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Abstract: The knowledge of the relationship between sequence characteristics of insecticidal crystal proteins (ICP) and their
inhibitory against Plutella xylostella provided helpful information for the rational design of ICP with desirable activity against
Plutella xylostella.The four key loops of ICP with determined activities against Plutella xylostella were selected to study the
quantitative relationship between sequence characteristics and insecticidal activity. The first principle components’ score vectors for
20 amino acids were assigned to converting amino acids into data. The six key sites X3, Xo, X1, X13, X14 and X9 were predicted by
stepwise regression method. The amino acids L/ X3, S/ Xo, S/ X1, T/ X13, A/ X4 and G/ X9 found by partial least squares regression
and second order polynomial models were predicted to increase the activity of ICP against Plutella xylostella.
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Table 1 List of insecticidal crystal proteins with determined activities against Plutella xylostella

Icp GenBank LCs Homology to ICcP GenBank LCso Homology to

Accession No. (ug/mL) CrylAal2 (%) Accession No. (pg/mL) CrylAal2 (%)
CrylAal2 AF384211 0.20 100.0 Cryllel AF211190 0.20 43.6
CrylAal4 AAP40639 0.63 98.1 Cry2Aa9 AF273218 4.60 13.4
CrylAbl6 AF375608 0.26 92.4 Cry2Abl10 EF157306 95.39 13.9
CrylAfl U82003 48.70 86.7 Cry7Bal ABB70817 0.10 36.5
CrylBdl u70726 0.13 56.2 Cry9Cal 737527 6.50 37.7
CrylCb2 AY 007686 7.97 71.0 Cry9Ea2 AF358863 1000.00 34.6
Crylla3 L36338 2.57 43.6 Cry9Ea3 EF157307 1000.00 34.6
Crylla7 AF278797 12.70 43.6 CrylCa9 AY078160 1000.00 72.7
Crylla8 AF373207 2.23 43.9 CrylCa7 AY015492 1000.00 72.7
Crylla9 AF521013 93.24 43.8 CrylDb2 AF358862 1000.00 72.9
Cryllbl U07642 147.80 44.1 CrylGb2 AF288683 1000.00 73.1

Crylldl AF047579 4.26 44.1

ICP: Insecticidal crystal protein; GenBank Accession No.: the GenBank ID; LCs: Insecticidal activities of ICP (Half lethality dose); The
LCsg value of ICP which showed no activity against P. xylostella was defined as 1000
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Fig. 1 Structure of ICP and the four key loops

The known ICP structures, regardless of insect specificities, show a
common topology composed of three domains. Domain I is an
a-helix bundle, which is believed to be responsible for pore
formation. Domain II is a B-prism of three antiparallel sheets with
loops ending at its apex, which is thought to be involved in receptor
binding. Domain III is a lectin-like B-sandwich, which is important
to the stability of ICP

Loop! (indicated by arrow), o4-ais loop in domain I, is crucial to
pore formation. Loop2, Loop3 and Loop4 (indicated by arrow), the
surface-exposed loops at the apices of the three B-sheets of domain
11, are involved in receptor binding
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Table 2 The amino acids of the four key loops
1cp Loopl Loop2 Loop3 Loop4
X X X5 Xy X5 Xo X7 Xs Xo Xjo X X2 Xz Xis Xis Xie Xi7 Xis Xio Xa0
CrylAal2 1 P S F R I G R N Q P W P A G T P L T
CrylAal4 1 P S F R I G R N Q P W P A G T P F L T
CrylAbl6 I P L L R V A S Y N P V A G G P R I A G
CrylBdI I P L F A V R G E N 1 G 1 N F S N S S \%
Crylla3 I pP L F AV RGZF L G S G P A G A v Y T
Crylla7 V P L M A I R G I G A N 1 1 R N A E P L
Cryllal8 L P Q F Q M G A R R S W L D R N 1 A S P
Crylld9 L P Q F Q I G T R R S W L D R N 1 E S P
Crylb M P S F A I S S Q G H F G V E E Y S H R
Cry7Bal L P S F A V S N T V D F H W S H \Y K A L
Cry9Cal L p S F AV S NT V D F H W H \Y K A L \Y
Cry9Ba3 I P L F R 1 S S T A R F N F T L R A P \%
CrylC9 M P S F G T T A P D S R A R T T Q G G P
CrylD2 I P L F A V P V S I E S T A T N Q A G S

Loopl, o4-ais loop in domain I, is crucial to pore formation. Loop2, Loop3 and Loop4, the surface-exposed loops at the apices of the three

