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THE EFFECT OF BENZO(A)PYRENE (BAP) AND MITOMYCIN
C (MMC) ON HELA CELL DIVISION CYCLE

I JYu, CHLim, HY Kim, S H Maeng, Y H Chung
Industrial Toxicology Lahoratory, Industrial Health Institute, Korea
Industrial Safety Corporation,
34-4 Kusan dong, Buk gu, Inchon, 403-120, Korea

Abstract

Recently there has been significant progression in understanding the control
of the cell dividion cycle. To investigate the effect of toxic substance on the
cell cycle, we analyzed the effect of BaP and MMC on synchronized HelLa cells
during the cell cycle. The rate of cell growth was measured by MTT assay. Fifteen
percent of cell growth was decreased by incubating 30 uM BaP for 24 h and 12% by
0.5 uM MMC. To synchronize Hela cells, 10° cells were grown for 1 d and were
treated with 1 mM hydroxyurea (Hu) for 14-16 hour. The arrested cells were
allowed to proceed through their cell cycle by removing Hu and resupplying fresh
medium, The arrested cells in G1/S transition were proceeded to S at 4 h, G2/M at
8 h, G2/M at 8 h, and Gl phase at 12 h after resupplying fresh medium. To assay
the effect of BaP and MMC, treated and untreated cells were harvested at desired
time points, and their amounts of protein were normalized for further assays. The
p34°*? kinase acivity measured by using p34°*? specific peptide was peaked at 8 h
and declined at 12 h. Treatment of 30 M BaP delayed the peak of p34™* kinase
activity to 2-4 h and 0.5 ug/m! of MMC significantly reduced the kinase activity.
The amount of p34°‘icz was not changed either the untreated or BaP and MMC treated
cells during yhe cell cycle. To further study the effect of BaP and MMC on cell
cycle, cyclin B level was assayed by immunoblotting. Cyclin B level was peaked at
8 h in untreated cells corresponding to p34°** activity, bdt peaked at 10-12 h in
BaP treated cells. There was no significant change of cyclin B level in MMC
treated cells. It is suggested that BaP and MMC do not affect synthesis of p34%?

but formation of cyclin B.
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HZ A3 7l Udoz o] Fojste TR SR WA(10-12)H 3 cell
division cycle& ZFshz E3ol e A(13-17)0l we} U2 WL wel= d77} 7143
Holom ol & o]§3 etEUL wekol B ATE WY o] £8H T THIS-20,

YR Cell division cycle Gap phase 1(G1), DNA Haje] s Phase, Gap phase
2(62), W F70e] = ME=R Ee|sh= M phase® U4 9o, Cell division cycl2 M3z
2% W Tl MY F2U 2APYOT JATY AEEN Q7o Anje)s Be T 7}
3 gth2l). P34“E cyclinfol Aslo] A3 Ho cell division cycleg Z3§AlY)
T AR T4 2AEAE WAk ¥ oclinfs A BH Bz QaA oltt.
Cyelin A= S phaseZ7]ol $H4dE o] mitosisFol] B8 ™ cyclin BE G2/M phaseo] o3}

© cyclin®2 e8| A UrH15). P340 3t A= cell division cycle?] ZAA

o

late G137} G2} W+H FAXE welAd G2 Paul Nursee] 8o A A1 35l oo
ts(temperature sensitive) cell cycle mutantol A cell cycle srrestdts mutant7} cde27}
ASIRA cell cycleo] AWSe g Mol Fodrk22-23). @el Waio] slojAel
P34 1l cycling] %ol iy dpe Patrizias 2] Atgh WeelolM e cyclin A 2712
S8 4 marker29] JisA AT Philips2] oncogene® ®4 2] cyclin gene?] a9
(18,19) AFF Tty A7t A=7h B3 Qo0 cell division cycleo] Tyt EEtE2d e
Y AT U A Y NEE 915t AFH I QArk20, 24-27).

