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Molecular docking and functions of interaction between CART
and candidate receptors in bovine follicular granulosa cells

HAO Qingin, REN Jing, CHENG Junli, ZHU Zhiwei, XU Dongmei, JIA Xuechun, LI Pengfei”

(College of Life Sciences, Shanxi Agricultural University, Taigu, Shanxi 030801, China)

Abstract: The three-dimensional structure of Cocaine Amphetamine Transcription Peptide(CART) and the candidate
receptor ZMPSTE24 in bovine follicular granulosa cells(GCs) were predicted using homologous modeling. The binding
mode between these two molecules was analyzed through Macromolecular docking technology to explore their molecular
interactions. Follicular GCs were isolated from three healthy adult cows and transfected with silenced sequences for
TEDDM1, CMKLR1, AGTR2 and ZMPSTE24. Total RNA was extracted, and gRT-PCR was employed to assess the
relative mRNA expression after silencing the four candidate receptors(TEDDM1, AGTR2, CMKLR1 and ZMPSTE24).
The proliferation of GCs in both experimental and control groups was evaluated using the CCK-8 method. Additionally,
the mass concentration of estrogen(Ez) in the culture medium of each group was determined using the ELISA method,
aiming to investigate the functions of these four candidate receptors in bovine follicular GCs. The results revealed one
binding site, nine salt bridges, and seventeen hydrogen bonds between ZMPSTE24 and CART. The relative mRNA
expression levels of the four candidate receptor test groups were significantly(P<0.01) lower than those of the siNC
group and blank group, confirming effective silencing of TEDDM1, CMKLR1, AGTR2 and ZMPSTE24 in GCs.
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Following the silencing of TEDDM1, CMKLR1, AGTR2 and ZMPSTE24, the cell proliferation rate and E2 mass
concentration in the culture medium of each experimental group were significantly(P<0.01) reduced compared to the

positive control group(without CART). These findings indicated that even after the silencing of the four candidate

receptor genes, CART continues to exert inhibitory effects on GCs proliferation and E2 secretion.

Keywords: bovine; follicular granulosa cells; CART candidate receptor; molecular docking
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1.2 FH&
1.2.1 RREEFSFTE

1E NCBI %4 b 73l 3K ZMPSTE24 5
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SITEDDM1 . SiCMKLR1. SiAGTR2 . siZMPSTE24
FISINC J7 81l A= T A4 T RE(E 1) IRy A PR W i

HE, BARRESISIT 1

&1 SiRNA HBEERFTA SiRNA 75
Table1 The siRNA sequence used for siRNA cell transfection

SiRNA £ F5 IESUTP5(5'-3) JSUT5(5'-3")

SITEDDM1 GUAUAGACAUCAUGAGCAATT UUGCUCAUGAUGUCUAUACTT
siCMKLR1 GGGAAGAUAUCCUGCUUUATT UAAAGCAGGAUAUCUUCCCTT
SIAGTR2 UAGAAUAACUCGUGACCAATT UUGGUCACGAGUUAUUCUATT
SIZMPSTE24 GAUCAUGGAUUCAGAAACATT UGUUUCUGAAUCCAUGAUCTT
siNC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT

1.2.3 % RNA 2IR5 R &£ 7 & qRT-PCR RiZ

SR Trizol AR A ANALE RNA, 12 IR
FEE R E B RNA 4l Rk, %558
RT Reagent Kit With gDNA Eraser 1561 175 5%
Fo 20 L SUWAAZR : E RNA 10 pL. RT Primer Mix
1 pL. Primer Script RT Enzyme Mix I 1 pL ., 5>Primer
Script Buffer 2(for Real time) 4 pL . RNase—Free
ddH20 4 uL.

M NCBI £id 22 rh i TEDDML, AGTR2,
CMKLR1, ZMPSTE24 ) mRNA #%IRIF4, iz

Primer 3.0 ZEZX T4 519, AT YT
(M)A FRA R R, FARFHII T3 2, %
FH qRT—PCR 5l -2 32 AT RS mRNA AR
Fiktt, BMEEZA R 1A, 2 X
HRZH (25 I ZH AN SINC 4H) , B 2H E 5 31K LA4- RPLPO
NSIEH, BT 10 uL SUVARZR: cDNA 1 pL,
RIS 14945 0.4 uL. SYBR® Premix Ex Tagll
5pL. ddH,0 3.2 uL. W FEIF: 95 °CHiAEE 30 55
95°CAEME 5, 60°CiEk 30s, 72 °CHEff 15, 1
¥ 40 ¥K,

% 2 QRT-PCR #3035 |#1F%1
Table 2 The primer sequence of qRT-PCR detection

FEH RS 1#(5-3) TS 1#(5-3)
TEDDM1 AATGTCCCACAGAGGTTTGC ATGAATCTTGGTGGCAGGTC
CMKLR1 ACACCGTCTGGTTCCTCAAC GTTGCTGATCTTGCACATGG
AGTR2 TTCCCTTCCATGTTCTGACC AAGGAAGTGCCAGGTCAATG
ZMPSTE?24 CGAGGGAAAGCTGAAACAAG TCACTGTCCCCTTCTCCATC
RPLPO CAACCCTGAAGTGCTTGACAT AGGCAGATGGATCAGCCA

1.2.4 GCs3gFAER L B, T2 RE N Z

W 4 MRIZH (SIZMPSTE24 4. siTEDDM1 41 .
SiICMKLR1 21 sStAGTR2 £1)F1 4 ~%t HEAH (25 4
RFect 41, siNC d1FIfHMEA), M4IHER 3k, F 96
UM TR, BLAIA 100 pL 45 2 40 AT
W, 37 °C. 5% CO, ¥iF-AfTI E 24 h J5 , 2 CCK-8
ORGP, SRRSO 2 &40 Aaso nm THL,
THEAMMIG TR, KR LA EEE R 3000 r/min &
> 15 min, B 100 L F3E, R ELISA GRl &kt 7
W5E . 32 A ELISACalc, IbRifE s 5000 2500, 1000,
500, 250, O pg/mL AHEAAHR, Aasonm (ENALARELL
GARERTZE, TR By Bk

1.2.5 %t

KH 2708C Pt B4 BENTE AR DI GCs iy
mRNA AHxf ik, LA RPLPO NS —1k
TRV, SRR 2708 AR
4 37k, izMH GraphPad Prism 8.0 Xif ff 43 45 51k
11 t KA o

2 ZR55H
2.1 CART #1 ZMPSTE24 15 BI#iELE R

iz Discovery Studio 2019 4351%§ 324 ZMPSTE24
IR CART HEA 7RI IR AL 45 2R B /R , ZMPSTE?24
5% 1 CAAX prenyl protease 1(PDB ID “y 5syt)Z ik
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Fig.1 Stereostructures of ZMPSTE24 and CART
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Fig.2 Pulled conformation map of ZMPSTE24 and CART
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