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Abstract
Project code : TRG5380005
Project Title : Development of loop-mediated isothermal amplification (LAMP) technique for
detection of toxin gene in Clostridium perfringens
Investigator : Assist. Prof. Dr. Natharin Ngamwongsatit and Prof. Dr. Watanalai Panbangred,
Mahidol University

E-mail Address : natharin.nga@mahidol.ac.th
Project Period : May 31°, 2010 — August 31°, 2020

The specific and sensitive loop-mediated isothermal amplification (LAMP) and multiplex
PCR (mPCR) for rapid detection of C. perfringens in swine feces was developed and evaluated. A
set of specific LAMP and mPCR primers was designed for recognizing four distinct regions on cpa
gene for LAMP primer and seven specific genes for toxinotyping of C. perfringens including 16s
specific C. perfringens cpa cpb etx iap cpe and cpb2 for mPCR. The result showed that both primer
sets was specific to five C. perfringens reference strains but did not amplify other 17 non-
C. perfringens strains. The target DNA could be amplified under LAMP optimized condition at 63°C
within 30 to 60 minute in a water bath and visualized turbidity by naked eye. The sensitivity
between LAMP and mPCR using DNA template extracted from C. perfringens ATCC 13124 strains
were compared. The detection limit of mPCR was ranging from 100 fg to 10 ng depend on the
C. perfringens type strains whereas LAMP was able to detect DNA at 10 ng. Moreover the efficacy
of LAMP and mPCR was compared with reference culture method using fifty swine feces samples.
It was very high 100% sensitivity and specificity in which 30 samples were positive among three
methods. The obtained results revealed that LAMP and mPCR methods targeting specific
C. perfringens toxin genes has a great potential use as a rapid screening molecular method in the

detection of C. pefringens in animal specimens and identifying up to the toxinotyping level.

Keywords: Clostridium perfringens, LAMP, toxin



UNAaLa
IW&lAT9NNT: TRG5380005
Falasans: e 3tameifessiuaessfiwuesida Clostridium perfringens @a8LNALA
loop-mediated isothermal amplification (LAMP)

Fawindan: we. 3. gnsuns anadaiio uar aasJaway tuthwinie sninssuufiaa
E-mail Address : natharin.nga@mahidol.ac.th
3282 1ATINNT: 31 WOBAAN W.A. 2553 §19 31 FIAIAN W.7. 2563

MINWWILazU 2L Twnaia loop-mediated isothermal amplification (LAMP) Wag multiplex
PCR (mPCR) Aiflanulhuazanusiwiziiensiawiiie C. perfringens ludatnayagns laoyinis
aaﬂLLum;@"LWSL:ua§ﬁﬁmm§%ww:da cpa §IMTU LAMP uasfuisiwizan 7 fu dsznavludre
16s specific C. perfringens cpa cpb etx iap cpe Wae cpb2 Lﬁm_i\‘]%?m slw”ui?naa C. perfringens A

a A ' & I3 ' s .
IAUA MPCR TTINANITNARAUNLIN °12@]vLW§LﬂJagﬂdﬁadﬁ@ﬁﬂﬁﬂwﬁﬁLW’]&@]@L%@ C. perfringens 818

9

o 6 °

WHDANATZIUITWIN 5 mﬂw"'uf Lmzvl,&il,ﬁ@]ﬂﬁﬁ%mﬁmﬁ'uLmﬂﬁﬁﬂﬁﬂumjm Clostridium W82 enteric
A A o ° o & a ° A & P ~
dugnldnaseudiuan 17 smpwug maRasmsdwndiduialasnaiia LAMP luantizfivaanzay
ﬁ’]%ﬂ@ﬂl%ﬁ!m%ﬁﬁlﬁﬂ’)ﬁ 63 A9ANLTALTURLDWIRNAILE 30-60 U1 luéwm‘hﬂauquqm%QﬁLLa:
R1A1INATIIROUNALA ﬂmsé'ommmmﬁu"l,@i”@i”’mml,ﬂm TunsdnebatdSounauanalasening
LAMP uaz mPCR lagle DNA template Nanaanniia C. perfringens ATCC 13124 Wu3N nadia
Qq/' 1 % Qs ‘3/ % Q ¥ {
mPCR Ja717u1 aaue 100 twWulansy 09 10 wilunsu TunumeWuseITa Tuamen LAMP &
A lunsRuseneddwan 10 wilwnsy wanainik laSouiaulszansa wuad LAMP uas
mPCR lunsasiawnda C. perfringens 3nyagnIlanassdnuin 50 dradnd isunumawizife
WUUINAIPIUNLTI inadla LAMP uae mPCR T¥wauan 30 éﬁashﬂ@ﬂﬁmw"hua:mwﬁ%m:ag
s c; KR v di = o AaA = 1l g: a
luszaungenniedosaz 100 WalfsuiuiTuaIgIu MnNamMIdnsLaTiinaiie LAMP  uaz
mPCR faanuuuliamamuanissnensunizda C. perfringens Suwalriunazii luldwamlu

d? . [ 1 [ R [ o &
MIATIMWTa C. perfringens 1umamaﬁnﬂamﬂlﬂ"’[@ymmsm:ﬂ@msmumUwuq

FNAN: ARARALADY LNAINILAUT LAMP N3N



CREH

uneaaga

RO

RIIUTYNIN

unil 1 unsh

UNT 2 NUNIWITTUNTIY

uni 3 55MInases

UNM 4 HANTNARDS

unil 5 AnTniuazaLTaiauaumy

‘].Iiimqii,ﬂill

>
e

© 00 N H



#13U WA

A a a A . a X
AN 1 TUARIIWEN C. perfringens NGV
a797 2 Iwsiwasdmiulisen multiplex PCR uas LAMP
A319N 3 WaNIUIBUBUATA1I@TI9 toxin genes VBILTB C. perfringens 18LNA%A

multiplex PCR 1&g LAMP lagas99n&isaasianuIsiniziiouuuanasgiu

12
16
29



13NN

31]"71‘ 1 ﬁ'ﬂwm:l,%a C. perfringens uummngmﬁa TSC agar
gﬂﬁ 2 wamsnagaUMILaiuaside C. perfingens i Motility nitrate medium
LA lron milk medium
31]"71‘ 3 2% agarose gel electrophoresis UYaINRANAIIN multiplex PCR
Aldamausnida C. perfringens
gﬂﬁ 4 wamsaTam BuaemsAsande C. perfringens ﬁtwwnmnmnqnﬂuﬂﬁu
ya3d5eine ng
31]"71‘ 5 mmvl,waa"g@ mPCR primer luﬂﬁmmixqﬁuaﬁdmiﬁiﬂad C. perfringens
gﬂﬁ 6 AIWIUNIZVDITA MPCR primer lumimwsxqﬁuﬁwmsﬁmaa
C. perfringens 91MN§188139 DNA ﬁuuuumnL%aLLUﬂﬁﬁmﬁaBﬂmﬂw”ufﬁus]
gﬂﬁ 7 HAMINARAUANNINLNIZVAI LAMP F3/B3 primer §ia DNA 289178
C. perfringens ATCC 13124
gﬂﬁ' 8 HaNINAFaUUNIL1 LAMP 6ia DNA 204198 C. perfringens ATCC 13124
;ﬁJ‘ﬁ 9 HAMINAFBUIzHZIAINIYINUNAIE1289 LAMP 1413957991 cpa V89
C. perfringens th LIRG4 9
31]"71‘ 10 any'tizad LAMP primer lunmisasiamin cpa madL%a C. perfringens
gﬂﬁ 11 @V UNI1ZVDI LAMP luﬂwsmwizqﬁuﬁwmsﬁw cpa 183 C. perfringens

