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Stress response and molecular docking analysis of ryanodine receptor (RyR) in
Hyphantria cunea to chlorantraniliprole

Zhang Chengzhi Fan Chengcheng Sun Lili Cao Chuanwang
(College of Forestry, Key Laboratory of Sustainable Forest Ecosystem Management of Ministry of Education, Northeast Forestry
University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] The ryanodine receptor (RyR) of Hyphantria cunea was involved in the toxic
mechanism of chlorantraniliprole to Hyphantria cunea, and the molecular docking mode of RyR and
chlorantraniliprole was explored. The study provided a theoretical basis for analyzing the molecular
mechanism of RyR gene of Hyphantria cunea in response to chlorantraniliprole stress. [Method] The full-

length cDNA of RyR gene was cloned from Hyphantria cunea. The temporal and spatial expression patterns
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of RyR gene and the expression level of RyR gene in Hyphantria cunea under sublethal concentration of
chlorantraniliprole stress were analyzed by real-time fluorescence quantitative RT-PCR. The RyR gene of
Hyphantria cunea was silenced by RNAi technology, and the survival rate of silencer under
chlorantraniliprole stress was determined to explore the regulation of RyR gene of Hyphantria cunea on
chlorantraniliprole resistance. The molecular docking of chlorantraniliprole and RyR was analyzed by
Discovery Studio 2019 Client software. The docking situation was analyzed by binding energy and
visualization. [Result] (1) The median lethal concentration (LCs,) and sub-lethal concentration (LC;,) of
chlorantraniliprole were 21.40 pug/L and 11.13 pg/L for 72 h, respectively, indicating that chlorantraniliprole
had high biological activity against the 3rd instar Hyphantria cunea larvae. (2) The relative expression of
RyR gene in the 3rd instar Hyphantria cunea larvae increased firstly and then decreased with time under the
treatment of chlorantraniliprole LC;, concentration (11.13 pg/L). The relative expression of RyR gene in
48 h and 72 h was 2.6- and 1.5-fold of that in control group, respectively. (3) The survival rate of Hyphantria
cunea with RyR gene silencing was 73.33%, while that of control group with GFP gene silencing was
46.66% under LC;, stress of chlorantraniliprole at 72 h. Silencing RyR gene significantly reduced the
sensitivity of 3rd instar Hyphantria cunea larvae to chlorantraniliprole. (4) Molecular docking showed that
the binding energy of RyR and chlorantraniliprole was —31.35 kJ/mol, and there were hydrogen bonds and
van der Waals force between them to make them stable. [Conclusion] These results clarify the molecular
mechanism of RyR gene in response to chlorantraniliprole stress, and further understand the structure of RyR
in Hyphantria cunea and provide a theoretical basis for the development of targeted insecticides.

Key words: Hyphantria cunea; ryanodine receptor (RyR); chlorantraniliprole; gene expression; RNAI;

molecular docking
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TE IR | R 2 SRR R PR ) ) e A
VR S T 0 T, ORI T SR E ki
B, SR PR R frc i T 408 P I e i 2% PR R fre o %
B, B4l A R ARE R RCR, 11 H B A R
YR VE P, & F T 8% H (Lepidoptera) 5 BB ¥6 ) &
FHHL R B35 1 28 Bz — 170 2o B DR HufA
W JE T %2 4K (ryanodine receptor, RyR) A{E F #LFx,
RN ST RERE SHEEINIEE
WUAE . R LSBT, RyR A& H AT 255K &
FHIEEEZ —, H 4 A A H R 85 & 118
HEH, BNTHELH 5000 N IERA R, FE S
A T 280 B FE PR DX R UL PR R Lo DX e T, S T — 2R
TC A 11 4 P 465 8 R SO S, 42 ) 4 R 485 9 - 1)
BERC e e T 2 ARAE R A F AR AR T 5T 52 2
T RN AR B AR NI T R I, R I S R
HFE A F T 5 Sk (Spodoptera frugiperda)
U ) RyR, 4 7% d7k N B HAA iy 9 3 RyR
I, B AR i r AR B 40 JE BB B, 40 PR P A
TR PE KA, GNP D) RE 3 59, Bl R
ANEFEMIFHMIET . E ISR, &
SE R gk (Spodoptera exigua) % 5 HL 2K H Ik e 1) B0 24

