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Molecular Docking of Five Chemosensory Proteinsin Xyleborus affinis
with Semiochemicals
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Abstract: Xyleborus affinis, a main pest of rubber trees, is effectively monitored and controlled using semiochemicals, a
key method in rubber pest management. Chemosensory proteins (CSPs) are believed to play an important role in the
process of binding and transporting odorants in insect. To elucidate the role of chemosensory proteins in semiochemicals
recognizing by X. affinis, the XaffCSP1~XaffCSP5 genes were cloned and identified in this study. The characteristics of
nucleotide and deduced amino acid sequences of the genes were analyzed using bioinformatics methods. The binding
mode and ability with 15 different ligands (14 host plant volatiles and 1 aggregation pheromone) was analyzed using
molecular docking technology. Results revealed that the length of the open reading frame (ORF) of the five XaffCSPs
genes was 366-417 bp, encoding 121-138 amino acids. The predicted protein molecular weight was 13.95-16.08 kDa
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and all five XaffCSPs contained signal peptide composed of 17-20 amino acid residues at N-terminal. The secondary
structure of the proteins was mainly composed of a-helix. All five XaffCSPs possessed four conserved cysteine residues,
conforming to the typical characteristics of insect chemosensory proteins. Phylogenetic tree anaylsis indicated that ex-
cept for XaffCSP5, XaffCSP1 to XaffCSP4 were clustered with CSPs of other bark beetle species. The three-dimen-
sional models of the the five XaffCSPs were with good model quality according to model assessment results, and the
models of the five XaffCSPs were composed of six a-helices. Molecular docking results demonstrated all five XaffCSPs
had a strong binding affinity with (-)-a-copaene and (+)-longifolene. Additionally, XaffCSP4 showed strong binding to
terpinolene and limonene, while XaffCSP5 showed strong binding to camphene, a-pinene, and B-pinene. The binding
ability of the five XaffCSPs to (S)-cis-verbenol was relatively weak. The results demonstrated that the five XaffCSPs
had good affinity with host volatiles and may be participated in the process of recognizing host plant volatiles by X.
affinis. This study would provide a theoretical basis for elucidating the molecular mechanism of X. affinis in recognizing

semiochemicals and is of great significance for the control of X. affinis.
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b /INEE ( Xyleborus affinis ) J@ 5 ## H
( Coleoptera ) ZH Bl ( Curculionidae ) /N W R}
( Scolytinae ), J™ T3€W, BBz T4
BRGNS b X, B FVE), REFEH
AR R E R AR /NG R TR E AR
E AR 2 — Pl R R B N
Je T B o 55 J5 A RAR, FEAR BT A4 ST
i R F T AR R /NG S AR B i A
e E, BlRTRFERFEDETRE, B
wcrkag . EaET, HEAREEGES, b
FB AR 2D O R B AL A P F ik T
W sl e B s, S | B R S e
ZXRE, CAMWRAHOERLYS o-IREMIRE
W) LIS BRIk /N R A N
S-(-)-Fr A M X - L 0 s e R ¢ A4 TE AR RS
B B A NE s R LT S0 T
W K ERAE A o3, IR Ak 2 AT R i e
e B . e 2-R AL 2T 3 AL A
WIRHIR I M /Nak B AT R i . ROMERO 4!
WIAE TR/ INaEXT 3 FhaF EAEYIHE & 1 fl £
M FE R N, KILZAHE (Burserasimaruba ) F 2
FE AW RE | AR A /N A i 1) ik Ay P AL ST
HEZRMEHE 3-8 . 5. a- IR . B-TRME
fids . AR L AR . oot B L A SR

B AR A AR BAL S Y 5 2 2 A R BT
HME, Hib 732 EH (chemosensory pro-
teins, CSPs )& Mt i f i B2 S E AR Z
— o CSPs Hi 100~120 2R A, HIURVRFIE
HEH 4 NRSFREEERR (cysteine, Cys), 4%
Bl 2 AT (S-S a) U KR ER

