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What are Cyclin-Dependent Kinases?
[ cac
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CDK classification

40% of similarities
Size of 30-40 kDa

Cell Cycle Atypical Transcriptional
o CDKI CDK5 CDK7
o CDK2 CDK14 CDKS8
e CDK3 CDKI15 CDK9
e CDKk4 e CDK16 \ CDKIO
,g A\ A
o CDK6 ;[ CDKI7 AV CDKII /2N
@ {izia CDKI8 —*C CDK2 k™)
G \\§ NS
DO L% CDKI3 2 tassins
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CDK20 !




<\

CDKs in the cell cycle

Go phase
(resting)

Cell cycle progression MGy checkpoint

DNA replication @

Transcriptional regulation

- G4/S checkpoint

Mitosis initiation

Apoptosis

RNA Pol Il
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CDK2 model of study: IHCK

X-Ray Diffraction

190 A

34.51 kDa

298

I A

Homo Sapiens
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CDK2 model of study: ITHCK

X-Ray Diffraction

190 A

34.51 kDa

298

I A

Homo Sapiens
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CDK2 model of study: IHCK

Gene Ontology

Molecular function Biological process Cellular component

ﬂell division \

Cellular senescence

Coordinates cyclin B/cdkl
activation

Qell cycle regulation J
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CDK2 properties

e Tloop
e Hinge Region




CDK2 STRUCTURAL BIOLOGY

Description of the molecule and inner interactions
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SCOP cyclin-dependent kinase 2

Class 1000003
Alpha and beta proteins
(o+b)

Fold 2000046
Protein kinase like (PK-like)

Superfamily 3000066
Protein kinase like (PK-like)

-
e . A
Family 4003661 ATP-binding site
Protein kinases catalytic Catalytic loop
L domain-like ) Activation loop
Va Y
Domain 8027931
_ J
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CDK2 subdomains

N-terminal lobe
(residues 1-80)

[
e
Hinge region
(residues 81-83)
&

C terminal lobe
(residues 84-298)




Topology Diagram
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Sequence and structure

1| MENFQKVEKIGEGTYGVNMYKARNKLTGEVVALKKIRLDTETEGVPSTAIR | 50
B1 B2 B3 al
51 | EISEEKELNHPNIVKECDVIHTENKEYLVFEF HGDEKKFMDASALTGIP 100
B4 B5 B6 a2
01| EPEIKSYLFQLLQGLAFCHSHRVLHRDLKPANELINTEGAKLADFGEAR 1150
a3 B8

ad (7 a5

151 AFGVPVRTYTHEVVTLWYRAPEILLGCKYYSTAVDIWSLEGCIFAEMVTRR | 200
a6 a7

201 | ALFPGDSEID@LFRIFRTLG TPDEVVWPGMTSMPDYKPSFPKWARQDESK | 250

a8 a9 al10
251 | MVPPLDEDCRSLLS@QMLHYDPNKRISAKAALAHPFFQDVTKPVPHLRL | 298
all al2 al3




N-terminal lobe

PSTAIRE
[ (residues 45-51) =N N

G-loop ,
(residues 11-16) g

1| MENFGKVEKIC-CTvCVUYKARNKLTGEVVARKKIRLDTETEGVPSTAREISEERE |80

B1 B2 B3 a
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N-terminal lobe
Thr14 and Tyr15 G-loop

1| MENFGKVEKI - CINCVVYKARNKLTGEMVAEKKIRLDTETEGVESTAEISIERE |80
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C-terminal lobe

Phosphorylation site

T loop
(residues 150-158)

-,
-,

/>

DFG motif
(residues 145-147)

|

DFG-in
DFG-out

APE motif
(residues 170-172)

|

D
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C-terminal lobe
Thri160

4
4
4
7
4
4
4
4
QHR 160.A
»

7 X

Monomeric CDK2 = Thrl60 faces the G-loop, away from
the solvent

{ GlLoop

CDK2 /Cyc = Thrl60 is exposed and phosphorylated

D
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ATP-binding site

[ Residues 10-146 ]
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Catalytic cleft
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Salt bridges

[Non—covolem‘ interactions }

Electrostatic interaction

Hydrogen binding

Electrostatic
interaction

A\

-~
-~

Hydrogen
bonding

\
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&

Salt bridges \
Glul72 - Arg274 /% )

2 836A

-y

D
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Salt bridges

Glu51-Argil50

@)