B-sheets of domain II, are involved in receptor binding

The redundant data such as CrylGb2, CrylAfl, CrylCb2, Crylldl, Cryllel, Cry2Aa9, Cry2Abl0, Cry9Ea2, CrylCa7, were not
included because their four loops were entirely identical to other ICPs listed in the table

R3 2 PCAAIER 20 MRAREIRR 1369 MERS
HEHNE—NERSNBIEE
Table 3 The first princiciple components’ score vectors by
PCA for 20 amino acids

AA AB FPC AA AB FPC
Ala A -32.27 Met M 3.84
Glu E 1.85 Trp W 62.17
Leu L 0.71 Asp D -10.09
Ser S -26.53 His H 15.31
Arg R 24.44 Phe F 28.81
Gln Q 3.87 Tyr Y 38.59
Lys K 10.56 Cys C -23.81
Thr T -15.66 Ile I -0.20
Asn N -7.95 Pro P -12.00
Gly G —47.81 Val A% -11.85
AA: amino acid; AB: abbreviated words; FPC: the first

princiciple components’ score vectors

LM mQ) £, BARE D EKEHE R
MRAz AL 6 A4S, 200 Xs. Xoo Xipy Xizy Xy A
Xio, HHIEASREFEIRN AN Xs. X Il Xy, A
KL A Ko X3 Fl Xyso TEZ AL HIHE R, Y
GRS Z AR AR E T R, B DU IR % IR A
TR S Z A B g, i REkR)E, HXER
# R=0.97832, ikF|Hc Kk, F {=26.0342, g KF
P=0.0002(P<0.05), [=]J477 F HA & 47 1 B K- .
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Y,=0.6337971+0.025436X,+0.002456X,—0.020477X4
+0.008425X,~0.001795X5-0.020721X¢+0.001993X, X,
—0.000118X,X,+0.000243X5X5—0.000020X,X,+0.000
318X5X5—0.000289XX+0.001077X,X,—0.000873X;
X35—0.001260X,X,4-0.000566X,X5+0.000266X,X—0.0
00364X,X5—0.000631X,X,—0.000443X,X5—0.000202X,
X—0.000302X3X,+0.000117X5X5+0.000248X3X+0.0
00609X,X5—0.000080X,X—0.000528 XX (2)
X 4 R EIH AR (2) KN 0.002 Y
TR Y R, SRR S iR, Bl Y2 fRAE
7 8.487, 1 EI AN R EAEEMGERERE N X, =
0.71, X,=—26.53, X3=-26.53, X,=—15.66, Xs=—32.27,
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(LCso), fHiASCHTREIE AL A AR A IR, —J&X)
IINSRIRTE AR HUOTE PRI LCso BUE 2 0 2 /D R A 3
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Table 4 Key amino acids and the reciprocal of LCs

ICP X Xa X3 X4 Xs Xs Y2
CrylAal2 -26.53 -795 6217 -12.00 -32.27 0.71 4.926
CrylAal4 -2653 -795 62.17 -12.00 -32.27 0.71 1.580
CrylAbl6 0.71 3859 -11.85 -32.27 —47.81 -32.27 3.876
CrylBdl 0.71 1.85 —47.81 -020 -7.95 -26.53 8.000

Crylla3 0.71 28.81 -26.53 —47.81 —12.00 38.59 0.389
Crylla7 071 -020 -795 -020 -020 -12.00 0.079
Crylla8 387 2444 6217 0.71 -10.09 -26.53 0.448
Cry11a9 387 2444 62.17 0.71 -10.09 -26.53 0.011

Cryllbl  -26.53 3.87 2881 -47.81 -11.85 1531 0.007
Cry7Bal -26.53 -15.66 2881 1531 62.17 -32.27 10.526
Cry9Cal -26.53 -15.66 2881 1531 62.17 071 0.154

Cry9Ea3 0.71 -15.66 2881 795 2881 -12 0.001
CrylCa9 -26.53 —12.00 2444 -3227 2444 —4781 0.001

CrylDb2 0.71 -26.53 -26.53 -15.66 —-32.27 —47.81 0.001

X: the prediction key amino acid by stepwise regression method;
Y,: the reciprocal of LCsg

®5 RROZRIXSHIXEEFER
Table 5 Results of partial least squares regression and
second order polynomial model

X3 Xo Xi2 Xi3 Xia Xio LCso(1/Y2)
0.71 -26.53 -26.53 -15.66 -32.27 —47.81 8.487
L S S T A G 0.118

3 i
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R Y153 RAS A R, KIFESSMIRREE | Z M 5E
F ) ANGE A e B T 5 B AR RUER A AT 22 5%,
A T A, ANTRRAR 7% BUiE . 1996 4,
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