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Abstract: Cyclin-dependent kinase 5 (CDKS), a serine/threonine kinase, is one of the non-typical members of
the CDKs family. CDKS5 is mainly activated by non-cyclin activators p35 or p39 (as well as their respective
fragments p25 and p29) to phosphorylate downstream substrates and regulate numerous neural and non-neural
functions. Increasing evidence has confirmed that the overactivation of CDK5/p25 complex is closely related to
neurodegenerative diseases, cancers, diabetes and inflammation. Consequently, CDK5 has become an important
target in multiple diseases treatment. Nevertheless, to date, no selective CDKS5 inhibitors are currently in the
clinical stage. On the other hand, pan-CDK inhibitors are limited in clinical trials, due to their poor clinical efficacy
and toxic side effects caused by the extensive inhibition of other kinases. In view of this, selective CDKS5 inhibitors
are of great significance not only for elucidating its exact biological functions, but also exploring the possibility of
CDKS inhibitors as a safe and effective therapy. This paper provides a brief overview of the structure and function
of CDKS5 protein as well as its relationship with diseases. In addition, the structural types and binding modes of
CDKS inhibitors targeting ATP active sites are also highlighted. Finally, we summarize and prospect the strategies
to improve the selectivity of CDKS5 inhibitors.
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M BREE e 2 N . TR 1) 4 B, CDKS
W R BLAE A 28 TG RS 4o 440 98 AE RN 5% fnd m] 948 4 45
T AA EEEMY, EIEME RS, CDKS )
ZRES SRR T OT R RE RGN
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BT 20E R AS RS B E - P A B . 72
Jit 5 CDK ZK ji% ", CDK2 £ CDKS5 ) /5 %1 [7] J§ 4 15
60%, H.7E ATP 25 & 484k 5 7R 35 93% (1 7 1 AH 48
P, AAEAE N LR IR L 1) 72 5 (CDK2 H1 24 Leu83
A1 His84, CDKS5 H A Cys83 Fl Asp84)™°l, [A i, /N3
T30 #1577 /£ CDKS 1 CDK2 ) ATP 148 1, il 3 B A
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Figure 1 The structure of cyclin-dependent kinase 5 (CDKS5). A: Modular domains of human CDKS5; B: Schematic diagram of 3D CDKS5

structure (PDB 7VDS)
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12 F15: 2] 1 8 B S IE B & CDKS IR (& DI,
CDKS5 o] i i % {8 1k J5) &t 2 B ¥ B (focal adhesion
kinase, FAK)". X{ % JZ & H (doublecortin, DCX) Al
p27 I R T (talin) YA U 1T 40 M R B A0 40 T 72,
SR K0 JZ 2 e IEE R IR R B, e
1 5 2 4 52 14 ErbB2 #1 ErbB3 {E y CDKS 19 JiK 4, il
I PIBK/AKt RS 5 8 i, A S, thah,
CDKS5 /i 3 1) B bk I 41 Jitd 987 -2 £ 5] (B-cell lymphoma
protein 2, Bcl-2) i BR 4k 1 2 P& oo r i T4 H 5%
U, E A A S BB T A R R, #HE T DNA
s CDKS BB AL R I B A I Y Ik REEH
(ataxia telangiectasia-mutated, ATM), i#% S 40w sL T2,
CDKS5 & A i 12 4k, Wiskott-Aldrich 4% & 1iF 5 H & %
verprolin [F]JH 5 1 1 (WAVE-1)*",Ephexin-1?".GTPase
) 775 AP, ST R ik 1 5 B AT RT B M ) Y.
h % R PR Z AR (mineralocorticoid receptor, MR)™!All
Wl 5 T 2% %244 (glucocorticoid receptor, GR)>f 5 5%
T 1t 52 B CDKS A%, SEm 1 25 5 2) Fd . Bl
2 R 44, CDKS 2 1E % itk B4k 5%, i & 4
PO LA R Iy R 0 A R R T R R BN A i
FEITR TR 7, 62 A BRI s it — 20 B o
2 CDK55& MmN &L MER

CDKS [ 53 7 & A0 CAEIE B 5 2 B (10 % A=
RIEEVIML . FEEMWSERA T, A4 T Ca™

Table 1 Some CDKS substrates and biological functions

Wik, 53045 & A B (calpain) 0, p35 1 24 il Bl p25
HIp10P2. p255%fiZ A3 I M B A K107, R
T R AR P A A ) 2 2 AR, R CDKCS Ak T ¢
Seid BETEAOIRTS (B12). FEFHE RGN J7 T, CDKS/
p25 AT il i A5 T B 3 N S B0 R T 3 (signal trans-
ducer and activator of transcription 3, STAT3) /i 5 )
BACE1 (4 fi5h B 7 WA g 1 5 [R]) 10 % S i 428 SR 38 i I
BT FEBE R AB B4, IbAh, CDK5/p25 Xt Tau
& BB AL, 5 SN B P i 48 iR A 4 2 25 1 Y
B, TR B 5 R R S B % A G . CDKS iE 2
Y a- R il ¥ 8 E R parkin 8 003 FEBERR Ak, AT 5
M S AR B B MR PR A, BB A #BERY. £
JENREKEPD A G, CDKS 3 i AL a5 1 ER A
< A 1 (dynamin-related protein 1, Drpl) ] Ser616
LB TR Ak, AT NS 2 Kr 4k Ty i [ 1 0 4o 22 3 1D
76 LS 45 P ) & A AL AiE (amyotrophic lateral sclerosis,
ALS) /N BB o A FE 2R p25 (AR 8 A1 CDKS ) &
WM, LK Tau & (I RIARZE 22 (NF) (05 B2 B R 1L

B Rk 2 1) B 7T 3 B CDKS J FL B0 B 1 1)
mRNA B8 I 5 7 R0k 5 2 Mo iE Ik AR K R
AR TEA KT CDKS BV i i o B K
L A A TR S A s AR A7 T, DRI CDKS B g AR e
/NG it e FR S I AR AR B RN #E A I, CDKS
A3 I Noxa R A0 1 Ji g 40 B 207 78 FR IR

