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Abstract: Objective To screen the anti-depressant targets of genipin-1-f-D-gentiopicide (GG) in brain by drug affinity responsive
target stability (DARTS) technique, and explore the potential mechanism of GG exerting anti-depressant effect based on target.
Methods DARTS combined with label-free liquid chromatography-mass spectrometry (LC-MS) proteomics were used to screen
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potential protein targets of GG in brain tissues, and the differentially expressed genes specific to drug groups were intersected with the
depression disease target database to identify a potential anti-depression target protein kinase C interaction protein 1 (PICK1). Affinity
and binding sites between the potential target PICK1 and GG were analyzed by biolayer interference (BLI), molecular docking and site-
specific mutation of amino acids. The effect of GG on expressions of PICK1, glutamate receptor A2 (GluA2) and postsynaptic density
protein 95 (PSD95) in hippocampus of mice with chronic unpredictable mild stress (CUMS) was investigated using qRT-PCR and Western
blotting, and the potential mechanism of GG exerting anti-depressant effect based on target PICK1 was elucidated. Results Based on
DARTS combined with label-free LC-MS proteomics, 29 potential targets were obtained, and a potential anti-depressive target PICK1 of
GG was obtained by intersecting them with the depression target database. The BLI result showed that GG interacted with PICK1, with
affinity (Kp) value of 1.915 x 107> mol/L. Molecular docking showed that PICK1 interacted with GG, and the hydrogen bond formed by
GLNO1, LYS83, ILE37, SER36 and ILE35 with GG was the main force. The results of amino acid site-directed mutagenesis showed that
the affinity between GG and PICK1 significantly changed after mutations at positions SER36, GLN91 and LYS83. SER36, GLN91 and
LYS83 were the key sites for the binding of GG to PICK1. qRT-PCR and Western blotting results showed that GG could significantly
down-regulated the mRNA and protein expressions of PICK1, GluA2 and PSD95 in hippocampus of depression model mice (P < 0.05,
0.01). Conclusion GG may affect the expression levels of synaptic plasticity-related proteins by binding to PICK1, thereby improving

the synaptic plasticity of hippocampus in CUMS mice and exerting an anti-depressant effect.
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1.2 AR5

GG (it'5 B20637, Jli &5 409 98%) #IGTT
({5 S71089, JIE/SHCN 98%) WH g4
VIR AR AT His-EABE C MEEHES 1
(protein interacting with C kinase 1, PICK1) fl& &
AR = Airaif; RBEEARE (45
017E2211BA) 14 H g 5l i MEB DRI A BR A 7 5
HisTrap HP (35 10327780 I [ 35 [H Cytiva A #;
DNA Ji [t (5 230720KE1D) W H £ [EH
Axygen AH]; FifRE Mix. Hifair® I 1st Strand
cDNA Synthesis SuperMix for gPCR (gDNA digester
plus)+ BilEHE . Hieff® gPCR SYBR Green Master Mix
(NoRox). DNA marker. JJiFi32H0A7] &, YeaRed
IR R B EiEf A RHRA IR AR, fit5 5
519 H6011030+ 11141ES60 A4013900- 11201ES08 -
G0023741. M1127970. G1921261; 57 3E-B-D-Hi
RA-FUNETF (isopropyl-B-D-thiogalactopyranoside,
IPTG). BEfiF. il RSB . PBS AW HEAK.
“HIFHA (dimethyl sulfoxide, DMSO) I H b 5i &
REREARAF, #5754 1028F0510 .
1113G034 . 928E047 . 20200818 . 814E064 .
1121E0316; SDS-PAGE #tJi i & ik & (5
040223230407 RIPA £ (k5 061919190814)
W g3 = RAEYIHARA RA R PICK] HitkGit
5 ab3420) M HJEE Abcam AF]; S5 B E
1 95 (postsynaptic density protein 95, PSD95) HifAk
(#L'5 3450) B AR Z M A2(glutamate receptor A2,
GluA2) itk (L5 13607). HRP Hric i 1l Ei
IgG 4t (L5 14708) MY H 3K [E CST A +]; p-actin
ipk G5 AF7018) W H 3 [E Affinity A .
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2.1 DARTS A&

DARTS FEAR R S80 J57% FBE 2 O SRR aE s
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BRI, R AIRABOS A AT 510 . BIR IR AEVK
RS2 30 min, FHBEEHAM 1.5 mL FOE
H, 4 °C. 12000 r/min &> 20 min, ¥ BiGHE R
AP 1.5 mL BOEH, A TNC (100 mmol/L
CaCl,. 500 mmol/L Tris-HCl. 500 mmol/L NaCl, pH
8.0). KH BCA lfI &l & Rk, ¥ L iG Wi
B 2 pg/ul, AHHIMAN GG (20 umol/L), X} &
HINN 5ZARFH DMSO, EiRFE 20 min. ¥4
GG 5 DMSO AbEE[) EIHHR 40 uL 43 A2
PCR &, &4 3E, FHAIN 4 uL 555 & O I
WOCBEEER CEAF=1:800), 25 CiHtk 25
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PRAR B B AR S OB R L, HAEIK
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LR 1) 2 S 2R 0K TR 1 IR 22 AT S RIS RE % s
RUEEREUAC AR, NI 3RAF GG i AP AIIAR 78 75 3 ki o
2.4 PICKI Bi&ERMFTESHK

