M lrinsnaw I suiNalslumIasavsesia

a9 fionadwianluanmis (52) lagldlinnnAaganyiasauia Saimonella Legionella

Listeria verotoxin-produced E. coli Waz Campylobacter sp. 88n3NWINEULAY Ian1zise

LLUﬂﬁL’%Uwhﬁfu"lﬁﬁmswaﬂq@maa ROUL IIRODNINITIRUNLLTUN  LawA TAATID

Norovirus SARS CoV W&z Influenza virus uaﬂmnﬁﬁaﬁgﬁuﬁoﬁmiﬁwm LAMP el

X oA , . . . .
lumim’,}m“ﬁa“ﬁu@mdﬂ NU1Y Lo Measles virus Mumps virus human papilloma virus



Vibro cholerae Mycobacterium tuberculosis Plasmodium falciparum W8 Human
immunodeficiency virus (20)

inldiaT  LAMP  §dadnidtmstinimnduuuuduie  Senusumnz
191299g3 ﬁﬂ’nu"l’ﬂuﬂ'mﬁ@ﬂg’jﬁ%m’]ﬁL%'md'nﬁaaﬁrm loop primer gansatinanaly

ayuisenla uazaunsnsunadjizeniifalaeoands lidasltiesasloRiaunie

v 6 v

LFULNLENNEANTLIG87T agarose gel electrophoresis ®aNMNUNINUATLNEINID

a (2

dudnllmeldgumniasnvliliddndudaslsiaios thermal cycler Niimaums ld

U

o ng A ;:l' 2 6 a n:f £
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ac & Aa o Py v ad A A o 6 a
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£ o { o ¥ . 3 o A
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YNMT00NULULTA primer 4 L§1 NUNEALDU CTX-M9 TI31UW1EAD 6 duniaun DNA

Aa

wWhaang nuuinms tudwiuens DNA 1 asnndl 63 asenioal@os 1dwan 60

9 U

a o e o
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Objective

dl ot ad = dl v a Ar v 1
LWE]W@Nuﬁ')ﬁ@i’)"i)%"ltl%ﬂﬁi’lx‘]LE]%VL‘ﬁﬁ B-lactamase THADBNENDNINND L

wizinzadkaza laslginadle loop-mediated isothermal amplification (LAMP)



Materials and Methods

3.1. §13Lad

3.1.1DNA amplification

- Deoxyribonucleotide triphosphates( dNTPs)

- 50 mMMagnesium chloride

- 10x amplification buffer, Magnesium chloride-free
®

- 10x Thermolpol buffer

- 1M Magnesium sulfate

- 5M Betaine

3.1.2 Culture media and antibiotics
- Agar agar
- Mueller-Hinton agar (MHA)
- Mueller-Hinton broth (MHB)
- Sodium chloride (NaCl)
- Tryptone (casein tryptic peptone)
- Yeast extract

- Ampicillin

3.1.3 Antimicrobial disk for double disk synergy tests
- Amoxycillin/calvulanic acid(20 pg/ 10 ug)
- Cefotaxime(30 pg)

- Ceftazidime(30 ug)

Roche, Germany
Finnzymes, Finland
Finnzymes, Finland
NEB, England
Sigma-Aldrich, Germany

Sigma-Aldrich, Germany

ScharlauChemie S.A., EU
Difco Laboratories, USA
Difco Laboratories, USA
Merck, Germany
ScharlauChemie S.A., EU
ScharlauChemie S.A., EU

USB Corporation, USA

Oxoid, England
Oxoid, England

Oxoid, England

1"



12

3.1.4 Enzymes

- Ribonuclease A Amresco, USA

- Bst DNA polymerase NEB, England

- Mbol Fermentas, USA

- Taql Fermentas, USA

- Taq DNA polymerase Finnzymes, Finland

3.1.5 Synthetic Oligonucleotides

Oligonucleotides primers %3 PCR and LAMP L3 38ads9taziann

131N Bio Basic Inc. (Canada).

3.1.6 Bacterial strains

j’ . . v & a o 6 v

\a E. coli sz K. pneumoniae 333 35 8NUWHD Naaen lodiuduanuLas

a Qg v s a a Qs

LWRTHADANNDNIN "lmummmy,mw:ﬁmﬂ WAl @3, §3Na mﬁqﬁim MAITINRTD
N3N AMSLNRTAIRAS NPNINeNasuAaa L Tane 35 mUﬁ'uﬁjuﬂﬂvlﬁmﬂﬁﬂaﬂﬁn]”’l%'umi
™ a a 1 A =3 a =3 a
NE1 o SIWENLIEATNANTUR TerinadeniNEan D9 Unwon 2548 uaziaaw Awiaw
2549 lagE1un1INANTMI1289 Committee on Human Rights Related to Researches
Involving Human Subjects Ua3AMZUANSAEAS LINNLIATIINTUSR Wninenasufiaa
A o A A - & . o ¢
Wadun 15 nangian 2549 awh 0609/2005 lasutisiduisa E. coli 27 FUWUD Uaz K.
pneumoniae 8 AUWUT (A13191 3.1)

HONINBIUINUILREIME E. coli suWug K12 Nliwaalinndada nalidixic

acid(nalA), Salmonella krefeld ﬁﬁwmaﬁ@ﬁaa amplicillin (ampR), pGEM® T Easy vector



Plwanglan@a  amplicillin  (amp”),

amplicillin (ampR)

Wz pBluescript® SK vector Niwaalande
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2

@1319 3.1 wwafisefldlunuisei

No. Organism Date collected Ward Specimen
1 E.coli June, 05 Surgery Wound
2 E. coli June, 05 Emergency Urine

3 E. coli June, 05 Pediatric Urine

4 E. coli June, 05 Medicine Urine

5 E. coli June, 05 Emergency Urine

6 E. coli June, 05 Pediatric Urine

7 E. coli June, 05 OPD’Medicine Urine

8 K. pneumoniae June, 05 Medicine Urine
10 E. coli June, 05 Obstetrics Vagina
11 E. coli June, 05 OPD’Medicine Urine
12 K. pneumoniae June, 05 Emergency Urine
13 E. coli June, 05 Surgery Urine
14 E. coli June, 05 Medicine Urine
15 E. coli June, 05 OPDaSurgery Bile
16 E. coli June, 05 Orthopedics Urine
17 E. coli June, 05 Critical care Sputum




1519 3.1 wuafSenltlunuiaed (de.)

No. Organism Date collected Ward Specimen

18 E. coli June, 05 Observational Wound
Medicine

19 E. coli June, 05 Emergency Urine

20 K. pneumoniae June, 05 Surgery Bile

21 E. coli June, 05 OPD’Medicine Urine

22 K. pneumoniae June, 05 SICUb Urine

23 K. pneumoniae June, 05 Critical care Gastostomy

24 E. coli June, 05 Medicine Urine

25  E coli June, 05 OPD’Medicine ~ NA'

26 K. pneumoniae June, 05 ENT Wound

27 K. pneumoniae April, 05 Medicine Tracheal

28 K. pneumoniae April, 05 ICUd Leg

29 E. coli April, 05 Surgery Wound

30 E. coli March, 06 Emergency Urine

31 E. coli March, 06 Emergency Urine

32 E. coli March, 06 PICU’ Urine

33 E. coli March, 06 Medicine Urine

34 E. coli March, 06 Medicine Urine

35 E. coli March, 06 OPD’Medicine Urine

14
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. b o . . d .
° Outpatient department, ~ Surgical intensive care unit, ¢ Ear-nose-throat, Intensive
care unit, ° Pediatric intensive care unit, Not available.
3.2. Methods
3.2.1 Double-disk synergy method
o & 4 9 g & o . ,
u’]"lii’J‘YILLEIﬂVL@lH swab [JUWBAINITLRLILDE MH agar LAISLNWEN cefotaxime
(30 ug) ceftazidime (30 pg) WRSWHBENNAUFEIBNENVEY amoxicillin/clavulanic  acid
(20ug/10 g) adum‘%aﬂ(ﬂﬂlﬁﬁg@guﬁnmwamsiumﬁamuﬁwﬁ‘u 20 NARLNGT. W

g & . oA L o o A a £
2MMIILR L lUNN 37°C 24 T2 lus vimsganalaulaniiadn.