Salt bridges

Asp288-LyslOS
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Salt bridges

Aspl27-Argl69




INTERACTIONS WITH LIGANDS




Interactions

<\




Interaction with Mg?*

1. ASN 132

) \/ON der Waals

s \/ON der Waals

lonic Bond

2. ATP 400 0B2 1.984 A
3. ATP 400 0G1 1.886 A
4. ATP 400 PA 3.015A
5. ATP 400 OA1 1.821A
6. ASP 145 OoD2 2.098 A
7. H20 503 O 2.291A

) \/ON der Waals

MENFQKVEKIGEGTYGVVYKARNKLTGEVVALKKIRLDTETEGVPSTAIREISLLKELNHPNIVKLLDVIHTENKLYLVFEFLHQDLKKFMDASALTGI
PLPLIKSYLFQLLQGLAFCHSHRVLHRDLKPQNLLINTEGAIKLABFGLARAFGVPVRTYTHEVVTLWYRAPEILLGCKYYSTAVDIWSLGCIFAEMV

/>

Metal Complex Interactions

VPHLRL

TRRALFPGDSEIDQLFRIFRTLGTPDEVVWPGVTSMPDYKPSFPKWARQDFSKVVPPLDEDGRSLLSQMLHYDPNKRISAKAALAH PFFQDVTKP\>
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@ Interaction with Mg?*

ATP ‘
400
-

e

Europe, PD.B. in (no date) MG in pdbechem, EBI. Available at:
https://www.ebi.ac.uk/pdbe/entry/pdb/thck/bound/MG#401A
(Accessed: 10 February 2024).




@ Interaction with ATP

Europe, PDB. in (no date a) Contain
substructure, EBI. Available at:

https://www.ebi.ac.uk/pdbe/entry/pdb/thck/b
ound/ATP#400A  (Accessed: 10 February
2024)

PHE 82.A

LEU 83A

Triphosphate

Adenine




Interaction with ATP

1. N3 H20 505 (0] 3.000 A R
2. N6 GLU 81 (0] 2.788 A
> Van der Waals
3. 02A H20 502 (0] 2.468 A
eyle H20 502 (0] 2.502 A
_/
5.03G LYS 129 NZ 2.965 A = |onjc Bond

MENFQKVEK ICEGINEIN Y KARNKLTGEVVALKEKIRLDTETEGVPSTAIREISLLKELNHPNIVKLLDVIHTENKLYLVFEEEHQBLKKFMDASALTGI
LLINTEGAIKLABFGLARAFGVPVRTYTHEVVTLWYRAPEILLGCKYYSTAVDIWSLGCIFAEMV

PLPLIKSYLFQLLQGLAFCHSHRVLHRDL

/>

Hibonds

</ VPHLRL

TRRALFPGDSEIDQLFRIFRTLGTPDEWWPGVTSMPDYKPSFPKWARQDFSKWPPLDEDGRSLLSQMLHYDPNKRISAKAALAHPFFC)DVTKF’\>



Interaction with ATP

6. O1A MG 401 MG 1.821A )
7.01G MG 401 MG 1.886 A > Metal Complex
8. 02B MG 401 MG 1.984 A
_/ \
9. 02 GLN 131 (0] 2.509 A - [
Van der Waals “
10. 0% ASP 86 OoD2 2.937A

MENFQKVEK |CEGINEIN Y KARNKLTGEVVALKKIRLDTETEGVPSTAIREISLLKELNHPNIVKLLDVIHTENKLYLVFEEEHQBLKKFMDASALTGI
LLINTEGAIKLABFGLARAFGVPVRTYTHEVVTLWYRAPEILLGCKYYSTAVDIWSLGCIFAEMV

PLPLIKSYLFQLLQGLAFCHSHRVLHRDL

/>

Hibonds

</ TRRALFPGDSEIDQLFRIFRTLGTPDEVVWPGVTSMPDYKPSFPKWARQDFSKVVPPLDEDGRSLLSQMLHYDPNKRISAKAALAHPFFQDVTKP
VPHLRL

D
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@ Interaction with ATP
= /1"

Polar Bond

Van der Waals \.

