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Bacillus thuringiensis BT17 #2435
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Production of Microbial Insecticide Using
Bacillus thuringiensis BT17 for the Control of Lepidopteran Larvae
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Insecticidal crystalline toxin producing Bacillus thuringiensis BT17 strain was isolated and identified as
B. thuringiensis serovar colmeri by 16S rRNA analysis. BT17 strain produced crystalline S-endotoxin
against to Lepidopteran larvae effectively on the culture broth of soybean meal and skim milk, 30°C
and 36 h shaking culture of 280 rpm. The maximum colony forming unit achieved when the culture
was continued for 24 h, but the number of crystals increased until 36 h in the 200 L fermentor.
Liquid type of biological insecticide product was made, and after 3 months storage in 20°C the
number of crystals was increased up to twice than beginning. Biocontrol effect of BT17 insecticide
product was better in Plutella xylostella than in Spodoptera exigua, and the toxicity to animals was

negligible.
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Thuringen AWollA 253 D7 U N (Anagaster kuehniella)
o] HE FFo2HH Alds E2l8t B. thuringiensisZ -
2712 ARk LHAA HATH2).

tekgt Aol 4 250 S Ueille Aes &
A AT, Ul X38F= AAE(Lepidoptera) 5
o] gk A=5Ho] <=3} B. thuringiensis d+5°] 2|5
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719} 22 A= (Diptera)oll 37} Y= B. thuringiensis
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S X¥3h= B cereus groupe] 3+ FFO|W(13, 18), B.
thuringiensis®] 53L& A5 F4E i Holuh 4%
3& Hol= Bacillus <5 M-S B. thuringiensis, B. sphaericus,
B. popiliae, B. lentimorbus 5°|™ °|E2 BF XIXE it
3he 7htolal ol W) X, AAE, e 2AE T o
&gk sl tiE) s Heole ] 2YEHATeD.
B. thuringiensis 9% @59} B. sphaericus< %719 3l #
o AFAS ZE3 QlojA 1 AP H fEAd0] AEHUL

B. popiliae®} B. lentimorbuse AT, B3, AFRp=9] 9
) ol HPT O ZA ]2} milky diseaseS 3}
o] AAAAA AZ PAY FESIEE 27t B XA
It ol FARTHS). Holl= A& (Hymenoptera), Al
E(Homoptera), ZJA|% (Orthoptera), 2]%-={(Mallophaga) %

d

& =% W oz} nematoda, mite, protozoa 22 AE|=
FaEZ dFEe] wEEHATKe, 23).

B. thuringiensis 52 XA} 84713 St AIE ol &
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AFE 99 E AFA = F5 FuellA 83l=o] & TR/ o]
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1] 3-endotoxin THAS AikelET] ol FE Cry H4AE
TAE™(14, 21), 2L ¢] Diptera %3} Coleoptera =0l &35
HolE Cyt H4A% ERIFATHI2). o] 9L FHF
ek F& AgdE Holx FAld Ftolv H35E 18
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B. thuringiensis T8 2l3t7] $18te] Il Edolv:
b 5 AHAIE xRSt Als FAY 1080l dfIsl=
GHSHTE 7Pt A4 308 B¢ F v 5y
LBRHH| Aol =Esled 32°CollA] 1247 vljstom,
x| Aol FAE B. thuringiensis T2 AEZHQA F2Y 3
BQl 31 T2 FEUE &7 BEste aFE Adsiglth

