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Project Summary

Title of Project Structural studies of protein kinases: focusing on CDKI1-Cyclin B
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Associated Company

@ Purposes of Research

- Determining the three-dimensional structure of various protein kinases that are important for

development of anticancer drugs.

- The main target for research was cyclin-dependent kinase 1 that is key regulator in cell
cycle especially mitosis period.

- Other drug target kinases such as Syk and Piml were also subjects of the research.

@ Method & Contents

- Ovexpression and purification of target proteins

- Crystallization of target kinases

- X-ray diffraction experiment and computational calculations
- Refinement of structural models

- Analysis of determined kinase structures

- Biochemical studies on kinases and their inhibitors

@ Results & Discussion

- We successfully overexpressed recombinant CDK1 in Sf9 insect cells using baculovirus
- Recombinant CDK1 was purified

- Crystallization is not successful yet

- Other drug target kinases, Syk and Piml kinases were purified and crystallized

- Structures of Syk and Piml in complex with various inhibitors were determined and

analyzed
% ATEE, ATHY, ATAAE JEoZ goksel 2%olue) Berow 44
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Vector Construct Fusing tag Expression host
CDK1_Wild-type (1-297) o :
pET28b CDK1_syn N-His E.coli

CDK1_WT (1-297)
CDKI1_E41T mutant .
pPAcHLT CDKL_loop mutant N-His Insect cell

CDK1_loop_E41T mutant

(X%. CDK19 #=24 construct)

Vector Construct Fusing tag Expression host
pET28b Cyclin B1 ( full-length) N-His

pHis Cyclin B1 ( full-length/165-433) E.coli

pGST Cyclin B1 ( full-length) N-GST

(¥. CDK19] Agww= Cyclin Bl ¢ &24Y construct)

Vector Construct Fusing tag Expression host
pET28b CDK19 (1-341/15-341) N-His

pHis CDKI10 (35-331)

pGST CDK10 (35-331) N-GST E.coli

CDKI10 (35-331)
CDK19 (1-341)

pHis C-His

CDK10 (35-331)
pVL1393 CDK19 (1-341) C-His Insect cells
CDK19 (15-341)

(¥%. CDKI1 famliy CDK10 2} CDK19 24 construct)



-CDK1( N-His Tag)&d 9 A

AA S Yato] pET28b WEd Z=29 © CDKI full-length & ©]-&3to] Ecoli A12¥9S A% &
A=t solubledtAl & =X go} insect cell& ©]&3t7]= 3st3Ath Insect cell Al 2~¥lS o] &3}
7] A& d ME < pAcHLTOl F249 % wild type, E41T mutant 223 loop mutantE &
B2E 3ttt BlAE A 4& gojAnk o] IEo HAAE A% Ak FA FAHL2 Al
Sl A o] histags o]-&8te] Ni¥'-NTAZH 3 size E2lWS o] &3 gel filtration 238 (SEC)<S
ol g3te] u =2 AASAT

CDK1_WT
2 3

CDK1_E41T/loop mutant  lanel: molecular weight protein markers (kDa)

D pakne! oo wllilosdeocbly
(KDa) 1 (sl 2 3 4

4 5

laneS: combined fractions after Ni-affinity
chromatography

Lane M: molecular weight protein markers (kDa)
lanel.2. combined fractions of peak land peak 2
after SEC

(19, SECE o]&3 CDK1 AA)
Gel filtration A% (SEC)%ol| %<& 3 th2 Bradford A1%FS ©]& 3}
=4 A3 Wild—type 4.63mg/ml¥} E41T mutant 3.98mg/ml & 94& & Adrh

-CDK1 ( N-His Tag )23t a2l Cyclin Bl @& 2 A

Cyclin B1¢] AAS ¢34 full-length (48KDa) ¢} 165-433 construct (31KDa)2] @& HAEZ E.coli
A z="o| A H~ES Ay 165-433 construct’} B o] @ FHol HAE A= AT

Cyclin_Full-Length Cyclin_165-433

M1 2 3 4 5 6 7 8 9

laneM: molecular weight protein markers (kDa)
lanel,6: Total

lane2; supernatant

lane3,7:flow-through

31KD: lane4.8: wash

lane5.9: combined fractions after Ni- affinity
chromatography

(219, Cyclin Bl full-length / 165-433 “Al)
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(8. CDK1_WT-Cyclin B1 AA)

