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4k Z P 408 Whatman 7= s [y-2P]JATP Kb it
A Bty A2 s 2 TORE S W) AR PR Trizol 3R W
Invitrogen A 7] ; — A7 % RT-PCR Jx Wk 71 & 4
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CK2o' Fl B WL A% R . Ak 5 % 2 0L 3Gk
[10,12].
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filg [ B AR R R 35wl TR AW R A
50 mmol/L Tris-HCI, pH 7.2, 150 mmol/L KCI,
10 mmol/L MgCl,, 10 wmol/L ATP, [y-2P]ATP
1.85x10'Bq( ELiiF 1.85x10""Bg/mol), 2=l 1k % 2
F 2 g/L SR R 30°C. #alifh i 4 N CK2a
55 B MV B4 25 BE IR (14 pmol) TR & ) B F 40 A\ CK2
AW, I 10 wl EAL CK2 AW 3 sl Je Y, WV
10 min 5 X 30 wl fIR EHAE 2 cm (1) P81 MR £ 4
FUEAC BZOE Y, B, FH 85 mmol/L L5k
o, RGeS 1k, 80°CHET &, INKk
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14 “HAR54HAEIES

NSk 40 i 11 i HL-60 41 i &0 [
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W F% 100 wl/ FLI N 40 i 24 /% 75 (25 40 mmol/L
Tris-HCI, pH 8.0, 1 mmol/L EDTA, 125 mmol/L

NaCl, 1% NP-40 (& k), 1 mmol/L Na;VO,,
1 mmol/L DTT, 1 mg/L #EILREF, 1 mg/L 41 F Kl
#, 1 mg/L 2k 22 A1 1 mmol/L PMSF), LAJiEi
BB IR, BT K BV 30 min, X5
4°C, 13000 g 250> 20 min. EEWHEB S5 — EP
B, Wb FIE L BSA EARIER (1, &8 B %
Sk T E A e E, HRAET-20C#%
M, 3 RNAIL
1.7 ZAREA CK2 BYEMENE

Wit R N AR B h 35wl ROV R AW TP S
50 mmol/L Tris-HCI, pH 7.2, 150 mmol/L KCl,
10 mmol/L MgCl,, 10 wmol/L ATP, [y-*P]ATP
3.7x10'Bq( L ¥ 1.85x10Bg/mol) Fil 1 mmol/L CK2
5 5 ME 22 KR Y R,AD,SDs. S Wl EE R 30°C. A
RN 20 wl 41 B4R 00 & B (S S R s B A
4 pg/ B, LL1S pl VIR G E SR RN, B
[ 6 AN PATE. RIS RSN E 4N CK2
() A DU A [
18 ZERHRE PCR N CK2 FiFE mRNA Fi&
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RNA & & . # QIAGEN — 3k RT-PCR J W ik 5]
S UL 1T cDNA 14 BB & PCR 4348, [ Wi 4%
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94°C ZZ £ 1 min, 55°CiB kK 1 min, 72°C ZE f#
2 min, 35 MEH: Hea 72°CHEAR 10 min. [ Y AK
ZH B-actin 754 WS M5 W) H DNAStar K 12547
Wit, w1 BEA TAEY TR A A 8. CR2al Ll
5% : 5 TGA AGC CAG TGA AGA AAA AGA
AGA 3'; Fii514%: 5 TAA CAT ACA GCC CAA
ACT CCA CAT 3'; ¥ 4/ WK & 458 bp. CK2B
Y514 57 ATC CAC GCC CGC TAC ATC CTT
A3 FUi514%: 5 ACC GTA GAG CCT GGG
CAC AAA CT 3'; ¥ 3= ¥K N 321 bp. CK2a
EWE 5% 5 GTG GTG GAA TGG GGA AAT
CAA GA 3'; TiisI#: 5" GTA TCG GGA AGC
AAC TCG GAC AT 3'; ¥ ¥4 =¥ K E 4 501 bp.
B-actin FF 54 : 5 AGG CCA ACC GCG AGA
AGA TG 3', FUE5I¥): 5 CGG CCA GCC AGG
TCC AGA 3', #H#4/#K 54 211 bp. PCR J=4) T
2% IR I rBROU ST R, I T R 23 A A A
Labwork #1765 AR /(B 70 #7.
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2 wmol/LYEAT 5256 43 20 A [ s s B 1R FE A 2 /L



2007; 34 (2)

MRS EEBERIGABMK HL-60 458 M & H%EE CK2 BRI R

- 189 -

ATPIE 2} 10, 20, 40, 80 pmol/L 154 F, W&
AN CK2 P3G PECH 2 1 B N R ). sl fE [
SE ATP (IR EEH9 10 wmol/L. B4R s & IR (1,
2, 4, 8L)FATN, MEEH N CK2 3. &4
FESL RIS 3 AN AT, K% Lineweaver-Burk {E
sk i 2h 112 SR Ky FIEIL V o AL
T 3 £, B 25060 CK2 I 278
110 SFitFE 0

