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Abstract: [Objective] This study aims to investigate the mechanism of the interaction between ergosta-7,22FE-
dien-3/-ol, an active sterol of Poria, and progesterone receptor (PRGR) and the potential therapeutic effects via
bioinformatics and molecular docking. [Method] The TCMSP database was used to screen the active ingredients
of Poria, and MEGA X (10.0.5) was used for alignment of multiple PRGR sequences. The primary structure of
PRGR was analyzed by ProtParam, and the hydrophobicity of PRGR was predicted by Protscale. The amino acid
sequence of PRGR was analyzed by Prosite, and the secondary structure of PRGR was analyzed on
NPS@SOPMA. The RCSB PDB database was used to predict the tertiary structure of PRGR via the homologous

modeling method. DeepLoc-2.0 website was used to predict the subcellular localization of PRGR. SwissDock
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was employed to simulate the molecular docking between ergosta-7,22E-diene-3f -ol and its potential target
PRGR (305Q). [Result] The PRGR protein consisted of 933 amino acid residues, with a relative molecular mass
of 98 980 and a theoretical isoelectric point of 6.09, being a hydrophilic unstable protein. Its secondary structure
was dominated by random coils (70.31% of the total), and this protein contained nuclear receptor ligand-binding
domains (NR LBDs) and C4-type zinc-finger structure, which suggested its core function in nuclear signaling.
Ergosta-7,22E-dien-3/-ol was anchored to the PRGR ligand-binding pocket through hydrophobic interactions and
hydrogen bonding, and the key binding sites involved residues such as Leu and Ala. PRGR was highly conserved
in primates, with branching values of more than 98% in the species (chimpanzee and bonobo) with closest affinity
to humans. PRGR may be involved in the immune regulation through the nucleus and the outer membrane of
mitochondria. Molecular docking revealed that ergosta-7,22 E-dien-3/-ol may form a stable complex with PRGR.
[Conclusion] This study elucidates the molecular binding mechanism of a sterol in Poria with PRGR, providing
theoretical support for the development of immunomodulatory drugs targeting PRGR and the precise utilization
of resources with both medicinal and edible values. Meanwhile, this study provides new ideas for the research on
natural product-nuclear receptor interactions.

Keywords: medicine and food homology; Poria; ergosta-7,22FE-dien-3f -ol; progesterone receptor (PRGR);

structural analysis; functional prediction; bioinformatics
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Fig. 1 Molecular structure of ergosta-7, 22E-dien-3f -ol, an

active ingredient of Poria
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Table 1 Data sources
Bl ik
TCMSP https://old.tcmsp-e.com/tcmsp.php
DeepLoc-2.0 https://services.healthtech.dtu.dk/services/DeepLoc-2.0/
ProtParam https://web.expasy.org/protparam
Protscale https://www.expasy.org/protscale
Prosite https://prosite.expasy.org
NPS@SOPMA https://npsa.lyon.inserm.fr/cgi-bin/npsa_automat.pl page=/NPSA/npsa_sopma.html
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Table 2 Active ingredients of Poria

