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Molecular Docking of Saponin Analogues with Renin and
The Analysis of Binding Energy

ZHANG Hailing', GUANG Cuie™, JIANG Bo', WANG Junging®, SANG Shangyuan'
(1. State Key Laboratory of Food Science & Technology ,Jiangnan University , Wuxi 214122, China; 2. School of
Biotechnology , Jiangnan University , Wuxi 214122, China)

Abstract: Renin is one of important targets for the treatment of hypertension. Soyasaponin I and its
analogues soyasaponin II, glycyrrhizin and monoglucuronyl glycyrrhetinic(MGGM) were docked with
renin,and binding free energy was calculated using molecular dynamics simulation and MM—-PBSA
docking method. Contributions of various energy types and intermolecular interactions were
analyzed. Results showed that the van der Waals force and electrostatic interaction were the main
driving force and pockets S2 and S3 were primarily involvedin the binding. Ala229,Val136,Ala317
and Met303 were the key residues for the hydrophobic effect and Ser230,Tyr231 and Ser84 were
critical amino acids responsible for the formation of hydrogen bonds. Docking results are in well
accordance with inhibition ability,which can be regarded as the foundation for the discovery of new
rennin inhibitors.

Keywords: renin,soyasaponin I, molecular docking,dynamics simulation,binding free energy
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Fig. 1 Molecular structure of four saponins
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Table 1 Binding free energy of docking compounds

AE 4/ (k]J/mol)

AE,./(kJ/mol)

soyasaponin | -392.835 —-384.043
soyasaponin I -340.400 -398.919
glycyrrhizin -304.295 -282.711
MGGA -270.363 -273.038

AGw/(kJ/mol) AGq/(kJ/mol) AG,/(kJ/mol)
641.087 -39.260 -175.052
628.002 -39.265 ~150.581
571.488 -35.644 -51.162
414.364 -28.279 -157.315
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Fig. 2 Correlation between binding free energy and ICj,
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Table 2 Amino acid residues of renin reacted with inhibitors

Alal36, Ala229, Ala314, Arg82, Asp38, Asp226, Gly40, Gly228, His301, lle137, 1le305, Ser41, Thr85, Tyr83

N
K] Ala229, Ala317, Ala314, Arg82, Asp38, Asp226, GInl9, GIn135, Gly228, His301,
. 11e305, Met303, Ser233, Prol18, Serd41, Thr18, Thr227, Thr309, Tyr20, Tyr83, Val36
g I Ala229, Ala317, Arg82, Asp38, Asp226, GInl9, Gly40, Gly228, His301, Met303,
- Pro307, Pro308, Ser233, Thrl18, Thr227, Tyr20, Tyr83, Val36
i Alal36, Ala229, Ala317, Arg82, Asp38, Asp226, GInl9, GIn135, Gly40, Gly228,
Met303, Phel24, Serd1, Ser84, Thr18, Thr85, Thr227, Tyr20, Tyr83, Tyr162, Val36
YL 2 M T TR T
FR AT T
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Fig. 4 Intermolecular interaction analysis between renin and inhibitors
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Table 3 Hydrogen bond analysis of four compounds

I 0 S R YT
1 026

Ser84-N 2.94
2 026 Ser84-OH 2.74

» 3 037 Ser230-N 3.18
j‘ﬁﬂ?‘ 4 026 Thr85-0H 3.16
5 026 Thr85-N 3.16

6 042 Ty1231-N 2.90

7 066 Tyr162-0H 3.06

1 026 Ser84-N 3.01

2 026 Ser84-OH 2.81

P 3 037 Ser230-N 2.88
11 4 026 Thr85-OH 2.96
5 026 Thr85-N 3.07

6 042 Tyr231-N 3.19

7 066 Tyr162-OH 3.12

1 046 Ser230-N 223

2 046 Ser230-0H 2.96

Fi% 3 042 Ser230-0H 3.20
4 02 Ser42-OH 2.63

5 02 His301-N 2.76

1 04 Serd2-N 2.69

2 03 Ser42-N 2.79

3 04 Ser42-OH 2.93

] 4 02 Ser84-OH 3.09
B R 5 037 Ser230-N 3.11
e 6 01 Ser233-0H 2.81
HIG 7 046 Ser233-OH 2.67
8 03 Asn43-OH 2.73

9 042 Tyr231-N 2.80

10 02 Met303-SH 272
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Fig. 5 Docking between eight saponins and activity pockets of renin
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Table 4 Amino acid residues inside renin activity pockets interaction with saponins by hydrogen bondings

KREBH 1T Tyr162 Ser230
KEBH I Tyrl62 Ser230
HE R =

B 2 T TR
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Table 5 Amino acid residues inside renin activity pockets interaction with saponins by hydrophobic effect

wn

KEBHF I 1:]23316751;22(; Alazéﬁ; 1T9Tr18’ 1\;{53(())31 Asp38,Arg82 Asp226,Tyr83 GIn135 Serd1
KE R 3;?;617@?;22208 Alazéﬁ; 1T9T“8’ Met303, His301  Asp38,Arg82 Asp226,Tyr83 Gly40,Ser41

B é;‘::gyf;s Al"“zéi’l 1Tgyr18’ Met303 Asp38,Arg82 Asp226,Tyr83 Gly4§§§'135 ’
ifjgﬁfﬁ@ Gly228 Ala229 His301 Asp38,Arg82 Asp226,Tyr83 Glyﬁg’ls;;‘“’

e, JEXE 4 FhE A5 5IR H 8 1 2E LR
MM-PBSA J5iEIHR 454G A MAe, THR SR ML
LT A5 B4 410 1) 590 0 7 RE 0 AR BT e RS S e R
0 fif % W Y 4B AR RN L R B L RE 0 T B R
B YR EEZIR N B LR TR AP
AR A T A /DN o 3l 3k 3% 1 11 4% U 0 A AT LAAS:
H,S2 .S3 1 ST J2 B 28 R AT P B U AR

' 2% ORI, IS 90 A R0 R i B A T Y i A
FRARHE , JOTEAE Ty ok A THEM M LR TE Wi
B KVEH i 2 Ligpiot #0440 LA K 4317 P L A2 1Y
B K AR RIS AN T T E AR R R AT R e
KA B 35 P IX 8, Ala229  Asp38  Asp226 . Gly228
1 Tyr83 &' % 15 1 24 370 45 5 3ok A rhoOE s
IKAE P i o B A R R R A

TG M 1148, Ser230 \ Tyr231 FI Ser84 %5 4 %L iz 7k Ik &

S 3k
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