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SUMMARY

Insecticidal activity of B. thuringiensis isolate KFRI-2 was higher than B.
thuringiensis subsp. kurstaki and aizawai which were commonly used to
control P. xylostella and S. exigua. The KFRI-2 was also toxic to mosquito
and contained crylAa, crylAb, crylC and crylD crystal protein genes which
were known to toxic to forestry pest such as L. dispar. Growth pattern,
sporulation and crystal protein yield of the KFRI-2 were superior to subsp.
kurstaki and aizawai in 74 fermentation using GYS medium. Optimized
medium containing 1% glucose as C-source, 1% yeast as N-source, 0.4%
(NH4)2S04, 0.19%5 KoHPO4 as P-source, 0.1%6 MgSOQO, crucial for sporulation,
0.0025% MnSO4 and 0.0196 CaCly was established. Both sporulation and
crystal protein yield of the KFRI-2 were superior to subsp. kurstaki in this
optimized medium. Various combinations of white carbon, kaoline, (NH4)2SOy,
NK-PX250L, NK-PX100, NKSLS, DA203W and Tixolex25 were selected to
make a primary formulation.

To make formulations of Bt KFRI-2, high cell density culture of Bacillus
thuringinesis KFRI-2 was conducted in modified intermittent fed-batch
culture using pilot scale fermentor 2500L. The maximum cell growth was
reach to OD 120 and convert to endo—spore & endotoxin stably. The spore
yield was 80% based on the maximum viable cell number. Optimal culture
condition temperature, initial pH, inoculum size and the others for the toxin
production were 30C, 7.0, 1.0%v/v, glucose 2%, MgSOs 0.1%, Yeast extract
3%, (NHy2S0, 0.4%, MnSO, 0.007%, CaCly 0.01%, trace sol. 0.lml,
respectively. and then the glucose & yeast was feeding after consume
glucose. After the mass culture of Bt with the industrial media system,
several formulations designated as FO01~F08, were made with various
combinations of adjustment, white carbon, Tween 20, NK-DA203W, NK-SLS,
STPP, ammonium sulfate, insecticidal plant extract, etc. These formulations
showed good physical properties in wetness, suspensibility and particle size.
The stability test of the deterioration of toxin along the long period stock in
various temperature, all products were very stable in room temp. and 40TC.

The efficacy of the formulations was verified against diamondback moth



larvae(Plutella xylostella) in laboratory and field test. Among the tested
formulations, the best composition of Bacillus thuringinesis KFRI-2 WP was
white carbon based WP formulation containing of 25% of B.t concentrated
liquid, 5% of Tween 20 as surface active agent, 5% of sodium
triployphosphate as stabilizer, 10% of suncap as encapsulation agent, 5% of
sodium lignosulfonate as UV protector, 30% of white carbon as absorbent,
and 20% of ammonium sulfate as carrier. Especially, when compared
commercial B. thuringiensis kurstaki type formulation with BSF-S(F05) &
BSF-D(F06), plant extract added with insecticidal activity, in field condition,
BSF-S(F05) and BSF-D(F06) formulations showed equivalent or superior
effect to commercial B. thuringiensis kurstaki type WP formulation. Above
showed that mortality of BSF-S, BSF-D formulation with insecticidal plant
extract was highly enforced than B.t only formulation by synergistic effect.
The mortality of mixed formulation appeared faster and higher at 2 days after
application than single treatment. These results showed that insecticidal plant
extract to complement the weakness of Bt only formulation, the effect
revealed slowly.

Field test with six formulations (F04052801~F04052806) of Bt KFRI-2
were also conducted against P. xylostella, Cx. pipiens pallens and forest
insect pests. F04052803, F04052804 and F04052805 showed high insecticidal
activity against P. xylostella larvae among 6 formulations of the KFRI-2.
Also, all 6 formulations showed stability under the condition of ultra-violet
and 37C heat shock. In a test with Dendrolimus spectabilis larvae, F04052803
and FO04052804 showed 82% insecticidal activity at a concentration of
500ppm. Good insecticidal activity were revealed in six formulations against
Acantholyda parki larvae at a concentration of 333ppm. F04052803 and
F04052804 showed 100% insecticidal activity against Hyphantria cunea larvae
7 days later after treatment at a concentration of 333ppm, and F04052801,
F04052803, F04052804 and F04052805 gave 100% insecticidal activity against
Cx. pipiens pallens larvae at 100ppm. Larvae of Agelastica coerulea were
very susceptible to F04052803 at 500ppm concentration. Whole formulations
did not show phytotoxicity at 2,000ppm. On the base of these results,
commercialization of Bt KFRI-2 formulations will be conducted after

completion of this project.



This studies were made to optimize the media composition, operational
condition of various culture for the f&-endotoxin production and commercial
Bacillus thuringinesis KFRI-2 formulation were carried out. High cell density
culture of Bacillus thuringinesis KFRI-2 was conducted in modified
intermittent fed-batch culture using pilot scale fermentor 2500L. The
maximum cell growth was reach to OD 120 and convert to endo—spore &
endotoxin stably. The spore yield was 80% based on the maximum viable cell
number. Optimal culture condition temperature, initial pH, inoculum size and
the others for the toxin production were 30T, 7.0, 1.0%v/v, glucose 2%,
MgSO4 0.1%, Yeast extract 3%, (NH4)2SOs 0.4%, MnSO,4 0.007%, CaCly 0.01%,
trace sol. 0.1ml, respectively. and then the glucose & yeast was feeding after
consume glucose.

After the mass culture of Bt with the industrial media system, several
formulations designated as FO1 ~F08, were made with various combinations of
adjuvants, white carbon, Tween 20, NK-DA203W, NK-SLS, STPP,
ammonium sulfate, insecticidal plant extract, etc. These formulations showed
good physical properties in wetness, suspensibility and particle size. The
stability test of the deterioration of toxin along the long period stock in
various temperature, all products were very stable in room temp. and 40TC.
The efficacy of the formulations was verified against diamondback moth
larvae(Plutella xylostella) in laboratory and field test. Among the tested
formulations, the best composition of Bacillus thuringinesis KFRI-2 WP was
white carbon based WP formulation containing of 25% of B.t concentrated
liquid, 5% of Tween 20 as surface active agent, 5% of sodium
triployphosphate as stabilizer, 10% of suncap as encapsulation agent, 5% of
sodium lignosulfonate as UV protector, 309% of white carbon as absorbent,
and 20% of ammonium sulfate as carrier. Especially, when compared
commercial B. thuringiensis kurstaki type formulation with BSF-S(F05) &
BSF-D(F06), plant extract added with insecticidal activity, in field condition,
BSF-S(F05) and BSF-D(F06) formulations showed equivalent or superior
effect to commercial B. thuringiensis kurstaki type WP formulation.

Above showed that mortality of BSF-S, BSF-D formulation with insecticidal
plant extract was highly enforced than B.t only formulation by synergistic
effect. The mortality of mixed formulation appeared faster and higher at 2

days after application than single treatment.



These results showed that insecticidal plant extract to complement the

weakness of Bt only formulation, the effect revealed slowly.
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vhol WHAE Qe ol &% Y= Bt subsp. kurstaki®t subsp. aizawaiol

Hold 4835 vl o, Adaisdd wivvhda} Sl iafa 54
o] =2 Ui dwd {fHzE 2 crylAa, crylAb, crylC, crylDS< 7}
A dar, A fFd Bl tEiM e SAS Hole olF A dFEA A
d dFY BAE A% AFI} Yol 7hed Aom HEHIAY. E=F Bt
KFRI-2& subsp. kurstakiol 3= oy WsiAdMds Hdst= F3d4
ol = subsp. aizawai} FAFsEe] 71£ 2] subsp. kurstaki 5ol YEFUE 3§
Y AFAEE AT = Aoz 7o, Wsidid Arkgge] o

RS
M % subsp. kurstaki 179k §-AFSF] subsp. aizawai T2l EAIEQA w2 A

mO

e f

AES FRT 5 Ae Ao dAHT ey B AGAE G5 )
mo olF 54& 2= A2e ¥el #F KFRI2S 942 oo faige 9
@ AAH WA AAs 4% St o doprt of WA E o] st HA
B oweke AAS sgod, 1 BYS AUAY, £ANY e okdARe
E3e] 2ASA St
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A 24d A5 £ 49
1 A8 73 R NFEA

Bacillus thuringiensis ()3} Bt) KFRI-2 #59] wjgAAAS sty 98
o o] #F9 U FHAAHE A= U2 olF w2 Bt subsp. aizawai (©]
3} aizawai)®t EFd Y olFd &3+ Bt subsp. kurstaki (©]3} kurstaki)
TFE dxzdF=2 AHEstth

HEdo=z A8% Bt g2 LB AA A (yeast 0.5%, trypsin 1%, NaCl
1%)% o] 83ke] 250 rpm, 28 Tl 16417F 12 W% thg 1x10° £3 5=
3ol 22 TPz SArh Bt flask wiFAFAAAE f9F v wgxA
toll A 250 ml ®l¥E Az ZE23d 50 ml2 Hi¥St sporulation H

autolysisE &1g & FAste] o] % A& Skt
2. 14 AW 7E &

Bte] A48 2 sporulation¥} autolysis® #H&38}7] $lste] wjgde 94
2+ #n7 (Nikon Type 104, &) 1,0008 2] v &oll A #2ak9] ot

3. ODsoo ‘;Ll pH é‘@

flask ¥l 4% Bt #1%FY 1 mlS 33k ODgy 0.1-09 #e] HHAA &
dnl &R sl FAEE SASAL Y 1 s 3% SHTE 59 54
& v pH @S 453tk fermentor ¥l el Aol = wiged AA| 9] ODewo
7 pHE ZA 3T

4. IAF =

Bt Wl 100 W& FHaked 900 we Hird 32 THTE 419 vortexing
(302)3} inverting (20)& Eate] FEE T F 1x10'HEH 1x10 1A
1710 A ekt 25 1x10 38 1x10° 7421 9] A el A ztzk 100 WA 3
&to] nutrient agar ¥j#|o] 3dME- o ® Lukaloe] 28T, 1247F EoF wjod thS

FYE colony #F FA3te] Bt MFolel EA45E Felstgh
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5. 54 98 d Aix A

Bte] WEiawd AYAge&s dotry] 95 Bt MjdAS HA7GEdd F
gel analysis system<& ©|&3le] ZAtAth £HlE A5 dAF 5 X sample
buffer [0625 M Tris-HCl (pH 6.8), 25% glycerol, 2% SDS, 5%
2-mercaptoethanal, 0.1% bromophenol bluelZE 2o F£3 £3A 7|2 100 T
A 7R Sk e 1 98 15000 rpmel A 108 FoF 9AlEE ste] A
AAE 3|53 o= 10% separating gelol]l 100 V, 2A17F e A7|9% 3
t} A719g %o B & AL 0.1% Coomassie brilliant blue (Sigma Co., %)

al

Al 8ol (10% methanol, 10% acetic acid)S. 2 1A]3F

ool 30%3F d A s}
&t GAsk T

gl d gek 228 9] Ml oFo] &ejx] )& Perfect Protein' " Marker
(Novagen Co., 59)& A&ttt 71953 gel> Kodak 1D gel analysis

£
system (7]=7)& o] &3sto] FA3HS T

6. 71ZA A HA7A @ FIrA A

Bt KFRI-27 59 7|2AAE wE7F f8te] HMAIRE A5 gt
NK-NX250L, NK-SLSMK-PX 100, DA203W% 3} <3}Ao] 73k HA=A
White Carbon, Kaoline, Na2504, CaCO3E Technical powder 50%¢°l & 3% 3}¢]
37k 9] S8(% 1008 24 g 2 AAEE A5 L 534S 2AE Y

7)
om wjZ=ZEUulo] tisle] MEARLS A
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Table 1. Formulation composition on 3 type wettable powders of

Bacillus thuringiensis KFRI-2 strain

Formulation Composition
Component
Type I Type I Type I
Technical powder 50% 50% 50%
Carrier (Fillery Ve Carbon 13% = 0 S0, 40% CaCO,  40%
rrier T a
arrier e Kaoline  25% w5 A 3 °
NK-NX250L 8% NK-SLS 5% NK-SLS 8%
Surfactant
MK-PX 100 2% DA203W 5% NK-PX100 2%
7. AA ZFE AA
AR BEE 2AE O AP olgekel FASAL. 2 A 1 gF 10
neel FRAl @esha zbzk 20,000 Wik 40000 W HAE by WEAS
2-3%3F AAAT L F2% F, wMlFS petri-dishell ¥ wWiFFU 3% #F
S AT F 10mEH HF:S o] 25 TolA 297 XSS =AY iz

8 A zAskNN AXAH AA
7} AA 20000 B SA g wfFole] 2-3% AA T e A9lH x sk

0+, 30%, 102 A 2lste] 33 5, wiF<l& petri-dishel ¥l wjFE1t

6
d e AT T 100 HEske] 25 TolA 2d3 AALES 24
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9. A3 =A% NEAL AA

Z- A A 20,000 v 8] NS wjFEAdel] 2-3% HAE e 37 C 2= FA3)
oAl Zzb 60, 30%, 102 AElate] FsArh 1 & wiFelS petri-dishel
Ya wFEEU 38 f5S A 910y HEske] 25 ColA 29zt A
AFES ZAFSEATE dlEZ2FEE 37 ColA AEstA &S AA sMA FHF

& Abgstel 1 oka® mwatg
10. AA S A =A

A3 Bt AlAe] Fholes%E (pH), B dd, T34, d54 2 2EE9
E2A4e =AY pH AL 108 ol 71dste] 16 T2 Wast S/
100meel 5g9] AAE H7lste] Z&sHA pH meterE At-&3te] 43500

FRd2 A4FFe] AAE SHTFol FNete] T3] AN F A=FA7]

TS A7 fEiA = 500me Hlo] A 3% AES 300mS wWi

of f%o] & FHCZRE 10em EololM Wojelrt A x| e AA| 52
2la, AAE "ojrmd w2 EE Aol ghxld] stegtE AlITbS

st o, Fxde] wAsiAte] Hug R Hdololes A FASATH

AAe] dede AddFes AR, AR 1,000ge A ske] 100me
o

ol

Oml= L 2 FAAZ 5 250me wiE s w4
&S BE 1830 Fd 180== 303 =
ZH-E 25mio] & wi7hA GH=
il & filter paper No. 62 o]&3lo] =3 &hoj A
ostal 105 + 2 ColA 1A1Z St AxAIZL & diAlA o g oA 2083t W2t
3]
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AEE BRAAL GEHE Bl AR A e 2 W ARE B
A F EEAG ANE volA Aol &3 FA AAF] FEAL WA
F AZA T AARAE FFoel BrFe NP SR AEHe] e T
%tk

