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The compositions of the fuur madia and their pHs for delta endotoxin production by B. thuringiensis
serovar kurstaki 3a3b were examined. In the M-4 media out of the 4 media at pH8, the production of the en-
dotoxin and spore formation were maximal. The mean generation times of the bacterium were 53.4 minutes
in the M-1 media, 98 in the M-2, 132 in the M-3, and 127.5 in the M-4. The proper pHs of the media for the en-
dotuxin productivn appeared to be pH 7 to 8. In the M-4 media, the lag time lasted about 5 hours.
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A ckz=Al & wi ol widdg who] o] Fo 2o ALk A3 wiok wawl x| pH
QA HEA AQilol nial 43S A3 AL o) 24 e 2a)d M-1, M-2, M-3, M-4 2} A3
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B. thuringiensis var. kurstaki 2] A%

BTK #-& 1 aluixl e} 2 abull x| ol 4] 22wk (ba-
A1 7] Foff M-14R =] (Table 1) & pH
6,7 83 97 ZAsl] 94zt Fb 3E (ul5)
vl okdt Ao Fig. 1o el ek pH 6, 7, 83

tch culture) &

Table 1.

thuringiensis culture

Components of media for Bacillus

media
Ingredient M-1 M-2 M-3 M-
Tryptose 10 - - -
Soluble starch 5 - - 10
Casein hydrolysate — 10 10 15
Dextrose 5 10 15 5
Yeast extract 2 2 2 -
Bactopeptone - 3 3 -
MgSO,-7H,0 - 0.3 0.3 0.3
FeSO,-7H,0 - 0.03 0.03 0.03
ZnS0,-7H,0 - 0.02 0.02 0.02

b% pHUl X2 &g stel %2 Bavstaleh

The pH of the media was adjusted with 10mM of
K,HPO, and KH,PO,:Distilled H,0 to 1,000m!

each.
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Fig. 1. Growth of Bacillus thuringiensis serovar
kurstaki in the M- 1 medium having various pHs
at 28TC.

(O) :pH 6 medium, (&) :pH 7, (O):pH 8, (®):pH 9.
Growth was monitored turbidimetrically.
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Fig. 2.
kurstakt in the M- 2 medium having various pHs
at 287TC.

(3) :pH6 medium, (&) :pH 7, (O):pH 8, (@) :pH 9.
Growth was monitored turbidimetrically.

Growth of Bacillus thuringiensis serovar

98 2% M-1¥ixelA ¥ ape|gle] 4ol
Hew, 1417 =9 {57 (lag phase) Z 2t
A} h4=%F 41 7] (log phase) 2 Foi7F wheF 9417k
Ax e AR Sojztow, HAbdl o @Aw
EE wiok 9A17L woll 600nmolA 2,0 7hA] =g
th gk AtHA L Staniers (1976) 2] Wlez
F& Az M-1wlzlelld& Hgste] 53.4 %ol A
2]l c} (Table 2).

Fig. 2 & 3 zbsiz}q) M-2¥1 =) (Table 1)ofA] vl
el pHE 6, 7, 83 92 = stod 28T o4 B-
TK F& 3 2ulkslds] £33 JaFAdelch

M-2 Rl = BTKE 147 A9 $=715
ZMA% 7}*7 1 A17F 2 =54 7)o o
7 RE #AE F ek sS4 AEF

Table 2. Average growth rates for Bacillus th-

uringiensis serovar kurstaki on the four differ-

ent media.
. Average hours lasting Average' Average’

Media Turbidity doubling

lag phase log phase stationary time

phase

M-1 0-1 1-9 9- 1.8 53.4
M-2 0-1 1-8 8- 2.4 98
M-3 0-1 1-9 9- 2.2 132
M-4 0-5 5-12 12- 2.0 127.5

‘average turbidity at 9 hour culture.
*doubling time expressed in minutes.
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Fig.3. Growth of Bacillus thuringiensis serovar

kurstaki in the M- 3 medium having various pHs
at 28TC.
(d) :pH 6 medium, (&) :pH 7, (O):pH 8, (@) : pH 9.

Growth was monitored turbidimectrically.
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Fig.4. Growth of Bacillus thuringiensis serovar
kurstaki in the M-4 medium having various pHs
at 28TC.

(O) :pH 6 medium, (A):pH 7, (O):pH 8 and (@) :
pH 9. Growth was monitored turbidimetrically.

O.D. 600nmel A 7 2. 00]R 2,
127.5 %212t} (Table 2).