Biological function Substrate Reference

Neuronal migration FAK Ser’™, DCX Ser””, p27*"' Ser", talin Ser* [14-16]
Neuronal survival ErbB2 Ser'”, ErbB3 Thr'”"/Ser'*°, ATM Ser”, Bel-2 Ser™ [17-19]
Synaptic plasticity WAVEI1 Ser’", ephexin-1 Thr*'/ Ser'”’ [20,21]
Emotional changes, memory GR Ser’”/Ser”’; MR Ser'*/Ser™’ [23,24]
Lymphatic vessel development, Foxc2, Racl [25,26]
angiogenesis

Myogenesis Titin, nestin Thr’'® [27,28]
Insulin secretion, glucose uptake f2-Syntrophin Ser”, phospholipase D (PLD) Ser'**, extended synaptotagmin 1 [29-31]

(E-Sytl) Ser’"*

B

STAT3, tau protein, a-synuclein, parkin, Drpl

p35
Neurodegenerative disease
B
NOXA, Rb, STAT3, HIF-1a, Presenilin, IRFE2BP2
CDK5

Calpain Oncogenesis, tumor invasion, angiog is, i T

P
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P23 Diabetes
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Figure 2 CDKS pathological functions in human
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[i] PD-L1 [J3RiE™, X $Em il CDKS Mg i, ar /5
PD-L1 (2, HEME0E CDA™ T 40 /e s 4r M4 T

BH W7 CDKS Th fE AT fift bk L 284 H 1 A ot 2 495 J 0
(L-VDCC) 7 Ser783 fir. i Mkl PE B R Ak, 525 B 41 e
P AR P R B R A Y. S 4, Choi ST LR
BH, 7E R /N B, 48 B8 G TL-6 B TNF-a 7KV T 15,
e p35 24 N p25, S E CDKS i B if ik . X S8R
Ji 440 e ask Ak ) Tl A G B ) B0 52 A4 y (PPARY) TE
Ser273 AL BERR AL, 2 5 R B R AP R IR AL o

CDKS5 1] LU B2 4%, vimentin [ Ser56 o7 i, iX Fifigk
1 A0 78 FR VKL B GTP AT A 412 28 4370 il H b i 2
P RS, 76 9K B2 41 i, CDKS 7E Thr4 18 40 FR 1k L
B 145 4 85 A coronin la, {233k B & 502 1 i B B 2
TR e L0 AR P R A AT bk B 4 i ) AR TR S S AT
W, CDKS [0 & g 08 5% (5 5% 5 18
B (1) A 0 F 5 A P, [, CDKS A T Bk
2 T 08 P B8] — AN B B ANE TR 5 J3 R T HE R
3 $0[a) ATP FE ML S A9 CDKS HIH 7

AR 0011 70 — PR 11 &5 S A5 (1 3), ATP 55 4+ 24
CDKS #1171 bk 55 CDKS 8 55 [X. Cys83 J i i 1 &
AL, — MR A S AT DA RS DA BRI EUR
FE A1, 3 P 2 ANAE 355 11 A0 B AR M BT B AT B SR A
[P BT, A2 5 e R0 3 5 P 11 B S 4 o

— prodition = Gin
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Figure 3 Surface residues of the ATP active sites in CDKS

3.1 EAREAYBFERAE  DL2,6,9- =AM
W4 Ry &5 ¥4 B % ) olomoucine (1) Fl roscovitine (2) 42
HIF R JUAS /53T CDK il 55 (Kl 4). Olomoucine
Xf CDKS5 1229 ¥ 38 it AH >4 B 30 13 1, (RA AE
JEEIR K o MR N-9 A7 P i 7K AR L o g 1) 45 5 1R
B, H, 5 TS R /K i, roscovitine 1)
CDK il 7% 1 Sl 3 19, (R = i £ 7% . Roscovitine
FER N £ B4 CYP3A4 Al CYP2B6 ¥ C-2 M4 b (1) i
AN TG HEBAR IR BR AT AP, ULRN FRAE F3 i dk
b, B & 227 % BE R IR AL I FETE BRDY. 4k roscovitine
2 J&, Ja 4 CDKS #fil 7)1 32 22 H 1 & $2& = 4 CDK %X
T 1) 3 4 1 R/ B v BE A S 1 . Oumata 5 7E
roscovitine [ J& X6 57 F itk e 36 BAR A i Bk 0 ik 45 4,
5 51 (R)-CR8 (3), 1 il CDK ] %% 71 #2 roscovitine [
2~4 %, B4R T X CDKS R4 e, JFE 254
AN [7) Jiev 98 20 B 3% R B 5 0 B A T 1 S S
im R 45 ¥ (IUNL.3DDP) &7~ (& 5), 2 A1 3 fy
W IR AE 1le 10 F Leul33 [ANEE 2 [6], 7-057 75 7 N J5i 1
T 5 e 5 BCEE X Cys83 - BE B i — ik LBk, 22 2k
2% 5 GInl130 13 3 58 S Asp86 T2 i Ui, 1M 2,3 )
L Tle10. Val18 I Phe80 & 4= B /K #H HAE Y. CR8 1
A T I e BA e ) 3 7R 2 R X, B 5 AE B Tel0,
Phe82 FIl Glu8 J¥ ity 48 . fE 157 B =2, CR8 1)
I 5 BN (IR A L 4~ bk i 2 35 R 3k e < ) 1y 41l
il P B RAK T 2- M e R B AL A ) CRS, 1IX R AL
B DS M AT RE L R Re e A R 2R BL A iE —TH A
AR AN, CRVTKIEMEIRIE HAT 73T IR, AT
CDK 12-cyclin K Fl CUL4 #% 3k 2 1 DDB1 2 [H] JE i %
JTCE AW, LN cyclin K (172 & 4L B& fi#°. DRFS53
(4) TEWERS BERZ (1) 6 A1 1 5] N = 75 2K i [A) FF 2
CDKS [ 2, A4 C,, 24 0.08 pmol L™, i 7R
HES CK ™. Ji5 43 T CRS, N'gompaza-Diarra
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Roscovitine (2)
CDK5/p25 ICso = 0.28 pmol-L™!
CDK1/cyclin B IC5o = 0.33 umol-L™!
CDK2/cyclin A ICsy = 0.21 pmol-L"!
CDK7/cyclin HICsy= 0.80 pmol-L*!
CDKY/cyclin T ICsp = 0.23 pmol-L"!

