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Molecular docking of odorant binding protein1 of
Chouioia cunea with host volatiles
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Abstract: [ Aim] Chouioia cunea is the main natural enemy of the invasive pest Hyphaniria cunea. Molecular expression analyses of
different tissues and both sexes of this pest show that eight OBPs are exclusively or primarily expressed in female antennae. However,
the specific structure and function of these OBPs are still unknown. In this study, CcOBP1, which mainly expressed in the antenna of
female C. cunea, was selected to study its functions by molecular docking technique. [ Method] The best suitable 3D model of the
CcOBP1 was obtained by Swiss-Model. The 3D structure of 11 ligands such as y-butyrolactone, dimethyl phthalate and naphthalene
were downloaded from Pubchem. Molecular docking was done using maestro 10.2 software from Schrodinger suite 2015-2. [ Result] A-
mong the 11 kinds of volatiles of H. cunea, three small molecules could bind to OBP1. y-butyrolactone, dimethyl phthalate, and naph-
thalene. [ Conclusion] The Odorant binding proteins CcOBP1 has a good binding affinity with vy -butyrolactone, dimethyl phthalate and
naphthalene, and the function of CcOBP1 may be related to the repellent effect of C. cunea. These results may contribute to the under-
standing the olfactory molecular mechanisms of C. cunea.
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SO, A o e B AT O B HUR 2 R
PRI A 2 B OB Bl T 30 48k, AMTTRTE
HnRse s F LRI A T AR AR T i, T8
AT LIRS A SR AT LAGE ) B L A ML B4l (sen-
sillum ) FEAJAR M L, 5 P R RES & HE
(odorant binding proteins, OBPs) 454G I HoAL i 245
KRAZ K (odorant receptors, ORs), MR ZIRTE £
ARG T JE SR AL A — R G IR N
(Vogt & Riddiford,1981) , 17T OBPs X {731
VERERATHR & — 1k, 55 —Fh OBP HAE4S & —&
TR T, XTI B 0028 0 DA
2B g YUl AR AR R G — 2P (Cui et al.
2016; Leal, 2013), [Hitt, OBPs 5 R4> T 1045 &
R ARG A DT I AL, T2 T AR (molecu-
lar docking ) JEITAF KA N H T-HF5T OBPs LI RE BT
MHEAR(Li et al. ,2017)

ST R HEARAE Fisher T 1894 AFSE T I FE IR
PR “ Bi—EH JE PR (lock and key principle ) AL/
Oy T RS K7 AR AR BAE T —Fh 5 i, i
RSS2 I 23 7R 0 0 e i, o 0 i S
VERT KA S a8 0y 5545 4, it o, mT L
T W ) 25 5 1) 2R A Al G T AT L
e 5 KA FSZAREE G B/ N ELAR (George et al.
2014) . HI T AT ASE BP0 XS 4 AR R Bk
DBCAAR /N1 10 G 1R 5 K TR 2 1 7 1B A4 3
HERRPE, BT, 20X EEOR B @l T 2 A4
B, AR AT F B R 25 T4 (VPSR E
FEH7,1989) o 2010 4, 43 F RHHEHARIF 46 1 H T B
MRS G (He e al.,2010) o BLJ5 , IR AAE
SR 2] Tz B, A Zhang et al. (2018) X}
28R g Ectropis obligua Warren S kg &% OBP2,
Wang et al. (2017) X} it H Ambrostoma quadriim-
pressum Motsch ‘¥R 25 & 8 1 AquaOBP4 Sun et al.
(2017) X} 5 15 B ¥ Adelphocoris lineolatus ( Goeze ) <,
PREE S OBP6 ML SRS EAT TIHHE .