BTK2| ofzxel WS4 AR A4t

BTKE M-1, M-2, M-3 2&8}3 M-4 |4 3|3
vloFg 7 Foll Al S e A4 A% BTKe
ol¥ ot WE4 AAA L F5%E 24 AHeo| Ta-
ble 3ol AA =} ZF M-1wx2] pH 6, 7, 8
92 =AY 7 vl el wlokalxe pHrF 724
7 vieF Fol WEE AE 4 4 Usich pH 6 o
M-1wizxl+& pH 6,178 pH 7vixl& A2 HEFol
93, pH 8wixl: pH 7.422, pH 9 wixl&= pH
7.392 HY S ¢ 5 Uk BTKE 150mi 3%
v okoll Al pH 6 & M- 1wzl A& 2.525grams 2]
FAHE AT ol Z 2elx WEL AAANE L9
i, pH 7ul=loll A= 714 B2 3.349gS, pH 8 9
M-1 vl oA & 2.792g, =x2l3 pH 9 2] M-1 wjj =]
A =A< 2.013g2 AU

pH 6 M-1w]x]ollA] QA AEolF 4= 7.0 X
107G e, HELAAA FFFHS A4 FAY
19.93% 13, M-1 pH 7 wjAlA& ABE oft 47}
2.9x10° A\, i HExe TAs AA F
A8} 20.34% 5 AP o], M-1 pH 8 uiA A&
AEFlE 4= LTIXIOARS, HELAAA FA
£ 19.81% 2w, pH 92l M-1aldE ofE4+
1.0X10° 0 2, ZAAAE 19.17% A

M-2 8z ol 4 o] BTKS] ofz9} W54 AAA
BA-e @3 o] Table 3o 3tk M-2 v =]
A= BTKA &Al2l pHE 72417k o)y

AleNA) Zhe ok
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pH 6 & A%3l0d 6,822, pH 72 pH 7.27%, pH
8 ol 4} = pH7} st7}sted pH 7.5322, 12fal pH
.58% 3}l7telch BTK o A s obzxs}
WS4 AR M-2 pH 6 vl x| ol A= 150mi ol 4
3. 66gramso| ¢ 3z, o Foll ol 2 4= 1.OX10° 4 =2,
845 WS AAA FAE A 21.48% %
M-2 pH 7 wzoil A& A Y B BTKFA & el
W) 4.535g8 Aakgla, olF ofZ 43 8.5X10° A
i3, 34x AAAMFE 21.15% %9 M-2 pH 8
3 9uRlell A& BTK & ZE4]ako| zgjch
M- 3 ui=joll4] BTK o] 545 oL o} 5474
Aol WA-E wimE A 7}F Table 3o AA=HAUCE
M-3vixjolA = BTKAHT 2719 @z pHE 2%
Hych pH 6=+ 5.088, pH 8 ¥i=xl¥: 6.09 2,
pH 9zl = 6.90 2.2 Wdet, =2y BTKY =
412 150mi o) 4] M-3 pH 6 vl ®] o)l A £ 4.308grams
olZ4E 2.09x10" A e, F+® o
=4 AARA FA¥E 21.15%%h M-3 pH 7 i
AAE 1R H2 4.0g8 BANT, olEisE
2.31x10" Ml end, ZAAA FALE 21.02%%
t}, pH 9wl oli4] & BTKS FA+= 3.205 g

olgla, AEIT4 = 1.3X10'0AR e, FHaH

ol 3,

Table 3. Estimate of viable spores and endoto-
xin crystal produced by Bacillus thuringiensis
serovar kurstaki 3a3b in the media-1,2,3 and 4.

Wet weight
) pH Wet weight No.of viable of endotoxin
N ont) Tormt) o

weight

6 6.17 2.525 7.0 X107 19.93

M-1 7 7.08 3.349 2.9 x10° 20. 34
8 7.42 2792 1.7 X107 19.81

9 7.39 2013 1.0 x10° 19. 17

6 6.82 3.660 1.0 x10* 21.48

M-2 7 7.27 4.535 8.5 x10° 21.15
8 7.53 2.651 6.1 x107 20. 09

9 7.58 2.656 4.3 %107 19.18

6 508 4.308 2.09x10" 21.15

M-3 7 6.68 4.000 2.31x10" 21.02
8 6.09 3.974 15 X10' 20.02

9 6.90 3.205 1.3 x10" 19. 36

6 6.25 4.320 3.33x10" 20.94

M-4 7 6.59 4.206 1.17x10" 21.26
8 7.16 4.902 2.87x10" 20.09

9 7.13 4.375 4.0 x10" 19. 00

I:intial pH, F: final pH
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Bacillus thuringiensis serovar kurstaki (BTK)
3a3b T2 ZF o Al Fok AAFE S el o
@ Aol g Ee AFATolw, Azl o
Z dAevl=g e WEL A AQaske Aol

