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Abstract In this research, we employed 31 Bacillus thuringiensis isolates from the soils collected in the Liang Shui Natural
Reserve of Heilongjiang province to identify the highly toxic to Plutella xylostella, an important Lepidopteran pest in agriculture.
The results showed that ten of thirty one Bacillus thuringiensis isolates have high toxicity to Plutella xylostella via the bioassay.
Microscopic observation for ten seleted isolates was carried out; the results confirmed that these isolates can generate bi-diamond crystal
protein which might be crystalline toxin. The further genotypic analysis by PCR and SDS-PAGE indicated that the selected 10 Bt isolates
were consistent with the genotype of cry1 class toxin genes that can generate 130 kD crystal protein in molecular weight. Whilst, The
growth curves of the ten isolates exhibited that the bacteria will be in the logarithmic growth phase after culturing at 2 hours or 14 hours, in
the stationary phase after culturing 16 hours or 30 hours and in the decline phase after culturing 32 hours . Among them, strains
S2685-1 and S2737-3 were further accredited to generate the bi-diamond crystal protein of about 130 kD in molecular weight after
being cultured for 22 hours and 20 hours, respectively, the former expressing toxin goes to stable at 26 hour in culture, whereas the
later expressing levels gradually increases and stabilizes until 22 hours. The trials of median lethal concentration (LC50) and median
lethal time (LT50) of two dominant isolates, S2685-1 and S2737-3, for Diamondback moth (Plutella xylostella) were carried out in
9
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this research, and the results showed that the LC50 and LT50 for S2685-1 to diamondback moth were 17.113 ng/mL and 37.343 hours,
respectively; while for S2737-3 were 25.782 ng/mL and 36.825 hours, respectively, in contrast LC50 and LT50 of the reference
strain HD-73 to the diamondback moth being 15.414 ng/mL and 35.917 hours. It is obvious that S2685-1 and S2737-3 have strong
insecticidal activities against Plutella xylostella in the median lethal concentration and median lethal time. In conclusion, the results

of this study that the Bt isolates, S2685-1 and S2737-3, have more prominent insecticidal activities, which might be alternative

strains potentially applying to Bt bio-pesticide products as initiate strain instead of standard strain HD—73 strain..

Keywords Bacillus thuringiensis; Plutella xylostella; Bt toxin; Bioassay
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Table 1 The corrected mortality ofthe 10 candidate Bt strains
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Candidate strains Duplicates ~ Total of larva tested The dead larval number The dead larval number ~ Corrected mortality
of experimental group of control group (%)

S2685-1 3 30 29 2 90.00
S2737-3 3 30 30 1 96.67
S2796-2 3 30 30 0 100.00

S2809-1 3 30 26 1 83.33
S2852-1 3 30 26 0 86.67
S2852-2 3 30 24 0 80.00
S2852-3 3 30 22 0 73.33
S2852-4 3 30 29 1 93.33
S2852-5 3 30 30 0 100.00
S2853-1 3 30 30 0 100.00

HD-73 3 30 30 0 100.00

T RIESE T AR =R B AR AL H 3 — 0 HE T AR B E H Al B £< 100%

Note: Corrected mortality=(the number of dead insects caused by candidate strains — the number of dead insects caused by standard

strain)/total of larva tested
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Figure 1 Micrographs of some Bt strains observed under optical

microscope

i e R B E (100X H8E), - A: S2796-2, B: S2809-1,
C: S2852-2, D: $2852-3; ML T RAMELMER(20 kV, 9.7 mm
X10.0 k), E: S2796—2, F: S2809—1, G: S2852—2, H: S2852—3
Note: A, B, C, D: Micrographs of Bt S2796—2, S2809—1,
S2852—2 and S2852—3 by optical microscope; E, F, G, H:
Bipyramid crystal from Bt S2796—2, S2809—1, S2852—2, S2852—3
during sporulation under scanning electron microscope
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Figure 2 Growth curve of the standard strain HD-73 and 10
tested Bt strains
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Figure 3 SDS-PAGE profiles of parasporal crystal proteins of
10 Bt strains during sporulation

T Ar M: EARU T EARE; 1~8: S2685-1, S2737-3,
S2796-2, S2809-1, S2852-1, 2852-2, S2852-3, S2852-4,
S2852-5; 9: AFRMER HRHD-73; B: 10~12: S2852-5, S2853-1;
12: FR#EFPRHD-73

