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Abstract [Aim] To elucidate the olfactory mechanisms of the wood-boring pest Zeuzera coffeae selecting Eucommia
ulmoides as host plant. [Methods] General odorant binding proteins (GOBPs) in Z. coffeae were identified by transcriptome
data analysis. Homology modelling and molecular docking were performed to predict the binding properties of these proteins
with volatile compounds from E. ulmoides. [Results] Two GOBP genes (ZcofGOBP1 and ZcofGOBP2) were identified in Z.
coffeae. The proteins encoded by these genes were soluble proteins with six a-helixes and six conserved cysteine residues.

Homology modelling indicated that the conserved cysteine residues form three disulfide bonds and the a-helixes were fixed by
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disulfide bonds to form a ligand-binding pocket with a mouth on the protein surface. Molecular docking revealed prominent

binding abilities (Free energy lower than -7 kJ/mol) of ZcofGOBPs with several E. ulmoides volatile compounds. For example,

ZcofGOBP1 with phytol and methyl cis-11,14,17-eicosatrienoate, and ZcofGOBP2 with ethyl palmitate and damascenone. The

interaction of ZcofGOBPs with ligands was strongly influenced by hydrogen bonds, covalent bonds, and van der Waals forces.

[Conclusion] ZcofGOBP1 and ZcofGOBP2 are soluble proteins with ligand binding pockets and may be involved in the

perception of E. ulmoides by binding and transporting the host volatiles.
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Fig. 1 Secondary and three-dimensional structures of ZcofGOBPs of Zeuzera coffeae

A. ZcofGOBP1 54k BmorGOBP2 ¥4Il et ; B. ZcofGOBP1 & HAME ; C. ZcofGOBP1 = 4E4# ; D. ZcofGOBPI —

TSI ; E. ZeofGOBP1 FiiA%ZE A7 i Wil ; F. ZcofGOBP2 554 BmorGOBP2 J¥ 41 X ; G. ZcofGOBP2  HAME ;

H. ZcofGOBP2 = 4E45H4; 1. ZcofGOB2 Wik sM i ; J. ZcofGOBP2 BiiAL: & 23 W Willl . Entrance Fe/RJIKHI4E A28 I

JFIO; N-term FR A3 ; C-term FRERNG; C1-C3 38 Cysl 55 Cys3 Rl —HiHE; C2-C5 FR Cys2 5 Cys5 B
M BB C4-C6 F2ri Cysd 5 Cys6 R — sl ;s 5 QYR X EUNBCIRES & 25 15 .

A. Alignment of ZcofGOBP1 and BmorGOBP2; B. Surface of ZcofGOBP1; C. Three-dimensional structures of ZcofGOBP1;
D. Distribution of disulfide bonds in ZcofGOBP1; E. Predicted ligand binding pocket of ZcofGOBP1; F. Alignment of
ZcofGOBP2 and BmorGOBP2; G. Surface of ZcofGOBP2; H. Three-dimensional structures of ZcofGOBP2; I. Distribution
of disulfide bonds in ZcofGOB2; J. Predicted ligand binding pocket of ZcofGOBP2. Entrance of the ligand binding pocket is
indicated by “Entrance”; N-terminal of the protein is indicated by “N-term”; C-terminal of the protein is indicated by C-term;
C1-C3 is the disulfide bonds formed by Cys1 and Cys3; C2-CS5 is the disulfide bonds formed by Cys2 and CysS5;
C4-C6 is the disulfide bonds formed by Cys4 and Cys5; Predicted ligand binding pocket is marked by purple shadow.
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Fig. 2 Evaluation of the three-dimensional structures of ZcofGOBPs of Zeuzera coffeae
A. ZcofGOBP1 K% ERRAT 4tit45 4 ; B. ZcofGOBP2 #i%! ERRAT 4tit4iR; C. ZcofGOBP1 FBLAIFL LA 4 K] ;
D. ZcofGOBP2 BRI [RH AR 8], ERRAT & IR IR 2E(H<0.95, BEAFRRIRIE(E<0.99, LLEAFIRIREE>0.99;
PR LD OO R I, 8 0 VAl X, TR GO SRV AT X, A B
A. ERRAT of ZcofGOBP1 model; B. ERRAT of ZcofGOBP2 model; C. Ramachandran plot of ZcofGOBP1;
D. Ramachandran plot of ZcofGOBP2. In the ERRAT, white indicates the error value <0.95, yellow indicates the error

value<0.99, and red indicates the error value>0.99; In the Ramachandran plot, red indicates the most favoured regions, gloss
yellow indicates the additional regions, light yellow indicates the allowed regions; white indicates the disallowed regions.
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Tablel Molecular docking of ZcofGOBP1 of Zeuzera coffeae to volatile compounds of Eucommia ulmoides