Benzo(a)pyrene(BaP)- crude oils, shade oils$} coal tars2} Haba] Sof X0} 9l

oo Relds], ElE kU Mei5e) dmdd dEsgos A’89ch BaP: wWarmk
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A& w S UFHoET WS dodttn RuFEYh AP oS TLVE xR
Qo charcoal, silicaol] &3] XH <= glt}(28). BaPoj] tigt |28 dFLE in vivo
oA BaPZ REH ol H2 k-rasfAAlo] ot BEAHOY, in vivoo] A BaPE Foig
miced] HAPHI wjFAEol N2 HEvfol A c-Ha-Ras protooncogenes] Z7bof tiyt @,
R 7ol citt BaP2] 9%, DNAY ¥dolle] §%S protooncogene, THYAYE 5 HEz2
Hol B3 A271 B3] APZFoth29). Mitomycin C(MMC)= streptomyces caespi tosus®)
gdes Ry UL ¥3Y PAEHoln DNagt dgaog ZAgtsted RAY HEe AA S
T 2oz oA 9lon(30) Aves AlYol o3 Mol e Urhin wadE BaEc
(9).
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2. 7171 & A8

7h MEF 9 Ay
Hela Cell& 100 mm®] Culture disholA] 10% FBS(Fetal Bovine Serum, Gibco), 100
unit/ml 2] penicillin/streptomycin (sigma), 2.2g/1¢] Sodium Bicarbonate (Sigma)o] I3}

H MEM(Minimal Essential Medium, Gibco)uj=] 10ml-& 71313l 37TColA 5% CO& FZsled

B X3lgdc}. Hela Cell L 3 7thog Trypsin/EDTA(Sigam)& A 2]5}od single cell 2 3}
AlehstgTt. Cell division cycle A ¥-& 3}7] 213t 1 oM 2] Hydroxyurea(sigma)& 14-16

AlZt A 2]3}o] Hela cell-& G1/S transition JElE X)X ZC) Cell cycleo] A=W S k3

= hydroxyurea§ A Asla 2L wixE tlA] TIslA cell cycleg F¥Aa)ZHc}l, Cell
division cycleo] t§¥} BaP @ MMC] ¥3}& o}r 7] #13te] BaP @ MMCE= Synchronize®

Ao MBE uixE 7Y o) BA|o] AstPgon, cell division cycleo] HAEE= EQt
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7 AR MEE F5sl] UL | ng/mlE ZASHY p3T? FABAHAY 3t

BAF, cyclin B H49 & £ &35ttt

L}, Flow cytometry A%

Flow cytometric analysist= Buchkovich(31) o] A8¥ #hio= stgrt. 5 x 10° A}
S 334 PBSE AH3lR 0.5 nl2 ZP3isct. MEE 95% ethanol(-20C) = Egtstuln
A3 Jistel 2gstodrt. LBY ME= PBSE MBI 10 ug/mle] T2l RNAase A(sigma)
2} 5 uM®] propidium iodide(sigma)7} X3+l PBSE tir] ®elsim 37TColA 307 H3) ¢

B3t AlZ¢] fluorscenc ZFE= EPICS C system(coul ter electronics)& &A3}gt}.

oh el gy

100 mm culture dish oAl wjI¥t MXE I3 PBSE 33 MM ¥ pH 8.09 lysis
buffer(50 mM Tris - C1(Sigma), 150 mM NaCl(Sigma), 0.02% sodium azide(Sigma), 100 ug/ml
PMSF(sigma), 1% Triton X-100(sigma) 0.1 mio] 591 ¥ Bradford o] o5l ciujalg
BAoIQTE 1142 54 Bio-rad WA Sol 1 nlo] 2 ple] ATujrale TR ¥
595 nmolld FREE FFsHATh MTujPGAL olF AL siste AL | mg/mlE

Z%stglct.