Note: M: Protien molecular weight standard marker; 1~8 of Figure 3
A represents the parasporal crystal proteins of Bt strains
S2685-1, S2737-3, S2796-2, S2809-1, S2852-1, S2852-2,
S2852-3, S2852-4, S2852-5 respectively, and 9 is standard
strain HD—73; 10~12 of Figure 3 B represents the parasporal
crystal proteins of Bt strains 2852-5, 2853-1, and 12 is standard
strain HD-73
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Figure 4 The electrophoretic analysis of 10 Bt strains with
specific PCR

TE: Ar M IR T BARAE; 51IKSun2/K3un2 7E 104K Br 1A
PR B ARHERFRHD-73 H PCRY 740, 1~10 B #kS2685-1,
S2737-3, S2796-2, S2809-1, S2852-1, S2852-2, S2852-3,
S2852-4, S2852-5, S2853-1, 1 I NRHERIFRHD-73; B: 514
K5un3/K3un3 £ 10¥R B bk S bRt 16 #kHD-73 H1PCRY™ 1§
Y, WAL E S AR

Note: M: Nucleic acid molecular weight standard marker; A:
Electrophoresis PCR amplification: 1~10 (S2685-1, S2737-3,
S2796-2, S2809-1, S2852-1, S2852-2, S2852-3, S2852-4,
S2852-5, S2853-1, HD-73) are PCR products by primer pairs
K5un2/K3un?2 respectively; B: The same Bt strains’ electrophoresis
PCR amplification are PCR products by primer pairs K5un3/K3un3
respectively

Table 2 The probit analysis of LC50 of 10 Bt strains’ toxicity against susceptible Plutella xylostella (Lepidopter)

PR RIGRE  &IRIET R BIAE
Tested  Original Original
strain concentration death rate

(ng/mL) (%)

Regression equation Slope+SE

FERLpRER HRRE FEOLRE  95%E(EIR EVaiceiy
Correlation LC50 95% confidencial ~ Toxicity
coefficient (ng/mL) limit (ng/mL) index*

S52685-1 50 83.33 y=2.526+2.048x 2.048+0.411 0.882 17.113 12.080~21.419  0.901
S2737-3 50 73.33 y=2.235+1.584x 1.584+0.395 0.991 25.782 18.927~35.462  0.598
S52796-2 100 76.67 y=11.294+6.062x 6.062+0.115 0.915 72.973 67.247~78.782  0.211
S52809-1 50 66.67 y=3.990+2.571x 2.571+0.460 0.964 35.661 29.790~45.507  0.432
S52852-1 100 86.67 y=11.639+6.328x 6.328+1.131 0.969 69.072 63.316~74.182  0.223
S52852-2 100 70.00 y=13.793+7.086x 7.086+1.220 0.977 88.403 82.466~97.902 0.174
S52852-3 100 70.00 y=13.638+7.042x 7.042+1.203 0.995 86.422 80.748~95.093  0.178
S52852-4 50 66.67 y=2.652+1.738x 1.738+0.407 0.976 33.542 26.055~49.150  0.460
S52852-5 150 73.33 y=26.205+12311x  12.311+2.227 0.993 134478 129.519~140.073  0.115
S52853-1 150 70.00 y=28.399+13.303x  13.303£2.304 0.982 136.388 131.771~141.899  0.113
HD-73 30 83.33 y=1.701+1.432x 1.432+0.27 0.976 15.414 10.013~21.102  1.000

T B HRBOWRERIR BRI (LCS0)BR A A AR BUER E(LCS0) I AR, EUEDBOR, SR, Kz, FihEv
Note: Toxicity index means the tested strain’s LC50 divided by the HD-73’s LC50. As the ratio be more larger, the toxicity be more

higher; otherwise, the toxicity be more weaker
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Table 3 The probit analysis of LT50 of 10 Bt strains’ toxicity against susceptible Plutella xylostella (Lepidoptera)

kiR BT FRLRMER  MRARM FBULHE  95%E(ER 2y
Tested strain  Regression equation Slope£SE Correlation  LT50 (h) 95% confidencial Efficacy order
coefficient limit (h)