4EaHE
) A
VP BAILT (mol) s Jeprie T HAE Sy
olatt ?chgl)p ounds Eg‘e‘ilgr;g Hydrogen Covalent bond van der Waals
(kJ/mol)
i -7.68 Ser56 Val8, Phel2, Phe33, Phe36, Thr9, Trp37, Leu62, Met90,
Ile52, Leu6l, Met68, I1e94, Ilelll, Alall5
Phytol ( 150-86-7 ) Vall 14, Phell8,
11,14,17-= ¥R H 5 -7.51 / Leu61, 1le94 Val8, Thr9, Phel2, Phe33,
Methyl cis-11,14,17-eicosatrienoate Phe36, Trp37, Ile52, Thr73,
(55682-88-7) Phe76, Met90, Helll, Valll4,
Alall5, Phell8
KL Damascenone -7.39 / Phel2, Phe33, Phe36, Trp37, Val8, Thr9, Ile52, Ile94,
(23726-93-4) Met90, Alall5, Phell8 Vall14
AT 2 Tig -7.36 Trp37 Met5, Val8, Phe36, Met90, Thr9, Phe33, Ile52, Leu62,
Ethyl palmitate ( 628-97-7) Tlel11, Vall14 T1e94, Alall5, Phell8
-\ ik H g -7.08 Thr9 Ilell1 Met5, Val8, Phel2, Phe33,
Phe36, Trp37, Ile52, HIS66,
Methyl stearate ( 112-61-8 ) ARG67, Met68, Phe76,
Met90, GLU98, ARGI110,
Vall14, Alall5, Phel18
a-H R - 5091 / Phel2, Phe33, Phe36, Trp37, MetS, Val8, Thr9, Ile52,
a-Cyclocitral (432-24-6) Phell8 Met90, Alalls
5 FEE Linalool (78-70-6) -567 Thr9 Met5, Val8, Alall5, Phell8  Phel2, Phe33, Phe36, Trp37,
Tle52, Met90, T1e94, Vall14
K -11-F PUdas-1-1 -563 Thr9 I1e94, Vall14 Met5, Val8, Phel2, Phe33,
E-11-tetradecenol (35153-18-5) Phe36, Trp37, Ile52, Met90,
Alall5, Phell8
B -55 / Met5, Val8, Phel2, Phe33, Thr9, Trp37, Met90
Ocimene (13877-91-3) Phe36, Ile52, Phe76, Alalls,
Phel18
2-S N -5 31 - - 536 Thr9 Met5, Val8, Phel2P, Phe33P, Trp37, Phe76, Met90
Tetrahydrolavandulol (2051-33-4) Phe36, Ile52, Alalls, Phell8
FEAEEE Nerol (106-25-2) -5.19 Thr9 Phel2, 1le52, Ile94, Valll4, Met5, Phe33, Phe36, Trp37,
Alall5, Phell8 Ielll
g -5.07 / Met5, Valg, Phel2 Thr9, Phe33, Phe36, Trp37,
Lauraldehyde (112-54-9) Tle52, Met90, Tle94, Tlelll,
Vall14, Alall5, Phel18
BIRER Palmitic acid (21096) -5.04 Ser56 Phel2 Met5, Val8, Thr9, Phe33,
Phe36, Trp37, lle52, Leu6l,
Leu62, Met68, Phe76Met90,
11e94, Ile111, Alall5, Phell8
2-TNFL-1-pEEE -5.02 Thr9 Val8, Phel2, 1194, Phell8 Met5, Phe33, Phe36, Trp37,
2-Propyl-1-heptanol (10042-59-8) Ile52, Met90, Alall5
2-Z8 -1 -4.64 Thr9 11e94Val114Phel18 Met5, Phel2, Phe33, Phe36,
trans-2-decen-1-ol (18409-18-2) Trp37, lle52, llel11, Alall5
3- 10k I P 3 S R i - 423 / Met5, Val8 Thr9, Phel2, Phe33, Phe36,
3-Furylmethyl acetate (30614-67-6) Trp37, 11e52, Met90, Alalls,
Phel18
BEf% Heptaldehyde (111-71-7) -3.73 / Met5, Val8 Thr9, Phel2, Phe33, Phe36,
Trp37, 1le52, Met90, Phel18
2-C. T Hex-2-enal (505-57-7) -3.63 / Met5, Val8, Phe36 Thr9, Phel2, Phe33, Trp37,
Tle52, Met90, Alall5, Phell8
2 -3-C -1 -3.57 Thr9 Phe36, Tle52, Alall5, Phell8 Met5, Phel2, Phe33
Trans-3-hexen-1-ol (928-97-2)
Ik Mg Y s -3.39 Thr9 Valg, Phel2 Phe33, Phe36, Trp37, Met90,

