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ABSTRACT Bacillus thuringiensis var. thuringiensis Hl (BTT) strain was cultured
in the 4 different fermentation media and then measured their growths and the produ-
ctions of endotoxin crystals from the culture media. Out of the 4 media, the productions
of the endotoxin crystals and spores were maximal in the pH9-M-3 medium. The wet
weight of BTT cells grown in the 150ml culture was approximately 3.218g and the
number of the viable spores was 3.3x10*/ml, and the ratio of the -endotoxin - weight
over total cell weight was 20.05%. The generation time of the BTT bacteriain the M
-1 was about 47.6 minutes in the M-2, 132.9 minutes in the M-3 and 110.2 minutes
in the M-4. The proper pH for the production of the endotoxin by BTT appeared to

be pH 6.5.
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Table 1. Components of the M-media for Bacillus
thuringiensis culture

. M-media
Ingredients(gram) M1 Moz M3 Mot
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, - 7TH,0 — 0.03 0.03 0.03
ZnS0, - 7TH,0 0.02 0.02 0.02

distilled H,0 1,000 1,000 1,000 1,000

The pHs of the media were adjusted with 10mM
of K,HPO, and KH,PO,.
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Fig. 1. Growth pattern of Bacillus thuri;zgiensz‘s
var. thuringiensis in the M-1 medium having
various pHs at 28°C. (&) :pH 4, (D :pH 6, (»)
:pH 7, (O):pH 8 (@) :pH 9. Growth was
monitored turbidimetrically. ‘

Table 2. Average growth rates for Bacillus thurin-

giensis var. thuringiensis on the four different

media
Average hours lasting Average Average
Media . turbid-. - doubling
lag log  stationary ity time
phase phase phase
M-1 0~1 1~8 8~ 1.7 47.6
M-2 0~3 3~9 9~ 1.1 49.6
M-3 0~2 2~11 11~ 1.4 132.9
M-4 0~3 3~11 11~ 1.2 110. 2
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Fig. 2. Growth pattern of Bacillus thuringiensts

var. thuringiensis in the M~2 medium baving var-

ious pHs at 28°C. ([ : pH 6, (AY:pHT7, (O):

pH 8, (@) :pH 9. Growth was monitored turbidi-

metrically.
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"ig. 8. Growth pattern Bacillus thuringiemsis var.
wuringiensis in the M-3 medium having varions
Hs at 28°C. ([D:pH 6, (A) :pH S, (@) :pH Y.
rowth was monitored. turbidimectrically.
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Fig. 4. Growth pattern of Bacillus thuringiensis
var. thuringiensis in the M-4 medium having var-
ious pHs at 28°C. (D : pH 6 medium, (A) 1 pH 7,
() - pH 8 (@) :pH 9. Growth was monitor
turbidimetrically. ) ) .
4454 7] (lag phase)2 - Fo}7ba, ek 847k
A5 FHEe ARz Bof Zeony, AZed 9
& HiT 4F95E 947 do] 1.7¢] 22
=, AHRAZLE stanierE(1976) 9
A% A3 HFehe] 47,6503l oHTable 2).

M-2# Ao A4 A9 pHE 6,7,8,92 J A3}
o BIT#S e dsigd 3% 3434
(Fig. 20& 347 AxAA 2715 AAA 4
F547)7 9ARAA ASHG e 947 ol F
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oA F¥ 11015 e, AQALE 49.6%22
vrE} s eH(Table 2).
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7t AEHY =z, AAAE 1147 o] T 7H A% Ae FAEEFTL 2.771g010 2 AE 0}2*—
Heon, #F £95+= 947 « 0.D. 600nm ml% 1.2X10"7 g oA, é?éxﬂ gLl
oA 1.2¢g o9, ANAZLE HF 110.28 02 66%°1 . o}

el ek (Table 2).

