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* R'8G forward
¢ R'5G reverse

G"*S forward
G'*S reverse
T22'D forward
T2'D reverse
T*'R forward
T?'R reverse

N*'S forward
N*'S reverse
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IGGTH reverse
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N3*R reverse
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W3F reverse
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*1 EWRSRK
Table 1  Strains and Plasmids
Strains and plasmids Characteristic Origin
JM110 rpsL(str"), thr, leu, thi'l, lacY, galK, galT, ara, tond, tsx, dam, dcm, Novagen Cor.
supE44, A(lac-prodB), [F’, traD36, proAB, lacl’ZAM15]
BL21 DE3 F~, ompT hsdS (rB” mB") gal dem (DE3) Novagen Cor.
pET-21b Amp', 5.4 kb Novagen Cor.
pET-1Ca pET-21b carrying crylCa7 gene, Store in this lab
pET-1CaMu pET-21b carrying 11 mutants from crylCa7 respectively This study
1.1.2 100 mg/mL -20 1.1.3 Spodoptera exigua
50 pg/mL  PCR Hiibner
T4 DNA 1.2 CrylCa7 ZEBHF YN ESIM&itT
Invitrigen DNA NCBI  Conserved Domain Summary
CrylCa7 Domain
*2 SIYRERFT
Table 2 Primers and their sequences
Primers Sequences 5537 Outer2(H)/XXX ® Forward ¢ Outer]/XXX " reverse ¢
Outerl CGCGGATCCGATGGAGGAAAATAATCAAAATC — —
Outer2(H) ACGCGTCGACCTTCTGTGCTCTCTCTAAATC

CCAGAAATTCCAAACGAAG 1400 450
CTTCGTTTGGAATTTCTGGATT

CTTGATTCGCTACTTGAA 1490 410
AAGTAGCGAATCAAGTAT

CCGAAATCTGATTATCAAGATTGG 1240 660
CCAATCTTGATAATCAGATTTCGG

AAATCTAGGTATCAAGAT 1240 660
TTGATACCTAGATTTCGG

TATGACAGTAGGAGATAT 1000 820
TCTCCTACTGTCATAGTT

AGATCTGGAGGAACACCTTTT 580 1320
AAAAGGTGTTCCTCCAGATCT

TTGAATCGTCTTACAATC 980 920
TGTAAGACGATTCAATAT

CAGCAACCTTTTCCAGCGCCA 772 1128
TGGCGCTGGAAAAGGTTGCTG

TTAGAATTTCGTTACGCTTCCAGT 200 1700
ACTGGAAGCGTAACGAAATTCTAA

ACATTTGGATATACC 190 1710
GGTATATCCAAATGTTCT

Note: a. R: Argine; G: Glycine; N: Asparagine; S: Serine; E: Glutamic acid; F: Phenylalanine; T: Threonine; W: Tryptophan; D: Aspartic
acid. b. XXXs represent the R148G, etc. c. R148G indicates the 148" amino acid Argine was replaced by Glycine, others are the similar.
d. Outer 1 is the 5” primer of crylCa7 toxic gene sequence; Outer 2(H) is the 3° primer of cry/Ca7 toxic gene sequence.
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Clustal r/min SDS-PAGE
W CrylCa7 Cry CrylCa7
3 9 pET-21b BL21
G138 R148 T221 N251 N306 W376 30 g
439GT440 R522 RS570 3 mL
PCR 5% 24
NCBI CrylCa7 3
Domain 3 25
2 7 POLO
1.3 E&3|4 PCR LCs M
PCR crylCa pET-1Ca
DNA Outerl/XXX reverse 2 éf{j%?ﬁ] h\ﬁﬁ
Outer2(H)/XXX forward PCR 21 FRSKEEMFTIH TGS
XXX R'™G 10 2.1.1 CrylCa7 Domain I
PCR PCR 1~253 Domain II 258~457
DNA crylCa Domain III 467~630
She Outer] 37 Outer2(H) 2.1.2 http://swissmodel.
cryiCa expasy.org/ CrylCa7 Domain
PCR 100pL PCR 94 Ery
I min 54 I min 72 2min 32 cycles 72 9 3 1

