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Effect of NaOH on the Bacillus thuringiensis Spores
and Its Germination
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FEER REEH o BHERRAEIE (1 280/1 652 cm ') AU B A5 500 B S5 X IEEA B B AY 22 7. 78 10 mmol/LIN
AT A I KB CaDPA FYRT ] C T 1) HRE B CaDPA FT 55 BB ] CAT cgense) T2 J 2 JZ2 7K i
JIr i B 8] CAT 1y ) 23 312 X BB A 3. 5~ 5 4% 12~ 13 A% A0 1. 5~2 % 7E A BERE AR T » T o (AN AT o {H 5351
FEXTHRA 4 5 11 544 . AR CaDPA TGk il 2 Ab #E 30 min J5 A9 F (%) 85 %, i % BE D0 5 & A b, (48]
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Abstract:[Objective] To determine the effect and mechanism of alkali on Bacillus thuringiensis
(Bt) spores and its germination and to further understand the resistance of spores can provide a
theoretical reference for seeking better ways to kill bacterial spores. [Methods)Single-cell Ra-
man spectroscopy was used to analysis the spores treated by alkali at room temperature, and
differential interference contrast (DIC) microscopy imaging was used to monitor the kinetics of
spore germination. [ Results] The viability of Bt
spores was 25.0%,3.6% and 1. 8% ,respective-
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ly,when treated with 1. 0 mol/L. NaOH for 30,
45 and 60 min. There was slightly decreased in-
tensity at Raman bands from dipicolinic acid
(DPA) and proteins, while there was no evident
difference on the positions and intensities of a-
helical structures (1 280,1 652 cm ') between
treated and untreated spors. When treated spores

germinated in L-alanine,the time, Tlag,at which
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spores began release of the great majority of their 1 * 1 chelate of Ca*" and DPA (CaDPA) ,the
time periods, AT ...« sat which a spore germinating completed the release of the great majority
of its CaDPA,and the time periods, AT}, ,at which a spore completed the hydrolysis of pepti-
doglycan cortex,was about 3.5~5,12~13 and 1. 5~2 times of the untreated spores, respec-
tively. The T, and AT ... values were about 4 and 11 times of untreated spores when germina-
ted with dodecylamine. However,treated spores did not germinate in exogenous CaDPA. [Con-
clusion]These results indicate that alkali does not disrupt the Bt spores permeability barrier and
the spore does not lose its DPA,but some proteins important in spore germination are damaged
by alkali,and the cortex-lytic enzymes are the target of alkali damage which has a great effect
on the germination of Bt spores.

Key words: Bacillus thuringiensis, Raman spectroscopy,DIC microscopy imaging,alkali,spore