Furfuryl alcohol (98-00-0)

Phel18
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Table2 Molecular docking of ZcofGOBP2 of Zeuzera coffeae to volatile compounds of Eucommia ulmoides

bk Ao

A\ He
WA (i/mob) s et TR )
Volatile compounds ( CAS ) energyg Hydrogen Covalent bond van der Waals
(kJ/mol)
WIRmR Mg -7.62 / Vallll, Vall14 Val8, Thr9, Phe33, Phe36,
Ethyl palmitate (628-97-7) Trp37, 1le52, Met62, TYR76,
Met90, 11e94, Alall5, Phell8
K I 475 T -1735 / Val8, Phel2, Phe33, Phe36, Thr9, lle52, Met73, Valll4
Damascenone (23726-93-4) Trp37, Met90, 1le94, Alalls,
Phel18
11,14,17- =45 TR H ig Methyl -7.26 / Phel2, Leu61, Met73, TYR76 Met5, Val8, Thr9, Phe33,
cis-11,14,17-eicosatrienoate ihegi6> Trl\)/317i1111652’ yflt?g’
eY4, a , a 5
(55682-88-7) Alal15, Phell8
F\ R i i ~7.19 / Val8, Phel2, TYR76 Thr9, Phe33, Phe36, Trp37,
Methyl stearate (112-61-8) Ile52, Leu61, Met62, Met90,
11e94, Vallll, Valll4, Alall5,
Phell8
i -7.09 / Val8, Phel2, Phe33, Phe36, Met5, Thr9, Ser56, Leu6l,
Phytol (150-86-7) Trp37, Ile52, Ile94, Vallll, Met62, Met73, TYRT76,
Vall14, Alall5 Met90, Phell8
a- MR - 595 Trp37  MetS, Val8, Phel2, Phe36, Thr9, Phe33, Trp37, TYR76
a-Cyclocitral (432-24-6) Met90, 11e94, Phel18
11 Uz -1 - -59 Thr9  Met5, Val8, Phel2, Phe33, Ile94, Valll4
E-11-tetradecenol (35153-18-5) Phe36, Trp37, Ile52, Met90,
Alall5, Phell8
F7HEWE Linalool (78-70-6) -5.86 Thr9  Phel2, Phe33, Phe36, Leu6l, Met5, Val8, Trp37, Phell8
Met73, TYR76, Met90
2-FR N -5 AL 1O -5.52 Thr9  Met5, Val8, Phel2, Phe36, Phe33, Trp37, TYR76, Met90
Tetrahydrolavandulol (2051-33-4) lle52, Alall5, Phell8
B #4% Ocimene (13877-91-3) - 551 / Met5, Val8, Phel2, Phe33, Thr9, Phe36, Trp37, Met90
Ile52, Alall5, Phell8
FEFERE Nerol (106-25-2) - 5.47 Thr9  Phel2, Ile52, Tle94, Vallll, Phe33, Phe36
Vall14, Alall5, Phel18
BIRER Palmitic acid (57-10-3) - 537 Thr9 Phel2, Met62, 1194 Met5, Val8, Phe33, Phe36,
Trp37, 1le52, Ser56, Ile68,
Met73, TYR76, Met90, Vallll,
Valll4, Alall5, Phell8
PTSE S _52 Thr9  Met5, Val8, Alall5, Phell8  Phel2, Phe33, Phe36, Trp37,
2-Propyl-1-heptanol (10042-59-8) Ile52, Met90
e -5.19 / Val8, Phel2, Met73, TYR76  Met5, Thr9, Phe33, Phe36,
Lauraldehyde (112-54-9) Trp37, 1le52, Leu6l, Met90,
Tle94, Vall14, Alal15, Phel18
2-Z& -1 - - 5.03 Thr9 Vallll, Vall14 Met5, Phel2, Phe33, Phe36,
trans-2-decen-1-ol (18409-18-2) Trp37, 1le52, Met62, Ile94,
Alall5, Phell8
-1 I F L i i i - 4.17 / Val8 Thr9, Phel2, Phe33, Phe36,
3-Furylmethylacetate (30614-67-6) Trp37, 1le52, Met90, Alalls,
Phell8
2 -3-C M -1 - -383 Thr9 Val8, Phel2, Met73, TYR76  Met5, Phe33, Phe36, Trp37,
trans-3-hexen-1-ol (928-97-2) Leu61, Met90, Phel18
BF¥ Heptaldehyde (111-71-7) -3.82 Trp37  Phel2, Leu61, Met73, TYR76 Met5, Val8, Thr9, Phe33,
Phe36, Met90, Phel18
2-C. T Hex-2-enal (505-57-7) -3.69 Trp37  Val8, Phel2, Leu6l, Met73, Thr9, Phe33, Phe36, Met90,
TYR76 Phel18
-1 g T R -3.51 Thr9  Val8, Phel2 Phe33, Phe36, Trp37, TYR76,