ERNE TOo2RE #FE £5EE3] Y5t LB WA
(trypton 1 g, yeast extract 0.5 g, NaCl 0.5 g, DW 100 ml)Z
ARgsidlon, ma 24E Artelr] 917 wiAlZ= soybean
meal®} skim milk7} Z&E XS 221 % A 2% =2 o
3HAl 273t ARESIITh HiR|e] k& AR ANA A wlt
3= 7390ll= 100 mlE 31530, taEnioFe $J3) seed culture
= 1 LE wi3haL, ©]ofx] 200 L2 FFste] 71sich vl
LEE 32°CE 3}%92H, 150 rev/min 52 wHFIE, 0.5
vvm9] airE 71513994, antifoam silicon oilS 0.5% 2 Hl
& 27190 13] F718IH A, pH ¥slE B7] $l8le] pHE HE
2 2HsHA] T oA wiket vigdE AAEH &4
AFE 918t AR E ARSSIATE B8 T8 Hidele a2
AR AemATt AlEE 20S SPIAEANEoE golR
7] 98ixle LB HAmIAe Ex} BAES X8 9t

a4

off il dlo

MgS0,8F MnCLE 212} 0.02% H7Fetglom wjeke=E 28°C,
30°C, 32°C2 A8, A=Y $EE 200 rpm, 240
rpm, 280 rpm o2 3} 27t HjFSATh

2al7Fe| 3
EEI3t B. thuringiensis T & 2734 F54E Bol A

Mt AsAde] et dE et FAAES St
SAANTL Y3} API 50CHB (bioMériux, France)S AME3}
o, Bot ZE3t 595 $15te] 16S rRNA 32 G714
A8

= 2] BT17 @5 Nutrient broth agar (Difco) HjA]
ol HF3ka, 28°CollA 2U7t v Y312 ™, benzyl chlorideH
26)2 W3l DNAE F=3}93L 16S 1tDNAS] PCR
(Polymerase Chain Reaction) 555 93} AM&-% primer=
27F (5'-AGAGTTTGATCCTGGCTCAG-3)9} 1492R (5'-GG
TTACCTTGTTACGACTT-3)°|e™ PCR Zd& vy}
2ok &, 2718Ele 95°CellA 2427 AldEkalal, s2(94°C,
30%), E4(58°C, 30%) B FI(T2°C, 45%)9] 3 AAL 303
HHESLTL F7HEQ) FRAA(72°C, 5 TR S5E
16S rDNA= PCR Product Purification kit (QIAGEN)S A%
3td GASa, PCR AALHES Genetic analyzer 310A
(Applied Biosystems)E ARE3lY] A7IMES BASHHROH,
DDBJ/NCBI/ GenBank®} Ribosomal Database Project II
(RDP 1D9] databaseol|A] 454 AAS $Y3IAch

& wEE BT17 #79 dAAIRE 248 St
TSA (trypticase soy broth agar, Difco) HJA|oll HEF F 28°C
oA 37 vkl e ™, A 50 mg (wet weight)S F3}o]
A AL methyl esterst 3 555 FEATH1S5). I53
A}LEE Microbial Identification System (MIDI; Microbial ID,
Inc., USA)S ©|-83}>] 6890N Gas Chromatograph (Agilent
Technologies) & #4151t
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Hell B. thuringiensis T B1FHS 5 ul BT cover glassE
Yol MAFoZ wgdo] HAA g ths, iAol gk
zmgo] It oA Fo] FH0lA $A 2 ) 7R 303t
71+ & immersion oilS 3 e 94w YAEERA
(Olympus BH-2)2.2 #&sle 3 Ao T #Ee 244
E29 AFE AUk 3 slide glass 25709 AlofS ¢lojz
AAste] YeRd JeE Aol Bigks dden wjgy
1 ml T 549 = v Aok HA-E micrometerZ =
Aate] ALK WAT cover glass WS Bl AAEY
o 33 Bk ARS Fote] 42 ko] Hoad EFHAE
T3FATk
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e s, At AYS siAE 2,500xg= 204
B AAETE TAE AAT wjdded FSHAZ polye-
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o 2&%0] e crystal F= HlwEeh AA fieldol A<
BAEHRE 1Y) Hstode wiFwia sith K Spodoptera
exigua)? 155 IS Z 3l 15-20°Ce] 392 oA A+
FTARE ARt eSS Sl 38 fE5o= 3t
of AAg AReME AFAER] HISES: ol
9 5 6070AZ SkaL 200 L Hig710A] 36417 st
2K BT17 AJAIE-S 12580, 25000, 5008 3]48te] =J2)a}
Ak