germination
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[ 53 2 SC Y20 7602 3 43 4 o 7 B 3 A AR K 4%
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MEWE RIS S T 45 5 UK CaDPA 2559 (2
o7 2T EE 1096, PR b A A0 R R B 2E A A, 2
X S e TR B pHL (L K R R — S A g
25 i A5 AR R A HIK T RE ), 2 20 T A — b AR AR
W S A SRR AL R A — LN R A A
J# (Small acid soluble proteins) 4%} DNA #2447 1E
RS, T 2RI A SR BT AR T, Y T ik
TR 3B 7% KT A8 W KT JC V0% A T 2 0 iE %
I TR o U v P B0 — S ) B 5 B 28 Aok K
PR T BB XS I BT 42 Cln e Al L B o 4D 77 A IR B
S S BRI TC i T2 . X T A T A A R ] — O T
eV LR 2 Y Rl LR 2 R hU v L SRS Al R
FR 7 4 LR S 5 B0 2 TR0 0 o) B0 IS 25 98 Y
R AEHICE W R8s kit I T2
TR BTME S 1 R A TR R0 X 2F A 00 A% K AL, X 4k
HABE B FRRRKITEAELEZE L, (AR
R YT A B 1Y SR 4 28 40 4] 2% A0 T 25 46 B HoR
KA AL G 5 b BRI S Al 2= 2 500 L R
KA F LR RE L BTz, SRy
JoEAS I R L 0 25 00 E 3 R DL — 5 bE )
PRV b, W R 2 A gk — 2D SR A KRG R
S 55 AR DG I AT AR R AR B AR A 52 400 2 6 TT B
Tk AT O £ BAHRE Sy . SRR AT LA R IR Wk
FR A fih o A ATy A T SR 1 ) BT B B R RO fih
W & 52 1 CaDP A B JH0H 18 8 L 20K fif il 55 2
B g W S A 3 S Y 2 A & o B, AT LA
iR 3] 25 b TR I A 2 24 50 R KT ZE A AL
PLE GG & —Fh o IR SOG T BAT SEmS PR T
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TEA W B2 2 R A= 0 50 20 i o A SUBCA Iz Y
FAWS . Z2 40 M 52 R L4 T #5 22 (Differential inter-
ference contrast, DIC) i S B2 AR SE L T HA 20 g /K SF &5
I 0 BT LS A0 T 2 A B T A A X AR 2 A A )
KA BIAR A r 42 BEVE IS0 OR & A AT
W ( Bacillus thuringiensis . 18 #% Bt) B 7l F5 1) &
HURRE BB R 8K AR S H &)y dm el i L sh LR
& o2 HETI B 2 AR 7 BB B R 8 B A 4 Ak il
FIE Bt 5 IR ZEHFF B (B cereus )\ 5 JH 24
FFHE C B, anthracis ) B 7E 15 378 B LA R 6 Al Fn A
A 4 5 W) T AR AROR 22 S AH R AE 8RBT a0
PEE L B SCHR AR A 7K T 417 5 00 A R 2 A AT
W CB. subtilis ) AW & 152 00, DA SR BT AN H 4%
A T A 1 23 7K e Tl % 0% o AT el 25 461 T v
B R AR B AL B KO bR IF S, TEIE T R
BRI ZF AT A A0, AT RE Bl Al X 2 6 1) B
AP RA AR, (ARSI 0 540 i fr
SO0 T NaOH A1 (9 54> Be 2R/ N %
B FEE R 9 28 A, ] 52 I DIC (2 79 55 A B8 240 i
AP NaOH AL 5 Be 25 46 1) 85 & 2 245 R &
24, [ R I XS R R L5A 15 0 T 42 NaOH 4b 2
J5 B RS Bt 2R LR A W) 87 & 00 i 4 R B A 2
ARF NaOH AbFXS Bt 28 ] 5 ZF J61 107 & 152 Wi, DA B
20 W K 3k — 25 T A SR SR ) BN 2 A A AR KL

1 #MHERIE

1.1 SKEHEHhRRIEFRE

B 984 = ZE AT B ( B, thuringiensis ) HD-1
R HD-1 Sy P 307 8% 5 S Fb L g A3 v 5 58 A
B AR ORI PO S5 AS 11014,

FhF B SRR (LB) A FIR 10 g/ L. B RES2 LY 5
g/L.,NaCl 10 g/L,pH 1H 7. 4~7.6,

WA FRHE (CCY) « B A BEE 20 mg, BRK R T
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Bk 1 g B KA T ISR 1 g, BERHREUY) 0.4 g, H il
0.6 g, KB T/KERZE 1000 mL, 78 & 2 /i & 0 LA
& HR R e & MgCl, + 6H, 0 0.5 mmol/L,
MnCl « 4H, O 0. 01 mmol/L,FeCl, « 6H, O 0. 05
mmol/L, ZnCl, 0. 05 mmol/L, CaCl, + 6H, O 0. 2
mmol/L, KH,PO, 13 mmol/L, K,HPO, 26
mmol/L,121°C,20 min K.