F[E H % Hyphantria cunea (Drury) f& 5 KAMNE
MNRF A TR 3 AT R, & —Fh g Bh
RGBSR A RRIERAR) G ™ A A A
HH(FRAE,2003; 7 B MK 22, 20075 5K Ak
MFIES,2009) . 1979 4FH KK E L T PR A
SN I E I EN TR N IR T AN E = 5 W0 B
MM R, 1™ S (G USRI KAE RS, 20115 4%

B ANER K2 2007) o A7 5805 (1989) 73k [ & BLAN
e 1 2 A 5 T 1 R ) AR O R T ) X
/N Chouioia cunea Yang, P gk 5] G Mk 2N e S /)
BRI G /NG R, A1 7 S ] P I P v 0 S T 1
RS BAR A B0 42 TV T (A S8 06 55, 2005 5 KB HE A
45,2012) . HETE &) 2 B 56 B H 8 B A
H IS 2

AR VRS 17 30 008 5 [ 11 g | e S 2 gl
FIREBHE R G R AT T I AT T 11
T (Zhu et al. ,2016) ;Zhao et al. (2016) 381 5%
SRZE I P AT R 1 06 5 TG G /) e o 7 1645 1 0
Ji, 2600 5 1 25 SR 45 A 5 1 (odorant binding
proteins, OBPs ) . 80 />3, bk 32 /& (odorant receptors,
ORs) .10 4~ & F 3Z 1K (ionotropic receptors, IRs) | 11
b 57 2 1 ( chemosensory proteins, CSPs) |1 4~
#1225 J0 B £ H ('sensory neuron membrane proteins,
SNMPs ) Fl 17 K5 32 4K ( gustatory receptors, GRs) ;
FRATAFE(2017) 5B BHAF (2018 ) i i 52 2 e i
i PCR 6 J2 RT-PCR A6 & B 1 — 86 = S 7 i b
il bR AR R AR T I 5K L 4K Y T RE T BE
A S FHRAF AR, X 9k [/ )N CecOBP1 FI
JEAINES R SZ R CeOr83b FER VAT T £ M B I
T o ABIFTEAUTEER— > 32 B AE W A Ay R
IBHYE A CcOBPL, Ml 4 XHEROAR W55 11 Fl
A EERYIN S G R, NI E CcOBP1 I ZIRE,
SR A S E NI Y Wt - B F S AR R B
1 MR5REE
1.1 BAEKR/NE OBP1 iR EERAZR T4

MRS O 245 2 Y 1 8 [ /N CcOBP1 2%
5,83t BioEdit $4 )7 51 5% AL R s BERR 17 SR Sy A
F& ML, 7F Swiss-Model ( http: // swissmodel. expasy.
org/ ) X CcOBP1 47 R JEEE B, IR 1% 8 1 1) =4k
254y, F Ramachandran [ ( Ramachandran et al.,
1963) T4t CcOBP1 3 1 —4EL5 4 ikt
1.2 B EKK/E OBP1 EAK S FXi#E

TSNS 36 [ P i o gl By K i 26 35 R )
AT T8, AR T 1ML E(E ), KX
11 FES YT CcOBP1 737X 4%, M\ Pubchem (hi-
tps: //pubchem.ncbi.nlm.nih.gov/) T#ExX 11 #/hag
FH) =425 #, H Schrodinger Suites 2015-2 H1 A9
maestro 10.2 FAFPEA T 57422 . 38 15 maestro 10.2 3%
PR AT AL 10 /)N OBP 1) = 2 4%
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¥4, FH Discovery Studio 4.5 Visualizer ZX{4F4T 1% =4k
G54, Falf A B AR AR, T AT I 2 R T i
JEl /N OBP1 T A O T 1l AR S
PHRATE s AT G T BN T B A7/
O3 G R DR AF A2 A SO 5 T maestro
10.2 FE4743 X145, Pymol v1.3 SsHzss

R1 INFTFHRHATRRE CAS S
Table 1 Names and CAS numbers of small

molecular substances

ez

R ) CAS 5

Name (:flol:;nlll({:l CAS No.
%% Naphthalene CoHg 91-20-3
y=T MR Gamma-Butyrolactone C,H(0, 96-48-0
281 Decanal CoHy0 112-31-2
1-+ 4% 1-Dodecene C,Hy, 112-41-4
LA HIR —HES Dimethyl phthalate ~ CoH O, 131-11-3
F73%E N-Hexadecane CieHsy 544-76-3
IE+PU%E N-Etradecane C,H;y 629-59-4
1ETH%E N-Pentadecane CsH;, 629-62-9
+-E%E N-heptadecane Hy(CH,)sCH  629-78-7
1-34% 1-Decene CioHag 872-05-9
LT CoHyy 4390-4-9