3.3.2 NMIANANAENA

ynmaasadalua1wns LB A% ampicillin100 ug/ml #i 37°C wianfiutwen 150
saudawft e 16 — 18 $alus udrssnmsatanaadalagdt alkaline lysis G99l

Ynsueniasanaina1wslagmItiu 10000xg 1 W17 111n13 resuspend pelleti
élw solutionl (50 mM glucose, 25 mMTris-HCI pH 8.0 and 10 mM EDTA pH 8.0) 100 pl
\@a solutionll (0.2 N NaOH and 1% w/v SDS) 200 pl ud2tzeiun 9lasn1snaunaaa Laa
solutionlll (potassium acetate solution) 150 pl anaznawldsdueas phenol/chloroform
g luiiufi 10000xg 10 Wi anaznan DNA ﬁag}ilumﬂaﬁw absolute ethanol a2

29871992na% DNA @28 70% ethanol 2 A39 AXANUNAENAAIE TE buffer Naa RNaseA.

1 mg/ml udhwanalian be ldasiasaulasdT agarose gel electrophoresis
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3.3.3 Polymerase chain reaction (PCR)

n13aanttuy Primer

paNUUL primer &WSL PCR lagvhmsufSsuiisusauiaasduiatie
@ulod CTX-M9 (blacrxms) 108 MFlUSUNTN DNAsis for Windows v. 2.1 Waz lusunsy

GeneFisher (131971 3.2)

@1319 3.2 Oligonucleotide primers AlFlunsaTiasauduiaroonlas CTX-MO (blacry.

wo) b@EAT PCR

Annealing Expected Reference
Primer temperature Nucleotide sequence (5—>3’) Amplicon  (GenBank
(OC) size (bp)  accession
No.)
CTX-M-9-F 50 CGT ATT GGG AGT TTG AGA TG 539 AJ416345
CTX-M-9-R GGT ATT CAG CGT AGG TTC (E.coli)

PCR ampilification

iwaafia DNA  fsdaldunAvduiulasd® PR ludffsmn  PCR
sznaueasy 20mM Tris-HCI (pH 8.4); 50mM KCI; 0.2mM each of deoxnucleoside
triphosphate; 2mM MgCl,; 0.4uM primers of each forward and reward; 4U of Tag DNA
polymerase W&z DNA template ¥mstudwan DNA lagldiadas GeneAmp® PCR
system 2700 (Applied Biosystems, CA, USA) luifjfi3s1 PCR ﬂs:nauﬁfsﬁumau@im

fo pre-heat at 94°C for 1 min, LRIONNAE denaturation at 94°C 1 min, primer annealing

at 50°C 30 sec, extension at 72°C 1 min 3T®I% 30 38U Wae final extension at 72°C 5
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min FNNIA3IIROUNEAN AT L e8I agarose gel electrophoresis lag/l4 100-bp DNA
ladder plus™ 1 DNA ¥19331% (marker)

3.3.4 N13W1A10U DNA Lazn13LATILRAIAY nucleotide

VnHaaA e ldann PCR mﬁﬂﬁu‘%ﬁgﬂﬁ‘[@ﬂ"ﬁ NucleoSpin Extract 1I° kit
(Macherey-Nagel, Germany) mueﬁﬁgwﬁmzqLLﬁ’ﬁdWlé'}ﬁu DNA lagyuSsn Bio Basic
Inc, Pacific Science, Thailand 1M&eL nucleotide 7lduvmatiaseilaslusunsy
Bioedit version 7.0.5 (Tom Hall, Ibis Therapeutics, Carlsbad, CA, USA) uaziSeuLney
anuniionvasseufilatus el nucleotide Mool GenBank uaz EMBL lag
lUsunsu BLAST Ut website 189 National Center for Biotechnology Information (NCBI)

335 mafins i DNA  lagd3  Loop-mediated  Isothermal
Ampilification (LAMP)

73 Loop-mediated isothermal amplification (LAMP) o primer 4 Lf,gfu“?iﬁ
AMNTUNZNLAIUAUIUL DNA ihnane 6 éuniks (FIP, BIP, F3 and B3) forward inner
primer (FIP) 13znauee F1C sequence, TTTT spacer Waz F2 sequence &% backward
inner primer (BIP) Usznavuaiy B1C sequence, TTTT spacer LRs B2 sequence lu
W) ”&lft AnnNsaanwkuy primer laglsldsunsy Primer Explorer V4 software program
(http://primerexplorer.jp/e/) primer ﬁi@ﬁm@ﬂmﬂﬁdﬁ 3.3

U738 LAMP 1sznaueag 0.8 pM each FIP and BIP, 0.2 uM each F3 and
B3, 200 uM each dNTPs, 0.8 M betaine, 1X thermopol buffer, 2 mM MgSO,, 4U Bst
DNA polymerase fnnstad§A3enl 60-65°C 1ilwaa 1 7ala uwingaljisenlasnis

3 £ d' | = v o a aa fn:l' v Y
Iwanusoun 80°C 1uian 2 Wl WaIINMIATIIRBLHNANA UIAN LeaE agarose gel

electrophoresis
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DLIODOVOLOIOOVVVY

(L1:79 LLLL ‘0T:019) ‘1% ~LLLL-VOVOODVOVLOVODLLODDD  dIF 6IN-X1LD
IDDVVILVOVOILOLOOOVD

(61:24 LLLL ‘17:014) ¥+ “LLLL-DDDOLLLLLOLOOVOLLOODD  dId 6IN-X1D

0¢ DOLVOLOILOOVVVDIVOHVID ¢d 6IN-XLO

0¢C DDOVODVVVVIDOVVVDLOVD ed 6IN-XLO

6IN-X.LD 9t oNXLRIq

(dq) az1g (1)
1o81e], uodrdury qiSuag (,¢ « ,S) 9ouanbag oW

(6WxLog)q) auab wmeEom_-& B6N-X1D J0 uonoalep Jo} siswud Y] 8pnosonuobii0 €€ fLELY
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‘paullepun ale sswAzus uonoulsal (YO9l) 1bes pue (D1VD) |0gN 9y} Jo says uoniubodal ayy pue
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3.3.6 NIAIIVHDUNAAN WM LAMP

3.3.6.1 a3vd0ulay agarose gel electrophoresis

Wnaad el 5 ul ANANNIATI9FaLALAT agarose gel electrophoresis
Togldanududuaas agarose 1.5% Anued9dng 100 volt 35 w1l 1w Tris-borate
buffer LAIEBNLIIAGLE ethidium bromide ui1aTIAgaUMElALEs UV

3.3.6.2 avdavlagn1sdnaalgalan (naked-eye visualization)

ﬁé‘dmnﬂﬁﬁ%m'guq@ﬁmmﬁu SYBR Green | (Cambrex Bio Science, USA)

QJ v A a

NOT®  DIANIILANTIWIB  DNA

a

1.0 ul sslunaaanvhiliseusrssnansiUfouan
ssazansazindowmdumdonnmely 1 il wddlafinadinsiuin DNA asazanuas
£ I a o A a
PRI UFRULR U DULAY

3.3.7 madSpuiisuanalinazanadninizszrineds LAMP waz PCR

o = = ) aaa «v::iq' = (d'd? '

madisuifisuanudnwzaasl jisenlasnsliize 4 suiuiniaasdam
whada 9 udldfiewlad CTX-M Wisuifisudugenltlunuids 2 smuWus fa E. coli
(No.10) uaz E. coli (No.12) \Tans 4 snuWusd avik E. coli (K12), Salmonella krefeld, E.
coli (pGEM), E. coli (pBluescriptSK).

wWisuifisuenuhaesdfisnlasnisin serial 10-fold dilutions 289 DNA
template lasldarudutuiudn 3.185 Mg/Ml usniFouifisunianmeinlelagis
agarose gel electrophoresis