S2685-1 y=-5.224+3.323x 3.323+0.412 0.984 37.343 32.949~42.088 4
S2737-3 y=-5.964+3.808x 3.808+0.458 0.940 36.825 32.762~40.955 3
S2796-2 y=-4.900+2.981x 2.9814+0.396 0.963 44.006 38.623~50.745 7
S2809-1 y="4.907+3.146x 3.146+0.387 0.967 36.308 31.813~41.138 2
S2852-1 y=-5.223+3.182x 3.182+0.423 0.986 43.811 38.716~50.071 6
S2852-2 y=-3.996+2.413x 2.41340.351 0.974 45.299 38.765~54.362 8
S2852-3 y=-5.185+3.025x 3.025+0.443 0.972 51.745 45.388~61.049 9
S2852-4 y=-5.569+3.396x 3.396+0.451 0.964 43.667 38.806~49.408 5
S2852-5 y=-5.049+2.912x 2.9124+0.436 0.993 54.145 47.162~64.980 10
S2853-1 y=-7.048+4.054 4.054+0.585 0.990 54.790 49.371~62.465 11
HD-73 y=-5.702+3.666x 3.666+0.438 0.960 35.917 31.847~40.082 1
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Figure 5 SDS-PAGE profiles of parasporal crystal proteins of
Bt strain S2685—1 and S2737-3

T Ar fLIEM: A B> TEARE; 1~970 5 BRI A4 h,
12 h, 16 h, 18 h, 22 h, 24 h, 26 h, 28 h, 48 hitf (I TE#ES2685-1
PSR RE ARG B: LIE1~97 5 V5; 7RI (4 h, 16 h,
18 h, 20 h, 22 h, 24 h, 26 h, 28 h, 48 hi} [FIETHkS2685—17/24F
R R H RO

Note: A: M: Protien molecular weight standard marker; lane
1~9: Bt S2685—1 parasporal crystal protein incubated by 4 h,
12h, 16 h, 18 h, 22 h, 24 h, 26 h, 28 h and 48 h; B: Lane 1~9:
Bt S2685—1 parasporal crystal protein incubated by 4 h, 16 h,
18 h,20h,22h, 24 h, 26 h, 28 h and 48 h

AW T D % € H B 7 S2685-1 11527373
Xof i L A A PR B AR B AR, FRAT
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HPRLE 30°C TR I 7% .
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RS T IEACAE ZE IR B AR P AT e 1, FE DG
BT (Nikon YS100) I3 B8 N 5t v] LLIEAT AHRLIY)
AL,

3R AR R MR

¥l Zhang F(2010) 7772, HURH &=
TEHEME Bt W, BT EP &, REUE, BiF,
H 2 pL (BRI T k3 b b, BIkIG T 25
[ %€ #9341 HEBE (HITACHI S-3400N)[{#E 4 & £,
EZ, EEERE, WK, K.

3 AR PRAE K 2R B 2

F 8 zhang Z5(2010) 1 VAR RIS LR 30°C,
230 r/min $E 1 , 4 1%F82 LB 553545, 30°C, 230 r/min
PR, fRid 2 h gt 1 mL BB O, Xt
{8y HD-73, 25 XTI LB 15953, Il OD 600 nm
I EAE, 24 OD fE KT 0.8 I, BET—IkFiFk,

3.5H R B R L & SDS-PAGEZH T

14 18 JiangE(2008) (1) 715, B AR(E200 mLf{)
G-Trisk; 723 1549296 h, #RJ58 000 r/min, 4°C,
B0 15 min, FEAE 1 mol/L NacliE R vEis, ¥eikia
12 000 r/min, 4°CE50210 min, 3 Ei&, WEITE,
T30 mLBFERG A (85 w) (model VC-130,
Sonics and Materials Inc, USA)f AL EE30 min,

14

%12 000 r/min, 4°CECr10 min, YCEEDTE, FHLEH
1 mol/L Nacl&RIFAT YR, Beik/a FHX12 000 r/min,
4°CHEL10 min, 7 B3, UWCERDTHE, T30 mLi
FRZE MR, HEATHERSUR(8S w)BMIALEE30 min, UL
D0, W EAKH, BT 20 CUkFE -4, SDS-
PAGE ] ARSI D R IR LiuE5E(2010) 1) 71531847

3.6t E AR B e
& R R 1 52 #%2 E Bradford (1976)FTid
S EHET

3.7/ RIRHI N TSR

A S P48 P £ RS R /)N SR el iR
i AW BB T R BRI o Nk A
E AR RN (7 EREAT N TR P IR /3R
AR Q2SR MR30 2 MIAR, At ftil dughs
PRAESR B, ARRERL, CIARIEYIE S
Uivar Wi iiof i

3.8 SDS-PAGE 4341 ICPs B&ER 8] 1254k

4k Bt Hikk, H4: BP 55374, 30°C, 230 r/min
BRI TESR, & 2 /NSHUE—IX, SDS-PAGE 4t
ICPs [5 I [] AR L (HAIE, 2009; Liu et al, 2010).