sH, tidslES she®E fso= AAS Afdde
AFEER HIFES: AR 52 5 30 R st
BTAIAIE-S 1259, 2508, 5004 345k Ag)slar 7]$-HA
5] AAF ARE AT

orEd At

AkE AAIEe] PSS BRI 9ISt B thuringiensis
BT17 @& vlSdS 283 AFeAE 34 AT F9A8S
flate] ICRA phe-2ol] Fofaiqinh. ARFZS 22°C] 43
AellA 58] A 47 107 AE o= st
FAPIE o]8-8te] 5,000 mg/kg Folwdt 8v xS 7
el BAZ 13] Tt or Fo T 1497 AFEE, 2
273, Adst ¥ 2ELAs BEEh

BT179 tigt 378 743 542182 SDA HA=ol A st
o} ARSERALE vpeas)l e ZANA 8FH e AT IA
24z 107 S tPde 2ate] ARHAY 10% A=R] 4 cm
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Table 1. Biochemical characteristics (carbohydrates) of Bacillus thuringiensis BT17 and Bacillus cereus (Apiweb data)

Carbohydrate source BT17 B. cereus Carbohydrate source BT17 B. cereus
Glycerol + + Salicin + +/-
rythritol - - Cellobiose - +/-
D-Arabinose - - Maltose + +
L-Arabinose - - Lactose - -
Ribose - - Melibiose - -
D-Xylose - - Sucrose - +/-
L-Xylose + + Trehalose + +
Adonitol + + Inulin - -
B-Methyl-D-xyloside - - Melezitose - -
Galactose - - Raffinose - -
Glucose - - Starch + +/-
Fructose - - Glycogen + +/-
Mannose - - Xylitol - -
Sorbose - - Gentiobiose - -
Rhamnose - - D-Turanose - -
Dulcitol - - D-Lyxose - -
Inositol - - D-Tagatose - -
Mannitol + + D-Fucose - -
Sorbitol - - L-Fucose - -
a-Methyl-D-mannoside + + D-Arabitol - -
a-Methyl-D-glucoside + + L-Arabitol - -
N-Acetyl glucosamine + + Gluconate - -
Amygdalin - - 2-Keto-gluconate - -
Arbutin - - 5-Keto-gluconate - -

Esculin - -
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x 5 cm AEZE AR 4,000 mg/kg Ty S0 2T
S 5o 13 Ay =¥ F 2443 B Ao =EAITIL
FHTE A o 257 AVRE, dRked, Alsest 2
BALAL FF ZARIECE

BT17 #59] ol5AS ®7| $8ke] JoY(Cyprinus carpio)
o st FFAIFS 96A1ZF T ArEte T T =& oF
1ovtglel dighk A, Autess/d-S #dsla Al 2 A%
S AR, AEVIEL "w&318H 1A Al 2008-135,
W34 SFAESAD A1E71E B, 1 AsEEef 2,950
Foll gk F3AF"(2008. 5. 27)0ll WL, A3 EE(nominal
concentration)= 10.0 mg/LZ 3} A|E-S AAe}ch

=t

zd EI. ini x|

A

> S8 U 43y
) By 20 AR B2)3 B, thuringiensis =
AE= #FE FolA BT17< S5 HUa 2380 ESA
2390, BT135, BT144, BT170 #5= 258 HEAl
A, BT183 BT154 5 A5 G520 AFAG ol v
AHIZ BE A3, o] #FES LB 3l HF3ste 32°Co
A1 Bt 7194 SRS EAL A dv)FEeE skt
A7 BT144 155 AT 7 152 WAEAKS) <} tlEo]A
R EREY] AR FHO)E ALt mjdrTte]l A&
HE 54 2RSS 74 RE MAUE AL B 5 U
Th(Fig. 1).