3.3.8 MINATIERRAAN NN LAD1N LAMP

3.3.8.1 Restriction Digestion Analysis

NMstauNaaA usin laenalan lodaasniwe Mbol uaz Tagl 3WaVa3 DNA

'
a

an ANAIWININNLATIZIIN 15 URAIIUA1TI9N 3.4

=h
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1519 3.5 2u1a DNA Nduinlenasnninnmsdesdioianlodaasinzaad blacrus

LAMP amplification

Target Gene Restriction Enzyme Prediction Size of digested

products (bp)

blactx-mo Mbol 168, 177 and 250

Taql 165, 193, 229, 281 and 314

3.3.8.2 Southern blot DNA-DNA hybridization

3.3.8.2.1 N13L@383 DNAs

i DNA 7ilda1n LAMP snvimistisadioiawladdasimisfimanzaaudar
mMIaTaxaulay agarose gel electrophoresis lawld 50 bp DNA ladder plus™ S
markers

3.3.8.2.2 Southern transfer to nylon membrane

YiNnM3M99 purine UUaNe DNA Tuiaalasdnadae 0.25 N HCI 15 w1l uwan
denatured lasm13utlu0.5 N NaOH 30 w1#l ¥inn3he DNAINLAG uaamluuisueae
LS89 vacuum blotter (Bio-Rad) 90 min &1 luaauiuniuIneas SSC buffer (0.15 M NaCl,
0.015 M Sodium citrate pH 7) fial3lsus u&2¥N13739 DNA IWaguuaniusuday UV-
crosslink 1ag GS-linker (Bio-Rad, CA, USA).

3.3.8.2.3 N1ILAILN digoxigenin-11-dUTP-labelled DNA probe

¥M3 labeled Tuauped PCR product ANTIWEG nucleotide 14 blacTx.
M9 A28 digoxigenin-11-dUTP 1ae3% random primer method (BoehringerMannhaeim,
Germany) @n&ﬁ%mi‘llad;jwﬁ@ aN®znow labeled DNA @28 2 volumes of absolute

ethanol W&z redissolved 14 20ul TE buffer
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3.3.8.2.4 Prehybridization and hybridization with the digoxigenin-11-
dUTP DNA probe

inlusowauniusnil  DNA a%iml,l,ﬂu prehybridization  solution @
sznauaie 5X SSC, 50% (w/v) formamide, 0.1% (w/v) N-lauroylsarcosine, 0.02% (w/v)
SDS and 2% (w/v) blocking reagent #1'lU1islu prehybridization solutions 37°C 30 w1
Wa2LAN DIG labeled probe hybridization mixture asl#it nulagszisldliifianas uan
natiuasan

3.3.8.2.5 Detection by colorimetric method

ANLUNLLTHAY 2X SSC, 0.1% (w/v) SDS ﬁqmwnﬂﬁﬁaaaam% ANNAL
0.1X SSC, 0.1% (w/v) SDS 15 w1fl 71 68°C Wianigh ud18198n38ud28 washing buffer
(0.1 M maleic acid, 0.15 M NaCl pH 7.5 plus 0.3% (w/v) tween 20) 15 wifiuaaviautn
LAY 30 Wfl1X blockin g solution L& diluted antibody conjugate solution (anti-DIG)
20 ml ﬂuﬁqmmﬁ ¥4 30 Wl §ILWNLUTUEID washing buffer 89a% u&IWINS
equilibrated 14 detection buffer 20 ml (0.1 M Tris-HCI, 0.1 M NaCl, 50mM MgCl, pH 9.5)
eusnInasiasualng §) (45 pl of nitrobluetetrazoliumsalt (NBT) and 35 l of 5-bromo-4-
chloro-3-indolyl phosphate (X-phosphate) solution in 10 ml of detection buffer) LRI

] { Q’/ { v Aa aaa { a J 1 :/
vulunila 2 Mluadaliifed nyaUjisoiifatuaasmugluii 50 mi
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Results

o o < ¥ )
4.1. indun1sasrotanlssl B-lactamase BiknaangN5nI9VaY 138 E. coli uaz K.
. ~ [ @y aa .
pneumoniae mwnlmmngﬂa alaa35 double disc synergy test
o A 3 3 v & A av & o
w8 E. coli Lz K. pneumoniae 334 35 SUWUD Alrluanwispiunyinng
d%' v 1A % 4 a ::'5 v a v ad
aramauidasanindnmaasenlad Blactamase shasangnsni1ea39e83D double
. A o v . Aa . A L a
disc synergy test Favnlaumsld disc NleN cefotaxime #38 ceftazidime USunmw 30
lulasnsy 9v9an disc Nl amoxicillin 30 'lulasnIuuazclavulanic acid 20
lulaandn lawlifszpzvsiaangudnaisuiuenizas 20 Tafwasudrdinaguua
da . ,
inhibition zone #Liad% lae inhibiton zone I0U ULNUeN  cefotaxime (CTX) %38
. ' | d a 3 a
ceftazidime (CAZ) 9:i1110808d WATOULHUENNA clavulanate azlvwialngdn uazd
U398 champagne cork 3@ keyhole dauaasluzUil 4.1 nwan1InasauwuinLTa

N4 35 mUﬁuﬂﬁwauaﬂ@iamsmaauﬁuamiwﬁmsaﬁ”w ESBLs 939

3‘1] 4.1 A positive double-disk synergy test as described in chapter Il. Synergy between
cefotaxime (CTX) or ceftazidime (CAZ) and amoxicillin-clavulanate (AMC) is indicated by
arrows. (A) E. coli (No.11) CTX-M1. (B) E. coli (No.13) TEM. (C) E. coli (No.14) TEM. (D)
E. coli (No.21) CTX-M1. (E) E. coli (33) CTX-M9. (F) S. enterica serovar Typhimurium

CTX-M1 (Positive control).
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n:% 1 ad . v
IMNHNANIINARDIBLEAIINIDT double disk synergy test fuTals
NARAULL oW LA I TaNLYN lERAN1TRI91a o] ESBLs %30kl Wl lgINIInUanTiavad

{ ¥ v J v
ESBLs NiTaa3190% L

A o % ¢ a £ v & .
4.2. findunsadsianlsal B-lactamase BWADANINDNINNYDY LBd E. coli Laz K.
. ~ [ L aa . .
pneumoniae mwnimmngﬂm‘[@ma polymerase chain reaction (PCR)
o & A Y v ¢ ° A A v & a
mLmawl,mﬂ"lmnﬂmUwu‘qw’m’m’limmmﬂuwaimauvlﬂm ESBLs o#a
A a A o 6 A dq' dly . .
CTX-M9 (blagryue) shadaniunasnsianloisiiaitluisa E. coli waz K. pneumoniae a2
auunanaiie Ishnsananaaiialasit alkaline lysis riaw udnhwaralafiana ldan
a v  ad . . a o ean o aad A
AIRUU  blactxme NILIT polymerase chain reaction launaanusin leanIsias
TW1ATH DNA 811539 Qlud nnmMIaTreulasls primer N3NWEAUEY blacrus
WUITE 16 90 35 AUWNUTHEY blacrxwe |AWTLTE RUNBLAY 12 6 10 12 15 16 17 19
20 23 26 32 33 34 uaz 35 lauwulu E. coli Tauaz 44.44 (12 910 27 sowud) uaswulu
K. pneumoniae Jagiaz 62.5 (5 91N 8 awﬁ'uf) Na893% PCR lunsasiaaaud blacry.

Vo LLa@ﬂugﬂﬁ 4.2 UaT 91319N 4.1
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N 1 2345 6 7 8910M M 11 12 13 14 15 16 17 18 19 20 21

539 bp

(A) (B)

M N 22 23 24 2526 27 28 29 30 31 32 33 34 35

©

51 4.2 The PCR amplification result of blacrx.ue group gene.

(A) The sample number 1-10, lane 1 is negative control, lane 2-11 are the
sample number 1-10, respectively, lane M is 100 bp DNA ladder plus.

(B) The sample number 11-21, lane M is 100 bp DNA ladder plus, lane 1-11
are the sample number 11-21, respectively.