PL SPSS 11.0 AT MGt v 24 F s b B, S0 45
R wes R, ZHTTEEKH one-way ANOVA 73
M, 2L L A Dunnett's ¢ 4556

2 & R

21 FHA CK2 a1 RETE

BEAAN CK2a' 5 B W45 EE /K (14 pmol) i
Glat s EA AN, BA5RR CK2 —3Un ik
5, AT s AR, i 418 (TS A1 TPK (1)
JEEY) Poly(Glu © Tyr)4 © 1 {EEIN, CK2 M35
RARGER 1. 54h, TN CK2 AR 1RGP 52 21 1
FA CK2 R 5771 DRB A6, R e A 3
WEAEL L5 A F, W cAMP, ¢cGMP
FI Ca? M) CK2 Mid A B A (R 2).

Table 1 Recombinant human CK2 holoenzyme activity was assayed under the different
kinds of substrate

Group Substrate CK2 activity /(pmol*min™) % of control
1 Casein 2 g/L (control) 2.99+0.15 100.0
2 Histone (0.5 g/L) 0.34+0.10™ 11.2
3 Poly(Glu : Tyr) (0.4 g/L) 0.05+0.03™ 1.7

“P<0.01 compared with control. n=3 in each group.

Table 2 Effect of six additives on recombinant human CK2 holoenzyme

Group Additives CK2 activity /(pmol*min™) % of control
1 None (control) 2.99+0.15 100.0
2 Heparin (8 mg/L) 1.36+0.13" 45.6
3 DRB (40 pwmol/L) 1.26+0.04™ 422
4 Spermine (2.5 mmol/L) 4.22+0.13" 141.2
5 Ca*"(5 mmol/L) 2.91+0.14 97.2
6 cAMP (10 pmol/L) 3.15+0.09 105.4
7 c¢GMP (10 pmol/L) 2.98+0.18 99.5

" P<<0.01 compared with control. n=3 in each group.
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Fig. 1 Effects of digitoflavone on recombinant CK2 holoenzyme activity
Recombinant human CK2 holoenzyme was treated with the indicated concentrations of (a) TBB, (b) digitoflavone. Enzymatic
assays were carried out as indicated in Materials and methods. Each bar displays the x+s of the percentage of control CK2 activity

from three tubes. "P<<0.05, "P<<0.01 compared with control.
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Fig. 2 Effects of digitoflavone on the growth of HL-60 cells
HL-60 cells were treated for the indicated times with 10 ( A—A),
20(0—07), 40 (A—A) and 80 (m—m) pwmol/L of digitoflavone
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Fig. 3 CK2 avtivity in lysates of HL-60 cells treated with increasing concentrations of TBB and digitoflavone
HL-60 cells were treated for 2 h with the indicated concentrations of (a) TBB, (b) digitoflavone. Lysates were then assayed for CK2
activity, measured towards the specific peptide R;AD,SDs, as described in the Materials and methods section. The activity of control
cells, treated with solvent, was considered to be 100%. The data were obtained from a single experiment repeated at least six times
with similar results. Each bar displays the x+s of the percentage of control CK2 activity from six tubes. **P<C0.01 compared with

control.
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Fig. 4 Effect of digitoflavone on the expression of CK2a,
o' and 3 subunit mRNA
HL-60 cells were treated for 2 h as follows: control (C; lane 2 and lane
5) or 80 wmol/L digitoflavone (df; lane / and lane 4). Cells were lysed
and total cellular RNA were extracted. Each isolated RNA sample
(1 pg) was then subjected to multiplex RT-PCR. Lane / and lane 2 were
the PCR products of B-actin (211 bp), CK2«a' (458 bp) and CK2(
(321bp). Lane 3 (M) was 100~1000 bp DNA marker, but the band of
100 bp can not be showed. Lane 4 and lane 5 were the PCR products of
B-actin, CK2a (501 bp) and CK2B. The arrows indicate the position of

these products.
160 |

120 1

80

% of B-actin
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Fig. 5 Densitometric analysis of CK2«, o' and 3 subunits
multiplex RT-PCR products after treated for 2 h with
digitoflavone
Digitoflavone: 0 wmol/L(Il); 80 wmol/L([]) .