2}, MIT Assay (Cell viability test)

BaP gl MMColl 2]3F MIEe] 43 9 MEoje] F¥S FAsY] U8l MIT assay WHS
AAlstadet, Mol uEZcealol U &AL Succinate-dehydrogenaseol] 2|3} MTT(3-(4,5-
dimethyl thiazol-2-y1)2,5-diphenyl tetrazolium bromide):= formazan® & Wl Alxe]

8%l MEAY MEJF o9 formazand] MAo] ZolEAH HrH32). MEe Edsg

— 6 —



B3hs YYo= H-thynidine uptakeo] YibHoE ALRHT QI ©, MIT assay:= &
HAULE AHESHA] ghethe Aol dlo] BUA Algo] Jhssix| e AEdely 54
VLAY FAZE A dr20lN HZ wo] ALHI I ot 96 well?] micro
platec] Hela Cell 5x10' cells/0.1 ml g 2} ‘=2 BaP 9 MMC} Zro] 7}3t ¥ 5 ng/nl 2
ZAZE MIT 10 ul & 4213 5 7hsto] MIT7 Ml Zuje X o o3 Formazan® 2 HIlx &
¥ F 100 ul®] 0.0IN HClo] X3 10% SDSE) O S Formazang o] UV spectrophotometer
£ FX=E FFstYcrh Formazan®E HY MITE APZAo|A 550nmol 610nmol| A
=8 BSol dolston] ¥ Aol 560molN FREES SHstd Axe) A EREE
& 533t

o, P34%? Fao] N 23

P B WG Js] 9Ishel ADAQHATPPKKKRKVEDPKDFS] ofm]i-t widlg 7F2l &
el 28 o183t ["P0i7} p3d™® Ho| Wefol=ol Attt AL o] Lstelrh3s). |
mg/ml 2 ZFH AR 5 ulE p34™ Fol71- 1 aM, ATP 0.1 mMo] EUH pH 7.49] p34%<
buffer (20 mM Tris « HCl(sigma), 10 mM MgClz(sigma), 1 mM EGTA(sigma), 1 mM DIT(sigma))
2 330w A wE F 37CoN 2087 WA AL} uge AlZE2 100 M) [y
-¥P]-ATP (1000-3000 cpn/pmol, Amersham corp.)E 7bsted  Alzbslodch 100 mg/mle)
BSA(sigma) 5 pl2} 80%2] Trichloroacetic acid(sigma) 5 ul& 7}sled W18 Z2xA|# 1.5
cm x 1.5 cm®] p81 oj=]oj] 10 uie) H1-gA-& J}5lal 5% phosphoric acid(sigma) @ 3% A%

3k ¥ scintillation counter® cpng 339t
8. A7]9% @ Immunoblotting(34)

10 uge] =" ¥¥F p3™, cyclin A, cyclin B &g M $)sho] 10%2] SDS

polyacrylamide gel® H7|¥%3}a nitrocelluloseo] transfer &}oic} nitrocel lulose:=
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3% BSA/PBSE 7}8to] block 3} anti p34™* antibody (G6, 1/2000), anti cyclin A
antibody(oncogene, 10 ug/ml)¥E+= anti cyclin B antibody (oncogene, 10 pg/ml )& 247 %
ot A e|dtdct. Primary antibody7} Z¥¥ nitrocellulose paper:= TN buffer (50 mM Tris
-Cl(pH 7.5), 150 mM sodium cholride)® A|X%t 3 alkaline phosphate’} X8
anti-rabbit IgG i anti-mouse [gGE 2A|Zt A E|3}5L TN beffer R pH 9.52] alkaline
phosphate buffer(100 mM Tris-Cl, 100 oM sodium chloride, 5 wmwM magnesium
chloride(sigma) )2 3%t ¥ alkaline phosphate buffere] NBT(Sigma)$%} BCIP(Sigma)Z}zt