11. AR R L TAE

) EUtEo] U3k Bt K-278 9 Tecnical Powderel] o3t A& HAA
iAol FF5AF713A ( -7— H]o}o] X o]l 5] Working Volume 3002 ¢ &%
ol A ks Bt k279 ANE(EAEE g 1x10"cfu) S zkal Eo] 34 5}o]

Sl 5 HolEel o] el AEAF Fo40x70cm)ell 10wk # o) &
T 2ugsiAe A94 Wes 7459 15959 YAFFE

ZA}eHY

2) o d A E

O Evptel g AR w%i”zﬁﬁﬂﬁ
S A FAFEANA U 458 55 S A5l HEF F ool
7F SESIESE WAMAOIAE 493 FO1, FO2, FO3, FO4= 500, 1,000, 1,500,
2,000, 3,000uHo = A5t S5m' 500ml 3] A HS wjEA FHI)E o] &3]

neA FREdGt AQiEE 4 AeTY 10vte 3B o sgon of
AAE 15LFAA WY A - AERS 2AFS] AFERE EAGAT,

@ AERA QR S AL BeA Sl HEHY A
AEH ALY AR FY FHANA AESRHAYNE 109 AAee] 73
of Azl P& AT AZ e AL AT AV S dekstel A

F pAST A ST el FAF AUTEA §
=

%5 A9 10vhex3ukE o2 FHES I FOl, FO2, F03, FO4, F05 F062 500,
1,000, 1,500, 2,000, 3,0000) o} o & &4 8o] Smd 500me] okeko @ wjEa EI
715 sto] 1= Axsdrh AFaAALE fste] dAAE F oud

o] -&
A AbsFE AT

® W= Bl giak 2% BAlel AFAY AW
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= 715 HS7F v W s Eel
7

7 S
o mhERA, ﬁ%fﬂrﬂ% TEUAA Aad Aor fAekE= 10959 o4
: 3

3} F01, F02, F03, F04, F05, FO6E 500, 1,000, 1,500, 2,000, 3,000u) <} o 2
Alete]l A sttt AA T 7|FAES tEA FEs FAAYE AL

Z gl ~E @75xHAmm)ol Bl oo A o} A RaAlw x| ¢re uj=3s Eajut
o ofdl 35S APste]l A 10vkg] <3t R o2 HFeta AT ghEAE 9

stol fAAE F A A4 - AEFE 2ASAT

rl

@ w71 o BTA 24314 A9

o 73l &
Aol AFE3E 271 WP R 7| (Culex pipiens pallens) At ©l 52 = HkE
Lol A Egrtol Ao A}%é}ﬁi‘:‘r 4% 27+ 10% *‘—i FE Aoldl= A
s FEAA ALSES &5 Zg2guE(R24 ecm x 35 cm x 5 cm)

40mesh chick chow powderQ‘r veastE 8/2 H|E&E 42 Ho|E o] g3le] AL
ATt AlSZAL 27 + 1T, AdssxE 80 + 10% 281 %2 141:10D9
o2 A3 ol 52 AFA RHE 1A Z2 AFAY AEol Ut

Hlﬁogﬁr}i

- d4Eg4d A4

27)o thgk 45242 Immersion method WHS ]85t TS XA}
sttt F39 Mg FEE 9 FFA FHE FFEES dite vEVE
ofMEo HTh WM R 3% §F 20vElE 47 250mle] S/ B9
= TolHRIOmDA ol sgES Aud F 48AIF Fofl AF &S FAFSIATH

© Ll W 45Hdd A

- e S
Sty §F5S T *1—%EH§LFL TR A A 2o AR F o) 9=
goelurold Adatdth AME carddd §5L 25 1T, divE
65 + 5%, 6L:8DS] 7o & ALkt

- AFEdAA
Lol frael ik FTRHLE T Us & cork borer®Z 2wl
dae] (A7 5cm) 191E 5000ppm & Al oFefell 10Z%7F A% F hoodoll A &F
AZAA AR Ocm)ol] AT HEldo]l GAA Y= ARl SR AH &
Z 10wy FEs 9AE 9 v BARE Foll AFFE AT
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Fig. 1. Sporulation and crystal protein of Bacillus thuinginss -
KFRI-2 strain

L Bt KFRI-2 w59} 7]& w5oke] widas v Ad<

Bt #59 ¥xAEAE A= & GYS WA N A aizawai$t kurstaki It
of Hlslto]l MjFEEo] FAAA Fe dFAS AASTE7] fste] Bluu g
389 HEE 1) sporulation 2 autolysis7} €5% Al Ael 3U Fof ujokoH
FAstY ¥AFE FAHS A Bt KFRI-2 #59 EAFTEE  gizawal
kurstaki w5ol Wleto] tha =2 A3dE HIJT(E 2). o]Z4¥ Bt KFRI-2
FE aizawai®t kurstaki ol BlEte] vk g &o] s ALY 53 FFUS
golgr 4= ARk 2y EAEAH(ANOVA)O 98] F2la7F vebA] &
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Table 2. Comparison of sporulation of B.thuringiensis subsp.
aizawai, kurstaki and KFRI-2 in GYS medium

Strain No. (of x10" CFU/mt) SD (%)

aizawai 3.9a° 2.3

kurstaki 3.6a 24
Bt KFRI-2 4.1a 3.0

Duncan test(95% fiducial limit)

w77Ee] flask wlFAFde] wldas&e zolE fermentor oAl &sh
q

=
7] 918t GYSE FA% wjAE o] &3t 7 ¢ fermentor (Wi%; 3 2) ZollA

WA EH = 4A1 002 S Yol ODesw, pH, DO, sporulation 7

o (29 2). L A3 gizawai, kurstaki, KFRI-2 #5 E5 24 A
7VAl ODgoo 217F S 7kste]l Al o] FHare] o]=2gl3& s o+
sporulation®] FdPHo] 1 A E 3247k 100%0] °o]EH o
e HA 62014 Ho| 82744 Wstsiith tix dFEI H
TT7F 7HE =2 ODeo a6 7FA 7 £ fermentor 7oA = *éxc}ol Hol g
g 4 AAJTh W FEH F 3 w79 AZPE ODeo #S thAl 17 22 4

[o
o
X
ol
o
32

z 5
o
:\_I‘
o,
ofN
ko)
s

ool wjdAEHIE F3to] Bt KFRI-2 #57F o2 w50 vl A o] 4=
s g F dglen, ol o fﬂo]sﬂ H7] 98t #FE 1te] 22 vEE
B aakglth (3 4). Bt KFRI-2 #5& 1.2 X 10° CFU/m 559 a2 Aatst
o kurstaki®}+= Duncan @Xé’e}oﬂfﬂ Tr«]*é AA Aoy Aom &4 F Ao
W kurstakiol BlaA = oF 29, gizawaiol °F 1.3¥] A= L& A IAHES Y

gujol wkE ol Holwe AT 5 AU
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842 AAGE A Bt w5 A doAA EAFAZ LT gEY T3
Qe SagmAde] s Husty] 9ste] SDS-PAGE #7149 3shal
densitometryE ©]-&3le] 130 kDa F9o FAHE=E =S FAo02 I WEL
G o] s v BASAT (¥ 4). T wjgdS AQFHS ] vwg 4
3 kurstaki (KUR)S 12 RS ul gizawai (AlZ) 5% 169, KFRI-2 ¥
v 1832 s wigAyd EAFEe) v AR o W o] Ysiaty

do] EAgS AT F AU

o9 7 ¢ fermentor H]nl wIAF S EF3te] Bt KFRI-2 W7} kurstaki
o} gizawai o HE xA FAY 2L %i‘?_r‘iﬂﬂ Aoke] JolXE F&A
TFAS Qg = Uddoew, subspecies’t FL3 kurstakiol B A= Hl ok

Aol M S48 At

= s
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Table 3. Ingredients of media and culture condition of fermentation of
B. thuringiensis KFRI-2 strain

Ingredient GYS (modified, %) Culture condition
Glucose 3.0 volume (£) 3
Yeast extract 2.0 pH control 6.2 - 80
KoHPO, 0.1 - Acid 5N NaOH
(NH4)2504 0.2 - Alkali 5N HCI
MgSOy 0.025 RPM 100 - 500
MnSO; - 4H.0 0.001 V/V/M 05
CaCOs 0.02 DO control ~ 20% ©°]%
ZnSOy + TH0 0.001 Temp.(T) 30
Antifoamer 0.05 Feeding -
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Fig. 2. Growth pattern of B. thuringiensis subsp. aizawai(AlZ),
kurstaki(KUR) and KFRI-2(KFRI-2) in 7 ¢ fermentation.

_39_



120

100 —

60

OD (600 nm)

0 4 8 12 16 20 24 28 32
Culture time (hour)

|——AZ —=— KUR —+—KFRI-2 |

Fig. 3. Comparison of growth of B. thuringiensis subsp. aizawai(AlZ),
kurstaki(KUR) and KFRI-2(KFRI-2) in 7 ¢ fermentation.
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Table 4. Comparison of sporulation of B. thuringiensis subsp.
aizawai, kurstaki and KFRI-2 in 7 ¢ fermentation

Strain No. (ofx10" CFU/ml) SD(+)
aizawai 94.75ab* 17.54
kurstaki 63.50b 21.02

Bt KFRI-2 124.00a 19.97

Duncan test(95% fiducial limit)

&Da)y M KUR AIZ KFRI-2

210 -
100 a

75

50
35
25
1.0 16 138
Fig. 4. Comparison of crystal proteins of B. thuringiensis subsp.

aizawai (AlZ), kurstaki (KUR) and KFRI-2 (KFRI-2) in
7 ¢ fermentation.
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2. g A 2N 2 A
7h 712 A A

Bte] A%+ 7 i#Fm o2 dHA o=
Bt KFRI-2 5o A3st dizdajedal®] =4S Adsta /sty ¢3ske] Bt
WA Axkg wx]el GYS Hlx] 243 dubE <l Bt fermentorg Hi A

4% AF5 flask WFUG AT R4S FSAT (E 5).
? 2l

o
kI
fol
o
1o,
N
BN
o,
o
o
*
>N

o] 7] ujx]e] g vz 7% flask Ao A £ A w)
A Ao} ket nFALE FHS B3I 158 WA RS AAdEe A F
EE2 sl 9qerm=w 94 C source 5% 2 N source 55 ZAAZ T o] &

Aol ol&staat skt

Table 5. Ingredient of media used for culture of B. thuringiensis
KFRI-2 strain

Basal medium

Ingredient GYS (%) Fermentation (%) %)
Glucose 0.1 2 2
Yeast extract 0.2 2 0.5
K>HPO4 0.05 01 0.1
(NH4)2504 0.2 0.4 0.4
MgSO4 0.002 0.1 0.1
MnSOy - 4H,0 0.005 0.004 0.005
CaCly 0.008 0.01 0.01

1}, Glucose H%0] WE Bt KFRI-2 &5 kurstaki 52 Y] aluj ok

Bt KFRI-2 9] 11
oA 7 Aggk HjA] g
C-source ¢l glucose =& %E]E}Oq W 28-S Tkt flask #MFE S
o Al v Aol EitAl Glucose, MgSOs, MnSOy CaCls #47F M= Hirste] 3

BN ol
ox, Mo
=

o
E —_
_o|L
_>,i
N
e
=
A
l:kl
@
T
=
o
[o
fru
p‘L
9

l'I
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7hak ek wFA S Hlalskar
skl kurstaki wFE T FE ARG SEAT

C source® FET Al wjddolA] F&o & TS Fv wiAEEolH Bt
o] AL glucose FE7F U oW mwre o= ¢l35te] sporulationo] o]
Uz v @dol dolge=R flask AollA el AAS glucose 55 WA AT
Za7F 9t o]ol glucosed FEE 2%, 3%, 4%= dlo] WS F-3qs Az
Bt KFRI-2 59 kurstaki 75 E5% 59 59 8l Fo| = sporulation®] o
YA ke ols ke do Qg oz AZLHEM, olF AP 1
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Table 6. Effect of glucose concentration on growth of B. thuringiensis
subsp. kurstaki and KFRI-2 in flask culture

Strain Glucose (%) Initial ODgy Final ODgy Initial pH Final pH

0.1 0.016 4.32 6.82 794
kurstaki 0.5 0.016 4.64 6.84 754

1.0 0.016 6.97 6.84 .47

0.1 0.016 3.37 6.84 8.1

Bt

0.5 0.016 2.87 6.83 772
KFRI-2

1.0 0.016 7.5 6.84 7.3

Table 7. Effect of glucose concentration on sporulation of B. thuringiensis
subsp. kurstaki and KFRI-2

Strain Glucose (%)  No. (of x10" CFU/m{) SD (+)

0.1 11.33a° 2.31
kurstaki 0.5 25.67a 12.42
1.0 19.00a 5.20

0.1 13.00a 6.56

Bt KFRI-2 0.5 32.00a 32.92
1.0 ND* ND

Duncan test(95% fiducial limit), *ND; not determined.
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Table 8. Effect of yeast concentration on growth of B. thuringiensis
subsp. kurstaki and KFRI-2 in flask culture

Strain  Yeast (%) Initial ODgyp Final ODgy Initial pH Final pH

0.1 0.016 3.87 6.75 5.32

05 0.016 5.97 6.83 6.96

1.0 0.016 10.12 6.72 7.95
kurstaki

2.0 0.04 10.18 6.68 8.42

3.0 0.11 8.95 6.57 8.48

5.0 0.26 8.53 6.53 8.55

0.1 0.016 2.36 6.75 5.52

05 0.016 5.11 6.83 7.10

Bt 1.0 0.016 10.05 6.72 7.80
KFRI-2

2.0 0.04 10.25 6.68 8.16

3.0 0.110 7.95 6.57 8.29

5.0 0.260 6.98 6.53 8.43
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Table 9. Effect of glucose concentration on growth of B. thuringiensis
subsp. kurstaki and KFRI-2

Strain Yeast (%)  No. (of x10" CFU/m) SD (+)
0.1 36.00c’ 5.57
05 63.67¢c 10.26
1.0 200.33b 351

kurstaki
2.0 350.67a 59.50
3.0 255.00b 73.82
5.0 186.33b 15.18
0.1 13.67d 5.69
05 68.67cd 351
1.0 217.67ab 15.70

Bt KFRI-2

2.0 259.67a 122.65
3.0 165.33ahc 73.35
5.0 110.00cd 60.75

‘Duncan test (95% fiducial limit)
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Fig. 5. Effect of yeast concentration on crystal protein expression of B.
thuringiensis subsp. kurstaki and KFRI-2.
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Table 10. Comparison of crystal protein yield of B thuringiensis subsp.
kurstaki and KFRI-2 on yeast concentration

Strain Yeast (%) No. (ug/ml)
0.1 0
05 34
1.0 0

kurstaki
2.0 0
3.0 0
50 0
0.1 19.7
05 57.9
1.0 62.9

Bt KFRI-2

2.0 27.9
3.0 15.1
50 0
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Table 11. Growth pattern of B. thuringiensis KFRI-2 in flask culture

on glucose concentration

Strain glucose (%) Initial ODgy Final ODgy Initial pH Final pH

0.1 0.03 5.44
B 05 0.03 10.85
KFRI-2 10 0.04 16.20
2.0 0.03 17.22

84

8.2

7.52

7.19

Table 12. Sporulation of B. thuringiensis KFRI-2 in flask culture

on glucose concentration

Strai . %) No. (of 10" SD (&)
rai ucose T
am 8 ° CFU/nl)
0.1 60c’ 10.00
05 153.33bc 33.86
Bt KFRI-2
1.0 286.67a 85.05
2.0 230.00a 26.46

Duncan test (95% fiducial limit)
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Fig. 6. Effect of glucose concentration on crystal protein expression of
B. thuringiensis KFRI-2.