Furfuryl alcohol (98-00-0)

Met90, Phell8
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HAGHR 2 Fg (- 7.36 kJ/mol ) Fil-+ /\ iz F fig
( -7.08 kJ/mol); Thr9, Ser56 Fll Trp37 &5
ZcofGOBP1 SHECIARE S HERIIE AL, 18 N ILRR
FRILZ 5T ZeofGOBP1 5t iA ]t s/ 1,
23 MEILFRIRIES 5T ZcofGOBP1 S HLA[H] i1
JfEAE S . ZcofGOBP2 L SRS 5 Fi%E K W)
FAME R, (BE5 G REm NS A 25, KR
WK R HKREHR 216 ( - 7.62 kJ/mol ). K Eh47
( - 735 ki/mol ). 11,14,17- = ¥ iR W fig
( -7.26kJ/mol ), T/\FZH & ( - 7.19 kJ/mol ),
FHEE - 7.09 kJ/mol ),ZcofGOBP1 il ZcofGOBP2
SR . 2-CUMIE . R-3-C - 1-BEA 2-kn
B 4 FORFPERAR, 456084 T - 4 kI/mol,
Trp37 Al Thr9 25T ZcofGOBP2 5 Fir fA¢ ] & ik
FIERL, 8 NMRIEMIEIESE T ZcofGOBP2 5
Bl R IR S sEVE T, 20 NEERmERS ST
ZcofGOBP2 5 LA [a] ()4 .

2.3 ZcofGOBPs 5 11,14,17-= ¥® FABEFn &k fE
BZENESEH

i~ ZeofGOBPs 5K AEAH HLILA YN 4
EHE, FATHE T ZcofGOBP1 Fl ZcofGOBP2
PRI S KRR EY 11,1417-— 4%
ik H i FAK IR R R AH B AR o 7E4T e 1
T XF A R, 11,14,17- = 4 B W OEE 18
ZcofGOBP1 1 ZcofGOBP2 JIE W 48 & 2 Jes vh ke A=
TRMERE A FARRRAE ZcofGOBP1 KM 4G
HAEBEHAE T RIEEMNZ M, B ZcofGOBP2
R4 G s s rh iR S BLBE (1] 3 ). ZeofGOBP1
5 11,14,17- =41 B B8 0% A B AL 36 e
FefEse Ty, MR E (Leubl F111e94) 25
TR AL, 14 D2 FERRS%HE (Val8 | Thr9 .
Phel2, Phe33, Phe36. Trp37. Ile52., Thr73.
Phe76 . Met90 . Ile111, Vall14, Alal15 F11 Phel18 )
%577 ZcofGOBP1 il 11,14,17-=# 1R s = [d]
HTEfEE R (8 3: A, A", A" ), ZcofGOBP2
5 11,14,17- =41 W B =2 18] 09 A5 A b 4
MR EAE T, 4 ADNEIERRIESE (Phel2,
Leu6l. Met73 Fl Tyr76 ) &5 7 ML,
13 NEIERRFEFE (Met5, Val8, Thr9, Phe33.
Phe36. Trp37. lle52, Met90. Ile94. Vallll,

Valll4, Alall5 il Phell8) 5iuffite JiEHA
X (& 3:B, B, B"), ZcofGOBP1 5#kJI&Hk 2 Iig
(A AH B AL FE U | SRR Ty, O
fRskE Trp37 25 T EHERIE L, 6 MRS
F(Met5. Val8. Phe36., Met90 . Ilel111 A Valll4 )
S5 T IMERIE, 7 MRS (Thr9,

Phe33. Ile52. Leu62. Ile94. Alall5 #il Phel18)
HyuEE g A X (B 3: C, ¢, C"),

ZcofGOBP2 5 # IR £ 186 (AR BAE AL 35 L0
HEANOEA T, RERIEH; 2 NEIEmRR I
(Vallll Fl Valll4) Z 5T HANETERE; 12
AN IR TR 3 ( Val8 | Thr9 , Phe33 . Phe36 ., Trp37.
le52. Met62. Tyr76. Met90. Ile94. Alall5 Fi
Phell8 ) 5iufEte JifEHAC (B 3: D, D, D" ),

