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Effects of tyrphostins on activity of casein kinase I from rat liver
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AIM: To investigale the effects of tyrphostins,
(AG213, AG1394, AG114, AGI1109, AGHS5) on
the activity of casein kinase (CK ) 1.
METHODS: CK @I was partially purified from rat
livers by sequential DE52 and heparin-Sepharose
chromatography. CK I activity was assayed by
incubating CK I with dephosphorylated casein
and [ Y-2P]ATP. RESULTS: AG213 inhibited the
activity of CK I with ICs, 44.7 pmol-L™'(41.5—
47.9 umol - L7'), and AG1394 (144 pymol - L™")
strongly inhibited the activity of CK 1 with an
inhibitory ratio of 89 %. AG114 (174 pmol-L™")
and AG1108 (126 pmol-L™ ') had inhibitory effects
on the activity of CK I (P<0.01). AGS555 (136
umol » L") had little effect on CK 1T activity.
CONCLUSION: Scme tyrphostins are potent
inhibitors of CK II .

1 Now in Department of Brology, Untversity of Pernswlvanwz,
Philadelphia PA 19104, USA.
Received 1994-11-07 Acrepred 1995-11-01

Casein kinase (CK} @I is a ubiquitous protein
serine/ threcnine kinase in the cytosol, nucleus, and
CK @I purified
from various tissues is usually a tetrameric complex

with an asf. ao'Ps. or o' structure LA cK I
3i-6

membranes of eukaryotic cells.

may play an important role in cell proliferation
For example, CK II phosphorylates a number of
nuclear proteins including For, M3yb, Mw, p53
and SV4Q0 large T

These proteins are implicated in oncogenic

tumor suppressor protein,
antigen .
transformation and cell proliferation.

Tyrphostine  ( AG213, AG114, AGHLD,
AG1394, and AGI1109}, a series of synthetic
chemicals, are inhibitors of tyrosine kinase'™, but
the efficacy of AG213 in inhibiting EGF-induced
[*H] thymidine uptake in A431 celis does not

correlate  with its
4]

tyrosine  kinase inhibitory

activity Their effects on CK I are unknown.
In the present study, the effects of tyrphostins on
the activity of CK I from rat liver were

investigated.
MATERIALS AND METHODS

Hepann and phosphatidylserine ( PS) { Sigma}; ATP
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Tyrphostins

{Boehringer Mannhein); Sepharose 4B {Pharmacia): CNBr
(Fluka }; DEAE-cellulose { DE52) ( Whatman): Casein
{ ICN)! tyrphostins ( purity 99 %, derived from
benzenemalonitrile, and synthesized by Prof A Gazit,
Department of Organic Chemistry, The Hebrew University of
Jerusalem, Israel}). [¥-2PIATP (370 GBq- L', > 185
FBg + mol"!) was purchased from Yahui Biomedical
Technology Co Ltd, Beijing. All other chemicals were AR.

Twao SD rats (¥, 2-month-ald, 250 g and 350 g,
respectively ) were provided by the Animal Center of
Guangdong Medical College.

Heparin-Sepharcse 4B was synthesized by the method®’ .

Extractlon and partiat purification of CK [ Two rat
livers were homogenized with 100 mlL of bulfer A (Tris 20,
edetic acid 5, egtazic acid 1, f-mercaptoethancl 10, PMSF 1
mmal- L™}, pH 7.2) in an ice bath. The homogenate was
centrifuged ar 20 000 X g at 4 T for 10 min. The
supernatant was loaded to 30 g of DES52 that had been
equilibrated with buffer B ( Tris 20, edetic acid 2, &
mercaptoethanol 5, PMSF 0.5 mmal * L™!, gH 7.4) in a

filter funnel. Having been washed with 500 mL of buffer B,
the protemn-bound DE5S2 was packed inte a eofurnn (20 mm
% 300) mm) and washed with buffer B containing NaCl 500
mmol-L"Y. The eluate from DES2 (160 mL) with CK 1
activity was diluted 1:5 with buffer B, and then loaded on to
a heparin-Sepharose 4B columa (15 mm =% 200 mow . After
equilibrating with buffer B, the column was developed with a
200 ml. linear increasing gradient of NaCl fromm © to 1 mol
‘L' in buffer B, and 6 mL fractions were collected, from
which CK I was eluted by buffer B containing NaCl 700
mmol + L™'.  The kinase from 2 chromatography steps
putified over 104-fold, with a final recovery of 33 % of the
starting activity of CK II .