3.9 B BRI Cry 2t R R X 5

PCR A4S Yu Z5(2006)[) /7%. PCR
SN R, AFE 2 pL KL DNA B, B R#514
ffFH 1 uL, A Dntp Z¥KE 250 pmmol/L, 5 uL 1)
10xPCR buffer, 0.5 pL Tag B4 U/uL), #PWFEKE
50 puL. FHE/RA: 94 CHUEM: S min. 285 30 M
WP, BAMEHRN: 94°CAYE 1 min; 53°CiBk
1 min; 72°CEEA# 3 min, 72°CIEMH 10 min. #¢Jm L
PCR /=¥ 5 uL, 1%IgfEREEHRA Y 1S =1, 5l
Yyt B K5un2/K3un2 F1 K5un3/K3un3, X #5514
AT %€ cryl 2 [H(Kuo and Chak, 1996).

3104V
4 B8 Crespo®5(2008) 11 7 1%, i A B ik

fE30°C. 220 r/minf)3% 554 N H 1/20LBE5 77 354
HATREGHES d, ZRJ512 000 r/min. 4°C &L
10 min, B{_E3%, A1 mol/L Nacl¥E#%, 12 000 r/min.
4°C, BO10min, FF B3, BT, MAETK,
i) B K B R 0 TR AR B B EGR . RN AT AR
WS PRI R (5K K&, 2009) . FI FH 5256 5 AR R
3, PRIk AR BRGNS 3
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Ve, RN R R R RO 20 s/ A,
TR A IE P THI AR A1 (IR ON B AR 4R
B0 s, SRER R EAEAR N EH T, B
NAEMNEE RN A, AR ES 37 ML 30 H /N 32,
To B AKAE RS R R, i A = R 2541 °C
HeHE AN 14 DOEIR/10 hEBIES, AT EE 2 6]
60%%E A, 72 hg, WMELHRMERKSEN, HEN
AL IESET %,

31 E - BFEIR E (LCS0) ) 73 A

K FZ: I3 6F 7N S it AT 2 B IR (LC50)
W& CATIAE, 2009; 5K 3C K4, 2009; Crespo et al,
2008), 75 AR B R 110 25 VA TR BE 4 ) s P )
JUNREE, ECURIREE AR e 5 B MU LR EAR, f5K
P — R E N AR T R m e, AT R R AR
FE, SRIEICZIRE R (IR R RIS MRS, AR
FEBEE 3N AT A, B HRUE30 KN
DLIX 6/ B (10 R L 0 A T Y02E AT/ S 0 1 2 300K
WEEME, 43 5 I JE B /K FTHD~73 28 (3 1 A BA 1 X6
FEFNBHPEXTHR, 72 hfEid e T4, FE
RIEFET: %, SR J5 18 FISPSS 19.0 for Window K {4t
{1) Probit B Rt (A4 2 B[] J1) 3R H 25 AN 38 B R 11
BB FE(LCS0).

3. 124 ¥ e 2 B FE R [A] (L TS0) 30

% HUTE (1 2 SR I R] (LTS0) 9 I 5 $4 1
YangZ5(2007) 1) 77 V2 3547, LA SUAE I B (LCI8) 11 %X
B S A B 550 2 o /NS A7 A B, AR BRI 8 AN /N
LT — /N EHIE T B A, BN bR 3 F
TSI, SR EN72 vk, 43 FHJE B K FIHD-73
R AR R R 6T BERTBE 1 o B o S AS [ b B ]
BEA /N R %) RS IEBE T %, {4 FHSPSS 19.0
for Window 14 F ] Probit 45 He (A 2R BA57 [7] U9) 3k
H &AM R 1 BRI (R (LTS0)

& TEk

RIAEAT TSI FEHATA; e, B RS 57
WSS R RSB 20 S48 TR, BdEn
B, WIUESAN G E . AR B EIF [R R S 1A

Bt

AHPTEZAB L P Bt YRS % W H BT B 1R
R TT E I8 T AT TR T AR SCEAB IO B
Bt R S B AL 5 SRR R i AL BRI TU AT RO ER A
NN TIRFA BB B s ST TE AR AR 70 R
A B II0 % 50 G TR T A4 1 TR AT Vo N1
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