2.4 Zcof GOBPs 5iEEEHI X B B HHI 4 A4k

R ZcofGOBPs 543 F % Rl ¥4 i A7
MU A ZE A4 E, AT T T ZcofGOBP1
Fl ZcofGOBP2 (124 FEMR 5% 5 & 7 IG5 iy i st
AL B e B 10 R I 05 T 22 8] 9 25 & R 1E o 7
ZcofGOBP1 SHAEL T X 45 R, ZcofGOBP1
) SERS6 25 T @HMIE R, IFLL 10 IR
A ( Val8 ., Phel2 . Phe33.Phe36 .Ile52.Leu6l.
Met68 . 1le94, Valll Fil Phell8) J&mtrid,
PL 6 N IEBRFEHE( Thro | Trp37. Leu62 . Met90
Helll Fl Alall5 )/ A JufEAe JIAE (K 4: A, A,
A" ). ZcofGOBP2 SHHEEZ [ AR kKA LE, 10
ARF IR KL (Val8, Phel2. Phe33. Phe36.
Trp37. Ile52. 11e94. Vallll, Valll4 Fl Alall5)
S5 7ML, 9 NEIERRIEIE (MetS .,
Thr9. SER56. Leu6l. Met62, Met73. Tyr76,
Met90 Fll Phel18 ) 564 JiVE A X (1A 4: B,
B’, B” ), ZcofGOBP1 FlK T4 il i 43 F %o $5 A
RIEEE, ZcofGOBP1 UL 7 A% IR ik 1t
( Phel2, Phe33. Phe36. Trp37. Met90, Alall5
1 Phell8) S5 RIIGENIE BILMEE, LIS A
HMRFEEL (Val8, Thr9, Tle52. Ile94 Al Valll4)
FEAE VAR R 4: C, C', C" ). ZcofGOBP2
RSz A& AT e, 9 NS GR
FE ('Val8, Phel2, Phe33. Phe36. Trp37. Met90
le94 . Alall5 1 Phell8) 5 T ML AL,
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A A"
A% M pE B o BB o
A O BS K v g BT A
4% H-bonds{
fi£4A& Donor Pt
X'ﬁi Receptor [ | = ?ﬁ%ﬂéj] van der Waals = i}%% Alkyl
B B"
% ba)
R %
A ot ps x*;sm 5 55wy ks
< ﬂ e ) 01
>
5 H-bonds M
fit4& Donor .
> {5 fEAE S van der Waals 9 - HPi-alkyl
24k Receptor || I fEFk Alkyl
C C’ MET90 c” K%E
- § l: VALN4 A‘:’H4 X%
/ Ky AL 5 X658
&l A g A% "5 MET
A58 H-bonds \ o p
LK Donor g\ A
ﬁtw . PHE36 Kiifa
{5f84E /7 van der Waals i JR-FA B F Pi-anion
324 Receptor | B R &4 Carbon hydrogen bond ™7 fedk Alkyl
D D, D"

vy, A I R

\
X@{ m‘% m*”‘ BB s ® B
\ :f v

S48 H-bonds ! \\ \ P i
#t4& Donor " \\(M b“\m’
“ 0 JEAEAE ST van der Waals m JR- B #§F Pi-anion
ZZJ& Receptor || ] BiRE 4 Carbon hydrogen bond 3 £3E Alkyl

B3 WHEYE Y ZcofGOBPs 5 11,14,17-= /5 B8 B FIEK AR BR Z BE 9 FXHER R
Fig. 3 Molecular docking of ZcofGOBPs of Zeuzera coffeae with methyl
cis-11,14,17-eicosatrienoate andethyl palmitate

