
Table S6. Molecular docking analysis of the top 10 significant upstream regulators of differentially 
expressed genes (DEGs) in male and female primary hippocampal cells treated with CNP fruit extract. 
 

Upstream 
regulators PDB ID Ligand 

Binding 
Energy 

(kcal/mol) 

Inhibition 
Constant 

(µM) 

Amino Acid Interaction 
Hydrogen 

Bond 
Hydrophobic 

Bond 
Others 

CREB1 

5ZK1 (A: Cyclic AMP-
responsive element-binding 

protein 1 (CREB1) and B: 
CREB-regulated transcription 

coactivator 2 

666-15  
[1] -6.43 19.22 

A: GLU299, 
ALA296 
B: LYS21 

A: 
ALA296(2), 

LYS292 
B: ARG20, 

PHE22, 
LYS21(2) 

A: - 
B: LYS21 

Resveratrol -6.40 20.34 A: LYS303(2) 
B: LYS21 

A: GLU299, 
LYS303 

B: PHE22, 
LYS21 

A: - 
B: - 

C3G -6.70 12.26 

A: SER300, 
LYS303(2), 
ALA296, 

LYS21 
B: SER23 

A: 
GLU299(2), 

LYS303 
B: PHE22, 
LYS21(2) 

A: LYS21 
B: - 

CTNNB1 7AR4 

E-cadherin 
[2] -16.60 6.77E-07 

LYS435, 
LYS508, 

GLU462(2), 
LYS354, 

ASN426(2), 
ASN430, 
ASP390 

CYS429(2), 
ARG386 

ARG469(2)
, HIS470, 
ARG474 

Resveratrol -5.47 98.29 
LYS354, 
SER425, 
ASN387 

ARG386, 
PRO463 - 

C3G -6.37 21.51 

SER425, 
ASN426, 

ASP459(2), 
GLU462(2), 
ASN387(2) 

ARG386(2), 
PRO463 - 

FOS 

1FOS (A: P55-C-FOS proto-
oncogene protein (FOS) and 

B: C-JUN proto-oncogene 
protein) 

T-5224 [3] -6.23 26.94 

A: THR162, 
ARG158 

B: LYS282, 
ARG285, 
SER278 

A: ARG155 
B: ARG279, 

LYS282 

A: - 
B: 

LYS282(2) 

Resveratrol -4.57 449.02 
A: ARG158 
B: SER278 

A: ARG155 
B: ARG279(2) 

A: - 
B: - 

C3G -5.13 172.53 

A: SER154, 
ARG158 

B: ARG279(2), 
LYS282(2) 

A: 
ARG155(2) 

B: 
ARG279(3), 

ALA275 

A: - 
B: - 



Upstream 
regulators PDB ID Ligand 

Binding 
Energy 

(kcal/mol) 

Inhibition 
Constant 

(µM) 

Amino Acid Interaction 
Hydrogen 

Bond 
Hydrophobic 

Bond 
Others 

HIF1A 

1H2K (A: Factor Inhibiting 
(HIF1) and B: HYPOXIA-
INDUCIBLE FACTOR 1 

ALPHA (HIF1A)) 

N-
oxaloylglyci

ne [4] 
-5.33 123.09 

A: HIS199, 
ASN205(2), 
LYS214(4), 

HIS279, 
ASN294, 
ASP201 

B: - 

A: - 
B: - 

A: - 
B: - 

Resveratrol -6.00 39.95 
A: HIS279, 

PHE100 
B: - 

A: THR196 
B: - 

A: - 
B: - 

C3G -6.57 15.35 

A: PHE100(2), 
HIS279, 
THR196, 
ILE281 

B: - 

A: LEU188, 
PHE207(2), 

HIS199, 
ILE281(2), 

LYS214 
B: - 

A: HIS199, 
TYR145 

B: - 

HNF4A 4IQR 

Myristic 
acid [5] 

-5.57 83.02 SER181, 
ARG226 

VAL178(2), 
ALA223, 

LEU234,VAL
242(2), 
ILE259, 

MET182, 
LEU220, 
MET342, 
LEU249 

ARG226 

Resveratrol -5.83 52.93 SER181, 
SER256 

VAL178, 
VAL255, 
MET182, 
LEU219, 
ALA223, 
LEU236 

MET342(2) 

C3G -2.70 10487.76 

ARG226, 
SER174, 
MET252, 
LEU219 

VAL178(2), 
MET182(2), 
ALA223(2), 

MET342, 
LEU219, 
LEU236, 
VAL242 

MET182, 
MET342(2) 

HTT 8VLX 
A1ACS -6.83 9.79 

ILE2595, 
ALA2587 

MET2588, 
PRO2417, 
ARG2592, 
ALA2587, 
CYS2998 

GLU2584, 
MET2588 

Resveratrol -5.37 116.36 - 
PRO2417, 
LEU2600 - 



Upstream 
regulators PDB ID Ligand 

Binding 
Energy 

(kcal/mol) 

Inhibition 
Constant 

(µM) 

Amino Acid Interaction 
Hydrogen 

Bond 
Hydrophobic 

Bond 
Others 

C3G -6.27 25.47 

SER2590, 
ARG2592(2), 

MET2588, 
ALA2587, 
ILE2595 

ALA2413, 
PRO2417, 
ARG2592 

- 

MLXIPL 

6YGJ (A: 14-3-3 protein 
beta/alpha and B: 

Carbohydrate-responsive 
element-binding protein 

(MLXIPL) 

STK631094 
[6] -7.50 3.18 

A: LYS51(2), 
ARG58(2), 
TYR130, 
ASN175, 

ARG129(3) 
B: ARG128(3) 

