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Abstract

Identification of Clostridium botulinum type A , type B, mixed toxinotype A and B in

Fermented Bamboo Shoots by DGGE

Fermented bamboo shoots probably contain Clostridium botulinum type A ,type B , mixed
toxinotype A and B that cause human to paralyze and die . Culture dependent methods have been
used to identify C. botulinum type A ,type B, mixed toxinotype A and B , however they are
expensive and time consuming. Here, we investigate the application of DGGE for identification
C. botulinum type A type B,mixed toxinotype A and B in fermented bamboo shoots.

DNA from Inoculated samples with C. botulinum type A , type B, mixed toxinotype A and B and
pure cultures with C. botulinum type A type B, mixed toxinotype A and B were amplified with
primers spanning the botulinum toxin gene under the specific conditions. PCR products (160 bp)
were subjected to analyze by DGGE under the specific conditions.

Qur data showed that the DGGE could be identify C. botulinum type A and type B in pure
culture and fermented bamboo shoots and could not be identify mixed toxinotype A and B in both
pure culture and fermented bamboo shoots which could be due to competition with each C.
botulinum toxinotypes A and B . Therefore, DGGE could be reliable for the identification of each
C. botulinum toxinotypes A and B in fermented bamboo shoots.
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= . . " o 1
M543y (gram-positive, strictly anaerobic rod bacteria) @3 19a/asNnuAsnNUTOU (heat-
resistant, endospore-forming) ¥R terminal (gﬂua'%'u?nmﬁmﬂmﬂ) 130 subterminal (1ﬂfsl’ﬁ"u
A 1 4 dl.
Yaneladmeniia) viedizisrsndronszues ndoudildlag peritrichous flagella uazluaning
~ i 1 o 4 q = o
fitinnuilunsa-aspH) genh 4.6 mlosvoude ¢ bordinum dlosenuazinIyiludusad
. o 1w A 1 L3 g a Aa 1
(vegetative cell) tanvziniadrlihiSosn vazudasadezadarsiivitinadeszuuilseam
1 . o e ' 9/ . . df = =
BU19FULT (neurotoxin) M3 TTHH BinuADAINTOU (heat-labile toxins) ATy TUNS AR
[ [ 4
v luilagiiu Tastlszmnamnunavesaisiivd 1dsudios 0.001 luTasnsudeimming 1
Alansuiisaneneznoliifadunsie anuguuswesmsiivilidihoesmonely 1 Su
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AT ﬂmﬁﬂﬂmm%ﬂ C. botulinum groups I-IV

AMANYL Group
[ I 111 v

Neurotoxin type ABF B,E,F C,D G
Optimal growth 35-40°C 18-25°C 40°C 370
Temperature
Proteolysis + - -+ +
Lipase production + 25 + -
Spore heat 1.23/112°C* 0.6-1.25/80°C°  0.1-0.9/104°C"  0.8-1.12/104°C’
Resistant
a= D-value
(Nevas,2006)

N151Na 159 Botulism
e i - o o a @ {
Botulism #191011H108AU sausage poisoning wWulsanmannmsivlsenueimsi
_—y A =) T ey =y A
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(Shapiro et.al.,1998;Bossi et.al.,2004)
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medium, cook meat medium, reinforced clostridial medium, fastidioud anaerobic broth, Tryptone-
[ i
Peptone Glucose- Yeast extract broth NAUaTUM3 l%ifiﬁlmﬁ ® C. botulinum Usvaaw i
Ay o 4 H ° [~ T
mnzauTuanmi hifions disasunarfidesms 1t lduenTalafiluemisude 18U blood
= a : <3| {
agar 1A 11U blood agar 924AA beta haemolysis ,EYA iHluemisiannsonagoumsaiig
. 2 g L 1 ar i °
(@1 Ll lipase FuH0 C. botulinum ernsaasraeu'lad lipase dovaarelugululduneinld

iialnlatldanuaedunz di 112 adoldyn ua lifiveusuiiseuy (opaque zone) tanat
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o sim Y i we o : ; !
Tinaaude lecithinase 303z lF0MmM1shilgaeniaiiy selective media 1ALA EYA #al

13 [ 1
cycloserine, sufamethoxazole, trimethopm T1150UGIMITYVowUANSsyHaduNuINly

s ] o i=1 = | ar o = a W
dredrairIa lailungudu lashnnaaeunaduad awaasluaisg

Test C. botulinum C. botulinum C. botulinum C. botulinum
Type A,B,F Type B,E,F Type C,D Type G
Arabinose - W s .
Esculin + = = "
hydrolysis
Fructose = A e .
Glucose W a w .
Lactose B = . _
Maltose - a v -
Manitol - = = J
Mannose - a w 0
Starch pH - v iy L
Starch hydrolysis | - + 1 8
Sucrose - a . |
Xylose - - A -
Liquefying + + + 4
Gelatin
Milk digest Curd digest” digest®
Indol - . =i .
Nitrate - - - -
Catalase - - = .
Lecithinase - - S .
Lipase + + + =
Motility + + - -

+= positive reaction for 90-100% strains

-= negative reaction for90-100% strains

a= strong acid (pH 5.5) for 90-100% strains

w= weak acid (pH 5-6.0) for 90-100% strains

v= variable

12



w . . .
- = most strains negative,some strain week
a . . . .
- = mst strains negative,some strain acid
w . . -
a = most strains acid, some strains weak

i a LY °
Mg naus uaz v $1gey, 2549

Y -g 3 o 1 =) ng 3 a
namsihuwnnznew linsavmidends ihdwlanmensiivveadeluemsdesasde Tae
. ) ¥ oA a 0 P o @ e
thanldarwioungamgii 100 °c 10 1d FanyFunaeimsny 96 $1Tue nyezsentia uas
o 1 oy < oA @ o o/ o = =
ihanleanTdwu el aypsin Ranydunasinmsny 96 $2lus Smymoimyiinvosasiiy
ae 1

u
a = o o
MINATOUNIFAVOIASHHVO U C. borulinum TaulFdainanos
4 Tel 1 aaa = -
unreuFgniiimmsmarenlnsemedunilinmnefosluomns Cooked Meat-

¥ i [
Dextrose-Glyeerol Broth (CMDG) unigaumgil 35-37 °C Tuaamldomauiu 3-5 u 1o

- 3

Wllihuenfvdmla du 3 dw dwdt 1 hidshaideau 10 17 flerane
ﬂmﬁuﬁﬁmmmsﬁmmvﬁﬂ dofifend) heated sample e lamandy antitoxin type
AB,CDEFG lauenveaudazyilanuluudaznaea ﬁflﬂ'mﬁqﬂmgﬁﬁmmu 30w
o 'mﬂyl:ilﬂﬂ‘ﬁ neutralized sample o '31417‘1‘3 R1pT untreated supernatant ﬁﬁlﬂﬁ"’mﬁyﬂ? untreated sample
detedaud 123 uag ﬁymf?u1J31ﬁmm§atﬂuﬁ'mtiwﬂ'mﬂu Y53 0.5 ua. Anluyes
1194 (intraperitoneal) Y8411 LAl HAA N1

M3 MILUSHAMINAABUMMNITHYYD C. botdinum WazBTIAVITITNY lunya1?