A. ZcofGOBP1 5 11,14,17- =R FF g /37Xt A 11,14,17-=IRHRHF S5 ZcofGOBP1 ZIERRFR A AR =4k R
A" 11,14,17- =5 1 5 ZeofGOBP1 2 SEM R FAH TR — 488K ; B. ZcofGOBP2 5 11,14,17- =4 FH i /37 X325
B'. 11,14,17- =M H R 5 ZoofGOBP2 ZULIRFRSAN HARF =4 fon; B”. 11,14,17-=JHIRH i 5 ZcofGOBP2 IR A%
SEAREAE ] — iR ; C. ZeofGOBP1 SHRIR LT 31 X% C'. #IEIR LTS ZcofGOBP1 Z FEMR R FEAH HAF H =4k
JE7R; C". $KIRBR LIRS ZcofGOBP1 B AEMRFRIEAH ELAF I — 478 5 D. ZcofGOBP2 SHURIR LW > TXH4E; D ik
MR LTS ZcofGOBP2 2 SR IER B AF ] =4Efirr ; D", HIRMR LMi'5 ZcofGOBP2 28 SEMRFIEAH HAF I — 4 fern . ¥
TEAE Ty BRESEFNIR-FIE 7@ TR Ve BedeFIR-ehE R T KA 5 IR-BIES i Jy Al kIR SR T
A. Molecular docking of ZcofGOBP1 with methyl cis-11,14,17-eicosatrienoate; A’. Three-dimensional display of the
interaction of methyl cis-11,14,17-eicosatrienoate with ZcofGOBP1 residues; A”. Two-dimensional display of the interaction
of methyl cis-11,14,17-eicosatrienoate with ZcofGOBP1 residues; B. Molecular docking of ZcofGOBP2 with methyl
Cis-11,14,17-eicosatrienoate; B'. Three-dimensional display of the interaction of methyl cis-11,14,17-¢eicosatrienoate with
ZcofGOBP2 residues; B”. Two-dimensional display of the interaction of methyl cis-11,14,17-eicosatrienoate with
ZcofGOBP?2 residues; C. Molecular docking of ZcofGOBP1 with ethyl palmitate; C'. Three-dimensional display of the
interaction of ethyl palmitate with ZcofGOBP1 residues; C”. Two-dimensional display of the interaction of ethyl palmitate
with ZcofGOBPI1 residues; D. Molecular docking of ZcofGOBP2 with ethyl palmitate; D’. Three-dimensional display of the
interaction of ethyl palmitate with ZcofGOBP2 residues; D”. Two-dimensional display of the interaction of ethyl palmitate
with ZcofGOBP2 residues. The van der Waals, carbon hydrogen bond and pi-action belong to electrostatic interaction; alkyl
and pi-alkyl belong to hydrophobic interaction; pi-action is mixed.
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A
(48 H-bonds ~
#t4& Donor g :
N =1 i fE4E F] van der Waals =1 fEdk Alkyl
& Receptor = RS Carbon hydrogen bond =1 JR-%E3E Pi-alkyl
m JR-VEA% S Pi-sigma
B B” Ath A X3
A5 A
/
@ %53
,‘“é‘ s
S48 H-bonds i " By
/& Donor " w
I JUfEAE ) van der Waals 01 Sedk Alkyl
324K Receptor || m JR-THA% 3 Pi-sigma =1 JR-bEE Pi-alkyl
C c” A% TRe @
RHS
TH
Al ©
/w ‘)
£ 3
S48 H-bonds ¥IES
Atk Donor g . ou ! A
o0 0 JUfEAE ST van der Waals 01 BiEdk Alkyl
32{A Receptor & = JE-PI% S Pi-sigma = YRk Pi-alkyl
D D" ALSEZ Py @
‘. H;
At At f%%%
/ \\ ¢ //—QA“S Al; ‘A
4 H-bonds " xE] @
A& Donor g ! v Al
- X’ m JEfE4E )] van der Waals 0 Bk Alkyl
32k Receptor I & JR-FHSFS Pi-sigma = JR-HEE Pi-alkyl

B4 mnME5YERE Zcof GOBPs 5B X O M ER o F 3T B R
Fig.4 Molecular docking of ZcofGOBPs of Zeuzera coffeae with phytol and damascenone

A. ZcofGOBP1 SHHRE T4 45 A fHIE S ZcofGOBP1 Z LRI SAN FLAF ] =4k ; A", flf# 5 ZcofGOBP1 %
SERRTR SR HATE ] — 4k 3 B. ZcofGOBP2 SAHEE > T X445 B'. HiEEY ZcofGOBP2 & AEMRFL FEAH HAF Fl =4 ;
B". HFLY ZcofGOBP2 Z LM sk FAR A 4 e/ ; C. ZeofGOBP1 5 K Tyl 43 ¥ 42 C'. K4 5 ZcofGOBP1
GBI I TAEH = 4R s C". KIS ZeofGOBP1 BRI I HAE ] — 4 /R ; D. ZcofGOBP2 5K T
oy 5 xi4k; D', KEIGEIE ZeofGOBP2 & AR HAN B A ] —4Ef7n; D”. KR MEHES ZcofGOBP2 & ARGk FEAH
HAF —4EfoR o JEEe R S E TR O ek UR-GeSEFIR- YRS 3D IR T KA
A. Molecular docking of ZcofGOBP1 with phytol; A’. Three-dimensional display of the interaction of phytol with
ZcofGOBP1 residues; A”. Two-dimensional display of the interaction of phytol with ZcofGOBP1 residues; B. Molecular
docking of ZcofGOBP2 with phytol; B'. Three-dimensional display of the interaction of phytol with ZcofGOBP2 residues;
B". Two-dimensional display of the interaction of phytol with ZcofGOBP2 residues; C. Molecular docking of ZcofGOBP1
with damascenone; C'. Three-dimensional display of the interaction of damascenone with ZcofGOBP1 residues; C”.
Two-dimensional display of the interaction of damascenone with ZcofGOBP1 residues; D. Molecular docking of
ZcofGOBP2 with damascenone; D'. Three-dimensional display of the interaction of damascenone with ZcofGOBP2 residues;
D". Two-dimensional display of the interaction of damascenone with ZcofGOBP2 residues. The van der Waals and carbon
hydrogen bond belong to electrostatic interaction; alkyl, pi-alkyl and pi-sigma are hydrophobic interaction.
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4 ANFIEFRFEIL (Thr9 ., Tle52 ., Met73 Fl Vall14 )
25T EH (K 4:D, D, D" ),