330 ug/ml, 165 pg/mlE& Zt2zt 71381 nitrocellulose paperg ‘UAA|HA A3t



1. 4

1. Flow cytometry A%

HeLla M X+ hydroxyurea® A 2]3}o] Gl phaseo] cell division cycleg Fx|A|Z o0
hydroxyurea& M A3t A 2-E 8ix|E tv}A] 715k cell cycle® AA|zt}. Synchronize
Hx] 92 AMXE Glo] 53.55, Sy} 16.5%, G2/Mo] 24.9%= FAE|giom(Fig. 1 A),
Hydroxyurea& 14-16A12t A 2]dle] cell cycled BA|AIZ MELE Glo] 70%, S’} 13.3%,
G2/Mo] 12.3%2ltH(Fig. 1 B). Hydroxyurea® A7 ¥ 4A17te] MEL S phase o] 2so] §
A3t Glo] 18.8%, S7} 54.4%, G2/Mo] 21.3%2 FE NS H(Fig. 1 C), 843 Fojl= Glo]
23.35, S7} 5.7% G2/Mo] 57.8%Q1 MX E 7|2 A3tATHFig. 1 D). 12417 Fol= Glo]
63.3%, S7} 5.7%, G2/Mo] 24.9%2 thR-Eo] ME7} Gl phaseo] QY Om(Fig. 1 E), 164]32

o] HEERXE Glo] 74.5%, S7} 7.6%, G2/Me] 10.7%Ft}(Fig. 1 F).
2. MIT assay(Cell viability test)

MIT ol o3 M2 43 9 Ao oigt ME2AL 737 §lste] MIT @ 4| Zoj
2|3 W3R formazang 300 nmofM 700 nno] HelolN FHEE HFY A ARRAAA
550 rmoll 4 610 nuold FBES] 44 BATH figure 2). MITE BaP 0 MicE] AT o]
Uy H3E SIY AH T 2442 oluolbE R AE Holx| ¢kgtoni(data
not shown) 24|12t o] dX Al s H|H|H L2 Formazan®] M4-& Astgt}. BaPE 7.5uM
ol X 480 pM7EA] AlE BBty A2t Az} 2447, 48A17, T2A|7bolA] HAarZo] st
30uM BaPA| 2] 2ol 2tz} 15%, 18%, 45% jA|stg o, 480 M A2 MXEY g&o] A
UERA] QEQITHFig. 3). MMCE 0.125 pg/mlolA 8 pg/ml7hxl Al Mo A zlstadct

0.5 ug/ml 2] MMCE 241]3F, 48212, 72212 NelA] Ztz} 12%, 33%, 48%2] &S Rdct, 2

- 9-



ug/ml 2] MMC A 2] Ajofl= Hela cell®] M RXAdAlo] ARl on § lg/ml X 2]A] = Formazan®]

A8& AL AT (Fig. 4)
3. AEEEe] duFg #%

Synchronize® Hela cell2 ¥n|Z FUEZ MNZEYF AelE BHY £ dch. ZAHE
o4l Hydroxyurea® Gl phase2 FA|Al7] Aelojrs BdZel MES BUY 2 ggon.
(Fig 5 A) hydroxyurea A7 ¥ 4x|3tolx BEAEA HEJ 7.7% DHFQCHFig 5 B).
cell cycle X® F 8x|3tojA] 52.8%2] £-EFU MEJ BU= g oni(Fig. 5 C), 104]3o]
Ae 293U A=7 ztaste 17% Heth(fig. 5 D). 30 M BaP Ha|Zo i 44] 7o) A
7.0%(fig 6 B), 8A|Ztoll A 38.0%(fig. 6 C), 10A17tolM 26 9%2] BdZal Xy} BAFEY
CHfig. 6 D). MIC 0.5 ug/ml MelFo) e £85U HES} 42|l 3.5%(fig. 7 B), 8A]
ol A 0.7%(fig. 7C), 10A1Zt Foll= 2%(fig. 7 D)7} WHE | AJYA| 2o Edzol AX