-C-His-Tag fusion CDK1 24, 2d %= A

$-2 = oA insect cellE ©]&3 &d Alx®le £o|d N-his Tag fusion ®E (pAcHLT vector)&
o] &35ty F2YS AlF st th AN pAcHLT vectorg ©]438+9] N-His Tagl & fusionAlAS 7
G RAE § F stable 3 FE|E dHAS S F QoA AR ofHFo] ATk WA =
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Vector Construct Fusing tag Expression host
CDK1_WT (1-297)

CDKI1_E41T mutant .
pVL1393 CDK1 loop mutant C-His Insect cell

CDKI1_loop_E41T mutant

-pVL1393_CDKI_WT & % A
Insect cell A|2=¥lS o]&3lo] wal WE <l pVL1393 vector o] 29 % wild type, E41T mutant
83 loop mutantE 2E HAE AT HAE A3 H2 FolAvt wild type, E41T7F &d
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lanel: molecular weight protein markers
(kDa)

lane2.3: flow-through

lane4: wash

laneS: combined fractions after Ni-affinity
) chromatography

45

31

30mM imidazole
10% glycerol
0.2mM triton X-100
5mM MgcCl2 Y

Superose ™ 10/300

50mM Tris-HCI pH 8.0
200mM NacCl, 0.2mM Triton X-100
5mM MgcCl2, ATP

CDK1_E41T
M 1 2 3

lanel: molecular weight protein markers (kDa)
lane2: flow-through

lane3: wash

lane4: combined fractions after Ni-affinity
chromatography

Superose ™6 10/300

50mM Tris-HCl pH 8.0
200mM NaCl
5mM MgCI2, ImM Amp-PNP, 0.2mM triton X-100

(9. Ni-affinity chromatography/SECE ©]-&3F CDKI1_Wild-type/E41T-AMP-PNP)

- T4_Lysozyme fusion

u gl 2o A= stability?t solubilityS FAA1717] el A T4 Lysozyme (PDB ID 207A, MW15.9
kDa), flavodoxin (PDB ID 1110, MW 149 kDa), xylanase (PDB ID 2B45MW 19.1 kDa),
rubredoxin (PDB IDIFHM, MW 5.5 kDa), and cytochrome b562RIL (PDB ID 1IM6T, MW 10.9
kDa)% < fusion partner® ©]€3gth. 2eflA CDK19 stability9l solubilityE 3437 984
fusion partners oA T4 LysozymeS fusion 3te] AA¢ ZA3E A% 390

- CDK1 N-termell T4 Lysozyme cloning construct (His-tag)

Vector T4 Lysozyme construct Expresion host

1-179
pET28b/CDK1 E.coli
59-157

- CDKI1 loopel T4 Lysozyme cloning construction (His-tag)

T4 Lysozyme .
Vector CDKlconstruct Expresion host
construct
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pET28b 59-157 E.coli
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T4 Lysozyme !

T4 Lysozyme_fragment ‘
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(Z1¥. CDKI10, CDK19 %4)
S E e L]
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@ Syk kinase (Spleen tyrosine kinase) ©¥ & ¢ Fxd T
(1) Syk kinase & 2&dS 93 fxx F2Y

- pHis vectore]l Ndel/Xhol(No stop codon)g ©]-&3}o] Syk kinase domain (356-635) A&
F2Y Atk sld constructe C-terminalel]l 8702 poly histidine tagel & A+ constructo]

o,

- pHis-Syk A& PCRZ F%3le] pVL1393 vectord] C-terminal histage] 23H #FAAE
F2Yet g FAAE 356W ofw| Ak ko] WAS FULely] f15ke] Met-Ala-Leus Q1€
2o 7 fusiondt AEjo|tt. = constructs MAL-Syk-LEHHHHHHHH®] o]n] x4k A dS zt=

AzFgavde A8 5 ook

(2) Syk kinase?] ¥z @& 2 A

- Sf9 celld] linearized viral DNA<®} pVL1392-Syk Z8~v]=ZE co-transfectiondt & 43] 9]
amplication #}4 S A baculovirusE A Z3FHth ozl vlolel =& Sf9 celldl #HAAIA 4 L
HjFste] Az T ds AAsE o)

- S E 2 Ni-NTA Zd3% superdex75 A& olgste] ¥2 Tz AT = AU AAd
g9z 10 mM HEPES pH7.5, 150 mM NaCl, 5 mM DTT, 5% glycerol, 10 mM MgCl2 ® 3
off A <HAgsHA A = AT