3 HFit5iig

7 R USSR R D st R v, #)3
WLHE S A7 2 ISR 701 i OBPs S84 S 45 &
i B WL A 22T 5, R L OBPs 50k
Oy F I EE AR T LUONE 7R B O 27 S Y
Wb R HE L4 ( Renou and Anton, 2020; Tang
etal., 2023 ), MEEYEEFEN LR, EH -4
S5 R BLRLRN 2 T Ok BTz i TR R
OBPs SRR %54 TERE M ( Zhuang et al.,
2014; Okoli et al., 2021 ), ASHFFT ) B P i 2
HomnME S & kb 252 5 %] 2 > GOBPs 3 [

( ZcofGOBP1 F1 ZcofGOBP2 ), iX 2 /™3 [K 4 fi
FIE A 64 a-B2HER 6 ARSI bt = iR 5k
5 PRSP ERFRFDE Y 3 A R o-
WEUiE 24 TR 123 [ 2548, FE R T — AT DA
FERARMMABALS G o TEEH,
ZcofGOBP1 1 ZcofGOBP2 5k Adi% & 1) i Al
BE . 11,14,17- =GR PR . KEIEER . BAER
B A+ N R H i 5 AR s E— 2 a0 Hr
ZcofGOBP1 5 $4% o M) Jot (W) AH B AR FH 32 %L
G, L. B )], ZcofGOBP2 5
TXSE R W 5 R AR 32 A AR LA SR
e )75 5 ZeofGOBP1 Hl ZcofGOBP2 454 ik
AV R A A4 A 0 T T A Sy A 2 1) b el 5 2
PR SEAT SR T T, FH TS S A 5 2 e e
WAT IS

E i OBPs 1A 6-8 4~ o MRHEMI AL, P
s H Rk Z M A RS 45 A AL B Y o
¥ ( Tsitsanou et al., 2013; Zheng et al., 2016 ), £
b6 4> fa, Holotrichia oblita HoblOBP1 i it P &5
7S A S AR O R, SRy u s Ty e — 3
MG EHETHERZEEMN, 25888
Tyrl111 f1Z 575784 114 Metd8 Fl 11e80 fZPLE
HoblOBP1 it {4 45 & ¢ M 119 O F 28 5 1R ok 2k

( Zhuang et al., 2014 ), X} 4t H ¥ Apolygus
lucorum AlucOBP22 FCHRZE & HEPE I 5T K
P, EIEMIRIE LeuS. Tle40, Metdl, Valdd Al

Met45 TERCIRSS & b 52 BEIE A X, M
T LeuS B( Iled0 Frdh Ry TN 24 R 23 KR FEAR
AlucOBP22 i %F EAEWIHE & YA 1T 4 4 B
73 (Liuetal., 2019 ), 7E5F /N T Agrilus mali
AmalOBP8 X IR M- FR 45 &b, AL TS IR
SRR FR L Trpl06. Tyrl105. Tyrd6 #l Gly34
H5TEASRAEMAMEER, 535k T
-2.84, -237. -2.11Fl - 2.11 kJ/mol 54 fE;
RIEFRIRHE Trpl06 K S HRCIRSS G 25 I IE AL,
{HIZ 5% 3 SECAR Z [BE 1) S BEE AmalOBP8
X R BRI ZS & h &8 T HEA/EM(Lietal.,
2021 ) FATVRFIEAIL, MIHESIZE K ZcofGOBP1
Hl ZcofGOBP2 5 Z it (5 & W1 sE ke =
L BERRIES S T e S5 MIELEY 2 0
WA HAEF 5 LL ZcofGOBP1 X LAY 454 R il ,
AT AR ARG U S R e
A 16 NEIERRIES 5 T XM EAEH
2% |, IGIE A T OBPs FCARSS 428 R 1R
FEMRFRFAE B I OBPs SR G YIE Gk
FETEEMEA, X IERmRIL 5 W T )
AR AT e E T OBPs 454 Bk Fp IS fngh
B