(C) The sample number 22-35, lane M is 100 bp DNA ladder plus, lane 1 is

negative control, lane 2-15 are the sample number 22-35, respectively.



A1319 4.1 HANIATIIWDY blacrye 93835 PCR
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No. Organisms blacy o No. Organisms bla 1y 1o
1 E. coli + 19 E. coli +
2 E. coli + 20 K. pneumoniae +
3 E. coli - 21 E. coli -
4 E. coli - 22 K. pneumoniae -
5 E. coli - 23 K. pneumoniae +
6 E. coli + 24 E. coli -
7 E. coli - 25 E. coli -
8 K. pneumoniae - 26 K. pneumoniae +
9 E. coli - 27 K. pneumoniae -
10 E. coli + 28 K. pneumoniae -
11 E. coli - 29 E. coli -
12 K. pneumoniae + 30 E. coli -
13 E. coli - 31 E. coli -
14 E. coli - 32 E. coli +
15 E. coli + 33 E. coli +
16 E. coli + 34 E. coli +
17 E. coli + 35 E. coli +
18 E. coli -

+ = product of blactx.mg; - = No product of blactx.me
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a 6o o .
4.3. N1INAIEHANAU nucleotide

MNFaA N leannsaTaraulasit PCR vinmsinssuifisunuduiasne
ESBLs Niflatilugnudaya GenBank laltlisunsa basic local alignment search tool
(BLAST) wuiwaasdmin ldain PCR fianuindaunuiunairoawlaingu CTX-M9 fis

Souaz 99NANNTSHULABULNIAIBENILEaIl1an19N 4.2

A1319 4.2 HaN3UIBUNBUSI9U nucleotide VBITANIDENIRNILLAY 6

GenBank
accession No. Source Length Score Identity% EO

KC121029.1  Proteus mirabillis strain A12 875 854 99 0.0
beta-lactamase CTX-M-14
(blaCTX-M-14) gene, complete
cds

JX896165.1 Escherichia coli strain 226588X 876 854 99 0.0
beta-lactamase CTX-M-134
(blaCTX-M-134) gene, complete
cds

JX268672.1 Escherichia coli strain AKH11/14 852 854 99 0.0

beta-lactamase CTX-M-27 (CTX-
M-27) gene, partial cds
JX268671.1 Klebsiella pneumoniae strain 852 854 99 0.0
AKH11/7 beta-lactamase CTX-M-
38 (CTX-M-38) gene, partial cds
EU418918.1  Escherichia coliisolate JIE 216 875 854 99 0.0
CTX-M-24 extended-spectrum
beta-lactamase (blaCTX-M-24€)
gene, complete cds
FJ214367.1 Salmonella enterica subsp. 876 854 99 0.0
Enterica serovar Derby strain
1266 extended spectrum CTX-
M-84 beta-lactamase gene,

complete cds
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4.4 Msavvdavdnnastanlasl B-lactamase 135 loop-mediated isothermal
amplification (LAMP)

4.4.1 NMIRIFENINIANITENFINIUNITATIEAY

Tumsmianenumanzsuiialtlunmsaasaulasds LAMP w3auldavinnns

U

a

wWasuudaswnSeesludisen asi

4.41.1 HAVBIAMNITNDWVDI Mg™’
v @ 2+ a a _a ' a .
AnuTNTuEes Mg dsszlulfn3Iseninademsduvas primer uazm3

o 4 a v dq‘ILG/o =< v v
Mauvedewlod DNA polymerase ot lavinmsdnmnavasanuiudusad

'
aaa A

Mg” fanududu 0.5 mM s 6 mM laglwvindFAsmAaamndl 63°C 60 wifl wui

9 U

A o L 4 v v

WAaA w09l AT LAMP Nlanwmedu ladder ihaduiinnuiduduo.5 mM laguay

] ]
= =

a L= v v v 1 { t:l v v 2
maawammsﬁa:ﬁmmmeq@'ﬂmmmmu 1 mM udiilaiRuanududu Mg 89 2 mM
wm"lNamﬁmsﬁﬁﬂ%mma@awuﬁﬂﬁmmsnm’afnwuNamﬁmﬂﬁﬁmmLﬁuﬁugoq@ﬁﬁﬁ

A o & v @ 2+ A v v o A
NINA[DI AL 6 MM GIBUANULVNVUVDI Mg +°V] 1 mM %Gﬂ@Lﬂuﬂ?quLTNTuﬂLﬁquaN

nga aauaaaluzud 4.3 uazanududuiignlilunmsmanzzimunzaudug dald

a

441.2 HAZaJIJwANN

u

flusidiowlmal Bst DNA polymerase azfigmnniininanzaulunisvinuagn

=]

65°C U@ Ieawitsunsainui q (1257} ﬁ@hﬂ’jﬁﬁu‘lﬁ 117873 \'lvl,ﬁ‘ﬁﬂ ﬂ'ﬁﬁﬂ‘]&ﬂ NRVBJ

U U

2 2

ad ' @ 2+ '
aunnfiaud 60°C iy 65°C lavldanuiduduves Mg 1 mM 1Hua 60 wifi wui
qm%ﬁﬁ@i’]ﬁi@ﬁﬂﬂaaﬂaﬂ 60°C ﬁaﬁ“qiﬂwu‘ﬂqil’ﬁw"ﬁqujumaﬂ DNA VL@]“T@]&IWJ’]SJL%&J“MJ{]

a X a a a = a & v a g & '
woy DNA "i]ﬁLWN”IJ%LEJE]LW&JQm%QlJﬁ]%ﬂG 61°C AN UW m’mmmaawamnmmaﬂu

Aa

RINITOFINAANNVLANGI MFA8aLUE1T waNamnal 63°C WUINTMIANIIUINUDY

9 u“

o o

DNA LLUUlejLﬂWWZL%’Iz'%\‘]ﬁE]Uﬁq@ ﬁdLLﬁ@]x‘ll%Eﬂﬁ 4.4 muu;f U%GLaaﬂqm‘V\Qﬁ 63°C

Lﬂuqmﬂgﬁﬁlﬂumimaamﬂﬂ

4.4.1.3 HayadILIA

Taom glumafeufizen LAMP sansndanaiuldlu 30 - 60 wit lu

%
o A

nuIsphlarnsnsszeznamaialisenasud 30 - 60 wit laglianudutn

=

2 a oA P . a
Mg +1 mM atkiNN 63°C INNANIINAR/DINUIT NLIRT 30 Lae 40 UIN VLNW‘UTT'WLWN

9 U
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FwImpes DNA vy wdezsansowuuay DNA latllaldufisendninliiunm

60 W ﬁaLLa@aiugﬁJﬁ 45

PNNAVBINITTGDINI 3 danfiadjisen LAMP wudanisiwanzay

(2
[

A ° o A A 2+ A A < A o e

figadwinwideiida Mg 7 1 mM gungd 63°C 1Tunan 60 wiftuazlaldanazitlu
MIATIMEY  blacrwe MNITMaiNNEENUT  laonRadmdii daziianwosidu
ladder WA 226 GLUR HANTIATIINEU blacrxwe 41835 LAMP ugaslugif 4.6 uas

AN519N 3



1000 bp —p

3‘1] 4.3 DNA patterns of the LAMP products for detection of blacrx.mg gene from E. coli,

500 bp —»

presents blactx.mg gene in PCR, amplified at various Mg2+ concentrations. Negative

control

is nuclease free water.