9MN@78819 DNA duuuuanigauuafisonalsnmaniions

17
18

20

21

22
23

24

25
26

27
28



uni 1
UNA
Clostridium perfringens \JuuuafiiFounsuuin suursnaansnaiealaslduazl

gavmtnandranlunisiaiaidule (anaerobic  bacteria)  wuafiisssIwanBwunszatoniallle

[
[

Fauaaden NIAw e Huazesd i g331zvIAU 807 ARaAINIMIITRAGI 9 NIAWIIALLAE
A v &4 a & [y o A @ a A
a']vnﬁ‘ﬂN’]%ﬂizﬂ']%ﬂ']ﬁuaqsﬁ\"]Lﬂ@]ﬂ’]iﬂul,ﬁaulu.ﬂ']ﬂ‘ﬁﬂﬁ ‘ﬁﬁaﬂ’]%’]?ﬂagiuaﬂqwqiaaﬂsﬁﬁlﬁ PINTY
Y oA ) * | 9 g Y v v N
ﬂ'ﬂquiauvlllLWUﬂwa LT% 8191 INIeY a4d %uavluﬂiiaﬂll vLﬁﬂiaﬂ Lﬂu(ﬂu IuﬁﬂqWLL'}(ﬂaﬂﬁJ‘ﬂ‘lu
& o e & a_  a ¢ d A o A
LANNERULTRINIINRINFU DT Gﬁﬂﬁﬂai'ﬂ:ﬁdaﬂuazﬁﬂi'@yL@]UI@]L'ﬂulfﬁaaL&lauﬁﬂ’]WLn@aaN‘ﬂLﬂM’]Zﬁu
v P oa e v a & A o ' a o &
LLﬂzL“lnE;(izU:Wﬂ@'J LWNITWIW LLRSHITINITNI LﬁaazLWﬁJa’lu’JuLﬂuaa@Lﬂ’]nﬂG] 20-30 ¥IN 9IU%U

1y a & 1 A & ¥ & Ao : 2 o & &
ﬂ’lmWﬁ&JL"HaﬂuL‘ﬂaume 1 LUAR ﬂ’]ﬂlu 10 %QIQJ\‘] LDRCNITWIBNINNITNRUINTULDTR] haNITN

v
o v alvn a

B0 Id0IN1IAITENMITLRBSLAN T Y N wiasrauladng guTanunsUwiiouide
C. perfringens LLﬂLL@iM%ua"L&TmﬁgﬁﬂﬁﬁLma’a carbon  War  nitrogen Nanfa lwszninanis
wiydula e C. perfringens HAAFIRBI BRI BTRATT AUz IdanuLAzE T TaBuL
o C. perfringens 11w 5 THa MUAUFNUANTINIIN TN WUIR1TAEda alpha  toxin wulu

C. perfringens )N&BWUT (Hatheway, 1990) uazfianusansnlunsldifialsadlagnianluan

v a a

WRZEAT wazgsNelTaInuMIinaIm D uR e

] @
v = o )

aylam YINUNIITLUNQVRILTR  Clostridium Eluﬂs:mﬂvlmﬁﬁ goutaslaliauny

12 2 ]
3 A =

' A 4 § Aan Av o @ H ¥ A
\Tanalsasiiadng anaiiasnnannnmIaaitaaudeNenn Jdadnaluisasmainnzuanidadadn

= o

\alungu anaerobe MaAvFIEIATIN ANarhIHIToa Y udu nTuBesliIneIIa

@330 lws298 W.¢. 2541-2542 wm&”ﬂwﬁﬁl,%a C. difficile D9 77 318 Iiawmmaqwmamtﬁ 5999

W.¢. 2545-2548 ﬁ;ﬂ” FuAATaRNd 88 T8 @ 1WTULTA C. botulinum H3N8IIWAITEITIATIUIN 1

o | A A . o~ A Aa
Sﬁﬂﬁ]’]ﬂaﬂ’mﬂ@]m‘ﬁai}’]w;u 6 318 luiidwm‘]f]mmﬁa@ 9. 91N L&Iaﬁ W.¢. 2540 IN8INBNITLREYDTIG

¥
a A o

2 swmn;&”ﬂ’mﬁmmma 13 78 lud W.@. 2541 NIIRITAUIY LLa:mﬁzm@ﬂiﬁdwqmluﬁi‘mf@mu
ol w.a. 2549 ﬁ@ﬂaaﬁ@ﬁaﬁ‘i’lmugﬁa 167 18 NN TIUUsemunia dundnivdwdan

RINBATERALALNTRAL NLTa C. botulinum DIWAININIIFINNBATULNTINATTBNITUAZEN (88).)

%

NIENTWITIIMGD I nuananinuaiinaIgIunidmiunidinivomsudaslszan udds

WU mmmia@L%amnmﬁuﬂszmummiagjmua o Um@;ﬁmsmw?ﬁaiﬂ Wanalianiiaisas

' '
Aa A 1

fanuidgdnizmisaaniszuie madfaay minwwgw uaiideyaiatasnuniafaliaddau



Asmianauszifeasnlsluies juidnmslunsananibansesaiidonlualadig
aa A & & A I3 o &,
nadfinuazansiemMamzigalua v wzida mamanuduisdaimaslwsadaonuiens g

wazmamanuduisdedainasaass wunases iludu dgmivesiimyidassdinandensly

(7 ]
o @ n/

DAL 8-12 TU HEUITNTIUKANIATIY ANNIdadarduan T LTI T Y VeIviINg

% v o @ (%

nasad uazgadlrasinalunsdinddudesifeasnais g aroganiouni dywinaiidinanszny

e

AONIITNEIAULAZEAINLIE wanand

%

. ' o o
JRINANICSNUA QQ‘@]ﬁ'ﬁﬂﬂiiﬁJ 2IRIDVINDINITINIIAIIIRDY

6 a A e e a

msﬂmﬁaumau%aﬁ;§u‘n'§wuﬂiz§mﬁmwmUIuS:UzLaaﬂé’ué’u ﬁmaﬁhfﬂuﬂﬁ]quu N3y

datmnaldnangansanlinalaiitu laglinannmimeduyuing Salimasiueudvedn

FUNIZABNITIUNURIINBNITIINIINNLTOARORASLALY LL@iq@mmmmﬁﬁi'}m@iauﬁwga
(MatTulaniuadde Toxin A 2adl%ia C. perfringens U3u1a3s 10 Uadaas dmadszanm 5,000

v o v 1 1 1 o 1 { o lé {
Un) TudIdasingnaned1idszineg LLNzNﬂﬂ’]i@]i’]ﬁ]vL&lLL&J%U’lL‘Y]’]ﬁﬂ?i WUNTINAATIINLD 1

& ' o ' a . . [ % X d
AU NIgnduuafiiSoagludiatng inafia Polymerase chain reaction (PCR) lannwamdiuiie

ad

mn‘mﬁuﬁﬁmww:@im%aiumju Clostridium aﬁﬁﬁm’mvhLLa:mmLL&iuﬂﬂqa FNINATIIRNEUND

= U Qs 1 CX (=K% o Qs 7 { é =
Lianapdnldlunainiaunu drvaadunulunian udddedrnaludiwaiasdie dafisan

]
v a A

doudnganaziumz dasmuiniduiidsimgluniieds mydwideuwsesuuaiiZenlndidoariu
ludraeng dedasnamariirildinadia PCR sunsnldldiawizunsiasd fudnavinum a9
Y : o - o - 4
% Notomi Lazamu (2000) lawaunafia loop-mediated isothermal amplification (LAMP) Fadu
a A & ' o ' o > o A A da P
mafiafigzain 0152 Januudud hidududasondoiniasiianfas laansasianidunalse
Wilauwnuis PCR
~ Y aa g v a wa QI o QI é v ad dld
Wnladn n3asaifeasnetesdfidnaduieinduds Sedasnisitndena’ls
=

v 1 =

o A o aa TR 2o g & a Aa A
LLﬂ:ﬁﬂ'ﬂ@J%’]LWWﬁfﬂd L‘Wam"l,ﬂlﬂummmmgmmeﬂuuaxa@lﬂ@amwﬂsza‘ﬂﬁmw Fyazidn