Control Heated Neutralized Untreated Resulted

‘l‘ljﬂ’lﬂ ‘lij'mﬂ 1ﬂﬂ1ﬂ laiena ‘llifl toxinU®4 C. botulinum

Tajany ladany laiane A1y i1 toxin¥04 C. botulinum type
typ

3!
AB,CDEF,G Vuagiuviia

g . gy
VD4 anfitoxin ’M‘lﬂ’»!f‘l’il

Taiane Talene Ay a1 8193 toxin V03 C. botulinum

Ay 1 Yo .
1l lasia neufralized

Tuane Ay e e i toxin aunluly ¢

botulinum toxin

fn:ugs naua ues griun $1ge, 2549

ar e d 1 ] U sl
msdunaemsnamniadiuszer 4,8,12,1824 wu. uazdelinniusn 4 Ju

. v
Taom lunyozmelunm 624 su. Taofienms suwes wiledrondwiiiofos wvunseu

£ 1
(154 S1MIANIAT mutiteanameladuman
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@ a A
MIRNITMSATIVYD C botulinum
a A? = = civ g o Yo o
uﬂ‘il']ﬂﬂ'l'illfiﬂl‘lfﬂﬂ'iﬁﬂﬁ‘ﬂﬂﬂ C. botulinum TﬂUﬂ'l'il?i']zlﬁﬂﬂl‘lfﬂﬂuﬂ'l'ﬂ'I‘S!ﬁ]ﬁﬂﬁ'llﬁ]
4
I=<f ar o 9 = o 1 ] ) ar a
lﬂuﬂ‘i@&ﬁﬂ ‘Vl'lel‘ﬂﬁﬂ'l'iﬁﬂﬁ'lﬂmaﬂyﬂl%ﬂ'l\'l‘“]‘ll@\? C. botulinum 15U ﬁﬂHﬂl&"i’l']ﬁﬁﬂli"lu?ﬂﬂ'i
' : 3
Taumwizdnyazvealnlail (colony characteristics) MuanANAUDUOIMISAoUTOYTAM
ar 3 o A a 1 = o as = o
ﬂ\‘l‘LI'H‘Hﬂ?ﬁ‘ﬁ‘)'ﬂlﬂ"l'ﬂﬁ'lUﬂ'luiNigﬂ*lﬁiu'ﬁIﬁ5i‘]"ﬁ’!'lﬁ’ﬁ"lﬂSﬂi%’iuﬂ'ﬁﬂi’i‘ﬂ?lﬂi?zﬁ C. botulinum
o A 3 s w 1 o ar o
tlﬁ’ﬁmmuuummuﬁu Iﬂffﬁl'l«!Bﬂﬂuﬂﬁﬂﬂ’l‘i’)ﬁﬂUﬂ?iﬁ‘i?ﬂ@ﬁﬂﬂﬂlﬁ‘“ﬂﬂ “miaa C. botulinum
- 'l = = % 1 . o
ﬂ’lﬁfl?’{ﬂgm?‘ﬂﬂﬁﬁu msfadunsy (gram straining) g‘ﬂi']ﬂ‘ll@ﬁ vegetative cell wazeilos uag
@ = ~ . . g A d A w -
ﬂTSﬂﬂﬁﬂUﬂﬂmﬂHﬂlz‘nN‘mmn (biochemical characteristics) n‘mrﬂumiﬂuﬂuwamamfmﬁa
=2 . et el yy A ) e . .
ANy wuanGonuen laonasaansoly Coondinum (De Jong, et al., 2003; Shahidi and
' =1 el or 1 '
Ferguson,1971; Holdeman and Moore,1975) ama‘lﬁﬂmm%‘mﬂanﬁmmqamﬂuazﬁaﬂ%’
¥V
[ [T L] A a a ac = 'd
‘igﬂgl?ﬁ'lcluﬂ'liﬂﬂﬁﬂﬂﬂﬂu‘fl}'l\ui’]ﬂ ﬂQuu"l!ﬂi]ﬁ‘]f'l’lmﬂfﬁﬁ'i%u1'.Jﬁﬂ"1§$]S'Jﬂﬁ]']ﬂ‘iﬁﬁ!’]!ﬂi"lgﬁ

= YA L 1 o w = w 1 .c:y
C.botulinum 'lmjmmgﬂmmua:ﬁuuummiwamlfmutrﬂﬂum-mmma l‘]JLl\

AU AINN3AT AT IEHED Cborulinum 91nF8E1 (Lindstromand and Korkeala ,2006)
Sample material

Foodborne botulism: Serum(S), feces (Fe), gastric fluid (G), suspected foods (F,)

Infant botulism : Feces, intestinal content (I), serum, suspected foods, environmental sample (E)

Wound botulism: Serum, tissue (T), wound swabs (W), pus (P)

X

Toxin detection Enrichment DNA extraction
Fé,q F,LE T, W:P) Ee F,.J7 .\ .P)
Mouse bioassay Initial/paralle PCR
(all sample) with in vitro test

(ELISA, endopeptiodase

assay, lateral flow test)(all sample)
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Culture in liquid medium Culture on solid agar medium

(TPGY (EYA,
CMM) CBL)
(Fe,G, F,,LLE,T,W,P) (Fe,G,,T,W,P)

Confirmation of toxin gene/toxigenicity <4——  Isolation of putative C. botulinum

Pure culture

Genetic typing Toxin typing Phenotyping
(PFGE,AFLP) (PCR,mouse assay) (Proteolytic activity,

Other metabolic traits)

£
1 . 5 d] aa
YHADY Sample Toxin detection Mouse bioassay Lﬂu::ﬁu'lmgm‘luﬂﬁmaﬂ C. botulinum
E4
s . . . . . =1
UYUADU  Initial/paralle with in vitro test ~ Enrichment DNA extraction PCR 11un1s
R &
A521980U0619 1 Tunsas19aeude C. botulinum
v
TUADY Culture in liquid medium Culture on solid agar medium Isolation of putative C.
botulinum  Confirmation of toxin gene/toxigenicity Pure culture Genetic typing Toxin typing
b ¥ 3/
Phenotyping udunaunldnasoumssziininnveuie
= d g a g o
M15A5IIUAT WG C. borudinum tazdrsfivveuteluoisdosaede
11172098199 1M1511D19AY gelatin phosphate bufferludnsiaang 1:1 Ty 12,000 se1/AN7 91 4
) o 1 A = . A‘!y o .
C Wiauilunznoun Al gelatin phosphate bulfer 1-2 Ua. HYNLYB 1aei1n13 enrichment VY
B A P & d, o Aadd W
81115 cooked meat medium figaungi 25°C Wuna 1 $2lue uazuonInlafindludnyue
o ,&‘ - 1 {
TNYVDIUYD C. botulinum VUDIY1T modified BHI-EY agar 130 Mec Clungtoabe Ey agar U
= o] @ @ s o
gl 25-37°C duna 2 Jwdenlalailmwig lipase+ dnvaziiu 117 Mmsnaasy

arm = A A a A o g Af Y o1 ﬂ d’{ ‘ s @
ﬂmﬁﬂﬂﬁﬂﬂ‘lﬂlﬂﬂlﬂﬂlﬁﬂ ﬁ‘ﬁ)l‘]h«lﬂ']'i'i.?iul‘ﬁﬂmﬂﬁﬂu'f]l U C. botulinum ﬁ'iﬂ'iﬂﬂ']ulﬁ

i ldasremansity Taouviathe 2 dow daufi 111190 1 ua. @3 0.5% typsin 2 wa. Ui 35-

37°C lunan 30-60 i Bevedrduay 10 wh 5 Sdu hlilfany 2 & daz 0.5 wa. Funa
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@ v & W a . VoA o q v ¥ el o
9131y 96 12 1ue Amyaieth lmyiiaves oxin daud 2 1hin 1 wa. lianuioui1o0’c
10 Wi ianfany 2 @1 draz 0.5 va. dunaeIMany 96 91119 Miyzseaiia lunsainymny
dlngezmolunar 24 §1Tue nyfarwdaw Botulinal toxin vziioimsminz 1dun vumes

) vy A g ' o 3w A 3 2 Vet
ﬂ']ﬂiilﬂ'.lﬂﬂﬁ'll]mﬂﬂﬂﬁ HYUHUIDDUUTY DUTATINAD ﬂ'w!uﬂﬁi]'lﬂﬁ']ﬂslﬁ]aﬂl‘}’ffl') HaNINNY
msnude lldhmsnageumeiiavesasiivawdTinasgu Mouse bioassay Aol (uys

< v d o
AYUN Lag FUUN 9139, 2549 ;Austinard and Sander,2009)
}4 Y
7% Immonological methods Tumsas911%e C. botulinum tazasfiyvouye luems
¥ ]
Fmsmaiunaesine FhioulE 1 dun non-competitive assay (111 antigen sandwich
Ty antibody (polyvalent antitoxin) YOUFD  C. botulinum %zgnmﬁau‘l%’uu microtiter plate
a g a o A d . v o w y {
msiivveutennasdnsavluomis sl antgen 931150 antibody figninden 13
4 ] ]
i ar 1 . 1 a oA a o o
U microtiter plate NOY nuuld antibody W’E]mi“l‘m“r’lgﬂﬂﬂim'lﬂﬁ”.lﬂ ulas Wevinsdna
d'( LY 4 i =Y 9 =y P 1 v o ) 3 aa
e lﬁ antibody TIUINUDDNLIAT SIAY substrate NIHUITTUADIDY l“lfil AT VIANNULUVNVDIAN
a d? ' = o actd g ot e i =
NAYY 1u€mamiaﬂnauLmamﬂmzﬁu 'J‘ﬁu!.‘ﬂu')ﬁﬂllﬂ’l"lljhl') (sensitivity)  HATUANY
= = = Y | A a ' v act
IH2129G9 (specificity) Taoiiamaluihudiofindlus MLD,, 10-100 v vesiBinassu
Mouse bioassay asyamesniylsine 0.1-1 ng/ml (Sharma et.al.,2005) fianuany
T v
MINZIIZIGI 96 % (HeifiouiuIFaasgIu Mouse bioassay 090019 1535Tio1unana false
.. & £ ¥ ° a L : a ) Y 1et
positive (HB991AM5 IFANUToUlUMITIA0HBYDY toxin luMIKEA antibody ¥ l3Tinauy
- = o 9 a ann b o = A o I = 1 A
UIGNDIND 1’1'ﬂ“ﬁlﬂﬂ‘lj{]ﬂiﬂ'lﬂ]']i]ﬂllllﬂuﬂﬁ]uﬂlﬂu foxin lﬁ Uaza1nNa false negative (H89910
3
=Y ‘é =Y =) o v o
Woilavilerwznin toxin ldnarwwiia whldaaniuanisnlif sy monoclonal antibody
o ‘3 ad 2 & ad Ty éf 4 a g
aatiuds ELISA Yuihidtnadevedishlumsaside ¢ bomdinum nazesnivveuyoly
8911113 (Chiao et.al.,2008;Dezfulian ,1984;Lindstrom and Korkeala,2006) Ao lgimswann
ad a v v Wy 1
A5 M3y N 1999995 ELISA laun
enzyme-linked coagulation assay (ELCA) (5803195 ELISA-ELCA ¥iann15fe antichicken Ab
130 avidin (AHBUIY plate (303 chicken Ab +oxinthorseAblAfin RVV-X, (Russell’s viper
s
venum factor X activator as the labeling and coagulation based amplification system 113 g
A o i : gl g )
iy detector Tumsilaon Alkaline phosphatase-fribinogen (114 Alkaline phosphatase-

a o

fribrinvziumsiudsz@nsnnlumsensialSnannuduvesdiineiu  Aetlumsiiy
A lawesiEnisiuies niemIon antibody A biotin +oxint+ horseAbRHBY RVV-X, iy
thnquansdena1aliveauy plate i antichicken Ab %30 avidin 813 toxin veude C.
botulinum Tudadansan ﬁﬂxtﬁﬂﬁ'ﬂgﬂpuﬁmmsni'ﬂﬂﬂmﬂﬁ'wmﬁ1iﬁtﬁﬂ‘??u‘1@’1’mu’1¢’:’mmm’;
Frnduiinme 35ilianuhgs aunse as9%n toxin I8luUSinaderds 510 pgiml