Olomoucine (1)
CDK5/p25 ICsy = 5.2 umol-L™!
CDKl/cyclin BICsg= 5.2 umol-L™!
CDK2/cyclin A ICsy= 3.3 pmol-L™!
CDK9/cyclin T ICsy= 1.2 pmol-L™!

Figure 4 Representative structures of purine compounds 1-6

SO T I IA B 48 C-2 o B L ML, BRI R
B KV BRAR Ak B 42, AT 386 0 A P52, v VIR A4
MM E . #2580 KBS (5) X CDKS B4 i i 1453 2
R, B 23 T 0 T 1) ADME ¥ i . % roscovitine
#— 04k, 13 3 fadraciclib (6), 7£ 4% & CDKS #141E

NH
HO

00

(R)-CRS8 (3)

CDKS5/p25 ICsp = 0.11 pmol-L™!
CDK I/cyclin B ICsq = 0.09 pmol-L™!
CDK2/cyclin A ICsy = 0.07 pmol-L*!
CDK7/cyclin H ICso = 1.10 umol-L™!
CDK9/cyclin T ICsq = 0.18 pmol-L™!

=
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HCI
NH

OH
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NH, O/Y\H § ;\
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CDK5/p25 ICsp = 0.11 pmol-L™!
CDKl/cyclin B ICs5o= 1.4 pmol-L™!
CDK2/cyclin A ICsy = 0.87 pmol-L™!
CDK7/cyclin H ICs, = 0.18 pmol-L™!
CDKY/cyclin T ICso = 0.18 pmol-L™!

P [ [R]SF, 6 CDK2 F1T CDK9 30 H 5 s 2k g, H
T 1 76 T 2 W6 30 5z A 900 0 3k £ 98 BB b A I S 1/ 30

i 5T (NCT04983810).

At ZEnA 25 ) B TS HEAR, anmEEE[1,5-a]-1,3,5-=
B2 (7)C7 BRI FE[2,1-1-1,2,4- =15 (8)P7 itk M 5F:[4,3-d]

HN | N
HO N Z
N
\j"’N)l\)NIN\>
H )\

DRF53 (4)
CDK5/p25 ICsy = 0.08 pmol-L!
CDK1/cyclin B IC5y = 0.22 pmol-L!
CK1 ICsy=0.014 pmol-L™!

N/
<

NH
Saes
s
S

Fadraciclib (6)

CDK5/p25 ICsq = 0.02 pmol-L™!
CDK/cyclin B ICs, =0.58 pmol-L"!
CDK2/cyclin A ICsy = 0.005 pmol-L™!
CDK7/cyclin H ICsy = 0.19 pmol-L™!
CDKY/cyclin T ICsy = 0.03 pmol-L"!

Phe 82

~

Figure 5 The cocrystal complex of roscovitine with the CDKS5 (PDB 1UNL) and the cocrystal complex of (R)-CR8 with the CDK2 (PDB

3DDP)
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IEE (9, 10)°5) MM 1,5-a] ¥ 0E (11)%% /& CDK5
R0 o e ) N R A 2R (B 6) . X e g
5E 2 MR T VR IR (1) 3EAL R R, (RN AR N R AR .
RZ R GV F VB A2 1) CDOK M flE . %
T roscovitine R il i #1#1] CDKS >R &A% Py & 41 o 1) iz
31, B A b & AR B RE /11, X LGR1406 34T 1 AH
FAE VAT o« A OB A I AR R B ALL T 7T L3
Yo & A B g /7, A EL roscovitine, LGR 1406 fiE 65 4
M RE B AR HMEC-1 4 2 20 i 19 56 L 3T # 9 78 B
VEGF % 5 1 IfL % 7% i . Dinaciclib (11) %} CDK5. 1.
2.9 [ G M 3 B 2 $E T (IC,, = 1~4 nmol-L™"), X}
CDK4.CDK6 11 CDK7 I3 1 £ ik, +& H #f CDKS5 #iff
AR EHK THZAY. 5 CDK2 13t & 45
(4KD1) &7 (F 6), dinaciclib R FF 1 8 8% X 1) &
PRI 2, R E 3R R RPIRI &, 2- 3 5 R 5 R 7 1Y)
Lys33 5% DL I DFG %57 11 (1) Asp145 T il E B 2%
EE P S 2 1) 3- £, 35 5 11 4% T 5% Phe 80 2 37 B /K FH ¥
fEAVER . N-SA ML E A F AT D48 R, B B RE T
W, AR 5 Lys89 JE A 8. Dinaciclib /£ B A7
AN 7 38 A 15 5% 0 A (7] 288 284 fieb 8 441 w410 1) Rb 8 R 1K,
755 20 ) S0 EL 3887 A0 40 P O T, EL A SR P B R
P (IC,, = 6~17 nmol-L™"). R ZR3h 1120 T K W,
dinaciclib 7£ /> B P A B0 1) I 5 32 (0.25 hy,
HAE 2 Fh A 9 S5 b B8 AR 5 B b DR T e KT 32 741

? 2

H
,,NA\N)i -
H H

7

CDK5/p25 ICs0 = 0.07 pmol-L!
CDK1/cyclin B IC5y = 0.073 pumol-L™!
CDK2/cyclin A ICso = 0.04 pmol-L™!
CDK7/cyclin HICsy = 0.50 pmol-L™!
CDK9/cyclin T ICsy = 0.043 pmol-L!

LGR 1406 (10)
CDKS5/p25 ICsq = 0.044 pmol-L*!
CDK1/cyclin B ICso = 0.003 umol-L!
CDK2/cyclin A ICsy = 0.099 pmol-L™!
CDK9Y/cyclin T ICsy = 1 pmol-L!

or
eed

CDK5/p25 ICso = 0.32 pmol-L™!
CDKl1/cyclin B IC5y = 0.40 pmol-L!
CDK2/cyclin A ICso = 0.22 pmol-L™!
CDK7/cyclin H ICsy = 0.60 pmol-L™!
CDKY/cyclin T ICsq = 0.020 pmol-L"!

