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Vipastit D, Dhamabutra N, Udomsantisuk N. Study of the effect of heat and ultraviolet
radiation on the sporulation of Clostridium botulinum, type A (ATCC # 9564). Chula
Med J 1987 May; 31(5) : 399-407

The ATCC # 9564, anaerobic Clostridium botulinum type A, was exposed to
Dhysical agents such as heat and UV radiation for a given time and at a given tempera-
ture. UV irradiation was ineffective against Cl. butalinum, type A. When compared to
heat exposure in the former induced the formation of resistant spores more rapidly than
the lather. In this study the sporangium revealed the primary formation of resistant spores.
Sublethal heat exposure and the ineffectiveness of UV irradiation have proven to be the
primary factors in disease transmission.

The killing action of physical agents, the sudden death victims of botulism and
the problems of food cooked by heat as well as food preserved by UV irradiation are
also discussed in this article.

Reprint requests : Vipastit D, Department of Microbiology, Faculty of Medicine, Chula-
longkorn University, Bangkok 10500, Thailand.
Received for publications. August 9, 1986.

* Wunmmlusyulas Goodner Foundation, Philadelphia, USA.
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Tulmawdonenaaiveu, niwieuuslsda clostridia
dovazioliantas* losft Clostridium udssdazrio
single internal spore L‘ﬁaﬂumuluam’azu’mﬁauﬁ
laianzan (unfavourable conditions) Clostridial
spore fitoiiaitldnszuoumsgeduews Wit
1a9§000n e (waste products) Juiuldhades
Ww “resting cell”’ fnunn ananks (desiccation),
anu¥eu, nuusIgnad (ultraviolet light) waznu
chemical agensts @19 q 160

olunind mi‘ﬁ"qa"?j‘w Clostridium botulinum
shsstafiinufaedouldein mlrsdwiiswm
thutlawamsfidsdu usselieemmbudis (bo-
tulism) lddendaadwlizied aziiu lusysuma
aﬂa%maaa;a%w&%aﬁuiuﬂuﬂa’imu’v’{ﬁa’h‘w (effective
survival mechanism) §3ulAuzU0 952 1OING 8T
sastuniunsism (population control mechanism)
nmneledadensdny® 3dlunhil L bomdinum
Unmﬂﬁuﬁmuﬁnﬁaaﬂa%wumuii'am@ﬁauﬁ'himmmu
Twmbend s0 8 Tegdwmmsdedaansadiedr 9 2n
1.7%10% - 2.9 10° 1uan11:ﬁ§qmmﬁs:wiw 25 C
f9 +28 0O ndwildanszrelirammiufylfiaue
uindatamsteshaidtendwwnznsdiansfnyain
folsauauualaudilden Hunanngdnsdluns
wenIeTIZ

gvdviseinalng duidiesnndneauusas
fegUansaluesanin CL botulinum, type E 91n
DIMITNLLY Lm:i‘mﬂammswmﬁﬂmﬁlgﬂukﬂmms
HuRsan CL botulinum, type A4S Usynsufy
nBLEULE LT U ** ﬁa‘a"ﬁw anaerobic lyophelized
Cl. botulinum, type A (ATCC # 9564) n.n ATCC***
\u reference strain 8 usenmawies Faligunal
'l:u,miwauémuauuakuéadnamJu'szﬁazﬂiu&’a Fena
dman amzdites 9\EAnm physical agents 13-
siafinansenudansnesUesues CL. botulinum,

type A.

YNNIV

Faguszaan

A, ANMINAATENLUIANUTBULEE MTUHTIN
aaadlilaila deandw CL botulinum, type A
(ATCC # 9564)

2. emuddgeInmnedsuaas (sporangium)
103 Cl. botulinum

Jaauaz it
1. Jaq
1.1 anw weuuwalsfia CL botulinum,
type A (ATCC # 9564)
1.2 mmn%m Cl. botulinum type A
tsznaudn
1.2.1 Selective media Wag¥iaMu
WUUPDd Narathorn LWazaue,
Holdeman uazamu(67:8:9)
1.2.2 9W1IINLee (Wynne’s media)
e s renvaduas CL botu-
linum type A(1°)
1.2.3 U395 (broth) Asznaudae
trypticase $988z 5, peptone
Y0882 0.5, sodium thiogly-
collate $au8¢ 0.1 (TPT) 1
wnztipsadadfineiu
1.3 Anaerobic equipments U3znaudly
anaerobic incubator, chamber, CO2
cabinet, jar fiu Oxoid gas generator
kit uszuSosfllumimasauqmaund
madadivesweuualsud (8210
1.4 §iw G.E. 1fla continuous centrifu-
gation system**** UV-lamp, 183
General Electric Co., Type G-15
T8, 15 Watts 4989 2557 nm/mm.
2. B3
2.1 LWTtL%fN Cl. botulinum type A
(ATCC # 9564) HAfmsauuuy