1.2 ZFHas &

FIARTE LB RS SR ILT6 L 24~36 h, PRI B
RN LB RSS2, 200 r/min i 5285 57, B
1Y% R A = 5 97 3 (CCY) L 200 r/min, H; 57
48~60 h, FiRKEFRAFERAE 30°C F 1T, B
%K% 99% J5 .5 000 r/min B0 10 min Y 4E | 46
ZF A, o K Ve 10 I, fa TSR K &+, 47C
TRAFE .

1.3 NaOH B E5FAFL
1.3.1 33 NaOH 422

L OD 0 =10. 0 iy Bt HD-1 246 0. 2 mL,5 000
r/min B.0 10 min, % EE.MA 1 mL 1.0 mol/L
NaOH,25°C FA¥E 30 min.45 min B # 60 min; %
J T 8 000 r/min B .0 2 min. £ EF . A
2.0 mL 50 mmol/L B E % vh i (pH {E K 7. O
LR B K% 3 . 0.1 mL BRAKEEE
W AC KA RAF A . HITE T & 8 KU NaOH
L TR b 3 A R %o R
1.3.2 #FRAFFEen

A B A ZE AR R 10 0 ~10 5. HL 0. 1
mL HEPRATE LB ¥y 2 5 M b BB 3 A4 F
B . 30°C G895 24~36 h, EHE 50~300 4> 14 7% 10 [
A S BT 5, 883 NaOH AL B S BEZE LB 85 9% 5
B R A TR VB DL A B ) ZE AR R R TR RE K
IR 7 B ARG 5 3 AR LRI
1.3.3 #ZZHERE

A E A EREBOOER OIS RS,
Xie ZEUTS AR . PR 780 nm MIEOEH 5 A
BB (TE2000U, Nikon) , 066 o 489 5 R 48,
T WLt # BIF O 4 4K 20 i, A5 2R £ OG0 AT
CCD £l . FHRRN M MER (HARY 2.0 pm) i
TREKIE,

ZEREIE T IR K L A RE S A Y, 7E 100 4%
WY BT, OGS B LA R B ZF A, W B AR EF
P E ST AT T BURBT R R 10 s, B FE A A 50
IG5 MEFOLIE . BRI S RG R BK
IEL R SRIFE 5 SR, Matlab H 4 72 )7
PEHC T 017 em VR IY BATH AR,
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1.3.4 3 308 & 5 Bf L

o BT B9 Br 2 4 W K W OB 10°
AZEL/mL, 25 70°C /K 30 min,0°C KA 15 min #
AL W 2 p L BV N AE S 3 A b, T AS TR
55 3 E TR H B E IR B A BT Y
K. X DIC B #% (Olympus IX81) Jim LA ok ¥& , #22
A B ERE CCD., 52 80 52 I W 0 28 96 8 & o 202, AR
P TEE, 6 s RE —F DIC FIR, 7 2L WL 5
60~120 min,

W LATR TUAS I3 18 08 2 A - (1) B R 8 &, 50
mmol/L TNZER M 25 mmol/L Hepes ZZ W (pH 1H
HT.4),37°CHY & (2) dEE FE ¥ K, 45 mmol/L
CaDPA, 30°C; % # 0. 8 mmol/L H H: #¢ Fl 25
mmol/L Hepes 2w (pH {E H 7. 4),45°C, CaD-
PA fiilt 2 () ZF F0 A T SR AL 3,

R ZEA B Rt BT 3 4B B, i DIC
BUAZR Ty 25 P DAAR 08 b U8 8¢ 1) 25 961 85 A& 193X 3 >3
FRUE O CaDPA JF Ui PRl R ik 19 B 1] | 58 42 B
{14 B 0] R SR B2 22 58 4 K il 1 IsF [) A5 43 ) e L
AT g~ L release A1 T lys » | CaDPA B35 B 5 fir 75 2L 1)
BFE] AT e = T rese — T 1 » B2 )2 K BT 75 B 1]
Ales - les - Trclcasc vﬂi’r Tlag \Trclcasc Eﬂ‘ X#ﬂj E‘Jﬁ‘:@*ﬁ
X5 BE G LR Tiag T retease CUAIACHE 55 5 04 4] 463 5
JER 100% . LB & 45 95 20 min BZEE N 0.2 W
iR k12D