11.03G | THR 14 CG2 | 3.413A
12. PB LYS 129 CE 4.056 A
13.01G | ASN 132 | OD1 2.933A
14.01G | ASP 145 OD2 | 2.573A
15. PA VAL 18 CG2 | 3.821A

e Polar Bond

MENFQKVEK ICEGINEIN Y KARNKLTGEVVALKEKIRLDTETEGVPSTAIREISLLKELNHPNIVKLLDVIHTENKLYLVFEEEHQBLKKFMDASALTGI
PLPLIKSYLFQLLQGLAFCHSHRVLHRDL

TRRALFPGDSEIDQLFRIFRTLGTPDEVVWPGVTSMPDYKPSFPKWARQDFSKVVPPLDEDGRSLLSQMLHYDPNKRISAKAALAHPFFQDVTKP

LLINTEGAIKLABFGLARAFGVPVRTYTHEVVTLWYRAPEILLGCKYYSTAVDIWSLGCIFAEMV

</ VPHLRL

D



@ Interaction with ATP

VAL 18.A

Van der Waals

H Bond

16. O1A LYS 33 NZ 2911A
17. 02 LEU 134 | CD2 3.554 A
18. N3 ILE 10 CD1 3.332A
19. N1 ALA 31 CB KRYLYN
20.C2 PHE 82 CDh2 3.685A

MENFQKVEK ICEGINEIN Y KARNKLTGEVVALKEKIRLDTETEGVPSTAIREISLLKELNHPNIVKLLDVIHTENKLYLVFEEEHQBLKKFMDASALTGI
PLPLIKSYLFQLLQGLAFCHSHRVLHRDL
TRRALFPGDSEIDQLFRIFRTLGTPDEVVWPGVTSMPDYKPSFPKWARQDFSKVVPPLDEDGRSLLSQMLHYDPNKRISAKAALAHPFFQDVTKP

A S a

LLINTEGAIKLABFGLARAFGVPVRTYTHEVVTLWYRAPEILLGCKYYSTAVDIWSLGCIFAEMV

</ VPHLRL

D
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@ Interaction with H,O

ASP 145
O MG 401 MG 2.291A
O ATP 400 O2A 2.468 A
O ATP 400 02G 2.502A

MENFQKVEKIGEGTYGVVYKARNKLTGEVVALKKIRLDTETEGVPSTAIREISLLKELNHPNIVKLLDVIHTENKLYLVFEFLHQDLKKFMDASALTGI
PLPLIKSYLFQLLQGLAFCHSHRVLHRBLKPQNLLINTEGAIKLADFGLARAFGVPVRTYTHEVVTLWYRAPEILLGCKYYSTAVDIWSLGCIFAEMV

A

</ TRRALFPGDSEIDQLFRIFRTLGTPDEWWPGVTSMPDYKPSFPKWARQDFSKWPPLDEDGRSLLSQMLHYDPNKRISAKAALAHPFFQDVTKP\>
\/PHI Bl



¥ CDK2/Cyclin A Complex
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CDK2/CycI|n A Complex

Hydrophobic interactions

CDK2 Cyclin A Distance
SER 53 A(CB) | PHE304B (CA) | 3173 A
SER 53 A (CA) | PHE 304B (CA) | 3450 A




<\

CDK2 Cyclin A Distance -
VAL 154.A (CB) GLN 317B (CG) 3785 A CDK2 Cyclin A Distance
VAL 154.A (CCI) GLN 317B (CG) 3817 A VAL 154.A (C) THR 316B (CG2) 3159 A
VAL 154.A (C) GLN 317B (CC) 4200 A VAL 154.A (O) THR 316B (CG2) 2724 A

/>
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CDK2/Cyclin A Complex

Salt bridges

B:ASP 181[ OD1] 3.89 ALLYS 278[NZ ]
B:ASPI8ILOD2] | 247 ALLYS 278[NZ1]
B:GLU 268[ OE2]| 330 A:ARG 1500 NH1]
B:GLU 268[ OE2]| 2.97 A:ARG 1571 NH2]
B:GLU 268[ OE2]| 2.59 A:ARG 1571 NHI]
B:ASP 30S[ ODI11| 342 ALLYS S6[NZ]
B:ASP 305[ OD2]|  3.49 ALLYS S6[NZ]
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CDK2/Cyclin A Complex

