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Inhibitory effect and its kinetic analysis of tyrphostin AG1478 on
recombinant human protein kinase CK2 holoenzyme!

LIU Xin-Guang’, LIANG Nian-Ci

( Institute of Biochemistry and Molecular Biology, Guangdong Medical College. Zhanjiang 524023, Ching )

KEY WORDS  caseins; protein kinases; recombinant
proteins; holoenzymes; tyrphostins; kinetics

ABSTRACT

AIM: To study the direct effect of tyrphostin AG1478
[ 4-( 3-chloroanilino )-6, 7-dimethoxyquinazoline ] on re-
combinant human protein kinase CK2 holoenzyme and its
kinetics. METHODS. Recomhinant human protein
kinase CK2 o and {3 subunits were mixed at equal molar
ratio and CK2 holoenzyme were reconstituted.  The CK2
activity was assayed by detecting incorporation of
[Y2P]ATP or [y-®P]GTP into substrates in various
conditions, RESULTS. These results demonstrated that
the recombinant human CK2 was a second messengers
(Ca** ., cAMP, and cGMP)-independent protein kinase,
the characterization and function of the reconstituted
holoenzyme were consistent with those of native CK2.
AG1478 strongly inhibited the holoenzyme activity of
recombinant human protein kinase CK2 with ICy, of 25.9
pmol/L, the inhibition is very close to that of N-(2-
aminoethyl )-5-chloronaphthalene-1-sulfonamide ( A3 ),
but less potent than that of 5, 6G-dichloro-1-3-D-
ribofuranosylbenzimidazole ( DRB ), known as CK2
special inhibitors with ICy; of 25.5 pmol/L and 10.4
pmol/L, respectively,  Kinetic studies of AG1478 on
recombinant human CK2 showed that inhibitions were
competitive with both GTP and casein, thus AG1478 was
as bisubstraie inhjbitor. CONCLUSION: The present
study indicates that AG1478 is not only an effective
inhibitor of protein tyrosine kinases of epidermal growth
factor receptor ( EGFR) . but also a novel potent inhibitor
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of protein kinase CK2, The recombinant human protein
kinase CK2 might be used as a molecular target for
simpler screening and development of more effective
inhibitors of CK2.

INTRODUCTION

Protein kinase CK2 (an actyonym derived fiom the
misnomer “casein kinase [| or 27) is a ubiquitous
eukaryotic second messenger independent heterotetrameric
serine/threonine  protein kinase which is made by the
association of two catalytic subunits (« and/or o’ ) and
two [ regulatory subunils to generate nalive struclures
exhibiting the stoichiometries apBy o', and aof' ~% .
CKZ three subunits are highly comserved in biological
evolution, indicating a vital cellular role of CK2.
Protein kinase CK2 has two important features ™%,
first, this enzyme, which has been studied since 1954, is
able to phosphorylate some 200 protein subsirates known
to date, many of which play important roles in DNA
replication and transcription, RNA processing and
translation, cellular metabolism and movement, signal
transduction and processing, cell proliferation and
differentiation, regulation og oncogene and suppressor
gene, etc, although its precise physiological functions of
this protein kinase remain poorly understood; second,
CK2 belongs to one of few protein Kinuses possessing
dual-cosubstrate specificity, which accepts both ATP and
GTP as phosphoryl donors.  The activity of CK2 was
remarkably elevated in proliferating and transformed
cells, as well as neoplastic cells, compared with
quiescent and nommal cells' Y. Some repors'®
indicated that CK2 a or o' gene might be a proto-
oncogene. Recently, it was pointed out that CK2 might
become one of molecular targets of potential neoplastic
and AIDS therapy, specific inhibitors of CK2 might have
therapeutic potential'! =3/

Gazit and others developed a family of TPK
inhibitors called tyrphostins { alse known as  AG
compounds ), designed to mimic the tyrosine sub-
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strates . Tyrphostin AG1478 [ 4-( 3-chloroanilino )-6,
T-dimethoxyquinazoline ], one of synthetic compounds
with small molecular weight, was a highly potent specific
inhibitor of epidermal growth factor receptor { EGFR)
kinase: "

It is very difficult to get enough amount of CK2 for
laboratory rescarch because of its low concentration in
tissues and cells. Moreover, CK2 is a ietrameter in
cokaryotic cells and the holoenzyme can only be
disassociated into its subunits under denaturing condi-
tions. We gained enough pure recombinant proteins of
human CK2 o and § subunits through molecular cloning,
prokaryotic expression, and purification, and performed
some researches on their biological pharmacology'®~").
Becanse CK2 activity relates with cell growth, the
inhibition of cell proliferation might affect the activity of
this enzyme, thus we investigated the direct effect of
tyrphostin: AG1478 on recombinant human CK2 holo-
enzyme and its Kinetics.
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[4-{3-Chloroanilino} -6, 7-dimethoxyquinazoline |
(Tyrphostin AG1478)