2. BTT2| of= 2} iS4 HEA 2| M

BTTE M-1, M-2, M-3, M-4u]=]dl A 3] &
o) k8l Fo pHH 319} otz o} W54 AAHY
%S 24 A5t Table 3o 3t pH 6
9l M-141A]+& pH7l 5,962 HaH =, 150ml
W oFoll 4] 3.113g9] S4d A2E dger, o
Fol &4 AAAY A &L 20.43%%5 2
o, A& o4 E mliy 2.1X1000 gk

pH 7¢1 M-19 =8 A 6.472 HF pHr}
Walg z, 15mle] o ckoll 4] 2.037g9] AL A4
+ ByeH, ofFd HELARA 3F&L 22
51%Qx, mlid JEotEFE 8.3X10°0 gt

pH 83! M-1Mlxl& &% pHsl 74t pH
6.73°] 9o, pH 991 M-14#+= pH 6.92
2 4tk pH 991 M-1#x] 150mls] ko]l A 3.
143go 2 AQ $& BTTY 4L dglen,
AE olxF A mig 3. 0><101°7Hi e R 3y
2 ARQA 3FEL 20.01%°] A= pH 84 =] ol

Table 3. Estimate of viable spores and endotoxin
crystal produced by Bacillus thuringiensis var.
thuringiensis in the M-1,2,3 and 4 media.

Wet No. of Wet weight
pH weight viable of Endotoxin
Media of the spore  Crystal/Total
I Fcell(g/ (spore  Cell Weight
150ml) /ml) (%)

6 596 3.113 2.1x10" 20.43
M-1 7 6.47 2.037  8.3xI10° 22.51

8 6.73 2.771 1. 210 19. 66

9 6.92 3.143 3.0x10" 20. 01

6 6.02 1.043 1.3 <10® 23.10
M-2 7 6.15 1.293 1.5 X108 21. 32

8 6.76 2.510 2.5X10° 20.13

9 7.01 2.522 5.2x10° 19.92

6 5.89 3.038 4.7x10° 22.16
M-3 7 6.90 3.026 1.1X10° 21.03

8 7.51 1.859 5.0x108 19.93

9 7.52° 3.218  3.3x1g® 20. 05

6 6.34 2.539 3.0%x10° 23.00
M-4 7 6.63 2. 739 1. 0x10° 21.35

8 7.20 2.998 6.0x10° 21. 04

9 6.67 2.809 1.0x10° 20. 89

1: initial pH, F : final pH.

M-2:] %] 8] 7 $-(Table 3) pH 6 M-2u] =] ol 4]
= A% pHY #H3: A9 e, 150ml¥
el A 714 A& BTTHFA 5359 1.043¢g0]
A3z, mlg 1.3X10°49 AL otx9 23.10%
AARA F4&e Bt pH 7 M-2diA&
pH 6.152 #Wetgzm, AJEotxE miF 1.5X10°
AQew, 150mlo] A 1.293g2] A E7} A A=
Az 5" AZAY A8 E 21.32%°] H et
pH 82 Wixl= 6.760% pHsF AYP =, mlF
2.5X10°709) ot xF7k vepxtew, 150mlu %k
01]»1 2.51g9] AE7} A=Az, 20.13% U

& FA¥ % vdeblich. pH 9w A ol A & 7. 01

2 pH7} Wslg = mig 5.2X10709 AE of

£5 Bolow, 150ml kol 4] 2.522g9] Al

Z7 ARz, AAA d5gd FAde
19.92%% 24k

M-3 Ao} 4 BTTS ZA3 ok 2 54
AAA Y AL vl zg Ade Table 33 2t
M-3ul| z| el A & W o 2719] w]x] pH7} 724 7F
Wl ok Fo =5 w3tgch pH 69 3% pH 5.89

2z, pH 72 pH 6.900 2, pH 8& pH 7.51%,
pH 99 A% pH7.522 ¥3gsigich. =d BTT

9 FAS%E & AR 9%k pH 8l A
9= 150ml Wi 9Foll A} 1.859g¢] AT A AT
ml% 5.0X10°0¢ AE okxE ddx, pHI
ol M-3uj kol A &= 3.218g9) A X AP A 3.3X
1049 o}E4E vehde] 52 M-1, M-2,
M-1 Wi A 2} 7b4 wkgkew S4E ARA
AdlE 20.05%°) 4

M-4iAlql A$E 7242 Mg F AL &
A9 pH7l =% #W3tg =+, pH 62 pH 6.34
2 A&stg o, pH 79 A$ pH 6.6322 3
43195, pH 8¢ pH 7.2003 pH 94 &
pH 6.672 #3}slglch. pH 64 ool A = 2,539g
o AE P} 3.0X10°9 RAE o}TFE BR
o 23.00% ZAAA & =2t pH 84
Fol A& 2.998g9 7F4 @S A4 mi
6.0X10°719) olx4E HYon, 3I+u AA
A FAHE 21.04%°1 %}
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Bacillus thuringiensis var. thuringiensis(BTT)
Hi#t & 259 dAFEY F5 A 44
o Zg AFATels, ATHNA o] F ¥ 2}n|
= Q9 WEL 244 B9AE 444 A
o] £%o[o]](Heimpel, 1976), 2 dFojA+
BTTS 4% #4% oz A4 2 W5z 27
A Aol oAE WAY 24H 2AE W
a3t e