* .
sporulation

#*  mairandiinet ancunnsarad mneansshamiined.

k¥

American Type Culture Collection, Rockville, Marryland. U.S.A.
Model PR-Z, International Equipment Company (G.E.) 1284, Soldiers Road, Boston, Mass. U.S.A.
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Narathorn u8zatwz, Holdeman L8y

Ame (6:7:8:9) F3dnsody anaerobic

equipments wagwiia(d91)

2.2 16388 spore-free-medium('12:13)

2.2.1 Wil CL botulinum &mem

wansenusensnomloiveauanuelitn adeaasivuy
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beads 10 wifi 1evie® non-
spore-clump N384 spore sus-
pension @738 sintered-glass
filter iuludiiusysuawiown
facld

14 Wynne’s media wazilse
Iddsvassmau 108/ua. 0
ynfvly TPT ufersuiu
15 8. 3 WaRA, @aNIU"
alesfineninsdng M/1S pho-
sphate buffer LLaxﬁlulu re-
frigerated continouous cen-

trifugation §aNNVENG®  glass

2.3 @RMINANTINLTRIANNToUNRLTIN
UV nnwnesdesues CL botulinum,
type A thesasittudn (108 med/
wn) T TPT 1585 $um 3 waea
a9lu Thunberg anaerobic meter
flasks 3 U udsz flask ¥inlviu
100 8. @@ TPT usas

Figure 1 Diagram showing steps of exposure to various physical agents.

Cl. botulinum type A
108 spores/ml. in 3 x T P T* broths

o}
(¥
=
2,
g
1stTPT 3rd TP T
_ =
Water bath 1 g | ~
80°C. - 10 min. 5 b= U_V exposure
© 2 4 min. in
N darkness
Water bath II

30°C. given time

|

Bacterial count
in Wynne’s media

T P T = Trypticase peptone thioglycollate broth.

2.3.1 fudunueunalTUF RN IFUNT
autoulssded Flask Wil 1
wrg19gu 80 C (Water Bath
D) wiw 10 wifl dendiewn
Ltﬁlua'wazjué“uﬁ 2 gun)l
3¢ C (Water Bath II) §a
ATy 2 1.u. wsniuusia

gavdaliifiunn 3 v, 1w
nMAadeiuuu 37 .U, UN
nousandaly “seed” Twowmm
Uy sieudwaunounelsud
Tuuranda6789) Flask il 2
wigulud 2 @oeAIm (Wa-
ter Bath 1I) usziivusuiia
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Ui wInkeule lsugmanm
Af1mue TuidsIFY flask
udi

Flask 1‘1.!"?1' 3 exposed @o39f
UV leeliheaewisiu 21 1.4,
w4 wit luvesdia Weesu
(IM U1 flask AMyurlu Wa-
ter Bath 11 iAuusudaniiy
$rurmnennalsudamuiad
AvuaTwanfy flask 0@ 1

R 2

Figure 1 a The typical sporangium of CI.

PNV

2 a 6
2.3.2 Anmdmgmlasniosransa

Foufunsaunnuzuda 1Wag
vegetative form ﬂ“L'JmﬁLLau-
walsudne sporangium %30
Wusdefawysaluds laold
ﬂﬁaaﬁgaﬂﬁﬁﬁ phase contrast
A-O-Spensor # 1-4 35019
P X .
dnwilusadlu Figure la

botulinum type A (A T C C # 9564).

WaNIANEN

amSeumziul¥ CL botulinum, type A (ATCC
# 9564) Aowtaddalaedi 11 uszdwumiedifivdu
Lﬁ)ﬂ‘] ﬁmm*ﬁ’ﬂum 34 (Table 1) faunsnaiia
sporangium uu wumdmmua’ﬁ’ﬂum 11 (Table 2)

$38 UV nizdulduounalsudd nesyes

numutalusi 8 (Table 1) smnmneldia sporangium

i wudedalusd 5 (Table 2)

98 UV n3zdw CI. botulinum,

@ | s a !
‘Lvmaaﬂasvmmun’m’am’nm?au

type A
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Table 1 Enumeration of Cl. botulinum, type A (A T C C # 9564) after the given exposure time
to heat or U V radiation.