Table 13. Comparison of crystal protein yields of B. thuringiensis
KFRI-2 on glucose concentration

Strain glucose (%) No. (ug/ml)
0.1 23.0
0.5 36.2
Bt KFRI-2
1.0 60.0
2.0 51.3
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Table 14. Growth pattern of B. thuringiensis KFRI-2 in flask
culture on ammonium sulfate concentration

Final
Strain  (NIL),SO, (%) Tnitial ODwo —+ Tnitial pH Final pH
ODsoo
0.1 0.03 15.11 6.34 8.1
0.2 0.03 14.83 6.83 7.8
- 0.4 0.04 14.85 6.75 77
KERL? 0.7 0.02 1415 6.70 75
1.0 0.03 13.85 6.68 75
15 0.05 1391 6.62 74
2.0 0.05 13.96 6.53 72
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Table 15. Spoulation of B. thuringiensis KFRI-2 in flask culture
on ammonium sulfate concentration

Strain  (NH4):SO, (%) No. (of x10" CFU/ml) SD (#)

0.1 240.67a° 35.13
0.2 250.33a 16.20
0.4 257.00a 2352
Bt
KFRI-2 0.7 216.6ab 30.44
1.0 217.00ab 34.60
15 213.67ab 21.94
2.0 190.33b 12.06

Table 16. Comparison of crystal protein yields of B. thuringiensis
KFRI-2 on ammonium sulfate concentration

Strain (NH.)2SOy (%) No. (¢g/ml)
0.1 62.3
0.2 62.4
0.4 62.5
Bt KFRI-2 0.7 62.1
1.0 56.7
15 57.9
2.0 58.4
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Table 17. Growth pattern of B. thuringiensis KFRI-2 in flask
culture on potassium phosphate concentration

. Initial Final . .
Strain K-.HPO,4 (%) Initial pH Final pH
ODeoo ODeoo
0.05 0.03 15.28 6.9 74
0.1 0.03 15.74 6.9 7.2
Bt

KFRI2 0.3 0.04 13.18 6.9 72

0.7 0.03 15.77 7.0 74

Table 18. Sporulation of B thuringiensis KFRI-2 in flask culture
on potassium phosphate concentration

Strain KoHPO, (%)  No. (of x10" CFU/m¢)  SD ()

0.05 218.67a° 1955

0.1 232.67a 36.07
Bt KFRI-2

0.3 221.00a 25.94

0.7 224.00a 17.69

Duncan test (95% fiducial limit)
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Table 19. Comparison of crystal protein yields of B. thuringiensis
KFRI-2 on potassium phosphate concentration

Strain glucose (%) No. (ug/ml)
0.05 52.3
0.1 61.4
Bt KFRI-2
0.3 60.5
0.7 60.9

L

rﬁ

29 F=xdo] wE Bt KFRI-2 52 wj¥E 3}
1) MgSOy sxkol we wjokast

MgSO4 " ZFd A= Bt v ol oA 2 @A} sporulationd] FL3F 9
= o= Zlow deAUTh o] v FdLTE TAFAHEET G E Y Ao of
Sl s dolr7] fete] a1 wEE 0.025%, 0.05%, 0.1%, 0.2%, 04%=2 =4
sto] WA E S Tt AP 4 Bt KFRI-2 o5+ 5719 =4 &
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ozt HeE WolyA ta dud APEE vz g3E B2AT (% 21,
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FTEE 01%2 Qs
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Table 20. Growth pattern of B. thuringiensis KFRI-2 in flask
culture on magnesium sulfate concentration

Strain MgSQy4 (%) Initial ODgy Final ODgy Initial pH Final pH

0.025 0.03 15.28 6.8 7.85
0.05 0.03 15.44 6.8 7.63

Bt
KFRI-2 0.1 0.04 15.18 6.8 7.21
0.2 0.03 15.37 6.9 6.87
0.4 0.04 15.20 6.9 6.77
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Table 21. Sporulation of B thuringiensis KFRI-2 in flask culture
on magnesium sulfate concentration

Strain MgS04(%)  No. (of x10" CFU/m{) SD (+)

0.025 201.51a° 23.85

0.05 220.29 11.09

Bt KFRI-2 0.1 231.01a 45.23
0.2 229.89a 29.65

0.4 219.47a 33.19

Duncan test (95% fiducial limit)

Table 16. Comparison of crystal protein yields of B. thuringiensis
KFRI-2 on magnesium sulfate concentration

Strain MgSO, (%) No. (ug/ml)
0.025 62.5
0.05 62.4
Bt KFRI-2 0.1 62.9
0.2 62.7
04 62.7
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Table 23. Growth pattern of B. thuringiensis KFRI-2 in flask
culture on MnSQy - 4H>20 and CaClz concentration

MnS0O; - 4H20 Initial ~ Final  Initial
CaCls (%) Final pH
(%) ODesoo ODeoo pH
0.005 0.02 14.8 6.7 7.8
0.01 0.02 14.3 6.8 7.8
0.0025
0.02 0.03 14.6 6.7 7.7
0.04 0.04 14.3 6.7 7.7
0.005 0.01 13.8 6.6 76
0.01 0.02 14.2 6.7 79
0.005
0.02 0.03 14.7 6.7 7.8
0.04 0.02 14.0 6.8 79
0.005 0.02 145 6.7 7.80
0.01 0.04 13.9 6.7 7.7
0.01
0.02 0.01 14.7 6.7 7.8
0.04 0.03 14.7 6.8 79
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Table 24. Sporulation of B thuringiensis KFRI-2 in flask culture
on MnSOQOjy - 4H>0O and CaCl: concentration

MnSO; - 4H>0 No. (of x10"
CaCly (%) SD (+)
(%) CFU/ml)
0.005 208.21a° 21.09
0.01 221.00a 10.62
0.0025
0.02 211.37a 8.96
0.04 203784 32.25
0.005 205.00a 24,78
0.01 21041a 13.98
0.005 0.02 22091a 15.69
0.04 22179 24,63
0.005 215.35a 41.05
0.01 211.98a 92359
0.01
0.02 195.85h 51.33
0.04 219.55a 95.48

*Duncan test (95% fiducial limit)
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Table 25. Concentration of crystal protein yields of B thuringiensis
KFRI-2 on MnSOy - 4H20O and CaCly concentration

MnSOy - 4H20

CaCly (%) No. (ug/ml)

(%)

0.005 61.9

0.01 62.8
0.0025

0.02 618

0.04 615

0.005 60.9

0.01 60.9
0.005 0.02 618

0.04 61.7

0.005 61.7

0.01 61.9
0.01

0.02 62.0

0.04 62.0
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4, 272 v % (Fermentor) A3
7}, Pilot ¥l S E3 diFmgAA &5 2 AL
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9] &
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M 2 1 02 0.1 (Technical powder mg)

152 090 (Crystal protein £8)

Fig. 7. Quantification of crystal protein in technical powder
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5. Ao g gFAA T
7} Bt KFRI-2 v k& nj=] At

e A AT 2 e gk oy AES Sste] HETAOE Bt
KFRI-2 w59 wjkel 71 Agat wiAs Adesidnt (& 26). A2d wix=
AFE Fstr] dell Ak 7] 2ol Blske] glucose, MnSOy - 4H09] 5%
7F 289 12 AL yeast extract 238 202 Frtetdch AEE 5
at7] el gk 7@ AEAAA wol o]&HoA L A= GYS HiA 9}
Bt fermentor& o2 4# 7 wjxE 7|22 3dto] Bt KFRI-2 #59 thaFa)A] 4
AAS 7] §1te] RbEojX] Aola o] F9o AYPE Fake] o EujA <]
BExA S N8kl Bt KFRI-2 #59 2ot WisA2dWds bgetA o

=z
BT 7 e WA HEHom AdE

Table 26. Ingredients of selected medium used for optimized culture
of B. thuringiensis KFRI-2 strain

Ingredient Basal medium(%)  Selected medium(%)
Glucose 2 1
Yeast extract 0.5 1
KoHPO, 0.1 0.1
(NH4)2504 04 0.4
MgSO, 0.1 0.1
MnSOy - 4H:0 0.005 0.0025
CaCls 0.01 0.01
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Table 27. Comparison of sporulation of B. thuringiensis subsp.
kurstaki and KFRI-2 in selected medium

strain No. (of x10" CFU/m{) SD (+)
kurstaki 172.23a° 29.38
Bt KFRI-2 216.58b 51.52

Duncan test (95% fiducial limit)
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Fig. 8. Expression of crystal protein of B thuringiensis
subsp. kurstaki(Kur) and KFRI-2(K2) in selected
medium.

_69_



Table 28. Comparison of crystal protein yields of B. thuringiensis
subsp. kurstaki and KFRI-2 in selected medium

strain No. (ug/ml)
kurstaki 145
Bt KFRI-2 63.9

6. Z1ZAAL H7A L RIbA A

Bt KFRI-27F9 7|ZAAE WeE7F 95t HyiAlzs dFAlol #
NK-NX250L, NK-SLSMK-PX 100, DA203W% 3 <3t4do] 73sk X

2
h
TR > e

White Carbon, Kaoline, Na2S04, CaCO3& Technical powder 50%°l &3%3}

7 A FREoRE A st 4 AAEE dad 2 FIEdE AN A9

(3£ 29k Zo] TypelolA 34 2 dAxdo] 7MY Yot on wjF&
ko] tidk AEFHAHNAME Technical powderet 37FA2] A4l #3 5ol A
Typel oA AFa37F (7 9olAet o] 7M 53 A#AE B Type 1
AAE(GE 30N A e} 7ol Zpzbe] ghake] W& Fol =Sub, " w5
S, Sy, s dy ol diste] AEHAES 3 A3e (% 31

3 .
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Table 29. Wetting ability and suspensibility of 3 type wettable
powders by using B. thuringiensis KFRI-2 strain

Formulation ‘Wetting ability Suspensibility
Type I +2 +
Type I ++ ++
Type III + +
Technical Powder + +
90
80
70 —
— 60
®
> 50
£ 40
[e]
= 30
20
10 —
0
Type | Type |l Type lll Technical
powder

Formulation

Fig. 9. Mortality(%) of 3 type wettable powders by using B. thuringiensis
KFRI-2 strain against Plutella xylostella larvae
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Table 30. Compositional rate(%) of transmitted formulation on type I
wettable powder by using B. thuringiensis KFRI-2 strain

Formulation Conposition (%9
Conponent\ Treast No.