CK 1 activity assay Fartially dephosphorylated casein
was prepared by incubating 5 g casein in 30 ml of Tris 50
mmoal- L™ (pH 9.5) at 100 T for 10 min and dialyzing
against buffer C (Tris 50, edetic acid § mmel* L™, pH
7.5). CK Tl activity wes assayed at 25 T in a final volume
of 100 pL with Tris-HCl 50, KCl 150, MgCl; 10 umel+ L™,
[y PIATP 50 pmal - L™ (37 kBq), partially dephos-
phorylated casein 2 g+ L™, and partially purified CK 11 2.8
pg (or CK 1 eluate 10 gl ) for 10 min.
terminated by spotting 90 pl. on to 3 pieces of 15 mm-
diameter Xinhua Mo 3 filter paper, and dropped into 10%
trichloroacetic acid ( TCA) containing ATP 1 mmol- L™
Afrer the filter papers were washed thoroughly with TCA as
the radicactivity was measured in a LSS000C
{Beckman) scintillation counter.

The reaction was

above,

Statistical significance was analyzed by ¢ test.
RESULTS

Characterization of CK [I  Partially dephos-
phorylated casein was efficiently phosphorylated by
CK NI. However, at 0.5 gL ™!, histone IS was
phosphorylated rather poorly, at 1.4 % of the rate
of casein. Heparin (4 mg < L'} inhibited the
activity of CK I by 76 %, but Ca®*, Ca®’-
phosphatidylserine, or cAMP had little effects on
the activity of CK II (Tab 1).

Effect of AG213 and analognes om CK ¥
activity AG213 inhibited the activity of CK 1[I
with ICgy 44.7 pmol» L™1(41.5 pmol-L™1, 47.9
pmol+ L™'). At 200 pmol ' L', the inhibitory
ratio of AG213 on the activity of CK I was 92 %
(Fig 1).

AG1394 (144 pmol+ L™ ') strongly inhibited
the activity of CK I, with an inhibitory ratio of
89 %. AGI114 (174 pmol-L ') and AG1109 (126
pmol+ L™ 1) had significant inhibitory effects on the
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activity of CK I (P<0.01). AG555 (136 pmol
L") had little effect on CK 1 activity ( P >
0.05) (Tab 2).

Tab 1. Characterization of CK I from rat liver. & =3
wells for 1 homogenate {pooled from 2 rat livers), ¥ 5.
P>.05, "P<0.05, “P<0.01 s control.

CK 1T activity/

Condition %
dpm
Contrel 50 148 + 472 100
. .y -1
+ histone (0.5 gL} 835 + 80" 1

but no casein

+ egrazic acid {1 mmol-L 1) 50 554 + 3 2072 101

Ca®* (0.5 mmol-L™") 53 032 +1 540° a0

+ Ca®*{0.25 mmol-L™ 7} and
phosphatidysetine
(50 panol-1.7")

63 DE8 = 3 803" 107

+ ¢cAMP (5 pmol-L"1) 61 362 + 3 803" 104

+ heparin (4 mg-L™1) 14 306 + 1 958" 24

Inhihitdon/% (in prohit scale)

]4:!- 5 25 50 100 200

AG213/lg pmol-L

Effects of AG213 on activity of CK T from rat
A =3 wells for 1 homogenate { pooled from 2 rat

Fig 1.
liver.
livers).

DISCUSSION

Tyrphostins are a series of synthetic chemicals,
which have been proved to inhibit tyrosine kinase
activity. In the present study, some of tyrphostins
inhibited the activity of CK II, suggesting that
some tyrphostins might not be specific tyrosine

kinase inhibitors.

Tab 2. Effects of the analogues of AG213 on the activity of
CK 1 from rat liver. # =3 wells for 1 homogenate ( pooled
from 2 rat livers), ¥ £ 5. "P>>0.05, ‘P <0.01 vs control.

Addition CK 11 activicy/  Inhibition/
dpm %
Centrol 3654175 -
AGE55 {136 pmol-L 1) 36 374 + 313" 0.5
AG1394 (144 pmal-L 1) 4 036 + 115° 89.0
AGL14 (174 pmal-L™1) 16 298 + 1780 54.7
AGL109 (126 pmol-1.74) 26 287 + 1242° 28.2

The inhibitory effects of tyrphostins on CK [l
are related to their structures. The only difference
of the structure of AGS555 from that of AG1394 is a
hydroxyl, AG1394 strongly inhibited the activity of
CK II, but AG555 had litde effect on the activity,
suggesting that the modification in the structures of
tyrphostins could develop more effective mhibitors of

CK II.

CK [ is a cyclic nuclectide and calcium-
independent serine/ threonine-specific protein
kinase. The physiclogical substrates of CK I

include metabolic enzymes, cytoskeletal proteins,

transcription factors, as well as products of several
L1.3‘E]‘ CK [[
activity is increased in neoplastically transformed cell

lines"! .

oncogenes and tumor suppressor

as well as in tumors™ . CK 1 was

stimulated in response to various growth factors in

(12.13;

cultured cells These findings suggest that

CK @I may play an important role in cell

proliferation. In this paper, our finding that some
tyrphostins inhibited activity of CK [, can explain
why the inhibitory effects of some tyrphastins on
[®H ] thymidine uptake do not correlate with their

inhibition on tyrosine kinase,
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