26 MINEHAFFMEBERI CK2 BEE/EA
BI#L

2.6.1 {EA[E ATP WS OLT, s EXTEY
N CK2 APl HI i Bl 50 g 2 3 M. A5 [ 5E 1
FISE . B3 ATP RRIESRAETS, BT O R
X CK2 [MBE) 0 5T. SEie 45 R W (8] 6): 3
iz S ATP 5Pl AN CK2 WG, M
R K, 5354 6.74. 38.89 Al 102.43 wmol/L,
Vo 2350100 28.57. 31.25 Al 28.57 pmol/min, R 4%
XL E AR TH LRI 2L K 0.19 umol/L.

[S]™/(umol/L)™

Fig. 6 Lineweaver-Burk plot for kinetic analysis of
digitoflavone inhibitory effect on recombinant human CK2
holoenzyme
Digitoflavone: 0 pmol/L(A—A); 1 pmol/L(®@—e); 2 wmol/L(m—m).
Casein was at fixed concentration (2 g/L), but ATP was changed at
indicated concentrations. Each value represents the mean of the three

separate experiments.

2.6.2 TEA[FIMSHE RGO N E X AN
CK2 AP/ I i 20 5 %50 B . 76158 ATP 1)
WRE . RIS R B OL T, HEAT B A
CK2 [R5 1 F . SE90 45 R B (K 7): Bl
FHM A A R IR SE S8 E RS B H 4N
CK2 3G M, N R M K, 705 025, 0.88 Fl
1.17 pmol/L, V.. 7+ %l 4 38.46. 1587 il
7.46 pmol/min, AR 1X L8 HOHE VI K 06 2 K
23 0.11 wmol/L.
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Fig. 7 Lineweaver-Burk plot for Kkinetic analysis of
digitoflavone inhibitory effect on recombinant human CK2
holoenzyme
Digitoflavone: 0 pmol/L(A—A); 1 pmol/L(®—e); 2 pmol/L(m—m).
ATP was at fixed concentration (10 wmol/L), but casein was changed at

indicated concentrations. The each value represented the mean of the

three separate experiments.
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WRVETT I R —, R SRR R A W A
(I PR VETT A AR, FRA D38 e 6 DA TR Uy 23R A K
HAEYFIEENELAN CK2a' 1 B W, AR5
W o/ T B I 5 RV A H R E 41N CK2 42
filgto-2, AW R B % e KW, HA N CK2 2l A
HYHRIR CK2 —HUvE i, FeAlT LA AR 4 2t ok
HEAT LA CK2 1 R 43158 R 7 (0 AR S M B . SR
Ji K i 228 B ) %6 F 20N CR2 vk AT J R AR A
G AE LT i 4 i, 3E— 2 0 3% A0 i Py 1)
CK2 #7713 HFEBE ] DL S 25 ) I e 1) 15 H HE
P& 1 Ok P R A, T AR O M Y 48 A R T
YRR

T CK2 W] 7 4 i i = 2 1) A2 BE D e
B N R AR A T B R AL I R B A A
300 AP0S, H RIS AEANWIE N, X2 AR S
AT AT 10X S8R E DNA R #5555, RNA
ITH#E R S5Es). aiEES 1.
e 22 DR 55 09 2 DR U 0 S D TS A, 1 L
AL R MM I HE S 50 T2 RGE )
YRR 0 R, CK2 #iA B i A
DiRe, 7E40 Bty b Ak T ot Hi Az 09,

Y S AE FUAZ AN M BT AN A3k A 545 S g
B EAE R CK2, FH AR FER M / 28 G =
AT A UL R T AE A RO 5) 1) B Wi R Ak 54
FE A0 JR P (1) CK2 0070 I o L e 1 H
1E H 52 2 E . Ruzzene 55U, PUIR -2- A%
IR TBB) g% 5 25 o pm ekl A T 9k B2 40 B (9 1l
J93 Jurkat 40 B PN 1K) CK2 v5PE, 40050 40 B 1) 386 4 O
R4 MR T ARSMBES) o B, TBB I
B2 ATP 2 3a g PEAH] CK2 [ RS, X 5 2
R 5T AR g R R AT $2%, TBB 43 TR KNS
JEARFAN CK2 5 ATP 25 & IE AL, LT 58
FEHIEE T CK2 MIsi/K Pk 48, Mm il CK2 1
TGP, Farah SEAESER I, I =748 5,
6- 5 -1-B-D- PRI A% B % I 0K e (DRB) F1 it i 24
EY T, ¥l g CK2 BLA Il CK2
FE A S iR 5 S X 1 NE-kB H80% . 15 5 45
% & HT-29 F1 HCT-116 20 M W 1= . % 4,
Hessenauer 5P L, 7 38 25 0] {E AR A FE
Ty BAARE O D A 4 i CR2 (R
R TR 2 1 B AT 21 e PC-3 4 . b4
CK2 1k HIV-1 e s 4l n) i e £ R 0 A5, AT
¥ CK2 IHIFIS HIV BRI RESR, 51 A
IR iz FE e,

