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Table 1 Protein concentrations of selected recombinant
clones expressing mutational Cry proteins with increased

toxicity and parental Cry toxin by ELISA assay

‘T{ZﬂJﬁlﬁlﬁﬁ/(yg/g)

e B G | T e 2
Clone No. Mean of prf)lem S
concentrations
185 1.330 a 1.281 X103
305 1.330 a 0.264X10°3
323 1. 365 a 0.703X10°°
932 1.364 a 2.821X10 3
936 1.333 a 0.690x10 3
983 1.371 a 0.312X10°3
738 1.375 a 0.290X10°3
994 1.380 a 1.472X103
977 1.363 a 0.103X10 3
725 1.375 a 0.134X10 3
728 1.385 a 0.506Xx10 3
723 1.411 a 0.472X103
Cry2 A 1.422 a 0.156X10°°
CrylAc 1.374 a 8.684X10°°
CrylAb 1.369 a 7.658 X103

D RIFVEAE 5 7 AR % KR 2 R AR FE(P>0.05, F#%
[7]) . The data within a column followed by the same letter are not

significantly different at 5% level (the same as following tables).

BT REAR A sE B 4 R o7 T A RS L
AIRAR R EUR KGR A — 23T TR R
DR DAy 2 3k ok /N A B T 31 T 1) Bk 5 AR v
B IR . Xh TR e B A T PR R R AL RO T
fifp T 2H A5 A R A I A5 SR RS, R R TR
PR R T B 0 B L FRAT T A B
HERRIBEIST TIE, EX 1000 4> 4 5 B
PEAT R 51 I 5 I A 6 A& DR H IR P 51 kA ) TR
FEX J5 AR B I ) i PR R DR 43 X 10 19 ELISA ¢
S AR & AT Cry 8 A& = 0E F SRR
HEAFEMELGEN Cry & A& EHET 50,

ZiRGR DB X RENEN S5 EGH Cry
HEES R, IR E 2T (P>0.05), BB X
By B T ) A9 B 52 A0 S 02 DY O Ak R R R
Ry,
23 EAREMUFER

1 000 /> 4 v B A AZ 7 R P 51 LU X 25 R A T
5 erylAb.crylAc,crylC % Lcry2A * FlerydC* B
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AL He B 43500 S 23061906 .2% . 42% .9 %, [A) I A%
RABFFINA 55 Do di 5005 HAPORE T ery2A *
MEH R Z .

KURT 5 AN IELG Jk K Y 2H S RE XA i 4R
14 3 B e b R 23 B 0 B 8 O SERE R H Trery2A + |
crylAc F erylAb, TEILER 2. 5 cryl Ab B FF 5 AL
PERYA 235 478 1 000 >E 4 v e vh R e T4 2
1, HARHIGEHERART crylAc B2 TE R BOIG M
Y10 AN EAIEE T A HAA 1 AR T orylAb,
X — g crylAc AT, SRR AT REJE TC 18 A% 1R
J7 9 34 S AR I 5 48 bR B T 3 A e B [ U
P MARIREG R E , crylAb, crylAc X 2 43 A
A e AR b A 2 A AR 1 R AROR 9t 2R 1 T Y B B R
ZH, M0 A OB R A s R D, KRR T
crylAc W) EE 2H B R 80 vk, g 1 6 B8 89 TR 4R 19
crylAc BY A% HOWE PR 2 5 A 5 ah 5 b g5 1
HEANREHRZH 10 AHEHILF S, HAE 14
KIETF crylAc, W RESE T crylAc 7 #F 1k 1t 72
L JE T AL AR R A WSRO 5 AT A%
i DI e A8 G BE TR A R 1y 22 R vh M B B )