ID PaeaE 2R OB/% DL
MOL000273 (2R)-2-[(3S,5R,10S,13R,14R, 16R,17R)-3,16- 8 %:-4,4,10,13,14- 1 %-2,3,5,6,12,15,16,17- 30.93 081
INE-TH-38 T a5 -17-5E 1-6- 1 JE B -5 12
MOL000275 I 55 )7 2 38.71 0.80
MOL000276 7,9C11)-flit & J5 i ik 35.11 0.81
MOL000279 i {5 % 37.96 0.77
MOL000280 <2R)-2-[<3si5R,1qS,13R,143,16R,17R)-3,16-:¥é951§-4,4,10,13,14-ﬁﬁ3§.§-2,3,5,6,12,15,16,17- 3107 0.8
JNE-TH-38 8 -17-36 1-5- 7 T 2k - O -5 -4 TR
MOL000282 % ffi-7,22E- " }i-3 -l 43.51 0.72
MOLO000283 # f {§§ B i S AL 4 40.36 0.81
MOL 000285 §2R)-2-[(5R,105,13R,1§R,16R,17R)-16-¥é%-3-@ﬁ-4,4,10,13,14-£Eﬁ%-1,2,5,6,12,15,16,17-/\% 3826 0.8
Wk laldE-17-581-5- 5 74 k- O -5-H R
MOL000287 14 LR 38.7 0.81
MOL000289 J5F iz 33.63 0.81
MOL000290 K% A 30.61 0.76
MOL000291 K% B 30.52 0.75
MOL000292 1 #F C 38.15 0.75
MOL000296 A% 36.91 0.75
MOLO000300 it & B 1 ik 44.17 0.83
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Fig. 2 Sequence alignment and phylogenetic tree of PRGR proteins from different species
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Table 3 Number and percentages of amino acids

AR B i EE /%
Leu 105 11.30
Ala 103 11.00
Pro 103 11.00
Ser 95 10.20
Gly 73 7.80
Glu 51 5.50
Val 50 5.40
Gln 47 5.00
Arg 42 4.50
Lys 41 4.40
Asp 39 4.20
Phe 29 3.10
Thr 28 3.00
Tle 27 2.90
Cys 24 2.60
Tyr 23 2.50
Asn 17 1.80
Met 17 1.80
His 13 1.40
Trp 6 0.60
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Fig. 5 Predicted secondary structure of PRGR protein
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K7 PRGRE a8 =R LEMH
Fig. 7 Tertiary structure of PRGR protein
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Table 4 Probability of localization of PRGR protein in

different cellular compartments
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Fig. 8

Molecular docking of ergosta-7,22E-dien-34-o0l with
PRGR protein

3 &5

BB WG BT ER G M T IRE
G 5 05 MR B2 22 A -, 22 E- I -3 8- T 1 Tk A
MR R R (PRGRO R A 450, HE 5 2 i &
ZARBAT TR A A e KA o A, [F A
by P IR AR A B TN A5 R, RS
T 7 PRGR IS5/ 5 Thae , Bl 7 IR % 22 /1 -7,
22E- " J#-34-FE A PRGR 117y T AE R ML, N2h &
I Y5 % R IR T P R o B S A B A T o . 4
A 3R 4 B 45 R TR 4R i RE A7 R4 T 6
TV S Rt 00 — 225 ) i AT — ) e 6 E 1) 4 B 2k
HTAE 42 o HH Eo AR 4t o — 3R 36 05 vk Cln LA 8t 2 1
Xof 2 B AR AR 5 1% 5 1% R R TE B ok B A A T
o HAEHLE] , 2 46 58 0T 70 .

AT R R B B R A O A R g AT B R
J2 TH 1) 23 B 0 &5 A7 7 ik 40 R AR 5 3 i B
2 A o R 56 55 7 SR HE— P IR 2 £ -7, 22E-
T -3p-FE 5 PRGR W B AE 7750, 5 4b, ik ml i i
A A1 G 32 1 1 R E 43 BT % K 43 E G 8 41 L R ) 3
RE , TR 1T HCAE BT 4 o g 100 1) &5 5 T PR 0 .
I IR, W] RLE— BN A ME B T 5 AR
HEBA 1, 3 5 2E 25 F I 3R B B0 Ak 4R T Kk
#m) PRGR H e 95 U 15 25 ) 4 LA 4R o

& E 30k
(1] R, 3 25 0 5 VR 5 i Je ik e (1]
2024,44(5):1.
WU P.

GEES

Progress in the research of medicinal and food



Vol. 44 No. 10

substances in China[ J]. China Fruit & Vegetable,2024,44
(5):1.(in Chinese)

[2] k&, TR, JETARRATEZ VR AR 219 R HILT].
X 2 i Y ,2025,15(4) :92-94.