Exposure time to various physical agents (hours)

The physical
ours of exposure (on the day of study) | Hours of exposure (on the next day of study)

agents 2 | S 8 11 14 25 28 31 34 37
(8 AM) |11 AM) |2 PM) | (5 PM)| 8 PM) | (7T AM) |(10 AM)| (1 PM) | (4 PM) | (7 PM)

1. Heat - |
exposure o*=|{ 0 0 k.5x10%6.3x10%[2.7x10°(4.5x 10° |6.3 x 10° 7.2 x 10°| 0.9 x 10°
80°C
for
10 min.

22UV
radiation 0 0 1¥.5x10%6.3x1040.9x 10%4.5% 10%6.3x10%7.2% 104 8.1 x 104 0.9 10°
exposure
(4 min) in
darkness

3. Control | 1x10® {1.8x10® 4.5x108|7.2x1 6.3%108[4.5x 10%]0.9x 108]8.1 x 107| 5.4 x 107|4.5 x 107

*in parenthesis were the time before and after noon (12 O’clock).
**The value was the average of triplicate-counts.
***No growth.

Table 2 Microscopic morphology of CI. botulinum, type A (A T C C # 9564) resistant spores from
the donated samples after exposure to heat or U V radiation.

Exposure time to various physical agents (hours)
The physical
Hours of exposure (on the day of study) | Hours of exposure (on the next day of study)
agents 2 5 8 1 4 | 25 28 31 34 37
SAM)11AM)|CPM)|GPM)|BPM) {(7TAM)|(10 AM)|1PM) |4 PM) ((7TPM)
1. Heat + + + +S| +S| +S| +S|+S|+Ss|+s
exposure 0 Sv Sv Sv A% v v \Y% v v
80°C
for
10 min. C C
2.UV + + S + S + S + S + S + S + S + S + S
radiation
exposure Sv Sv \'/ A"/ A" v \'/ \'/ v
(4 min)
in darknes
3. Control + + + + + + + + + +
Sv v A% v v A% A% v VC VC
Note :

+ = spores presentation; C = contamination; no orgainisms.

0 =
V = vegetative forms; SV = no vegetative forms; + S = spores in sporangium ;
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mdnwill Clostridium botulinum type A
dathwawuebudreruianelromminAy (botulism)
mn'ﬁqﬂ i fedduluke s §oding uafidou
wugiinnnaliromsiufslusisund faduld
vl Water Bath 1 fwmalhd s C 4
\flu sublethal temperature qmv\qﬁ'lumsﬂi‘qmms
dsziandn war dn ezl 100 C sdeinuniu
Wodwldiw qangllu Water Bath 11 i 1fu
qung® 9 W Wwiaweden Safugungiineman:
fiuewwelsdn CI. botulinum ﬁtﬁmtﬁu'[q CRIR AL
UV A szezsswheduidessdfononuelrud
vhottufe 21 . Sozszvhomoeiiutidu sublethal

PRI

dose 18939§

Tava 4 iiu wauualsudaznamiadfive
\eagluranz dehydrated-state Winlunity cell wall
vsyinuouueludl Calcium dipicolinate #s¥muam
an (Fig. 2 M3 CL botulinum 3uwizians
W media syruadsliiasefin Media #l#lu
nifAnwd trypticase, peptone W8z sodium thiogly-
collate fuammfitRzma(™ nstasvadnunud
detudadiasninnmnz duloses swasnateundesod
uv nwiulalsil 4aldanavetinunmeansansniiu
vegetative form Swldvind iuds 3 e elwly
awuaiugn nmiulalsil 7 17 Slueilaildinee
Hansufssiu ml5ed UV Wesdefiitetiostu

photoreactivation. (%)