10 min 4
1.4 DNA FEnIEINg. BEEYD. ke, &1k

[13]
PCR
15 FIIME

Clustal W
16 BAMFSRESH
crylCa7 1.8 kb
BL21 LB 37
230 r/min 2% 200 ml LB
37 230 r/min 2h ODgy 0.5 IPTG
0.7 mmol/L 18 150 r/min 12
50 mmol/L Tris-HCI
pH 8.0

37% pluse on 5 s

5 min  Ampl
pluse off 5 s 12000 r/min
50 mmol/L Tris-HCl pH
8.0 SDS-PAGE

15 min

1.7 EEMNE
12000

R3 XEIEBRHMEREE

Table 3  Characteristic changes of the crucial amino acid

Change of

amino acid Location Characteristic
R'G o4 forming the turn between helics
G'*s o4 nonpolar to polar amino acid
T2'R ab—a7 neutral to alkaline amino acid
T™'D ab-o7 neutral to acidic amino acid
N®'S AT-B1 acylamino to hydroxy amino acid
W*7F B6-p7 heterocyclic to aromatic amino acid
N*R p2 neutral to alkaline amino acid
BIGGTH B10-p11  forming the turn between sheets
R°G p21 electropositive to neutral amino acid
R**E B17 electropositive to electronegative
amino acid
PCR
pET-21b IM110
PCR
DNA
22 REZHMFEIRIZF SDS-PAGE il
BL21 IPTG
SDS-PAGE
2
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439GGT440 %Trp_’a?ﬁ

Domain [ Domain I Domain [l

B 1 CrylCa7 =ANEMIBRERTM S

Fig. 1 3D structure of three domains of CrylCa7 protein and amino acid sites of mutagenesis.
R'*G N¥'s RE T*®'DR *°GGT* 68 kDa lane 3 4 5 6
7 8
ZS AR A S R 4
{ 2 3456 78 M 23 RTLEHEMEMNESER
— 200 4
-— 116 148
68kD— L 97 R'“G 6
n-._“?_-_—_ﬁ() 251 138
5 e — 45 N¥'s  G's 1/2
. 28 T 1 1 T*'R 1/3 T#'D
. = - - W3R
2 EHEAK SDS-PAGE il 1/3 N*R 1/6 *’GGT*
Fig. 2 SDS-PﬁE}E analygsils of mut?51§12t proteinzsz.l 1. CK ]32%121; 2. 1/30 R°G R2E
CrylCa7; 3. R"™°G; 4. N™'S; 5. R°E; 6. T"'R; 7. T D; 8.
4GGT*"; M. Protein Marker. 1/10 1/20

R4 TEWET CrylCal EAMMREHMEYTFENELER

Table 4 Bioassays results of different expression products against Spodoptera exigua larvae