E A BHY 4 ¢l
4. P34 Kinase A &3

Hydroxyurea& *|2|sto] cell division cycle® Gl phaseo] H=|AlZ] HeLa M|E:
p34““inase®] B’do] 7}a Wgtonl (368 cpm) cell division cycleo] Z18iiof ozl YA
o] 3718t} G2/M phaseq] 8A|ZtolM 71 &2 V(1948 cpn)e RATH p3dAinase:
cell cycleo] XPgofl whel Hdo] ZtAsto] 12-16 h AlojollA 7h3t ¥Ajo] wiglr zad
p34*? kinase activityt 16 h o] ¥ tiA] Z7}stAch(Fig. 8).

30 wMe] BaPAe] ¥ p34™? kinase activity& &3 ¥ A3} BaP: 8|7t p3qe?
kinase activity7} B Rl Wokou} 813t o] ¥ FHFL P34 “kinase?] ¥Ao| 7tAs}

Aot BaP A2 oM p3d™“kinases] ol F7HstAAt. 0.5 pg/mle] wicE B

ox

2ol

Blsted A FAA 2ol p3a“kinase?] HAo] HoItHFig. 9, table 1).



Table 1. The effect of BaP and MMC on p34°**? activity

GROUP TIME( hour)

0 1 2 4 8 12
Normal 510 518 528 785 1638 902
BaP 510 505 ND 792 1320 1433
MMC 510 403 363 476 812 624

5. p34““kinase, cyclin A, cyclin B chifzlake] 4

BaP B MMCH2loll % p34“Pkinases] ¥4 W3S fele YUsts] $istod p3es?
cyelin A, Bl cyclin B8] ©h¥2k2 western blotting o2 &gsidct. 7 Azl p3ge
IHALE cell cycle A DANM UFstdom BaP T MIC Helo] BT p3a™
kinase gwhilzleke w3}z UTtHFig. 10). Cyclin AE S phase X7lo] Ueph}
P34 kinasest FYTTIT Poix olk YALolth Yol oyclin AS 23Y = ol
CHdata not shown). Cyclin B late Gl phaseollA] 3§44 %)) X]2tsted G2/M phaseol ] |ty
7b =m0l ¥ ZaiEol gloldrin Ul @Az 2 ol BabHel gzl
synchronize¥ 4|zt Uehts] xlatsled galztelM Hcthrl Ho o] ¥ tasied 1247
Folle vhal BAHA Ugith BaPHelE ol M 422 ol FHE UrlbA 10417715 27t

sto] ol F Za3tglch MMC A el olNE Cyclin BE By = et

-1 -




Fig.

i.

FACS analysis of Hela cells synchronized with 1 oM Hydroxyurea
and alloved to proceed their cell cycle by resupplying fresh
mediumd, Samples were collected every 4 h and processed for FACS
analysis,

Al asynchronous Hela cells

R: 0 h after release of hydroxy urea
C: 4 h after release of hydroxy urea
D: 8 h after release of hydroxy uren
E: 12 h after release of hydroxy urea
F: 16 h after release of hydroxy urca
open trianglie: 2 N INA content

closed triangle: 4 N INA content

- 12 -



Optical density

400 500 600 /00

Rave length (nm)

Fig. 2, MIT and formazan absorption spectra.
MIT was obtained adding MIT in MEM medium and formazan was
obtained treating MIT in MEM medium containing 1 x 10° HelA
cells. Optical density was measured adding 10% SOS containing
0.01 N HCI

Al 0.25 mg/ml MTT

B: Formazan #1
C: Formazan #2

- 13~
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Fig. 3. The effect of benzo( Jpyrene on viability of HelLa cells
by MTT assay

m Control group
A 7.5 M of Benzo( gpyrene

4 30 M of Benzo( o)pyrene
v 120 ;M of Benzo( dpyrene

® 480 (M of Benzo( o)pyrene
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Fig. 4. The effect of mitomycin C on viability of HelLa cells
by MTT assay

® Control group

A 0.125 ;g/ml of mitomycin C
¢ 0.5 4g/ml of mitomycin C

v 2 ,g/ml of mitomycin C

® B ,g/ml of mitomycin C



Fig. b.