Tpel H R B KM B H F KB B H H
Tecnical powder ~ Bt KFRI-2 ¥ N N N N N N N Y NV N N
Carrier WhiteCabon 15 5 15 15 15 15 15 15 15 15 15 15
Kaoline x5 X5 X5 B 15 15 - - - - - -
(NEH)2SO4 - - - - - - 53 B35 B 15 15 15
Surfactant NKNX2S0L 8 8 - - 8 - - 8 - -
NKPX100 2 - -2 - -2 - -2 - -
NKSLS - 5 10 - 5 10 - 5 10 - 5 10
Da203W - 5 - - 5 - - 5 - - 5 -
Hﬁlej;/at Tixolex 25 - - - 10 10 10 - - - 10 10 10
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Table 31. Mortality (%) of transmitted formulation type I wettable powder of
B. thuringiensis KFRI-2 strain against several important insect

pests
Chemical | Conc. Mortality (%)
Ref. (ppm) | M. brassicae| P.separata | FP. xyiostella | N. derogata | C. ciliata
5000 30 20 100 100 20
BT tape | -6 | 2500 20 0 100 9 10
1250 22.5 5 100 90 20
5000 20 5 100 100 15
BT tape | -7 | 2500 0 0 100 100 5
1250 0 0 100 100 5
5000 20 100 100 100 5
BT tape 1 -8 | 2500 10 100 100 100 5
1250 0 67.5 100 91.7 10
5000 10 838.9 100 100 10
BT tape 1 -9 | 2500 0 100 100 100 5
1250 0 78.8 100 100 20
5000 10 30.6 100 100 5
BT tape | -10| 2500 0 75 100 100 0
1250 10 40.6 100 100 0
5000 10 55 100 100 0
BT tape I =11 2500 0 20 100 100 0
1250 0 18.3 100 100 0

¥ M. brassicae :

N. derogata :

S=5Un P separata : B3, P. xylostella :
3y u, C ciliata :
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Table. 31. Continued

Chemical | Conc. Mortality (%)
Ref. (ppm) | M. brassicae| P.separata | P. xylostella | N. derogata | C. ciliata
5000 20 100 100 100 25
BT tape | -6 | 2500 30 94.4 100 75 25
1250 20 773 100 75 0
5000 90 70 100 80 15
BT tape I -7 | 2500 100 45 100 100 0
1250 100 35 100 85 10
5000 30 85 100 95.5 20
BT tape 1 -8 | 2500 22.5 100 100 91.3 0
1250 0 44.3 100 98.7 0
5000 80 70.8 100 95 5
BT tape 1 -9 | 2500 60 74.4 100 85 10
1250 10 55 100 70 10
5000 40 63 100 100 10
BT tape I -10| 2500 30 11.1 100 100 5
1250 30 10 100 75 20
5000 30 5 100 9 10
BT tape | =11 2500 20 5 100 95 20
1250 10 0 100 9 20

¥ M. brassicae :

N. derogata :

=5, P. separata @ ‘87, P. xylostella :
3y, C ciliata :
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7. AAY &Y HA

KFRI-2 #F= Azxg 67FA AA ] dFAEs Doty fsto] wiFFphd
= ol&ste] A= AR APS FIdstdnh A4d 23 Bt KFRI-2 #5929 7} A
Alo] AZFE & 20,000 v 34 o A= F04052805 > F04052803, F04052804 >
F04052802 > F04052806 > F040528019] <92 wiFEuy 5o 38
How (& 32), 40,000 wf s|A oAE= F04052804 > F04052803 >
F04052805 > F04052802 > F04052801) F040528062] w92 #59S nih
(% 33). AlAl F04052803, F04052804 % F04052805% F &= E5Fol A Aol
Hlale] AFee thh ZastARE 50% o] AFE e Hista e ® A

= A5A AAR AFge] e d Ao ATEH AT

Table 32. Mortality (%) of 1/20,000 diluted formulations B. thuringiensis
KFRI-2 strain against P. xylostella larvae

Dilution Formulation Mortality (%)
D.W. 0
Technical powder 100
F04052801 18.2
F04052802 82.8
20,000
F04052803 90.9
F04052804 90.9
F04052805 100
F04052806 54.5
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Table 33. Mortality(%5) of 1/40,000 diluted formulations B. thuringiensis
KFRI-2 strain against P. xylostella larvae

Dilution Formulation Mortality (%)
D. W. 0
Technical powder 100
F04052801 36.3
F04052802 45.5
40,000
F04052803 63.7
F04052804 72.8
F04052805 54.5
F04052806 18.2
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Table 34. Efficacy(%) of B. thuringiensis KFRI-2 strain formulations by
ultra-violet irradiation

Formulation 0 min. 10 min. 30 min. 60 min.
D. W. 0 0 0 0
Technical powder 100 100 100 100
F04052801 18.2 18.2 18.2 15.7
F04052802 32.8 80.9 82.8 82.8
F04052803 90.9 90.9 90.0 90.8
F04052804 90.9 89.5 90.9 88.5
F04052805 90.9 98.2 90.9 90.9
F04052806 54.5 50.7 55.2 52.2
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Table 35. Efficacy(%) of B thuringiensis KFRI-2 formulations by

high temperature(37C)

Formulation 0 min. 10 min. 30 min. 60 min.
D. W. 0 0 0 0
technical powder 100 100 100 100
F04052801 20.9 215 20.9 20.0
F04052802 80.5 80.9 82.8 81.5
F04052803 89.5 90.9 90.0 89.5
F04052804 90.9 89.5 90.9 88.5
F04052805 90.9 92.0 90.9 92.0
F04052806 54.5 50.7 55.2 52.2
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Table 36. Physical character of B thuringiensis KFRI-2 formulations

Formulation  pH Size Wettability Suspensibility Wet sieve test
(1m) (sec) (%) (%)
F04052801 7.48 20.8 20 717 80.5
F04052802 7.69 119 13 68.5 92.8
F04052803 8.35 11.2 18 89.2 89.0
F04052804 7.07 27.3 600 715 78.0
F04052805 8.11 10.9 47 76.4 87.4
F04052806 8.31 11.8 51 74.6 87.9
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Table 37. Mortality(%) of B. thuringiensis KFRI-2 strain by several
sporulation concentration against D. spectabilis larvae

1 2 3 Mean

6DAT 12DAT 6DAT 12DAT 6DAT 12DAT 6DAT 12DAT

100 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1000 750 80.0 80.0 100.0 100.0 100.0 8.0 33

2000 60.0 70.0 6.0 70.0 40.0 50.0 5.0 633

4000 200 200 100 100 0.0 0.0 100 100

10000 100 100 0.0 0.0 0.0 150 33 83

Control 150 200 250 250 10.0 100 168 183
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Table 38. Mortality(%6) of B. thuringiensis KFRI-2 F04052801 formulation

stal A3

against D. spectabilis larvae
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after 7 days after 14 days
Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) Value
500 63.3 62.0 80.0 78.6
1,000 50.0 48.3 80.0 78.6
1,500 40.0 38.0 70.0 67.8
2,000 36.7 345 73.3 714
3,000 33.3 31.0 43.3 39.2
Control 3.3 - 6.7 -
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Table 39. Mortality (%) of B. thuringiensis KFRI-2 F04052802 formulation
against D. spectabilis larvae

after 7 days after 14 days
Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 56.7 55.2 93.3 92.8
1,000 56.7 55.2 86.7 85.7
1,500 36.7 34.5 86.7 85.7
2,000 40.0 38.0 73.3 71.4
3,000 40.0 38.0 76.7 75.0
Control 3.3 - 6.7 -

Table 40. Mortality(%6) of B thuringiensis KFRI-2 F04052803 formulation
against D. spectabilis larvae

after 7 days after 14 days
Dilutions Mean Control Mean Control
Mortality (%) value | Mortality (%) value
500 100.0 100.0 100.0 100.0
1,000 93.3 93.1 100.0 100.0
1,500 90.0 89.7 96.7 96.5
2,000 83.3 82.7 90.0 89.3
3,000 86.7 86.2 90.0 89.3
Control 3.3 - 6.7 -
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Table 41. Mortality(%6) of B. thuringiensis KFRI-2 F04052804 formulation
against D. spectabilis larvae

after 7 days after 14 days
Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 83.3 82.7 96.7 96.5
1,000 80.0 79.3 93.3 92.8
1,500 63.3 62.0 96.7 96.5
2,000 63.3 62.0 83.3 82.1
3,000 36.7 34.5 76.7 75.0
Control 3.3 - 6.7 -
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Table 42. Mortality(%6) of B thuringiensis KFRI-2 F04052801 formulation
against Acantholyda parki. larvae

after 3 days after 6 days
Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 86.7 85.7 100.0 100.0
1,000 76.7 75.0 100.0 100.0
1,500 70.0 67.8 96.7 96.2
2,000 76.7 75.0 100.0 100.0
3,000 63.3 60.7 100.0 100.0
Control 6.7 - 13.3 -

Table 43. Mortality(%6) of B thuringiensis KFRI-2 F04052802 formulation

against A. parki. larvae

after 3 days after 6 days

Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 100.0 100.0 100.0 100.0
1,000 86.7 85.7 100.0 100.0
1,500 86.7 85.7 100.0 100.0
2,000 83.3 82.1 100.0 100.0
3,000 73.3 714 100.0 100.0

Control 6.7 - 13.3 -
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Table 44. Mortality (%) of B. thuringiensis KFRI-2 F04052803 formulation
against A. parki. larvae

after 3 days after 6 days

Dilutions Mean Contro Mean Control
Mortality (%) 1 value Mortality (%) value
500 100.0 100.0 100.0 100.0
1,000 100.0 100.0 100.0 100.0
1,500 100.0 100.0 100.0 100.0
2,000 100.0 100.0 100.0 100.0
3,000 100.0 100.0 100.0 100.0

Control 6.7 - 13.3 -

Table 45. Mortality (%) of B thuringiensis KFRI-2 F04052804 formulation
against A. parki. larvae

after 3 days after 6 days

Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 100.0 100.0 100.0 100.0
1,000 100.0 100.0 100.0 100.0
1,500 100.0 100.0 100.0 100.0
2,000 100.0 100.0 100.0 100.0
3,000 100.0 100.0 100.0 100.0

Control 6.7 - 13.3 -
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Table 46. Mortality(%6) of B thuringiensis KFRI-2 F04052805 formulation

against A. parki. larvae

after 3 days after 6 days

Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 93.3 92.8 100.0 100.0
1,000 90.0 89.3 100.0 100.0
1,500 83.3 82.1 100.0 100.0
2,000 76.7 75.0 100.0 100.0
3,000 73.3 714 100.0 100.0

Control 6.7 - 13.3 -

Table 47. Mortality(%6) of B thuringiensis KFRI-2 F04052806 formulation

against A. parki. larvae

after 3 days after 6 days

Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 83.3 82.1 100.0 100.0
1,000 76.7 75.0 100.0 100.0
1,500 76.7 75.0 100.0 100.0
2,000 70.0 67.8 100.0 100.0
3,000 63.3 60.7 100.0 100.0

Control 6.7 - 13.3 -
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Table 48. Mortality(%) of B. thuringiensis KFRI-2 F04052801 formulation
against Hyphantria cunea. larvae

after 3 days after 7 days
Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 90.0 90.0 96.7 96.6
1,000 73.3 73.3 93.3 93.1
1,500 70.0 70.0 93.3 93.1
2,000 53.3 53.3 86.7 86.2
3,000 46.7 46.7 56.7 55.2
Control 0.0 - 3.3 -
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Table 49. Mortality(%6) of B thuringiensis KFRI-2 F04052802 formulation

against H. cunea. larvae

after 3 days after 7 days
Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 93.3 93.3 100.0 100.0
1,000 63.3 63.3 96.7 96.6
1,500 56.7 56.7 90.0 89.7
2,000 43.3 43.3 73.3 72.4
3,000 40.0 40.0 76.7 75.9
Control 0.0 - 3.3 -

Table 50. Mortality(%) of B thuringiensis KFRI-2 F04052803 formulation

against H. cunea. larvae

after 3 days after 7 days
Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 100.0 100.0 100.0 100.0
1,000 93.3 93.3 100.0 100.0
1,500 96.7 96.7 100.0 100.0
2,000 93.3 93.3 100.0 100.0
3,000 90.0 90.0 100.0 100.0
Control 0.0 - 3.3 -
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Table 51. Mortality(%) of B. thuringiensis KFRI-2 F04052804 formulation

against H. cunea. larvae

after 3 days after 7 days
Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 100.0 100.0 100.0 100.0
1,000 100.0 100.0 100.0 100.0
1,500 100.0 100.0 100.0 100.0
2,000 96.7 96.7 100.0 100.0
3,000 93.3 93.3 100.0 100.0
Control 0.0 - 3.3 -

Table 52. Mortality (%) of B thuringiensis KFRI-2 F04052805 formulation

against H. cunea. larvae

after 3 days after 7 days
Dilutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 100.0 100.0 100.0 100.0
1,000 96.7 96.7 100.0 100.0
1,500 83.3 83.3 96.7 96.6
2,000 73.3 73.3 90.0 89.7
3,000 63.3 63.3 83.3 2.7
Control 0.0 - 3.3 -
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Table 53. Mortality(%6) of B thuringiensis KFRI-2 F04052806 formulation

against H. cunea. larvae

after 3 days after 7 days
Dolutions Mean Control Mean Control
Mortality (%) value Mortality (%) value
500 100.0 100.0 100.0 100.0
1,000 93.3 93.3 100.0 100.0
1,500 86.7 86.7 100.0 100.0
2,000 76.7 76.7 93.3 93.1
3,000 76.7 76.7 6.7 36.2
Control 0.0 - 3.3 -
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Table 54. Mortality(%6) of B. thuringiensis KFRI-2 formulation
against Culex pipiens pallens larvae

Formulation No. concentration(ppm) Mortality (%)
F04052801 100 100
F04052802 " 70
F04052803 " 100
F04052804 " 100
F04052805 " 100
F04052806 " 96.6
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Table 55. Mortality (%) of B. thuringiensis KFRI-2 formulation
against Agelastica coerulea larvae

=

20 e}

33k 6% A A7 10004 <) 2 20008 < F L= ol A

Mortality (%)
Sample(Dilution)
48hrs "12hrs 96hrs 120hrs

F04052801(1000 x) 6.6% 30% 50% 66.6%

(2000 x) 0 16.6% 26.6% 36.6%
F04052802(1000 x 0 3.3% 16.6% 23.3%

(2000 x) 0 10% 16.6% 20%
F04052803(1000 x) 100% - - -

(2000 x) 76.6% 83.3% 100%
F04052804(1000 x) 6.6% 6.6% 6.6% 6.6%

(2000 x) 0 0 3.3% 6.6%
F04052805(1000 x) 3.3% 3.3% 13.3% 20%

(2000 x) 0 0 3.3% 6.6%
F04052806(1000 x) 90% 96.6% 100

(2000 x) 86.6% 86.6% 93.3% 100
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SUMMARY

Insecticidal activity of B. thuringiensis isolate KFRI-2 was higher than B.
thuringiensis subsp. kurstaki and aizawai which were commonly used to
control P. xylostella and S. exigua. The KFRI-2 was also toxic to mosquito
and contained crylAa, crylAb, crylC and crylD crystal protein genes which
were known to toxic to forestry pest such as L. dispar. Growth pattern,
sporulation and crystal protein yield of the KFRI-2 were superior to subsp.
kurstaki and aizawai in 74 fermentation using GYS medium. Optimized
medium containing 1% glucose as C-source, 1% yeast as N-source, 0.4%
(NH4)2S04, 0.19%5 KoHPO4 as P-source, 0.1%6 MgSOQO, crucial for sporulation,
0.0025% MnSO4 and 0.0196 CaCly was established. Both sporulation and
crystal protein yield of the KFRI-2 were superior to subsp. kurstaki in this
optimized medium. Various combinations of white carbon, kaoline, (NH4)2SOy,
NK-PX250L, NK-PX100, NKSLS, DA203W and Tixolex25 were selected to
make a primary formulation.