API kitE |83 T4 AP0l BT144 TFE A3+ 273
4 54T ke 4dF BT Y3 I8 o8 pattern
S HYOm(Table 1), ©] AFE bioMérieux 3JAHwww.
biomerieux.com)°l| A A|F&= Apiweb> Falo] #2435 Ay}
grslE o8 FEol AY fARIH B, cereus?] AW B.
thuringiensisd &-E°] 83.5% 2 UElt=d 244 545 A
2he T8 FAJo|22 B5 B. thuringiensisZ B3I

olojA £FEEd #FES 100 ml LBYAE||A 29
7t kst v kelS wjQle] =dsla wjFEl el A

0
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Fig. 1. Phase contrast photomicrograph of B. thuringiensis BT17.
‘C’ and ‘S’ mean crystal and spore, respectively.

120

100 -

80 -

60

Mortality(%)

40 -

20 -

BT144 BT135 BT17 BT170 BT154 BT18
Test strains

Fig. 2. Inseticidal activity to Plutella xylostella larva of B.
thuringiensis strains according to feeding period (o, 24 h; m, 48 h)
of LB culture broth.

23 A7 Fig. 29} 2l BT144 o5 Ad £5& =0
2] Zalgom, g & 244170 BT17 o5 HYFAAME
90% o] FZol AFEsaL, 48417k0] ALpHA yrA] o
55 A APTolME 85% ol freel F3om, 53
BT17# BT170 o5 AgFolAe EE %] APEsiach
ol e A= B BTAAE thEk Aakslr] 3t
o A7 FF= BT17 TFUHh BT17 59| 16S rRNA
22 94714 ¥E(1,319 bp)S 34J3}3 NCBI blast Program 2]
database°l| X 53 M3 A} B. thuringiensis serovar
colmeri®} 100% L3 Ao = Yeldtlh ulgbd BT17 I
= B. thuringiensis serovar colmeriZ 573 215 tHFig. 3).
31, B. thuringiensis serovar colmeri BT179] T3] AWh:t
4 BAE AN A, 32 Ao 2 C16:0 (19.96%),
C13:0 iso (15.09%)¢} C15: iso (12.53%)2] EX= YRl
o1, C14:0 iso, C16:0 iso, C17:0 iso Z18]3l C17:0 anteiso
oF -2 kst A ApAE ske §4S UERSITL
w3 BT17 &5 B. thuringiensis ATCC 107927 ¥&#52]
T8 AR ZAFAE FARE 545 UERATK Table 2).

Table. 2. Cellular fatty acid contents (%) of B. thuringiensis
BT17 and B. thuringiensis ATCC 107927

B. thuringiensis B. thuringiensis

Fatty acid BT17 ATCC 10792"

Saturated acids

Cizo 2.77 0.3
Ciao 4.67 34
Ciso 19.96 4.8
Ciso 2.54 0.5
Branched-chain acids

Ci20 iso 1.96 1.1
Ci30 iso 15.09 10.7
Ci30 anteiso 4.06 1.6
Cis0 iso 52 6.3
Cis0 iso 12.53 23.2
Cis0 iso 3.31 5.1
Ci70 iso 7.21 8.4
Cis5:0 anteiso 5.58 5.6
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0.01

Bacillusthuringiensis serovar shandongjensis (EF210287)

| Bacillus thuringiensis serovar zhaodongensis (EF210289)

7]13acilh1sthmingiensis serovar oswaldocruz (EF210284)

Bacillus thuringiensis ATCC10792T(AF290545)

{ Bacillus thuringiensis scrovar colmeri (AY566251)

76([-BT17

63 100 Bacillus thuringiensis serovar vazensis (EF210293)

. _[Bacilhlsweihenstephanensis (AB021199)

Bacillus thuringiensis serovar tolworthi (EF210288)

71| | Bacillusthuringiensis serovar scoulensis (EF210286)

Bacillus cereusT{(AB271745)

_ Bacillus thuringiensis serovar konkukian str (AE017355)