ZHANG A D, ZHANG H. Discussion on the application
of Poria based on Shennong’s herbal classic[J]. Journal
of Frontiers of Medicine,2025,15(4):92-94. (in Chinese)

(3] XMk, 2 AR, a7 4F 45, & . IR0 2% B A 24 JL A

WF S0 HE S K B 5 br S W R 00 2 Hr [0 1. P BEZ5, 2020,
51(10):2703-2717.
DENG TM,PENG D Y,YU N J,et al. Research progress
on chemical composition and pharmacological effects of
Poria cocos and predictive analysis on quality markers[ J].
Chinese Traditional and Herbal Drugs,2020,51(10):2703-
2717.(in Chinese)

(4] P05 22 SOMG , KR, &5 . 2R 28 10V kR T HAE

I ALH O 7e 8k R LT]. fril 54 BOR 24, 2024, 43
(11):23-33.
SUN X L,HUANG Y G,YE Y L,et al. Research progress
on active components and mechanisms of Smilax glabra
[J1. Journal of Food Science and Biotechnology,2024,43
(11>:23-33.(in Chinese)

(5] BHR S8, AR AR, 2 ROAR, &8 . AR 25 20X 2 AR JR 0 /I

R 5 44 bt S Ak 8 77 Je Bax Bel-2 &R (AR AEmLI].
i 5 AR H ), 2016,35(1):82-88.
HUANG C L, ZHENG J L, LI F L, et al. Effect of
pachymaran to the antioxidant capacity and Bax, Bcl-2
protein expression of renal tissue in mice with type II
diabetes[J]. Journal of Food Science and Biotechnology,
2016,35(1):82-88.(Cin Chinese)

[6] RALAMBONDRAHETY R, COUZINET-MOSSION A,
RABESAOTRA V, et al.

isolated from the Madagascar marine sponge Biemna laboutei :

Antibacterial activity of steroids

A7 steroids as new potential agents against pathogenic
bacteria[ J]. The Natural Products Journal, 2021, 11(1) :
57-62.

[7] PEREIRA D M, CORREIA-DA-SILVA G, VALENTAO P,
et al. Anti-inflammatory effect of unsaturated fatty acids
and ergosta-7, 22-dien-3-ol from Marthasterias glacialis:
prevention of CHOP-mediated ER-stress and NF-kB
activation[J]. PLoS One,2014,9(2):e88341.

(8] dk Tk, 2=, i A, &, JE T W4 2 B PR R
b AN 5 R R 3 R (A 0 N PO o3 L VR 2T N e
##2,2022,36(S1):210-219.

ZHANG Y Z, L1 T, TANG R W, et al.

mechanism of Fukangling on triple negative breast cancer

Exploring

based on network pharmacology[J]. Academic Journal of
Shanghai University of Traditional Chinese Medicine,
2022,36(S1):210-219.(in Chinese)

[9JGRIMM S L, HARTIG S M, EDWARDS D P.

Progesterone receptor signaling mechanisms [J] . Journal of

Xk ¥ KERER-7,22E-ZF-34-F 02 E B PRGR G S A S ThAE TN

Molecular Biology ,2016,428(19) :3831-3849.
[10] JEONG K J, MUKAE M, LEE S R, et al.

increases hepatic lipid content and plasma lipid levels

Progesterone

through PR-B-mediated lipogenesis[J]. Biomedicine &
Pharmacotherapy,2024,172:116281.

[11] FEDOTCHEVA T A, FEDOTCHEVA N I,
SHIMANOVSKY N L. Progesterone as an anti-inflammatory
drug and immunomodulator: new aspects in hormonal
regulation of the inflammation[J]. Biomolecules, 2022, 12
(9):1299.

[12] PARK C J, LIN P C, ZHOU S, et al.
receptor serves the ovary as a trigger of ovulation and a

Cell Reports, 2020, 31

Progesterone

Terminator of inflammation[J] .
(2):107496.