To make formulations of Bt KFRI-2, high cell density culture of Bacillus
thuringinesis KFRI-2 was conducted in modified intermittent fed-batch
culture using pilot scale fermentor 2500L. The maximum cell growth was
reach to OD 120 and convert to endo—spore & endotoxin stably. The spore
yield was 80% based on the maximum viable cell number. Optimal culture
condition temperature, initial pH, inoculum size and the others for the toxin
production were 30C, 7.0, 1.0%v/v, glucose 2%, MgSOs 0.1%, Yeast extract
3%, (NHy2S0, 0.4%, MnSO, 0.007%, CaCly 0.01%, trace sol. 0.lml,
respectively. and then the glucose & yeast was feeding after consume
glucose. After the mass culture of Bt with the industrial media system,
several formulations designated as FO01~F08, were made with various
combinations of adjustment, white carbon, Tween 20, NK-DA203W, NK-SLS,
STPP, ammonium sulfate, insecticidal plant extract, etc. These formulations
showed good physical properties in wetness, suspensibility and particle size.
The stability test of the deterioration of toxin along the long period stock in
various temperature, all products were very stable in room temp. and 40TC.

The efficacy of the formulations was verified against diamondback moth
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larvae(Plutella xylostella) in laboratory and field test. Among the tested
formulations, the best composition of Bacillus thuringinesis KFRI-2 WP was
white carbon based WP formulation containing of 25% of B.t concentrated
liquid, 5% of Tween 20 as surface active agent, 5% of sodium
triployphosphate as stabilizer, 10% of suncap as encapsulation agent, 5% of
sodium lignosulfonate as UV protector, 30% of white carbon as absorbent,
and 20% of ammonium sulfate as carrier. Especially, when compared
commercial B. thuringiensis kurstaki type formulation with BSF-S(F05) &
BSF-D(F06), plant extract added with insecticidal activity, in field condition,
BSF-S(F05) and BSF-D(F06) formulations showed equivalent or superior
effect to commercial B. thuringiensis kurstaki type WP formulation. Above
showed that mortality of BSF-S, BSF-D formulation with insecticidal plant
extract was highly enforced than B.t only formulation by synergistic effect.
The mortality of mixed formulation appeared faster and higher at 2 days after
application than single treatment. These results showed that insecticidal plant
extract to complement the weakness of Bt only formulation, the effect
revealed slowly.

Field test with six formulations (F04052801~F04052806) of Bt KFRI-2
were also conducted against P. xylostella, Cx. pipiens pallens and forest
insect pests. F04052803, F04052804 and F04052805 showed high insecticidal
activity against P. xylostella larvae among 6 formulations of the KFRI-2.
Also, all 6 formulations showed stability under the condition of ultra-violet
and 37C heat shock. In a test with Dendrolimus spectabilis larvae, F04052803
and F04052804 showed 82% insecticidal activity at a concentration of
500ppm. Good insecticidal activity were revealed in six formulations against
Acantholyda parki larvae at a concentration of 333ppm. F04052803 and
F04052804 showed 1009 insecticidal activity against Hyphantria cunea larvae
7 days later after treatment at a concentration of 333ppm, and F04052801,
F04052803, F04052804 and F04052805 gave 100% insecticidal activity against
Cx. pipiens pallens larvae at 100ppm. Larvae of Agelastica coerulea were
very susceptible to F04052803 at 500ppm concentration. Whole formulations
did not show phytotoxicity at 2,000ppm. On the base of these results,
commercialization of Bt KFRI-2 formulations will be conducted after

completion of this project.
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A3A AT A3 R 1F
1. 5L jar R XA wMEETA s AdF

working volume 2LZ W& H GYS wlA] (%) glucose 2, yeast extract
2.5, (NH4)2SO4 0.4, KoHPO4 0.1, MgSO4 0.1, MnSO4 0.007, CaCle 0.01, trace sol.
0.1m¢ o= 3|24 #](batch culture)S F33+ A thgo 1o} o] A
Zo] FHd OD 50 7hA] A sl thfig. 3). 2] kst FA A A%&4 )
FRT= G W SdEES AEste] Aakstar o] E Aol WY
7F2] vk WS A 8313t} glucose & feeding 317] Y3l yeast extract
25% A 4.0%= 584 L& WA E AxsA

My Ho

B0 25 - 30
.}-'I'?--!.-.' 'i.'.l._{. 3} a0 20
T ! i
" - o
£ ap " & L 20 -3
&5 e
g ! Jee—t-t-a s 5
o \ ] z
':.l_ 1 'Sj [: 7] [+ 1]
= i A 13 =
z / g =
i Lo & 5
T | # T
| I =
Poa 5
7y
ﬂ""'} "'\.
. ."-\.
L A S a
0 2 4 & B 10174161820 32 24 26 8 I

Culture Time [Fr]

Fig. 3. Growth pattern and glucose utilization of the Bt KFRI-2 strain on batch
culture in small scale fermentor(5L)

(Open circle ; cell optical density 600nm, closed square ; glucose, gary diamond ; cell dry weight)
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o] AL glucoseZ feeding $F2 & C source®t N source?] H] &S YFol F7]
Hgtoltt. WE = A Yol nAdEE A A glucoseE 10g/L B & E =, 200
30mlell o] 33] Hrbeteo] Axe] awkE wYdS FEd 1 A Axe H
o 4742 OD 80 7}A] o] 2RIt} 2o P& wAie 1z o]F oF 4-5A17F
A3 & F¥ AlFEte] Ba F8A 80%ol e AR HAFE A vHfig. 4 ).

100 25 r 30

r 25

r 20

r 15

Glucose (g/L)
Cell Dry Weight (g/L)

r 10

Cell Growth (OD600nm)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Culture Time (hr)
Fig. 4. Growth pattern and glucose utilization of the Bt KFRI-2 strain on intermittent
fed-batch culture in small scale fermentor (5L)
(Open circle; Cell optical desity 600nm, closed sgaure; glucose, gray diamond; cell dry weight)

F7FA R (fed-batch culture)e S3 ALs=AE WFS fF=et7] fal 9
i [e]

of Wiy frba ez iAot WSS Zolste wgS ALt
a3y gago] nZdE Al FHA feeding mediumE glucose®} yeast extract=

z
125 E ANARE glucoseE 10g/L/hrd] 52 FFstAA
i kA th(fig. 5). @9 batchd Bt KFRI-27} A48l endotoxin 2
endospored] ¢S nLFEE A A FHY. 2 A MEZe] AFES 0D 140
o o2& AAgsitt MEUXFTZFS oF Bg/LE AAEHATH wrebA 7]1E 9]
| DEAZFo] A1 &9 batchd M E AibEFo] A& wjky

[e)
AS MAsE T 28y glucose & H7FsteE &3 AR EHE AIS A @
FA H3hH ke glucose ZF w el gol Al HER ¥ FA A8 FHE
AlZro] AojAal ¥} PAdEo] e o] At
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Fig. 5. Fed batch cultivation by glucose & yeast extract addition.
(Open circle ; cell optical density 600nm, closed square ; glucose, gary
diamond ; cell dry weight)

whebd, AAAQ) sk Qi AFE Avjel 4 xed ¥ FHES
ER R PESIEIE SRACE RIS I DI e T A B RESTEY

2 A AXsAnt. vix] (%)L glucose 2, yeast extract 4, (NHi)2SO4
0.4, KoHPO4 0.1, MgSO4 0.1, MnSO4 0.007, CaCly 0.01, trace sol. 0.1m¢ =712
Z Fig. 49 AdoA glucoseE 10g/LZ 33] feeding 3+ AS &+FS =
20g/L= 33] feeding = ottt AlZ9 Hof 4% OD 100 o)< HEHA
Tl x19] glucose HAHES 4% A Hx 239 feeding 7FHA & glucose 4
271 we] dojupA| Rtk 33] feeding & F& Wl HAH3] doJus Aoz FAMH
At =, HFY glucoseZt viA Eoll ol Qlo] xR AAo ARE s}
%A tH(data not show).

¥ AxE vy ez ujx] Adie 2HS Tl wiR AAE(%)2 glucose 2,
yeast extract 3, (NH4):SO4 04, K:HPO4 0.1, MgSO4 0.1, MnSO,4 0.007, CaCl
0.01, trace sol. 0.1ml ZACZ Brx o] n2H = A A4 glucoseS 20g/L = 3
3] feeding 3t whA|9} 33] feeding Alol] yeast extract & 10g/L =& 79|
feeding st= WS ARESIAT A= fig 59 #F7FH W ¥=E FE9
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Fig. 6. Growth pattern and glucose utilization of the Bt KFRI-2
strain on intermittent batchculture in small scale fermentor(5L)

(Open circle ; cell optical density 600nm, closed square ; glucose, gary
diamond ; cell dry weight)
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2. 300L HE oA 9 Bt-KFRI-2 #F wWlFTAe HA3 AF

9 pH, agitation, aeration 59 W% QA4S weste] vlwF HAsE
o] A3E 7FA 3 300L W& Fo|A 5L jar HEFe] AARE A

& (%) glucose 2, yeast extract 2.5, (NH4)2SO,4 0.4, KoHPO, 0.1, MgSOy
0.1, MnSO4 0.007, CaClo 0.01, trace sol. 0.1ml o=z 3]&2] #j<d(batch
culture) working vol. 100Lel]l H3dle] FH]E L@ Fo)] 2L&%29 OD 5234
A AEE JFetdoh A&ZF0GL) Haxe tE HE 202 wigrid
25 0.20barZ FA sFATE Aeratione DO probed e #AZ %7] 0.16
vvme FA39T o8¢ 28e 300L pilot plant fermentorol A ©& G4
& $l°] Batch culture W2lo =2 wYst Azjolry, 1 A¥} MxE AL
°F 40 ODe°ll ol2A] AAstart AxAxzFTFE F 12g/L7F A4 HAH o A
23 5L wazxel Ao} niszgt 59 Zlo R yERYtHdata not show).

o

il

-

5L jar WEa oA Hde] MEAGS Fr=stes W FE {714 v =19
2] A8 (%) glucose 2, yeast extract 3, (NH4)2SO; 0.4, KoHPO4 0.1, MgSOq4
0.1, MnSO4 0.007, CaCly 0.01, trace sol. 0.1m¢{ =S 2 BE-Ahdo] TadE= A A
o glucoseE 20g/L. & 33] feeding 3FaL 7R 33] feeding *9l yeast extract
= 10g/L & #9°] feeding 3t WHS Al&3le] 23S QA3 tHig. 7). AW
Al 447 OD 120019, XA A At P ES A A ol Foj ATt wid
A2 VMF (vibration membrane filtration)S ©]&3}e] ¥ AE harvestdtd] in
let temp. 113TC, out let temp. 983CE A 38lo] spray drystdct. = A3}
technical powder7} oF 4.65kge]l Ygka EA4E 6.92x100 cfu/gel Fd4E
3.2x10" cell2 vtepRETE
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Fig. 7. Growth pattern and glucose utilization of the Bt KFRI-2
strain on intermittent batch culture in pilot scale

fermentor (300L) (Open circle ; cell optical density 600nm,
closed square ; glucose, gary diamond ; cell dry weight)
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3. 258 $Eaxd A9 Bt KFRI-2&F T AY FAHsAF

2500L scale®l Al working volume 1000L2] w &4 A 3}sl7] 913t pilot
plant scale®] AL 3] YaE AL AL wSFEZAL 13 Fujde 5L
flaskell 2L2] ®iA]E FHEe] 30T, 150rpmoll A 12A]7F vl Fsle] A3 2] A Aol
OD 4.034% A #FZ 23 v FH oz A& 23 Fujde
300L(Korea Fermentor Co., KFC300)°l working vol. 100LZ <=4 ]6}2 aeration
& 05~1vvm, agitation—o— 50~300rpm ZA3sto] HjFd o && AAE 20%
o’ f# 33 = 17 ouﬂ°b+ %ol 30T, pH= NH4O R

7T0% ééﬂowﬂﬂr a§ U5 =2 0.2bar= A ko] 12A17F vl gt 2
2k T & AEY %S OD 827hA AdAstdnt. olef 3ol wikH 24 F
Hdye 5 300L HE A 25000 Haxe "Haeds B35t HES 5%
o Y59 2500 aEx w2 519 300LelAlet #Z2 wijA 27 o2 batch
fermentationS Al =8ttt 1 A AES] AL pilot plant scaleol] A vl &3k
A v AZE Yeld 53 OD 467+ A2 kit olul Dry cell weight
+ 133g/L2 YERSor Glucose?t &2 E o] F 4A1F Ax A 2st vt 164
Zr 7 3ste] sporulationo] AlZHEATE i g 24A13F A Hstol M= Al E o] B3
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hvA
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Fig. 8. Production of Bt toxin in batch culture by using 2,500L fermentor

with six-blade type impeller.
Closed square; glucose, opened circle; Cell OD(600nm), opened diamond;dry cell wight

F A 2500L ¥ %S modified intermittent feeding 2] 2 & feeding S o] ¢
9l batch@d AxE FgaFS Eolazt sttt th5o oA e} o] Al
glucoses initial glucose2} H7FE glucose’} 2=+ A& A feedingS 3}
o} 23]o] ZA zZ+zZF 20g/Le] glucoseE Erdle] H7bele] Ao uwsE A
& Frstdnh 2 A¥ ool a9y o] wE 16A1%F Basto] Az 4%
o] 5L¢} pilot plant scale <=9 o2+ F 1 OD 839 71# o]Z% t}. oluf dry
cell weight® 21.58g/Lol olZ2 &t} &Aool AXE wjg 16A1%F F} o] F o

Fe At aLE

6.5~7A17F 743} o sporulation®] *] % T s fel A= feeding
mediumS Al%5% 02 feedingdte] ©%] batchd ¥A+ 8 &S o slsjoF st}
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Fig. 9. Growth pattern and glucose utilization of the Bt KFRI-2 strain on
intermittent fed-batch culture in 2,500L fermentor.
Open circle; cell optical density(600nm), Closed sqaure; glucose, Gray diamond; cell dry weight
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iAo & 519 300Lel A Hojo] Mx dEs Z7118 2500Le A1 A
Akt mA e Mg F oA HI U8 glucoses 20g/L ® 3W
feeding sta2 Al WA glucose feeding ]Oﬂ‘—c‘ yeast extract 10g/L = #Zo] X7}
sto] wiA| o wAH dAde H&EE wFol ARxY Ho A4S Feskth
1 A NEY AFAFE pilot plant scale A ¢ v=3 wg A¥E JEY F
3 OD 120 7+A] A&k o Fig. 10). glucose7]' ekAs] A2z O]?‘ 5A17F 74 7}
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1/10 vol.o.& F5ste] AlAle dagt Hageion ARt
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Fig. 10. Growth pattern and glucose utilization of the Bt KFRI-2 strain on intermittent
fed-batch culture in small scale fermentor
(Open circle; Cell optical desity 600nm, closed sqaure; glucose, gray diamond; cell dry weight)