JHid NCBI #& /N PICKT J:F 52 %11 CDS
A, Bk RIRIGH) CDS A%t E NS4,
PICK1 L3511 5°-TAAGAAGGAGATATACCATG-
GGCCACCACCATCACCACCACATGTTTGCAGA-
CTTA-3’, Fi551%) 5°-TTGTCGACGGAGCTCGA-
ATTCTCAGGAGTCACACCA-3". FIFH 5|9 LA Ko/
SUMIZH 2 cDNA X} PICK T £[K33E4T PCR ¥ 1%,
A4S N i His-tag 1) PICKI 3R 751, FIHH [
5 2 W R E A U7 0K PICK T BERE#:
3| pET-28a (+), M1 D) E 5 40 i A% Rk i f4

VA AT I B 2H Rk %k i pET28a-PICK] %4k,
& KIF B BL21 (DE3), HRAESH KMERN
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THEATRe I/ MEAE RS 3D #%:. ffiH Schrodinger
B A4 Ligand Docking #ERIFEAT 77X #2 .
2.7 PICK1 REKREBAMFTIESHL

DL “2.47 TN H A FRIAHAK pET28a-PICK1 N
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“2.4” T,
28 BUHELTAMAMREENM (chronic
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pp ke 25Ty

60 HHENE C5TBL/6 /) BRBEAL 7 onf A L 57
H K GG k. F. & (25, 50. 100 mg/kg) 14
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JeE BORNL KTOHRIN . R BB hRM TR
2 FEAT R RER A 2 R KOS BEALIE L,
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AAEE, DBIRAATTNE, 257/ 8 A HF
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WS /NI A ZH, 34T qRT-PCR Al Western
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2.9 qRT-PCR #il] GG %t CUMS /IRiED4HL
PICKI VAR SRAT] 2B M 48 X B FRA RS20

WA /N A2, A RNA $2EGR &
PRHUE RNA. fiR#E Hifair® I 1st Strand cDNA
Synthesis SuperMix for gqPCR (gDNA digester plus)
R & &k cDNA. {# ] Hieff® gPCR SYBR
Green Master Mix (No Rox) 5471 & [ PR 7 A A
i, K P K LightCycler 480 ITSZH 5% )¢ & £ PCR
BCGHAT 938 o LA GAPDH 1E RN S EE, SR 2780
THESZER AN RE & . T ERE R
BRAFER, SIFHINE 1.
2.10 Western blotting ¥l GG % CUMS /MR85
£HZ1 PICK1 DAR SR P 2B HE X B B RIS HI RN

B AH /N BRI S 202, N5 A7 Tl IR T 401 o )

&1 5HF5
Table 1 Primer sequences
HEA SIYIFA (5-37)
PICK] F: AGAAGGATGCCCAGAACC
R: TTGACTTGCCATTGACCC
GluAd?2 F: CTCCTCCTACACGGCTAACTT
R: GACTCTGGCTACTCCTTCTGC
PSD95 F: ATCCTGTCGGTCAATGGTG
R: ATCGGCTATACTCTTCTGGTTT
GAPDH F: GCACAGTCAAGGCCGAGAAT

R: GCCTTCTCCATGGTGGTGAA
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BENR. WH, TBST MK 3 ¥, 4K 10 min,
IO, ZEEIEE Lh, WG, AR
KI5, KA Image J A9 M6 K
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2.11 S FESH

K H GraphPad Prism 8.0 845 SL U6 45 itk 47
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M1 (One-way ANOVA) #ATG A0,
3 #R
3.1 GG RIS R S AL

55T DARTS BAATGhRid LC-MS & A 2%
(E1-A), ikt GG 7E/N RIS T EE A
JREE s, RRYEA/TC bR, 85X R AT Venn
8T, GG AR 29 MEBEEAE A (B 1-
B). WA RAH S ERRILEOHITRE S, 4
B LK 1-C. % DisGeNET %45 GeneCards
K FE R ET 300 ANPACESE &, X E RS 3] 400
ANPIRRE A, K 29 MBEE DA, R
13 1 AMEBAEPUAR 25 B B3R AL PICKT (& 1-D).