Lane M: GeneRuler™ 100 bp DNA Ladder plus marker

Lane 1
Lane 2
Lane 3
Lane 4
Lane 5
Lane 6
Lane 7
Lane 8

Lane 9

: Negative control amplified at 0.5 mM Mg2+ concentration
: E. coli amplified at 0.5 mM Mg2+ concentration

: Negative control amplified at 1.0 mM Mg2+ concentration
: E. coli amplified at 1.0 mM Mg2+ concentration

: Negative control amplified at 2.0 mM Mg2+ concentration
: E. coli amplified at 2.0 mM Mg2+ concentration

: Negative control amplified at 4.0 mM Mg2+ concentration
: E. coli amplified at 4.0 mM Mg2+ concentration

: Negative control amplified at 6.0 mM Mg2+ concentration

Lane 10: E. coli amplified at 6.0 mM Mg2+ concentration

30
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60°C  61°C  62°C 63°C  64°C 65°C

200 bp —»

3‘1] 4.4 DNA patterns of the LAMP products for detection of blactx.g gene from E. coli,
presents blactx.mg gene in PCR, amplified at various temperatures. Negative control is
nuclease free water.

Lane M: GeneRuler™ 100 bp DNA Ladder plus marker

Lane 1 : Negative control amplified at 60°C

Lane 2 : E. coli amplified at 60°C

Lane 3 : Negative control amplified at 61°C

Lane 4 : E. coli amplified at 61°C

Lane 5 : Negative control amplified at 62°C

Lane 6 : E. coli amplified at 62°C

Lane 7 : Negative control amplified at 63°C

Lane 8 : E. coli amplified at 63°C

Lane 9 : Negative control amplified at 64°C

Lane 10: E. coli amplified at 64°C

Lane 11: Negative control amplified at 65°C

Lane 12: E. coli amplified at 65°C
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1000 bp —»

500 bp —»

200 bp —»

31] 4.5 DNA patterns of the LAMP products for detection of blacrtx.g gene from E. coli,
presents blactx.mg gene in PCR, amplified at various times. Negative control is nuclease
free water.

Lane M: GeneRuler™ 100 bp DNA Ladder plus marker

Lane 1: Negative control amplified at 30 min

Lane 2: E. coli amplified at 30 min

Lane 3: Negative control amplified at 40 min

Lane 4: E. coli amplified at 40 min

Lane 5: Negative control amplified at 60 min

Lane 6: E. coli amplified at 60 min
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M N 16 1718 19 20 2122 23 24252627 28 29

1000 bp—p-
500 bp

|
-

200bp_—y.

MRy
(AL

(A) (B)

M N 30 31 32 33 34 35

1000 bp —»
500 bp —»

200 bp —»

©

g‘l.l 4.6 The result of LAMP amplification of blactxme gene. The LAMP reaction was
carried out at optimal condition obtained from previous experiment, 1 mM MgZ+, 63°C for
60 min.

(A) The sample number 1-15, lane M is 100 bp DNA ladder plus, lane 1 is
negative control, lane 2-16 are the sample 1-15, respectively.

(B) The sample number 16-29, lane M is 100 bp DNA ladder plus, lane 1 is
negative control, lane 2-15 are the sample number 16-29, respectively.

(C) The sample number 30-35, lane M is 100 bp DNA ladder plus, lane 1 is

negative control, lane 2-7 are the sample number 30-35, respectively.



A1319 4.3 HANIATIARBUEU blacrye 18D LAMP
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No. Organisms blacy uo No. Organisms bla 1y 1o
1 E. coli + 19 E. coli +
2 E. coli + 20 K. pneumoniae +
3 E. coli - 21 E. coli -
4 E. coli - 22 K. pneumoniae -
5 E. coli - 23 K. pneumoniae +
6 E. coli + 24 E. coli -
7 E. coli - 25 E. coli -
8 K. pneumoniae - 26 K. pneumoniae +
9 E. coli - 27 K. pneumoniae -
10 E. coli + 28 K. pneumoniae -
11 E. coli - 29 E. coli -
12 K. pneumoniae + 30 E. coli -
13 E. coli - 31 E. coli -
14 E. coli - 32 E. coli +
15 E. coli + 33 E. coli +
16 E. coli + 34 E. coli +
17 E. coli + 35 E. coli +
18 E. coli -

+ = product of blactx.mg; - = No product of blacTx.me
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4.4.2 NM3ATINE bla,,,,,, gene 72835 LAMP lagle thermal cycling
equipment w38 uneuny conventional water bath

3% LAMP "L@i”gﬂﬁwm%um‘[mﬁgm‘iwmUﬁﬁlzﬁﬂﬂ%ﬁﬂuﬂizmﬂﬁﬁ(:iTa
Waliio991nmslFiReaus conventional water bath Rs1anInLAiRs %% DNA Whwmang
e (Mori et al., 2001; Notomi et a I, 2000; Tomita et al., 2008) muﬁ%’sf‘rﬁﬂﬁﬁﬂmi
Liﬁ&l‘uLﬁ{luwamadmﬂﬁlmﬁuuu DNA tihwanueae  thermal cycling equipment AL
conventional water bath GL%ﬂ’ﬁ?mH’]fﬁ“ﬁ E. coli No.6 L8z No.10 Gﬁdﬁﬁu blactxms arq_Ji
(@nmsayagaulay PCR) uanlfouifisulaglssnmsslunaiadjisonniiauny fe
Mg" 1 mM 63°C 1Twasn 60 w1t wudnnsle conventional water bath 1naLzwdnIRL

thermal cycling equipment éﬁgﬂ 4.7

3‘1] 4.7 The result of LAMP amplification of blactx.mg gene using conventional water bath
and thermal cycling equipment.

(A) The LAMP amplification using conventional water bath, lane 1 is
negative control, lane 2 and 3 are the sample of number 6 and 10, respectively which
produced blactx.me- Lane M is 100 bp DNA ladder plus.

(B) The LAMP amplification using thermal cycling equipment, lane 4 and 5
are the sample of number 6 and 10, respectively which produced blactx.mg, lane 6 is

negative control.
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4.4.3 N13@329MaVa9 LAMP lagnisdsnaaniaaislan
A { U 1 o v Aa
& SYBR Green | Gaifudnitnluunsnszineans DNA vinldiia DNA-dye-
o a s a ' A A = Aad A

complex ANINQATULEITINEULAzRBsULEIF T L0800 Wuanltlunisasranm g
$1WIuVeI DNA Auathuwinans luwnuisuiitlald SYBR Green | 1iiafdumaiiusiuin
284 DNA ihwanelas LAMP lasmitdusnsazans SYBR Green | adlulisunaange
UYPAT0ua7 WuItimaivesiuan DNA ansazapasifuuangaudusidoiuazisad
LLaamﬂl@T%'a’ﬁaqa@m"Lﬂamﬂ uE o lNANTANIIWIL DNA  RITASANEIRIN R

IR awLaN wamaaﬂ’lsmaaal,l,amlugﬂﬁ 4.8

31] 4.8 Visual inspection of LAMP products detected using SYBR Green I. The CTX-M9
primers were used for this assay.

(1) Negative control (nuclease free water) is orange color

(2) E. coli (No.6) is green color as a positive

(3) E. coli (N0.10) is green color as a positive

4.4.4 nM5dSauisuaNINNIL (specificity) waz Al (sensitivity)
$£%719 LAMP nu PCR
E. coli No.6 @slvmauinlunisasians 2 33 "L”@ﬁmﬂﬁi‘]uﬁuuuﬂums

= a o ad & ad
LU?UULV] E]Uﬂ']ql]vL’J LREZAINUINNIZVBIITATIIRALUNSG 2 9D
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4.4.41 w3suisuanalilunisasregeuiin bla,,,, gene 1w ESBL
producing E. coli (No.6) Tag LAMP uazPCR detection

maSeuiisuanahvesitasiareulasnsiaen serial 10-fold dilution
yaswaala DNA lagldanududu 10 ng/ul 9 10°ng/pul wdinluvind Az wudnis
PCR §11150AT9WLLAL DNA 211 539 @lURu8din blacrxue laAanautausn
10°ng/ul 84 10 'ng/ul (gﬂ‘ﬁ 4.9A) amazAuny DNA anwozillu ladder Awen7 226 Alua
mminwu"l@“l,unﬂmmLﬁuﬁwﬁ'maau (10°ng/ul to 10 ng/pl) @Tﬂgﬂﬁ 4.9B 9NNT
maaaf':mminagﬂ"l,ﬁ'jﬁ% LAMP fanuhlunseanasaudu blagyue 81NN PCR

281918 10000 LY (913719 4.4)

®1919 4.4 Comparison the sensitivity of LAMP and PCR for blactx.mg gene detection of

E. coli (No.6)

Plasmid concentration (ng/ul)

Amplification method
bla

CTX-M9

LAMP 10°
PCR 10"
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Plasmid 4oy a 4 Plasmid __y 31 o2 nd s
o o™ N 107102 10' 1 10" 10710710 10° concentration . v 107107107 1 107 107107107 10

M 123 456 78 910 0

1000 bp
500 bp
—

ZOE)E

A) (B)

1 2 3 4 5 6 7 8 9 10

B e B s oda ais -

ARRARRAAR

©

Figure 4.9 Comparison of sensitivity between PCR method (A) and LAMP method (B)
for detection blactx.mg gene of E. coli (No.6). The color change (orange color: negative
control; green color: positive) after addition of SYBR Green | (C).