JoT = s [ 25 AR /NI 5, 6 1> o MRBETE A
—A~ “BUKEEE A", ATEAFERLED
CSPs FEAFE T BZ Ak L, ATi4s &
AREF R R DT, IR ZIK (odorant
receptors, ORs ) , [AIt,, CSPs 7E 5| Filiz fi < 0k
ST kS R,

B b Bz B v, ()RR O3 1 0 4
FARYE T Z N T CSPs, M5 A H 1 (odorant
binding proteins, OBPs ) A ORs fZEETM, X
BB R AT LA (o R i 50 28 1 B S /N1 o
s SR B E RN, NI T e Z 18]
AR AT AR T AR A /a4
YE R 5 MR /N a2 XaffCSPs,
LA XaffCSPs —HEREIRY, | FH 73 7 X Hedi AR
fie#r XaffCSPs Hi5 BG4S GRES &5 &
T, IR NG RO B AR S W o T
BLHI B8 BRI A

1 MEE5AE
1.1 ##

B i . AR NEER S TR A M T
T A AR PR SE H (o T AR B S B A il 2
PR AR
1.2 FiE
1.2.1 XaffCSPs A B &y Ll MFTHIRR M /N
It SR A R 0 5 0 b 2R IR B 1 R TR XaffCSPs I
%) U81 fdi ] Primer Premier 5.0 #3581 M4 R S|
Y, mAETAEYTE (L) BRhABRARA K
(£1),

DI IS /Na& cDNA ik it PCR 4734,
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Tab. 1 Primers used in this study

5|#) Primer J¥%1 (5'-3") Sequence (5'-3")
XaffCSP1-F ATGAAAAATCTAATCGCTGCC
XaffCSP1-R GTTGCCTAGAAACTGCCTA
XaffCSP2-F ATGTGGAAGTTGACCCTACTT
XaffCSP2-R CTGAGCATCGACAGGCTTC
XaffCSP3-F ATGGTTTTGTTTACTTCGTTACT
XaffCSP3-R CTTATCTACAAGTATTTTACTC
XaffCSP4-F ATGAAGCTTTTGGTAATCGC
XaffCSP4-R CAGATTGATTCCATCCTTCTTC
XaffCSP5-F ATGAGAAGCATAGTGGTTGT
XaffCSP5-R AATGTCATACTCTGCCTTCC

RWARZ AT . Phanta®Max Super-Fidelity DNA
Polymerase 0.4 pL . 2xPhanta® Max Buffer 10 pL .
dNTP Mix 0.4 uL. 5[¥%f4 0.8 uL. cDNA £A
0.2 uL, ddH,O 7.4 pL, BMERZRK 20 uL, M 5%
P 95 CHIAEME 3 min; 95 CAEME 15s, 58 Cil
K 15s, 72 CHEM 30 s, L 35 PMEH; 72 C
SEAH 10 min T 1935005 B BRI L 3 R I 3145 PCR
FEY, R BIEBEEERE DNA [N & R AR A
R (dEat) AR F 4kl H B 26487, K
4lifk 5 pMDIS-T Bk iz, L B2
2/l DHSa . PEHCR ST RS 24T PCR BRI,
i 28 BA PR e R AR UBORY , X A TAY) TR (B
) Bty A BR S v AT
1.2.2 XaffCSPs #7744 FI|Jl NCBI ORF
Finder ( https://www.ncbi.nlm.nih.gov/orffinder/ )
T XaffCSPs 3K 1) FF ikt bl i2HE ( open reading
frame, ORF ); i SignalP 4.1 ( https://services.
healthtech.dtu.dk/services/SignalP-4.1/) Tl Xaff-
CSPs W {55 Ik & ; i if Expasy ProtParam
( https://web.expasy.org/protparam )il XaffCSPs
()57 F 5 A 5. A SOPMA ( http://npsa-
pbil.ibep.fr/cgi-bin/npsa_automat.pl?page=npsa_so
pma.html ) X} XaffCSPs Z MR IT 5 45 4T
9 5 5 Ff NCBI BLASTx( https://blast.ncbi.nlm.nih.
gov/Blast.cgi )T XaffCSPs 5 HAlb #4358 H B difk
FIRGZE FF S B ARRIE 5 A DNAman {4
TEIERIFIIEXF . FIH] MEGA 11 B4R 4R
215 (neighbor-joining, NJ ) #4# XaffCSPs 5 H:
fib B2 HL CSPs RS K E M, bootstrap 4 1000 1K,
fi F§ MEME ( https://meme-suite.org/meme/index.
html ) B E &K Motif %ty 5, Xt XaffCSPs )