=

Uszlozddanissne msehiszdslsa mwlddinisasnlunganlifiennts ivedasnisnas
LNINIZANBURZIZTLNAUDI1TA
> 6 Aa v n:ql’
anuszaidaaslasinyitod
1. INaNAWIITMINTIATIEIRTLATIONT toxin  genes VadLBia C. perfringens dainaiia
multiplex PCR L.8e LAMP

2. WIBuNBUITMINTI toxin genes VadLTa C. perfringens ANNAIBLNNFIFINTIV G2LLNAKA

multiplex PCR .8e LAMP

10



uni 2
& 4

1Wat3ad
Clostridium perfringens \JunuafiFuunsuuin Juuvisnawsaaiaadeilduazlidains
A a a . . A x> a [% ! Aa ¥ [
aanGlanlunstaiyifvla (anaerobic bacteria) GawulanaluluFswiasay 1mu Gulazin wuands

. ° o v & o g Ao o & v & i

atludldvosauuszdad daduigenalsafidrdynilunuuazdal (Songer, 1996) C. perfringens
sunsausnaaniaidu 5 ol As vfia A B C D way E lawanduadnuanunsnvaddalunsasns
ssRunduwzlundazsiia N9 4 afia laun alpha (OL; CPA) beta ([3; CPB) epsilon (€; ETX) ua
iota (1; ITX) (Hatheway, 1990) AILaadluansnn 1 lay C. perfringen THa A Laz C azrialyaluan

wirfia B D uaz E daidwdanalsandamianizlugad (Joshy et al., 2006)

o - o 4 a & 4
AITWN 1 URANITUARIINEN C. perfringens HRATW (NU1: Hatheway et al., 1990)

Toxinotype of Major toxin produced

C. perfringens

Alpha Beta Epsilon lota
A + - - -
B + + + -
C + + - -
D + - + -
E + - R +

1 o &

saNradduawanadoaulacsad TR Tha alpha Lﬂua’]m@mﬁ‘nluﬂ’ﬁﬁﬂﬁﬁ@ gas
o 3% Aa & o [ . e ° [ '
gangrene luau  lsad ldoniauninisansvaaitad & (necrotic enteritis) wae &1 ldoniauaeing
. = =) o v o 6 dy
JUULIY (enterotoxaemia) An1zifensanluilduasdad (Katayama et al, 1993) uazwuluifo

. o 6 a a o ¥ o & X &
C. perfringens ‘Ylﬂﬁ']il‘wuq R1IINBTUA beta L‘ﬂuﬁ']lﬁﬁ@ﬁlf’NIiﬂﬂ?vlﬁaﬂl,ﬁﬂluﬂul,mzﬁ@nl,ﬂﬂ?LI’J?N

]
A

(Smith, 1979; Uzal and Songer, 2008) &IWmaHa epsilon IusNsRBNnaliiia acute

11



enterotoxaemia bAFA? (Petit, 1999) Lazg 9L us1INBOUATIY %38 Bioterrorism (Clarke, 2005)
fnsuanidsaiia  iota  dussReineliaewzludgailasianizaniauazunzlasvinldife
enterotoxaemia (Petit, 1999).

C. perfringens ga3aiduuuafiisaainannnalsanainuainsiduinsluan (Food-poisoning)
sﬁi 2{/ ' ,ﬁ’ L% 6 & =) 4 [ sﬁi al :.l' ¥
asnngelunguitasninaiiades Ssonaiimsduienldivemns evilnaamisndwiden

& A & B A a o A & A o @
\anIaRUeI C. perfrmgens V]U?Iﬂﬂlﬂnvlﬂﬁsaﬁﬂaia%ﬂuﬁ.ﬂ’]'ﬂz‘ﬂLﬁ&nza&lﬁq'ﬁiﬂﬂqiﬁaﬂuﬂz

D

¥ '

wigdvle szdimsddssssfisasnunlusldian vildlansviesduadiounss iiaazasinriaud

2z lidaswua1InIInan a1 9sn @T’Jﬂqmauﬁ”@?maaaﬂa%ﬁﬂu@iamw%uga LRENUADRITLALTA LTIt

2 1
A A

MI3IUBaR98INNLNE0 1ladan C. perfringens \ulTannalya leansluanuazaa’d waziany

fusnlwnsasaIisnanssianiduaua e asnunIaifiaasidia C. perfingens J910uR

'
a

fAYD9

P § ' . o & & & & e =
mimmm"naluﬂqu Clostridium spp. (91'3Elﬂ'ﬁL‘W']zL"ﬁal%a']%'ﬁLﬂ?NL"IT?JWI/W]’]VL@El']ﬂLLazll

v o

o 1 a 1 n:? dql’ ¥ a A A & A
IMNAVRRIIUDLII DINLDW mSLWﬂzLammahamaﬂsaanmau Lmawaaqﬂﬂsmmaww: AN

A o ¢ &

s yresU juaau udu suiimamnanuduisdaimadwiadainanasiulddunu

o
o ada 3

&9 3Tz WIULIzUNDL 8-12 % (Lindstrom and Korkeala, 2006) g inna i iliiauiu

a = ' =

Iuﬂﬁiﬂi’luwﬂﬂ'ﬁiaﬁﬁ]ﬂﬂ ‘Ii\‘lEl’]'i]i?l(\‘]Naﬂ§$ﬂﬂ@iaﬂ’1§§’ﬂ‘iﬂ"'}°ﬂ€]\‘]t§ﬂ’3EI AAARTIANIINDINNT ’i]\‘]vl,(ﬁﬁﬂ’]i

q

1 (2

addA
TMIDTUICNITUNR

¥
2 =2

w”@ummimw@i”aU?ﬁmoﬁwgu?ﬂmiﬂﬂmimaammiﬁwﬁﬁﬁLWW:@iama AR
o X . C e Y ey o
5% (Peterson et al, 1996) WANANIIATIYLNUAHEWHNNATT TEIABIHNINTAATIIN
1 é 1 v § v aa Qs { 3 1 o Qs a
@mﬂizmﬂf’mﬁm’maumago Waldnuwansaaitassnsiasnazudugn nMswawIims
A taasdesduacnefe inadla polymerase chain reaction (PCR) iduwinafiafilasuanuias
. @ Aad aa o A A < I e A Ao &
wnsnanslumsnamiItasiaiiiny thasanianusiasi waugg lagasiambunimwizeaise
Gi’]ds] 2NLTU NMIATIANT  enterotoxin  genes lui%a Bacillus cereus @78 multiplex PCR
(Ngamwongsatit et al., 2008) NN3A393% toxin gene lwiFangu Clostridium uazmMIuenTiiaiTe
C. perfrigens (Persson et al., 2008; Gurjar et al., 2008; Heikinheimo et al., 2005; Yoo et al., 1997)
@28LNAA multiplex PCR %38 real time PCR tnadalnanha1dannusinwizs=ning primer NUEY

289178 Y lRNan laianuutnen AMNYNABIABUT NG LALENNNTATIIMHUNalsanany 9ulia

lunadsanule agrelsfianutaiidaluisasiaiasiia thermocycler NAANMNLANIZUATINIATLN

12



v Ao °

AT EBIM YUaIRniTn il PCR sansalsluunswasd fidnmsvinum andgwiesnan

. v o - . . I 4 and
Notomi LLlezathe (2000) léwaninaila loop-mediated isothermal amplification (LAMP) <3354
TR NUSH e DNA laagnesiash (lasnin 1 93la) Ngamndiae, lagl primer fisanuuy
Aalazdamanianuand199n primer i lunlglus PCR MDAUMFNLAVBY primer WAL DLFNR
vastawlodludfisen vld LAMP sansavhidfisonlasld water bath iduia3osdalunissae

Al a aaa té d' =1 e 1 d’ =1 dv v a wa =
muquqmﬁgwlumim@ﬂgmm FyasasdioasnsduinIaslanugiuluiasdfudnis fnengn
" a 1 ] { a é/