Dinaciclib (11)
CDKS5 ICs = 1 nmol-L™!
CDK2 ICsy = 1 nmol-L™!
CDK1 ICsy =3 nmol-L™!
CDKJ9 ICsy = 4 nmol-L™!

& (MTD) 57 &% 3 il R . Z A& 4% CDK
FE A R I R, JF HLAH BE U BT (% CDK 01 711
AT TR, PR 3k N 22 UM R I R 5, H R A A
TEA ORI 52 V1 R, H T & Ak

AR T NS R LA ) S HE AR (1) CDKS 4 7
ATP 25558 M 45 6 77 NEEA AL, JF HAE A CDK X
T R AR 2GRS, DR B AT VA A O 0 B T I o
FUTE bR o SR, X 401 77 10 4 28006 3 BA S A2
TP 9T 5 B T S5 8 1) ATP 5% 4+ 28 CDKS il 551
BT RS T I 1 .
32 FEBIEXRHEEYEFFHMAE BAY1000394
(12) XF CDKS {7 49 B 7R 4% [ 4 3% 12, 55 roscovitine
HAMMF N —BE5 4, (15 CDK2 13t & 4514
(SIEV) &R, %343 £ CDK2 " gk A3 A7 55 1 5 11
8erh 5 Lys33 Fll Asp145 JE B M 2% . BRI iR AE 9
B AISE Pt e 1) PR S 41K, 5 Asp86 48 NH B &
T, FESGSREE A T R, v K AT IR WA, R
I T 175 —F X0 T TR I I 1 % 23 ME . BAY 1000394
A A 2 RN RN B R 4T R g, 5 3Lz
CDK #IHIl3E E— 5, KA 2 M2 A (G1.S. G2,
M) BEL L2 J B R R Hh T F e R 22, I IR B
AR R BEER, I AR K 228 1R, Khair 2295
Schrédinger ZH 14 I J& 2 - CDKS-roscovitine 3% i 45 #4
) Rz 00975 328, FF AN 110 J3 AN 2570 FF 43 ) ChemBridge

N

LGR1404 (9)
CDK5/p35 ICsg = 0.20 pmol-L"!
CDK2/cyclin E ICsq = 0.04 pmol-L™!
CDK7/cyclin H ICsy = 0.16 pmol-L™!
CDK9/cyclin T ICsy = 1 pmol-L!

Figure 6 Representative structures of compounds 7-11 based on purine bioisosteres and the cocrystal complex of dinaciclib with the

CDK2 (PDB 4KD1)
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SCEEH B EG B — RAVAE S E AR kA .
XF 3 TE 1 hit JEAT 25 WAk 5 25 # AL S 45 3 CDKS i
il & M B BRI 5,6,7,8- DU A MR MR AT AR ) 13 (K, =
0.16 pmol-L™") (B 7). 13 %} CDK2/cyclin A ¥ A3 % £,
{E3%+ CDK2/cyclin E.CDK 1/cyclin B.CDK7/cyclin H Al
CDKY/cyclin T HA 5 fi5 LA ik £ 0 o a) 47 BUAR (1) i
ik fidg 6 [5) B A0 T 11 AR XI5, 5 CDKS 1 Asp84 5 42
PRI A . Western blot 4 HTHIE 5K 13 /£ MOLM-13
A MV4-11 AML 48 ffg 8 ] CDKS, 5 S A JH T2, &
I H R PG B S 1, AT R R B P AML 2
P, S, AZD5438 (14) X CDK FIGERIH 12
) U0 103 12, AR A 0 ) A e R IR D I B R A, X N
it « 45 T i PR T 20 U R L e 98 45 22 o 4T R
BAT S Et (1C, = 0.2~1.7 umol-L™"). {H[
FE T 32 VAN, AZD5438 76 11 R il & 1B,
ML A - 2 T R A 5 40 15 AE 44 AR 6F CDKS L 1.2 315 44
JEE 7K G 40 ) v 1, A R8T ) A2780 N B S g 4 it )
WhE . dhA S TS5 A AE L, 1B 5 £R 57 1 Lys33
T RSP 0B A R TR i ) BB S A 20

33 SEBMATRHEYBFEE IR
S A T SRR R RE DL DY i N-H AR 3R N 517
W5 Cys83 5% 1) ¥ i F1 N-H 2 [6] T i 5% it & gt 1F
Hl . A& 16 BEAART CDK2 2 31 i 100 15 1% 4%

Sl
<] NH
HN;S\‘

(o]
BAY100394 (12)

CDKS5 ICso = 10 nmol-L"!
CDKl/cyclin B ICso =7 nmol-L™!
CDK2/cyclin E ICsy = 9 nmol-L*!

CDK4/cyclin D ICsy = 11 nmol-L"!
CDKY/cyclin T ICso = 5 nmol-L"!

s
HaN" o

CF3
N

P, ARGV AT AR R KT 8) . SARRZR I
T2 o R B, K 1 I IR S- 07 3E AT 3R T 3R AB M, AT R
CDKS ] 35 14 o 1 IR 2 7 038G 24 8 4 AT [ B 348 5
X CDKS 1 4 i) 3 ¥4 A i # 1, L &9 17 X
CDK5/p25 (11 1C,, 4 5 nmol-L™, [F] i % CDK2 [ 1k
T 10 50 X B 5 CDKS i) ATP 45 & 45k
Fh 2 B, e L T IR 537 UMK 32 5 Phe8O R A B /K
FHEAE FH o JOROZE 32 2K i 77 6 4uf ) 7 1 4RV 77 B B X,
17 71 5 &R AT 5 CDKS 2B A1 1148 P 1) Lys89 JE ik
SUSEAH TR, BRI TR FETE CDK2 w2 fR 51 1, (1
2 1] 2 9 AL T B 3ge, AN )T R4 ) S0 BOAE ELAE
D] L 36 Aol 445 5 7, 1 PRI R 5 R A 5 1 4 Ak 22 7 1T g
Se Ak AW CDKS (3% 4 A 458 1k B i fr) 2 2 I A
Rzasa %56 TG FOIR IR 25 ¥4 19 56 S A6 & W0 b o] REAFAE
T A B R, R R A R B, SR A FR
SR 45 3] — S IR R 44 4 18, 2L CDKS #1)3% 1k
FHECSE R3] 7 12 515271, 1C,, 4 16 nmol-L™, [A] i}
X CDK2 7 A B 3 8 1%« 15 CDKS i 1 45 1) F) 5
R R BoR, Z A G WA [F) T AT R L K g
B, T A2 I8 AR ) -NH R 2 5 B BBk
[X Cys83 [ B X 45 o LA, T8 W b i 4 {1 2 3o )
PP M @K X, 5 Lys33-Aspl145 5 #5 K B A
XXF CDKS F i i 1 JE 5 B 4L,