PRAF T AT VP4 -

1.2.3 XaffCSPs #9 = 2 45 5 B A5+ 4 I H]
trRosetta V-5 1"T%H 8K 1 5 19 = S 45 R HEAT TN
f# ] SAVES 6.0 ( https://saves.mbi.ucla.edu/) HY
ERRAT #il ProCheck X XaffCSPs = 4555 jJE £
P o

124 »>Fx4 LU 15 Mg is /NEA TS
oA BE PR AL S W 9 BCAR , A PubChem %X
P& 1% ( https://pubchem.ncbi.nlm.nih.gov/ ) T %%
fid{k PDB 3C{F, il AutoDock Tool 1.5.6 Xt
XaffCSPs #& 1 it SRR R = 4ERim 1 Rg i1k,
KT I F-H f S 7130 143 POCASAL.1 ( https:/
gb6altair.sci.hokudai.ac.jp/g6/service/pocasa/ ) il il
EERE A D4SNNE, BEZERSEIRNLE
18 523 6] Grid Box, #EATRZpExt3R0) [ 4
AREAR B SR AP L, B4 XaffCSPs
PITETELE B . S5 A ReE/N, IR 3Z K
(45 & -

2 HBREHH
2.1 54 XaffCSPs HIF 54 #h

AT IR S s h 3 e 31 5 SRR R
J&% 32 75 ) Unigene J751 , 53l 45 4 XaffCSP1~
XaffCSP5, LI #1 /N e cDNA SHBLRR X ORF i
1T PCR ¥4, HLIKGSHRER 5 4 XaffCSPs A
Y1 A AT 300~500 bp ZIH], S5 KN S
W —30 (1) FRASI T 25 5L 5 % i s L AR I
SIHATIEIE

bp

2000
9%
500

250
100

M: DL2000 DNA marker; 1~5: XaffCSP1~XaffCSP5 PCR =4,
M: DL2000 DNA marker; 1-5: PCR product of
XaffCSP1-XaffCSP5.

B 1 XaffCSPs% & ORF i PCR #1%
Fig. 1 PCR amplification of XaffCSPs ORF

51~ XaffCSPs #4052 % ORF, KR
366~417 bp, Zwhi% 121~138 R ILRE, F 4 &
H R T8 13.95~16.08 kDa, 44 5 & A
17~20 MR IERFR LA MME TR (F2), %
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ZER T ZE SRR, 5 A XaffCSPs 4 1 Bi45 4
DL o-8805E 0 3, HROyICHNIE (% 3). X

XaffCSPs #E47 357 FUi 434, 5 4~ XaffCSPs 351
RIS AMRSFIF (| 2),

+ 2 XaffCSPs EA MBI 4R

Tab. 2 Physicochemical properties of putative XaffCSPs protein

S P ESS T80 ) T AE AR i i P
Protein name Full length/bp OREF size/bp Number of amino acids ~ Signal peptide =~ Molecular weight/kDa pl
XaffCSP1 574 366 121 1~18 13.95 9.36
XaffCSP2 847 417 138 1~20 16.08 5.45
XaffCSP3 1604 405 134 1~18 15.41 9.05
XaffCSP4 1539 384 127 1~17 14.63 8.79
XaffCSP5 979 390 129 1~20 15.30 5.07
Name P-value Motif location
XaffCSP1 6.70e-70 e I =
XaffCSP2 327e-74 Y =
XaffCSP3 3.62¢-63 = . |
XaffCSP4 3.10e-74 Y
_ [
XaffCSP5 3.99¢-77 -
4 4
3 3
Motif 1 2 I[KND LL N DK E ¥ H||. E g S T KK Motif 3 £ 2 TT X
' |SaB R T Vi Q) IR T \
VV FJElT NUENK, RnV
Dy Oeba ARVUREE Y DoA™ DNV Vi N aSred 'my
““““““““““““““ T M o550 108 204 011 EVE o 55C) 106 20240113
\ ,, ‘
3 3
o2 £ H uKNK Ewlin EgK DI'S| KKK worrs 22 B LGN eees -k YFEQ
1 DRl BorSER Wk an | S DUFKAE A ADAA
o AKRMICTENQIcE lTikic [ AXQWIKED T | TEQT ok oLl
———————————— MiMl? (n: ssg) 1?.05?02? 01:3 MEME (po SSC) 11.06 2024 01:13 MEME (no SSC) 11.05 2024 01:14.
2 XaffCSPs EAMRTERFFH
Fig. 2 Conserved motifs prediction of XaffCSPs protein