A1 thermocycler 14n153t@312% LAMP product mminmuwamimaaﬂﬂa@mmquﬁm@mumﬂ
Uffi5e132%319 LAMP  product Lazmagnesium pyrophosphate lugnsazans M%"agmiﬁammﬁ
a X | o o o A A Ao o A | \ [ A )
eadw laslusududasendoinlasdanoudan slmnUa@quamﬂlumia’mwa NADAILTEIGD
MIFUNRENINANELTY (ethidium bromide) (Parida et al, 2008) eauinqil wnialunansuun
laglanizniasaiteasidenalia lasinatia LAMP anltlunmsasiaifaaudanalsadneg na
wuafsy e Usie luauuasaaianfiltuilia Saimonella (Okamura et al., 2008) Brucella (Ohtsuki
et al., 2008) Trypanosoma brucei (Njiru et al., 2008) Porcine reproductive and respiratory
syndrome virus (Rovira et al., 2009) Clostridium botulinum (Sakuma et al., 2009) WDuan ADhnane

ada =3

atn9dslun1sinanltn1sineneaasaInaay twIztdwiingzan 370152 wazbddduedasld

5
)Y
©
Zo
baid)Y
©
=h.
o
-
=
-
ee
—2
>
w(’
Zo
[l

fam))
=2
=5
0
]
v
—
ho)
[nad
=2a
=
oJ)
=)
)
-
v
=i
baid ¥
o)
o)
]
>
v
o)
ho)
oA
o)
>
ee
s
=
[naFy
]

2RA)
o
2o
(_BQ
]
=
do.
-
[nad
—
.
3
E)Q
o
-
-
v

13



unn 3
an
25n1INaaad
1. MAWZLENLTa C. perfringens IMNANANTUAZLALIIUTINDD
d%’ . v A 6 ,ﬁ’ >3 >
mMItwzueniia  C. perfringens anananstiasfsluvhiuidssgniluinadiniauasilgy
mMaanyTuaznoy’ ldiunseydfnnamznssanmnmsussunilisad anzdaunnoaaas
a o a { s& YV o ~ s ] o
A InaBafias 1l MUVS-2011-06 59 ldmIiiudiadneyagns anangnigaua $11Is% 60
LN T,@UﬁimﬁashamnWﬁmqnw”aﬁu 6 WSy uInUaz 10 Ara8n9 I@mﬁugagnqnsﬁm?'ﬁ'ﬂw
) v o A & = ) i . A o &
gmﬂimU"Luwumaﬂﬁﬂmm"ﬁa lasnAulalu Carry-Blair transport medium tNa¥innNSANZLENLTE
laglta1m13La89L5e tryptose-sulfite-cycloserine  (TSC) agar Unf 37°C muldznizlfaangiau
% 48 1714 tRenansuzlalaiFdnsiinne agreves 3-6 lalafl thadanfunty dauatas uas
a A o A A . . .
nagaunITiad Usznevlddis nagaunisiadaui (motility test) MTLE Lw@IN (nitrate reduction)
MIRANINMALAA INE (lactose fermentation) NMIHAYFAILLIAAIAY (gelatinase  production) N3
Hau ALY (stormy fermentation in litmus milk) W58 C. perfrigens nﬂ@T’sﬁwaszﬂvl,@Ta:QﬂLﬁmlu
cooked meat NaLALINI LT 1Y
§TL C. perfringens ENEWUTNIATIIN $1UIU 4 EBWUT ldun NCTC 10239 (type A)
NCTC 8084 (type E) ATCC 3626 (type B) uaz Ue2130/06 (type C) lasuaanaamiasizsiann Prof.
Dr. Joachim Frey, University of Bern, Switzerland
2. msﬁﬂmm%’wLﬁmuﬁagaLLa:éﬁ@”uﬁ'mﬁIavLmﬁJaaﬁuuazaammu primer N$1LW1ZA8NS
AIIIN toxin gene 2891958 C. perfringens

o a

% a 1Y A o a 1Y .
diunInuTndayadusimsisiiuim 6 fiutsznavlueds cpa cpb etx iap cpb2 uaz
;l/ . 3 a v qu/ Yo a 6 A o 1A
cpe V83T C. perfringens Tug1utaya NCBI U7 aRlaaLiwnIaanLuY IwsiwasnIwIzdadn
Yo “ A a L% o L™ 6
cpa cpb etx cpb2 uaz cpe laulddauinilalndlugiudayadiuin g 7 12 32 uaz 12 sunug
o @ a & A
anudey Moazidoa lwsweiadluasen 2
o s A v a Vo a 6
FNILNIATIIMEN cpa ramaiia LAMP ladwiiuniseanuwuylnsiwaslaslsldsunsy

PrimerExplorer V4 1eazi8ua Inswaiagdluanad 2
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a13797 2 Iwstwesd sl §isen multiplex PCR uaz LAMP

Reaction Target Primer 5’ — 3’ sequence Product References
genes name size (bp)
mPCR 16s rRNA | CIPER-F | AGATGGCATCATCATTCAAC 793 Kikuchi
CIPER-R | GCAAGGGATGTCAAGTGT et al., 2002
cpa F1Cpa GATGGAACAGGAACTCATGCTATG 661 This study
R1Cpa CTAAAGTTACCTTTGCTGCATAATCC
etx F1Etx GGAAAAATATTATCCTAATGCTATGGC 516
R1Etx GCTAAATAACTAGGTATCTCTCCCCATT
cpe F1Cpe GGAGATGGTTGGATATTAGGGGA 410
R1Cpe CCAGTTTCAATTAATGAACCTTGATC
cpb2 CPBeta2F | AAATATGATCCTAACCAAMAA 301
CPBeta2R | CCAAATACTYTAATYGATGC
iap CPlotaF2 | AATGGTCCTTTAAATAATCC 272 van Asten
CPlotaR TTAGCAAATGCACTCATATT et al., 2009
cpb CPBetaF3 | GCGAATATGCTGAATCATCTA 195
CPBetaR3 | GCAGGAACATTAGTATATCTTC
LAMP cpa F3 TTTCTCAAAGGATAATAGTTGGT This study
B3 ATGTCCTGCGCTATCAAC
FIP TTGCCATTCATATCTAGCTAATGCTCTATACCTGAC
ACAGGGGA
BIP CAAGCTACATTCTATCTTGGAGAGGATTAGCAGGA

TGATATGGAGTA

3. NARIUANIZIRNNZFNEFINILNITATIAN toxin gene VadLTa C. perfringens aatnaha

multiplex PCR

sl,%ﬂ’]i‘ﬁ’lﬁ.ﬂﬁ’]?.:ﬁl,‘]ﬂll’lzallﬁ’lﬂ%/ﬂﬂ’]i(ﬂil’i]

[
o a

toxin

gene 14 6 Tha laana

DNA annL%a

C. perfringens maw"’uﬁ;‘mmgm UWIUTIN 7 @2 lasmawzidoadalis 10 ml cooked meat

medium UNN 37°C W 24 T304 L@SuN template DNA lasluanaznan culture broth b6

USu1@35 1.5 ml 71 8000 rpm tJwiIa1 3 W17 A IAZNBULTARGRY TE buffer WazIAZNaWARIN 1ol 11

dulutindaauiu 10 w19 tAusIuland DNA TagmsUuil 10,000 rpm w4 2 W 1AL DNA fisna

lan -20°C wazihanasaumianzrINzaNdnILY e lagdsuanutuduaasansdns gl
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Uffsen PCR laur e uidutwway PCR buffer primer ﬁlm"’lmwia:@j dNTP waz Tag DNA
polymerase %aNaNd FMINAFEUFAIZ PCR condition T@Uﬂ%'uqmmgﬁiumﬁwm primer a3u
52-60°C UAzNARELAN IVBITAATIV 628 DNA 289 C. perfringens SNEWHTNIATTIH

nagaUaNUIIWIzIad  primer lagmsnasaunuianalsaiieeldluszuunaduainis
1IN 17 /1 ﬂwvuﬁj \@wn Citrobacter diversus Citrobacter frundii Clostridium difficile Escherichia coli
Enterobacter cloacae Enterococcus faecium Enterococcus fecalis Klebsiella pneumonia Morganella
morganii Proteus mirabilis Proteus vulgaris Salmonella Cholerasuis Salmonella Typhimurium
Salmonella Enteritidis Shigella boydii Shigella flexneri Wae Shigella sonnei