PERIAES) By, H RyR JERI I RIA &AL 5 &
HUOR RIS 3 G o PV R A5 o Bl S L R
Pt S ot R BBURR i R /N Sk (Plutella xylostella) T
FUHOR I, Uikl RN RyR 5= R Rk & A HUK
F M 5.79 £ o XL HEPE T RNAL TR AR 04 B
(Tribolium castaneum) V&N RyR JE[H, K INIHLAE 534
P18 AT BN Re 7 R IFEEEZR IR . X 5T
KB, RyR B:PH D UE S22 30 H . W03 B S50
B i rp ke SR ORI A AR, 7R R AR K
R 5 R e 2 o dO5R) He O 45 b ki
EH

I3 — PSR 1 5T A TG A B AR ELAE
B IV, T A& W LA 45 K DL IC O B 8H 25 3
A B AR R AR (5 3 32 & 0k, BoA thaE B
FRAAC AR ALY BAR A 458 H BT 3D 2.
BC AR /N4y A R4 T a5 A AL B IR ) Rk
ARV, BRI EA RS N TR
S, TR R R ER 5/ T
EYIM g G, 18 B B ACH R B4 T AL B A
KPR BEAERP, AR, ARAME I, % 3%
GRS TS TR AN RS &, AN BEAE RIS TR) Y
ST K EE A SN T A R gt
g3 H 3 A HL RyR [ 3 M &AL RS G H e,
KB A Y A (Sogatella furcifera) 1 By £5 2 H iy
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&2 AzanCSP7 535 T H8 KWyvl B Ia A BT
HIsE R 77, B AzanCSP7 2 5 iR &F LRI
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IBTIE BOR . BeAh, V12 B HUK RyR R0 C 4 i h
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TE W18 26 A T R IK G 0 A F 1 D RE R B 7T 4k
DRI, R 56 ] gk P oA 7E 2 R R AL, S4BT
gy FHERR, X T IP RGO Pa AR BA EEE L.
AT AT & 7 B 2 [ 1k RyR 3 PR  HUR B B i
JH 3 M) 2 53 LA TR FT RyR 5 SR H IR iz 1)
I TR KA B T IR N B AR S5E [E ik RyR
IEERE, Fi5 R 2, JE 94 R 2% ORI BF R S it
PR AKHE .

1 #8577 &®

1.1 THR#H
L E [k pHe 5 N TR H o E O R A
TSRS BRI A 10% H

ORI FRF L. 4 AN TrREnE, Je4H
BRI AR
1.2 MRAE
1.2.1 HcRyR 3 R 5ol 5 45#7

126 S [ A O L gl HCL &7 W) i CHETE
FUHEPE D) RS CHE T AR 35T R B Fr Bt R 18 53
M, EHCSE E A 7 W 1 RSk, KRB AT
W vl J5 W PSR S BRI A&, 22 I 0 I
HEATH R IL 73 . K H RNeasy Mini 3] 4 2 21

A RNA 2 BGR 7 & (Qiagen)F2 HUE RNA, Jf DL
RNA AR, 18 F] TaKara 24 @) [ 54 368 57 & A R
%k cDNA. #4, LL& B cDNA s, {1
A TR TRSIGR D#FIT PCRY 1. il
T NG A 48 g L WK AR I PCR 724, JF Al Omega
E.Z.N.A. Gel Extraction Kit i 7l & Bl Wi & 71 28 J5
W L FE P pMDI8-T # 4K . K EL ™Y 4N
RyR/pMDI18-T, JFiAb 2 KIpFwirh . ¥53% )5, ik
PHYVE SO RE, JFIs 2 BilEA TA RA " #47 RyR H: A
Fe B Fr 35 41E -