(Dorllgast et.al.,1994)
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s [ ¥
Immuno-PCR 3511 1§ndnmsifieanyds ELISA fisaudunuf detection antibody 12iieusofy
4 9 'S o aan @ as a ad =1 = Qs o
tou lasi udaou lajezinlisnduduamsanaddniinduvesdozulsiu Tnoas sy
= a @ a a 4 <3 . . 4 @
Usinaweudn uRedTinamsiivveuso ¢ bondinum 1flu detection antibody v2ideY
DNA marker ilzﬁ‘lﬂ;]‘:ﬁ?m PCR i) nucleotide, enzyme DNA polymerase 1% pcr product
3 [ b4 '
Aty 1S PCR product ifindiuvsalsiulaonsefulSina USimameuiny T
3 ¥ 1
UTnamsiivveuse ¢ bondimm F3ilvzidlumsiiy anwlvesmsasieSalSunaisiy
T =1 & = ; . A o 0 q¥ a SFoyy
619 lsAMUIUABUMSIAT UY detection antibody (39351 DNA marker TumsiliuSgnla
=1 v W c; = cg R A ga g 9 P=3 d'l ¥ 1
o Hilymlumsasedadygmidatu SaidRedulums 19T sdulumsideudosenin
. . @ A = & = q A 1w
detection antibody (i@ DNA marker WHAD 11s@U A-STV HallanuainsalumsiGoudesy
. . . o o
Fc fracment 999 detection antibody U@z biotylate DNA %3® vz 14 li/sau streptiavidin i)
AMuaINT0 TuMSIIeNADAY biotylate-IgG 1Az biotylate DNA 138 928313 covalent linkage
1 . =3 W c:dc!yd A . 3o
T¥MIN antibody U8 DNA marker 048619 15351 Mlszavilamuiioann antivody liansave
1 =i=s 9 — a 1 o Aaaa =2 o Y
aveg luanmiimsldmsmiinaesialussniemshljase v iiilgmiluns
[ 4
asviadaguiiiaiu - dmiumsadng covalent linkage 52919 antibody 1A% DNA marker
o T o < aad dq /s ° :
vildnnuadnlszaunwdie FBilaunsolszgnd1dlunsim muliplexiPcR Tag DNA
=] o ar ar = P 1
marker 99nROAULVIN T marker dmTuaTI93AmsRYawsTiaveuse C. bomdinm e
. 1 4
liifadinar PCR product fiflunadaeiy Usine PCR product MiAaIUIzLsFuTaBas
as a = -3 A g a A 5 Qdc{‘ = A I 1 ad
puisina dSnmenanuidumsiivivannatodiy Sitvwdumsdivanylunnanss
ELISA lpdidlszunme 100 (411 (Niemeyer ef.al.,2005) §1415135 Immuno-PCR 1613an 5-6 %11, T
b 4 1 3/
M3 BLISA @uasemindindfiy awseasinde C bomudinum type A wie B 1814
s/
Usua 1 cell dmsuiio C. botulinum type E mn‘l@’f‘luﬂsmm 10 cell (Sharma et.al.,2005)

r  er { = 5 (=) [ Aad I o o
M3ATIndYgIUNAaTUINTT Immuno-PCR ¥4 3 3514un 191 PCR product 1nvi 1ty

b
el e

ﬁmgmuh&%% gel electrophoresis il 9annu 55 microplate readout laun PCR-ELISA uag
PCR-ELOSA 3% PCR-ELISA (£h351111101 PCR product fiihifudnvee DNA 1nanaindas
biotin 1A% dioxigenin Iﬂﬂﬂf]ﬁ?tﬂ PCR 1y biotin 923U streptiavidin dioxigenin 929U
antibody ﬁaﬂﬂﬁ‘lﬂﬁ‘wlﬂull“ﬂﬁ @135 PCR-ELOSA f?u oligonucleotide PCR product Wn
uumzaa microplate TA835 DNA hybridization mnﬁgu oligonucieotide PCR product ‘ﬂzgﬂﬁﬂ
RaNA dioxigenin Taurm1fiTen PCR dioxigenin 955UR1 antibody HiAananduiey las]
anudutuvesdiinaiy veiludaduTaonsafudSine PCR product Wie oligonucleotide
PCR product %«ﬁrﬂuﬁ'ﬂfhu‘Iﬂumaﬁ’uﬂ?mimmuﬁmuﬁamsﬁmmﬁ’m‘i"mm Freumaii 2
Freainilymmstudion vnl#iAn false positive ﬁqfu%’aﬁﬂﬁﬂizqﬂﬁ‘l‘fﬁﬁ real time PCR 1u
msswma  35iieunsSaudasosnundiuinio cycle ﬁﬂzﬁqﬁu%;nﬁmmaﬁ'muagmﬁw

752950 14 (Threshold) iarmsau/annidhil3inames PCR product 130 oligonucleotide PCR
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' & o g o I w =y o A ~a ; @ o kY d'i
product afiludaaanlasaseiulSinaueudnufonsfiveudoriuns  wildfuany

Talums ATIVIAUUDY (Niemeyer et.al.,2005)

7% Immuno-rolling circled amplification tﬂuaﬁﬁﬁﬁllﬂﬁﬂﬁﬂj‘l’; detection antibody Tz
oligonucleotide primer ﬁ'lﬂﬁﬁ?fﬂﬁﬂ target template (U PCR product zvenvoon 1 ag'lifims
' Y . . o =) 4 S e
uwseen lilims1zgnaseegiu detection antibody AYTINYEY PCR product Fevzifludadan

s = - i v dA4 o a - aﬂy @ qddy b
Iﬂﬂﬁi\‘lﬂ‘ljﬂﬁiﬂﬂl detection antibody ‘M‘Hﬂﬂﬂl"ﬁ?ﬂﬂ!![ﬂuﬁl‘i]uﬂ'ﬁw}ﬁ]ﬂﬂl‘ifﬂuu!'ﬂ\‘! '31]'1-&1?)
@ (=] . . ‘ z 3 . -f
mnn‘lﬂsﬂu protein microarray analysis 108 multiplex microarray analysis luﬂ”lﬁﬂ'i’:r‘ﬂ’m
Usinaesiivytianediela

-
=) o 1 @ = Ny 1ra ;
’J%ﬁ“lﬁ’manﬂmEmﬂ,uﬂﬁmamwmﬂ'mmau%‘a C. botulinum 1Aun 3% biobarcode technology

s/
=

51y gold nanoparticle biobarcodes Eédgﬂaﬂﬂmﬂﬁ‘w DNA (19¢ specific antibody ﬁﬁ’iﬁﬁi
i defection probe Lla¥ magnetic microparticle probe ﬁ’lﬂfﬁﬁ!ﬂu capture antibody ﬁﬁ gold
nanoparticle biobarcodes (l¥magnetic microparticle probe vz 14dmveq antibody Tdudu
antigen ﬁlsﬂumiﬁmmvﬁaﬁmm mﬂﬂgu magnetic microparticle probe %Qﬂmﬁmﬁﬂﬁ‘}’iﬁqﬂ
90 |1l DNAbiobarcode 92119AB®NI1N gold nanoparticle DNAbiobarcode 1YNAT9 IR
7 chipbased barcode DNA detection 1A DNAbiobarcode 92 N hybridise U4 supported medium
gold nanoparticle ﬁgﬂlﬂﬁﬂﬂﬁ’éﬂ silver 9$319UNY DNA biobarcode mmsﬁwaaﬁ’fgtymﬁ
fai szdudadanTavnsefy 15w DNA biobarcode taziiludasnlasasatualSina

a { & a @
uoUARUAUa SN (Niemeyer et.al. 2005)