4. NAROUFNNIEAMINERNAWILNNTATIIN cpa gene VaILED C. perfringens S8nATia

LAMP

nagaumaNIEAmInzaNdnTDUfASu1v09 LAMP 9214 DNA  template TALALINUNNT
nageu mPCR laglianuiduiusasssudazaranuunasgiv w9l 1.6 UM 289 FIP &z BIP 0.2 pM
w8y F3 wae B3 primer 1X LAMP buffer 1M Betaine 1.6 mM dNTPs 6 mM of MgSO, 8U Bst DNA
polymerase Laz DNA template 5 pl ‘Y]@]ETE]UI]’]ﬂlﬁﬁﬂ’nz‘ﬂﬁdﬂﬁﬁ%ﬂ’]@ﬁ‘]u@i 60-65°C NARALANA 1
LRZANINNIZVEI LAMP primer \TwLaeINY mPCR primer

5. 1WSHUIABLITNNTATID toxin genes WadLTa C. perfringens daEnAfia multiplex PCR LA

LAMP I@Uma’mﬁaﬁam’mﬁ'fsﬁwm%aLLuummgm

MsIuaet9yagnInIe rectal swab $IUNIEn 50 o9 I@mf‘imﬁaﬂqmﬁﬁmmi
issTiannwhiugniluvadiniauatlay NEYs uazmgawy’ mafudadsazduiiumnale
miguakazduwziINga NNy ﬁﬂq%ﬁ]’]i:‘ﬁ'vlﬁlﬂLW’]:%”IL%EWTuﬁ Mol 24 Talws) Tewth
qﬁlﬁmﬂﬂﬁuﬁ' 80°C #11 20 mﬁvﬁ'aﬁﬂmmhL%ﬂﬁﬂmﬁyauagluqamsz %é’dﬁnmfmn_iaq%ﬁnﬂu
2 g damusn s lnsugnwde C. perfringens TasASnasguauta 7 1 dwufl 2 il pre
enrichment 11 TSC broth U@ 37°C meldanielfaondian win 4 $alug ¥ pre enrichment
broth anan@uesn DNA snuaanadiiazLl (Puregene Qiagen, Germany) I{WOATIAIM toxin genes
289188 C. perfringens #ruinafia mPCR uaz LAMP 13suifisunanisiamzAdldanmsnizida

2% multiplex PCR uaz LAMP
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uni 4
Nan1Inaaag
4.1 MIWZUENTa C. perfringens ﬁ]’mW’ﬁ{&lqm

@T’Jazhwaqm%%a rectal swab I1%I% 60 AIDLI ﬁ]’]ﬂW’]gNQﬂi 6 LAY YINNITLUNLNN

]
°

WWio C. perfingens U% TSC plate arlilalafifdndviaiduriuguanaisdsznnm 2 - 4
UaBLNGT (Eﬂ‘ﬁ' 1) NANINARELNITILAN 2zl% Gram positive rod VL&J'Lﬂﬁau‘ﬁl (non-motile, Eﬂ‘ﬁl 2A)
sansngasinaauialag toslaandiu tay nitrate (gﬂﬁ 2B) usztiausingmisnt  stormy
fermentation (gﬂﬁ' 2C-2D) 91N@18814 rectal swabﬁl,ﬁmnﬂgnqmﬁuammmsn’wmm IIUI% 60

o ' & . ° o ' Aa
AL WULDB C. perfringens 31UIW 48 @188 Aadu 80 %

3UN 1 anwnuziBe C. perfringens UkeNMILALILTE TSC agar

17



I - ||

.a-—f # '

2A 2B 2C 2D

3UN 2 namInaeuneTiadvesidia C. perfringens 1u Motility nitrate medium (2A-2B) @z Iron

%

milk medium (2C-2D) fipazidoasiit
2A @8 non-motile maw‘fi?a C. perfringens Tu Motility nitrate medium
2B fa Nitrate reduction positive madt%a C. perfringens Tu Motility nitrate medium
2C @@ uninoculum iron milk medium

2D Ao stormy fermentation 289158 C. perfringens 144 iron milk medium

18



4.2 amazﬁmm:auﬁm%’umim’mm toxin gene mam%a C. perfringens arenaia
multiplex PCR
ANNINAREI WU ﬂﬁﬁ%mamﬁ@%ﬁ”ﬁﬁq@mﬂlﬁama:ﬁ denaturing 94°C #1% 3 w17
31U 1 30U denaturing 94°C W11 30 AW annealing 54°C w1w 30 W71 WA extension 72°C
W% 50 U I@Elﬁ’]ﬂﬁﬁ%&l’]‘g’] 30 30U AT 72°C Wk 5 Wil $1man 1 38U lasdanudutuves
PCR reagent @”\‘lﬁ 1X PCR buffer 2.5 mM MgCl, 0.4 mM dNTPs 0.3 uM 16s LLaz CPA primer 0.2
MM CPB ETX IAP CPE Primer 0.1 yM CPB2 primer Wz 1U Taqg DNA polymerase J1a31ehA PCR
product ﬁlvlﬁﬁ’m 2% agarose gel electrophoresis faudiy  GelRed wazdunanuld UV
transluminator (gﬂﬁl 3)
founlunaseuriuida C. perfingens finsnanaradnslunniu lude 4.1 wun e
C. perfringens 1swua usuWug A Af8u cpa uaz cpb2 (gﬂﬁ' 4) Lfllaﬁwmmaaummvl’mam@
@773 laun1slE DNA figniaann C. perfringens type 199 IUDNA template G9ldvinnsisaans
AMNLTNTUVDI DNA template LU 10-fold dilution fraud 10 ng ©19 0.1 pg ¥¥iAsen wuan
ANMNLTNTUUEI DNA template TUN13ATILEN type A WAz B ﬁ]:ﬁmmw]”uﬁuﬁaaq@ﬁ 100 pg (gﬂ‘ﬁ'
5A, AE az B) &% type E uaz C azﬁmmvﬁuiuﬁaﬂq@ﬁ1 ng (31 5E) uaz 10 ng (31 5C)
ausay wananil lanasaunnusuwizuasl §A5e multiplex PCR #ildwWainnduiy DNA fiara
NnBeTiiadne g Suam 17 SEIWLE IINMINARAUNU lifllfAsindruras fAsenfisuwzda

C. perfringens ﬂ”‘i_ll,‘fmjﬁﬂﬁlue] (Eﬂ‘ﬁl 6)
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M 1 2 3 4 5 6 7 P N

bp -

e

1,000 — ’
16s CP 793 bp

B00 — S e e G — -—— —

500 — pa— pa— __ efx 516 bp
N - = o oy
300 . -— -— —"iap  272bp
- -— — —_ — cpb 195 bp

100 —

Eﬂﬁ 3 2% agarose gel electrophoresis UaINAANAIIN multiplex PCR ﬁl“ﬁmlmmm%a
C. perfringens

Lane M: 100 bp DNA ladder
Lane 1: C. perfringens ATCC 13124 (type A; 16s RNA" cpa’ cpb2’)
Lane 2: C. perfringens ATCC 3626 (type B; 16s RNA" cpa’ etx cpb’)
Lane 3: C. perfringens Ue2130/06 (type C; 16s RNA" cpa’ cpb2" cpb’)
Lane 4: C. perfringens NCTC 8084 (type E; 16s RNA" cpa’ iap’)
Lane 5: C. perfringens NCTC 10239 (type A;16s RNA cpa’ cpe’)
Lane 6: C. perfringens S1 (type C; 16s RNA" cpa+ cpb2+ cpb+)
Lane 7: C. perfringens SF1 (type E; 16s RNA" cpa+ iap+ cpb2+)
Lane P: Mixed DNA template