13 AZD5438 (14) 15

CDK5/p25 K; = 0.16 pmol-L"!
CDKl/cyclin B K; =2.61 pmol-L™!
CDK2/cyclin A K; = 0.27 pmol-L*!

CDK2/cyclin E K; = 1.0 pmol-L™!
CDK7/cyclin HK;> 5 pmol-L!
CDKY/cyclin T K; =1 umol-L"!

CDK5/p25 ICsy = 0.014 pmol-L*!
CDK1/cyclin B ICso=0.016 umol-L!
CDK2/cyclin A ICsq = 0.045 pmol-L™!
CDK4/cyclin D ICso = 0.449 pmol-L"!
CDK7/cyclin H ICs, = 0.821 pmol-L™!
CDKY/cyclin T ICsy = 0.020 pmol-L"!

CDK5/p25 ICsy=0.006 pmol-L™!
CDK /cyclin B ICs5¢= 0.006 pmol-L"!
CDK2/cyclin A ICs4= 0.002 pmol-L™!
CDK2/cyclin E ICsy= 0.008 pmol-L™!
CDK4/cyclin D ICs54= 0.176 pmol-L™!

Figure 7 Representative structures of compounds 12—15 based on amino-pyrimidines and its bioisosteres as well as the cocrystal complex

of BAY 100394 with the CDK2 (PDB SIEV)
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16
CDK5/p25 ICs0 = 0.9 pmol-L"!
CDK2/cyclin A ICsq> 100 pmol-L-!

Figure 8 Representative structures of aminothiazole compounds 16-18

F T CDKS #1771 %} Tau 2 (A ) Ser396 1 Ser404
) 5 TR A A 1), o 3 R DT SR AR T 4- S R ME AL S )
19 (K19). 5 CDKS L4514 (300G) iow, BHZ 451
[ 5 Glu8 1 AT Cys83 Lk = NE 8, firidik 5 Lys33 5%
AT R DU S AU, {2 19 XF CDK5.CDK 1 Al GSK3/
P4 1) PR A 58, AAEBURE R KV s ALY 4- 2
WEIEAL S 20 72 A 10 T3S IR R LY P rhii e £ 4k
33, ML AP 19, 20 76 2 1% X 7 i sk I i B,
IFi) B 443 i 25 M 8] 67 8 ) B 4847, KR $2 &1 T XF CDKS
A1 CDK2 il 7% 44, 1C,, 437 49 1.5 A1 1.8 nmol- L.
XF 339 NI X 20 BT R 20 X CDK 5k B A s e 4%
PE, [FAIB % CDKS 2 R # LT CDK9 1.4 F16. 5
CDK2 F 3 &5 1) (3QXP) &7, Tk i 5 4] ] 5 iy 11
AR AL 1) Asp86 Al Lys89 Z 37 A (W 4%, L Ab, 2-Mi L 2
F} B 7K M ) Phe80 A1 Lys33 7 A 5% T B AS T 10
F AVE IA), I 4% B I A A D) B - MERROE BE
2 ML (P AE BRI, SRR IR 45 SR A A5 20 BRI 61 7%
PRI T o 20 DL AR U7 20 5 35 401 MDA-
MB-468 7L i 4H M 7E P4 1) 13 B A8 40 11 384 5, 1C,

A NH,

N
HN— |
S
l NO,
Cl
19
CDK5/p25 1Csy=2.0 pmol-L™!
CDK1/cyclin B ICsy =4.0 pmol-L™!

GSK 38 1Cs(=0.7 umol-L"!

CDKS5/p25 1c5O 5 nmol-L™!
CDK2/cyclin E ICso= 55 nmol-L™!

HN% HN_(

18
CDKS5/p25 ICsy = 16 nmol-L™!
CDK2/cyclin A ICs =52 nmol-L™!

fHTE 0.27~6.9 pmol-L™" Z [1], 1X L5 #1 i] Rb B 2 14 F1 41
L E T R AR R

HH T 2-Z B LA T AE I AR 3 R B 1, Helal
UG AR T — 2R 4T BE R R IR AL A, X I
B IR T J -4 56 1wk me &85 4y 0 4 A o N A 2
CDKS #1il5]. 21 % CDKS fJ1C,, >~ 17 nmol-L™, F.%t
CDK2 f5 18 fis i 1% (K 10). H AR T 5 CDKS &
i X 45 Cys83 12U 1 FH, [ I i w5 Jie ) ik ik T 42
K H Lys33 AU, JF Bzl o fE — 218 Locs
T AL G Wi I A, A8 LR Bl 0 o] 35 2 10 [R) B
T AN . {HAE FV/B /N R AT MDR1A/1B Rl /N
B IR S 21 2 P-gp JIEY), R 21 ) R A Reid i i
oG 57 B, I ELTE 40 22 07 b e LR BT SR T A&
VAR S i CDKS (1) — i 15 /2, 7E Lys33 Fll Aspl44
(CDK2 H14 Asp145) 1X A~ R i& ] ATP/JE A 25 & X 3,
PR o R 2 ) A A P S R IR ke ik o o7 72 S P A
YR AT, B ESEKIE, b IR SR e B
AL &9 22, B 251 CDKS M55 . 64245 31
BoR AR T 5 BEEX 1) Glug 1 F Cys83 T &