2 HRESH

2.1 NaOH %33} Bt ZFRA M

FARAE H R AT A SRR S AR A H 5
TR 2 R K FRA AT B . K1 R, 1.0 mol/L
NaOH #h B — 7 i 8] J5 26 K 2 800 ZF R 2k 2% T 3%
77,30 min.45 min fl 60 min 5 Bt 2ffd 19 7] 5% 35 %
O3 R 25.0% .3, 6 % A 1. 8% ZE AT . 8 T A i
IR, NaOH 4k B 5 2F i ik BE — R R (DPA) 1Y FF iE
W1 017 em ' UEFIER BT A RFAEUE 1 650 ~1 670
em 'R I R B AN AR5 1 BEAIG, 2R 46 N R Y DPA )
U L R Setlow 281 Y K B AR KA TR . A AR
TR o BRI FRAE I (1 280/1 652 cm ) RO E B
FES A B2, K 2 52 Bt ZFHi ot
i, H.p 662 cm ', 825 em ', 1 017 em ', 1 397
em A1 1572 em ' JEVR B CaDPA [ LRI RRAE 16 , 17
1652 cm ' 2R HEH BB | B = HEW o 1B
JiE e, B R, BT AR FE 60 min (1 2F A, BRI
/b dt CaDPA it ifif 5 B0 B2 6 3515 5 06k 55 41
TR BT R 1 652 cm U4 BB BE R BT A
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2.2 NaOH % E3t 824 Bt FREF LM
2.2.1 BERAL
P EOCIEEE W8 NaOH AL H 5 (9 28 10 5 (A R
() A5 R IF A KA 3 AR A B LA R A
RGN 25 53 Bl AL B 52 i B ZEF R W 2 R ) . TR
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3a LA B S B9 ZF A 7E 50 mmol/L &R fil &k T Y
B R Al 26, B v o 2800 BREZF L FE 20 min
Hi &, M NaOH Ab 3™ 5 5% 00 Bt 2F fl (19 i & . W &
218 ,NaOH AL HE 30 min.45 min Fl 60 min )5 »
R AE 120 min WM N B B R R AR KN
64.4% .52. 8% 50. T ZEAT S

Kl 3b~c W BN ZEIE A B R Bh A A 4t
NaOH &b 3 1) 2F £ 8 b H PR, 14> 25 461 09 87 &k
BIAMAREAIM B kS B IR (R 1) . CaDPA
BB SR B C T ) XA 9 min A2 47, CaDPA
P B B T B I ] (AT o) 298 1.3 min 24,
SR AL B JG A ZE s T o A AT oo T8 55835 380000, 5351
JEXT BB 3. 5~5 5 F0 12~ 13 175 5 28 0 Ji2 J2 /K i i 7
FERBS ] CAT (o AED B3, B XTI 1. 5~2 5. A
) Ab B ] 1 AT e TEL 6 A 322 30T 5 B 25 AL 3 BSF [0 (1
FERC A T G, (A5 R TER 2 CaDPA B
IR B AT e (H » B ZEA0 Y 2 25 1 25 0 7 Ak 28
2 T 5 1 CaDPA B ik A7 76 P4~ B Be . B A
T e~ T M T i~ T e B B, SO B T
5 AN B BERY T AR IR R T ) L R R Y 2 TR AR X
M AT =T e Tho BT o~ T, BrEH
BET T ~T B HEAZEEN 6. =
L AL S T 0T I ZE AR AR R 22 1 B R
AN R T o F1 T B Y 1Y) CaDPA &, ik
— R IE T L BTEA 15% ~20% 1) CaDPA
BRI 10 T o~ T B BEBE LAY CaDPA 250
AT LT FEN 34% ~37%, Ty ~ T e BT BEN
44 % ~52%, IR FEN CaDPA J27E Ty ~ T BT
Br(2.3 min A4 BN, EREEEEM, NaOH 4
P 5200 Bt HD-1 ZELAY 8 FR2 1 &
2.2.2 EBFRHALR

