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Abstract
Objective: To screen potential novel Cdc2-like kinase 4 (CLK4) inhibitors from a traditional Chinese
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medicine natural product database by computer-based methods. Methods: Virtual screening was con-
ducted with molecular docking, molecular dynamics simulation, and binding free energy calculations.
Results: One compound was identified, which interacted with CLK4 protein through specific non-co-
valent interactions. Molecular dynamics simulations showed that this complex system remained sta-
ble throughout the simulation. Conclusion: The compound shows potential CLK4 inhibitory activity.
This research introduces a novel concept for uncovering new CLK4 inhibitors and identifies a poten-
tial compound for future experimental testing and drug development.

Keywords

CLK4, Inhibitor, Molecular Docking, Molecular Dynamics Simulation

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

JiR i (Pancreatic adenocarcinoma, PAAD)E AR E my, RIS MINEE 1], 2HEEFHSH LT
WA B L F RN 2], 5 FEFRINL 13%[3]. MuTibIT KM BRIT A R, BIE T 2404t
Kok e AT EIAE F 1] [4], PRI 5T A 5T PAAD G 5514 s B BB [ YR 97 S0

RNA #8148 2 (Alternative splicing, AS) 57 /& PAAD & JE I E EIRA N ZK[5], M E & LEZ R
P2 () B 322 [X] -7 (Serine/Arginine-Rich Splicing Factor, SRSF)Z % il 5 (41 SRSF1. SFSF5. SRSF6)#f PAAD
SR IE B E S, RNA I AS SRR ERWE, SmiemA e, RELER: mfRe T X
B[R] 7 DU 1) b 3R ST R AL [6]-[8]. Cdc2 FEIAE 4 (Cde2-like kinase 4, CLKA){E AXURF 71 CMGC 4
[9], I WERRL SRSF & IS AT K mRNA 19 AS I FE, 5110 52 2500 36 DR 3 08 1 s 4 e s e . 1258
[10][11]. JEHARFFER B, CLK4 7E PAAD 48 h Rk B3 i, HHE&RE Sy, 2&% U
s #Mi CLK4 7514 v 24 FFAK PAAD 40 B KAAFIE K[ 12]. X EEIEHE G T CLK4 J& PAAD 789711
TEAEL R0

BT, &% CLK4 [/ T4l 50t 58 i Al THIHB B [13]. XA /D40 CLK4 #IfilFI#kiE, Flan
TG003. CTX-712. SM08502 %, EAIFEMARAME /R HIXT CLK4 I ER , (H F A ) v A A Vs PR A
Rt — Ak, DABRAR RS 14]-[16]. 4 M3 BT I CLK4 $E 254, A7 46 B K4 . B,
FERBEY L =80 CLKA I 7T A2 12 A0 i Ay e F 8 LR

2 RIRT R KR 2 A2 FE R EIE RBARSE S, B CLK4 iR i R IR it 1 3=
B AL 7] tFENE B 25 TG B BRSS9 T = 4R AN, RERS AL S A AH LA
H, AN A S b R At 07 3% MO AR A YE 2, IR SR IR IR (B R 18] [19]. ANHE FT L
HiaF TR T A E R TR, IR 2R AR PR R O i A W 1) CLK4
I, B AP 2P R IR AL B S A .

2. 53k
2.1. REERREEIER
M RCSB & [ FE[20] 7 F 3 CLK4 1) SR L5 39 (PDBID: 6FYV), [RIRS J2BR/K 7 B A HoAh
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JERCAR /N> T CLK4 55 A 45 M B2 i 7R 3L 18 F Modeller [21 A2 FF#E4T715 5 . f#H ADER suite [22]%] it A
SER AT INE R LAl o FE T30 5 20 7 AL AR 5 Tk 8407 B R K/, T HE N R 72 .

2.2. SiBEEMGHE

2.2.1. EF Al B SEREUFE

DrugCLIp [2314E R i s — RN L8 RE IR BN 1) i il & 25 W) B 0 0RE T &, 6L =8 B i 3
SEkG B G op M Tl RE 77, HA LRIk BA RS Har i3, & A T RIS IL 7+ 1 PO 77

KK E Herb [24] 19 285 KAR =08 PE(BL 5 2 4.6 TR &) EA% 2 DrugCLIp M AN NEE, LA
BET R EEETES R . 53N DrugCLIp &1, #MTEilEimE, ZREAAN 1.1 HeriFm
CLK4 [)iifigitt), o siRgi b 3 Fife A s & N4, ki e FA% 1) Herb £l e,
BUEF NERYAETY . 208 DrugCLIP B 5 ik it f2(https://github.com/THU-ATOM/DrugCLIP_screen_pipeline)
PIHEFERME, 2P/ DrugCLIP ¥ KT 3 Mo+ H T /a8 0.

