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ARz BV IE, TCA #fEF x¢7 Bacillus cereus T FHaOMH A S »zF 22 & 10k
D, RIEMHEEBORANOFH 2B 2LML 72,

S
F13E TCADERIZL2EEENEEOEL

FHza 3 TCA DRBIz >V TORET L 268, AEBRREM (40C, 30%) 12w, TCAD
ERITEEE (150 mMPl L) CRBRENTH - 722, [KRE (61.2mM) TCREFROETFHFEDS
N=PEFRIZIZEFL WELIZED 5 » -7 (Tablel ), TCA MEEFRDFF & FRE 2B
L, ZORFRETORRY, BEBERARIFEL 22D THEI LRI,

Tablel Properties of B. cereus T spores treated with TCA at various concentrations'.

Concn.of TCA Viability -Refractility Stainability Germinability DPA excreted
0 mM 100. 0% + - 100. 0% 0 %
15.3 95.0 + — 100.0 0
30.6 92.3 + — 42.9 0
45.9 92.6 + - 16.5 0
61.2 63.6 + - 10.0 4.8
150. 0 4.0 +? +3 - 85.3
300.0 - - + - 89.0

1. Treatment of spores with TCA was performed at 40 C for 30 min.
2. +, 55.2%; —,44.8 %,
3.+, 52.7%;5—, 41.3 %,

ELU, EFRLE) LK RFBEZE L IRMGFTToOF I T 5 TCA ORI, ﬁ, 1t
FES (NARBLS Y7L, 0.27 NIER) 12T 28BMEOER TR CT) Y BRFEDOET
BELAD, VVYF—2 b )TV Y, TurT Xt 3RZMMCEREDSNEVWIEEHS D
1zl 7=(Table?2 ),
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Table2 Effect of chemical agents on TCA-treated and control spores of B.
cereus T!

Control Spores treated with TCA?* at
Chemical
spores 6.1 mM 30.6 mM 61.2mM
NaOH 1N —3 - + +
2N + + + +
HCl 0.27 N - - — +

1. Treated and control spores (1 mg) were suspended in 10ml of
aqueous sodium hydroxide or hydrochloric acid. The suspensions
were incubated at 30 C for 2 hr, and then centrifuged. The
precipitate was resuspended in deionized water and their viability
was measured.

. Treatment of spores with TCA was performed at 40 C for 30min

. Insensitive.

4. Sensitive. The colony count after treatment with the chemical

was less than one tenth of those of the corresponding TCA-treated
and control spores before treatment.

w N

F2E FRORFEEIIHT 5 TCA OfEH
RETE, FHT 5 TCAORIGF A7 4 7 A, LU TCABEEUE 2B C{LEEE LiE
JEME & DR A AT L 2,

TCA ORFEFIEEN L, BE, EREE, &L UBMEERMIZREL TH 0, pH 3.0 LIT0saEME
ZEPVETHEZ L, 25612, FHaL TCA DRIGOIEMALT F V¥ —1fEix 4.01 X10*cal/mole
ERTZENHSE N E L o2, LAL, PHIOLTFORKETTY, EERCEHERIIHRIEZL, TCA
TZAVYOREFLETHEZ L, 72, 2OFHAETCA 74 Y BBEOKEA A ¥ LD
HMRIEZLDTHBZEHHBHL - (Fig. 1, Table3 ),
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Fig. 1. Effect of the pH of TCA-treatment.
Spores were treated with 61.2mM TCA or 60 mM AcOH at the
indicated pH at 40 C for 30 min; o, HCI-NaOH; ®, TCA; A,
AcOH.



Table 3.  Effect of treatment of spores of- B. cereus T with
TCA-Na and HCI on subsequent germination’

Chemical t-Value®
Control 22.7 Min
‘TCA-Na* 18.6
HC1 22.3

A. TCA-Na—HCl —*

B. HCI—TCA-Na 18.1

1. Germination of spores was induced by 0.05 mM L-alanine and 0.05 mM
inosine in 0.1 M sodium phosphate buffer(pH 8. 0)at 30 C.