100 | Bacillus thuringiensis serovar pulsiensis (EF210285)
Bacillus thuringiensis serovar finitimus (EF210290)
acillus thuringiensis str. Al Hakam (CP000485)
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Bacillus funiculus (AB049195)
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Bacillus halmapatus (X76447)

100 Bacillus marisflaviT (AFA83624)

Bacillus aquimarisT (AF483625)
100 Bacillus vietnamensisT (AB099708)
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Bacilh th d (U49078)

84 2L

Bacillus nmralis” (AJ628748)
Bacillus herbersteinensisT(AJ781029)
Bacillus flexus (AB021185)
ﬂ—l—_ Bacillus simplex (D78478)

| BacilluskoreensisT (AY667496)

Bacillus siralis (AF071856)

53

71

Fig. 3. Phylogenetic tree based on 16S rDNA sequences showing the position of strain BT17 and related bacterial taxa. Numbers at branches
are bootstrap values, derived only for the nodes supported by greater than 50% (1,000 replicates). Bar, 0.01 substitutions per sit.

=4 MAMS QS Z[X uieF = H| R o] 24S LBYA soybean meal?} skim milk® T4
BT17 w57} Axkshs 234 S48 Bol Aikske HA H X2 vPro] E A3KTable 4), LB HiX|o|A Ho} )
Hjek 248 2] 95t 94 LB sjx|elA e ik HH =4 AAREC] YEREo soybean mealS 2% % &39S )
Y Table 337 o] F7|GFE Mn™' S H7IetA] &2 735l 1% H7Fst AR 2] = 948193 skim milkes 23]
= 24A17F Yol A3 ZHo] AR fgkor, 48417to] A 2250 1% 7K A7 E9h 0o o] HE AR
A3 Folle 2X10%ml oo Ex AFE A, 7ol o]z Ha gEEo] HAE] AlFsh XA} PAJo]
Mn*" & H7}3 79ols 2447 A F BE 54 AAo] B da® 7A Q] 25%0) o|2E AxFES XA = AT
ZEle FoR Hol A} AiK22) ol 4 A= AE 3 NG 1-2x10%ml ©]32] §-endotoxin FAS T3
Mn* 7} Fas Ao Ho|w MnSOs 2|7} MnCLSY] 7% = 2, 8)E ek uf wix]o] g AEoA 53] Ai
Hr} ge E4s Yasiqck do] FoAE A= Pavl 9tk BT17 #59 54 2%

Table 3. Number of crystals (X10°%ml) of BTI17 strain

according to the addition of mineral salts and culture time in Table 4. Number of crystals (X10%ml) of BT17 strain

LB broth (100 ml, 32°C, 280 rpm) according to the culture time and composition of medium (A)
- soybean meal 1%+skim milk 1%, (B) soybean meal 1%+skim

Mineral salts 24 h 48 h milk 2%, (C) soybean meal 2%+skim milk 1%, (D) soybean
control 0 2503 meal 2% +skim milk 2%.

0.041 mM MgSOq Medium

0.042 mM MnSO; 1502 46x0.3 culture time A B ¢ b

0.05 mM MnCl 1.2+0.1 2.1+0.5 24 h 2.5+0.3 2.8+0.5 5.0x04 49+0.1

0.042 mM MnSO, 1.6x0.2 5.1x0.2 48 h 3.2+0.4 2.6x0.2 4.8+0.2 4.1x0.1
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Fig. 4. Change of pH (-o-), log CFU/ml (-m-), and number of
crystals (X10%ml, 1) during 200 L culture time of BT17.