7% Lateral-flow assay 19manmsves immunochromatographic ﬁuﬁa Tuusy nitrocellulose
membrane 9231y 3 ngu lAUA Sample well anﬁy‘l*’iHmmauﬁmu BoNT g1i1lfjA5eu
15AARAMN  anti-BoNTUAfOUAIY  gold  AriluenAaussliduag ﬂﬁjnzf1iﬁvﬂ$1x1'eﬁ'ri1u
nitrocellulose membrane llﬂﬁﬂ’c}‘i,l sample window ﬁﬁ anti-BoNTL&? anti-BoNT ﬂsﬁﬂﬁﬁ?m
U 1oAY BoNT filansAanain anti-BoNTAAGeU& 0 gold Thl¥ifa HuAs anti-BoNTH
nfieud gold Tundvveimnsinalulis control window Al anti-anti BoNT ot A1lfAsedui
afvzifiaduaslud e control window Sufinnruiuvesdlinauinite sample window uaz
control window daulngiluna 15 Wil uamatiinisns a9y toxin vouse ¢ bordinum u
dei vy §5u wie annsolszgnd 1 luemssiladien 33iHau desaunsonsae
Usinmnsimweade ¢ sowdinam 18 10-20 ng/ml Hdodriag 18luSaganm himunsag 14
ludalsna udazaanannsoimldlumsdfidmsnnaum (Sharma et.al.;2005) #p11'141]
M3NANNTS immunochromatographic Tumsasvensfiyveuse ¢ bondinum type D laold

¥ 0 3
wanmafeaiu 357 lAmiuanu hannsaasnilSuaasivveuse ¢ boudinum 18 50
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4 b2
pe/ml 1¥anlszann 6-96 ¥.31. danuilawn false positive Aadu MlRItHiianummzinze

A1 (Klewitz et.al.,2006)

3% chemiluminescent slot blot immunoassay FuFa i Idianniu Tavodondnmsiue toxin &
FuuouRnuvesie C. bowdinum Weakwuuriumumsuiduaswon polyvinylidene fluoride
14 antirabbit BoNT @411/ antirabbit IgG Aanand-oen land peroxidase muaeladumain ‘ﬁ
ot FAsofuen Imfoams amnduvowaszdudadauTasnsefulSine oxin 33

iz lianulalunmsasaoia 4 MLD 152381 40 pg/ml neurotoxin (Cadieux et.al.,2005)

a . N d addy Ya ar ¥ ad ses 1 L.
I electrochemiluminescence assay {1357 1A1IN15AANIYNIATE ELISA 354119 biotinylated
5 3/
capture antibody Tdudy streptovidin coated paramagnetic bead mﬂuuﬁmqumsﬁ‘lﬂtmzf“ﬁj
1 = A g =) a c? 3 ¥ ar [ o’j
polypropylene plate ldusuanuiiuasiivasll vou@ouiivzdn llimezdu nguensianua
= i ! . : o ; =
AINA1IVU plate 713150a5299%1 14 lavld ORT-TAG label detection antibody (1 antibody 7
A A . = v v o 3 YA aa
aanain laga330duea infrared Nensoddriadganuanudylasldinios MIR analyzer 75
=1

§ I Aad [ = 93 =) dr c: y
flvziinnulageandids ELISA dnsansdndamsiiv ldlulSunadndr denlSouidivyluaniy

@8N (Cadieux et.al.,2005)

% radioimmunoassay L'ﬂuaﬁmﬁ'ﬁﬂéﬂ antitoxin ‘I}Jfﬁ solid phase 11013 label toxin dwas
radioactive I 924f1R complex 5¥NI19 antitoxin UAS toxin AAVES radioactive I (300 bound
complex udaihmsld toxin asly antitoxin fr 931130 antitoxin ll%ﬁ solid phase mlina
unbound complex VDY toxin AWa13 radioactive I @314 standard curve ratio bound/unbound
complex 9zanaenlSInal toxin #ldas 1y annsammsanasuesans radioactive MulS10s

s/

VD4 toxin ‘ﬁ(lﬂ!ﬂ\illﬂ (Ceska et.al.,1978) iiun1w 1 100 MED (Lindstrom and Korkeala(2006).
% endopeptidase assay n"]u?%ﬁ"lﬁ’ﬁ'wuw‘fu 1‘1‘%6!,1‘?,{%]‘5[”1111 false negative Lﬁ@d%lﬂﬁ antigenic
variation ??ulu toxin Mﬂdt§6 C. botulinum Yianm3 toxin ‘UENLET?'E] C. botulinum UNazyHUA
cleavage site TUANIZINIZ09 SWSTUATISH specific peptide MRTIZMEIGMIUYiIa B A9
o'l endopeptidase ‘ﬁﬁ cleavage site ﬁmmzmwm dmSuwiia B 14 specific peptide ﬁ
minzzssdmiuia B Tiindouuy microfiter plate 11 antibody RN FU peptide
i fign tabel dauewle! ldasl) wdady dumasdmvenlaiadly dwFAse
mnznzasdeis sz IfRadtu 33111500399 toxin (90 C. bondinum Aiin1 0.6-4.5

= £
ng/ml 130 0.1-0.8 MLD ¥ laquuasfinnumvnzinizesgaiu (Hallis et.al,1996)
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Vv

a%‘%ﬂmaqaiuﬂ"ﬁim%a C. botulinum
Molecular detection of C. botulinum

o] “ A a - Af . 9 = =

(HumM3A32911 botulinum gene NIHAA toxin YOUTD C. botudinum TaulFmaiianied

A =1 % [ =1 A d’l’ . 3
Tuapafiinnummzmzsuaziinnylgs edwlsiaw Wewinde ¢ botdimm Iuidlou

& d45 = o A 4 & - & A
luemmslulsinamdr 39a75M92 enrichment %0 luevisman WeiulSinause uaziy
=1 d o 9 .:f = J Qdd’.’ = .
tudithvine vl lemalunsasranu@eiinndy 351 §11150059900 FHAYD toxin C.

] s
botulinum 1u‘v1n yila lu 7 ¥ila uazien toxin MAaINEe C. butyricum Qg C. baratii LIGE
Y0957 luananado Uiy Inensy 01910A false positive LAY false negative 91NNTTH
a a o O o % ' . =

‘lJJ;]ﬂ‘iU”I PCR %W’Ilﬂuﬁﬂdﬂ'l mouse bioassay ﬂ‘ﬂbh_i (Lindstom and Korteala,2006) N9
Tuanaiiva1wd® I35mseivndredtesna1sds asasia oxin Mdasunniia uayld

N o= i o o s/ 1 ;’
[RIENEY bmmnmaﬂu ﬂﬂllﬁﬂﬂuﬂ’lﬂﬂ‘ﬂ’]ﬁﬁiﬂu

Sample type and Pre- | Assay type Toxin type detected Sensitivity
treatment
Extracted DNA from | PCR+gel ABEF 0.3 ng
pure culture electrophoresis
PCR+gel AB,CD.EF 25pg
electrophoresis
PCR+probe A 12.5 fg
hybridization
Real time PCR AB,E 42-195 fg
Real time PCR A 0.1 ng
Multiplex
PCR+hybridization ABEF 0.015-0.5 pg
onto array
Extracted DNA from | Real time PCR A 10°-10° spore/ml
spores 1noculated in
food
Extracted DNA from | PCR+probe ABEF 0.1 cell/g
enriched food hybridization
PCR+probe AB,EFE,G 10 cell/g
hybridization
PCR+probe ABE 0.1-21spores/g
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hybridization
PCR-+capillary E 10 cells
electrophoresis
Extracted DNA from | PCR+gel AB,E 10° spore/g
enriched electrophoresis
foods,environmental
samples and clinical
samples
Extracted DNA from | PCR-ELISA AB.EF 10" cell/g
enriched foods and
environmental
samples
Crude cell lysate from | Multiplex =~ PCR+gel | A,B,E,F 10-10° cells
enrichment broth electrophoresis
Multiplex
PCR+hybridization on
array ABEF 4x10° cells
Crude cell lysate from | PCR+probe A 10-10° cell/g
enriched foods hybridization
Crude cell lysate from | Multiplex ~PCR+gel | A,B,E,F Food
enriched foods and | electrophoresis 1072-10_lsp0re/g
feces Feces 107-
IOBSpore/g

(Lindstom and Korteala,2006)

Face tazAme (1995) 14 14 degenerated primers Tums amplify botulinum gene ‘ﬁ'ﬂ 14
toxin %He A,B,EF,G waz |y specific probe lumss £1] botulinum gene luugae toxinotype fﬁﬁ?
MU0 TIINY PCR product ‘Ulﬂﬂﬁﬁ‘uu'lﬂ bp. '}"’;ﬁ'uwwmzm uasﬁmmmﬁsam‘mﬁ’iyaunu
1M hybridization Hmynzmizasluudas toxinotype SEfaunsonsaony C. botulinum
Tuems lurlSum 10 cell/g n&1910 enrichment 9m15ElunA 18 $2719 on'185U5% mouse
bioassay 95.6%

7% PCR uay Multiplex PCR Tae 14 primer 1 fjuas primer Ha'lﬂfj Ta3% PCR 19 primer 1 @:

] Y
AM130 ANNTOATINY botulinum gene A3 toxin 1AM 7 wila a9y Multiplex PCR 14/
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primer ¥a1wg) wuiinmsnaaoald primer 4 lunsasanile ¢ bowdimon Tuems LHA9INsE
Tawdl A1 sensitivity Tumsas2980 C. botulinum type A,B,EF Tunsfifitin1g enrichment §0614
Uszanar 10" = 107 spore/g M3AABATINS enrichment FI06191104910 VSIS0 C. borudinm
luﬁ 3890529311108 Q99 enrichment 117 ﬁﬂﬂgdﬂﬂlﬂu vegetative cell 1y enrichment l§6ﬂ53ﬂ°1
duftilegludsdensn sxndylda midammudenidemsidon sensitivity fivanlszana
10-10” cell (Lindstrom et.al.,2001) Ao 11 unaiin Nestd PCR 4oy seminested PCR 114321y
botulinum toxin gene Taoiins l”ﬁil‘ﬁﬂnu spore maavﬁaiuam 13 tryptone yeast extract glucose
broth 19 forward 1ag reverse primer 1131 bont gene Y04 type A,B,E,F 1& pcr product UH1A
1033-1054 bp &1 PCR sauaad lavl¥ semi-nested PCR primer #avzld PCR product
(RINZIZI60 type AB,EE V1110 462, 256 ,633, 576 bp AT FIAIMUANAINUDT $1142Y
HaUULY TInHefvzIINANMIANAISEHIN type TaluMsI gel electrophoresis lAgmying
15711 enrichment-seminested PCR 1 spore/reaction AVERT type A uag 10 spore/reaction H1H 5
type B,E,F 11 1891 enrichment 2218 sensitivity 10° spore/reaction T1HTL type A llag
103sp01'e/reacti0n M5y type B,E,F (Shin et.al.,2007)

msasIa A daauiAaT111N3S Immuno-PCR %18 3 35 14uA 11 PCR product sy
i flalfmuiﬂ 35 gel electrophoresis 3%5(1%’1%1114111 3% microplate readout 141A PCR-ELISA uag
PCR-ELOSA 35 PCR-ELISA 111381101 PCR product HihiFudinves DNA mRanaInda
biotin 1A% dioxigenin Iﬂﬂﬂaﬁgm PCR lay biotin 929U streptiavidin dioxigenin 939UNY
antibody fianmndoien'lanf d1n3u35 PCR-ELOSA 1fu oligonuclcotide PCR product BTN
wnmean microplate 1a873% DNA hybridization mmfu oligonucleotide PCR product %Qﬂﬁﬂ
AaINAY dioxigenin TaurURATL1 PCR dioxigenin 925111 antibody fifanaindavion la]
amdutuvesdfidmadu sxdudadiulnoasefiniSinn PR product 138 oligonucleotide
PCR product FarithidadauTavassfniRnauoudnuiomsfivusadoiuies Taemmans 2
Tazfailagmmsrhuilon ilvifa false positive fahSalimsiszgnd 1933 real time PR Tu
msema  Siewnsedauaasosmiiuina cycle ﬁﬂ:ﬁaﬁn?ué’fwaqﬁ’tgapuﬁ%
25299018 (Threshold)  amnsouannidhalfinewes 151t PCR  product 3o
oligonucleotide PCR product asnitiudadaulasassfSnameuanuiemsivvouie
tues swildifiuau bhlumsasiedathues (Niemeyer et.al,2005) MsWALTE real time
PCR TM3A529650 C. boudinum FTennsaasamisiiauaziSinade luusae cycle 94
PCR Tasmswh standard curve 35919 §1U9M cycle 78981 Threshold A0 32954
Foau Taoezld probe Mnfoudiumsidoas n5e9z1d SYBR Green IS copied
number YB4IE0 (AZFINTANTINYTIAUBURD C. botulinum type A luuAag cycle U89 PCR

o a o .
Tﬂﬂﬂ‘il”lﬂ melting profile Y93 C. botulinum type A ISUYANYUNAYY 71.35 C LLUNIN internal
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1 5
i =

amplify control NYUNYII 83.58°C 15411 specificity 1182 detection limit 6x10' copy number U4
4
(%0 C. botulinum type A (Fenicia ef.al.,2007) V19936 W a1 12 sensitivity 7% real time PCR 1
14 3 s/ v
M3ATNED C. bondinum szanm 10-10° cell Tawialy) o € botudinum vealuogludads
A {q E a = 5 . Pt ]
a3191523M00 10- 1000 spore/kg 1% PCR nldzinn fasle positive 910 silent toxin gene mwhag
.é' = u A = d a
144 strain VOUHO C. botulinum azvifa false negative ld91n mslavunilasvestud VI
primer annealing (Lindstrom and Korkeala,2006)
Genetic characterization of Clostridium botulinum
5 d:) s o y v s =Y Ay W 9fc [
Molecular typing 150 Clostridium botulimm 1afimssainnlumssyyviiaveudoas 1dlussdy
4§ ad o [ nsj o = @ d g at
strain 1i{09INHAWITA NI 18D DNA HaduSeisninlumsuon siiavesmeiusidod
=1 ar 6 [ - 9 a ; g o
ianundifoadugs 15 lumsfinulundszinaine1d 35 Pluse field gel electrophoresis 1F1133
] 8
14 restriction emzyme wawwila lunsdady DNA wiadu udniwmen Tao gl

o

‘ U ! o = 2 A a
electrophoresis  Taoildeunszualvifluiu 3 fiems  Sefidsz@niamgelunisuen DA
=Py I o ¢ o [ e o q
fragment Taumyziivinalug 1A restriction digest pattern nig e lumsuonuozge
L ies .3 ! = s 1 o
lymindadiuiieanin DNA gathate Tag enzyme DNAse Sedoatlosiulaild DNA gnviany
9 A & ¢t s 4 My o
Tnt1¥ @13 formaldehyde (fonfausad noumsamyasuazion DNA sonmn Saiiaisald
1 o o g
ANYIANULANAIVDI T 'IEJT!‘IH‘J:‘U‘ENL%E] Clostridium  botulinum group 1 Uag group II il
s o' I = = i A4
reproducibility 191aanilszana 5-7 Su sz Temiluudszanadne waglfSouifiondoiiuon
INAALN (clinical isolate) (Lindstrom and Korkeala,2006;Hielmet. al,1998) % ribotyping Lﬂﬁ%%ﬁ
. Jau Jo wd < . Y E .
14 ribosomal RNA probe T4 hybridise N1 ribosomal DNA gene ‘49 gene ﬂﬂuﬁgﬂ restriction
v g oW o I . ia 4 4
enzyme AAiiY fragment A3 restriction digest pattern TIAATY NUAAIBOVVIIULY LaAgae
° h s . @
VIUINUUDY ribosomal RNA operon 1in15 19teu land Ecol wag HindlI 141369 ribosomal DNA
o LS .. . ' i 5
gene 11l fragment 9% 1A restriction digest pattern wails INE I restriction digest pattern Y9917
Tdoulanl Beol vziidnnelumssumn (discrimitary index) Usz3ne 0.982 winndnsle
1 d:id -] o . N . ” Aé = d 4
wuland Hindnit Al lumssuun (discrimitary index) Uszanas 0954 $935 9212 1ums
Y
SS‘JJqL%?J Clostridium botulinum 15/ group UUN Clostridium botulinum group 1 910 group II 15
auazdiannsauonluszay species 188 Taufiouiu reference strains 91NN15e1319 dendogram
Ly
10675 numerical classification 351 19121152001 3-5 Su § reproducibility 8¢ luszauiiunaie
at | ace .l a s g 1 3
(Hielm et.al.,1999) 35 AFLP (lu35 149 restriction enzyme 2 wiin lumsdasuaiu DNA Hady
A o § 1 A ] w
VOUYD  Clostridium  botulimum  1miug1E  adapter luiFoudevInadudiiugadaves
o A 9 v . y | ' ¥
tou 31 uazifonldguos primer 11 amplity Suddnszniig adapter 1 ¥Ua9U PCR product
oA a ; =1 o o 9 ) . e S a
MNAvTHIEIA NSNS 119 restriction digest pattern 13! reproducibility 9310 (AR dendogram
Ao ° Y 3l A Yo o
auennvlumsiwun’ldd AFLP sunsofioz 198 uun Clostridium botulinum Ms£H1 group I