*® 3 XaffCSPs&HB LM
Tab. 3 XaffCSPs protein secondary structure prediction %

*® 4 XaffCSPs £ B #9 B 5> #
Tab. 4 Homology analysis of XaffCSPs gene

EASAK o lZE  B-EifA A TR N LI UEAS IR B ARMLLEE
Protein name o-helix  B-turn  Extended strand Random coil Gene  Species name Homologous gene Accession No. Identity/%
XaffCSP1 6281  4.96 331 28.93 XaffCPL A1 K/ NaE CSP2 AXF53965.1  68.07
XaffCSP2 5290  5.80 6.52 34.78 XaffCSP2 = gAY/ N CcsP1 AMP19496.1  79.03
XaffCSP3  64.18  6.72 2.99 26.12 XaffCSP3 A K4 CSP9 WJI63294.1  76.98
XaffCSP4 6142  8.66 4.72 25.20 XaffCP4 BKF: CP AUF72999.1  88.04
XaffCSP5  65.89 4.65 1.55 27.91 XaffCSP5 HikyHt C9 AJO62215.1  60.95

2.2 XaffCSPsHIFFILt I S RFELZE 7

X XaffCSPs 74T Blast WX /pHr, 1
NCBI ¥)EH 5 XaffCSP1~XaffCSP5 A
i 11 43 3 2 4 1L # K /N & ( Dendroctonus ar-
mandi ) CSP2. = m YI# /& ( Tomicus yun-
nanensis ) CSP1, & ¥4 ( Pachyrhinus yasumatsui )
CSP9. £ X4 ( Anoplophora chinensis) CSP &
¥t ( Tenebrio molitor ) CSP9 KE[H (% 4), J¥5

Fexbas &, XaffCSP1~XaffCSP5 ¥ HA 4 4
PRSP EIROL S, 8 C1-X6-Cao-X5-C3-X,-Cy
HEFIEK (& 3 ), % XaffCSPs 5HAh 5 Fh
/Nik CSPs W RG LB, BR XaffCSP5 HLpl R H
— 3 Hh, XaffCSP1~XaffCSP4 43 HAE AR 143 32
(Bl 4), XaffCSP1 54 LA K/ Nk DarmCSP2 .
FRRK LA K /NEE: (D. ponderosae ) DponCSP2 il
53k /Ng ( D. adjunctus ) DadjCSP2 % —37, 3%
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XaffCSP3 Q200 Q00 QQQ0Q Q0000Q000Q0 0000000QQQQQ00Q0Q

1 10 2 30 49 . 60
XaffCSP3 KPAFEARS4ATKY|SIHL D VE MpATN|NR}EAMV|NYp4A(A[S T, . T|Q[&P (8P P E G Clé]
XaffCSP1 - - - - . QESYTISREPBINLN I|EQEYLISINKISIV LINNp4VIN[@®V LD E[&P[®T A E G Cn
XaffCSP5S . - .DDERS4PISKYINI D YNERJV|K|S|DIIL LIKINp4VIN[® L MDR{ET[8TP E Al Cle]
XaffCSP2 AVTENNES4TTKY|BINVD INDR§I|HNE}ILLIKINpMV|IF[®L LDK[ES[MTP DG CH]
XaffCSP4 - ..DNPTTKYENVDLDEIKSDLMK MVIN[|L LEK[EK[TP DG cH
Xc P. 00000000000000000 00000000000
affCSP3 70 80 . 110
XaffCSP3 C| KATVTLRAIRRLEKKEYPKI IKKFESTFGSKSKILVDK
XaffCSP1 C SEKKFVRRGARHLIKNNP|SEQIMKITIAKIKYMP|QGIQRSNQFRQFLGN . . . .« « v oo
XaffCSP5 C PEIKINGVESVIKHMVHNEKQNWRNELESKYSJPDGVR{WEK[YKDOQWKAEYDI ... ...
XaffCSP2 C| KREGSEVMMRYLIDNKPEYRNPLQEKYIBP TGSMKQRYLESKKVEVEVKPVDAQ
XaffCSP4 C TEKKGSRKIMRHLIDNKPEWRKELEAKYBKEGSMKKTYREELKKDGINL. . ...