MATERIALS AND METHODS

Materials Tymphostin AGI478 was synthesized"”
and presented kindly by Prof Gazit A, Department of
Organic Chemistry, The Hebrew University of Jerusalem,
Israel, 5, 6-Dichloro-1-3- D-ribofuranosylbenzimidazole
(DRB} and N-{2-aminoethyl )-5-chloronaphthalene-1-
sulfonamide (A3) were from CalBiochem, Heparin,
spermine, ATP, and GTP were obtained from Sigma.
P81 phosphocellulose filter paper was the product of
Whamman. | 7"2P|ATP or | y-2P1GTP (18.5 kBg,
specific activity 1.85 x 10 Bg/mol) were purchased
from Yahui Biochemical Technology Co Ltd, Beijing.
All other chemicals were of analytical grade.

Cloning and sequencing of cDNA encoding
human protein kinase CK2 o and § subunits

Methods were carried out as described previously ™",

Prokaryotic expression, purification, and
reconstitution of recombinant human CK2 o and
subunits Human CK2 « and 3 subunits were expressed
in a bacterial expression system [ p17-7/BL21 (DE3 )
and purified 0 homogeneity as we described previ-
ousty!’™ ") after equalmotar subunits were mixed, CK2
holoenzyme was spontaneously reconstituted.

Protein assay  Protein concentrgtion in the
samples was determined by the method of staining with
Coomassie brilliant blue R-250, using bovine serum
albumin (BSA) as the standard.

Protein kinase CK2 activity assay "'’
Partially dephosphorylated casein was prepared by
incubating casein 5 g in 50 mL of Trs-HCl 50 mmol/L
{pH 9.5) at 100 T for 10 min and dialyzing against
buffer containing Tris-HCl 50 mmol/L (pH 7.5) and
edetic acid 50 mmol/L (pH 7.5). CK2 assay was
performed at 30 C in a final volume of 35 pL of buffer
containing Tris-HCl 50 mmol/L (pH 7.2}, KCI 150
mmol/L, MgCl, 10 mmol/L, ATP 30 umol/L, [y-*P]
ATP, or | Y-#P]GTP 18.5 kBq (specific activity 1.85 x
10 Bq/mol), and dephosphorylated casein 2 g/L.
Reactions were started by the addition of 15 pL
recombinant CK2 holoenzyme and terminated after 10 min
by spotling 30 L of the reaction mixture onto £ ¢cm
diameter P81 phosphocellulose paper.  After the filter
papers were washed thoroughly with phosphoric acid
85 mmol/L by occasional stirring, washed one time with
acetone finally, and dried in oven at 80 T, the radio-
activity was measured in a LS6000C ( Beckman )
scintillation counter.  One unit of protein kinase CK2
activity is defined as the amount that catalyses the transfer
of 1 pmol of phosphate from [v-“P ATP or [ ¥-*P]GTP
to casein per min at 30 T.

Direct effect of tyrphostin AG1478 on recom-
binant human CK2 holoenzyme and calculation of
semi-inhibitory concentration (ICs)  Calculation
of ICy, was performed according to semi-effect-probit
method™>’. In brief, X-coordinate and Y-coordinate
represents logarithm of AG1478 concentration and probit
of inhibitory rate to its corresponding concentration, res-
pectively,  With experiment data above, equation of
linear regression was elicited and ICy was calculated
(probit is 5 in 50 % inhibitory rae} .

Enzyme kinetics according to the 1Cy; result above,
CK?2 Kinetic analysis was carried out in the condition of
three concentrations of AGI478 (0. 20. and 80
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pmol/L). In the condition in which casein was fixed at
concentration (2 g/L) and GTP was changed at various
concentrations (6.25 - 50 pmol/L}, or GTP was fixed at
12.5 pmol/L and casein was at different concentrations
(1-8 g/L), protein kinase CK2 activity was assayed,
which equaled to reaction velocity. Each experiment for
a sample was triplicate. The kinetic parameters of
apparent K, and apparent V,, were calculated by
Lineweaver-Burk plot, and the types of inhibitory effect
of AG1478 on recombinant human protein kinase CK2
holoenzyme were identified.

Statistic analysis  All values were shown as
X+ 5, and statistical significance was analyzed by paired
t test.