Lane M : 100 bp DNA Ladder plus marker,

Lane 1 : Negative control (nuclease free water)

Lane 2-10: E. coli (No.6), serial dilutions at 103ng/pl to 10'5ng/pl, respectively.
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4.4.42 ulisumiguanuduwizlwnsasresauiiv bla,,,, gene Iu
ESBL producing E. coli (No.6) Taa LAMP uazPCR detection

lumsiSaufisuanusuwizilesnisld prime wasUjisen LAMP uae
PCR vl,i_l‘lﬁﬁluﬁﬂuﬁuﬁuguﬂ Alails blagryme WWWA E. coli (No.10 represent positive
strain), E. coli (No.12 represent positive strain), E. coli strain K12 ﬁwmaﬁmﬁﬁva@ia
nalidixic, Salmonella krefeld ﬁwmaﬁ@ﬁ(ﬁa@ia amplicillin, pGEM® T Easy vector In
alafinada amplicillin, uaz pBluescript” SK vector fiwaalafinada amplicillin Wy
managaulagld primer §M3U LAMP snansatiinsinin DNA léawie E. coli (No.10)
waz E. coli (No.12) udt iiiusiwandudug (3U 4.10B) &% primer &3 PCR AlWka
udeain udludiaing S, Krefeld @sfifiuiaasa ampicilin wumssuiwwuy'lsl
wzanzasdadudymiinudesln PCR (3U 4.10A) mwnsaagdlddn prime dwiy

LAMP #@a33 w1260 DNA ihwansuinnin PCR

M12 3 45 67 M 12 3 4 5 6 7

1000 bp —» 1000 b
500 bp —» 500 b
200 bp —» 200b

A B
31] 4.10 Comparison of specificity between PCR method (A) and LAMP method (B) for
detection blacryx.me geNe
Lane M: 100 bp DNA Ladder plus marker
Lane 1: Negative control (nuclease free water)
Lane 2: E. coli (No.10 represent positive strain)
Lane 3: E. coli (No.12 represent positive strain)
Lane 4: E. coli strain K12 plasmid containing nalidixic resistance gene
Lane 5: Salmonella Krefeld plasmid containing amplicillin resistance gene
Lane 6: pGEM® T Easy vector containing amplicillin resistance gene

Lane 7: pBIuescript® SK vector containing amplicillin resistance gene



40
4.4.5 N1331A312% LAMP products

% e o

4.4.5.1. MR BRNARI NI

A A L= a s A 3 Aaaa 1 I a A o a =S o

iadugundanmnlaanuisendniunwaniaain DNA Nidainsase 39

1 a o A v Y 6 o A v o v

mitesnianusin lddoewladdadumzinanzan u§vhn1Iguacis agarose gel

. ° ) A ' v A A = o
electrophoresis landwinswIavasdu DNA igndasainlaseaiian 15 Fudulasais
A VA Aaan 1 a [ n‘d' v 1 v 6w o a A
nlnaifigavesdjiten wuimdadusinldnasnndesdoenlodaadnume 2 ofia fe
Mbol uaz Tagl Svwalndidssnundwinle dauaaalugin 4.11 lapazwuway DNA

VU1 168 177 ez 250 ﬁjl,‘]_lﬁ Lﬁﬂ&iﬂ&lﬁﬁ]&l Mbol Lazuu1a 165 193 229 281 ez 314 ijﬂ

dauday Tagl. (U7 4.12)

F3 F2 Tagl Mbol
251 57— TTAAGCAGAG TGAAACGCAA AAGCAGCITGC TTAATICAGCC TGICGAGATC AAGCITGCCG ATCTGGTTAA CTACAATCCG -3~
37- aattcgtctc actttgcgtt ttcdtcga¢dy aattagtcgy adagctftad ttcggacgge tagaccaatt gatgttagge -5°
Taql
B1C
331 57— ATTGCCGAAA AACACGTCAA CGGCACAATG ACGCTGGCAG AGCTGAGCGC GGOCGCGTTG CAGTACAGCG ACAATACCGC -3~
3”- tadcggc gtgcagtt gccgtgttac tgcgaccgtc |t tcgeg ccggegcaac gtcatgtcge tgttatggeg -5°
F1C
Mbol
411 57- CATGAACAAA TTGATTGCCC A GGTGG CCCGGGAGGC GTGACGGCTT TTGCCCGCGC |GATC[FGCGAT GAGACGTTTC -3~
3”- gtacttgttt aactaacggg [tcgapiccace gggccfEccy cactgcogaa adegggegey ctagedgeta ctctgcaaag]
Taql B2 B3

491 5°- GTCTGGATCG -3~
3"~ [agactage -5”

31] 4.11 The nucleotide sequence of the sense and anti-sense strand of blacrxme gene
was shown. DNA sequences used for primer design are shown by black boxes. The

restriction site for Mbol and Tagql are indicated by blue box and red box, respectively.
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No.1 No.2 No.6 No.10 No.11

250 bp __ %
177 bp
168 bp

M= Mbol; U= Uncut; T= Tagql

g‘ﬂ 4.12 Restriction digestion analysis of the LAMP product, the digestion product was
electrophoresed in 2% agarose gel.

Lane 1: Mbol digestion of E. coli (No 1.) LAMP product
Lane 2: E. coli (No 1.) LAMP product

Lane 3: Taql digestion of E. coli (No 1.) LAMP product
Lane 4: Mbol digestion of E. coli (No 2.) LAMP product
Lane 5: E. coli (No 2.) LAMP product

Lane 6: Tagql digestion of E. coli (No 2.) LAMP product
Lane 7: Mbol digestion of E. coli (No 6.) LAMP product
Lane 8: E. coli (No 6.) LAMP product

Lane 9: Taql digestion of E. coli (No 6.) LAMP product
Lane M: 50-bp DNA ladder marker

Lane 10: Mbol digestion of E. coli (No 10.) LAMP product
Lane 11: E. coli (No 10.) LAMP product

Lane 12: Tagql digestion of E. coli (No 10.) LAMP product
Lane 13: E. coli (No 12.) LAMP product

Lane 14: Mbol digestion of E. coli (No 12.) LAMP product
Lane 15: Taql digestion of E. coli (No 12.) LAMP product
Lane M: 50-bp DNA ladder marker
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4.4.5.2 Southern blot DNA-DNA hybridization

a

inaBudunatildanmigessoanlsdaasunzinassiuiuiidasms
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130 140 150 160 170 180

310 320 330 340 350 360

370 3an 390 400 410 420

3‘1] 4.13 The PCR product sequencing result of E. coli (No.10) and the alignment of

nucleotide sequence of E. coli (No.10) was compared with the other strain of bacteria. (1)

The PCR product of E. coli (No.10) has been presented the blactxmg gene by PCR

sequencing; (2) E. coli which was obtained GenBank database has been presented the

blactx.mia gene; (3) E. coli which was obtained GenBank database has been presented

the blactx.mo geNE.
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500 bp —»

250 bp —»
150 bp —»

M= Mbol; U= Uncut; T= Taql

31] 4.14 The Southern blot analysis of restriction digestion of the LAMP product, the
digestion product was electrophoresed in 2% agarose gel.