2

LA FEOVRT AR, O R SRR ER, SR ORI RRIE B —w

The red background represents conserved amino acids, the blue box represents identical or similar amino acids, and the green
numbers represent disulfide bonds formed by cysteine.

3 XaffCSPs B 5 5 Lt 3¢
Fig. 3 Sequence alignment of XaffCSPs
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B 4 XaffCSPs 5REAt/NER CSPsHRZER HHY
Fig. 4 Phylogenetic analysis of amino acid sequence of XaffCSPs and bark beetles CSPs

2k KR ; XaffCSP2 51NN K/NGE . Ry 2 Sk /N aE M = 42 /\ ik /N & ( 1 ps typographus )
K/ANEE . Bk /NER) CSP3 MmUYl /e 19 CSP4 KARILAA K /NEE DarmCSPS R~ —37;
TyunCSP1 RA—%; XaffCSP3 HHERIIAAK/N  XaffCSP4 HAEILAN K/NEE . HER LA K/INEE B
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[ 3k /INEEL 1) CSP8 By — 1,
2.3 XaffCSPs W= ZEHMER REITM

i8 1 trRosetta V- 5 4 #H XaffCSPs (1) 8 [ T A
A, XaffCSP1~XaffCSP5 i =4 R i 6 > a-
MEhELH N, (Kl 5 ), XaffCSP1~XaffCSP5 = #4514
i) ERRAT {873 %14 100% . 98.14% . 100% . 100%
1 100%, KT 50%, FIHIEIM4 A EAEH
A, FIH ProCheck F2 /7% 8 it = 4E &5/ 1T
AL, PR EIE XaffCSP1~XaffCSP15 =
AR 9 95.70% . 94.30%. 94.20% . 94.90% A~E H XaffCSP1~XaffCSP5 [ =4E45H; Nt fil Ct 4> Bt

F193.90% ) 22 B R % He v T dpe A DX, 0 il A VTG B AVRES ; o Fon B PR o-0R0E -
N ° 0 o o/ il A 2y A-E are 3D structures of XaffCSP1-XaffCSP5; Nt and Ct
4.30%. 5.70%. 5.80%. 5.10%FIl 6.10%[) = AR represent the amino terminal and the carboxyl terminal
O T35 X, IO IEBR A T hsm i nl X FA of the protein, respectively; o indicates a-helix
f the protein.
I\ SR < t - (o] p
X, FHHE T trRosetta F4 2 1Y XaffCSPI B 5 XaffCSPsHy=4#Esl
XaffCSP15 —4EMi R LA H (& 6 ), Fig. 5 3D model of XaffCSPs
XaffCSP1 XaffCSP2 XaffCSP3
180 T — 5 180 T — P oy 180 T — =)
[ ! _b | ! _b [ ! _b
135 Fb L - 1351 Fb’ L 135 Fb 0
=] ~1 =l
% s 1ﬁ‘ 1o 0T 1f‘ 1 _ 9. f 1 ‘ ]
ol gl =] | e gl me| R en ] e
3 (s "J]f‘ o § 0r |~l\| =i ) 3 or J|~z|1" |
~ N | . I N n |
2 45+ — | L 451 - \ & 451 - |
A [ A | A [
—0f ] —  eof — -%0F J —
—135pb < - —135pb <7 ® | —13spb < [ e
b 1 1 ‘ ||‘ 1 |J | 1 Nb b 1 1 ‘ ‘|| 1 IIL ‘ 1 Nb b 1 1 I ‘I' 1 IL | 1 ~b
/\@/\,,;o PR /@g/\,,;; S O H P /\@/05 D O H P
Phi (degrees) Phi (degrees) Phi (degrees)
XaffCSP4 XaffCSP5
180 T =—p 180 T =0
| ! _b | ! _b
135 ' BT 135 l F"‘ __ g
. %r 7 - Lﬁ‘ 1 eop FET 1(‘ 1
g asf, A iy g asp, Ay
a) ‘ | ‘ | S FJ & | | ‘ | N i
é‘/ 0'7 [Taf‘ wr-aat \..% 0—7 ‘Ta‘\ |
L A5 | &8 45 F - |
~ |- \ o) L [
L J -0 T ]
—3spe < [ —135pe <0 [
00 I TS G 10 I
\] N} Q S Q
PSP S P S SR R LHS
Phi (degrees) Phi (degrees)