2. Spores were treated with TCA-Na, HCI( 0.27 N), TCA-Na followed
by treatment with HCI(A), or HCIl followed by treatment with TCA-Na
(B).Each treatment was carried out at 30 C for 30 min.

3. The value was obtained from curves of the optical density at
520nm as described in the MATERIALS AND METHODS

4. TCA-Na(61.2 mM)was prepared by titration of TCA with N NaOH to
pH 7.0

5. Not determined.

e TCABERUA LAV TZORFBIEIEE LRI L AR, BEFERFIMEEL L 220 EE
BRUERIIHRAI BV L 25, TCA 7 =4 v OfL¥EE ICER § 2 BFIRGIEATEMRR 12k &L
FELTWwBEEZLN,

Table 4 Effect of various compounds on germination of B.cereus T spores.'

Compound Formula Retardation’
Trichloroacetic acid CC1;COOH

Trifluoroacetic acid CF,COOH

Tribromoacetic acid CBr,COOH

Dichloroacetic acid CHCI1,COOH

Dibromoacetic acid CHBr,COOH

2, 3-Dibromopropionic acid CH,BrCHBrCOOH

2, 3-Dibromobutyric acid CH,CHBrCHBrCOOH

Acetic acid CH,.COOH

1|||||||++¢${$$

Propionic acid CH,CH,COOH
n-Butyric acid CH,CH,CH,COOH
Pivalic acid (CHy); CCOOH
Malonic acid CH,(COOH),

Glycine NH,CH,COOH
8-Alanine NH,CH,CH,COOH

4 -Amino-n-butyric acid NH,CH,CH,CH,COOH

1. Treatment of spores with the indicated compounds was carried out at 40 C
for 30 min.

2. +,+4 4++, Effective. Delayed germination occurred when spores were treated
with the indicated compound at 30(4+++).60(++),or 150 mM(+); —, Not effective.
Delayed germination was not observed when spores were treated with the
indicated compound at 300 mM.
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EIE FRaoltFEME Icxd 5 TCADHE

Mg s LT TCA OME X, Fhaic TCA 2fERsw 52 212k 0, FHERED ICELDY
HEUIUREMEAI DL L ERET S, 22T, FELZFRBELT 2OV TENHENDOEE 2 BET L
Too Z DEER, EAM 2 FRBHR T OBMAZEN & EFREOEL L OMICITHA ZHEE LRI R
nY, AEOMICIIEBROREMBIIFEL v E5m L 2(Table5 ),

Table5 Protein, hexosamine, DPA and Calcium contents of TCA-treated and control
spores of B . cereus T

Spores?® Pr otein Hexosamine DPA Ca

Control spores 66. 5 6.9 10.4 1.95
Spores treated with 6.1 mM TCA 58.5 6.7 10.6 1.60
Spores treated with 30.6 mM TCA 57.5 6.8 10.5 1.58
Spores treated with 61.2 mM TCA 57.8 6.7 10.0 1.57

1. Contents are shown as percentages of the dry weight of the spores.
2. TCA-treatment of spores was performed at 40 C for 30 min.

—%, ¥has TCA L ORIGDE AL AN F ~HIERFTOEEEZRET 2D TH 72, %
2T, TCABHFRORIIBNA 7 MVERNE L, ROLEF, BFFROZh &R /R,
AW /88 — VIIRNIBE L —F L 7-72°, TCALEERZIZRVBEEID 27 bz % WIRIT
E—7»3%4& (1,325, 830, L0680 em™') 1BHS5NBZLEMS2IZL 2(Fig.2 ),

s
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Fig. 2 IR spectra of TCA-treated, reactivated, and control spores of B. cereus T.
Arrows indicate 1,325, 830 and 680 cm™'
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TCADERA A= XL EBALA2IZT 57201213, TCAVEERZH T 3RBFEEDET A RFMKEE
ZOLODEBIZLIEBNLBEETICERT 2500, 5503, BFHELINY A BEOE
Rz kD BEERBAMEI S h 72 RBIZA 201 L WS 2 HOOMBELBHAT IVEN S 5, £/, &F
KT KS TCA DIERIEIBRENTIEIZ S, BFRBIIHL T Z2OREEE2E2ICkbES L V)
LOTHEVZ LR S, M5 L DOKEHBENSERICL3RFRORELFTEETH 2 & TR N, %
2T, BT ZOHFEIIODVWTHREIL, REERICECIEEMELIzTEZEH,5, LEEOM
BORA LR 2o