» Ni-NTA column
1 protein marker
2 total
3 supernatant
4 flow through
5 elution

» Superex 75
1 protein marker
2 elution 17
3 elution 26
4 elution 33

=

(9. Syk kinase® A #l)

(3) Syk kinase®] 243 9 +x 749

gk A3k 10720%
PEG3350, 100 mM Tris-HCl pH85 Z7elA oz 714 AfAE %= 15 mM=

co-crystallizationst & w 24& 4& F AATh

- 7% 7ol o]&%H AdA= F 67/1EA EF 4-(pyrro)pyrimidine Ei= 4-(pyrazol)pyrimidine
derivative A < o]t}
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(Z1¥. Syk kinase 73 7ol o]&¥ A3AE)

@ Piml kinase® Ad|A e AFA F+2ETF

AAWE 19)

(e7E]

- Piml kinase & A} (29-313)Z pHis vector®] Ndel/Notlo 2 F2Y3te] oA Ld 3
gk dojxE AT @wWAS C-terminalel] Histage F3sla

Superdex75 ZAH& o] &3lo] PimlS AASI 2™ 0.7 M potassium tartrate, 0.1 M MES 8] %
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Crystal Structure of Pim1 Kinase in Complex with a
Pyrido[4,3-D]Pyrimidine Derivative Suggests a Unique
Binding Mode
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Abstract

Human Pim1 kinase is a serine/threonine protein kinase that plays important biological roles in cell survival, apoptosis,
proliferation, and differentiation. Moreover, Pim1 is up-regulated in various hematopoietic malignancies and solid tumors.
Thus, Pim1 is an attractive target for cancer therapeutics, and there has been growing interest in developing small molecule
inhibitors for Pim1. Here, we describe the crystal structure of Pim1 in complex with a newly developed pyrido[4,3-
dipyrimidine-derivative inhibitor (SKI-0-068). Our inhibitor exhibits a half maximum inhibitory concentration (ICsg) of 123
(== 14) nM and has an unusual binding mode in complex with Pim1 kinase. The interactions between SKI-O-068 and the Pim1
active site pocket residue are different from those of other scaffold inhibitor-bound structures. The binding mode analysis
suggests that the SKI-0-068 inhibitor can be improved by introducing functional groups that facilitate direct interaction
with Lys67, which aid in the design of an optimized inhibitor.
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Notes

o

Bull Korean Chem. Soc. 2013, Vol. 34, No. 12 388
http:/dx.doi.org/10.5012/bkes.2013.34.12.388

o

Identification of Potent Inhibitors against Human Peptide Deformylase
as Anticancer Agents

Sang Jae Lee,™ Ok Sung Jung,’ Bong-Jin Lee,” Kwang-Hwi Cho>" and Byung Il Lee™
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Key Words : Anticancer agent, Inhibitor, Drug design, Peptide deformylase

Peptide deformylase (PDF) catalyzes the removal of a

formyl group from the N-terminal methionine residue of

newly synthesized polypeptides in order to yield mature
proteins. This deformylation step is an essential process in
bacteria.'? For this reason, PDF has been proposed as an
attractive antibacterial target.** While it has been thought

Notes

inhibitors hydroxamate/peptidomimetic [PMT387 (7a) and
PMT497] and the reverse hydroxamate/monpeptide scaffold
inhibitors [PMT1039 (15¢) and PMT1067] were synthesized
and supplied by ProMediTech (Figure 1)."**" Human PDF
were purified according to previously reported method'® and
biochemical PDF assays were performed closely followed
by previous studies.” The ICsy value was calculated using
nonlinear regression and GraphPad Prism 5.

In vitro Cell-based Chemosensitivity Assay. Cancer cells
were cultured in RPMI 1640 containing 10% fetal calf serum,
100 U/mL penicillin, 100 pg/mL streptomyein, and 2 mM L-
glutamine (complete RPMI medium). All cancer cells were
plated at 1 = 10" cells per well in a 96 well plate. Drugs of
different concentrations were then added. The sulforhod-
amine B assay is used for cell density determination, based
on the measurement of cellular protein content.'’

Molecular Docking Study. The binding modes of four
inhibitors to human PDF (3GSP)'"® were predicted using
AutoDoke-Vina >! One cobalt ion and the flexibility of side
chains of the amino acids in the active site were considered.

Acknowledgments. This work was supported by a National
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Cancer Center in Korea
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