M CaDPA i H H: e 55 Al 5 5% 8 5 fioh & 1
AT K 45 R L BAME CaDPA ok il % NaOH Ak
PRJS AY9 Bt 28 460, 17 X5 B 2 A0 5 i & LR L 98 0 1Y
ZEAAE 20 min N T & (B da) . 3 HE il % 19 2 10
Wy % 5 8 2 W ik & 1 WY & 25 8L, NaOH 4L B 30 min
B ZF A AE H 120 min WS N A B & F44X 2006 A2
A AL 60 min (19 ZFALIL-F-HRAN W & (K 4b) . B4
FMs S M4 B8, NaOH L B A 2 H T, 5
CaDPA B Jif 35 38 £7 76 A~ B B (18] 4d) . Ab 3 30
min B ZEF, T AT e IR IR 4 f5 T 11 4%
ATy T~ T B BB CaDPA 2k 3 A4~ 1 &
R 400N LG, T i~ T aa BT BN 3090 4
(F2),
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| B 0.41 1 2 0.4
puag g
£0.21 £ 0.2
3 s
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(a)Spore germination curves; (b) Contrast; (¢) Treated with NaOH for 30 min; (d) Treated with NaOH for 60 min
K3 NaOH b5 Bt 25 M % 9 22008 W7 & i 48 B2 B> 28 I i i & sh 4

Fig. 3 L-alanine germination of alkali-treated Bt spores(a) and germination kinetic of 10 individual spores(b~d)

F1 NaOHAEBAEMEGE B FRAENEBMETHHRSH(FHELREE)
Table 1 Germination parameters of alkali-treated B. thuringiensis spores triggered by 50 mol/L L-alanine ( mean = standard devia-

tion)

wff;ﬁipﬁgﬁj T lug T T release T 1ys AT release AT, AT 1ys I g I I release ﬁifgtﬂg‘%%:
time (min) (min) (min) (min) (min) (min) (min) (min) %) [€79) (€79) gcrminilion( %)
0 9.2+7.9 / 10.5+8.0 12.5+8.3 1.3+0.3 / 2.04+0.8 97.5+2.3 / 24.7+5.6 97.8
30 48.4+26.9 62.0+27.1 64.2+27.1 67.5+27.4 15.8+11.3 2.1+1.3 3.3+1.7 84.5+11.9 60.4+12.6 29.0+9.1 64.4
45 47.3+29.6 61.0+28.1 63.3+28.1 66.9+27.7 16.0+11.8 2.3+1.4 3.6+2.2 88.7+11.5 63.5+13.5 29.2+9.3 52.8
60 32.8+30.2 47.6+32.2 50.1+32 54.3+31.4 17.3+16.0 2.5+2.6 4.2+1.9 88.1+14.4 67.7+14.5 35.1+10.4 50.7

F2 NaOH AEAREREE B FREAERME THHEASH(FHELHRES)

Table 2 Germination parameters of NaOH-treated B. thuringiensis spores with 0. 8 mmol/L dodecylamine ( mean = standard devia-

tion)
WAERNE T, Tuwe AT AT I I I e A
(min) (min) (min) (min) (min) %) (%) %) P

time (min) germination( %)

Control 13.5+17.5 / 17.6+16.5 4.1+2.7 / 90.1+14.1 / 4.2+5.6 88.9

30 min 59.5429.4 72.9+429.7 75.0+29.4 15.4+11.3 2.1+1.7 70.9+11.0 33.0+20.2 5.3+7.4 20.0