Mutants Domains Secend structure LCso/ pg/mL 95% fiducial Limits
CrylCa7 40.0 21.0-67.0
R'%G a4 7.0 2.0-11.0
N®'S a7-Bl 72.0 10.0-288.0
G"*s Domai ad 73.1 39.3-95.4
T2IR omatn ab-07 146.0 38.0-291.0
T™*'D a 6-a7 >10000 -
W37T5F B6—B7(loop2) 142.8 75.0-207.0
N*R _ p2 247.0 100.0-952.0
439 440 Domain
GGT B10-B11(loop) 1350.0 536.0-4100.0
R°G 21 376.0 138.7-2065.4
RE Domain B17 529.0 272.0-898.0
N 138
PCR CrydB  ad-a5 R4
[15]
Gly 1
PCR CrylCa7 Domain 1 6
CrylCa7 R Cryl
G138 Block 2 4 (e)
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[16] CrylCa7 306
Asn Arg 6
Smith and PCR CrylCa7
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WOF Trp  Phe Cry
Phe
Z % X M
loop3 [1] Herrero S, Gonzalez-Cabrera J, Ferre J, et al. Mutations in the
1 Domain Rajamohan CrylAb Bacillus thuringiensis CrylCa toxin demonstrate the role of do-
439GGT440 BIO_BH ( 100p3) mains and  in specificity towards Spodoptera exigua larvae.
8] Crlea7 Biochem J, 2004, 384.Pt 3: 507-513.
439 440 [2] Grochulski P, Masson L, Borisova S, et al. Bacillus thuringiensis
Gly GGT o
CryIA(a) insecticidal toxin: crystal structure and channel forma-
30 loop tion. J Mol Biol, 1995, 254 (3): 447—464.
[3] Kumar AS, Aronson Al Analysis of mutations in the
Masson pore-forming region essential for insecticidal activity of a Bacil-
B17-B18 R522  Cryl Block 2 lus thuringiensis delta-endotoxin. J Bacteriol, 1999, 181 (19):
R254 [18] 6103-6107.
522 Arg Glu [4] Audtho M, Valaitis AP, Alzate O, et al. Production of chymotryp-
. sin-resistant Bacillus thuringiensis Cry2Aal delta-endotoxin by
13 1 Domain . L
protein engineering. Appl Environ Microbiol, 1999, 65 (10):
CrylCa7 R522 4601-4605.
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istry, 2001, 40(8): 2540-2547.
Cryl R148 [6] Bah A, van Frankenhuyzenk., Brousseua R, et al. The Bacillus
thuringiensis CrylAa toxin: effects of trypsin and chymotrypsin
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Cryl 85 (2): 120-127.
WF  RO2E ' o _ o
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N*®'s G T?'R/D dues of Bacillus thuringiensis delta-endotoxin CrylAa associated
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Effect of CrylCa7 protein modified by site-directed mutagenesis
on inhibiting Spodoptera exigua Hubner

1 . <1 . 1 2 . 1*
Yu Ren', Huamei Liu’, Fuping Song', Dafang Huang”, Jie Zhang
(* State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,

Chinese Academy of Agricultural Sciences, Beijing 100094, China)
( Biotechnology Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: [Objective] To obtain the mutants with different toxicity from the wild-type CrylCa7. [Methods] Insecticidal
crystal protein Cryl1Ca7 from Bacillus thuringiensis which is highly toxic to Spodoptera exigua, an important agricultural
pest in China, and we mutated this toxin by over-lapping extensive PCR method in different domains to obtain 11 chimeric
mutants. [Results] The results of bioassays against Spodoptera exigua neonates showed that several conserved amino acid
sites were crucial to insects. The pesticidal activities of most of mutated proteins were decreased, including Glycine'*® Serine,
Threonine®™' Aspartic acid, Threonine™' Argine, Asparagine™' Serine, *’GlycineGlycineThreonine**’, Asparagine®® Argine, Tryp-

376 522 570

tophan™” Phenylalanine, Argine™ Glutamic acid and Argine’" Glycine. The activity of those mutated proteins in the Domain

was *’GlycineGlycineThreonine *" < Asparagine **° Argine < Tryptophan >’ Phenylalanine. In the Domain , the mutant Argine®*

Glutamic acid < Argine "

Glycine, their toxicities reduced distinctly compared with CrylCa7. The toxicities of the mutant
Argine'*® Glycine in Domain increased six-fold, nevertheless the activities of the mutants Glycine'*® Serine  Threonine™' Argine
and Asparagine”' Serine mutant reduced totally, even the mutant of Threonine®' Aspartic acid was not toxic entirely. In
[Conclusion] 1t is relatively easier to obtain mutant with higher toxicity in Domain of CrylCa7 protein than these in both Domain
and . We can use the improved mutant genes as the potential resources to construct novel engineering bacteria and transgenic
plant, meanwhile, to perform the study of interaction mechanism between insects and Cry proteins.

Keywords: Bacillus thuringiensis; insecticidal crystal protein; Site-directed mutagenesis; crylCa7 gene; Spodoptera exigua
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