Lane N: Negative control
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M R 1 2 3 456 7 8 91011

.“h..h---n‘- 661 bp (cpa)
500 . ‘ .
300 - ..... ﬁﬂ-..- 301bp (cpb2)

100

3N 4 wamIanamduaiiiasfivainide C. perfingens Miwnzuoninndradignyluwiuses

Uszinelng
lane R Ao DNA @wuu1an C. perfringens ATCC 13124

lane 1-11 fia DNA @ulLUL N&N@aNLTe C. perfringens NLINANAIBLNIENT
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Al AE1

TTULIL B

ST

10 1 01 10 1 01 - 0 1 01 10 1 01 - 0 1 01 10 1 041

ng Pa ng Pg ng Pg

gﬂﬁ 5 A71W1118470 MPCR primer lun1saaszyfuainsansisues C. perfringens lauls DNA #
&M@ C. perfringens ATCC 13142 (A1) NCTC 10239 (AE1) ATCC 3626 (B1) Ue2130/06
(C1) uaz NCTC 8084 (E1) lszeiuanudutuuas DNA asud 10 ng aufls 0.1 pg lasd

sterile distilled water 1J% negative control (-)

22



M1 2 3 4 5 6 7

1000
661 bp (cpa)

500
30 301bp (cpb2)

gﬂ‘ﬁ' 6 m’mﬁ’nwnmad“g@ mPCR primer Iumimnizqﬁua‘}”mm‘sﬁﬂmad C. perfringens 31N
@288719 DNA ﬁuLL‘UlIﬁ]’mL%E]LLuﬂﬁLgﬂﬁaIﬁﬂﬁ’]ﬂW”uﬁjsu6’]
Lane M: 100 bp DNA ladder
Lane 1: DNA @ulluuan C. perfringens ATCC 13124
Lane 2: DNA ¢%uUUI1N C. difficle
Lane 3: DNA 6luLa1N E. coli
Lane 4: DNA @ullUU31n Salmonella Typhimurium
Lane 5: DNA @lUUA1N Shigella flexneri
Lane 6: DNA @WllULA1N E. fecalis

Lane 7: negative control laglinan
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4.3 am';zﬁmmzauém%’umimnm cpa gene mau%a C. perfringens anaiia LAMP

INNNINARAVANNINNIZVAY primer F3 Laz B3 U DNA 283 C. perfringens ATCC
13124 @NULNTH 20 ng MuldaA1az initial denaturing 94°C W11 3 W7 $117% 1 U denaturing
94°C w1t 30 53Ul annealing AILR 59 - 66°C W1 30 W17l UaT extension 72°C WIw 50 3w
I@]ﬂﬁ’]ﬂﬁﬁ%ﬂﬁ‘g’] 30 30U AT 72°C WU 5 w1 1IN 1 38U NANIINARAY WUT1 primer F3/B3
mmmlﬁwawamﬁﬁ’lm’]z ‘Ydl' annealing temperature @lg{ﬁLL@i 59-65°C (3‘1_]“7‘1' 7)

Lﬁamaauq@ LAMP primer (F3/B3 Was FIP/BIP) nanssi 2 lagfanugutuves
8§13 1.6 yM w83 FIP waz BIP 0.2 uM 283 F3 ez B3 primer 1X LAMP buffer 1M Betaine 1.6 mM
dNTPs 6 mM of MgSO, 8U Bst DNA polymerase L8z DNA w84 C. perfringens ATCC 13124
1307 20 ng ﬁqm%gﬁ@%u@i 60-65°C  3zutaan 1 Tl ANNIAIZIB WANITNAFOL WUIN Y
LAMP product Lﬁ@ﬁuﬁnﬂqtuﬂnuﬁmmmsvmaau ﬁ'dl,l,amlugﬂ‘ﬁ' 8 Lﬁagwamiﬂ@aauﬁ’m agarose
gel electrophoresis wWUNaLdw ladder LAMP product (Eﬂﬁ' 8A) Wlﬂ@(ﬁ”;mnl,ﬂ&i’mawaa@mmaau

« D oa XA o o o
a:mmwﬁmmyummu Warnnaee lWUnanaznan aeNURBIanaAzNawYad LAMP product 94

Ltamlugﬂﬁ' 8B

Annealing temperature (°C)

M N 59 60 61 62 63 64 65 66

Eﬂﬁ 7 HANNINARAUAMNUINNIZVAS LAMP F3/B3 primer 6ia DNA 299178 C. perfringens

ATCC 13124 ﬁqmmﬁm‘”m@i 59 £19 66°C M fia 100 bp DNA marker N fia negative

U

control
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A Annealing temperature (°C)

!
|
D
ol

12
)

3ﬂ'ﬁ' 8 wanInasaulisen LAMP da DNA 2891%a C. perfringens ATCC 13124 Lo 8A) gel

v
(7

electrophoresis 8B) aaNanANYL ﬁqmm‘]ﬁml,wi 60 f19 65°C

M @@ 100 bp DNA marker N o negative control
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mnasauszozialwnsil jisunwas LAMP Nl DNA 284td8 C. perfringens
ATCC 13124 lagmInasaufitas 20 30 40 50 uaz 60 Wi WAN1INAROL WU 1%8I9N 30 Wl
UfAsosansnifiald laglinuanuuand1sues LAMP product 351319 40 50 %38 60 Wl a9

LLa@alugﬂﬁ 9

Reaction time (min)

M N 20 30 40 50 60

3UN 9 wamInasauIzszaM U049 LAMP 1413957391 cpa V89 C. perfringens

o LI
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WanagauaNIvad LAMP primer lagld DNA @uwuuann C. perfringens ATCC

13124 NANVLTNTH 100 ng D9 1 fg HANIINARAL WU LAMP ﬁmw%lumsmaauag}'ﬁ 1 ng 04

LEAILBAINA 10 LAz NARBLAMNUIUNIZVES LAMP AU C. perfringens &N8WWB@Nd9 Uazilia
a A a 1 o o 6 1 1l aaa U aaa d' o

wuafiiTorfiaieg Suwan 17 sewug annsnasauwud WU ATdasesd fAsundiiwng

nuTeTaan e (3UN 11)

nag pa fa

N 100 10 1 100 10 1 100 10 1

PCR (F3/B3)

LAMP

U7 10 anwlivas LAMP primer lunnsaviamdu cpa va413a C. perfringens
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gﬂﬁ 11 @NUINNZVI LAMP ‘lumsmns:qﬁuﬁwmsﬁu cpa Va4 C. perfringens

NA28819 DNA @Tw,mumm%aLmﬂﬁﬁﬂﬁakﬂmﬂw”uﬁfﬁuq
Lane M: 100 bp DNA ladder

Lane 1: DNA @ukuuan C. difficile

Lane 2: DNA @uiu1a1N E. coli

Lane 3: DNA @ulluuan C. perfringens type A
Lane 4: DNA @ulluuan C. perfringens type Ae
Lane 5: DNA @uilluuann C. perfringens type B
Lane 6: DNA @ulluuann C. perfringens type C
Lane 7: DNA @ulluuan C. perfringens type E
Lane 8: DNA @llUL1N C. perfringens S1

Lane 9: DNA @lULAN Salmonella Typhimurium
Lane 10: DNA @uUULIN Proteus mirabilis

Lane N: negative control laglsrinan
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4.4 M3SpunauITN139939 toxin genes VadLTa C. perfringens Metnaiia multiplex PCR
18z LAMP laga3i9n&dssnyianuifinisiouuuanasgiu
@ | A & & A o & < 2 o .
mamaqﬂaqmﬂLﬂumnmmqnﬂmmamUmmu 5 WITU TINNIAY 50 A8819 WU
% . A9 o & . o o . A A o, o . A ) o
0L NN NN TINNLLTE C. perfringens 3143% 30 G889 Tallavinaratnadodnullana DNA
\WNa@3231 C. perfringens @38tnafA MPCR way LAMP Wu3n MHANInagaulgu@ainunsinig
\Ia Aa WUKAUAN C. perfringens  type A $1%73% 30 @28819 Aaldu S8z 60 BINNNNT
Wisufisunanisnagaund 3 35 aziien diagnostic  sensitivity  diagnostic  specificity  positive
s . . g g v & . ad .
predictive value LLaZ negative predictive value fia 100% G9talAAuin 35 multiplex PCR LLag