Hydrogen bonds
BLYS 266[NZ | 289 AGLU 42[0 1
BLYS 2661 NZ ] 283 AVAL 44[0 1
BVAL 275N ] 303 AGLU 42[ OET]
BLYS 288[ NZ ] 275 ATHR 4110 ]
BIHIS 296[ NE2] 295 ATHR 7200 |
B:THR 3161 OGI] 267 AVAL154[ O 1]
B:ASP 1771 ODII 288 A'SER 276[ OG |
BTYRI78[ OH] 335 AALA 277N ]
BTYRI78[ OH] 308 ALYS 278[N ]
B:ASP 181 OD2] 342 A'SER 1200 OG ]
BGLN3I7IN ] 341 AVAL154[O ]
B:ASP 181 OD2] 247 ALYS 278[NZ]

BLLYS 2661 O 1] 3.89 A'ARG S50INE]
B:PHE 2671 O ] 298 A'ARG S50INE]
B:PHE 2671 O ] 332 A:ARG S50[ NH2]
B:GLU 268[ O ] 31 A:ARG 150[ NHI]
B:GLU 268[ O ] 314 A:ARG 1500 NH2]
B:GLU 268[ O ] 315 A:ARG 1571 NH2]
B:GLU 268[ OE2] 3.30 A:ARG 150[ NHI]
B:GLU 268[ OE2] 259 A:ARG 1571 NHI]
B:GLU 2691 O ] 3.53 A:ARG S50[ NH2]
B:GLU 295[ OEl] 3.00 AVAL 44[N ]
B:THR 303[ O 1] 296 ALLYS 56[NZ]
B:ASP 305[ ODI] 342 ALLYS 56[NZ]
B:ASP 305[ OD2] 349 ALLYS 56[NZ]
B:ALA 3071 O 1] 274 A:ARG 122[ NH2]
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CDK2/Cyclin A Complex

Hydrogen bonds

B:LYS 266 NZ ]

AGLU 42[0O 1]

B:VAL 275[N 1

3.03

A:GLU 42[ OE1]
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CDK2/Cyclin A Complex

Hydrogen bonds

B:HIS 2961 NE2]

295

ATHR 72[ O |

B:ASP 1771 ODI]

2.88

ASER 276 OG ]
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CDK2/Cyclin A Complex

Hydrogen bonds - all represented




CDK2 activation

Free state - Partially activated superimposition




CDK2 activation

Partially activated - Fully activated state superimposition




CDK2/Cyclin A

Organizing center

/ARG 50

PSTAIRE Arg50 /

(residues 45-51) \
k/ ‘

C terminal lobe Argl26 ﬁ)@;%

o8

(residues 86-298)

T loop
(residues 150-158) Arg]50

P HR 160

Is phosphorylated

Complete activation of CDK2

D



CDK2/Cyclin A

Changes
{ T loop
(residues 150-158)
Vy IV

L\

It's exposed to the solvent

PSTAIRE
(residues 45-51)

3

Rotates 90°

J L

P HR 160

Is phosphorylated

Complete activation of CDK2

D



CDK2 activation

Fully activated state + cyclin A

Phosphorylated Thr 160
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CDK2 interactions with inhibitors

ATP-competitive Non ATP-competitive




CDK2 interactions with inhibitors
ATP-competitive:

Roscovitine

Roscovitine
PDB ID: 2A4L
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CDK2 interactions with inhibitors

ATP-competitive: Roscovitine

[ Hydrogen bonds ]

e [eu83-N7
e Leu83 - NH position 6
e Glul2 - Hydroxybutylamine C2




CONSERVATION

With cyclins and inhibitors
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CDK2 between species

Bovin

Goldfish

Xenopus

Human
Entamoeba

Rat

w o @ & <&




CDK2 between species

1 "
Consensus MEnFQKVEK | GEGTYGVVYK
Conservation
Q63699 | CDK2_RAT 1
Q5E9Y0 | CDK2_BOVIN M
P24941 | CDK2_HUMAN M F
P43450 | CDK2_CARAU M
P23437 | CDK2_XENLA M
Q04770 | CDK2_ENTH1 M

SF
E
TR KK
51 61
[ KES LN PNIVKLIDVI

GLLE
SILAL
L

Consensus
Conservation

151

161
Consensus AFGVPVRTYT HEVVTLWYRA
Conservation
Q63699 | CDK2_RAT Al VR
Q5E9Y0| CDK2_BOVIN A | /PVR
P24941| CDK2_HUMAN A /PVR
P43450 | CDK2_CARAU f /P VR
P23437 | CDK2_XENLA VRTF