. BAEXSEL, f8F A, B. L XEk; #e. Xk, ffa. b, 1, p KIk; Hf6G: BAEHXE,
fffi~a, ~b. ~1, ~p X3, A REHXE,
Red: Most favored regions, including A, B and L areas; Yellow: Additional allowed regions, including a, b, 1, p areas;
Pale yellow: Generously allowed regions, including ~a, ~b, ~1, ~p areas; White: Disallowed regions.

B 6 XaffCSPsREMARIEKE
Fig. 6 Ramachandran plots of homologous models of XaffCSPs

2.4 XaffCSPs 5iE B &M FXI#% 771, =7.26., —7.46, —7.85. —7.59 kJ/mol; H:X

¥ 5 4~ XaffCSPs 5 15 Fifg Bk & itt4r KM, XaffCSP2. XaffCSP3 . XaffCSP4 i
TRHE, Z5RFEM, XaffCSP1~XaffCSP5 Xf o-1ly  XaffCSP5S 5iZA k& W 45 & fig 73l h—-6.27 .
B R RIS Sae ), dateany 731, —6.33, —7.24 kl/mol, XaffCSP1 5K 4
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455 R JIMIXT 55 o BEAh, XaffCSP4 Xl it
A AR R B AR I 45 A RE T, S AR
3 91°H-6.32 .-6.21 kJ/mol , Tij XaffCSP5 X} 3% 4 |
o-JR M FN B-TR M R B BRIV ES B e T, 45 A HE
I BIh—6.25, —6.22. —6.17 kl/mol, 15 ™MEEY)

Hi, 5 4N XaffCSPs Xif 1 DU Al H Az s 15 2 80
BB HET] 18 5 REME B ZR I H i 7
(454, 5 HAh XaffCSPs M 1, XaffCSP5 %
Mg anes, HE56E8-5.81 kI/mol
(£5)

%5 XaffCSPs5 15 FhE i F 3T
Tab. 5 Molecular docking of XaffCSPs with 15 ligands

'S iEXY/ I CAS & AT B CRRARR) 454 fiE/(kJ-mol ')

No. Ligand substance CAS No. Formula Shape (cyclic/chain) CcSpP1 CSP2  CSP3  CSP4  CSP5
1 FEHEBR B methyl palmitate 112-39-0 C;H3,0, HEAR -495 501 482 -580 -4.78
2 A myrcene 123-35-3 CioHi6 HER 436 435 446 -5.18 485
3 3-#Hi 3-carene 13466-78-9  CyoHs R -524 521 520 -551 -5.66
4 B-JE/Hi(-)-beta-pinene 18172-67-3  CioHye AR -5.54 579 552 579 -6.17
5 JER- S HE RO B (S)-cis-verbenol  18881-04-4  C;oH,0 E787N -5.56 580 542 -5.61 581
6 T2 sabinen 3387-41-5  CyHs EZR)N -5.17 530 -5.19 -573 -5.60
7 a-77 EL4i(-)-alpha-copaene 3856-25-5  CjsHyy E7YN -771 726 746 -785 —7.59
8 KM (+)-longifolene 475-20-7 CisHa EZRN 536 —627 131 -633 —7.24
9 [W4={E4E m-cymene 535-77-3 CioHus AR -5.40 511 —497 -578 -5.29