WA= 13, 2349} 33 WA R d5Hl &
W F g 3] T FA43 oL FAL FE8Y
ok 33 Wix el M-1, M-2, M-3, M4 #jx &

S|4 M-3417 BTTY Z4ge A2 ¥k

53] pH 991 M-3uiAefA AL &L Az Z
Az olx & A4l

M-19] A & F =771 & A Rc} wle
o A7 e 47.68 208 & AAS By =,
M-2w A9 44L& M-13 A8z, A9 Az
2 49.6% 22 Jege. M-39lAE M-1, M-
28 ot 5S4 719 A 7ro] 947kl HY =,
A A7k 132.98 08 AAgo] E ¥= )
=9 ot obx e Al Axe ZAo] s w
Sket. M-4ef 2o A = 84) 7+9) W 4F A7 & A
A4 AA7 2 x2gen], M-3HA4 H4
T FEE Bz, AEAZL 110. 28085

o] e Az £ #, W FA H5FA7] 7%
o BTTH AA5E7F wlE diA oA s o k4
Zre SUHE R olx¥AY 4 NS AAA
E QAT E 2 e ¢ Aoz B
Lee5-(1986c)-& B. thuringiensis servovar. hurs-
taki®] 7§ M-18] x| o A AJd) 2] zko] 53. 4%,
M-2¢] A& 98%, M-39) A& 132%, 28z M
4| A= 127.58 08 B3 FEd, oA y
stel BTT= AeiAzke] digks] wa Aoz
ek ket

wWi=le] pHzA = pH 6,7,87 991 27127 0]
T2A7F W Foll= RE d@3lslqch. pH 6 W)
¥4 -& pH 5.89~6.342 Wslgw, pH 7u)] ok
ol pH 6.15~6.900.2 thx Zadtgon,
pH 8414+ pH 6.73~7.512 B2 #Wzs nyg
2, pH 99 A pH 6.67~7.522 A9 pHe
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3% W3lE 6.5~7.52 veisich pH 6. 500 A4
7.5410]9) WA s14 BTTS wofo] 4 ahet
Ak, ¥ B. thuringiensis serovar. kurs-
takiT 9] A= & A} FAEHA wold A
& Lee%(1986c) L ® =z}

M-S 2] 7} W F49t ok A 2 Az YA
ol 714 wgtd WAd o) WAL e M-
1, M-29} M-4] =] ¢}+= =g Tryptose®}t Solu-
ble Starch7} A3 =5 o] ¢low, dextrosed] ¢ko]
Bod A 24 4REe AdFez md 3
golgiont 1247 Mk ¥ ALALS olzs
o F7hgol A% B9k HEx AAAY 3
F& FANE 20%4FE 3ol Vel A
A AZeA] 547t AL 8L ¥
AHAoz QALY z8Yy, B. thuringiensis ser-
ovar kurstekig2 pH 891 M-4uj o4 A4d
WHa9 otz Aol AL FhRArh(Leed,
1986¢).

= 2

Bacillus thuringiensis var. thuringiensis H13
& 4559 WA WA 24 2 pH 270
utetA] AR A ol EA ARA A4
& 230

1. 4708 M-#1x % pH 991 M-3wjx]o]4 B
TTe 2433 W3 444 2 okz 445
7b 7b ket 150mlv] Fell 4 BTTo] A 4tek
< 3.218g010 2, AE okExF & mlF 3. 3X10%
ARz, WHx AAAS A5d FAvE 20.
05% % =

2. M-1f A o]l 4] BTTY At A 742 57 47.6
Lol 3, M-20l4 & H¢ 49.6%, M-30]A+=

© BT 132.9%, M-4olA = T 110. 280l gl

3. M-l A9 x7]
pH 6.5~7.52 w339l o,
6.5~7.0°] 3l ot

pHE 7247 e Fof
A i pHE
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