TCA OfERIZ L DET U 2RFREIIBM LM (40—50C) TOMBIZLVEZIZEEL 72, 2
DOEHERIRILINBRE & L OISR I KEZEL TW a2 e » 5, TCA 0ERICL 3R FRDETIE,
RARMBERNERORBE 2 IBETR TR L30T A efERL 2 (Fig. 3 ),
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Fig. 3. Effect of the temperature and period of heat-treatment in reactivation

of TCA-treated (61.2 mM, 40 C, 30 min)spores of B.cereus T.

MERIZ & D RFREAIE L 2 FROMBINRINA R DIV IGROEBFERO Zh & —FK L 7=, T 72,
TCA FEFRaD BERSH 41T - - 4R, TCA LEHFHai213, TCABEIZITIFHMBA L T, 108 C
R — BB U BT 2 RN S OBFEE IR S /= (Fig. 4b), RIMRINA R b Vg
WOKR, ZOMENEFRIIERD 3 AORNE — 7 DFBEIHIGL TWEZ EAHBALEZ, 512,
BOMAUAIU< N7 TR S, AWE I TCATH 2 L#tEL 2(Fig. 5 ),

DI EosRic#-0 & TCA X FRRE H5 VITREIHEVCELLICHEET 28y v /37 1TER L,
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Fig. 4 a. Thermogravimetric curve of spores Fig.4b. Thermogravimetric curves of
of B. cereus T. TCA-treated and control spores

of B.cereus T.

ZOEKMEE T AE L, FIEEREOKEA A V10 L TRZMALT 2 50 L HEL /0
EOE RFMBDMUEIRL ST 5 TCA ¥

RIFWRHHEEIC VT, FROXBEBEHVEELFEHZ2E LTV LV I TREMEIZZ S DEED
BT 2L 25 Th 2 BHDMEERTONEIZ L 2FROEHCEIART 2 - VK Y /37 D
conformation DF L L& 2 S h TV 3 P ARBEFIIMARLL-7 7= k"/(ALA)’(“UW&ELZ X D EHE
fbxh 295, BIGHALFIIRE L 3RFEMIRBIZAZ 2L b o T3, "%/, KEFRILY
F—LEBZHTH LN, FFINVHEFN) L=V F 4 LA b=W(SDS-DTT) CALEHT 3 &
BRMIZENT 5.2 5 0 IE TCA DIEMEMLZ L L 20, 30 I3EENIcELs ¢ 3
ZEt&D, TCADERA D =X 62 0REICHELRIET 2 EFPREaN.,

22T, KETIE, miEMLEE &0 SDS-DTT LEHMIcH+ 5 TCAREOREIZ >V TR
L, ROLI ZEELHLLIZILA, T4bb, BVEEILFIRIEVWIIE TCADERICL D ESF
BIEALE U2, LAL, ZOBEIZEZFLVEND Y, ALAFEHCFRIZFL (BVBZEERL
2Dzt LT, MEMEMLF L, EECREBEMEEF L 2275, IEEMHCFRE EMoORRELRL
7:(Fig. 6 )o Zhid, MEHLFROEBEENZICL LD HEL /2, SDS-DTT HEFad
FARNEBFERIL D 58 TCA LRIGL 720 BT U ZARFRIINME, &503) V' F — L0
FYEHEL /2(Table6 ), ZDHEFEIZ, TCADERICKDEULRFBRBOET L 288875 vV F—
LAIEDHEINZZEEZRBEL TS, VYV F—2DEREMEINT v 7 ARTF FTY AT
H5.LHFoT, TCAODFERICEDBEPETUASLIINT v 7 AERBERTH 5 ) LH#EE
L7z,
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Fig. 5. Pyrolytic gaschromatogram of TCA-treated and control spores of B.
cereus T. Spores were applied to pyrolytic gaschromatograph before
and after thermogravimetric analyses up to 150 C. Figures in parenthesis
show the amount of spores(mg)applied.

