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DNA As)surglol 2@ MEolre DNATAY dAe F7hA9 F88 8900 g ez 5
Z25n Ak A, AEE G438 HE3G 2 Fol o Ao 2K, DNAZAMA (initation) =
AL el A wf$ Wds 24dE wn gleng sy olalel e Asjel olate 4A AAlH
o] gzt dEe)Ee £ FolEA Ha AstH ez DNAFAEl Astdcks Aol (Painter
ard Young, 1976: Painter, 1977). "%, DNAAS|Z}E olo] BA71 /A BATLAY] FgE o
At DNA A& Asteid= Aelt) (Edenberg, 1976 Hamawalt et at., 1979).

e DNA Asfoll o3 BAlx e gol oAxse dadol UAAJY e FFHAA dat
o W =30] o] ttd(Friedberg, 1985). & Buhl% (1972) % Fujiwara (1975), Lehmann
(1975) 52 LREE AEE A2 A dgdA Fleja|d ol Fd YANSoiX HAx=el
ol AXEThL F45Y e,  Edenberg (1976) = Hela AlX oA fiber 27IWAPHO R &
AXE *H-guder EA" DNA 279 =75 ZAbshe] Fejud ol A7t A ¢ X
A BAxazy AAEcga 2ok 218y Doniger(1978) ¥ Chinese hamster A AJ7He]
A A Ao Holg FHste, HAxAe o] FEnd o#HAE At HAH &
Lg dygdoy Bt en Dahled (1980) @ Meneghini®t Mello-Filho (1983) & E-A|lx =2
Hago] Fgju|l o) gal A AN AR FE ARzt T
3+ DNA Zsl#2dE sty DNA Aol A=yt olfdh Az azte AlRte] el ub
raste] A Azto]l Astd DNA FAd&0l 2y #F o|2ZA Hh Cleaver ¥ (1983)
DNA EAAAL 3 Erw £ AXY g S5 =7|oF A E5gAe] ez gAE
g FHstATh & HASEFHO| & HEXE HAZBFHol v Ao vt DNAS §
o] oAld F w27 BT AdHer ze AV HEa S A AlEs & 2o HE
TZ 7H Az R 9 =37]9] DNAY SAVRAIR7 wol 3 ¥o] 2&stA ety s
o},
a8y & FHoRE DNA 489 82 MZE 54713 (replication orgin) &AMl 7]
Qigteh= 7Hdo] Meneghini # Mello-Filho (1983) 9l &3l A7 = Uct o] vl 93H DNA
ol AdAse W32 BAXAZt geRelolM dAAe g HAEPI] wiZel Aot Ao 1
£ HEL N2 BALEY AMRO = Qlsle] o Fojziti= Aot

mp2ba B Aol M= MMSol osted fitd HAlx el o] AAlEe o] dAIHIA 9
TAAA e diste] dotH T DNA A& 3|5 Hostes ald tisle golrux} 3t
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1. 49AE 2 AT

2& d¥dlE Chinese hamster ovary (CHO-K1) M¥E Al2&lglch wjopoye Eagle’s minimum
essential medium (GIBCO : Grand Island Biological Co., Grand Island, N.Y.) ol 10% 42} (G
[BCO) # FAE R AL G (100units/ml) o 2EJEotoldl (100 ,4) S H7bsbe] ALGSIA ), vl oo
10mM 2| Hepes buffer (Sigma Chemical Co., St. Louis, Missouri) % 7.5% T84 YEFO 2 934
APpHE 7.2-7.4% §ANAY. MEE 5% Wi7t2st FFEE 37T Fevlold MES  wa deigl,
0.05% trypsin-EDTA (disodium ethylene diamine tetra acetate : Sigma) 8N 02 2 — 3% ojc} A ohuy
FatArh
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2. MMS ¢ Azl

methy] methanesulfonate (MMS : Eastman Kodak Ltd.)> 24t &% 2194  (phosphate buffered
saline : PBS) & 8|4t ) (IM)& wH F AL Xalalr] 2ol Hagh gz #Ao| Sojdx &
iFy oz gl Msatal 1Az B Helshdh

3. DNA #4829 &%

HEE Iml2 0.01.Ci9 "* C-EvY (specific activity, 50-60mCi/ml Amersham International
Ltd., Amersham, U. K.)o| Eo{3le vl¥Yolir 2 -3UzF v st & MMSE Aelslal Iml% 5uCi® *H
—Eln|do] ¥3E Aol A 3083 wdslH) ol g MEE WAFso g EAHY 1A o By (100 ug/
ml) o] SolUe U4 & Ads2 3 HEHE T SSC (0.15M sodium chloride, 0.015M sodium citrate)