2ol # adFolME BTK S 423 ohz g4t
o W EadgAe] Aol ulAE WA =4z
24¢ vla ATl

WixE 12k 2 2k9F 3 AR oA ol
ZA D olz2¥YAE FEsATh 3AMIAE M-1,
M-2, M-32} M-4 wj = £o|A] M-4ujx 7} BTK ¢
ZAgke) A Erh 53] M-4 pH 8uix|dlA
ANd FL 7"544 ofEZ4F A

M-1 s A Al A & 2= 7]e BH-’T—%’iUIZ_Ml Ax A
#Agol wokoem AviAL 53 4% =HE
A8 o} o] g w2 A AQAsted o, E3 M- 2 wA]e
A= M-13 |48 Hojglovt M-1x ¢ gty
Al 2] 712 98B0 2 M-1wxjolj4] s} A #-Fof
& #Holgeh M-3ulz|old & M-2 vl 7] of 4] B}t
AhAiZho] 132 F- 02 o2 Hago] Thor) of
Z o) Qabgot AZAQASE woheh z2eiv M-4
Wxol e FE77F BHE M-1, M-29F M-3 w3
ol et 5uivt Ay, H4-FAAZkE BTK A
T F 5~12417 W2 %ot BTKAYAEE, ot
E40 Qi JEL A gatare] vlalH
o2 H3nz F7P¥ck oA Az X o ik
ZF 2719 BTK 9 AALEE7} wpd vix|o A
°EH}191 5 7= obEE ﬁé shar, 4
AAANE BALsE &2 7 e Fe] ualsh
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wix]e] pHZ7= pH 6, 7, 834 99 7] =
el 72417k Heolle =5 wi¥ vk pH 63 Wl
ol AT F 7AIA ] Aol ok "ol
o}, pH 8 % 93l wlxj& 72417 viekFolE 2%
pH 7.13~7.50 422 "e]#Hrl BTK2 ulkujiz]
= pH 7~7. 5457} A&sttn A7Hct. M-3
s #] o] A &= pH 5.08~6.90 &2

gol el ol&

W}z &0l dextrose BFo] To] Hol QUYW Re=
FEEEY

M-4u "ol A FE7|7} of2 wi x| Mt A
ol f-t uwR] =4 Fol yeast extract & HI o

2 BT e SE0b mHw R A 2 3
F 7247 weldE MY Fe ANETH A4ee
ebiol o179 7EA st lslebn Azrg e

mE iAol S4H WEL AR FA N E
AEebol 20% AFE bl Ak A Al Lol
A WEze AN 20% YT WS AR
b AbA e wlgel B Heolth

7ol 2 AFulged BTK 434 W)
4 ARNEAL Belgenz o Axel E

A AbE Al o] Al zol welo] ¥ele} A7)

b o

e =

Bacillus thuringiensis serovar. kurstaki 3a3bq-

Z 79 uhAoll A wiokste] A4 Agn, o} Z e}
E4 AAA A4, wixz=24d "W H4A pH=zEA
2 ALshg o,
1. 4789 wix% M-4 pH 8 vwix|cll4] BTK ¢
ZA gk} ol Z YAk o} HEALEAA gake] AL
okt 150miufokoll4]l BTK AAbek2 4.90g o)l
A EolE4E 2.87x 10" M7, WS4 A
FA v 20% 9

2. M-1u=]ell4 BTK 9| «Alef 7|72 3t 53.4
Hololx, M-2ujzoA BTKS Aehr|7be
98018l 1, M-3uixolA BTK & Aoh7)172 o
T 132 Folglm, M-4u]x]ellA BTK & Ao 7]k
HF 127, 5 %013t

3. wixle} pHE pH 7 3} 8 ©) BTKS &4l7 W)
B4 Aakol] Ak

4. M-qawixl&= A4 #
£ il

e £ wo

of

B

bt

$Erlzke] 5A7kelt o

Ab AL

EEe AlsAR AFlel s ol Foin o
A=)
»

ojm, a3z el thsle] RALE =F ek
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