uaz group 11 14@ Tavldioulad Hindil uazHpyCHAIV wozaunsassysiia serotype Idda0
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a G s .4 .. sada g
Tawi] group cut off line 1 10 % similarity 1A% serotype cut-off line 1 89% similarity SERTERISIAT
A ar . o] q .
MWmInzay luszay group HAg strain level (Timonen et.al.,2005) RAPD (1lun1s 14 universal
L 5 b4
primer Tun1s random amplify DNA naduveuse moldaniy low stringency conditions 5
3 1 v
linnuanng m’imum%ﬁag‘lu Clostridium botulinum group I 144 Al reproducibility @1 BN
dlumsnaivznSouiounalusafesnlfidmsdu  Whidsideldnawszana 12 Su
(Lindstrom and Korkeala,2006) REP-PCR dhaas 19 primer T amplify du interspersed
noncoding repetitive DNA sequence s urnzezaald restriction pattern s
N (discrimitary index) ﬁq& il reproducibility thunae 1duenluszay species 3¥A1
i A v ) . 3 w YV VAt @ .
toxinotype 13001900AaLIUIZAY stain ldanlszanar 2 Fu 1¥1AGND gram negative
. 5 s . - d] aetAd g) = dy
bactetia (Patrizia and Mastrantonio,2003) Real time PCR (Hu35h 19m1dSunaveadse Taom
v o [ [ a
ANUAUNUHTILHINN Log genome copies N1l Threshold cyele number SIEETRLT genome copies
& v s doaquy v o 2 I
YBUFBIIN 9%1% Threshold cycle number @1 ﬂmlwmaﬁmumgﬂpmmum Hinund M
o
Threshold value Tumsasedny d1u5una dnlsunm genome copies vouioriou 9214 Threshold
cyele number g4 v 1das9fudaaniuiuusn wneds a1 Threshold value 1811 standard
o w i a o s . 1 1 {
curve U&7 11A20819011115ININT12H 10035 Real time PCR 8114A1 Threshold eycle number 7l
mldasaedudyanuSuusn wunoie A1 Threshold value Tliflsusy standard curve 91314
¥ o o = o o 7 v
genome copies 99NN 1INl ﬂ‘lﬂlﬁﬂﬂﬂ‘u standard NYIANNAUHUTIZH I genome copies LAY
b4 1
cfu/g Taw1435 Real time PCR Fsilaziiuanu'’l (sensitivity) %501 detection limit 6x10"
s/ [
genome copies vouse lda 1% specificity NYIUIN (Fenicia et.al.,2007) 95 DNA microarray BipY
50 1dvdnn15ues DNA hybridization lumseenuuy probe ASUWIZOIZS drmuusas
b4
toxinotype YOUYO Clostridium botulinum UALA1NNTNBOAUUY probe WS uMII91299 §msy
subtype U84 toxinotype A probe wgnﬁﬂnmné’mam’é‘muﬁ 3 4aZ9e hybridized N farget gene
b4 s/
! 2 . . 2 s
VBULAAT toxinotype LAY subtype VOUFO Clostridium botulinum s Towd lnomyng Ty
v 1 Ed .
ﬁ'luﬂ"l'ii$ﬂ1ﬂﬂfﬂﬂ!‘ﬁﬂ tluuﬁmmamam'lfaﬂ Llﬁﬂﬁﬁﬂﬂﬁlﬂ'ﬁ'5$U"Iﬂgljﬂx‘ll‘ﬁﬂtluﬁlﬂ‘iuﬁ']%ﬂ\i
v w da aw g 4 o @
llﬁﬂ~3Sﬂﬂ?'lllﬁlﬁ'\lu‘ﬁl‘iﬂ'nﬂm‘lﬂ'ﬁ‘“ﬂ\n%ﬂ Clostridium botulinum ﬁ‘ﬁﬂ“}J'ﬁSIUﬂﬁﬂHﬂ'ﬁ‘ﬂﬂ\iﬂH
ar 2 ad S o ) ; =1 .
uagsny11sa botulism (Raphael et.al.,2010) 15 DGGE Inanmslums e primer OEAVIAY specific
5/
primer @113Y Clostridium species n3n specific primer %351 functional gene youde lums
IR T4 e ' a & o =q
amplify Sudifhmane ffinnuenadszanaliifiy 500 bp. miveSsueafildats denaturant
Ed
1A urea waz formamide Tunymndudiudu gradient 9nrfoslalinn Fudau PCR products
E 4 1 [
vouFouanzyiia N3oUAaE toxinotype N1 % similality Y94 nucleotide sequence M@ DNA
= ar ° = o : o ) g aa Ay Y
WWUMTADWAD U AWHUINANIUDY gradient 1’1111’Iﬁ']1|'l'5ﬂ35341‘h'ﬂlmﬂﬂﬁﬂﬂﬂﬂﬂﬂ'ﬁ.lﬂ Tag
Hung Haznaue 113 2008 TAuSSvniouns19 16SIDNA universal primer 111519 Clostridium

specific primer U135 amplify Whyuenn DNA fadaunnndminialslasion Taoldss
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w

08 ;0 WA, 255
A @ v

1\}(5 v 5 k4 v g llr)}i@?/ [\ﬂ() Cr
DGGE 1ls Tﬂ{]’ﬂﬂﬂ‘b’ 16SrDNA universal primer ligunsouonido Clostridium utyricum

¥ ¥ »
0N C. pasteuriarum uat 19 Clostridium specific primer 'ilzﬁ'lllﬁm!ﬂﬂﬁﬂﬁéﬁmﬂBﬂélweﬁuﬂ

Lﬁﬁ]@ Clostridium specific primer %Lmﬁﬁlﬂﬁuﬁlmﬂﬂ’lﬂ‘ﬁﬁ variation U?nmﬁﬁmwmmﬂdnﬁ'u
vewoudewa 2 wilmlszana 6 bp. inliismmlumsduungs  daiidunuananie
Clostridium butyricum vziiudsingiiu 2 wuu lﬂuﬂfgﬁ’ltluﬂ'lSlﬁﬂmﬁﬂﬂﬂ?ﬂizuléﬂiﬂﬂaﬁ
DGGE ﬁﬁﬁlﬁmmﬂﬁ variation Y0961d 1 copies number ‘Uﬂﬂl“gﬂ Clostridium species (Hung et.
al.,2008) luaasil a.d. 1997 maiia Denaturing High Performance Liquid Chromatography
(DHPLC) &sumsoeviuiiel S lusmisomedmmsunmng Lﬁﬂﬂﬂﬂfjlﬂ5131’?’0157‘!618"3’1&{
(mutation) Y8IABUID FINDIFNHIANUNAINMAWMGTUFATTY (polymorphisms) YBIIYHY
souniimyilszgnd 19inatin DHPLC TumsuonnaAnA1998 PCR products 7t 1§01t
ﬂ?mamw’f;ﬂ?;mﬂmmﬂ Lﬁﬂﬁﬂﬂwﬁmﬁ%mmmﬁmﬁﬁ (Barlann, et al., 2005; Le Maréchal,
el at., 2001) MaszaeoRugveuaiizolasldimaiin DHPLC 19U C. botwlinum Wag Yersinia
pestis (Hurtle, el at., 2003) 91ANSANYIVDY Franciosa HAZAME T1091UMTATINAATIZH C.
botulinum #vmaiin DHPLC Tnol#wswesioonmmmudisuauiefiejuSnmeyiniqe
(highly conserved region) maaﬁuﬁmuanmi 4519813 ﬁHT‘U‘QﬁH&J (botulinum neurotoxin) ¥iia

i@ 1i ® uaziow uaz1¥ou 168 rDNA NofuT1UIMYBY PCR products YBIBUAINGII DINHANIS

1
I

i
= = a oA ar L o o
nAaog ﬁ'l'i“.‘mTunua‘lgumammﬁa C. botulinum FUAATINY UAANTIEWUT (different strain)
s/ 2 ! r:iu 9 ~ = = Y
1113 uves peak 139 DHPLC profiles vasdunidmuamsadwaisfiv luyayumiiouny
d' a = t:i o df [} oo oW 9 = Qs J
Tuvasimsiiy Tuyayuiraann@euandusiiaiy  selisduuuves peak wosdudinan
AN IO UNY C. buyricum W0 C. baratii NA319eN3WY neurotoxin WU jLivey
1 s/
peak YBIOUNAS1NAITHY neurotoxin UANANNINAS Y TUNAYUYOY C. botulinum W 4 ey
o d 1 1 cg
Wug ludaunamsnanes Taulddu 16S rDNA Wy Clostidium e 3 atl3d 1¥5luuY peak
[ 4 1
uandeny  uazdisfouiugenunfiGone lsnomadluinyiindy  l1Aun Aderomonas
hydrophila, Bacillus cereus, C. perfiingens, Enterococcus faecalis, Escherichia coli 0157, Listeria
monocytogenes, Salmonella enteritidis W& Shigella dysenteriae WU 1??1‘1]1.!”11 peak SR
[ s ¥ b
16S rDNA AanA19nUNaMua (Franciosa, ef al,, 2004) N9iins 19maiin DHPLC fianus g
3 g A T = v . P 2 ae o 9 dsl}
ABMIATINYOIUANISUUABSHIAT (high specificity) 3991N1UenatenliuNiinms 19¥e C
s/
w a . ay 1 1A J
perfiingens WIFOEORUTENDY (reference strain) rannMsIvouaaslfifiud Tuflvad
=1 3 u’: q ¥ L) =) =Y S A v
mwigglived peak vostudmmamniuildlumsiadwunnseszysiavewuaiite m
retention time Y09 peak voWWUEhMINsAMNMIRUVBIUARG U ariTa  aansariun
o a A u oA
Uszynaldlumsasn ¢ perfringens uazuunafisoriadu ludledisiiauls (Goldenberg, et al.,

q

2007)
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mafin DHPLC fhumaiinfinaumanissihamaiin denaturing DNA 11 reverse phase
HPLC laomniln  denatring DNA fumaiinfiodonnueudiomaeiuss lolasou
(hydrogen bond) daral¥ DNA megnauiuaief@os daumaiin reverse phase HPLC i
madfiamsuonatsiefoanves stationary phase lunedinifudndbiid tasdmves
mobile phase udniiids dlomsdetuiinmmiutags srgnazdie oonvinnedinlid
ahnsiiitatosnmie lifidane Seansausnasaeg senviniuld danumaiia DHPLC
SEAT TN stationary phase ﬁﬂszﬂau‘lﬂﬁmmgmﬂ alkylated nonporous poly(styrene-
divinylbenzene) Afivinadaurugudnms 2-3 luasou aﬂumgmﬂﬁlhiﬁafmmzﬁﬂmmjﬁﬁgﬂu
hydrophobic &4 mobile phase ﬁcl‘lgf Iéun