SEAE 2017 F 6 A %24 A% 30 307
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Fig. 4 Non-nutrient germination of alkali-treated Bt spores (a,b) and germination kinetic of 10 individual spores(c.d)

3 itig

Ui A s S AT TR SR A 5 i K P RE ) B
#& 1.0 mol/L NaOH #b P 60 min {338k E 4 2% 4
MIZFEMLRETE LB 55 37 5P M BB Wi v . B 208
WK .5 CaDPA FIEE [ 5T AR OG0 (14 7 & 5 A W]
R, R R A S A REAIG,  AAAE BE OR
AL 5 5 5 2R 2 R RS AR SE A 1 220~
1290 cm 'H1 1 620~1 680 cm ‘AR B AL E 19 Bk
AR RTS8 R R B R S
B B A B NaOH kb B 2F #6141 & % 5] ™ &
R AN

ZEAREE A& B LA B B, #F 5 A OC B A QK
S — A~ By B AH G B 1R RS2 8 R W kR B R R
AR U GerA. GerB. GerK & 3 i K E 5 1
GerC.GerD S8 -7, T\ fH /2 2F 61 22 fuh 2 85 & 7
FIF 4 KA P B DPA B iFa), 20 T, (8 5 X
FALTE PO A 2R T R 0 A2 AR I B R
v B . FEARIE I & 2540 F . 1 i NaOH &b
PR 2R 8 IR R T o, 8 2 35 39 h0 A 7] 8 it A 2
i 1R IR A7 B W kR A 82 R B BCER bD, JR B
NaOH 7] G840 43 8 & ) 52 52 8 R L D) 6E .

ERAAERWRNEE TG . S E 5%
AL ALH ¥R T JE 3T IF 25/ P9 B B A CaD-

308

PA BHGHEE . 51 CaDPA P B, 3% 2 4> g 57
U N a7 9 AN N A S R R G
K HRETE AR A B & SpoVA., SpoVA
F 2 T R L CaDPA (1 R BCE 1, 5 2 /W
iR CaDPA 1 Bt A B . B 3 Fk
1 W & 250 R . NaOH A H 5 , ZHOE ALY CaD-
PA (b 8 B S B AS B By AT erease T JLF- 38 10
10 4% AHEBEZE NaOH Ab B 18] B9 3010 AT openee [
FEBEA BF N B NaOH Ab B AT REHI 45 Bt 2F #1
5 CaDPA BEJA & 093 18 DL XA H
e g 2 — o 2 T T ) R 1 R L R R K
AT TT 2 60 4 B CaDPA BEJilGE 18, 512 DPA
FIFEL PN /N 93— o R 22 7] 52 A R 25 40 2 J22 /K fie it
BAH KR ZEA S — LR RS R, &
NaOH 4b38 5 1) 25 961, 7 FE R a & F0 i 57 8 & A
Zaf L it — 2 E ] NaOH AL BE AT BE#i 45 T 5 CaDPA
FRCA I 3 T8 A KM B
I g2 T o IS 2500 AR KT 50 B, (B) 2 S e T, B
iy CaDPA &Y, B8R BAAZFMI T L & &
75 (B 3c~d), NaOH 4bH 5 A9 25 0 T o, {8 AR T %5 1]
2L, 30 28 A B ZE R & sh A A
T A& H —E &1 CaDPA 2518 Hu B i ok, 4
A% ~20%, X R 8U A A . 15 A MM &
T L BB CaDPA B £ iK% 30 % A2 47, iX b
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ByE I — A UL NaOH 4 HEXF CaDPA BRI
T IE DL S e 2R A S

25 M Bz )2 KSR W 7K il J2 28 4 8 R 19 D5 — A G
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¥ (B 1) , {0 22 5028 460 76 9 2 W2 firk & 1 473 e 5¢ A £l
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AN 52 ™ Y 2 B R K g LR J2 DPA
B 8 KA SR A

o3

4 v
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(52 3 F DIC b faf 558 AR 12 R % 25 96 19 1 & ik
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