A: Agarose gel electrophoresis patterns of restriction enzyme digestion

Lane M: 50-bp DNA ladder marker

Lane 1: Mbol digestion of E. coli (No 1.) LAMP product

Lane 2: E. coli (No 1.) LAMP product

Lane 3: Taql digestion of E. coli (No 1.) LAMP product

Lane 4: Mbol digestion of E. coli (No 2.) LAMP product

Lane 5: E. coli (No 2.) LAMP product

Lane 6: Taql digestion of E. coli (No 2.) LAMP product

Lane 7: Mbol digestion of E. coli (No 6.) LAMP product

Lane 8: E. coli (No 6.) LAMP product

Lane 9: Taql digestion of E. coli (No 6.) LAMP product

B: Southern hybridization resulting from the transfer of the DNAs in the gel from A to

nylon membrane and hybridized with PCR product of E. coli (No.11) as probe
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Discussion
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INTRODUCTION

Extended-spectrum B-lactamases (ESBLs) are a group of enzyme B-lactamases that is able to hydrolyze
most of the B-lactam antibiotics. ESBLs are usually encoded by genes located on large plasmids found
in Gram-negative bacteria including Enterobacteriaceae (1). ESBLs have become a concern in both
antimicrobial treatment and infection control. The detection method of those ESBLs-producing bacteria
is necessary for identification, prevention and treatment. The methods for detection of ESBLs can be
divided into two groups; phenotypic method using non-molecular techniques and genotypic method
using molecular techniques.

The phenotypic detection can differentiate between ESBLs and over productions of cephalosporinase
while genotypic method is used to identify the ESBLs encoded genes. At present, the genotypic
methods widely used for detection of those enzymes are polymerase chain reaction (PCR). However,
this method is expensive and time-consuming for routine laboratory in developing countries. Therefore,
the rapid, cost-effective and accurate diagnoses are important to be considered.

Loop-mediated isothermal amplification (LAMP) is a novel isothermal amplification technique. LAMP
can be performed by a set of 4 specially designed oligonucleotide primers consisting of forward inner
primer (FIP), backward inner primer (BIP), B3 and F3. This method is faster, more sensitive and
specific than conventional PCR, as well as no requirement for specialized laboratory equipments.
Moreover, this method can be visualized by real-time turbidity caused by precipitation of magnesium
pyrophosphate, a by-product of reaction.

The aim of this study is to develop the LAMP method in order to detect CTX-M1 type ESBL-producing
Escherchia coli and Klebsiella pneumoniae. For this purpose, E. coli (27 strains) and K. pneumoniae (8
strains) were isolated from patients in infectious unit at Ramathibodi Hospital. The ESBLs production
was confirmed by double-disk synergy test (DDST) and PCR. Then, a set of specific oligonucleotide
primers was designed and used to perform the LAMP reaction. The LAMP condition will be further
optimized and tested for specificity and sensitivity.

MATERIALS AND METHODS

Bacterial strains: This study was an experimental study to identify P-lactamase genes in ESBL-
producing E.coli and K.pneumoniae clinical isolates obtained from Ramathibodi Hospital followed by
an evaluation of activities of antimicrobial agents alone or in combination against these isolates using
time-kill method. The study protocol was approved by Committee on Human Right Related to
Researches Involving Human Subjects of Faculty of Medicine, Ramathibodi Hospital, Mahidol
University on July 15, 2005 with approval number 0609/2005.

Preparation of plasmid DNA from bacterial cells: A single colony of E.coli and K.pneumoniae was
cultured in 5 ml of LB broth containing 100 pug/ml ampicillin at 37°C for 12-16 hr with continuous
shaking at 150 rpm. Then, bacterial DNA was extracted by plasmid extraction kit (Real biotech
corporation, Taiwan).

Double-disk synergy test (DDST): Bacteria were suspended equivalent to McFarland 0.5 turbidity
standard in Mueller-Hinton broth and inoculated onto Mueller-Hinton agar plate. Then, disks containing
cefotaxime (CTX 30 pg), ceftazidime (CAZ 30 pg) were placed 20 mm (center to center) from
amoxicillin-clavulanic acid disk (30 and 10 pg respectively). These plates were incubated at 37°C
overnight.

Polymerase chain reaction (PCR): PCR was performed at a final volume of 25 ul in 1.5 ml tubes. The
primers used for PCR amplification are listed in Table 1. Each reaction contained 20 mM Tris-HCI (pH
8.4); 50 mM KCIl; 0.2 mM each of deoxynucleoside triphosphate; 2 mM MgCl,; 0.4 uM primers of
Forward and Reward; and 4U of Taq DNA polymerase. Template DNA (1 ul) was added to 24 pl of
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master mixture. The PCR program was performed with pre-heat at 94°C for 1 min, followed by 30
cycles of DNA denaturation at 94°C for 1 min, primer annealing at 52°C for 30 sec, extension at 72°C
for 1 min and final extension at 72°C for 5 min. The PCR products were analyzed by agarose gel
electrophoresis. Gels were stained with ethidium bromide at 0.5 pg/ml and visualized by UV
transillumination. A 100-bp DNA ladder was used as a marker. Negative control was PCR mixture with
the addition of water in place of template DNA.

Loop-mediated isothermal amplification (LAMP): A set of four primers specific to the ESBL gene was
designed by Eiken explorer V4 (http:/primerexplorer.jp/elamp4.0.0/index.html). The forward inner
primer (FIP) consisted of the F1C sequence, TTTT and the F2 sequence. The backward inner primer
(BIP) consisted of the B1C sequence, TTTT and B2 sequence. LAMP was performed at a final volume
of 25 pl in 1.5 ml tubes. The primers used for LAMP amplification are listed in Table 2. Each reaction
contained 0.8 uM each FIP and BIP, 0.2 pM each F3 and B3, 200 puM each dNTP, 1 M betaine, 1X
thermopol buffer, 2 mM MgSO,, 4U Bst DNA polymerase. After incubation at 60-65°C for 1 h, the
reaction was stopped by heating at 80°C for 2 min. Then, the LAMP products were analyzed on 2%
agarose gel electrophoresis and visualized under UV light. The specificity of reaction was confirmed by
digestion with restriction enzymes, Mbol and Pvull. After digestion, the digested products (10 pl) were
analyzed by electrophoresis on 3% agarose gels electrophoresis and visualized under UV light.

Table 1. Oligonucleotide primers of PCR for detection of B-lactamase genes.

Annealing Expected Reference
Primer temperature Nucleotide sequence (5°— 3°) Amplicon (GenBank
(°C) size (bp) accession No.)
CTX-M-1-F 52 CGG TGC TGA AGA AAA GTG 369 X92506
CTX-M-1-R TGT CAC CCA ATGCTT TACC (E.coli)
Table 2. Oligonucleotide primers of LAMP for detection of f-lactamase genes.
Primer Sequence (5’ = 37)
CTX-MI1F3 GCGATAACGTGGCGATGA
CTX-M1B3 TCAGATTCCGCAGAGTTTGC
CTX-MIFIP TTCGTCTCCCAGCTGTCGGGTTTTTGATTGCTCACGTTGGCG
CTX-MIBIP GTTCCGTCTCGACCGTACCGATTTTGCCCGAGGTGAAGTGGTAT
RESULTS AND DISCUSSION

Double-disk synergy test (DDST): The test result was considered as positive when decreased
susceptibility to cefotaxime and ceftazidime were combined with a clear-cut enhancement of the
inhibition zone of those antibiotics in front of the clavulanate-containing disk (Figure 1). The results
showed that 20 out of 27 strains E.coli carried CTX-M1 gene whereas for K.pneumoniae, CTX-M1
gene was detected in 6 out of 8 strains.

Fig 1. A positive result of double-disk synergy test.

Cefotaxime (CTX), ceftazidime (CAZ) and amoxicillin-

clavulanate (AMC) disks were placed at a distance of 20

! mm from others. The inhibition zone was enhanced

| between CTX, CAZ and AMC disks, indicating synergy
between CTX, CAZ and AMC.
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Polymerase chain reaction (PCR): PCR results indicated that CTX-M1 gene was detected in 20 out of
27 E.coli strains whereas for K.pneumoniae, CTX-M1 gene was detected in 6 out of 8 strains as shown
in Table 3 and Figure 2.