LAMP s1a130@333n T8 C. perfringens VL@Tazmgﬂﬁam;iu{hLﬁﬂuwiﬁﬁm'smm%a

A a a & . aa o
139N 3 L‘].]iﬂl‘uL‘ﬂf;l‘]JNaﬂ’li“n(ﬂaaﬁJﬂ’liL‘W’]zLLUﬂ%’lL"ﬁa C. pen‘rmgens ﬁ]’]ﬂ’JﬁN’]@liﬁ’mﬂUﬂ’ﬁ

AT T8 C. perfringens @1gtnA%A multiplex PCR ez LAMP

Culture Multiplex PCR LAMP Total
method Positive Negative Positive Negative
Positive 30 0 30 0 30
Negative 0 20 0 20 20
Total 30 20 30 20 50
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unn 5
a 6 v
MIntuazaIUYaIEwaLLY
ANMTEITINEUENT C. perfringens ﬁmaLﬂumm@;maoﬂ’mﬁ@mmsﬁaaLﬁﬂlugnqm

v 2 o

= |t:!I 12%’ d‘ =Y
fianugnagniasas 60-80 laumawizuoniFauuuana g uidesandugUnsaliiawlunmawizuion
& v A o o A [ A a . A &
e uazdasdinnuiwglunsdaiienansuzlaladl nmyszysiiauas C. perfringens NiwizuuniTa
=1 o o ' A o & | ' . A
16 flanuddgdaanuuusszaslsauazmydiduguniwsesdadln wudr  C. perfringens 7
¥ 1 o ¢ & A a % A é Aa o dq’ Qs ada ci
wnzuonld ulngidu sowug A Galifuaireasfe cpa F9lulasins3doh Wauwitasiaf
smL%ﬂ@ﬂmﬁ'wﬁ'ﬂmimnﬁmﬁ’wmumiw”uﬁqﬂﬁmﬁﬁwL‘m: lagldinafia multiplex  PCR uag
ﬁ o v [ ¥ a . o ¥ [ = AI
LAMP G3gunsavinlanmsustafianas C. perfringens ¥nlaatinemiaisy anmsaalasassannas
#9ATIINRIIINNNT pre-enrichment 8ei19%ae 4 17109 lasnafia multiplex  PCR auNsauen
C. perfringens 1614 4 shaluasnden WazHITNNNTNTEYMEWUTNETIIE TN enterotoxin (cpe)
A o o [ =i ° v a @ a XY A .
FIguNusAuM e liiiansvieadeladis Sanulives multiplex  PCR 328181500339
o A v v A X | o A o A A ¥
320U DNA finnudutuiasgafl 100 pg lavduetnurfavasaowusfiny luvmzn LAMP azld
VAANTATIINFUAIT WU LAMP snanTatwind wiInidu cpa nelu 30 w1l snnsaasiarey
aaAa v v 1 Qs 1 dl a g aaa 1 dl
ﬂgmm"tmmslml,ﬂmI@ﬂaammgmﬂauquuﬂm@muluﬂgmm wiaN I vad LAMP 18
~ a ) . LA A I A a
WIBULABUAY multiplex PCR wui1 899710 1311n159929%1 DNA 0nudaud 10 ng §9a738013

£ a { a ' U, A &/ ' .
wwuﬂ@ﬂmminﬂsuLiJ’é‘wqm"[wsma%?m%msmuwasl%ﬁmmvbmemﬁﬂmm multiplex PCR
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Abstract—The cost-effectiveness of the LAMP (Loop-
mediated isothermal amplification) assay can be improved by
developing a more affordable incubator. The purpose of this
study was to develop an affordable incubator and test its
efficiency compared to a commercial one. A thermoelectric
module or peltier was used in the incubator that simplified the
design, making it a more affordable incubator, was developed.
The efficiency of the developed heater was evaluated by
comparing the obtained LAMP products with those from a
commercial laboratory incubator. The LAMP assay was the
amplification of cpa gene of Clostridium perfringens and
incubated at 63°C for 60 minutes in the developed dry block
heater and a commercial one. The reaction products were
analyzed by turbidity and gel electrophoresis. The amplification
products of cpa gene were similar when incubated in both the
developed dry block heater and the commercial one. It was then
concluded that the developed peltier-based dry block heater was
able to be used equivalently to the commercial one with more
affordable price.

Keywords—DNA amplification, Clostridium perfringens,
thermoelectric module, dry-block heater

1. INTRODUCTION

Food-borne pathogenic bacteria contaminating food and
causing food-borne illness is one of the major issue in the
public health sector all over the world [1]. Due to the high
economic cost of these food-borne pathogen [2], the study on
these pathogen themselves and their detection is of a very
high interest. One of such food-borne pathogen that is being
studied is the Clostridium perfringens.

Clostridium perfringens is a Gram-positive, anaerobic
rod-shaped and spore-forming pathogens, found in various
microbiota including intestinal tracts of humans and
domestic animals, as well as in the environments including
soil, marine sediment, and in decaying vegetation [3]. It can
cause foodborne gastrointestinal diseases in human and also
other illnesses, including non-foodborne gastrointestinal
illness, antibiotic associated diarrhea, gas gangrene,
septicemia and enteric diseases in animal [4, 5]. The species
is classified into five toxinotypes (A to E) according to the
production of four major toxins, alpha (a), beta (), epsilon
(¢) and iota (1) [6]. Furthermore, different biotypes of
C. perfringens can cause different diseases in human and
animals, but all C. perfringens toxinotype produce a cpa
gene as a common virulence factor. As such, the detection of
cpa gene in C. perfringens is valuable to rapid identification
of C. perfringens in food stuff and for human and animal
diagnose with C. perfringens infection. The underlying
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detection mechanism is to specifically amplify the amount of
targeted gene. One of the most well-known amplification
techniques is polymerase chain reaction (PCR) method
which requires a thermocycler to complete the reaction with
different temperatures. Additionally, since detection of the
food-borne pathogen is better done on-site, developing a
method that is affordable and portable is a highly important
aspect for a timely and efficient detection of this pathogen.

One of such method is loop-mediated isothermal
amplification (LAMP). LAMP is a popular DNA isothermal
amplification technique, often developed for the cost-
effective purpose [7, 8]. Although the LAMP method is not
as reliable as polymerases chain reaction (PCR) method, it is
more cost effective as the heater is much more convenient
and available in comparison to a thermocycler. A key
element to facilitate the LAMP reaction is to maintain the
constant temperature (60-65°C, depending on the reaction)
for approximately 30 minutes. Stability of the temperature is
also a critical factor for a successful LAMP reaction since an
enzyme can work optimally in a particular temperature.

The cost-effectiveness of the assay can be improved
further by developing a more affordable incubator. This is
because most of the incubators, either the dry block heater or
water bath incubator, utilize the metal sheet or coils as the
heating element which could make the thermal design more
complicated with more components in the device, causing it
to also be more expensive. Hence, the thermoelectric or
peltier module could be an alternative heating element that
makes the design much simpler, leading to a more affordable
and portable incubator. This method of detection should also
be rather reliable because similar experiment has been done
[9] in which cpa gene in lamb fecal sample was detected
using LAMP. The sensitivity was reported to be equivalent
to PCR, even though they used a water bath incubator
instead of a dry block heater. This is also further supported
by another study which reports similar sensitivity between
LAMP and PCR in bone marrow assay [10].