The picture of Hela cells synchronized with hydroxyurea and
alloved to proceed their cell cycle by resupplying fresh medium,
(x100)

A 0 h after resupplying fresh medium
B: 4 h after resupplying fresh medium
C: 8 h after resupplying fresh medium
i 10 h after resupplying fresh medium



Fig. 6. The picture of Hela cells synchronized with hydroxyurea and
allowed to proceed their cell cycle by resupplying fresh medium
and treating with 30 uM BaP. (x100) ’

A 0 h after resupplying fresh medium
B: 4 h after resupplying fresh medium
C: 8 h after resupplying fresh medium

D: 10 h after resupplying fresh medium

o
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Fig. 8. p34°® activity of HelLa cells synchronized with

hydroxyurea and allowed to proceed their cell
cycle by resupplying fresh medium.
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Fig. 9. The effect of benzo( gpyrene and mitomycin C
on p34 °¥? activity

@ Control group

A 30 uM of benzo( o)pyrene
| 05 Mg/ml of Mitomyecin C
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Fig. 10. The effect of benzo(a)pyrens and mitomycin C on the synthesis
of pidcde2 protein of synchronized Hela cells by westera blotting
analysis. (1: O hre, 20 0.5 he, 3: 1 hr, 40 2 hr, 5: 4 hr, 6: 8 hr,
7. 12 hr, 8 214 hr after restacting cell cycle)

‘Al Control group

B: 30 1M of benzola)pyrene
C: 0.5 pg/ml of mitomycin C



Fig.

1L

B

s

The effect of benzo(u)pyrene and mitomycin C on the synthesis

of cyclin B protein of synchronized Hel.a cells by western blotting
analysis (1: 0 hr, 2: 4 b, 30 6 b, 4: 8 he, 50 10 hr, 6: 12 hr
7: 12 hr after restarting cell cycle)

A: Control group

B: 30 1M of benzo(g)pyrene
C: 0.5 pg/ml of mitomycin C

- 2] -



v, = %

22 BT WEE ThY w4 H =AM (protooncogene) I 8Ht-8 8 A} tumor su
pressor gene)7t WAE N, tlEo] AT e} Aol }A 22% cell division cycl
eo HFojsle FAA W I AYEAE "ol YAl & d3= Mz Edo)] gue =
of h& WA E HUE otk 712 Agos 229 SATY Q g3ty AEsY
& ol 8t WdEde] wWed ¥ @ 2 J1Ae oAl stk ojn] AW wetE
ol ol AIE gl Exl4EolM Edol wel ti2A 71l 4 g E5I Uus AL ue
7he 22 olg HUEHo| oyt Wy B el lulgict s5lc).

£ dyollA BaP Y MMCO| cell division cycle ZAoj iyt d3e AFsl7] Y5t &
# hydroxyurea& ©]-83}o] Hela cell synchronize3l@t}. FACS analysis o) 23] hyd
roxyurea® synchronize® Hela cell 4A12t ¥ S phase, 8A]Zt ¥ G2/M phase® 2 3i3}od
12-16A]12t ¥ t}A] Gl phase® AP & 4= 9lgdt}. BaP W MMCE 24413t A & dto] MIT
YHOE HEZL S FFA AZYZAA I} vl $20]ddW 2] HE 30 M, 0.5
g/mlo] AT} wiehry ofof ch¥} cell cycle MBS sttt Wm|R Wy, p3a™ Yol &3
. PR R cyclin BE] MW FY A3} BaPe AEe] HEg A dAHAon M
MCE MIZe] FdE& oA start.