RESULTS

Characterization of recombinant human CK2
holoenzyme The results indicated that reconstituted
CK2 holoenzyme possessed the same properties as natural
CK2: it used casein as ilts substrate; its activity was
decreased when using basic protein Histon [ S and the
substrate of protein tyrosine kinase ( TPK) — poly {Glu:
Tyr) 4:1 as its substrates; its activity was depressed with
heparin and CK2 specific inhibitor DRB, but stimulated
by spermine; the second messengers molecules cAMP,
cGMP, and Ca** had no effect on its activity (Tab 1).

Tab 1. Characterization of recombinant human CK2
holoemyme. n=3. ¥zxs. “P<0.01 vs control.
Treatment CK2 activity/  Percent
mU of control/ %
1 Control 1265+ 96 100
2 +Histone I S (0.5 g/L) 52+ 10 4.1°
but no casein
3 +poly (G:Tyr) 4:1 (0.4 g/L) 125+ 9.0
but no casein
4 + Heparin(8 mg/L) 5T £ 45 a0.1¢
5 +DRB (40 pmol/L) 126+71 25.7°
6+ Spermine (2.5 mmol/L) 1810 £ 107 145.5°
T+ CE' {5 mmol/L) 1249 + 63 9.7
8 +cAMP (10 umol/L) 1306 + 112 108.0
9 +cGMP (10 pmol/L) 1268 + 108 100.2

Assay of CK2 holoenzyme activity was described in Matenials and
Methods using equimolar amounts (14 pmol ) of CK2 o and B
subunits. In group ! (control) casein was used as a substrare.  In
group 2 and 3 histone and poly (Glu: Tyr) 4: 1 were used as
substraie respectively, without casein.  In group 4 10 9, differemt
agents indicated in Tab | was added into corresponding group on the
basis of control group respectively.

Direct effect of tyrphostin AG1478 on recom-
binant human CK2 holoenzyme Fig | showed that
tyrphostin AG1478 had stronger inhibitory effect on
recombinant human CK2 holoenzyme in a concentration-
dependent mamner.  Using logarithm AGL478
concentration as  horizontal probit  of
inhibitory rate to corresponding AG1478 concentration as

of

courdimate

vertical coordinate, the equation of linear regression was
elicited, which was ¥ = 1.1425X + 3.3861, corelation
coefficient r was 0.9808, ICs, was 25.9 amol/1..
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Fig 1. Effect of AG1478 on recombinant CKZ helo-
enzyme activity.

Kinetic analysis of tyrphostin AG1478 inhibi-
tory effect on recombinant human CK2 holo-
enzyme activity in the presence of various con-
centrations of GTP  The experimental resull of
enzyme Kinetics of tyrphostin AG1478 showed that the
inhibition was competitive with GTP {Fig 2).

Kinetic analysis of tyrphostin AG1478 inhibi-
tory effect on recombinant human CK2 holo-
enzyme activity in the presence of different con-
centrations of casein Fig 3 indicated that the
inhibitory effect of AG1478 on recombinant human CK2
holoenzyme was also competitive with casein, thus
AG1478 was as bisubstrate inhibitor.

Inhibitory effects of DRB and A3 on recom-
binant human protein kinase CK2 holoenzyme
activity 5, 6-Dichloro-1-3- 1-ribo-furanosylbenzimi-
dazole (DRB) and N-( 2-aminoethyl )-5-chloronaph-
thalene-1-sulfonamide { A3) were known as polent and
specific inhibitors of protein kinase CK2 ' *'. Our data
confirmed that they strongly inhibited recombinant human
CK2 holoenzyme with 1C;, of 10.4 und 25.5 umol/L,
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Fig 2. Lineweaver-Burk plot for kinetic analysis of

AG1478 inhibitory effect on recombinant human CK2
holoenzyme in the presence of various concentrations of
GTP. Casein was fixed at concentration [2 g/L), but
GTIP was at indicated concentration, Each value
represents the mean of the three separate experiments,
AG1478: 0 pmol/L (@); 20 pmol /L (A); 80 umol/L

{H). [S]: GIP concentration, pmel/L; [ V]:
velocity, pmeol-min~!-g"'.
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Fig 3. Lineweaver-Burk plot for kinetic amalysis of

AG1478 inhibitory effect on recombinant CK2 helo-
enzyine activity in the presence of different concentra-
tions of casein. GTP was fixed at concentration (12.5
umol/L}, but casein was at indicated concentration.
Each value represents the mean of the three separate
experiments. AG1478: 0 pmol/L (@); 20 pmol/L
(A); 80 pmol’ L {H). [S]: casein concentration,
#/L; [ V]: velocity, pmol>min-1-g~1,

respectively.  These results revealed that AG1478
strongly inhibited the holoenzyme activity of recombinant
human CK2 with an ICy, of 25.9 pmol/L, the inhibition
was almost the same as thal of A3, but less potent than
that of DRB.