A: LEU218 
B: TRP127(2), 

ILE120 

A: 
LYS51(2), 
ARG58(2), 
ASP126, 

ARG129(3)
, GLU182 

B: 
ARG128(2) 

Resveratrol -6.43 19.22 A: ARG129 
B: ARG128 

A: ILE219, 
LEU222 

B: - 

A: LYS51 
B: ARG128 

C3G -8.97 0.27 

A: ARG58, 
ARG129, 

TYR130(2) 
B: - 

A: LEU222, 
LEU218 

B: ILE120(2) 

A: - 
B: - 

MYC 
1NKP (A: Myc proto-

oncogene protein (MYC) and 
B: Max protein) 

D347-2761 
[7] -7.33 4.21 

A: ARG913 
B: ARG239, 
ARG215(2) 

A: 
ARG914(2), 

LEU917, 
LYS918, 
LYS939 

B: 
ARG215(4), 

ILE218 

A: - 
B: - 

Resveratrol -5.50 92.91 

A: ARG913(2), 
LYS918, 
ASN915 

B: ARG239 

A: ARG914, 
LEU917, 
LYS918 

B: - 

A: LYS939 
B: - 

C3G -6.40 20.34 

A: GLU910, 
ARG914, 
LEU917 

B: ARG214, 
ARG239 

A: 
ARG914(2), 

LYS918 
B: - 

A: 
LYS939(2) 

B: - 

MYCN 
5G1X (A: N-MYC proto-

oncogene protein (MYCN) 
and B: Aurora kinase A) 

ADP [8] -6.73 11.59 

A: LYS162, 
ASP274, 
ALA213, 
GLY140, 
GLU260 

B: - 

A: 
LEU139(2), 

VAL147, 
LEU263(2) 

B: - 

A: 
LYS162(3) 

B: - 

Resveratrol -7.30 4.45 
A: ALA213(2), 

LYS162 
B: - 

A: LEU263, 
VAL147(2), 

LA160, 
ALA213 

A: LYS162 
B: - 



Upstream 
regulators PDB ID Ligand 

Binding 
Energy 

(kcal/mol) 

Inhibition 
Constant 

(µM) 

Amino Acid Interaction 
Hydrogen 

Bond 
Hydrophobic 

Bond 
Others 

B: - 

C3G -7.33 4.21 

A: - 
B: LYS141, 

LYS162, 
ALA213, 

LEU139(2), 
GLY140 

A: - 
B: 

VAL147(2), 
LEU263(2), 

ALA273 

A: - 
B: - 

NFE2L2 2FLU 

Meranzin 
Hydrate [9] 

-6.30 24.08 
ASN382(2), 

SER602, 
ARG380 

TYR334(2), 
TYR572 

- 

Resveratrol -5.60 78.48 GLY603 TYR334(2) - 

C3G -4.40 594.90 
ARG415(2), 

ARG380 TYR334(3) - 

TP53 4HFZ 

Nutlin-3a 
[10] 

-5.10 182.51 - 
LEU22(2), 

PHE19, 
LEU25 

- 

Resveratrol -5.00 216.07 - LEU22 - 

C3G -5.10 182.51 LEU25, LEU26 
LEU26(3), 

LEU22 - 

RB1 1N4M 

No known 
ligand - - - - - 

Resveratrol -6.17 30.15 - LYS530, 
MET460 

- 

C3G -7.13 5.90 LYS530(2) 
LYS530(2), 
LEU476, 
VAL531 

LYS530, 
MET460 

TEAD1 7ZJP 

MSC-4106 
[11] 

-8.00 1.37 CYS359, 
MET358 

VAL308(2), 
PHE407, 
PHE221, 
ALA292, 

ILE387(3), 
LEU389, 
CYS405, 

VAL240(2), 
LEU294, 
PHE221, 
PHE290, 
PHE407, 
MET362, 
ALA223 

MET358, 
CYS405 

Resveratrol -7.33 4.21 - 

PHE385, 
ALA292, 
ILE366, 

VAL308, 
ILE387 

MET362 



Upstream 
regulators PDB ID Ligand 

Binding 
Energy 

(kcal/mol) 

Inhibition 
Constant 

(µM) 

Amino Acid Interaction 
Hydrogen 

Bond 
Hydrophobic 

Bond 
Others 

C3G -2.10 28875.60 
CYS359(2), 

CYS405, 
THR324 

ALA223(2), 
VAL240(2), 
MET358(2), 

ILE366, 
VAL308, 
VAL326, 
MET362 

MET362(2) 

YAP1 

3KYS (A: Transcriptional 
enhancer factor TEF-1 and B: 
65 kDa Yes-associated protein 

(YAP1)) 

Verteporfin 
[12] 

-6.13 31.90 A: GLU393 
B: THR83 

A: LYS250 
B: LEU68, 

PRO85 

A: 
LYS274(2), 

LYS250 
B: - 

Resveratrol -4.77 320.37 

A: ASN369, 
SER365, 
VAL366  

B: VAL80 

A: - 
B: ALA71 

A: - 
B: - 

C3G -5.70 66.29 
A: ASN369 
B: PRO81 

A: - 
B: VAL72(2), 

ALA71, 
PRO75, 
ALA78 

A: LYS530, 
MET460 

B: - 

Molecular docking was performed between the top upstream regulators involved in regulating DEGs in male and 
female rat primary hippocampal cells and their known ligands, including resveratrol and cyanidin-3-glucoside 
(C3G) using Discovery Studio 2019 and Autodock 4.2 software. The mean binding free energy values for each pair 
of upstream regulators and their ligands were calculated from triplicate experiments. Amino acid interactions were 
determined and displayed based on the interaction between the ligand and molecule A or molecule B if the 
upstream regulators existed in a complex form as deposited in the RCSB Protein Data Bank database. 
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