Buffer A 1/52n81&28 0.1M tricthylammoniam acetate (TEAA) Gluﬁym?qw? 14 ums
Yiudlsinasms lnadved buffer B gz

Buffer B 15gneuday 0.1M TEAA N1 acetonitrile (ﬂ%‘uwﬁfgﬂﬁm 25%) ﬁﬁﬁ%%iﬂa
TEAA fuszdhudanarslunssy DNA HEfuduvos stationary phase 13 éaﬁﬂnamﬂuﬁﬁﬁyﬁ
ion-pairing reagent Tﬂﬂﬂixgmnuuﬂg ammonium °luTaJLaQ'cwm TEAA w%’vﬁ’nﬂwﬁgﬂmm
13§ phosphate Tuao DNA TuvaiziAoafudauiil alkyl chain 921150 Gnteract) fudauiiiiu
hydrophobic ULAMIIYEY stationary phase iefiUSinaums Inadhues buffer B 0w 15110
acetonitile Tuszuvufvziosalidae uswﬁﬂmmﬂazﬁ;auﬁgﬁﬂmﬂmaqmm acetonitrile 71D
msndnszgauduiuesves DNA Aezifes su'bimusoiaouseduszning TEAA fy
DNA 7h1¥ DNA Sedfans@in (adsorb) agludmuns stationary usiifofimsevsqinn/Sanams
Inaidnuey buffer B luszuy n5o increasing gradient Y09 Buffer B $9vi10aa/Suaiveg
acetonitrile AT lffusesdnuotszyanluTianavos acetonitrile 11034 vuA T
V04 acetonitile ﬁagﬂm’fﬁqcﬁauaaﬂssqawm acetonitile {IH5INGNINNIWTITUYDI DNA fiul
TEAA iflunavih 1 DNA ngaseninendauues stationary phase aggnyzeannaoau lu

= o ar £ A = {o o o a L4 a
iiqa Javvdniledonilande laniiunumindiyigalulinsziais DNA Tasmaiia DHPLC

] ) Ed 3
Aogamail ieglugae 50-70 sruwadver issnngamgiivziinade Tnsani19ues DNA i
b
= L

YuagnulTum CG content Tuey DNA c‘*ﬁa%sﬁmmsmﬂdwﬁumirﬁﬁﬂwqujﬁuﬁvﬁaﬂﬂ
Fd gaungiiez e i Inseadrs DNA Famsnldouinlas Taumvng DNA il GC content
@ szfinonna@os stable) toundr mlkTaseartie DNA wldowlneldiw dealiusedy
321919 DNA 1y TEAA firfound @10 DNA #ifi GC content qend1 fiunashl¥ DNA wwiis]
GC content Toenignyzeeninnen duiu Seemnsaaglldh Tedviidnadensusnauvos
DNA finoindisaoniugiulas3s DHPLC Aot51naueq acetonitile luszuuunzgunginled

Tums3nsizd DNA naule (Sivakumaran et.al., 2003)
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ast Ay Y o 3 d aad 3 df B4 e df
13NN Molecular 1 lﬂﬂﬁl'lﬂﬂ"m\?'ﬂnﬂlﬂu"lﬁ‘Hl‘l‘fﬂ'ﬁ'l'ﬂﬁ@‘]]i‘lfﬂ HAZTITNHNHNANINIYD

= 3 . ar
Clostridium botulinum 1911y screening test LAY surveillance lumsithsgdamsszanaveslsa
oy d A agy A o o A oy o 4 = A 2 P
e 15ﬂﬁ'lllillB]JI’;!‘].]'JU‘UHi]'ll‘lJu'i’l‘ilZﬁf]\?'l’!'lﬂ'iﬂlﬂﬂé‘]fﬂ amzszu‘mmmm FAUNY TITHEN

& ¥ - . .
Iyoa %’ N%Tﬂm%’mm 97U mouse bioassay (Lindstrom and Korkeala,2006)

=y ad o o o Qs
szlauITMEUMTIVY
ot A o 4 a = A
Lyasnsimnzaylumsada  DNA  (Werflouifvade  Chowudinum type A,
8 [
C.botulinum type B Uag C.botulinum type A HIl type B luoms EY agar UNL%BﬁQﬂH’i {]ﬁ 35°C
Y
nan 24 1.0, Tuanngleenduy Fe919de 1auld normal saline 914 1dA134f1 1 Me Farland
3 s/ ¥
standard 1131 M1furinfSinandeR 1A 200 ul nein DNA aw Tavldgaariaves High pure

3
PCR template kit (Roche, UK) A1UIHUAINITNARDIAGT

Isolation of nucleic acid from
bacteria (High-Pure)
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1
=)

{ o = 4 » {o 1 §
2. vangimunzalumsifindau Gud botulinum NS wzABIYe Chondinum type

s & :
A, C.botulinum type B g C.botulinum type A W&l type B lmﬂ%‘ﬂ?q"ﬂ ﬁiﬂﬂtl%f‘] primer TR

fAUYBY primer sequence AIMNIINN 1TaehimsdSuanieiminzauves PCR reaction mix

szneudau PCR buffer, dNTP, primer each LIag Taq DNA polymerase 11113 amplification

v . : ; ; ;
a1 Tilsunsu pre-denaturation , 381 U049 denaturation annealing extension L% final extension

HIPCR products N1R1douAa0 ethidium bromide Mmold UV illumination Tufinaaeldndea

Biorad-gel documentation

M13197 1 Primer 71191140130529844 botulinum 1ag33 PCR ( Face et.al.,1995)

Primer Sequences (5’ to 3°) Target Reference
name gene
P260 C(C/ANG/AYG/A)T/ANT/A)T/A)TTTAAA(G/A)GA(G/T)TTT | Botulinum | Fach et al
TGGGG toxin gene
Pr265* | GGGCCTAGAGGTAGCGTAA Botulinum | Fach et al
toxin gene

s
= L el r ‘1 r 1
*fia GC clamp AaodAuwadde l1iiNd 1 5 ves Insnies@snaa [ege cog cog cge gog gog

ggc ggg geg geg gea cgg ggg gec]
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3. manzfimingauvesmsi DGGETumsizy iteuendud botulinum voude
C.botulinum type A, C.botulinum type B U C.botulinum type A HE type B. pannnfu lauld
Lﬂé'ﬂs‘l DCode TM Universal Mutation Detection System (BioRad,USA) A117T Muzer et.al.,1993
Taun3ou polyacrylamide gel ﬁlﬂ?iﬂmLﬂmﬂﬁma’fﬁfwmms denaturant 910 40-70 % N3
1an PCR products ‘umv‘ﬁfa C.botulinum type A, C.botulinum type B URg C.botulinum type A HETlH
type B 4119 150 bp Tav75s electrophoresis 1 IXTAE buffer #outvalas SYBR green @03
muld uv

4, m?ﬂméfa C.botulinum type A, C.botulinum type B Uas C.botulinum type A Wl type B 1473]

3
"o10%,10°, 10', 10°, 10°, 10" cfwml lai¥eilSina 5 ml luusay

Yiade 10°, 10
amudevsashme lifatluiiua 25 g il glycerol 20 ml ﬂnﬁqm‘mﬁ 35°C 1A 10 Wl
sl 12000 sevand dunat 30 wi 1 1 ml ludaazneu nilumveded 13000
sounnit azneuitldinazmehnindusaeade 200 1 thinafa DNA Taoldyaanavos
High pure PCR template kit (Roche, UK)

54 'Hmm*;:ﬁmmmﬂunmﬁuﬁmm Tud botulinum ﬁﬁ’lﬁ'ﬂzﬁiﬂ&gﬂ C.botulinum type A,
C.botulinum type B 10 C.botulinum type A HOU type B 1uﬁii0llﬁ5ﬂﬁuiﬂﬂi%@: primer LEAI
f19UUBY primer sequence Fans1ait 1TasmsiSuannzfiminzauues PCR reaction mix
szneudas PCR buffer, dNTP, primer each LlaZ Taq DNA polymerase MIN15 amplification
Avlysunsu pre-denaturation , 391 Y09 denaturation annealing extension U@ final extension
H1PCR products ﬁ‘lﬁ’mé’fané’f’m ethidium bromide 7814 UV illumination Wuinmumeldndes
Biorad-gel documentation

6. mﬁmagﬁmmxﬁwaqmsm DGGEluns 3%1) n“ilﬂutlﬂ?mﬁ’ botulinum ‘1!81!.“1%8 C.botulinum
type A, C.botulinum type B Une C.botulinum type A WAl type B 1uﬂﬁ81ﬁ5ﬂﬁu. 2ONIINNY
Taoirlu PCR product fsidsmansolumiely 10°, 10", 10°, 10’ , 10* , 10’ , 10°, 10'
cfu/ml Tﬂﬂl‘%}mém DCode TM Universal Mutation Detection System (BioRad,USA) A5
Muzer et.al.,19931ﬂﬂlﬂ?ﬂil polyacrylamide gel ﬁt‘ﬂﬁlﬂuLiﬂﬁﬁﬂ’)‘lijﬁ?iﬁuﬁjmﬁ 13 denaturant 211
40-70 % NAIUYn PCR products Mﬂﬁl%ﬂ C.botulinum type A, C.botulinum type B LQg
C.botulinum type A WAU type B YU1A 150 bp lags electrophoresis T 1XTAE buffer foutea