N__NH;
HN— |
s
O O,N
Os
S,
HN ©

20
CDKS5/p25 ICso=1.5 nmol-L"!
CDK2/cyclin A ICs) = 1.8 nmol-L™!

Asn(Asp)144

¢ p 144

Figure 9 Representative structures of diaminothiazole compounds and the cocrystal complexes; A: The cocrystal complex of 19 with the
CDKS5 (PDB 300G); B: The cocrystal complex of 20 with the CDK2 (PDB 3QXP)
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AHEAER, 2T B [RIRE 5 45 B K 148, H A i iy
AN AR 5 T 48 X Lys89 & i XU ik &8 o« 75/ BB
RUrb, 22 3 ok o fiw B R gk N R, T AL /S BR
PR 2T R TR K CDK2 17K PRI,
R] L JI0G PA 9 2 1 = R Y5 & CDKS # iy 7, Ji i
BT R B2t Astex IR R A RESR LT 5
— A FE AT A ATT519 (23). R T CDKS F12 (IC,,
I3 94 13 A147 nmol-L™), 23 & A4 CDK 1 A1 4, % 3
Al 5 P A 3 M AR . 23 CLRAIE W X 2 b N S
M R A R, BT T R A ST Ak R 1A e
(NCT02503709). 3 #R™ 4 3 ) CDK1/2“ 3% £ 17 )
155 24, J5 B2 5T R PR X CDKS [F) A H A 1R 5 1 410
s 1 .

PHA-793887 (25) 7E ML 1 itk me BERZ b9 1 1%
TR EEUAR, BEIE B & CDKS F CDK2 ) 40 1) 77,
XF CDK 5% Mtk F Ath 3 B A H 55 5 B 00 0 1) 1 (1]
10). 53 AME T A7 i e 1) A B, R GSK3B 1
2540 . 5 CDK2 3L dh 4544 (2WPA) &R, HERg JF
MEPEER 5 4 ATP 48 IR R4 X, JE i = AN S 58
BEX g, M T B AR AT CASRAE AIE KX . 6-
P — 3L 585 T H1 Ala31.Val64.Phe80 Fl Alal144 JE
BRI /INER K X o B 3E RIIR BE 1) U5 T 20 Az T Lys33
F Asp145 M EE I S B VE I A, JF H N-F 2R IRE o0 1
WRREE . 6B W) 25 FEAR S 2 Fh e 40 i & b 2o
A B PUBE FE I T (IC,, = 0.088~3.444 pumol-L™"), Jf

HAE U0 5 A2780. 45 i HCT-116 A1 g i BX-PC3 ¥ 5
o B A A Y v 2 O H AT 19T A, {H 25 (1 Caco-2 4l
J 3 PR 22, TE /N B IR AR A BEAR (F < 1%), 7
ke 250 25 Wk NI IR T8 97 S48, (BB AT 2
Zk,

34 1,6-ZEMEA  EFXFik £V CDKS I K 4
WAREIE MR IR B Z T J& o 3k & 5t
CDKS 7% L3 410 1) 36 1, Hd Ve R s M, — 24k
G X HAh CDKs KR MR EE LT HEZE LA
5, H G A T AROBE R . GFB-12811 (30) s2 it
A SR AR A (135 PR3 B 1k 35 B AT R AR 5 1¥) CDKS 411
7 (B 1™, S S A4 26 /& iE PR B 1) CDKS )
il 7 (IC,, = 16 nmol-L™), HTE/RSM% CDK2 A A 30 fix
P FENE . 7-2 B 25 e 05 A BhAX A2 B 23], FIAR
B [X TR HE Cys83 = 2 [H) T R 0% B 11 LB AH ELVE
SRR TR EE SRR . EESE S CDKS i 1489 Lys33
TR T Al B W 2% 4K 2 . Daniels £\ Sy 7] LLF] A
% X 35k 1) 2 TR e A RIS R 2 S, SRR R 1 AR AE
CDK S B G 18] B3 B0 o B 27 10 3 4 A0 adk 3 1
B 2 27 (CDKS IC,,= 1 nmol-L", tk CDK2 3% 65 1),
T AF B (R0 B S A R S G e e . B S, BEFE N B 52T
IS ERSY, LAk — A4k 0t CDK2 A 38 o 2 M2 i
(180 TR AL AR A EAR 3 R 50 70 8 0 m iE FEVEAL S 4
BT 75 0, A6 28 R ST CDKS [ filiG Mg~
B, (E2 X L5 CDK2 76 Y 1 2 A CDK & #5142

H
N
N;\N OMe N\/ "
NS 'O"'NH N MEO 0 N-NH B " cl
) L= H
o 0 \=— MeO N @ °
HN

21 25-106 (22)
CDK5/p35 ICso= 178 nmol-L"!
CDK2/cyclin E ICsy = 149 nmol-L™!

CDK5/p25 ICso =17 nmol-L™!
CDK2/cyclin E ICsy = 306 nmol-L™!
CDKS5 whole cell ICso = 230 nmol-L™!

NH
N NH2 H
HN—G S N
N-N__s NG |
2 F WNH
O\\s o
/ \‘O

HoN

AT7519 (23)
CDKS5/p35 ICsy= 13 nmol-L™!
CDK1/cyclin B IC5o= 210 nmol-L"!
CDK2/cyclin A ICsy= 47 nmol-L™!
CDK4/cyclin D ICsy= 100 nmol-L™!
GSK 38 ICs5(=89 nmol-L"!

24
CDKS5/p25 ICsy = 0.2 nmol-L™!
CDK/cyclin B ICso=2 nmol-L™!
CDK2/cyclin A ICs = 0.2 nmol-L™!
CDK4/cyclin D ICso = 59 nmol-L™!
CDK7/cyclin H ICsq = 66 nmol-L™!
CDK9/cyclin T ICsq =30 nmol-L!

PHA-793887 (25)
CDKS5/p25 ICsy = 5 nmol-L™!
CDK I/cyclin B ICsy= 60 nmol-L"!
CDK2/cyclin A ICsy= 8 nmol-L™!
CDK2/cyclin E ICsy = 8 nmol-L™!
CDK4/cyclin D ICs= 62 nmol-L!
CDK7/cyclin H ICso= 10 nmol-L™!
CDKJY/cyclin T ICsy = 138 nmol-L"!
GSK 38 1Cs50="79 nmol-L"!