{¥iF NCBI-ORF finder(Chttps://www.ncbi.nlm.nih.
gov/orffinder/)$REL HcRYR W) FF TR SEAE o {5 FH 7E 2%
T. B ProtParam(http:/au.expasy.org/tools/protparam.
htmD T £ 73 7 8 145 L 5 . ] NCBI-BlastP
(http://www.ncbi.nlm.nih.gov/BLASTP/) i3t 47 [A] Y& 4
51 . 8 TMHMM2.0 ServerChttp://www.cbs.dtu.
dk/services/ TMHMM/ )R AT i#5 5 45 #4358 73 #r 1 ]
BioEdit # {F #E1T £ /7 41 Lb XS o 4 F] MEGA 7 81
] Neighbor-Joining(N-DFE /T KRG K B W o
1.22  HcRyR AR A FW-BE AR EE 5T

A SYBR SuperMix s 51 &L Ml AN [7] /¢ & B
B 2 HeRyR BRI R A & . ¥ A Primer 5.0
BAF BT HeRyR 3K 52 8 51, UL M EFla. RPL13
WZ 5K 1. SEF 56 B RT-PCR RV AR R
CEAFL 20 L), £17 10 pL 2 x SYBR premix Ex Taq
fig. 2 uL cDNA. 1 uL Primer mix 1 7 pL ddH,0. f#
FH 2¢ 6 78 B A A3 BL 7% 1) Opticon Monitor3 %14 4k B
Kl .

123 R RRTEE £ B G d g

K RHE 2575 3T I PR AL B . R R AR, K
NEUHISE E EI 3 A R i H . B 96% HIE H
% PR fig S5 245 25 ST VRN N Tk o, G 1) 8 5 94
FE (1 e ] R S 6] 1 0 3 68 4 H o A R 45 T A 11
IR DA A S BTN R N AR g ) B A

®1 AX5HFT

Tab. 1 List of primers used in this study
S A RSP EI(5—3") I 5 FF A1 (5—3") EIEZ)itbeS
Gene Forward primer sequence (5'-3') Reverse primer sequence (5'—-3") Primer usage
SN:HE-YeSEim ]
HcRyR TGGTCTTGAAACTCTTCAAGAG CGTTGATCTTGTCTATGGCTTC Amplification of

target gene

HeRyR  TGGTCTTGAAACTCTTCAAGAG CGTTGATCTTGTCTATGGCTTC
EFla ATGAAATCTCTGTGACCGGGG GCGGTGGTATCGACAAACGT RT-qPCR

RPL13  GTTAGCTACACAGCTCCGTGG GCAGCAGTTGGGGCTTTAGT

dsHcRyR  taatacgactcactatagggGCCTTTGGTCCAAGATGATACT  taatacgactcactatagggATCCATAAGTCCATCCTTGCTG 4 ki dsRNA

dsGFP  taatacgactcactatagggAGAAGAACTTTTCACTGG taatacgactcactataggg TGAACGGATCCATCTTC Synthesis of dsSRNA

1 NEFEFRIRTTA BT - Note: the lowercase letters indicate T7 promoters.
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T80 C UKF W, F T J5 S48 I RyR 5= [R ) R ik
Bro PR IR PR B AL 3D RN S008I (LCy)
S T R By B AL TR 24, 48 AT 72 h (1) 36 [ (i
344 IR A RNA, & 0.5 ng RNA R &
B cDNA. ¥4 () cDNA i B % 100 pL, F1Fse
i 5% 6 52 B RT-PCR AR
1.2.5 RyR AR HHT

MR I B 3K 15 18 HeRyR 51K 7 51, it & Ak
dsHcRyR 5 dsGFP 513 1) EHf@ R 35K [
— RN 3 W SEE [ d, ok E T K b
fii F 5 B0V 5T %% (HAMILTON#489323)4 1.0 uL
dsHcRyR % 51 22 4y U B 405 2 19 2 A) B4
A4 PR 10 Sk, EOE 3 IR, R AL VE
dsGFP. fEALHE 24, 48 A1 72 h )&, 73 BIHRBUE ik 1)
3, AW EEGG, RAFT-80 °C vKFE, LA
For il RNA & [R] FTBR 80
1.2.6  HcRyR A& R ST Bk A+ & R K F Bl hie T A 7%
F i o