QU47701CDK2_ENTH1 L 7T | NDRK

21 31
AkNk | TGEvVV ALKK

KL
K
KNK
\RNRE
WDTVCNR

4!
HETRE: N KAV E

F IS
F L
F Eil

V F Bl
B L
E

LN
FCD

131

QNLL LN

4
TEGVPSTAIR

R

FLhQDLKkF

L
L
L

L
s
L

s e s

DIV

WS LG

Proton acceptor
conserved in all species

Coordination of the
Mg?* ion conserved in
all species




CDK2 between species

1
Consensus
Conservation

Q63699 | CDK2_RAT 1
Q5E9Y0 | CDK2_BOVIN M
P24941 | CDK2_HUMAN M
P43450 | CDK2_CARAU ME S F
P23437 | CDK2_XENLA M
Q04770 | CDK2_ENTH1 M TR

51

MEn FQKVEKHI

1
GEGTYGVVYK

K

61
PN IMKLIDV I

Q04770 | CDK2_ENTH1 AVLLELK

101
Consensus LpLIKSYL

Conservation

151
Consensus
Conservation
Q63699 | CDK2_RAT F R
Q5E9Y0| CDK2_BOVIN A F /PVR
P24941 | CDK2_HUMAN R
P43450 | CDK2_CARAU / R
P23437 | CDK2_XENLA R
Q04770 | CDK2_ENTH1

AFGVPVRTYT

TTINDRK

FQ

161
HEVVTLWYRA

21
AkNk | TGEvVV

K

K

K

RE
TVCNR

4!
HTENKLYLVS

K
K
K
K
K

LEDKFL

121
HRVLHRDLKP

R
R
R
R
R

R

LGCKyY

31

ALIKK | RLDTE

131
QNLL INaeGa

181
STAVDIWSLG

41
TEGVPSTAIR
R

R

D

91
MDaSal tGlp

MSR

41
IKLADFGLAR

K - R
R
R
R
R

AR

191
CIFAEMIi TRr

ATP-binding site

G loop conserved in all
species

Residues that bind to ATP
mostly conserved in all
species

APE motif conserved in alll
species




CDK2 between species

Consensus
Conservation

Q63699 | CDK2_RAT
Q5E9Y0 | CDK2_BOVIN
P24941 | CDK2_HUMAN
P43450 | CDK2_CARAU
P23437 | CDK2_XENLA
Q04770 | CDK2_ENTH1

Consensus
Conservation

151
AFGVPVRTYT

Consensus
Conservation

Q63699 | CDK2_RAT
Q5E9Y0 | CDK2_BOVIN
P24941 | CDK2_HUMAN
P43450 | CDK2_CARAU
P23437 | CDK2_XENLA
Q04770 | CDK2_ENTH1

K

KV

K

[ KES LN

LK
LI

i KSYLFQ

K

LK

R

VR

TTIND

R
R
R
RK

MEn FQKVEK |

1"

GEGTYGVVYK

61

K
K
K
K
K

CK

PNIVKLIDVI

G L
LL
L
L

161

HEVVTLWYRA

21
AkNk | TGEvVV

171
PEILLGCKYyY
GIK:
K
I
K
KF
TQ

31
ALKK

hQDLKkF

131

181

STAVD IWS

4
TEGVPSTAI

D

91
MDaSal tGI

MSR

41
IKLADFGLA

KL
BKCL

191
CIFAEMIi TR

R

R
R
R
R
R
R

r

Hinge region mostl|
conserved in all species




CDK2 between species

1
Consensus
Conservation

Q63699 | CDK2_RAT 1
Q5E9Y0 | CDK2_BOVIN M
P24941 | CDK2_HUMAN M
P43450 | CDK2_CARAU M
P23437 | CDK2_XENLA M
Q04770 | CDK2_ENTH1 M

51
Consensus

Consensus
Conservation

Consensus
Conservation

Q63699 | CDK2_RAT
Q5E9Y0 | CDK2_BOVIN
P24941| CDK2_HUMAN A &
P43450 | CDK2_CARAU A F
P23437 | CDK2_XENLA A F

KV
KV
KK

VR
VR
VR
VR
VR

MEn FQKVEK |

Bl SLLKELNH

AFGVPVRTY

Q04770 | CDK2_ENTH1 LT | NDH(K)

1"
GEGTYGVVYK

61
PNIVKLIDVI
A6 5] 15
VKLL
/KL L
VKL
/KL
/DL

AFCHS

161
HEVVTLWYRA

RA

21

AkNk | TGEvVV

K
A\ R
w

4!