10 1 5h il terpinolene 586-62-9 CioHys AR -5.57 557 551 -632 -5.83

11 F7HE(-)-limonene 5989-54-8  CjoHje E7YN -5.45 543 553 -621 -5.61

12 2-ZE3-2-TAWE 2-phenyl-2-propanol  617-94-7 CoH,,0 Rk -4.48 501 451 553 -4.82

13 +PU%E tetradecane 629-59-4 C14H;0 HEAR —-4.83 447 442 586 —4.83

14 3% camphene 79-92-5 CioHis ok -5.60 569 542 572 -6.25

15 o-JE/i alpha-piene 80-56-8 CioHys AR —4.42 -570 551 -576 —6.22

XaffCSP1 3= 2Ll i {584 ) Fgi K VEH 5 a-
WSS A Hoh E SRR AR 1le15 \Leu22 \ Tyr25.
Val26. Val29, Leu42. Phe64. Val65. Leu72 J&
W KAER, R IEREH Tle12, Leul6. Gly39.,
Iled46. Gly68. Ala69. Trp80. Ile83 JE ijLfiite
o S HAL S YIS R, LRk I
lle46. Val65. Ala69. I1e83 &5 1 L5tk &5 Wi
Zh4 (K 7A), XaffCSP2 5 o-i BV IIZE &,
T B K AR F 0 SE R SR SL AL FE Valls | Tlel7.
11e20, Tyr30. Leud7. Lys65, J& M iGIEAE S
FLFRFRILA Tyrl12. Aspl3. Asnld, Asp43 . GIn66 .
Gly69. Ser70; TMifE5KMEMEE G, IR
FRHE Leu34 ., Met51 ., Ile55 ., Met74 . Leu77. Leu88.
Tyr98 EEIEE /KIEH, Leud7. Ala54. Ser70.
Met73. Trp85. GIn89 J& Mty (&l 7B ). o-
T OEESKMENE S M &N T XaffCSP2 Y
BiKMEGE A N, (I EEA 2R, 2 NEIER
5EFE Leud7 Al Ser70 78 2 FhBCARLE & H ¥4 A FVEA -

4 XaffCSP3 SECAARR XL, a-tly L4
A S T XaffCSP3 B /K PR 45 2 i P AH ] )

AL (B 7C ). T BB /K VR T 1Y 2 BE R Bk 5 Tyr8 |
Phe47 . 1le50 FUE 184 7 1) 2 HE iR 5% 2 GIn66
H1 Thr70 ¥J7E XaffCSP3 53X 2 f i B AL & P02
AR IEER

XaffCSP4 = ELid o yu e Sy fsiKEH S a-
TRV I SRR P IR S A, X 4
FRELARA T XaffCSP4 B K MELE A s B AS [F)  &
(Bl 7D ). 75 ey BIERILE A, XaffCSP4 1Y
RIEBRFRIE Arg68. Met71, Arg72. 1le75. Trp82.
Tyr95. Tyr99. Leul03 JEmi/KIEAEH 71, &%
iRk 3L Lys96. Glul02, Aspl06 JEALLAEAE ST,
S RKMIERNLE T, Leudl. Leudd. Leud8,
Leu52. Ile70. Met71. Leu74. Leu85 JE mgi /K1
Fil, Met24. Typ82. Ser67 JE W iLi#E S, Tyr9,
Vall2, Leul4. Leudd . Ile70 sk Vi HIAEH]
Tl 4, Aspl0. Thr62 . GIn63 ., Gly66 . Ser67
W YEAEAE ) S A A EAE A . SRR
&, Leu3l. Leu48. Leu52. Leu74. Trp82.
Leu85 . Trp82 JE Ui /K /EJH , Met71 .Glu86 . Tyr89
Asp90 i i R ) R AEVER
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XaffCSP5 5 a7y EVM . KM . S . o-R
S B-TR M (1) 45 & T 2L o a4 ) Mg K AE
(Bl 7E). T s K AR I B Rk L Tyr9
lle12, Tyrl4. Leudd 5IERGIEEAE T 1Y & IL R b
# Glud0., Glud3. GIn63 7£ XaffCSP5 5L - 5
FiE BB W ES & T R HEVE R . XaffCSPS i@ if