Figure 10 Representative structures of compounds 21-25 based on aminothiazole bioisosteres and the cocrystal complex of PHA-793887
with the CDK2 (PDB 2WPA)
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o ERIREER) (7VDS) KW, 2855 T Lys33-GluS1-/K
P EBEE X 4% , N-F DR IE 15 Asp 144 T b M. AR 3
— AT CDK S5 & 7 ¥ A Ard s B e &
W, B — W (0 R LU B AS BB IR S BRI e B
B EBEHRAE Y. HIEREI N T 3B RE (Gini
coefficient) 1 Jyik £V F5 AR, JE J8 & £ 38 AR &
RMRERENIE S . BGRB8 KAk et TRl 0
IR, =50 AR e (1 30 8 f& L B A 57 1)
TR, FEJE RBUR =, HEAE 5 A 5S4 R
AR A B E MBS E . NanoBRET B FTiESE T 30
TE S A AT A R AR AR O A . R B ]
W23 71 5 i, AE R AT R Z B A =2 )5
SR L AE ) A TVRAN

3.5 HMEMRRAFHKIECDKSHIFEIF]  Valmerin
K & — 2 VU Ak e 5 0 Wk S SR A, 312
CDKS5/GSK3p B XL H# #i ] 7], CDKS5 1Cy, 4 23 nmol-L"
(B 12)% Hii] GSK3 nT BEL BT A B PR3 440 Pt 48 4 I 15
SU R T, AR 40 CDKS f 0 ) R E it g 2t
A I AR ROR BRI R AR K 31 7E R 4T R R
Huh7. . i 5% 40 ffl % MDA-MB-231. 45 7 % 40 g &
HCT-116 10 51| 5 480 ffs & PC3 1 fili & 40 s & NCI-H727
AR DL R P G T AR R, IROE
BT 58EEX Cys83 L A, 5 B S e 3% /&
TN I A SRR DA, kS
Lys33 JE A « (HiZ A& W P T PR 58, A
A] RERR H1 LA MR . CDK2 41 71 GW8510 (32) 78 F

R UL FE A, B AIE SE 6 CDKS A8 47 11 9 1 490 i 3%
(IC,, = 7 nmol-L™"), B ¥ ML 1K) S B/ FH, It Jiie B 4] |
Py i e AR S 22 87 T 1) 2 55 X, Aloisine-A (33)
& — it 6- 2K L -5 H-L 5 [2,3-b] Mt 1R 25 CDK 1 il 551 i
A8 XF 26 A W ) 3% B VB FL R W, 33 X CDKS.
CDK2.CDK 1 fl GSK3p HL. A5 = i S,

b1 34 383 HTS 5 1% 4 R & —Fh B o 45
I £ 1) CDKS #1171 (B 13). 34 5 CDKS & A
ZEF) (4AUR) o, ZIFHEMIR B &R @it 147K
¥ 5EBE X Glu8l M Cys83 3 8k 2 8] & bl & it 1
FH o B m i S S Asp86 Al Tle10 AH ELAE FH, 2K Jf- 1
2R 5 Phe80 & GG AEAEAE o X Pl it /K 2 T 5 42
i DX AH HAE FH 5 X 7E 3 At ATP 5% 4+ 51 CDKS #0171 71
HOR A 1 R I

Flavopiridol (35) /& — = & 5 24 B 7 229 (
14), il 5 ATP F148AH B AE F4M ] CDKS FI3E PR, 7]
I T 400 1) Gt CDKs, BH 1 i 87 248 it 336 B O 2 a3k o7
AR, 35 7E 22 Fh s AR AN AR LA K (A IS AR LR
2 M R TR R MR R 1, (H B T 3B
SEIRETSE L Z 77 VR A R S5 I R AN R OB A K
i 96 5 A 2R B AIE T UM O I DR k56 A 4 AT & 1EPY
Lamellarins & — 28 IV TG B MES ) 4 B I B AT A
Wi e B i A= W8 . Yoshida ZEPPLE lamellarin N (]
AR RET, KB(aR)-lamellarin N (36) %] CDKS5
1E PN 2 Bl R A S 3 B 40 ) 4E . Hymenial-
disine (37) /& MIE4% b 43 29 15 21 ¥ 2 ks - oo A Bk

HO /=~ Ho /=~
¥’<\/\N F ﬂ F NC F
T s S9Ve LK O
RS
N N o — NSNS :>ﬁN NSNS
R HO o H HO
26 27 28

CDKS5/p25 ICso= 16 nmol-L™!
CDK2/cyclin A ICso= 472 nmol-L™!
CDK6/cyclin D ICso= 1107 mol-L™!

CDK7/cyclin H ICs, = 87 nmol-L!
CDK9Y/cyclin T ICsy = 1966 nmol-L™!
CDK5-Gini = 0.40

\ |
FiC” NS — N AN
H HO H

CDK5/p25 ICsp= 1 nmol-L™!
CDK2/cyclin A ICsy= 65 nmol-L-!

CDKS5/p25 ICsp=2.0 nmol-L™!
CDK2/cyclin A ICsy= 392 nmol-L™!
CDKG6/cyclin D ICs5o= 531 nmol-L!
CDK7/cyclin H ICso= 171 nmol-L!
CDKY/cyclin T ICso= 201 nmol-L™!