HETRE: N KAV E

KL

K

K

RE
TVCNR

31
ALKKIRLDTE
LK 3 1
K l
R L
L
R L
(QER

FLhQDLKkF

LN
FCD

131

QNLL INaeGa

Activation of CDK2

41
TEGV[PSTA

PSTAIRE Domain mostly
conserved in all species

D

91
MDaSal tGlp

MDASAL T loop mostly conserved

DFG motif conserved in
all species

191

Thr 160 conserved in alll
species
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Cell Cycle CDK's

cdkl

cdk2

cdké

Score cdk4

» 4 ¢« 4 =
] 4 d ,“v . > \, | ¢ ‘ & i
’ | ) ‘ ‘
~ L o i o\ )~
o \ 7 e \ N
) RN/ » /
-X 4 ‘ ( ”
\ \ \l ‘ - \ V'
A
. e
RMSD 3.51




Cell Cycle CDK's

Consensus

Conservation
splP24941ICDK2_HUMAN
splQ00526|CDK3_HUMAN
splP06493ICDK1_HUMAN
splQ00534/CDK6_HUMAN M E K D
splP11802ICDK4_HUMAN

51
Consensus eEG -
Conservation
splP24941ICDK2_HUMAN T
splQ00526|CDK3_HUMAN M
splP06493ICDK1_HUMAN E
splQ00534ICDK6_HUMAN E
splP11802ICDK4_HUMAN

101
Consensus EERS]
Conservation
splP24941ICDK2_HUMAN F E F L
splQ00526|CDK3_HUMAN F
splP06493ICDK1_HUMAN FE F L
splQ00534/CDK6_HUMAN
splP11802ICDK4_HUMAN

Consensus

Conservation
splP24941ICDK2_HUMAN
splQ00526|CDK3_HUMAN |
splP06493ICDK1_HUMAN
splQ00534/CDK6_HUMAN
splP118021CDK4_HUMAN

LCRAD

sQDLkk

H LKK
S KK
SMD LKK
D LTT
D LRT

[ 1Ll

11

(LA

EGLE

21
EGtYGVVYKA

7
Le---HPNi

LEAFE

121
IPlel IKsy

}
AN

R
A R

AR

31
RdkhtG-qf

rLIDVcht-

KLLDV T -
RLL N -
sLQ MQ -
F 7 VSR
RLMDVCATSR

131
fQlLqGIldFec

LAFC

181
yTheVVTLWY

<= <EiK

N K

RKL
---DSRL
TDRETKL
TDRE | K\

141

HShRVIHRDL

RI

R

R
RBIL
RDL

Proton acceptor
conserved in all cell
cycle CDKs

Coordination of the
Mg?* ion conserved




Cell Cycle CDK's

1 21 31
Consensus eqyqkVek EGtYGVVYKA RdkhtG-qfV Rldte
Conservation f
splP24941ICDK2_HUMAN N F QK RNKL V'V L (o=
splQ00526|CDK3_HUMAN FQKYV N-- =y <A G G G mOTI
TK RHKT

ATP-binding site

RDFH

M : .
iglggﬁiﬂggﬁéjﬂﬁmﬁ MEKDGLCRAD 8 VAE : @ @ (A RDLKN FV WoEbe (GLOOP) conserved
R /AE | 1Y K A FV ]

splP11802ICDK4_HUMAN

51 81
Consensus eEG i e---HPNi rLIDVcht- -
Conservation

splP24941ICDK2_HUMAN T < ] V. KLL » < Residues that bind

splQ00526/CDK3_HUMAN M b K- - - == = t
splP06493ICDK1_HUMAN E A 3 R-- - L LM H
L e 2 . e i e i to ATP partially
splP11802ICDK4_HUMAN L LEAFE
conserved

101 121 131

Consensus EEN i IPlel IKsy
Conservation

splP24941ICDK2_HUMAN

splQ00526|CDK3_HUMAN

splP06493ICDK1_HUMAN

splQ00534/CDK6_HUMAN

splP11802ICDK4_HUMAN

171 181
Consensus F i \ ARafgvpmr yTheVVTLWY RAPEvVLLgSk
Conservation

splP24941ICDK2_HUMAN | <L =GL ARAF . LW RIA LL A mohf

splQ00526|CDK3_HUMAN LIL L F L Yz - LW RA -

splP06493ICDK1_HUMAN L KL f L RA 3V /VTLW R LL

splQ00534/CDK6_HUMAN L F L LW RA \ Conserved
splP11802ICDK4_HUMAN VKLABDFGL A A L /VTLW RA