E

olde] AxnsE T HW wWIEHE F7F ol (modified  intermittent
fed-batch)= AH&stod AE g9 FHof E&4 WS EAS3AT 25000 A
working volume 1500L, =% 30C. pH 7.0(control with NH4OH), ®#} A Ad¥(%)
glucose 2, yeast extract 3, (NH4)>SO; 0.4, Ko.HPO, 0.1, MgSO,; 0.1, MnSO4
0.007, CaCl> 0.01, trace sol. 0.1lm¢ ZH o =2 wjdS A F sl BtAao] 4T =
A A glucoseE 20g/L 2 33] feeding 3t wFA| = 33] feeding Al yeast
extract & 10g/L & #Zo] feeding 3ol @9 WAY oo AxAH#y 2 3
A =it Has dAdsts Tl A ds8 T g £ v
+ yeast extract & WA A GFATH o ] WA AE A
A zx3to] yeast extract ©]/de AFYA 7HAE AW dE5E FA KX rHdata
not show). WebA], ool e o] & WH&EXC scale up?t 7MY £ &8
S 2= Flo] w4 @ Ao g dddr

d
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(A) B)
Fig. 11. (A) Parasporal(C) and (S) of B. thuringiensis KFRI-2 observed by
phase contrast microscophy. (B) Parasporal inclusions (C) of spores(S)
B. thuringiensis KFRI-2 observed by scanning electron microscophy.
White bar indicates 1.0um
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(R49) B. thuringiensis KFRI-2 @59 = wWjY¥ F 3 =74

1. ¥ B. thuringiensis KFRI-2

2. Seed & Inoculation
@ Temp. : 30C
@ Agitation : 140rpm
® Seed age : for 12hr
@ Seed Medium : Nutrient broth
® Seed vol. : 10 %

3. Main Fermentation(300L, 2500L)
1) ¥l #]: modified GYS (%)

GIUCOSE. .o, 2
Yeast Extract................. 3
KoHPO4.ooeveee 0.1
(NH)2SO4.covveeerene, 0.4
MESO4.vvieiiriiiiiieiaens 0.1
MnSOy - 4H-0............... 0.007
CaClu.iieceieeeeee, 0.01

2) Fermentation condition
@ Temp.: 30T
@ pH : 7.0 control with NH,OH
@ Agitation : 100 ~ 800 (DO 20% °]dfA])
@ Aeration : 1 ~ 0.5 vvm

(® Fermentation mod : modified intermittent fed—batch fermentation

3) operating condition
D Nutrient broth 2 12hr culture ¢ W E GYS ®wlA = wHEo] % 300L
kg Zo seed.
@ 300L w&azxolA working volume 100L=Z 12A]3F 8 % working
vol. 1,500L ¢ 2500l H&ax= "3 @<¢S =3 transfer.
@ 2& AlZ T modified intermittent fed-batch #2182 €3} initial

glucose L ZE+E Al A glucose 20g/L conc.® 33] feeding. 33] feeding A|°l
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yeast extract 10g/L & 79| feeding.
® T2 oF 48hr A3k 90% 0] /o] EX}

7} dojuytr] A Aol harvestE ¥3F3F down stream HA &

5 % cell lysis

1),

ot

O r_)i

X
R
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4, AX A 2 524 W& toxin §F L A4=5E ¥u
7h AXF S W W E toxin 3 WX

Kansai W22 VMF W29 ztolE vlwst7] 98l kansai W2 .2 300L 8]
AA (0.3T), 25 ton ¥WF LA 25T)E F=3kal, VMF %2 2= 25 ton M
A4 Q5T-VMF)E %=3at9th 374 Wl giat WAaEAe] £& 30x10°
cfu/ml &2 ZAg o5 7474 1 g4 S/ 10 me A8k (100 mg/me). 7+
AA o] s A HE 1/53 1/25% A8t ol# Al A& 3/ FET 34 50 w
o} 5 x @A sample buffer 50 wS 4o AAE3AL. o]F 20 wE 12%
SDS-polyacrylamide gelell #7153t A ekdeh (Fig. 10). Bt KFRI-2 &
Fol oAl oF 130 kDa9] Cryldl sid=& WEAGH Ay gEo ¢ 65 kDa
of jFE= Cry2 type® @i Aol oy H7|FErtel FlatA YetuAl &

A3 0.2 mg 0.04 mgol A= EA o] Zhestdth €Al 0.2 mgWo] WsaAdad
22 25T7F 71 ©2ska ggo2 03T 25T-VMEFG L UA 0.04 mgoll A
7R 2 25T7F 7F Bka g0 2 03T9 25T-VMFEI Y (Table. 1).
FEgoA HEAHoR 03T 1 g 9 54 mg, 25T-VMFE 5.1 mgelx 25T
6.5 mgoll | Fst= W=midwldo]l EAsEAT o]4e] A AN W=A
WA gL 25T, 03T, 25T-VMF =22 #A vewrh o] 212 membrane %
o] VMF& harvestdti= A2 endotoxino] 4o ANtteE AL =4 4
o} o]Z¥ o7 VMF W49 filter pore sizee= 04umZE endotoxin®] size H.Th
o} toxin ©] WhAU7FA] FstA Rk 7] A Al EAl®= Q1% loss Q1 A 2 epA| vk
Al o

6 T
g o R Aol A Be wEHo] ragt

oo 4t 1 Lo
o,

Y 30,

il

e

Kansai centrifuge % 2 5

A ool AAEE A e VME¥A o] o] &34 Zlo|t}.
o o 1

o H
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Fig. 12. SDS-PAGE analysis of Bt KFRI-2 endotoxin proteins.
Lanes: M, Perfect Protein Marker; 1, 0.3T; 2, 2.5T-VMF; 3, 2.5T.

Table 1. Comparison of insecticidal crystal proteins concentration among products.

Mass fo Products Con. crystal proteins measured value (ug)

0.3T 0.91

1 mg 25T-VMF 0.47

25T 0.28

03T 1.00

0.2 mg 2.5T-VMF 0.92
25T 1.20

0.3T 0.23

0.04 mg 25T-VMF 0.22
25T 0.28
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U 23z 9 444 wE Bt KFRI-2 9419 &84 243

Bt KFRI-2 2= pilot plant scale$! 300L¢} 2500L & Fol|A ujoks)o]
VMF W40 & harvest 3 5594 WAZA 40x10° cfu/g® zdsto] mAE
LAE 20,0008, 40,0008, 80,0008 = 3] At wlF=FU(Plutella xylostella
Loel g &% 45 Abste] Bt 300L¢F 2500L & o] Apol= 22434
3} endotoxin FA-2> E Aol7F gIth oiuk A harvestA] 300L+= Kansai
centrifuge W& AFE3Fa 2500 VMFEHW2A1S A&38}e] harvestdt it 1
U 9]¢l SDS-polyacrylamide gel& ©]&3t d7]9g& FA4o] ¢t A¥= 300L
o} 2500Lel A 9] toxin®e] ztol= ol FE ofYnh Py HAHoe=R

300Ll Al AJ4ksk A<} 2500L A AJakst Ao st A4FEAH S A Ay}
300Lol A =5 £ A5 YerHth glucose 7F €8] azdd & WAEARE
AZA] endotoxin®] #o] WEO X = Bt KFRI-29 EA44 2& batch @ &8

o] zpolo A 7]elEts FAlQ Aoz FekwT)

Table 2. Insecticidal activity of Bt KFRI-2 endotoxin about 3rd Plutella
xylostella L. on fermentation scale(pilot plant; 300L & 2500L).

Dilution No. of dead insect/No. of total insect
Fermentor Mortality (%)
rate 1 repeat 2 repeat 3 repeat

300L 20,000 8/10 7/10 5/10 66.7
300L 40,000 7/10 6/10 7/10 66.7
300L 30,000 4/10 7/10 6/10 56.7
2500L 20,000 4/10 3/10 8/10 50.0
2500L 40,000 2/10 6/10 5/10 43.3
2500L 80,000 2/10 1/10 4/10 23.3
Control - 0/10 0/10 0/10 -

el 7 AF A= 300LeF 2500L HEvF AR A Ax S st

E&HoR ¥AE HAFHHA toxin & YA YUFS HolFTh
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5. Bt KFRI-2 9419 A3 AALL AE
7h 2= o] =08 F3 YA A4AF W

Hot spray dry Z7Ae°l|A Bt KFRI-29] spore®} toxin < ol o=
atvh HA 9l spray dry 2313 @45 FAANE 7 de 5
izl v B9 polymers oz HAE 3 Ay} 1jr%fﬂ %
H7F Ugkeh, 227 588 80TolA 1083 dA st AxE AbE
e AR MHE ALESte] FAsEA T hot spray dry d b A
o] gl WAEAS = 1.80x10° ctu/mlol Atk zHzhe] A& levane
3 10% 89 100mlS A Fskar of7]o cell #igY 10mlE
(homogenization)A| 1 ¥ hot spray dry#38<S 43339tk control2 cell ®
A 100mls 5 Az

o ol

AL A e R
<o g

>~
o Wb o gt oo Y X o

o > >
2

f lOI'

o

oy

2
= Al
o2 N to

Table 3. Stability and efficiency of Bt KFRI-2 on various sugar at spray dry

Concentration fu/ weight after Recovery
C.I.u
/brix & SD(g) rate(%)
Control -/5 2.0x10" 1.25 -
Sucrose 10/11 4.8x10° 476 476
Trehalose 10/11 4.4x10° 4.83 48.3
Lactose 10/11 3.0x10’ 3.57 35.7
Levan sol. 3/11 45x10° 0.62 10.3
Suncap 10/11 3.6x10’ 5.37 53.7
CaCl, 10/11 3.3x10’ 1.62 16.2
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Ao dAGg] HPAS @Qﬁ}cﬂ 2xgo] =eto] HAFE AX= Ao
EAE 9% FA 249 FAE 7Id & 7 Ak ol Ad Ay M =
E49Q1 AL "sun—cap”" o2 AEEW o] AL LI =o xS wl pH 49 A
< Yel= 2 Bt KFRI-27F A4S toxin ©] protease 9] FFOoZHE o=
AL RIS = s Aoz Fddr) “sun-cap’& WA dECRE 7|SAEH
5 3X7H(encapsulation)dte] FBIA7]= wHo] e, Waeol HA &)
Ha Hrert vrol aEke] g AxTt Jhsste] By 8ol AEe BA4S %
F1 9dth. wEbA, hot spray dry FARo BHEA 2 HIAR dg AlgEHE
sucrose 9} o]7]o suncapg T3t AlgstH FHAHo EF 2 oAHIE
71t & s AoR ddEn

U, F&& T dAY A3 B

X% technical powder®] 34 % Fao] ALEHE SHEA, T2 B4 F
ZA 7} ol g Hn FE WEVUE FXE Clay, tale, CaCO3, ¥4 So] F&
AHEEITE o] FEES Ao 7 5A Wil FHAE Wol AMEE U W

2]
[e]
ARl F2 T2 "olA AHE T 7t flth &eX powder el

& A HxHd
P 2 529S ey A9 2 3% 9l “white carbon”S AME-3)
ol wE S 1R FAse] dAE AAA T THE AHEEAT

S =
Aol Agtst AAYHE ‘%”]4 st th. 2500l WEF)A  working volume
1000L= wj &3k VMF W4 o2 1/10 volumel. 2 F53 F WA dE
"SUNCAP" 10%= spray dry T A B ' WAEA] F=
54x10" cfu/g A Wel 9 wEojx FFH dode] WMAHNER
suncap 10%= 2 3} (homogenization) A7l ¥ "White carbon”ol] 1:1%&
FAAIZL LA AE WAEAS] = 74x10" cfu/gol ATt

10
o
==

i o, yo M«
e
P ooon £

re

I o
i
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Table 4. Formulation recipes of Bt KFRI-2 using various carrier and additives

Compartments FO1 | FO2 | FO3 | FO4 | FO5 | FO6 | FO7 | FO8
@ spray dry <A 10 10
(® white carbon &2 ¥A| 50 50 | 50 | 50
(© suncap 10 10 | 10
(@ white carbonel 1:1%
_ . 10 10 10
S 2%E TWEEN20
(& NK-DA203W 7
® NK-SLS 5 5 5 5
® STPP
© . . 5 5 5 5
(sodium tripolyphosphate)
O FIdEF 90 69 50 20 80 | 80
hit bonol 1112 &
@\Tilecaron] g %0 %
2Ad dFEUFFEE
hit bonol 1112 &
(D white carbon®l g 20 20
;d—_t.,] *IAinﬁ
Total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
F013} F02+ spray dry 9AIE X&3 Aol FO3 ~ FO7HAI= S2YLAE
E3F AQdd JAEAS] e AL 22 Fror ZHEAT
on] A3 B3 I A5E vMEoR JMF &0l £ HUMAl 2 FIAE
Aaste] AAE HEAT S AAA 7o dujE = kAl vl A

3 @Ege 2 olA A gkskeh
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. AAsE 294 vn

SEA R oY 7HA FAAE H7bstke] AAstE AR 34 AEA

284de 2ASY] flste] A, A, BEEE AEs

Table 5. Physical properties of formulations tested

Formulation code wettability suspensibility particle size
FO1 +4+++ +4+++ passed
FO2 ++++ ++++ passed
FO3 ++++ ++++ passed
FO4 +++ +++ passed
F05 +++ +++ passed
F06 +t+ +t++ passed

++++ ; excellent +++ ; moderate ++ ; acepptable + ; unacepptable
The particle size was determined by sieve test(325mesh).

A A std A 52 ’“ﬁ}ﬂo e BE % And
o] 23E A A et o] A %‘fi%‘_‘iﬁo o dds & =
< YWERR 7] ool

JA -2 FO01, FO29 #®]&] FO3 - FO6°] Ho]Zt}, o] AL white carbon®]
AT E=A Wol AR&E AA S A9 white carbono] o} &2 Zepekol el
digolt) dH, BUEE 25 °c}§‘& A= Jeb

rle oot

6. AAZFE A7 7|3t WE Bt#Y % W3,

AAstE ARl A AL e aYelA B niel o] A3 40T
AFzANA 857 ¢t o, 125 A3 F I LUt Fose ARES
et AT #Fs=rb 100 cfu/geldS A8t Joeng AAsd g ZFE}

S A G A g Aew Agdng. wakd, 7B AAE 53 55

= A3 LAV ¢S Aoz HAuHE
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Fig. 13. Change in number of viable cells during storage under room temp.