PR R I IR HORN— B 56 [ F ik 3 1 4)
B, IR EATET 3 h (YL AR EE, AR5 S i
dsHcRyR 5 dsGFP. 1E5 5, TAMRA LC;yy FHUK
L I () N Ak, I 00 5 V5 dsHeRyR AbFE4H 5
TS dsGFP %of [ 4 78 S U o8 R S Jie 3 R 24, 48,
72 h B3GR . AN 10 k4 H, EE 3K,
24 h itk 4 G EL . DLBAE R AlSE E ik g HUE
B TC MU A E BT AR o
1.2.7 %£Hé&% RyR 245 Z kK FBLIE ST A4

M PubChem % #& J% (https://pubchem.ncbi.nlm.
nih.gov/) 3R UG R F R i Fe A /N o TR AL, S
N No.11271640, F18 ] Pymol 2.2.0 B AF L H =
e gE K . K Swiss-Model 7E £k W 3 Chttps://www.
swissmodel.expasy.org/) AR 14 R Th g, R 5%
Fifk RyR 2518741 — 801 = 30%, HARMR7E &%
R 95% M. SR 5 IR FHEA 58— I B B Ak
SERIVE N EBRAR , 48 F Bioedit 7.2.6 A%} 3£

FIifk RyR ZE/R 7 91 3E1T 2 7 4 HUXT, 734 RyR &
FEPR 7 5 B AHALE, f J 0k 36 [ ik RyR 431 E47
YA A B R @R S BB ST ok SRR
[ 53 T 77 %, 18 F Discovery Studio 2019 Client(DS
2019 %% 14 # Ramachandran Plot 2 7 % 32 [ [ i
RyR & H [FJJF @S 24T 14t . K H Discovery Studio
2019 Client(DS 2019 #{4: fkE XS #£ D fie (CDOCKD)
4 RyR SZARASE A AN G R FE LG 1R 47 53 1 52
1.2.8 HIBA 25 547

i F} Excel %% 3 ¥ ¥ , #] /| Probit and Logit
Analysis FAFTH 5 BT A 5 &R B (LCso) AT EBE
JR R (LCyo) M H 95% B AF X (8] FE RN R IE
BEL 27 J7 ikt AT 3 A Y, Al SPSS Statistics
24.0 (IBM) ¥ M4 ¥) Duncan ¥ #E4T 5 2 11 22 57 0 #r
(P <0.05), 71§ ] GraphPad Prism {43174

2 ER G

2.1 HcRyR EEFMES

2 [E [k RyR FE R (1) FF 75 ) BEAE CORFO K EE Ny
15 481 bp, Hifidh 5 160 MR . TINME 515
N 583.37 kDa, BB LN 5.41. B H I HT
IR, HeRyR A& 6 ML (E D, @
it NCBI #4 2, &4 %] 8 5 HeRyR & A [F ¥
PE 155 (94.84% ~ 95.75%) 1) B L, FFHEAT T 3k 1k 43
Bro g5 RFW, £ E [k HeRyR & [ 5 Ml 5 K ik
(Manduca sexta) R4 R RZBIE, BN—X, HES
4 S Wk (Helicoverpa zea) i % M (Helicoverpa
armigera) WSES KRB (K] 2).

[ ik 4 WA 7 B4l B Bt HeRyR 45 RIAH %
ik &, /7l 1 4RI 6.57 55 3.50 £, H
s &y HL B B 1 2 38 7K P 9 [y 6 B 0.30 ~ 1.86
f o FE DN A AN BRI 3R R B, Sk IR
0.01 ~0.04 1%( 3A). HcRyR FEKESAHHFE
IR TSR A, 7R g 1R A R, AR
MR 1 749.47 £ H A JE B 510, 43 5 ot i
111 371.98 %5 1 343.95 &% . HABH LR IEKF
JEEAXTIE ) 1.53 ~ 11.44 % (& 3B).

22 SHFERBENEESHSEN

SRR HA TR Jre ot 35 18] ik 3 W8 4 U 72 h LGy,
A LCso 23919 11.13 pg/L A1 21.40 pg/L, F I H &
e A BEPE (R 2D .