AJARE Bl A= Th)do] FR3)E soybean meal@} skim milkS
o2 Azxgh w7} Fghom, HjYke 24 A7kl 484]
oA 2 zpol7t gtk HiAol] glucose S H71SHH =4 2
o] @o] AT E BuE(7, 16)% o} vl Hr1e
eshEo] AEE EIEol Je Aol
Scherrer 5(20)°] B. thuringiensis serovar thuringiensis =
0.8% ©1’d¢] glucose”} - HiAlA 719S o 4 24
o] mFo] Al FF7F A4ksk= bipyramid FEj7} obd 74
o7 vty Hudk AL EUE HE9] glucose= H7FsH
A gkt
Soybean meal 2%} skim milk 1%2] HiX]o|A] v &%
of W A ZA LS vlwste] £ Z¥} 28°CelA] wljgst
AL WE 4.520.3x10°%mle] B4 ZAo] BAF oW, 30°C
N AE 5.1+0.2x10%ml, L8] 32°CoAE 3.7+0.4%10%ml7}
FzkE]oiA 30°C o] A|Y Fusteh g FUgh ujo]
A1 30°C 2702 T flaskollA] JIBEEE DeElate] wjdst
A4S W 200 pmolAE 2.9+0.3x10%ml, 240 rpmolAE
3.7+0.3x10%ml, 280 rpmoIAE 6.4+0.5x10°ml1e] =4 ZH
o] FAE A HiX|el] AAE Wo| FFI] 25 B2 A3
o] A= Ao Yk, 280 rpm oS F7HEQ AF
o] Bad Aoz MZtATE FermentorE ©]&3F vk A
o= Yezza 5(25)°] A& nle} o] wRkx|9] FH&ET
£ 150 rev/min® 2 3}3 F7|E 0.5 vwwm FH7IgIo 2N E4
s 59 4 Atk
Soybean meal 2% <} skim milk 1%<] Bj=]ellA] 30°C, 280
pm 2O WA ] e 54 AA Ak vusk A
(Table 5), W% 36A1ZMAell 7 B2 H4 Aol A=A

soybean meal®]|

Table 5. Number of crystals (X 10°/ml) according to the culture
time and inoculation (100 ml, 32°C, 280 rpm)

Culture time (h) Inoculum size (%)

1 2 3
24 4.6x0.3 5.9+0.3 4.6%0.2
36 6.5+0.2 8.2+0.5 6.8+0.2
48 3.4x0.1 5.0%+0.3 3.9+0.4

o1 247 HjFet 797} 48AIZFET) oF7F Wokar, A ek
AEFo] mE 54 24 Aks A 23 2% HSSIRE
o 7P 95t 3%5 AES A 2388 54 ALl
Fdas Sl

200 L] soybean meal 2% $} skim milk 1% & vl X]ol|A]
BT17 @& widstar At 54 AL wiA] pHY wish
& ZARSE A%+= Fig. 49 o] Avge de7I7t Avar 4
A7) =gt i AIEF 24 A3 ol HE HGom o
FE] 54 ZAo] Holr] AAsitr 36417t 71 wol A
A ATE Ao} pH ®iske HIgh FFoE e o™
pH 8 oldo] FAIEHA S4 AAo] Bol] Brh wid A%
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Table 6. Insecticidal activity to Plutella xylostella and number of
crystals (X 10%ml) according to the culture time in LB broth
(100 ml, 32°C, 280 rpm)

Culture time

No. of crystals (X10%ml) Mortality (%)

(h)

0 0 3.7
12 0 222
24 1.9+0.2 92.6
36 3.2+03 96.3

48 2.6x0.4 92.6
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Fig. 5. Number of crystals (X10%/ml) according to the storage
temperature (], 4°C; 7, 20°C; W, 30°C) and time
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Table 7. Insecticidal activity to Spodoptera exigua of BT17 strain
in field test

Dilution Viability (%)
rate I I 11 Mean Mortality (%)
1125 10 167 33 10 75.0
1250 10 133 10 1 72.5
1/500 20 20 16.7 19 52.5

control 40 43.3 36.7 40 -
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Table 8. Insecticidal activity to Plutella xylostella of BT17 strain
in field test

Dilution Viability (%)
rate I I 11 Mean  Mortality (%)
11125 33 6.6 5 4.9 95.1
1/250 10 183 10 12.7 87.3
1/500 20 20 21.6 205 79.5

control 100 100 100 100 -
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