11

o 10.8

§ 10.6

5104 |

2102 |

5 10}

s 981 ——F02

5 967 —=— F04

e g:;‘ i —a FO5
o —m F06

0 4 8 12
weeks

Fig. 14. Change in number of viable cells during storage under 40C.
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7. Bt KFRI-2 9 A9} A|Ag Fo 534 4

7h AAE ZFEF Ha

ol AW (leaf dipping method)ol|l wat A AstE Al5E 40,0008, 80,000
vl 160,000 2 3]s & wjFd S Fi3] JAAA I SAANA dAxzT v,
AERS &7 9ol wiE=H U (Plutella xylostella 1) 3% %< AHe+3
107218 HEsho] 24A17E 48A17E &<t Al E AT 2t v SREE

o2 49e #4349

Table 6. Insecticidal activity of several Bt KFRI-2 formulations against

3rd Plutella xylostella 1.. on cabbage in a laboratory condition

24hrs 48hrs
Dilution Mean Density Morta)lity(% Mean Density Morta)lity(%
40,000 5.8£1.48 58 7.6x0.55 76
FO1 80,000 4.4+1.52 44 6.8£1.30 68
160,000 3.841.92 3 5.8£1.30 58
40,000 6.0+2.74 60 72217 72
FO02 80,000 54+1.14 54 6.6+1.67 66
160,000 3.2%1.10 32 5.2+2.28 52
40,000 6.0+1.00 60 7.4+0.89 74
FO3 30,000 4.2+2.59 42 6.4£1.14 64
160,000 3.4%2.61 34 5.2+£3.03 52
40,000 6.6+1.52 66 8.0+£0.00 30
F04 30,000 4.0£2.00 40 6.8£1.79 68
160,000 3.2+1.30 32 5.2%1.79 52
40,000 7.2+0.84 72 9.4+0.89 94
FO05 80,000 54+1.52 54 8.4%0.55 34
160,000 5.0+2.24 50 6.4+1.82 64
40,000 6.0£1.14 66 9.0£1.41 90
FO06 30,000 5.0+2.00 50 8.0+1.22 80
160,000 3.8£2.39 38 5.6£2.51 56
40,000 1.4+1.14 14 2.0+0.71 20
FO7 30,000 1.0+0.71 10 1.0+0.71 10
160,000 0.6+0.89 6 0.6+0.89 6
40,000 1.0+0.71 10 1.8+1.30 18
FO8 30,000 0.6+£0.55 6 0.8+0.45 8
160,000 0.0+0.00 0 0.0+0.00 0
Control - 0.0£0.00 0 0.0£0.00 0
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Fig. 16. Insecticidal activity of several Bt KFRI-2 formulations against 3rd
Plutella xylostella on cabbage in a laboratory condition after 48hr treatment.
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Table 7. Change of insecticidal activity during storage under room temp. & 40T

Formula after 4 weeks after 8 weeks after 12 weeks
. Dilutions| Mean |Mortality| Mean |Mortality| Mean |Mortality
tion Density (%) Density (%) Density (%)

40,000 | 7.4+2.07 74 7.2+2.39 72 7.242.95 72
FO2R 80,000 | 6.8£1.30 68 6.0£1.58 60 6.4+2.61 64
160,000 | 5.6+1.67 56 5.8+1.48 58 5.2+1.92 52
40,000 | 8.0+0.71 30 7.8+1.48 78 7.0+2.45 70
FO2F 80,000 | 7.2£0.84 72 5.6+251 56 6.2+3.03 62
160,000 | 5.2£2.77 52 5.4+2.79 54 4.6+3.05 46
40,000 | 9.0+0.71 90 8.6%£1.95 36 10.0£0.00 100
FO4R 80,000 | 8.6£0.55 36 7.4+2.07 74 9.8+0.45 98
160,000 | 6.6£1.14 66 6.0£2.35 60 8.4+1.14 34
40,000 | 8.8+1.30 38 8.8+2.68 38 9.4+1.34 94
FO4F 80,000 | 7.8+0.84 78 7.8+2.28 78 8.8+1.10 38
160,000 | 6.0+1.58 60 5.6+4.34 56 6.8+1.64 68
40,000 | 7.2+1.79 72 7.0+2.24 70 724217 72
FO5R 80,000 | 6.4%1.82 64 6.0£3.16 60 6.4+1.14 64
160,000 | 5.4+1.82 54 5.812.28 58 5.0£2.24 50
40,000 | 8.4+1.14 34 9.6+0.89 96 8.0+1.22 30
FOSF 80,000 | 6.2£1.92 62 6.6+3.13 66 6.6£3.13 66
160,000 | 6.0+1.00 60 5.8+£3.19 58 5.0£2.55 50
40,000 | 8.8+0.45 38 10.0£0.00 100 9.6+0.55 96
FO6R 80,000 | 7.6+0.55 76 10.0£0.00 100 8.8+0.84 38
160,000 | 6.0+1.58 60 7.8+1.10 78 7.2+2.39 72
40,000 | 9.0+1.00 90 8.8+2.68 38 9.4+1.34 94
FO6F 80,000 | 7.4+1.52 74 8.6+1.34 36 8.6+1.34 36
160,000 | 6.0+1.22 60 6.6+3.13 66 7.0+1.87 70
Control - 0.0£0.00 0 0.0£0.00 0 0.2+0.45 2
* R ; room temperature F; 40C.
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Fig. 17. Change of insecticidal activity about formulation No. FO02 during

storage under room temp. & 40T
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Fig. 18. Change of insecticidal activity about formulation No. F04 during
storage under room temp. & 40T
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Fig. 19. Change of insecticidal activity about formulation No. FO05 during
storage under room temp. & 40T
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Fig. 20. Change of insecticidal activity about formulation No. F06 during
storage under room temp. & 40T

oo Ay A2 40C 2% g 27 EFA 73tn 34 maE=
oFte] A AolE HolAW {ojdd Hro F4 fa A4S YEUA @e
Aoz Yelyth o] A2 white carbonol &2t toxin®| 7]EA| Aol & <A
Aoz By ¥ f§A4 2 F Jds BAFErh 40T 29 gt oA 125 <t
AFaA AFAAE HERNen o] ANFANE & w AFoR FF A A3
A7 98 Aew dAdd
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o AAE ofe] 4F A% HF

712 A A formulation No. FO4 ¢} &3 AsA7F H7FE F05¢ FO6o toff 8l
A Zol| Bm] =9l Bt subsp. kurstaki type formulation®} Hlul &4 AHS 43
stk ZF AlEe thE 3 o] A AEFEoE P skt
Formulation No. F04 ; BSF-Z, No. F05 ; BSF-S, No. F06 ; BSF-D, A%l
Fuf 2 Bt subsp. kurstaki type formulation ; A

AL A7E AF

A3 5 o Wl FEFU(Plutella xylostella)

Alg s uF

AT oA 2w Gy 3ukE A 0mt 2894 150m”
AP AP 2 A 2. 7Y & 9 1570 " ST AL

Table. 8 Insecticidal activity of formulation against P. xylostella L.
in a field condition.

Formula - 3 DAT
Dilution | Density of Control
tion I il I Mean
pretreatment value
BSF-Z | 1,000 44.3 34.5 50.0 69.2 51.2 504 b
BSF-S | 1,000 44.3 31.4 28.3 38.9 32.8 68.2 a
BSF-D | 1,000 49.7 27.3 22.4 41.7 30.5 705 a
A 1,000 57.0 50.9 44.4 56.6 50.7 509 b
UuTC - 45.3 102.2 98.0 1095 | 103.2 -c
«C.V 120
Formula - 7 DAT
Dilution | Density of Control
tion I I I Mean
pretreatment value
BSF-Z | 1,000 44.3 8.6 22.2 25.6 18.8 832 b
BSF-S | 1,000 44.3 3.9 10.9 11.1 8.6 923 a
BSF-D | 1,000 49.7 3.6 3.4 11.1 6.1 946 a
A 1,000 57.0 20.0 12.7 20.8 17.8 84.1 b
uTC - 45.3 1156 102.0 119.0 | 112.2 -C
O 174

A W& 0 FAAGA 7 Ao HdHEA55F/79)
CV : WolAF

a* @ Duncan test <0.05%

A ; Bt subsp. kurstaki type formulation.
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Fig. 21. Insecticidal activity of formulation against P. xylostella in a field condition.
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a. BSF-D A&+ b. BSF-Z A&+
Fig. 22. Compare of insecticidal activity between BSF-D & BSF-Z formulation.

ol oAt o] BSF-DA et BSF-ZA gl 7= WAZFE oF 80%°]4 o]
ARk &84 Aol &3] 5oyt on BSF-ZA g ol ] S o & 3o
2 g2 HAY ol £xAY Tt TR E AEY JfE A FAaA
7= Aew A
R N B e
AP ¢ EstE U (Palpita indica S)

Al A= 1 Q0]
AT A 2 oA Gy 3k, PEW A 10m* FAeWA 150m’
AP A 2 A 279 % 7 1670 dig AFF A4
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Table 9. Insecticidal activity of formulation against Palpita indica S in a field condition

Formula - 3 DAT
Dilution |Density of Control
tion I il I Mean
pretreatment value
BSF-Z 1,000 51.0 415 60.5 62.2 54.7 389 b
BSF-S 1,000 52.7 23.2 23.7 37.2 28.1 68.7 a
BSF-D 1,000 57.0 18.0 23.9 34.9 25.6 714 a
A 1,000 58.3 60.0 49.2 56.1 55.1 385 b
uTC - 51.7 82.7 81.8 104.2 | 89.6 -c
g _ 7 DAT
AEEAL AT e taE [ 20® | 3u® [ 97 A0
BSF-Z 1,000 51.0 10.8 209 26.7 195 81.0 b
BSF-S 1,000 52.7 3.6 10.2 9.3 7.7 925 a
BSF-D 1,000 57.0 3.3 3.0 11.6 6.0 94.2 a
A 1,000 58.3 20.0 12.7 19.3 17.3 83.0 b
uTC - 51.7 103.8 94.5 108.3 | 102.2 -cC

# CVommmmmm e 15.7

AZd & FAAYA 4 AT HaEE(15F/T9)
C.V : WolAF

a* : Duncan® tWZ374 0.05%

A : Bt subsp. kurstaki type formulation.
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Fig. 23. Insecticidal activity of formulation against Palpita indica S in a field condition.
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Table 10. Insecticidal activity of formulation against Artogeia rapae L in a field condition.

Formula - 3 DAT
Dilution |Density of Control
tion I I m Mean
pretreatment value
BSF-Z 1,000 39.3 34.8 42.4 53.8 43.7 588 b
BSF-S 1,000 42.0 31.8 28.3 47.2 35.8 66.3 a
BSF-D 1,000 44.0 34.9 28.3 38.9 34.0 67.9 a
A 1,000 53.7 46.0 46.7 49.0 47.2 55.5 ¢
UuTC - 49.3 102.0 | 107.7 | 1085 | 106.1 -d
Formula . 7 DAT
Dilution |Density of Control
tion I I m Mean
pretreatment value
BSF-Z 1,000 39.3 10.9 21.2 25.6 19.2 82.3 b
BSF-S 1,000 42.0 45 13.0 8.3 8.6 92.1 a
BSF-D 1,000 44.0 4.7 3.8 139 7.4 93.2 a
A 1,000 53.7 18.0 20.0 19.6 19.2 824 b
uTC - 49.3 106.1 1058 | 1149 | 1089 -c
% CVmmmmm oo 12,0

A A& fAAYA 74 Ao FaEE=15F/79)
CV : WolAF

a* : Duncan test <0.05%

A ; Bt subsp. kurstaki type formulation.
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Fig. 24. Insecticidal activity of formulation against Artogeia rapae L in a field condition.
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a. BSF-D b. BSF-S

c. BSF-Z

Fig. 25. Comparison of insecticidal activity among formulations.
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Table 11. Formulation of wettable powders with Bt KFRI-2 strain

Formulations Component

Btk @& 1/10 vol. 559 25 %
suncap 10 9%
white carbon 25 %
White carbonell 1:1%

coating tape &2¥ TWEEN 20 10 %
sodium tripolyphosphate 5%
NK-SLS 5%
Zpakol 2 20 %
AREELds Y suncap Wl #AHE M7
Btk @& 1/10 vol. 559 25 %
suncap 10 9%
white carbon 35 %
White carbonell 1:1%

confused tape € TWEEN 20 10 %
dIisuy FE5E 10 %
sodium tripolyphosphate 5%
NK-SLS 5%
FAS T FERO A7)
Btk @& 1/10 vol. 559 30 %
white carbon 36 %
AZw FE2= 10 %
sodium tripolyphosphate 7%
NK-SLS 7 %

floating tape Ca*ste(fate _ 10 %
Btk &3 1/10 vol. 5594 30 %
white carbon 35 %
Asw F2E0© 10 %
A = 10 %
O oil 5 %
Ca-stearate 10 %
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AEkEl Btk KSK-117379] dl@el e 24 =« =43 ajdAAE gdsia
AA A o) +H3FA endospore ¥ endotoxing A A3 Al7]E HHES gAEY

oo HAe] v 23S &6yl 9l SL jar TR FAAM FUEA g
(fed-batch culture)= W&t Hojol Az S = F Uk o] 23
£ 300L ¢} 2500Lell A A A o= Fate] 2500Lel A A OD 120 7+A 437
gom 80%eld A AR AT HA Y widxde u53 2o
g &% 30T, pHe SEYolsE of&sto] 7002 fA oY, A =42
glucose 226, MgSQO4 0.19%, Yeast extract 3%, (NH4):SO4 0.4%, MnSO4 0.007%,
CaCl: 0.01%, trace sol. 0.1lmlE 7]1& WX = 3d}o] glucose’} LZAFH = A4
20g/L @912 33 H7bstel FATh whA Al WA feeding ol Al=  yeast
extract 5 10g/L & zro] H7bste] FHujel AL g3 24 94 A2 =

o] Mgdds oy 7 FIA EBYoR AxsAnt. FEAe] =HAdE
szl flsl o2l 7HA HIRAIZE o] & Ao, wiFE el i AlAE
4 Aldstdn oleld AAES FIA, dFAd 2 FER(PA 27l
Al FE =Y4S Uehdlen, viFE S o R st AFY AFddA 7
Z oFA|(commercial B. thuringiensis kurstaki type formulation)ol B]&l 27}
2 ol AsEEs R 45 v AeA dFEo] ki & 4
EES HUHS AAdAAE A A5 2HE JERUT ol AFdAN=E
AAH oo atdste] A AAE wa JdAE FFI Fo white
carbong A o2 s} 43}A|(white carbon based WP)% ==
25% Bt % Y encapsulation &&9] 10% suncap 2 %<9 F @3} A7l
t}& 259 white carbon ©] &FZA]7]3 white carbonol] 1112 &F&3F Tween20
(ARGAAA) 10%E A7Fslar od7]o] 5% sodium triployphosphate(¢t4 34A)),
5% sodium lignosulfonate(UV 2}€+A]), 20% ammonium sulfate(ZF#A)S Z2A
stk A v FS el gk dFE A A Fuf FA 7] A H]
af FHHoA gt o 53], oo AFHo] vka 4 HEFE
A7kgE A A (BSF-S, BSF-D)¢] 4% 43 Zsads detddn. &, A&

[<}
E ERoE v F4E YEAT Bt o 84 22 AUA ZHE e
T AR RASAY. ol ofE o] nte Bt vFe] dAHS Hed &
F 0 ez vdE

- 153 -



A5 A FuEd

1. Adams, L. F., S. Mathewes, P. O’Hara, A. Petersen, and H. 1994
Elucidation of the mechanism of CryIlIIA overproduction in a mutagenized

strain of Bacillus thuringiensis var. tenebrionis. Mol. Microbiol. 14:381-389.