TAu SYBR green doamuld UV

30



nauazInsaina

1.14 DNA E“li}'ﬂ C.botulinum type A, C.botulinum type B Uag C.botulinum type A Hel type B

2. DNA Lé’f] C.botulinum type A, C.botulinum type B Uag C.botulinum type A Wl type B 14 15l
i lumshmanngfivnganlfnse per Tasmstiusnndudnsumne
botulinum a1 forward primer LD reverse primer P260 LA Pr265 (Face et.al.,1995)
Taul@anzfimnzaudedl POR reaction mix sznoudas 1.5 mM MgCl,, 1X PCR buffer, 0.2
mM dNTP, 1 uM primer each A 0.04U Taq DNA polymerase (8¢ DNA template 2-5 (.
11N15 amplification AwTalsunsu pre-denafuration 95°C 3117, 45 59U U denaturation 95°C 1
W annealing 45°C 40 T extension 72°C 5 ¥ A final extension 72°C 5 U171

léna PCR product U 150 bp "UENI,"I%EJ C.botulinum type A, C.botulinum type B Uag

C.botulinum type A WU type B uﬁmlugﬂﬁ 1

M A B AB

1000 &

1000 §

540

100 -
200 B
100

MW 1 193 PCR product YoULARE toxinotype A0 1311105 P260 1ae Pr265

3. PCR-DGGE ¥84ti4 botulinum( BoNT )10 C.botulinum type A, C.botulinum type B (123
C.botulinum type A HAY type B nIMsaaeslFanududuve denaturant 1UUADZE
gradient 1AUA  40-60%, 45-60%, 45-65%, 50-65%, LAY 50-70% WUTANUAUTUVES
denaturant 11929 gradient 40-60%,45-60%, 45-65%, 50-65%, (AT 50-70% aAMIIOUUAAI
HANATYDY toxinotype B 990910 A (ﬂ'ﬁ‘lﬁ 3) lmzﬁ‘}h\i gradient 45-65% ﬁmmmmzﬁuﬁqﬂ
Tumsuonnuuanmadand1a fiv ANULANAIIYBY toxinotype B 8RR A 1ipannyie'ls
satiufimsthidlowdoior duiu Per product 0TLUB4 toxinotype HI AIMLANAIIING
genotype YBUTONG 2 toxinotye 1AM T, fuandiaiin Ssamnsangamsiadoudiigadis

A T o H (] = a ¥ 1
AnududufidfuuIea DGGE(MMN 4)0) 9019lsAaiT PCR-DGGE i1 lanunsouen
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T 1 n,: dy [~ i = @
AMUANA19TZH I toxinotype A Hery B 1@ Nationidumsziiiodi 2 toxinotypes Yufuaniv
b v
Y94 PCR product 9231 homoduplex ¥D%9804 toxinotype H1319a04 toxinotype HATANVBIUH
' ﬂ A o o q W1 w9 o o
gers 990 A-T 1ilu T-A n3e G-C it ¢-G wii e T, uandremuniessnn ar T, fiwonldein
1 9 o o e :g . s L] A’!’ . At Y
wie lioat uniide toxinotype Ao 92 liansouon 1d lufoaos toxinotypeniinnulndifios

g dudu'ld (Gudran et.al.,2007)
B A AB

B A AB

=

] 45%

65%

MW 4 DGGE Tumsuonanuanaaves C. botulinum type A, B UAE typeA Hey type B
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3
4. '14 DNA (%0 C.botulinum type A, C.botulinum type B Wag C.botulinum type A HH type B Tu

o ¥ 3
e lfealuf iUsnaudie 10°, 107, 10°, 10°, 10° |, 10°, 10*, 10" cfwml

5
&

5. DNA 1%0 C.botulinum type A, C.botulinum type B Uag C.botulinum type A WO type B Tu
miolisailud TSinaude 10°, 107, 10°, 10°, 10° , 10° , 107, 10" cfuwiml

1% dhusifuilumsdmmansimneanhinlfoso per  Taonsdidnndudidumne
botulinum Tﬂtﬂ‘i’f forward primer 18 reverse primer P260 LAY Pr265 (Face et.al.,1995)
Tael§anefimingaudsii PR reaction mix Ysenoudan 1.5 mM MgClL,, 1X PCR buffer, 0.2
mM dNTP, 1 uM primer each 11ag 0.04U Taq DNA polymerase 1101 DNA template 2-5 []1.
11173 amplification aauT1lsunsy pre-denaturation 95°C 3111‘?1, 45 581 Y99 denaturation 95'C 1
TR annealing 45°C 40 119 extension 72°C 5 117 WA final extension 72°C 5 117

léwa PCR product UVHIA 150 bp %ﬂﬁl§8 C.botulinum type A, C.botulinum type B Qg
C.botulinum type A WOl type B

6. 11 PCR products Adnnmioeatly 7 fl5uande 105, 10, 10°, 10°, 10 , 10°,
10°, 10" cfw/ml 31%1 PCR-DGGE #1191 PCR-DGGE @131350L8NANUUANAIYEY toxinotype
B 00N9I0 A (MW 5) 4azisaa gradient 45-65% ﬁmmmmsﬁuﬁqﬂ‘lummﬂnﬂmmmneha
Fana1a (nmidi 5) eg1elsAai3E PCR-DGGE 7 Wemnsauonnmumneaszng toxinotype
A o B I Fonashamsrzdiod 2 toxinotypes UNAUANNUDS PCR product 3231 homoduplex
YoaTanos toxinotype Eifseros toxinotype Hin1sAavBuUAgay 11a A-T flu T-A w38 G-C
i -G esirlddh T uanseiuitesinn o T, fuon ldnamisliEatiuitide wxinotype
fon v liennsouenldluidones toxinotypeitiinmlndfoeiy umeld  (Gudran
et.al.;2007) uasea un'mm'mrmﬂ?ﬂ C. botulinum type A, B Uag C. botulinum A WaU B ‘ﬁﬂQf]
Woastumiolines 18lummidudh 10° CEUmI piifu SavhsunlSinaneng 4 x10° cfuml
AoANADINUMSTIUNUYDY Danito (2004) 1 detection limit un1sasa9misonuniidyly

seav aildd lavafia DNA Taoassainomsdszina 10™-10° cfu/g (Ml 5)
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agimamanaaes

ad [ 1 =TT 4 r

75 DGGE afie DNA ninviie 13 lagase findmautud botulinum a1115005ONL Clostridium

botulinum type A W30 type B Yuogluilmaediedt 10° cfwg 1¥szoznalunisnsan 2 Su
3 s

dnsathun g lumsasiefanses msdudlouveudie Clostridium botulinum type A ¥30 type

(1]
B a5 lumie'liisatly
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Background: Fermented bamboo shoots probably contain Clostridium botulinum type A
and B producing neurotoxins that cause human to paralyze in the respiratory muscles and die.
Culture dependent methods for detection and identification of C. botulinum type A and B are time
consuming and the detection limits are high. Culture methods combined with PCR have been used
to identify C. botulinum type A and B, however they are expensive and time consuming. Here,
! we investigate the application of DGGE and DHPLC in order to solve the disadvantage of culture
dependent methods and culture methods combined with PCR for detection and identification C.
 botulinum type A and B in fermented bamboo shoots.
£ Objective: The aim of this study was to develop DGGE and DHPLC techniques to rapidly
Ti&lcntify C. botulinum typeA and B from the genomic DNA of fermented bamboo shoots.
Methods: Inoculated samples (inoculated, fermented bamboo shoots) with C. botulinum type A
and B, samples (fermented bamboo shoots or uninoculated samples) and C. botulinum type A and
B (pure cultures) were analyzed in these experiments. Genomic DNA were extracted using high
pure DNA extraction kit (Biogenomed). DNA from all kinds of samples were amplificd with
primers spanning the V1-V2 regions of 16StDNA under the specific conditions. PCR products
were subjected to and analyzed in both DGGE and DHPLC under the specific conditions. .
Results: DGGE results showed a similar four band pattern of C. botulinum type A and B (pure
cultures), while the four-band pattern of C. botulinum type A and B from inoculated samples
could not be visualized at the lower part of the DGGE gel. DGGE method using V1-V2 piimer
could not be differentiated C. botulinum type A and B in both pure cultures and inoculated,
fermented bamboo shoots. DHPLC results showed that the DHPLC profiles of C. botulinum
type A and B from inoculated samples and uninoculated sample had the same patterns. The pure
cultures of C. borulinum type A and B showed difference DHPLC profiles, therefore DHPLC
method using V1-V2 primer set could be used to identify and differentiated C. botulinum type A

and B in pure cultures. .
Conclution Itwas found that only DHPLC technique could successfully distinguish C. botulinum
type A and B in pure cultures under the optimized condition. Our data showed that the DGGE and
DHPLC profile could not identify C. botulinum type A and B in fermented bamboo shoots which
could be due to’' competition with indigenous microflora in fermented bamboo shoots. Therefore,
Clostridium-specific primer set should be developed to amplify only C. botulinum type A and
! B which then could be reliable for the identification of C. botulinum type A and B in fermented
| bamboo shoots by DGGE and DHPLC.
o Key Words: Clostridium botulinum, DGGE, DHPLC