B GG xR

LRUE

m/z

TEARICER A€ T

DARTS

A-DARTS HARE R B-TEARIC LC-MS A Venn [&]; C-ER AR Y ZRLEEAKMNE; D-LLHEE 27 A SR LR

Venn K.

A-schematic diagram of DARTS technology; B-Venn diagram of label-free LC-MS proteomics; C-heatmap of differentially expressed proteins by

proteomics; D-Venn diagram of drug group-specific differentially expressed proteins and depression targets.

El1 GG RAHNEREE = B ik

Fig.1 Screening of anti-depressive targets of GG in brain

3.2 GG 5 PICK1 [BfBE{ER S

ffi ] BLI &l GG 5 PICK1 Z [AIf{IsEA1 17,
g K 2-A f1ER 2 Fios, GG 5 PICK] Z [HfF1E
BORIIAH AR, Wi ZmsEM) (Kp) EHN
1.915X107° mol/L. R HH 73T R0 R & 2 [ 1) 45
ARG GO ST b, SR WA 2-B~D fir
K, GG 5 PICK1 Z[MAF{EMEAEA, HEZH
GLN91. LYS83. ILE37. SER36. ILE35 5 GG i
TE R SR IEER -

33 SHEBERRT

HEFr SR, GG 5 PICK] 2 M4 &
f7 A E 3N ILE35. SER36. ILE37. LYS83 Al
GLNO91. XX 5 AN IE LR 70 il AT S 2L 8 o
KA, WK 3-A~E Frw, R4 5@ Iy b
TE RAFIARMI R LI o A (1 RAZFR IR FLAR 5> T
Bl KT BL21 (DE3), it fizRikaifh ik
RRBRER, S50 ME 3-F frox, BIhERE R4
IR FR .
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A-BLL &l GG 5 PICK1 [A]f#15£ M1 77; B-GG 454 PICKI1 &1 N 481 =4k 4oR = E; C-GG 454 PICKI &1 48 3D J&#BisK Bl D-PICK1

5 GG i srF M — 4 .
A-affinity between GG and PICK1 measured by BLI; B-3D total schematic of GG docking active pocket of PICK1; C-3D local magnification of GG

docking active pocket of PICK1; D-2D diagram of molecular docking between PICK1 and GG.

2 GG 5 PICK1 2 [EHHEIERA 37
Fig.2 Analysis of interaction between GG and PICK1

%2 GG 5 PICK1 BIFEFITURE R
Table 2 Affinity test result of GG with PICK1

FE i W E/(umol- L™ Wi 2 /nm Kon/(mol-L™!-s™! Kott(s™) Kp/(mol-L™"
GG 12.5 0.006 9 1.31X10* 0.251 1.915X1073
25.0 0.016 7
50.0 0.028 1
100.0 0.046 5
A B C
WT [aTc] WT AGC WT ATC]
Mutant 1 nmm IllIlI EENEEEEE Mutant2 EEEEEEEEEEEEEEEEEEE  Mutant3 Se._SEEEENSSssEEEEEE.
TGATTGGG|GCCAGCATCGGA TTGGGATCIGCCATCGAAGG CCTGATTGGGATCAGCGCCIGG
D E
WT [ang WT Marker 1 2 3
5
Mutant 4 B A e Mutant 5 Illllllll EEEEEEEEE %gé %84
GAAARACC|IGCGIGTAGAGGTG AAGATGAT T GAAGTGAAG 5:5)(104
43X10*

A~E-RAFFHEM ILE35. SER36.

i

2822 CHESFEH, 39 PICK1 RABAKMAEA).
A—E-sequence alignment diagram after separate mutations of amino acids ILE35, SER36, ILE37, LYS83 and GLN91; F-SDS-PAGE gel electrophoresis
diagram of purified PICK1 mutants (1 is not induced, 2 is induced at 22 “C overnight, 3 is PICK1 mutant’s purified protein).

B3 PICKI1 RT{REFNF

3.3X104
2.5%10*

1.7X10*

ILE37. LYS83 F1 GLNO1 J& [l Ebx B F-4litk PICK1 R4 SDS-PAGE %tk (1 WERFES,

K41k ZE H SDS-PAGE =&

Fig.3 Vector sequencing of PICK1 mutant and SDS-PAGE diagram of puriﬁed protein

34 GG 5PICK13

Rk 2 [BRFEM D4
RIS 5 AR R R E (K 4-A), il

3T BLI 4350 GG 5 PICK1 RAFMA 8] 5 f1
1745 5 W& 4-B~F F% 3, ILE35.SER36.ILE37.
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Fig. 4 Binding and dissociation diagram between PICK1 mutant and GG
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Table 3 Affinity between PICK1 mutant and GG
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Kp/(mol-L™)
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5 GG Z [l Kp fH % #F#{K, Mutant 1 F1 Mutant
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