DISCUSSION
It is proposed that CK2 is an aftractive target

molecule for tumor and acquired immune deficiency
syndrome (AIDS} therapy. The inhibitors of CK2 might
have clinical therapeutic potential for neoplasic and human
immunodeficiency virus ( HIV-1)!'~3% Many tyrpho-
stins had selective and distinct inhibitory activities on
tyrosine protein kinase of epidermal growth factor receptor
( EGFR ), platelet derived growth factor receptor
(PDGFR }, and ErB2/neu’™™ . Kinetic sudies had
shown that some tyrphostin compounds were pure
competitive inhibitors vis-g-vis the tyrosine substrate and
noncompetitive  vis-g-vis ATP site, while many of
tyrphostins showed competitive inhibitory effect against
both the substrate and ATP

Tyrphostin AG1478, one of AG compounds. is a
very potent and selective inhibitor of EGFR kinase with
ICy) of 3 nmol/L versus HER2-neu {1C;, > 100 umol/L)
and PDGFR kinase (1Cs > 100 jemol/L) ™ | Recently
some observations indicate that AGI478 abolishes also
pi2/pdd  milogen-activated protein  kinase ( MAPK)
activation induced by angiotensin [T, and p38 MAPK
activation induced by thrombin'™ . AG1478 inhibited
also the EGF-dependent proliferation of cells and had
been as novel antiproliferative agent of blocking targets of
signal transduction for diseases therapy-*16~ 1%,
ever, there is no report on effect of AGI478 on protein
kinase CK2 at present. Most reponts about AGl478
focused on its inhibitory effect on EGFR kinase.

In present study we first reported the direct effect of
tyrphostin AG1478 on recombinant human CK2 holo-
enzyme and its enzyme kinetics. The results indicated
that AG1478 had significant inhibitory effect on this
recombinant CK2 with 1C; of 25.9 pmol/L (Fig 1),
The inhibitory effect of AG1478 on recombinant human
CK2 was less than that on EGFR kinase, stronger than
that on HER2-pen and PDGEFR kinase. These results
were novel and very significant, and illuminated AG1478
was not only highly specific TPK inhibitor of EGFR, hut
also blocker of protein kinase CK2.

In contrast 1o most other kinases CK2 may utilize
GTP, besides ATP, as phosphate donor, so il is more
specific to assay protein kinase CK2 using GTP as
phosphate donor.  Enzyme kinetics clarified the action
mechanism of AGI478 on CK2 and displayed that
inhibitions were competitive with both GTP (Fig 2} and
casein(Fig 3), thus acting as bisubstrate inhibitor. The
present work extended the action or use of AG1478.

DRB. known as potent and specific inhibitor of
protein kinase CK2, had been alse used to inhibit RNA

How-
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potymerase [[ tanscription which might be dependent on
CK2. A3 had inhibitory effect on the activities of
protein kinase CK I , protein kinase A, protein kinase
G, and protein kinase C, besides CK2''™%. The
present work confirmed that purified recombinant human
CK2 holoenzyme was inhibited by the two known
inhibitors, DRB and A3, with ICy, of 10.4 and 25.3
pmol/L respectively.  Interestingly, AGI478 strongly
inhibited the holoenzyme activity of recombinant human
CK2 with an ICs of 25,9 pmol/L, the inhibition was
close to that of A3, but was slightly less than that of
DRB. These results indicated that AG1478 was not only
a novel blocker of recombinant human protein kinase
CK2, but also a potent and effective inhibitor of CK2.

CK2 is probably the most pleiotropic member of the
protein kinase family, the still increasing list of CK2
substrates includes more than 200 proteins. Among them
calmodulin, p34°**, estrogen receptor 2, and insulin
receptor concerned with signal transduction are  also
phosphorylated by PKC and TPK-' ~*). These substrates
indicate that there are close relationships between CK2
and several other protein kinases involved in signal
wansduction and regulation of celiular metabolismr! %)
However further study is required to determine these
precise mechanisms.

Due to we obtained enough pure and biologically
active human protein kinase CK2, the method is very
simple and rapid to investigate the inhibitory effect and
their action mechanisms of tested agents as drug target
using this CK2 enzyme. So this paper suggests that the
recombinant human protein kinase CK2 may be used as a
molecular target for simpler screening and development of
more effective inhibitors of CK2.
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