[13] CHOWANEC E I, WERNER L R, HAGAN C R.
Abstract 3971: Progesterone impacts regulatory T cell
activity to promote immunosuppression in the mammary
gland[J]. Cancer Research,2024,84(S6):3971.

[14] POLIKARPOVA A V, LEVINA I S, SIGAI N V, ¢t al.
Immunomodulatory effects of progesterone and selective
ligands of membrane progesterone receptors[J]. Steroids,
2019,145:5-18.

[15] FURUHATA R,KABE Y,KANAI A, et al. Progesterone
receptor membrane associated component 1 enhances

obesity progression in mice by facilitating lipid
accumulation in adipocytes[J]. Communications Biology ,
2020,3:479.

[16] LEE S R, CHOI W Y, HEO J H, et al.

increases blood glucose via hepatic progesterone receptor

Progesterone

membrane component | under limited or impaired action
of insulin[ J]. Scientific Reports,2020,10:16316.

[17] L1 Z, WEL H R, LI S Y, et al. The role of progesterone
receptors in breast cancer[J]. Drug Design, Development
and Therapy,2022,16:305-314.

[18] ASPERGER H, STAMM N, GIERKE B, et al.
Progesterone receptor membrane component 1 regulates
lipid homeostasis and drives oncogenic signaling resulting
in breast cancer progression[ J]. Breast Cancer Research,
2020,22(1):75.

[19] DAONA,VUTD,CHU D T. Advances in Bioinformatics
[M]. Singapore:Springer Nature Singapore ;2024 .

[20] A= T30, 28 KU, X3, 55 . S 0 BRI J5 2 T4 ) R 1) -7,
T2 it A B L-LcLDH2 1 %3k e B s B i1l &
i 5 AE R 524),2019,38(12):25-30.
LI X Q, YUAN F J, LIU Y, et al.
bioinformatic analysis of an L-lactate dehydrogenase
(L-LcLDH2) for  the
phenylpyruvic acid [J] .
Biotechnology,2019,38(12):25-30. (in Chinese)

[21] WANG Z Y, CHEN J, CHEN J P, et al.

interdisciplinary topics

Expression and

asymmetric  reduction  of

Journal of Food Science and

Identifying

and their evolution based on

171



172

Journal of Food Science and Biotechnology

BERTopic[ J]. Scientometrics,2024,129(11):7359-7384.
[22] FAN J Y, FU A L, ZHANG L. Progress in molecular

docking[ J]. Quantitative Biology,2019,7(2):83-89.
[23] ZEEUE, KR, Rk m 40,55, WAL A 508

AR 38 7 T ST R R A 2 T ALEILT]. B S AL

Mk ,2024,40(3):44-51.

LI M J, ZHANG J, ZHANG Y S, et al.

molecular mechanism of celery seed in gout treatment of

Potential

network pharmacology with molecular docking[J]. Food &
Machinery,2024,40(3) :44-51.Cin Chinese)

[24] Mol Je. v 24 2 4 24 B0 2 J0i P2 0 23 A 7 65 (0 4 i A
RHILD]. A7 VAL R ARRH K%, 2015.

[25] R, s, 54, 55 . NPHIE Tz Xt Cav-17/ BRI
e 1 BE A PISK . Akt PTEN RIE M m [J]. h E &
215 B4 E,2020,27(4) :35-40.
CHEN B W,ZHOU S Q,YI J, et al.
Huanwu decoction on expressions of PI3K, Akt, PTEN in

Effects of Buyang

cav-1" mice after cerebral ischemia[ J]. Chinese Journal
of Information on Traditional Chinese Medicine, 2020, 27
(4):35-40.Cin Chinese)

[26] HUSSEIN Y T, AZEEZ Y H. DFT analysis and in silico
exploration of drug-likeness, toxicity prediction,
bioactivity score, and chemical reactivity properties of the
urolithins [J] .
Dynamics,2023,41(4):1168-1177.