23 SHFHEBRRIET HeRyR BEERIEKFE

i i S Ok E B RT-PCR HLA 0 M LCy, 1
FYH I B 11 S o o R g 4k P 5 [ 9 i 3 % %))
H72 h J5, RyR FE R 320K 7K 1 I B[] 38 fin = 30
e EFE T RAEIK BB 24 h 5, RyR 5
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Fig. 1 Multiple sequence alignment of RyR proteins in nine insect species
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W KMk Manduca sexta, KAG6444103.1
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Ky I Helicoverpa armigera, XP_049707635.1
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WA Wk Spodoptera littoralis, CAH1642165.1

B K Spodoptera exigua, ALL55468.1

K2 9 FiEH RyR B A RGN

Fig.2 Phylogenetic tree of RyR proteins in nine insect species
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Relative expression

1L ~7L.1 ~7 &4 o Duncan Jri& s 2257 B 5 1, ASF/NG FREORA R AL B R 2257 B F £ (P < 0.05) 1L-TL, 1st=Tth instar larvae.
Duncan’s method is used to analyze the difference significance, and different lowercase letters indicate difference significance between different

treatment groups (P < 0.05).

3 KA E R B BA LB HeRyR H:[F ik
Fig. 3 HcRyR gene expression in different development stages (A) and tissues (B) of H. cunea

®2 SHEFABRNEESH 3 RGHR 20 EN

Tab. 2 Toxicity of chlorantraniliprole on the 3rd instar H. cunea larvae treated for 72 h

ey -
BEIETE -1 -1
LC30(95% CI)/(ng'L LCs0(95% CI)/(ng'L 2
Toxicity regression equation 30(95% CD/kg'L ) 50(95% CD/ng L) R z df
Y=1.85x+8.09 11.13 (7.90 ~ 15.68) 21.40 (16.28 ~ 28.12) 0.98 11.12 13

VE: LC3oMILCso 3 7 N30% F150%FE T 2 i ME AL iR vk 15 95% CIN9S5% BEAZ X IA]; REAMIFEREG YN K5 dENE BE; KAHEDT
X300 = 22.36, 17 JIEIH 725 SEBRAHAF . Notes: LCyg and LCs are sublethal concentration when mortality rates are 30% and 50% , respectively;
95% CI is 95% confidence interval; R* is the correlation coefficient; y* is the chi-square value; df is degree of freedom; the chi-square value is less than

X (13005 = 22.36, toxicity regression equation is consistent with the reality.

[ PN Acetone
M S AURHBER: Chlorantraniliprole
g 3t Hokk
i 2
K &
® 52
*r; g sk ok
£2
&1t ==
0
24 48 72
Kb B[]

Treatment time/h

ns FORZFARE (P> 0.05); ¥ RIRME P <0.001 KV E2ZFH
3% . T, ns indicates difference is not significant (P > 0.05); ***
indicates diference is extremely significant at P < 0.001 level. The
same below.

K4 SOCKHBERMNE T HeRyR 2K RIE K
Fig. 4 Expression levels of RyR gene in H. cunea under

chlorantraniliprole stress
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Treatment time/h
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Z MR % . * indicates significant difference at P < 0.05 level; ****

indicates extremely significant difference at P < 0.000 1 level.
K5 SEE I RyR 3 TR R
Fig. 5 RyR gene silencing efficiency of H. cunea

N 73.33%; 3 ANIFIE] 2 dsHeRyR AbFE A7 3% R 5
TR dsGFP. HeRyR JUERFBEAR 7 32 [ ik 3 %
2 BN S 2R R PR AU 1 (1 6)
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BRE 5> F Rt
2.5.1 RyR ##A 4 Ramachandran plot #F4&

% [E [ RyR 5 7 (Oryctolagus cuniculus)
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Fig. 6 Effects of chlorantraniliprole stress on survival rate of H. cunea
with HcRyR gene silencing
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Fig. 7 Binding patterns of RyR in H. cunea with chlorantraniliprole
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