2.2.2. EFHFRHENERITFE

B4, X7 2.2.1 # DrugCLIp vF43 KT 3 LAY, {8 DataWarrior [25]4 sl = 4EH 1Y, I-/E MMFF94s
733 T R R B/, B I D R TR A O S5 A R R NI R T A . SRS OpenBabel [26]
W EWTE pH="7.4 FIAEE S FHARES, BB E T U0 Gasteiger B faf, HEHAD
SAFEEAR N pdbat SO, HTHEET ORGSR . A AN X0EEE AutoDock Vina [27]58 8%, ik
X445y /N T=9 keal/mol GG . iR RAEL G5 F N PyMOL F1dt 473 — 2 7047

2.3. pEMESHTA

fiti /| DataWarrior X i tb AT G PES BTN, THEAHE cLogP. BURALNE. BRI ME. B
P RIBAEMZGYIVEy, Ll — 2B PP X AR 2 2 VE A 21k

24. FFRAFEM

8 FH Amber24 [28]3 1% A 45 G BC A4 1) 8 1 DA Rk A S 5 8 E S A1 53 AT 100 ns 143
FEY 2R 5, R tleap AELIHA Amber ff19SB 113, MEZAEAKHINC. FEE, X
S EIERCA, K antechamber F£FF R GAFF2 J1352E 3L 1137280, 35115 AM1-BCC Hifi
[Fff, A parmehk2 THEG &AM ER R SH, DUAOR IS5 130 ) A A 3647 . SHAKE 5%
YR EER T, YRR A . MR RELE OPC /KBRSy & s R . WE TR 3
IR T RIRGE BB E N 10 A, HINhE F(Na 8 COLUFR A R X TFEMER, BERH/MEDH
WS TR, AR T, B RE BN 100.0 keal/(mol- A2) [ JJ AT . 25 =20, HUH
YIRAEEAME R e R AME . R5, SHZ 315 EEREE, 1E 0.3 ns PURHR RIEEE 0 K Z TN
HE) 300K, WFEEKN 1fs, 78R 9 PRFR R 5T 45 F A e X o A 1 25 5 it i 10.0 keal/(mol-A2)
JIATL R . LRI 7 F3) )5S AT Z 0T, 7E8RBE2 300 K A /1249 1 bar MR I 464 Mg AT
1 ns B4l PASE4PATIAR . {HH Amber24 /] pmemd.cuda #58t, 7F 300 K F LA 2 fs (IRHAEK, #E1H
AR ZAF FIE4T 100 ns B,

2.5. BIEDHT

{EH cpptraj [2914 AT ib ¥, THEE AT MM ZE . BWREKE, RlEEEMERL G5
B R A fd ] VMD [30]40 Bl etk & YRR A i R SR AFA ELVE ;{6 R ProLIF [31]4: B itk
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B F B AR KA AR [RII 20 A7 I 4 G SR B B I 1] A9 A2 46« JF AL 80~100 ns LI EX 200 it

SO, B MM-GBSA 77 HE T 454 I FHAS L, PPAf 45 & B BE J R STk
3. &R

3.1. FFRGR DT

NFE5 M Herb 25 TR 0 8e e b ZREAL I 70, REHE R CLK4 &3 A Vs fE IR, A2
M 1 R AR ATIZ D ik, AEBLBBORE 3 A SRR S PIPE ILR 1 AA] 2), S T0E7r BRI
LSt NPPA R S NI 22 2, 3t — D0t TENTRE SRR R L 2), ZREEIRR
IR eAl S PE R AT, X ARBON 24, W LAGAT T — BRI

3D structure of CLK4 Herb Database
(PDBID: 6FYV) (44595 molecules)
DrugCLIP,
score > 3

y

3 compounds

AutoDock Vina,
score < -9 kcal/mol

v

3 compounds

Molecule Dynamics,
MM-GBSA

1 compound

Figure 1. Virtual screening process
B 1. ERNEERE

Table 1. Scores of candidate compounds

F 1. RENESYES

EW Herb Id DrugCLIP Score Docking score (kcal/mol)
TCM1 HBIN000967 3.68 -9.38
TCM2 HBIN026574 3.02 -9.47
TCM3 HBIN033946 3.02 -9.12