Cyclin p34“o} A3l pdd™s B3 Al7l& WAL cyclin A%} cyclin B7} Q)
Tl Cyclin A= S phaseZ 7ol ¥4 =™ cyclin B& S phase ¥ut2of A7) A=t G2
/M phaseoll A 713 wo] 3dEl: Ros dc)

2 AYolA BaPol ¥ HIEZEGE] ZhaE cyclin B YAo] xdFo] MY o]
A3t} p34”? kinaseo] BEB}7t HAMEo] wisted 2-44 7 XAW Rol QT = A
HollAl BaPoll 2J%F cyclin B ¥4A]AL Radiation® ©] €5t cyclin A Q@ cyclin BE] A4

& MY Y Muschel 53} FAY A& Uehin, in vitroolq BaPoll 2j¥F whid e



H4E MUY 239 BaPol thy A¥ A Y|Pl MMCE cyclin BS] 48 Shals] kst
t 22E Holn ujelr P34cdc? kinased] ¥HE VA3 AsiHE AL Vel

Cell division cycleg o]-&% B¥EA H7l= o137 radiationo] &% B Lol ulo)
UEHI QA dARt A AT ENATE AT A= YEH AT T2 cell d
ivision cycleZ A|X] 4ol F2Y H8E st HYFFo] 23] Y& Wo| e gl

AFHEBE olo] ot HUEYY Y dFse AL WRsickn QW)



V. 22 4 8%

E o p3gePe] YA L o] &8} Benzo(a)pyrene I Mitomycin C&] cell divisio
n cycleo] cigt 38k A3} 2A} hydroxyuread 2|3} Hela cell& Synchronize A 9]"’
p34™? g4, w P34°d°2—4 A48, cyclin®] Y 5& FA3A e} ¥L AAE ¢
t}.

1. BaP G MMC= 2441 A 2lA] 30 iM =} 0.5 pug/ml ol 242} 15%, 12%2] MEEHES
ZL&AZ o, MCE 0.8 ug/mloflA] 2 HESEE LehfAdch

2. p34%9C] YA ZAY ZA FAFH AU Hela cell cell cycleo] Ao whe} p34™
o] o] Z7tstel 8AIZIGIM HTIE o] FH o]F Yido| ztASIL} 30 1M BaP A2
A 8A1ZF o] Fol| = p34*Pe] WAdo| FASIA| Y FAHM 0.5 ug/ml MCE A
Zoll ulsle] p34=Pe] ¥HE A ATh

3. p34™% ] 2 cell cycleol HAglol UA3IH BaP W MY Helo] A=
Mg Holx] fstrt.

4. Cyclin B gh8A.& FA MEoJM cell cycle X3 4417t o] F5E] g o] Lehts]
Al z}sto] 8AIZtol A Hoirt Em o] F E3lso| glojch BaP 30 iM Az MRZojA
£ 8A|Zt o] Fo % cyclin B7} E3MEA] ¢kot 10412l A cyclin B2] o] X tirt
™ 7 ¥ cyclin B7} ZH431gth 0.5 ug/ml ] MMC A 2] oA+ cyclin B7 BEE X
ekl

5. ¥ulZ TUA BHAMEE 8A TN £EFU ME7L Hcoh(52.8%) o0 1047 o F

o= ZtA3ISTH(17%). BaP 30 uM Fojxl& 8A|Ztoll A 38%, 10A1ZtollA 26.9%2 A
Edo] th4 AdxEE AL Bycrh 0.5 ug/ml MC M| 2ol EdZQ NEE
THY + YATHBAIZE 0.7%, 10X 2%).

-
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6. o|42] 73} BaP W MMCE cyclin B] §/defl 43& Fof cell division cycle?] 3
382 w35l BEny, {3) BaPi Cyclin Be] 344 W 238 x| QXA AEZEES
ZaAFe Aog nictHAT], MMCE cyclin B2 ¥/do] 48 Fo] cell division cy
cle® ¥h3l= Ao sigheic,
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