AR Ty | B K AE FH R U - L s B
A, HEIEMRRIE llel2, Tyrl4, Leudd. Iled7.
Val67 i i i K AR 5 - 2§ SR R AR, &
FER AR EE Aspl0. Glu40. Glu43 . GIn63 il i 75 f
S RERFEREAE, Tyr9 50 H B w47 i
AR

A B Cy o W
'/ . o
Alasalts? g c:as-ldz o
N A
% MET-51 ) L siies”
figlss | PR Loy N
P zegas A 1& 7. 00 skl T 5
= GLEgE? @;ﬁiﬂ' SR e TS0 ¢ % / ‘
I\ ‘-E@qqé ) i&“ = an?as st /o E&»
- Al Y 9\ Lr%ens \eeu7 s O Led15
e ) oLse + A Aspease: \ LY AD N
o " rvadds N TR . R
52678 TVALGS - L8a7 N “
s Lege2h m&: \ ) g
VL2 =Y <
D

A: XaffCSP1; B: XaffCSP2; C: XaffCSP3; D: XaffCSP4; E: XaffCSP5. i[RI/t [R—HEik,
A: XaffCSP1; B: XaffCSP2; C: XaffCSP3; D: XaffCSP4; E: XaffCSPS5. The same color represents the same ligand.
B 7 XaffCSPs & FxT1EE
Fig. 7 Molecular docking diagram of XaffCSPs

3 g

Bifi 5 B DR 2 5 5 S A 2R R A B LA~ sz
RSN A, 2R EnFEz N E &
P, Hh s 2/ U CSPs S, fi
e RK LA K/NEE D. ponderosae H, % e 15 3
11 4> CSPs [, 7E4EILIFAR/NEE (D. armandi )
(L S LH T R IR 9 4> CSPs, TE = IAY/ N (T
yunnanensis ) 3k sk 4l 15 5 8 4~ CSPs, £LJR
K/NgE (D. valens) Mlm#2/\thi/Nak (1. typog-
raphus ) fill ffi % s 41 45 & B 6 4~ CSPsP! Y, Ak
WE A AR A /) e sk B € 3 5 4
XaffCSPs, H 75153 #7 B ixX 48 XaffCSPs By 4514
HARERSE, WO 4 EhaEmis, K
IR C-X-C-X5-C-Xo-C, FF B3 H B &t
CSPs #3838 4511

W H R Ao, CSPs ZERUINE B LA Yt
R EE RS, —%% CSPs A 597 LA
LMY BEss 4. g5 4 (Callosobruchus
chinensis ) 1) CchiCSP1 1] LI 54511 4 FhiE L)

HmaE AP fEHE/NEH (Cylasformicarius)
B BLAT 34> CSPs X 17 Pk M 5 K W) B 5
fI4E 4 RE 1,32 RNAT T4t CforCSP1, CforCSP5
1 CforCSP6 Wik 5 , H & /NG H 228 T X4y
Y% R PR s P, CSPs &5 T #S#M H
EHEE RS, e ilFa K NEE R DarmCSP2
A RESE A0 B R M B L W A

MG 57 FRHEE AR 34T T 5 4> XaffCSPs 5
BRI/ NEE BAL S YIRS RE T, K I XaffCSPs
5 o EUE A A A BRI S A RE T, TR
LR BRI MHXT RS, Ik, XaffCSPs 1]
RETERR IS M /NG R B 77 IR R Y R
VEEEAEH . XaffCSPs SHHWIE LYWL& T2
JEIE AL AR T B K AE TS A, AR S
R, AEREER S . b I s 0 H BRI B 4> T 45
SEER, AR B R 7> 258 S IRAR . AR E A
FRHE LGSR, KB 5 4 XaffCSPs Xf FRAR LA 1
S5 G Re ) v T EER LA S B RR . A5 A
i (AT AR B G 5 e A TR IR i) 326 B T fig 2
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