TCM1 TCM2

Figure 2. 2D structure of candidate compounds

& 2. {RIZL SR 2D 4544
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Table 2. Drug-likeness parameters of candidate compounds

2. (RIENESYNKAEEH

wEY) cLogP BORANE BU R 1 Hom ik R 2ty
TCM1 -1.61 none none none none 0.66
TCM2 1.99 low none none none 0.55
TCM3 2.86 none none none none 0.52

TE: cLogP ((LEWIZRAKIE): HEFAEE <55 Z91F0: SH DY 0~1,

SAMEIRA A S CLK4 FISHEEE Rk 3 fim. TCMI1 5 CLK4 KI5kt K189 K 1 1 ME
(hydrogen bonds, Hb), Jf-55%% L165. V173, A187. F239. L242. 1L.293 1 V322 JE %% 1 Hi /K (hydrophobic,
hp) M EAEH], 3§98 156 Ay, (RS E-SWai s niaE: TCM2 43415 CLK4 15k E167 Fll L242
JERCT 1/~ Hb, 1155 CLK4 [15k%: L165 S5/ M A Hp A HAEM; TCM3 5 CLK4 5% K189 JERL T
1 A5 (salt bridg, SO EAEM, Al X5 2 /ANRETE B Hp A EAEA

(a) 7, (b) ”
yY il <12
= 20x = 3
(o= :l ? (==

E167

G166 =
<

L\ N —— 3
‘\'? FZS}\ S5
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Figure 3. Molecular docking of TCM1 (a), TCM2 (b) and TCM3 (c) with CLK4
3. TCMI (a), TCM2 (b)» TCM3 (c)5 CLK4 EARNHELER

PR REAME SRS ES B i a5 SRR, 3 Mk 53T UL S CLK4 ERfEL G, HAAR
G att, By CLK4 il 7.

3.2. FFRHAFEMER

N T SRR A I ECAR S5 A AR e 1, FRAT R &5 G RCIAR(Apo) B AR RN R R - IS4 6 26
HHAT THIKA 100 ns 5> 301280 [ 4(a) BonBAMAE R 8 E B 421035 77 MR % (root mean square
deviation, RMSD), ‘BAIFERE JF WS R 1, WU o BT A 4k S V) #ERE W Ao e 45 & 2 Tt 11 4¢,
I HEAZEYLE 100 ns BEAUAR Y GEIk BAH R PEDIRES . [EREENZ, 5 TCMI 4546 )5 1) CLK4
HH RMSD fH/MT Apo [FIRFES, KU EMEE X CLK4 FEtERTTEk: 5 TCM3 454 /51 CLK4 &
s H EEAH R apo ARAS B /N EHAR) RMSD 18, X R MFESS S G 7313 ) 540 7] CLK4 &
FSA RAER BN SR, TCM2 456 )5 38074 T L apo IRASAHXTTE K RMSD fH, X 7] RE
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B TCM2 4 G AMERE R 7 ARE R R B .

477 MR35V (root mean square fluctuation, RMSF)T DA W8 5 AR A A Rk B, X i DU TR
itk EMEs X A g fa e tEszm . & 4(b)Eon T CLK4 AL G AEYIRES apo K& RMSF
XL, HhE TCMI 456 M8 E R BB SRR R g, JCHAE T E DASHHE R 2R, &
B TCM1 ] Redid s A BLAE AR E 7 R BRI S50 s AR T 45 61 & IR 1) CLK4 #8E7R H 5 H apo
R AWK ¥ RMSF, 3% 5 RMSD {45 R — .

[m] % - 1% (radius of gyration, Rg) 1] LA L2 1 i 70 TR 1R R, X n] DU TPk &4 6 5 Sl A i
B H 4(0) B8 T CLK4 HAS AU AYIRES apo IRE Rg ERIXT L, KW EAEBUISIE T
LT AN R BEAE MM GURAS, 5 RMSD f RMSF 45 A —3 .

= RS -
22
“W\ | (\ ‘% mm, “u L xw W*’
*WMH | = 21 W WVM wl WWW I
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Figure 4. Molecular dynamics simulation results

& 4.

DFENNFEUER

gi b, N TFEl SRR AR, CLK4 B AJRES TCMI 454 5 R I B s riAa e A B R 3G
%, I TCM1 K456 % CLK4 2 BAHE MRS /ER; CLK4 f£5 TCM2 il TCM3 454 Ja R 3L H AHAUL
Bl RENE, hEE s S E A A .