OBPs Z5 G AMAE L YRS 5 B B 3F 3
P RLE U C R BT (B IRAE, 2023 ), fEA KA
1% Stobion avenae W5 AP, SaveOBP10
FE 12 HXE 27 T2 45 % 0 Rk kR 1 LB R0 v
PETEE/E, BRI SaveOBP10 3 [H Y %1k 7K
ST DA e AR 27 KA X A AR A R R AT
% (Ullah et al., 2022 ), %} 4V K# Locusta
migratoria OBP1 FYBFFE KB, RNA T
OBP1 J [A ik b 2 RE AR IZ RN -3- 475 3 2
FRBRSE 5 PP RIEL P WELue s 7 S, i — 25
FYEEAT ARG IESE, T OBPL & H %A &
AR 4 1547 HO FOKRI A & (Li et al.,
2016 ), 4T OBPs 7ER A FiRHIFHIEH,
Leal 5% (2008 ) $2 1@ 13 %1 OBPs 53F £k
W) 1R 238 5 A A O o T S SRR A T R A
Y. Hu 4% (2019) 2087 7 H# KEl Sogatella
furcifera 4 4~ OBPs S5/K R L W45 &4k,
454G RNA THUREA T oA a5 0 15 2 2
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T CEA 515K A SRAE B9 . Zhou
% (2022) WFSY T A BkAREE Tirathaba rufivena
TrufOBP4 X} 2% FAEM) 19 M% LML & W04 &
TR, TREFTE] 4 FREENS m AU IZ UM A RAL
G, PRI T R T RE A A T B
UL T MR . AR WF S & B Ml 5 5 iRk
ZcofGOBP1 Fl ZcofGOBP2 5 A [ml kA% & 4y 1y
GG TERRAAEES, BN GBS 5 R RN
FAER R (5 AREMET - 7 K/mol ), 5 2-TKIR
R 45 2 P R SR MR (S5 A REm T
- 4 kJ/mol ), XEGEREH] ZcofGOBPs M fig %
557 W ME 5 g X A A MR BE R, AR AR S
ZcofOBPs 5 I3 = (45 & W)l BeAE R ik i
SRAL S W FH T WA 5% 2 % AL A g R U1
% -

5% B 1 OBPs X UKAE B W0 45 & Fe A
1A By 47 B I ST R , 38 nT B8 A 1 B8
P HAEY) R PR RO . AlL 55 (2022) 7EXT
IhES SR RRIE RIS TP R B, AR R
FRSERH LL , AR TR O EA SRR e v G
BEEERNALEY & ER D, BXE U ke
TERRE G YRR ER, HEERE; BERY
BN LIRS B AR T R SR AR
T 05 0 1 o AL LR BB o Zhan 45 (2021)
I TE LR AR A ARAT T U KA (/N2 B
I FPAE 2258 1 FE H AR A5 OtLI LA RE A 41 it
DT REEEO B, A PR SR I H R g R R T
A KAT I X%/ NFE R B R 3 el A — TR 5
W 7R T 75 56 P H AR el s ) SR A LT iR
R HTHT S, — Ak Chilo suppressalis {7 B &
B HGER R 3 A SRR R B AR AF
IR, S DR B ) A B T AR B R K
I (Z)-11-F SR EEFN(Z)-11-F Mol , 31X
A0 55 A R e T R R P RRBE TR A G, B
AT B4 S VERE TS RT B T 40 Ak i 0k 5 M 0k 174 58
Bifrh (Xiaetal., 2022 ),

25 b, MnES 3%k ZeofGOBP1 #il ZcofGOBP2
HA O F & A RN EARS A S K,
ZcofGOBP1 SHIEEAI 11,14,17-=1EFR I E% 5
T2 K 25 RERNAR, ZcofGOBP2 HAKIRIR 2.

P R S Jas i 55 5 P R s A RE 4 AIG; & LR
BRI S540A YA A BEAE T ZcofGOBPs X<,
BRAL AW IR SRS A v R T BV E T . (R
ZcofGOBPs  FllE AR AL A 1) 78 Wi HFE 5% 2 ek %of
A 3 ML TR 3 A v 0 B T R R LT
AE IR I0 AR AT A B0 B0 IE
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