Cell Cycle CDK's

1 21 31
Consensus EGtYGVVYKA RdkhtG-qf
Conservation
splP24941ICDK2_HUMAN
splQ00526|CDK3_HUMAN
splP06493ICDK1_HUMAN Y
splQ00534/ICDK6_HUMAN MEKD GLCRAD
splP11802ICDK4_HUMAN

51

Consensus eEG - i rLIDVcht-
Conservation

splP24941ICDK2_HUMAN T V / L KLLDV T-
splQ00526|CDK3_HUMAN M L L V RLL N -
splP06493ICDK1_HUMAN E A LiL L / sLQ MQ -
splQ00534ICDK6_HUMAN E I L RUSE VSR
splP11802ICDK4_HUMAN L \ \ L / V RLMDVCATSR
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Cell Cycle CDK's
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Transcriptional CDK's

Score

RMSD 422

cdk2

cdk@

cdk8




Transcriptional CDK's

splP49336ICDK8_HUMAN
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splP49336ICDK8_HUMAN
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G-G-G motif
(GLoop)

Proton acceptor

Coordination of
the Mg2+ ion

APE motif

Thr 160




CDK2 mutant variant; P45 =» L45

In a Glioblastoma multiforme sample somatic mutation
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CDK2 mutant variant; T160 = A160

Abolishes activity

PVRTYTHEVVTL PVRTYAHEVVTL
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FINAL REMARKS

Biological importance of CDK2

Structure-function relationship

Important residues include the Thrlé0, the TLoop, Gloop,
PSTAIRE domain, DFG and APE motif.

Further studies on cyclin-CDK interaction needed

0600600




PEM QUESTIONS

1. Which Cyclin-Dependent Kinase (CDK) is essential for the transition from G1 phase to S phase?
a) CDKI1 coupled with cyclin A

c)  CDKIcoupled with cyclin A
d)  CDK4 in association with cyclin D
e)  CDK2 bound to cyclin A

2.  Regarding CDKs...
a)  CIPis a specific inhibitor of CDK4
b)  Cyclins are generally sufficient to activate CDKs

d)  Tyrosine at position 160 is the one phosphorylated by CAK, leading to a full activation state of a CDK
e)  CIPis a non-competitive inhibitor of ATP that binds to the cafalytic site

3. Which of the following residues of the CDK2 is conserved between species?
a)  Gloop

a)  TlLoop

b) aandb

c)  Thrlé0




PEM QUESTIONS

4. Which of the following residues participate in the coordination of the Mg2+ ion?

a)  NI54
b) DI57
d) Di49

e)  dllof the above
5. What types of interactions can we find in cdk2?

1 Hydrogen bond
2. Disulfide bond
3. Vander Waals
4. Metallic Complex Interactions
a 123

o)) land 3
o)) 4

e)  Alloptions




PEM QUESTIONS

6. Regarding the role of the Mg ion in the ATP binding of cdk2, mark the false one.

o))
o))
c)

e)

Stabilizes the ATP binding
It is an inorganic cofactor required for the catalytic activity
Coordinates the phosphates groups of ATP by forming metal complex inferactions

Facilitates the phosphate transfer from ATP to specific protein

7. Which change occurs in the inactive - active cdk2 transition?

o))

c)
o))
e)

Reorientation of B-sheet and the a-helix

Inhibition of interactions of T-loop and C and N lobes
Degradation of ATP
Kcat decreases and KM increases (activated state)




PEM QUESTIONS

8. The ATP binding site is formed by...

Q)
b)
c)
o))
e)

The C-helix and the helixes of the C-terminal lobe
The beta strands 1and 3

4 beta strands

2 beta strands and 2 alpha helices

9. What happens when CDK2 interacts with Cyclin A?

a)
o))
c)

)

The TLoop is exposed to the solvent
The PSTAIRE rotates 90°
Thr 160 is phosphorylation

None of the above

10. Which structure does the CDK2 have?

Q)
b)
c)
o))
e)

It's an all beta protein

It has two subdomains; the N-terminal lobe and the C-terminal lobe
The G-loop has a Thr160 important for CDK2 activation

The PSTAIRE motif corresponds to the C-helix (helix alpha 1)
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