33. GEEHRETEERST

g4 Bl TS AR/ 15 CLK4 EALS AR LA G5 T, iR b
TERRE. FrHRE. AERIIAGEE. FERIEARIARE . AU B R AE AL B AR, SEE B AR VPG
AR 45 G A T A SR AN ) 1 B B R R *ETE%M’J £, TCM (1R854 H B g R IR 5 7E-30 kJ/mol
IR, BAEB&EIEMD), REBERNRFIREZY), EEEPImEE/EHGe. ot JEmmEEnibae
AVSAH E e A B T R BB S & . Forh, e e AU B BB MR G 2.3 . T TCM2 A TCM3
46 H RS TCM1 ZEEK, RIA—M, X500 71 F e REA -, RPEN5E
FSE AR e RS, HARZENR R, KT DR,

Table 3. Binding free energy decomposition of simulation systems

3. RUKREG S BHED R

FERR AT 7 WA s

feay)  TEtEEMERIRE weRAE ETIORALRE e FUHRWRE e REEHBIRE
TCMI -27.02 -84.39 84.95 -3.76 ~111.41 81.20 -30.21
TCM2 -35.29 85.79 ~63.43 ~4.23 50.50 ~67.66 -17.16
TCM3 -39.11 89.36 ~60.57 ~4.67 50.25 ~65.24 ~14.98
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zE FEEIRRE, TCMI X/ MzIEE S5 CLK4 SR e Rk m, 46 B MR R T8 &E KT,
RS ERD T HREBRIE A WIR, X— R4 RIEERE TCM1 &AL R ) CLK4 #H17).
34. BEMFFINESER

TCMI TE8) J1 253 F2 rh A B A AN ] 5(a) Tz o FE B MBI FE P, & 7 80% LA _E I ] L4755 CLK 4
R TESEH L NEEMEEN, TCM1 5 CLK4 &ETER T 7 AN & 5(b)Fis, TCM1 JLFiA

&5 CLKA 1#4% TiEs: HEZ M EK M EAEH, 5 CLK4 fEBk T 6 MEEAEH .. & 5(c)fn, i
FHAE 5 S8 s B AR, 7 80% LA F I [A] ER#F 5 CLK4 545 T8 H 2 AN i HAE A .
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Figure 5. Changes in the number of key interactions of TCM1 during molecular dynamics simulation and the contribution of potential
key residues

& 5. TCM1 £ TR FRBS R X R A E AR EN T RB X FER AT

k=354t TCM1 5 CLK4 54 OB AT s, FRATGTHEAN S b B AR 2 T A ELVE F U R R
JHIHE A AR E R TR 1 5(d)~(e)fiawn, L165. F170. V173 Al V322 Jlid 5 TCM1 s /KA
HAEH, BEfRE TCM1 MM SR, XFRIRE QA RIEEE; K189, N291 #1 D323 i#id 5 TCMI JE ifasE
(BN SR A AE BAE R, R I B AR E PR BOR DTk 1B 1) 2 )R F239 AT L242 5 TCM1 JERL T Bi/K
FHEAER, AR E AR A S e T LT a %, RESIRENEGYHEIER. Kk, TCM1 5 K189
A1 D323 XA S )R A ELAE XS CLK4 B4 & 2O HAE A

4. ¥Wig

PAAD BB, SR ERORTL, TRV IR 2 R, 25 K IR AR R4 % R HLE g
BA BRSNS IT & %UR. % T CLK4 55 PAAD UM 0T S48 22 s REAR S, 4L )
fext PAAD &7 B BB X, AT CLK4 =4siK, MrPZh R r=mun ek, ez il 4
TRHE. ST ARG A E AR, BB R RS — A% CLK4 FA B 55 4
WELG . SRR, AR CLK4 Bakae S oW HS AR ig, MG RIFm2H S
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gikargsE . BRI K189 M D323 Nk as &AL, NI S &Y ke AH A F DLYERF I
Mg, EEFEFEREAKRRRR, WmEASREENE.

g5 b, AWHFCIE T SR BT ILE RS — AT I CLK4 RIREIF, vk PAAD 677 2545
Z ISR TR . (A ATSS R DO TR, e ST A S KRB T P IR Y
HASHUH, TR Z57R9T PAAD $ 43 58 IR S SR 40 ARk 475

E&WE

2025 4F ] g 4 v 2 25 RBLIE G R R G A 5 20252Y2048): 3T ThREPENT 21 A8 14 A B vt 5
A5 FR S5 DN 0 PR RS R T O B T BE ) 24 AT 5T o
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