Table 3. PCR results

No. Organisms CTX-M1 No. Organisms CTX-M1
1 E.coli - 19 E.coli +
2 E.coli + 20 K.pneumoniae +
3 E.coli + 21 E.coli +
4 E.coli + 22 K.pneumoniae +
5 E.coli + 23 K.pneumoniae +
6 E.coli + 24 E.coli +
7 E.coli + 25 E.coli -
8 K.pneumoniae + 26 K.pneumoniae -
9 E.coli - 27 K.pneumoniae +
10 E.coli - 28 K.pneumoniae -
11 E.coli + 29 E.coli +
12 K.pneumoniae + 30 E.coli -
13 E.coli + 31 E.coli +
14 E.coli + 32 E.coli -
15 E.coli + 33 E.coli +
16 E.coli + 34 E.coli +
17 E.coli + 35 E.coli -
18 E.coli +

NC1 2 3 4 5M 6 78 910

Fig 2. Positive of PCR products were separated in a
2% agarose gel. A single amplicon of 369 bp was
generated.

Lane NC, Negative control (The addition of water in
place of template DNA)

Lane 1, E.coli (No.2)

Lane 2, K.pneumoniae (No.8)

Lane 3, E.coli (No.14)

Lane 4, E.coli (No.15)

Lane 5, E.coli (No.16)

Lane M, Marker = 100-bp DNA ladder plus marker
Lane 6, E.coli (No.17)

Lane 7, E.coli (No.18)

Lane 8, K.pneumoniae (No.22)

Lane 9, K.pneumoniae (No.23)

Lanel0, E.coli (No.24)

Loop-mediated isothermal amplification (LAMP): To determine the optimal temperature and time of
the LAMP reaction, the result showed that the best condition was observed at 63°C for 60 min. After
separated by 2% agarose gel electrophoresis, the typical ladder pattern of amplified products could be
seen under UV light. The amplified products were confirmed by digesting with restriction
endonucleases, Mbol and Pvull. The fragments were analyzed by gel electrophoresis (Figure 3). This
ladder pattern was characteristic of the LAMP amplification and indicated that stem-loop DNA with
inverted repeats of the target sequence was produced.
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Fig 3. Restriction analysis of the LAMP product. The
digestion product was electrophoresed in 3% agarose gel.

Lanel, Pvull digestion of E.coli LAMP product;

Lane 2, E.coli LAMP product;

Lane 3, Mbol digestion of E.coli LAMP product;

Lane M, 100-bp DNA ladder plus marker;

Lane 4, Pvull digestion of Reference M1;

Lane 5, Reference M1 LAMP product;

Lane 6, Mbol digestion of Reference M1 LAMP product.

CONCLUSION

A set of four specific oligonucleotide primers was designed based on the sequence of CTX-M1 type
ESBL gene. The optimum condition for amplification was at 63°C for 60 min. The results from LAMP
were comparable to PCR method but it was more rapid and easier to perform. However, a condition for
the LAMP technique should be further developed in order to optimize sensitivity and specificity.
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| [ into two groups; phenotypic method u hniq notypic od using |
phenotypic dehcﬁon can differentiate between ESBLs and ovarpmduchons ofeephdosponnasa while genotypic method is used to identify the ESBLs
encoded genes. At present, the genotypic methods widely used for detection of those enzymes are polymerase chain reaction (PCR). However, this
method is expensive and time-consuming for routine laboratory in developing countries. Therefore, the rapid, cost-effective and accurate diagnoses are
important to be considered. Loop-mediated isothermal amplification (LAMP) is a novel isothermal amplification technique. LAMP can be performed by a
set of 4 specially designed oligonuclectide primers consisting of forward inner primer (FIP), backward inner primer (BIP), B3 and F3. This method is
faster, more sensitive and more specific than conventional PCR, as wel as no requirement for specialized laboratory equipment. The aim of this study
is to develop the LAMP method in order to detect CTX-M9 type ESBL-producing Escherchia coli and Klebsiella pneumoniae.

Bacterial strains: Clinical isolates of E.coli and K pneumoniae were obtained from Ramathibodi Hospital. The study protocol was approved by
Committee on Human Right Related to Researches Involving Human Subjects of Faculty of Medicine, Ramathibodi Hospital, Mahidol University on
July 15, 2005 with approval number 0609/2005.

Plasmid extraction: A single colony of E.coli and K pneumoniae was cultured in 5 mi of LB broth containing 100 pg/ml ampicillin at 37°C for 12-16 h
with continuous shaking at 150 rpm. Then, bacterial DNA was extracted by plasmid extraction kit (Real biotech corporation, Taiwan).

Polymerase chain reaction (PCR). Specific detection of CTX-M9 gene (b/laCTX-M9) was performed using specific set of primer (CTX-M9 F: 5- CGT
ATT GGG AGT TTG AGA TG-3', and CTX-M9 R: 5- GGT ATT CAG CGT AGG TTC -3'). The amplificaticn processes were carried out 30 cycles of
DNA denaturation at 94°C for 1 min, primer annealing at 50°C for 30 sec, extension at 72°C for 1 min and final extension at 72°C for 5 min.
Loop-mediated isothermal amplification (LAMP): A set of four primers specific to CTX-M9 gene (blaCTX-M9) was designed using Eikenexplorerv4
software (Table 1). LAMP amplification was performed in 25 pl reaction mixture containing 0.8 pM each FIP and BIP, 0.2 uM each F3 and B3, 200 yM
each dNTP, 1 M betaine, 1X thermopol buffer, 2 mM MgSO,, 4U Bst DNA polymerase. The amplification processes were carried out 60-65°C for 1 h,
the reaction was stopped by heating at 80°C for 2 min. The amplified products were analyzed on 1.5% agarose gel electrophoresis with ethidium
bromide and visualized under a UV transilluminator. The product was confirmed by digestion with restriction enzymes, Mbol and Tagl, and analyzed
on 3% agarose gels electrophoresis and visualized under UV light.

Sequence (5—) 3)

GAGTGAAACGCAAAAGCAGC
CCAGACGAAACGTCTCATCG
GCCGTTGACGTGTTTTTCGGCTTTTCAGCCTGTCGAGATCAAGC
CGCGTTGCAGTACAGCGACATTTTAAAAGCCGTCACGCCTC
m;: Jl”m‘%”f%r“'m“““"mm"'im"’r’;”‘ tod on 1.5% Figure 1. Positve of PCR products. A single

parated on 1.5%
agarose gel electrophoresis, the typical ladder pattern of mm&? was generated

i : ladder plus marker
amplified products could be seen under UV light as shnwn Lane N: Negative control
in Figure 2. The amplified products were confimed by Lane 1: E.coli{No.1)  Lane 2: E.coli(No.2)
digesting with restriction andonuclaases, Mbol and Taql. . Lane 3: Ecoli(No.3) Lane 4: E coli(No.4)
The fragments were analyzed by agarose gel Lane & E.coli(No.5) Lane6: E coli(No.6)
electrophoresis (Figure 3). This ladder pattern was
characteristic of the LAMP amplification and indicated that
stem-loop DNA with inverted repeats of the target sequence
as produced.

on the sequence of CTX-M9 ESBL gene. The optimum

condition for amplification was at 63°C for 60 min. The results
from LAMP were comparable to PCR method but it was more :
rapid and easier to perform. The sensitivity and specificity of e | Figure 3. Restriction analysis of the LAMP product.

A ated. Lane 1: E.cali(No1.) LAMP product
Lane 2: Mba digestion of E coli (No1.) LAMP product
m&mmamm)mpmm
Lane M: 50-bp DNA ladder marker
Lane 4: Tagl digestion of E.coli (No1.) LAMP product
Lane 5: TadﬁgeﬁnndEcﬂM)wm
ane 6: £ cali(No2) LAMP
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