; :
C
we” o H,C 2H,0 7 Ncu 2H A
w1 ]
Hooc” \NH2 0% cooH Hooc” N COOH HOOC N COOH
; i ic aci Dihydropicolinic acid Dipicolinic acid
Aspartic semialdehyde Pyruvic acid yaropi (spores)
+2H
COA gz
~C SUCCINYL- COA 2N
HC™ CH, H,C T2
HC  _C +H,0 Ca HC
~ N 7R ~
Hooc” N COOH nooc” O !~ coon
h
Tetrahydropicolinic / (SUCC)
acid
c|00H / C|OOH
HC—NH, » HC—NH,
I -CO
(CHy)s 2 (CHy),
HIC—NH2 H,C—NH,
COOH
Diaminopimelic acid Lys“_‘e
(cell walls) (proteins)

Figure 2 Biosynthesis of dipicolinic acid, diaminopimelic acid and lysine.(‘)

o ¢ -
1Ma1I19f 1, sdasnuanufounsiuiiie
Fluaf 11 Fausdesanuded UV nstwidladalue

!
e

fi 8 $wm surviving spores Wi “plateau”
Wadalaed 14 fedalush 25 (Fig. 3)
Tunguasulnia iadalusfi 11 $wamueu-

wslsufaglu maximum stationary phase §mimm
wouna rudwnguduisanudouusz$if UV ndy
aqﬂu lag phase W8z early accelaration phases
(Fig. 3)
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Tuydiu vitdl 0. nleavnamdounarisdganiililedn

10°
108 | Control curve
(Total cell counts)

107

Heat resistant spores
108 |
10° - T

e UV resistant spores
10* |
10
107 | i
2 5 8 1114 25 28 31 37

incubation time (hr.)

Figure 3 Development of resistance to heat and U V radiation during the sporulating cycle of CI.
botulinum type A-A T C C # 9654. Each point represents the average of triplicate counts.

Fudaanudouuss$I¥ UV luszee acceleration
phase (Fig. 3)

unguaeulnia s $wonuenualsde CL.
botulinum Wu'léegluszus decline phase aguft

Figure 4 Diagram showing the effect of physical agents to the sporeforming bacteria

Sublethal heat Inédequate uv
80°C 10 min. radiation
|
S| bactericidal dormancy
g effect effect
Only resistant jsurvival & survival | Only resistant
bacterial spores = bacterial spores
>
nonspore forming indirect*™ 2 direct**

l |

(non spore forming) 1

*denatured bacterial protein.

*¢direct and indirect effects to resistant bacteria.

Bacterial dead* Survival because Survival because
catalase enzyme photoreactivation
production and excision

repariment
(cleavage)
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avtiu 98 UV Sisz@niamdasnienu
Fou wae$id UV nazdulfifia resistant CL bo-
tulinum type A S hFudganuiou (Table 1)

Lﬁaqﬁ’mgmuauuakuééﬁwQamsﬂﬁ phase
contrast \ustasiifaiau msfisufuntuannusuias
#Flushi 11 w¥9n expose doanuYeuusLIE UV
WU vegetative cells 883 WANSUWU sporangium
nntu (Table 2) unguaeulnsalainy sporangium
W assfudhaiunufigudsanadounsrded UV
ANUWU sporangium |§Faau (Fig. 1a) azitu
sporangium 3niuliluessmilumaiia “resistant
spores” nd msdnwiised i fidiui lurssumd
sporangium :\fanoull new resistant spores ¢
uiu

Sublethal heat 718 w3as9§ UV #d dau
3z vegetative form 183 CL botulinum, type A
1 fluamann ﬁmaﬂa%ﬁtﬁ@%uvl&igﬂﬁmm"l,ﬂ"lﬁ (Fig.4)
siummnafiesdoinuiu uenvmdwnadormanim
wi mIFUA® sublethal heat w3838 UV \fa
sporulation awe BolUnid msdnmfiumasl®
Wi lunsdysemminenslaafd msld%ed uv
\Reouane s Fa e lyléseduimasgm (inap-
propiate phys_ical agents) iiauﬂi‘:éjum‘nﬁ@ resistant
spores usznalsnaminifufin (botulism) Aiiadu
1&Tan e

aits Tadaaudnnl%ed uv Slunsouen
I Tiie z«'auﬁzym'ﬁ'dw:ﬁ*i”az‘imnﬁn‘lumms
uscnofalinusioin TdnnAgaiuirinduenuss
Wit ionizing radiation wHaiiazwslUnnntuiion
5 Beluniniu $eFrfiedes livinldnauua:
RmdvaomIfa lUnndauds(1e)

lusssum@ sdeSves CL botulinum fey
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