2,2,4,4,6,8,8Vheptamethyl-Nonan

A

2 BRESWR
2.1 HEAEKI/NE OBP1 RiREES

FIH Swiss-Model 7EZ6 % 22 1 18k J&] FC ki /)5S
WRZE A B 11 CcOBP1 fig (AR 1Y () A, 45 SR e B
BRKFVE % Apis mellifera W) K454 FH OBP14
(Spinelli et al.,2012) (1D 3s0g.1) fAR BB B i,
DR LM 7 R 8 e 1) AR 485 4 1 OBP 14 1 1
I J] E /N AR 45 6 B 11 CcOBP T AR A, 3 3t
Swiss-Model #4) 72 4 ik J&] FG i /N % CcOBP1 45 4 452
RUCE 1), R Rk N SR 45 4 B 1 CcOBP1
() = HE45E A 045 Pro20-Asn36 (al)  Ala4154-Argd8
(a2) \Asp61-Lys70( a3) ,Glu82-Lys88 (a4 ) ,Leu93-
Alal05( a5) Serl112-Alal16(a6) ,6 1 o SEHELEH

P 4 ( ramachandran ) F 25 5 075, 90.6%
CcOBP1 2 JE 1% 5% 55 75 7F fe A1 X Ik, 8.5% ) 2 L 1R
BRIEVEAER G FEIX I, R 0.9% 1Y 28 FL R 5k %
TEARRVFXI(E 2) . £ 90.6% CcOBP1 ZEIEFR %
FEVRAE R AE X I, KT 90% , 156 W 1 A~ 2K 1 4 R
FE B, AT U F R R T

al a2
P VIV VIV IV VVIVVIVI VIV AAAAAAAAAAAA
CcOPBl MKTFAIVLAVCLVVYADDPLKDIPKDLIKTCLTENGFD[AAQYPNGLR/NVEK
3s0g. 1A - - - - - - - - oo s s s s IEELKTRLHTEQSVCKTET|GIDQQKA-NDV I[EGN
a3 a a5
y V. VoV V. VN V. V.V V. V. § RN V- V- V- V- V- V-
CcOPBl VPDNQEKNRDCYYACMMK|IKMNLMKPDGMLM|EDNLEKSKI|FN LNILETLQKA
3s0g1,A 'DVEDKK-[VCLYCECILKINFNILDKNNVFKPQGIKAVIMELLIDENSVKQL
a5
ab
A AV A AAAAAA
CcOPBl L NTCKAQVKGNDSCKLA|----ACLMANRG I
3s0g.1.LA VSDCST- I SEENPCLKA|SKLVQCVSKYKTHM

E1 BHERENESKEASEH Cec OBP1 £EHE
Fig.1 3D structures of odorant binding proteinl of C. cunea
A CcOBP1 5525 K% W (1 SR ZE A28 11 OBP14(1D: 3s0g.1) BIJF 1 HUX, 58 I A 3R 3E ALL Gk 2 (35 5L
B 00 [ /Mg SR ES 5 3 ) CcOBP T =425 R 5],
A; Sequence alignment of CcOBP1 with OBP14 from A. mellifera (PDB ID; 3S0g.1) ; a-helices are displayed as helix.

Strictly identical residues are highlighted in red letters with yellow background;
B: The 3D structures of CcOBP1.
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B2 BEHEAKMKNMNMESKESER CcOBP1

Ramachandran
Fig.2 Rational evaluation of the established 3D model
of CcOBP1 by Ramachandran plot
WE O X IR R AR SR TR X3 (90.6% ) |
B OXIF R A HIXIE(8.5%) ,
H A X R A SV X3 (0.9% ) .