CDK5-Gini = 0.59

GFB-12811 (30)
CDKS5/p25 ICsy=2.3 nmol-L™!
CDK2/cyclin A ICsy=211 nmol-L™!
CDK6/cyclin D ICsy = 3197 nmol-L™!
CDK7/cyclin H ICs, =718 nmol-L™!
CDK9/cyclin T ICso = 894 nmol-L!
CDK5-Gini = 0.68

GFB-12630 (29)
CDKS5/p25 ICs5p= 3.2 nmol-L™!
CDK2/cyclin A ICsy= 301 nmol-L™!
CDK6/cyclin D ICso= 701 nmol-L!
CDK7/cyclin HICsy= 334 nmol-L™!
CDK9Y/cyclin T ICsy= 523 nmol-L™!
CDKS5-Gini = 0.57

Figure 11 The optimization process from compound 26 to GFB-12811(30) and the cocrystal complex of 28 with the CDK5 (PDB 7VDS)
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31 GW8510 (32)
CDK5/p25 ICsq =23 nmol-L*! CDKS5/p25 ICs0 = 0.007 pmol-L!
GSK 34 ICso = 60 nmol-L™! CDK1/cyclin B IC5o = 0.049 pmol-L™!
CDK2/cyclin A ICsy = 0.003 pmol-L™!
CDK4/cyclin D ICsy = 0.139 umol-L"!
CDK7/cyclin H ICso = 0.317 pmol-L™!
CDKY/cyclin T ICsy = 1.5 pmol-L™!

HN /N_\>

—N
HO

Aloisine-A (33)
CDKS5/p25 ICs = 0.16 pmol-L™!
CDKl1/cyclin B ICs5o = 0.15 pmol-L™!
CDK2/cyclin A ICsy = 0.12 pmol-L™!
GSK 34 ICs5y=0.5 pmol-L!

Figure 12  Other representative structures of compounds 31-33

O‘\S N Cys 83

2 > >
o A
/ Ve /S ‘
HaN ¢ Y o 4
34 Asp86L Asp14d
CDK5/p25 ICso = 0.551 pmol-L"! 7/
CDK2/cyclin E ICsy= 4.5 pmol-L™! /o
Figure 13 The structure of compound 34 and the cocrystal com-
plex of 34 with the CDKS5 (PDB 4AUS)

7

Ji2 435 40 F £ P 8, % CDKSS [ 1C,, 4 37 nmol-L™, E
ARGV . 7T B8 45 A 158 2 g itk gt 5 A 250
H 45 Glu81 Fll Cys83 Z [ JE i — ik &l 8t . 3 4b, ik
W4 il 355 43 A1 Asp144 5% GIn130 2 1] i Bl &k AH B 1R
H . Indirubin (58 K 4L) s&— PG G, 2T
I3 2590 24 VA I 25 L s 1 Y SRS AT A2 4 38 i
Z | CDKS5 M GSK3B [13E P, Il i # i) AB %5 S 1
SH-SYSY 4 fitd o /) Tau & A BEER 1L, AEZE AD /) FRAR Y
PRI AT E R, B RIFM &R 1R,
1T CDK5 #1 CDK2 ) ATP 45 & 1148 B A5 = AR

(aR)-lamellarin N (36)
CDKS5/p25 ICsy = 0.024 pmol-L!
CDK 1/cyclin B ICso=0.052 pmol-L™!
CDK2/cyclin A ICsy = 0.067 pmol-L™!
CDK2/cyclin A ICsy = 0.067 umol-L!
GSK 381Csy=0.21 pmol-L!
DYRKIA ICs, = 0.042 pmol-L™!

Flavopiridol (35)
CDK35 ICsy= 14 nmol-L™!
CDK1 IC50= 3 nmol-L™!
CDK2 ICsy= 12 nmol-L™!
CDK9 ICsy= 4 nmol-L™!

CDK5/p25 ICsy =37 nmol-L™!
CDK1/cyclin B IC5o = 70 nmol-L™!
GSK 381Cso =73 nmol-L!

oLk, R B3R B 4 CDKS 401 71 F) 45 & =Xt ik
&5 CDK2 3t d a5 i (5 B . Kl Hat 2
I CDKS #0177 5 CDKS () 36 5 45 ¥ 347 B nwp
SN, XA AW 1) — A L RVRFAE 2 S T AR 1 2% 26 &
St 5 ATP 454 i B2 BLAM (J8]15), BLALL ATP () i I v
AR, HE T 2- 2 Rk e 45 i B e At AR P L T
SR 5 CDKS 885 [X Cys83 & 8% 1 il X ik A 8, 76
43 J0 ] ) L 22 ARSI Y B — AN U AH ELAE R (9
BRI 19 F120). Z X3 N B /N o F-E A EAEH,
PN 4E5 A ) 3 at . b AR AT B 1145 T 96 %
5 Phe80 [ A7 1E, 48T 1 B /K X 38038 H I BE 25 90 /) &
R BE R SRR e 3 1 B . 7E 5 A8 X3, 401 705
5 Lys33/Glus1 il B 82 8 7K 4 T A 5 (10 A B
2o T AR X F AL T R 2 5 X M I, AETE — Lo
EVE BB PR R LR IR 3L, A5 Asp86.Lys89.GIn130 Al
Aspl44 5. CDKS i 771 38 i A [5) B e B )81, 5
FE I — AN B AN T O R S0 B M A ELAE
585 CDKS (454, M B i B0 i) 3
4 RES5RE

FF CDKS i FE i 1h B 40 9l & ILE AL 35 B 2R 7K
Y BRRE A 4 A RE AR UL 28 400 I 2= B A E 45 2 P 4208

o) H .
HN { i NH
Br = \ o N O
HN>;N O N ’,\‘
H,N HO
Hymenialdisine (37) Indirubin-3'-monixime (38)

CDKS5/p25 ICsy = 0.10 pmol-L™!
CDKl1/cyclin B IC5( =0.18 umol-L™!
GSK 381Csy=0.022 pmol-L™!

Figure 14 Representative structures of compounds 35-38 from natural products
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Compound 28
Roscovitine
Compound 38
Aloisine-A

S H-bond grou o
& scaffold Ac-f

Figure 15 The cocrystal complex of 28, roscovitine, 38 and alosine-A with the CDKS (PDB 7VDS, 1UNL, 1UNH, 1UNG) and the

pharmacophore elements for CDKS inhibitors

AT BN, AR e B PR « 2 5E SR AR & R QUM
t AR SR (0 S B . CDKS o T — N EE 259
BAS, VP2 /Nr FH F COBTT R R . BT 4K
3 $M R B = 6 CDKS 3% $5 1, PR S Br b 56 ik i
) 70 7 4 AL 1 5 = 37 BT 1R DA, 491 2 35 55 400 )
EUEIE I 1F | T W = o S A D AT e A
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