[27] FERNANDEZ A, SEGURA-ALABART N, SERRATOSA

F. The MultiFurcating neighbor-joining algorithm for

Journal of Biomolecular Structure and

reconstructing polytomic phylogenetic trees[J]. Journal
of Molecular Evolution,2023,91(6):773-779.

[28] VILLANUEVA E, SMITH T,PIZZINGA M ,etal. System-
wide analysis of RNA and protein subcellular localization
dynamics[ J]. Nature Methods,2024,21(1):60-71.

[29] MUHAMMED M T, AKI-YALCIN E.

docking: principles, advances, and its applications in drug

Molecular

discovery [J] .
2024,21(3):480-495.

[30] ERE, EHRHE B0, %, AEERELEYSEERE
Pz A RKRMEE L], B &SR E AR %N, 2024,
43(11):115-123.

YUAN J Y, WANG Z J, QIN F, et al.

improvement of soy protein based extrudates by adding

Letters in Drug Design & Discovery,

Study on flavor-

exogenous volatile compounds[ J]. Journal of Food Science
and Biotechnology ,2024,43(11):115-123. (in Chinese)
[31] RAVAL K, GANATRA T. Basics, types and applications of

molecular docking: a review[J]. Journal of Comprehensive

BE307H2025F 10 A | BE@R5EMEHEARER

and Advanced Pharmacology,2022,7(1):12-16.

[32] SPEAR J K, GRABOWSKI M, SEKHAVATI Y, et al.
Evolution of vertebral numbers in primates, with a focus
on hominoids and the last common ancestor of hominins

and panins[J]. Journal of Human Evolution, 2023, 179:

103359.
[33] WEI F F,KOURO T,NAKAMURA Y ,et al. Enhancing
Mass spectrometry-based tumor immunopeptide

identification: machine learning filter leveraging HLA

binding affinity, aliphatic index and retention time
deviation[J] .
Journal,2024,23:859-869.

[34] ALI S, CHOURASIA P, PATTERSON M.
files to protein features: a comparative analysis of PDB
bind and STCRDAB datasets[J]. Medical & Biological
Engineering & Computing,2024,62(8):2449-2483.

[35] RAJAN S,SUP Y. Covalent ligands of nuclear receptors

[J]. European Journal of Medicinal Chemistry, 2023,

Computational and Structural Biotechnology

From PDB

261:115869.
[36] BROWN R S. Zinc finger proteins: getting a grip on
RNA[J]. Current Opinion in Structural Biology, 2005,

15(1):94-98.

[37] NEWBERRY R W, RAINES R T.
intraresidue hydrogen bond stabilizes proteins [J]
Nature Chemical Biology,2016,12(12):1084-1088.

[38] Rehman I, Kerndt C C, Botelho S.
protein structure[ M ] Petersburg StatPearls Publishing , 2024 .

[39] MADAUSS K P, DENG S J, AUSTIN R J H, et al.
Progesterone receptor ligand binding pocket flexibility:

A prevalent

Biochemistry, tertiary

crystal structures of the norethindrone and mometasone
furoate complexes[J]. Journal of Medicinal Chemistry,
2004,47(13):3381-3387.

[40] BIGGADIKE K, BLEDSOE R K, COE D M, et al.
Design and X-ray crystal structures of high-potency
nonsteroidal glucocorticoid agonists exploiting a novel
binding site on the receptor [J] . Proceedings of the
National Academy of Sciences of the United States of
America,2009,106(43):18114-18119.

[41] LEES M B, BIZZOZERO O A. Structure and acylation of
proteolipid proteinf M]. Abingdon : Taylor & Francis,2023 .

[42] MAAHURY M F, ALLO V L.
calculation and molecular docking of aeroplysinin-1 as
antibacterial [J] of Chemical
Research,2021,9(2):124-128.

The computational

Indonesian Journal

BTG4 - 2T