The blue region indicates where the amino acid residues are in the

favored regions (90.6% ) , the purple region indicates allowed
regions (8.5%) , and the white region indicates

an outlier regions (0.9%).

2.2 BHEEKK/ME OBP1 5xEH®IFELY
B F i

O3 TN HE 2 SR A 0 11 1 0 ] E G /) e Ak 2
BHEH CcOBP1 5L A W4Es A M4 &% Ut R w
TG I A B AR, BUE BN R A5 A R
R, MR T RS R B T 3 Aol fig b
CcOBP1 25 G FR BRI /N P (R 2) , IR
JE EC M /N SR S5 A 85 H CcOBPL 5 y—T R Al
A>T RAE 8 iR e 454 (I 3A-C) , &
B LSRR ) R ST T 45 A 5 CcOBP1 1 Asn-
122 Ala-121 5 y-"T P Rl i S5 A5 Leu-119
Met-120  Arg-123 . Leu-85 , Ala-99 jifl i1 70 75 1k Jy 2%
G ;Phe-89 id i i B 5 45 5 5 Cys-118 , Cys-103 i 1
RS FEa

P10 Ji] [ G /N i Bk 45 5 B 11 CcOBP1 545
IR HR W R R S o YA A ) S kT
454 (K 3D-F) ., CcOBPI1 1) Met-68 i i Wi i i 5
PR " H R W R4S A ; Leu-73, Leu-80 , Leu-119
Ala-99 Ala-116 Ala-121 Met-67 , Asn-122 i 32 75 72
eI 54808 — iR — W FR45 45 Cys-118 (Arg-123 5
LA i — Y g o ke S B 4G A 5 Leu-103  Tyr-
64 Met-120 ,Phe-89 5 4B — I iR — [ 3 4: ki
HERIRBE LS G

P S [ /N SR 45 5 25 1 CcOBP1 5 2%
FEGE O EAR S AT A (B 3G-1) . CcOBP1
B Ala-99 Ala-116 (Ala-121 Leu-73 Leu-80 Leu-85 .
Leu-119 Lsy-88  Asn-122  Arg-123 5 2% 3 2 i 70
flith F1 AT 45 s Met-67 \Met-68 . Met-120 .Cys-108 |
Cys-118 , Thy-64 . Phe-89 i i Bihik H AR B LS A

2 WHEABARMMNEESHLEY
REGEH

Table 2 Compounds and binding constants
that may bind to CcOBP1

He fete ik AR
Rank Compound name Binding
constant

1 ‘/—TV‘]EE Gamma-Butyrolactone -5.35023
2 SEPRZHPER W Dimethyl phthalate -5.25727
3 %% Naphthalene -5.0768
4 LW ITLE 2,2,4,4,6,8,8-heptamethyl-Nonan ~ —3.65785

5 L& Decanal 0.612211
6  T75kE N-Hexadecane 1.07681
7 IE- VA% N-Etradecane 1.08579
8 1E+Fi%E N-Pentadecane 1.10273
9 +-Eke N-heptadecane 1.17311
10 1-+ 4% 1-Dodecene 3.05666
11 1-2$4% 1-Decene 3.44924

3 itig

KREE G H (OBPs) b2z iz 5 H (CSP)
PR R R Ak 22 RS 5 B R R AR T 28
A, XSO P E L T | 12 R A T2 B
ghEFh XS R 1 Y A DY Bt ) 2 A B R
A LA A3 e A I 3], O FL g4 1 5 & Fh DR
K, TERBLIEBUT AR 2R A B e il f RS B R
Ji ik | R AE S22 SORM% R AR [R] B £k 27 05 85 T
RAFAE AEAE ] (Pelosi et al. ,2017) . TEE 4L fili /i
R RN ARG A AR AR SRR
B, W RPN, TE R HUMEPE fil 7 45 S 323K 1 Bk
SAEATRRSHFRERNE &AL (PP EE,
2005) ; FEMEME B R A RE S RSB E AT AR S S
$oAF FANERE S IR AT OC (5K 1555, 2012 Zhang er
al. ,2011) , CcOBP1 J& 4% J&] FG ki /NI iy SR 25
FR T, UAE P 1 R EC /DN fih £ R S M 3R A
HLIE, HE CcOBP1 1] RE2x 55 ik Ji] G s /)N e 2
JRRECAFE R 25 G, DR g S 1 o ) G i /) e 5
FFARAIE AT SO0, PR T B R A 7 RE
F1 AP TR IR R
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° S H- O B s