1AL A2 — i DL RS e, o R e
RIEL) 5%, RGO fEFE. CK2 5k
J L AL S MR R E MR R EY), AR
B, 2Pk P 40 A A Y ) OE H A i, CK2
TEMETE R T 3~5 F5H. Sy Ak, SR RIS RO B A e
) CK2a WA RIS RIA T 330k 8, CK2a
W3 5 U 3 I c-Myce LR IR B AE ps3 ik i ik
BHAFTF, CK2a JE PR I8 T HE 2 Mk Bk
I R 2 2R 2L DRI, FRATTEE B N 4ok 4 i 1 1t
Jo§ HL-60 41 J bk 1F o0 SEIG B RY, 2% 23 4,3 0
gL CK2 [R4mEI7E R .

SRR SRS AN e S W RS R
FARTER, JLAE4N P B TR R MTT ATt 2
O (A RN, TR, DRI A S vk
£ Wy G 45 Gy LA O 40 M B4 S (PRI v i T4
W CK2 W& s ib . WTERE, M B2l i
3 2000 HL-60 4 A 3 58 () 40 ) 4 FH BH S, DALtk
A2 2% Ruzzene S5V Tk, PR I 25 W1E
FHI ] 2 b SRt 22 40 i 4 1) CK2 35 1.

TBB J& H #i CL AN A4 20 LU & 4 il N CK2 ¥
PRI AT AR SR A FH ER R e Pk A ) 7)o, FRAT T A
FRW, EXF AT LN CK2 3 PE 04 F 1
ICs, 154 0.96 pmol/L. Sarno 54 fiff 57 TBB X} 33
Pl 1O I HIE ], &3 TBB U4 CK2 47 HH
SRAEIVE R, Tk At B R R AR A9
B ICAEIVE ] DRB A1 N-(2- 48 £ 3E)-5- 5025 -1- i
[ (A3) 2 H AT A A1) CK2 i) ieoa=20 FefiTLA
FIIWEST & 8120, DRB Al A3 X 41N\ CK2 2 lFf
BRI AIHIER . ICs fH 23 54 10.4 pmol/L Al
25.5 pmol/L, ERIZCRSS T TBB. Kk, ATk $
TBB 1 Ay BH 1 % fe ke 2% 52 i €6 3 50 B4 A CK2
TEE L HL-60 41 A Py CK2 35 E (154 0. A 5256
TSR, 3RO Z B AL N CK2 A 4 3%
R (C=0.86 pmol/L)EL 5% T DRB. A3 FlBH 4 %) 1
TBB.

BATEG 5L 22 FiALE PRSP E LN CK2 42
BTG PEEm, GRE H 11 MR CK2 4 B B4
HER AL G P(5- SR = 2- JREEEER . IR
Pi. 1, 2- CEUAEE. 1, 8- RN, KITEE.
3, 6- . AR LR, K wITH
W, HIC, 43 2224, 081, 6126, 881,
2876, 0.66. 2723, 0.86. 1.88. 2.38. 2.54 wmol/L),
SR e T 8 21 1R X e 4k A W T 1 0L HL-60
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The Study of Digitoflavone for The Inhibition of Protein Kinase
CK2 in HL-60 Cells"

LIN Xiao-Cong", LIU Xin-Guang", RUAN lJie", CHEN Xiao-Wen'?, LIANG Nian-Ci"
(" Institute of Biochemistry and Molecular Biology, Guangdong Medical College, Zhanjiang 524023, China;
? Pediatrics Institute of Shenzhen Children's Hospital, Shenzhen 518026, China)

Abstract Protein kinase CK2 is an attractive target for anti-neoplastic and antiviral drugs and the inhibitors of

CK2 have clinical therapeutic potential. The effect of recombinant human CK2 holoenzyme activity and cellular

CK2 activity by digitoflavone was assayed by detecting incorporation of *P of [y-"P]ATP into the substrate. The

mRNA expression of CK2a, o' and B subunits were detected by multiplex RT-PCR. CK2 kinetic analysis was

carried out by using the Lineweaver-Burk plot. Digitoflavone was shown to inhibit strongly the activity of

recombinant human CK2 holoenzyme in vitro (IC5=0.86 pmol/L) and endogenous CK2 in HL-60 cells, which was

more effective than the positive control 4Br-2-azabenzimidazole (TBB). After being treated for 2 h with

digitoflavone, the mRNA expression of CK2a and o' subunit decreased, while 3 subunit was not changed
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fundamentally. Kinetic studies of digitoflavone on recombinant human CK2 showed that digitoflavone acted as an
inhibitor of competitive with ATP and mixed types with casein. These results indicating that digitoflavone is a

potent endogenous inhibitor of protein kinase CK2.

Key words protein kinase CK2, digitoflavone, HL-60 cells
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