Column : 2 —m X 3-mm I. D. glass, PEG-6000 10%+TPA,
185C, 40ml/min helium
Injectcon condions : range 10° temp. 200C
a Detector : Flame Ionization.
I.c l ALA-treated spores b
": x\x~X-_x.._x
0.8
. 100
"g r ALA-treated spores
I
é 0.6 | =: Dormant spores
~ L ‘: Dormant spores
3 H T .
0.4 L .‘.' f” ~
Heat-activited spores
0.2
0.0 L l 1 l
0

ot ] | I
1 2 0 50 100 150
Cancentration of trichloroscetic acid {mi)

Germination time at 30 C (Hr)

Effect of the concentration of TCA-treatment. Germination was performed at
30Cin 0.1 M sodium phosphate buffer(pH 8.0)containing 0.05 mM L-alanine and
0.05 mM inosine.(a) Germination profiles of dormant, heat-activated,and ALA-

treated spores, with (solid lines)or without(dotted lines)TCA-treatment (30.6mM,

30 C, 30min); (b) Spores were treated at 30 C for 30 min at the indicated
concentrations of TCA. —332—



Table 6 Effect of TCA-treatment and -subsequent heating on germination
of SDS-DTT-treated spores of B. cereus T

t-Value(Min)

Spores

Without lysozyme With lysozyme
Control? ©26.9 7.7
TCA-treated spores® 83.9 7.5
After heating® 26.0

1. Germination was estimated by measuring a decrease in OD at
520 nm in 0.1 M sodium phosphate buffer containing 0.05 mM
L-alanine and 0.05 mM inosine with or without lysozyme( 200 ug/ml)..
2. Spores were treated with 0.5%SDS-10mM DTT in 0.1 M NaCl
at 37 C for 2 hr.
3. TCA-treatment of spores was carried out with 30.6 mM TCA at
30 C for 30 min.
4. TCA-treated spores were heated at 50 C for 30 min.
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FRADFEFHME, & 122 DREBEEOBLN, BHEANOBEY XL T, TCALE 2.0 IcH4
D, LEME K UCBFEOLE 2 L) FRICECAEILEHALS2IzL, BIFBEL OBREREL -,
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TCAT7=F vOBEIVLETHY, Z0ERE, ELIZTCAT =%V, ROTHEBEEDOKEKA

F v eI KERT, TCA7 =4 voOERIE N 70V F L VEOBTFRE|HIZEIC D

DTHBZEPHBEL -,

2. Fhaizxt+ 3 TCA OERIMMUEEROBNEL L) b ERBENE I L3N L EbN, Z

DAL, FHIT 2 TCA DREARIZEVE L 3 L s,

3. TCADERIZEVETUAREFRIIMES 202 ) VF—20%IMz L VEIEL &,
4. TCA ofeRhzxt+ 2 MBEHAL RO BRI RO L 1ZIFEMTH - 24, ALATEHEAL

FHars & SDS-DTT QUEFaIE L < MERMELERL 2o
5. D EkomifEicZEox5, FhROBRFHEE T2 TCAOERERO LI ZHELE, T4b b,

TCA7 =4, £F, ART7TI—+ Oy XIBIZEAL, ThiEET22L12E020
conformation |IZFEE RIFL, ZOKR, ART7I- MBI 2 EEEIEAL, BBEEOKE

A4 Y EIZUHDESFE G T 2EIEMET T 5. 20 &5 2IREOF Iz, TCA FERE

LTHEUARBEOKEA 4 VAMERAL, IVT v 7 ARRBR LKL Z20EM2ETEE32

CIKVRFBBOKRBETAELCSIZE2bDEVE 5,

6. TCADIERSMHEBMET 22 L128Y, BRIFWBHINBEL 20, BIRZBAIEHET I LV

HEL, ZOHERFA ML I LD ESIZMET 2 L) EEINZ T, EECRREIZH 5 Fhaic
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