B3 CcOBP1 5/ FUEWIHEER
Fig.3 Result of that docking of CcOBP1 with small molecule compounds
A:CcOBP1 5 y—T WEAR ARG 423 2 BN 1 3R 69 CcOBP1 5 - T MR AL L C. CcOBP1 5 y—T PER LA AL 7L 5
D:CcOBP1 S5&FA I — W e AR T AR AL/ s E I 13RI A CeOBP1 SR IR — W R A9 fE L A2 5 F: CcOBP1 5
AR H R — H R AT G CcOBP1 SZMH BEARE MY 2 B s H I T 3REY CcOBP1 HZEIME
1:CcOBP1 SZETRANATE i A2
A The total appearance of CcOBP1 interacting with y-butyrolactone; B: The reaction process of CcOBP1 with y-butyrolactone added at the surface;
C: The detailed reaction process between CcOBP1 and vy-butyrolactone; D: The total appearance of CcOBP1 interacting with dimethyl phthalate;
E: The reaction process of CcOBP1 with dimethyl phthalate added; F: The detailed reaction process between CcOBP1 and dimethyl phthalate ;
G The total appearance of CcOBP1 interacting with naphthalene; H: The reaction process of CcOBP1 with naphthalene added;
I: The detailed reaction process between CcOBP1 and naphthalene.
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AT I8 1 Swiss-Model #3717 OBP1 45 [ 1Y
[ ARG X5 11 MUNGr W BT 1 o+
X2, KSR, R TQWG /)N i OBP 1] fE
5 y-T Wl AR R HERMZEES S .

ARG ZH 11y 50 5% [ i 4 kB R T
G iEAT T EYIE W E (Zhu et al., 2016)
fb A HL AL SRR y— T N R AR R — IR AN 2T
AE S 11 g J) TG s /] 6 fh £ 205 B 3 1) Pl A2 B O
BT Y RIMEALEE R R, y-T R AR R
TR R A X 1 g A )N B ELAT W A A
YEM. v=T NI C &7 HAB R I FE b s 28 € il
Yi¥5 & W) ( Moon & Shibamoto, 2009; Selli et al.,
2008) {H y—"T P ERTE . dUiA o i 4 v TERIF 5
LRI R — R 2 5 R R R W) (T 5 S
45,2015) , HH Ok 2 5055 B R BT BCa Y it AR
JH, 0T LAAE Ay i 1 #4 3k 57 ( Karunamoorthi & Sabe-
san, 2010; Vatandoos et al. ,2008) , ZZXT iR fUAA ¥
Tribolium castaneum Herbst 55 B M E K EHFH IR
IS g VA 5 119 25 7] LA H BUBE ( Pajarocastro
et al., 2017 ), X 1 8 48 B B A ok 1E
( Aihetasham et al. ,2017)

AWFFEAE R, I G /&g CcOBP1 5
=T PR AR F R H R RN 25 A0 &5 A R R A
U, CcOBP1 HYIIRE AT BE -5 1 M S T M /) e 1) s
REOAHIG o 78 ] ER /N e -4 27 il Fe v
OIS NN R S I N7 (R S =B
M, 2 AR R, PR, e ) TRt /)N i 5
SHRAT FAHICHY OBPs BT REREA Mk E A
mfEH . ARG IR F W], CcOBP1 (1) ) g i k¥
YEF, 20 5 6] o M i v 1) — 6422 T ) 7 A= ik I
I XA R F A A R B R S5 R, H
XS5 R T B — D Y BAIE, R R i SO0 5
PG It — L UE]

S 3k
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