The primary aim of this study was therefore to develop a
portable and affordable dry block heater that can specifically
be wused for DNA isothermal amplification using
thermoelectric or peltier module as the heating element. This
was further done to test with an already developed LAMP
platform that can detect Clostridium perfringens outside the
laboratory or in the resource-limited setting. The efficiency
of the developed heater was evaluated to see if the obtained
LAMP products were similar to those obtained from a
commercial laboratory incubator.
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II. METHODS

A. Development of the dry block heater

The thermoelectric or peltier module was used as a
heating element. The temperature control module consisted
of a microcontroller (Arduino Mega 2560), connected to a
digital temperature sensor (model DS18B20) via pin 4
(digital input), and a peltier module (TEC1-12706) through a
peltier driving circuit (Fig.1) via pin 5 (the PWM output with
a duty cycle of 50%). A high power MOSFET (IRFP450,
Vishay Siliconix) in the driving circuit was used as the
switch for a simple ON/OFF control to the 12V peltier
module supply voltage.

iy

Peltier Terminal

Q1
E9 IRFP450

To Arduino pin 5

Fig. 1.

Peltier driving circuit

The temperature sensor was inserted in the central hole
the Aluminum alloy heat block (Fig. 2) of size 40x40x40
mm (Thermal conductivity = 121 W/m'K) which was
insulated with Aeroflex® No. M09010 (thermal conductivity
= 0.04 W/m'K). The heat block was designed to hold nine
1.5-ml Eppendorf tubes in the 3 by 3 arrangement, with the
peltier module heating underneath.  Temperature
characteristics of the dry block heater were tested including
rising time and stability over the period of 30 minutes, which
is a typical incubation time for LAMP reaction, in order to
determine the acceptable heat load of the system. The tested
temperatures were 60 °C and 65 °C at the ambient room
temperature of approximately 25 °C.

A B

Fig. 2. The Alluminium alloy heat block designed to hold nine 1.5-ml
Eppendorf tubes which are the typical test tube for LAMP reaction.

B. Bacterial strains and DNA preparation

C. perfringens ATCC13124 was used as reference DNA
template for the LAMP reaction and extracted with simple
boiling method. A loopful of cultured cells was suspended in
0.2 ml of 10mM Tris-EDTA buffer (pH 8.0) and boiled for
10 minutes. The cell debris was centrifuged at 8,000 x g for 2
minutes and the supernatant containing DNA was collected
and used for LAMP assay.

C. LAMP oligonucleotide primer

The oligonucleotide primers used for the LAMP assay
were designed using the conserve cpa genes of C.
perfringens. A set of four primers consisting of two outer
primers (F3 and B3) and two inner primers (FIP and BIP)
were designed with the PrimerExplorer V4 software [11].

D. LAMP assay

The LAMP reaction was carried out using the following
reaction compositions: 2 pl of C. perfringens DNA, 1X of
LAMP reaction buffer mixture, 1.6 pM each of FIP and BIP,
0.2 uM F3 and B3, 1.4 mM each dNTPs, 0.8 M betaine, 8 U
of Bst DNA polymerase large fragment (NEB, England). The
mixture in the reaction tube was incubated isothermally at 63
°C for 60 minutes in the developed peltier-based dry block
heater and a commercial one (C1000 thermal cycler:
BioRAD). The reaction products were analyzed by turbidity
and gel electrophoresis. Distilled water was used in the
negative control.

III. RESULTS

A. Temperature characteristics at selected set temperatures
of the developed dry-block heater

The overall thermal characteristics of the developed dry-
block heater are shown in Table 1. The measured
temperature error was approximately within +0.5 °C,
suggesting its reliability for using in LAMP reaction.

TABLE L TEMPERATURE CHARACTERISTICS OF THE DEVELOPED
DRY-BLOCK HEATER
Temperatures
60 °C 65 °C
Rising time (seconds) 552 630
Stability (max/min) 59.5/60.4 64.3/65.3
Average temperature (°C) 59.9 64.9

The temperature after reaching the set temperatures of 60
°C and 65 °C were quite stable over the period of
approximately 30 minutes (Fig. 2). There was no sign of heat
accumulation or heat loss as there was no trend of either
increasing or decreasing temperature. The overall
characteristics were considered sufficient for a LAMP
reaction.

Temperature (degree celcius)

0+ | i
o 500 1000 1500 2000 2500
Time (seconds)

Fig. 3. Temperature profile for the set temperature of 60 °C and 65 °C
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B. LAMP products comparison

Detection of LAMP amplification products can be either
quickly determined by naked eye or strongly confirmed by
gel electrophoresis. For naked eye observation, the positive
LAMP result is showed as turbid solution in the reaction
tube. This phenomenon occurs during the amplification by
pyrophosphate ion was released from the amplification
reaction and bound to the magnesium ion in the mixture to
form the magnesium pyrophosphate complex. This complex
is the insoluble white precipitate LAMP product which can
be observed as turbidity in the reaction tube (tube 1 and 2 in
Fig. 4C and 4D). The turbid solution from magnesium
pyrophosphate complex thus indicates the presence of the
targeted gene, which was the cpa genes of C. perfringens,
being multiplied. The more concentration of magnesium
pyrophosphate complex, the more turbid was observed. The
turbidity was increased as the amplification process was
progressing at the stable set temperature of 63°C. The
reaction was limited by the amount of oligonucleotide primer
added. LAMP reaction products from both the developed
heater and commercial heater were similar by naked eye
observation of turbidity (Fig. 4). The most left tube was the
LAMP product of C. perfringens ATCC 13124 which was
the DNA template, the middle tube was LAMP product of
animal isolate C. perfringens and the right tube was negative
control (distilled water).

C1000 thermal cycler Bio RAD

Developed Dry Block Heater

Before

Fig. 4. LAMP products for detection of C. perfringens cpa gene. Visual
inspection prior LAMP reaction (A-B) shows clear solution in all tubes
whereas after LAMP reaction (C-D) shows turbidity in tube 1 and 2. Tube
3 is negative control.

The LAMP product results were also confirmed with the
gel electrophoresis (Fig. 5). The agarose gel electrophoresis
was used to confirm the positive turbid tube of LAMP. The
four specific LAMP primers and Bst polymerase activity
produced the various size of LAMP product via the auto-
cycling strand displacement DNA synthesis. The stem-loop
DNA product with various stem lengths and cauliflower-like
structure with multiple loops formed showed as the ladder
pattern in gel electrophoresis. The specific characteristic of
positive gel electrophoresis LAMP result was shown as
ladder pattern of multiple bands (Fig. 5). The most left lane,
Lane M, was the 100bp molecular weight marker. Next to
Lane M, Lane 1, was the result of LAMP product of C.
perfringens ATCC 13124, the positive control, and next to
that was Lane 2 which was the LAMP product of animal
isolate C. perfringens. These two lanes presented similar
bands patterns, while Lane 3, which was the negative

control, had shown no bands as there was no LAMP
product.

Fig. 5. A 1.5% agarose gel electrophoresis of LAMP products for
detection of C. perfringens cpa gene using commercial (A) and developed
(B) incubators. Lane M indicated 100 bp molecular weight marker; Lane 1
was LAMP product of C. perfringens ATCC 13124; Lane 2 was LAMP
product of animal isolate C. perfiingens; Lane 3 was negative control.

IV. CONCLUSION

From the result, the dry block heater had shown a stable
and accurate temperature over the testing period, acceptable
for LAMP reaction. Furthermore, the LAMP product from
the developed dry block heater was similar to the one from
commercial incubator; in both the visually observed turbidity
and in the bands pattern present in the agarose gel
electrophoresis.

The result suggested that it was possible to use the
developed dry block heater as an affordable and more
portable alternative to commercial incubator for the detection
of C. perfringens in the field. Also, there is a possibility that
we can use this affordable dry block heater for detection of
other pathogenic bacteria with LAMP method as well
especially the more well-known and more wide spread one
such as Salmonella enterica, Campylobacter spp., and
Listeria monocytogenes [2]. This made it possible for the
future outside-laboratory diagnostic products.

We have demonstrated that the developed dry block
heater can be used equivalently to the commercial one with
more affordable price in the detection of C. perfringens.
However, further experiment may be needed to test their
effectiveness in the detection of other pathogenic bacteria.
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