F 2 1000 4~PAMESERE B R R AT

10 B E BE R B R Hsk iR
Table 2 The top 10 toxic clones in the 1 000

clones and their gene sources

LRSS 5 % HUE B P
Clone No. Mean numbers of larvae killed Gene source
983 20.3342.67 a cry2A *
738 19.67+£1.20 a cry2A
994 19.00£2.08 a cry2A *
977 18.67+0.88 a crylAb
725 18.33+£2.40 a cry2A *
728 18.33+3.71 a cry2A %
932 18.33+1.33 a crylAc
723 17.67+1.20 a cry2A
764 17.67+4.10 a cry2A *
430 17.33+0.67 a cry2A
CrylAc 9.33+0.88 b crylAc
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W 25 55 > B oK BE 4R 21 HCJEUIA Sk DR R UL o6 A
() 945 DA TR 5 4 Cry 2 B9 1 R i i )5 51)
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Table 3 Toxicity levels of 5 cry gene source clones

7] Toxicity  crylAb  crylAc crylC* cry2A* cry9C *

I} Increased 2 5 1 132 2
1% Similar 1 2 0 6 0
T & Decreased 232 179 15 282 86
Il Total 235 186 16 420 88

25 AEAFHYREANTESERFIINEIRMLE
bk %
AR UK X 1000 A [ 5 PR Sk 5 A 7 41
o [ B HEAT 4 41 L K /N 4 P B v B R AT SR SRR Y
FI B HE X (3 4) L% 1000 /4~ B 4 3 R %) 28 K 1% 5 371
HEAT AR BT 5 e B AR T8 ) B TERIRE L5 A
T3 R R A 2 o () 1) BB TR Y 40 TR U SR A
R4 5h ey BRFBENEAREALERR
FHENRANSEERF I E B LR

Table 4 Amino acid sequence comparison of 5 cry

parants-source clones with different toxicity levels %
% n _— F IR P Amino acid sequence homology
RIET 5 LRI -
. B4 wARTA HHTFRA
Clones from 5 ; ; ;
Clones with Clones with Clones with

gene sources . o o . o
increased toxicity similar toxicity decreased toxicity

K H crylAb By STl

88. 70 100. 00 42.99
Clones from crylAb
KA crylAc 1978
90. 63 69. 50 47.71
Clones from crylAc
KA erylCx iR 95. 86 / 70. 95
Clones from crylC *
KA cry2A x B TERE .
1. 67 62.77 34.54
Clones from cry2A * 7
KA cry9dC x 1 78 [
KA ery JrekE 92.33 / 44.88
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H T IR TE BUA AL A 52 35 i 2 B TC 3 ) i 98748
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¥ TIRE . LR Bt WAl e {48 FLAR 5 BRI AL 1R
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Constructing cry genes mutant library with DNA

shuffling method for screening high toxic Cry protein

ZHANG Xiao-qiong LIN Yong-jun

College of Life Science and Technology s Huazhong Agricultural University sWuhan 430070,China

Abstract
using DNA family shuffling method with five initial cry genes crylAc,crylAb,crylC * ,cry2A * and

An E. coli-expression mutant library containing 1 000 c¢ry mutant genes was constructed

cry9C %, The 1 000 clones were expressed in E. coli and their toxicity was tested upon Helicoverpa ar-
migera (cotton bollworm) larvae. The expression level of mutation clones were quantified by ELISA.
Compared with the original Cryl Ac,there were 122 clones with significantly enhanced toxicity,38 clones
with similar toxicity; 232 clones with decreased toxicity; and 608 clones with lost toxicity. All 1 000 cry
mutant genes in the library were sequenced and amino acid sequence homology of all cry mutant genes
was analyzed by multiple comparisons. Gene sources of 945 clones were found and divided into 5 classes
based on homology,55 clones were unrecognized. According to toxicity level,the 1 000 clones were fur-
ther divided into 3 classes:increased toxicity,similar toxicity and decreased toxicity. Analyzing the amino
acid sequences of the 1 000 clones,the homology in 5 decreased toxicity classes was lower than increased
toxicity classes and similar toxicity classes.

DNA shuffling; Cry protein; sequence comparison; mutant library
(e R &)

Key words