2. Adams,L. F., J. E. Visick, and H. R. Whiteley. 1989. A 20-kilodalton protein
is required for efficient production of the Bacillus thuringiensis subsp.
israelensis  27-kilodalton crystal protein in FEscherichia coli. J. Bacteriol.
171:521-530.

3. Adang, M. J.,, M. ]J. Staver, T. A. Rocheleau, J. Leighton, R. F. Barker, and
D. V. Thompson. 1985. Characterized full-length and truncated plasmid clones
of the crystal protein of Bacillus thuringiensis subsp. kurstaki HD-73 and
their toxicity to Manduca sexta. Gene 36:289-300.

4. Asano, S. I, Y. Nukumizu, H. Bando, T. lizuka, and T. Yamamoto. 1997.
Cloning of novel enterotoxin genes from Bacillus cereus and Bacillus
thuringiensis. Appl. Environ. Microbiol. 63:1054-1057.

5. Barloy, F., A., L. Nicolas, and M.-M. Lecadet. 1996. Cloning and expression
of the first anaerobic toxin gene from Clostridium bifermentans subsp.
malaysia, encoding a new mosquitocidal protein with homologies to Bacillus
thuringiensis delta-endotoxins. J. Bacteriol. 178:3099-3105.

6. Bishop, A. H. 1994. Unpublished observation.

7. Bosse M., L. Masson, and R. Brousseau. 1990. Nucleotide sequence of a
novel crystal protein gene isolated from Bacillus thuringiensis subspecies
kenyae. Nucleic Acids Res. 18:7443.

8. Bradley, D., M. A. Harkey, M.-K. Kim, D. Biever, and L. S. Bauer. 1995.

The insecticidal CryIB protein of Bacillus thuringiensis ssp. thuringiensis has

dual specificity to coleopteran and lepidopteran larvae. J. Invertebr. Pathol.

- 154 -



65:162-173.

9. Bravo, A. 1997. Phylogenetic relationships of Bacillus thuringiensis
d-endotoxin family proteins and their functional domains. J. Bacteriol.
179:2793-2801.

10. Brizzard, B. L., and H. R. Whiteley. 1988. Nucleotide sequence of an
additional crystal protein gene cloned from Bacillus thuringiensis subsp.
thuringiensis. Nucleic Acids Res. 16:2723-2724.

11. Brown, K. L., and H. R. Whiteley. 1992. Molecular characterization of two
novel crystal protein genes from Bacillus thuringiensis subsp. thompsoni. ].
Bacteriol. 174:549-557.

12. Chak, K. F. 1996. Unpublished observation.

13. Chak, K. F., and J. C. Chen. 1993. Complete nucleotide sequence and
identification of a putative promoter region for the expression in Escherichia
coli of the cryIA(b) gene from Bacillus thuringiensis var. aizawai HD133.
Proc. Natl. Sci. Counc. Repub. China 17:7-14.

14. Chambers, J. A., A. Jelen, M. P. Gilbert, C. S. Jany, T. B. Johnson, and
C. Gawron-Burke. 1991. Isolation and characterization of a novel insecticidal

crystal protein gene from Bacillus thuringiensis subsp. aizawai. J. Bacteriol.
173:3966-3976.

15. Cheong, H., and S. S. Gill. 1997. Cloning and characterization of a
cytolytic and mosquitocidal @i-endotoxin from Bacillus thuringiensis subsp.
jegathesan. Appl. Environ. Microbiol. 63:3254-3260.

16. Chungjatupornchai, W., H. , J. Seurinck, C. Angsuthanasombat, and M.
Vaeck. 1988. Common features of Bacillus thuringiensis toxins specific for

Diptera and Lepidoptera. Eur. J. Biochem. 173:9-16.

17. Dankocsik, C., W. P. Donovan, and C. S. Jany. 1990. Activation of a

- 155 -



cryptic crystal protein gene of Bacillus thuringiensis subspecies kurstaki by
gene fusion and determination of the crystal protein insecticidal specificity.
Mol. Microbiol. 4:2087-2094.

18. Dardenne, F., J. Seurinck, B. Lambert, and M. Peferoen. 1990. Nucleotide
sequence and deduced amino acid sequence of a crylA(c) gene variant from
Bacillus thuringiensis. Nucleic Acids Res. 18:5546.

19. Deleluse, A., M.-L. Rosso, and A. Ragni. 1995. Cloning and expression of
a novel toxin gene from Bacillus thuringiensis subsp. jegathesan encoding a
highly mosquitocidal protein. Appl. Environ. Microbiol. 61:4230-4235.

20. Donovan, W. P., C. C. Dankocsik, M. P. Gilbert, W. C. Gawron-Burke, R.
R.Groat, and B. C. Carlton. 1988. Amino acid sequence and entomocidal
activity of the P2 crystal protein. An insect toxin from Bacillus thuringiensis
var. kurstaki. J. Biol. Chem. 263:561-567. (Author’s correction, 263:4740.

21. Donovan, W. P., C. Dankocsik, and M. P. Gilbert. 1988. Molecular
characterization

of a gene encoding a 72-kilodalton mosquito-toxic crystal protein from

Bacillus thuringiensis subsp. israelensis. ]J. Bacteriol. 170:4732-4738.

22. Donovan, W. P., J. M. Gonza®ez, Jr., M. P. Gilbert, and C. Dankocsik.
1988. Isolation and characterization of EG2158, a new strain of Bacillus
thuringiensis toxic to coleopteran larvae, and nucleotide sequence of the toxin
gene. Mol. Gen. Genet. 214:365-372.

23. Donovan, W. P., M. J. Rupar, and A. C. Slaney. January 1995. U.S. patent
5,378,625.

24. Donovan, W. P, M. J. Rupar, A. C. Slaney, T. Malvar, M. C.
Gawron-Burke, and T. B. Johnson. 1992. Characterization of two genes
encoding Bacillus thuringiensis insecticidal crystal proteins toxic to

Coleoptera species. Appl. Environ. Microbiol. 58:3921-3927.

25. Donovan, W. P, Y. Tan, C. S. Jany, and J. M. Gonzaz, Jr. June 1994.

- 156 -



U.S. patent 5,322,687.

26. Earp, D. ], and D. ]J. Ellar. 1987. Bacillus thuringiensis var. morrisoni
strain PG14: nucleotide sequence of a gene encoding a 27 kDa crystal protein.
Nucleic Acids Res. 15:3619.

27. Felsenstein, J. 1989. PHYLIP-phylogeny inference package (version 2).
Cladistics 5:164-166.

28. Fischhoff, D. A., K. S. Bowdisch, F. ]J. Perlak, P. G. Marrone, S. H.
Mc-Cormick, J. G. Niedermeyer, D. A. Dean, K. Kusano-Kretzmer, E. J.
Mayer, D. E. Rochester, S. G. Rogers, and R. T. Fraley. 1987. Insect tolerant
transgenic tomato plants. Bio/Technology 5:807-813.

29. Foncerrada, L., A. J. Sick, and J. M. Payne. August 1992. European Patent
Office no. EP 0498537.

30. Galjart, N. J., N. Sivasubramanian, and B. A. Federici. 1987. Plasmid
location, cloning and sequence analysis of the gene encoding a 23-kilodalton
cytolytic protein from Bacillus thuringiensis subsp. morrisoni (PG-14). Curr.
Microbiol. 16:171-177.

31. Geiser, M., S. Schweitzer, and C. Grimm. 1986. The hypervariable region
in the genes coding for entomopathogenic crystal proteins of Bacillus
thurin-VOL. 62, 1998 REVISION OF B. THURINGIENSIS Cry AND Cyt
NOMENCLATURE 811 giensis: nucleotide sequence of the kurhdl gene of
subsp. kurstaki HD1. Gene 48:109-118.

32. Gleave, A. P, R. J. Hedges, and A. H. Broadwell. 1992. Identification of
an insecticidal crystal protein from Bacillus thuringiensis DSIR517 with

significant sequence differences from previously described toxins. J. Gen.
Microbiol. 138:55-62.

33. Gleave, A. P., R. J. Hedges, A. H. Broadwell, and P. ]J. Wigley. 1992.

Cloning and nucleotide sequence of an insecticidal crystal protein gene from

- 157 -



Bacillus thuringiensis DSIR732 active against three species of leafroller
Lepidoptera Tortricidae. N. Z. J. Crop Hortic. Sci. 20:27-36.

34. Gleave, A. P., R. Williams, and R. J. Hedges. 1993. Screening by
polymerase chain reaction of Bacillus thuringiensis serotypes for the presence
of cryV like insecticidal protein genes and characterization of a cryV gene

cloned from B. thuringiensis subsp. kurstaki. Appl. Environ. Microbiol.
59:1683-1687.

35. Guerchicoff, A., R. U. Ugalde, and C. P. Rubinstein. 1997. Identification
and characterization of a previously undescribed cyt gene in Bacillus

thuringiensis subsp. israelensis. Appl. Environ. Microbiol. 63:2716-2721.

36. Haider, M. Z., and D. J. Ellar. 1988. Nucleotide sequence of a Bacillus
thuringiensis aizawai ICI entomocidal crystal protein gene. Nucleic Acids Res.
16:10927.

37. Hefford, M. A., R. Brousseau, G. Preontaine, Z. Hanna, ]J. A. Condie, and
P. C. K. Lau 1987. Sequence of a lepidopteran toxin gene of
Bacillusthuringiensis subsp. kurstaki NRD-12. J. Biotechnol. 6:307-322.

38. Herrera, G., S. J. Snyman, and J. A. Thomson. 1994. Construction of a
bioinsecticidal strain of Pseudomonas flourescens active against the sugarcane
borer, Eldana saccharina. Appl. Environ. Microbiol. 60:682-690.

39. Herrnstadt, C., T. E. Gilroy, D. A. Sobieski, B. D. Bennett, and F. H.
Gaertner. 1987. Nucleotide sequence and deduced amino acid sequence of a

coleopteran—active delta-endotoxin gene from Bacillus thuringiensis subsp. san
diego. Gene 57:37-46.

- 158 -



SUMMARY

This studies were made to optimize the media composition, operational
condition of various culture for the f&-endotoxin production and commercial
Bacillus thuringinesis KFRI-2 formulation were carried out.

High cell density culture of Bacillus thuringinesis KFRI-2 was conducted in
modified intermittent fed-batch culture using pilot scale fermentor 2500L. The
maximum cell growth was reach to OD 120 and convert to endo—spore &
endotoxin stably. The spore yield was 80% based on the maximum viable cell
number. Optimal culture condition temperature, initial pH, inoculum size and
the others for the toxin production were 30C, 7.0, 1.0%v/v, glucose 2%,
MgSO4 0.1%, Yeast extract 3%, (NH4)2SOs 0.4%, MnSO,4 0.007%, CaCly 0.01%,
trace sol. 0.1ml, respectively. and then the glucose & yeast was feeding after
consume glucose.

After the mass culture of Bt with the industrial media system, several
formulations designated as FO1 ~F08, were made with various combinations of
adjuvants, white carbon, Tween 20, NK-DA203W, NK-SLS, STPP,
ammonium sulfate, insecticidal plant extract, etc. These formulations showed
good physical properties in wetness, suspensibility and particle size. The
stability test of the deterioration of toxin along the long period stock in
various temperature, all products were very stable in room temp. and 40TC.
The efficacy of the formulations was verified against diamondback moth
larvae(Plutella xylostella) in laboratory and field test. Among the tested
formulations, the best composition of Bacillus thuringinesis KFRI-2 WP was
white carbon based WP formulation containing of 25% of B.t concentrated
liquid, 5% of Tween 20 as surface active agent, 5% of sodium
triployphosphate as stabilizer, 10% of suncap as encapsulation agent, 5% of
sodium lignosulfonate as UV protector, 30% of white carbon as absorbent,
and 20% of ammonium sulfate as carrier. Especially, when compared
commercial B. thuringiensis kurstaki type formulation with BSF-S(F05) &
BSF-D(F06), plant extract added with insecticidal activity, in field condition,
BSF-S(F05) and BSF-D(F06) formulations showed equivalent or superior

effect to commercial B. thuringiensis kurstaki type WP formulation.
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Above showed that mortality of BSF-S, BSF-D formulation with insecticidal
plant extract was highly enforced than B.t only formulation by synergistic
effect. The mortality of mixed formulation appeared faster and higher at 2
days after application than single treatment.

These results showed that insecticidal plant extract to complement the

weakness of Bt only formulation, the effect revealed slowly.
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