£AE g FASES FAS AEE 0. 5MFAts YEE 8907 3083 817 3 4T
2 YZtAFZ) 4% Trichloroaceticacid (TCA) &4 &Fu E<¢t Hasld . DNAY Whatman
GF/A glass filter (W&R Balston Ltd., Engjand) & A3l A3, DNAZF %38 o3}x
2 ZA%ANZ ¥ Scintillation cocktail (PPO 4g, POPOP 0.1g, Toluene 1L)-S 8ml¥ B

scintillation® e ¥ liquid scintillation spectrometer (Packard Instrument Co.)& ©]§3}a]

A} Qe dol A& *H/ M C WAFsde ¥E 43l DNA §HA8S At
4. gz AGEFeTE 294 Ee
1). %9 &y

DNA EA A male MMS ) 938 437 98t F 712 W& A8stdrt 35, DNA 3483 9
A3k Az A F AFA FEEE DNA Y P38 S337] 98t chase-pulse ¥ (Buhl et al., 1973:
Edenberg, 1776)& AH&-3tT. 5 MEE mlF 0.01uCid) YC-Hndoz 2 - 3UzF 2142 & MMS
Z Aelstn A4 vigdel A st At B WIUR £ 1Iml W 10.Ci9 PH-Eodo g 1083 ¥4t 5
A, MMSel &gt DNA 843712t Foll Ajzo] rEolz DNAS ¥slEg zAE7] el SH- v #2)

o183 pulse-chase'¥¥ & AH-8HATE & AEE 2-3Uz M C-En[Ho R va] §2)81 MMS &
g A5 SH-gudoz FA3 9 abse] gl BElY (50pM o S AR (104M) 0l Tol A wl
do 7 fate AIREESH vl st o) (Rupp and Howard —Flanders, 1968 : Park and Cleaver, 1979). ©]
gol wgo g RE Myt B AEES 4T ¥4A2 SSC 922 33 AR £ A9, 1,200
rpm 2 0¥ A4 FeIstd SSC &AL MAZ H 0.5ml ol PBSZ et g ghElch

2). 47 A 2A4Ee

Qe AFeeu] 294Ee A9E Cleaver (1974) 9 'S ozt ©¥slo] 3% h vle) #u)g 36
ml 9 5~20% ARFmae] Sl ALES T3 DNAAY @& F04717] Slata dzde] Sa189  (0.5M
NaOH, 0.02M Na.EDTA) & 0.5ml-& 9ol 4 Al7b St 8aiA12] 3= SW28 rotor® AME 25.000rom 22 ¢
AIZHEQE AAlEE 0}"1 DNAE 3 AZh o3 4lite el U}Li"ﬂ g Fol Aol W FIg o
Atk olE Fdol Hof 2w *HA M CR A Ut DNAELS Whatman GF/A glass filter & AHest
FHSGA. liquid scintillation spectrometer & AH&ate] oo Fo} Q= *He} 4 C2 WAVSS =45}
At DNAS F3 HatBa 3 S B9 kg g=2loll oA sk AlAlsi g,
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Mw=XCiXMi/2.Ci. Mh=3Ci/>(Ci/Mi)

Ci iR F2) o] WARs
Mi iR 8o Rapar
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Fig. 1. The rate of DNA synthesis in CHO-K1 cells treated with various concentrations of
MMS. Each point represents the mean of four determinants in two experiments.
The rate of DNA synthesis is the amount of incorporated * H-thymidine relative to
the total amount of ' C-thymidine.
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Fig. 2. The change of DNA synthesis rate with the lapses of time after treatment of MMS.
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Steady-state distribution of nascent DNA molecules in CHO-K1 cells pulse-labeled
with ® H-thymidine after treatment with various concentrations of MMS. The direc-
tion of sedimentation is from left to right. Data were normalized to a constant

number of cells applied to gradients.
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A, 2mM o139 FER AHesHs Aol 2R T A Ald vatd 84 F3lE Ua e
wola Qlt} ol #3t P2 pE F {9 ] DNA g3l Aol X - HE& ZAREL DNA
d&s £33 73)‘]’ (Painter and Young, 1976: Cleaver et al. 1983 Young and Painter.

1988) A= A A3 ¥ oolAnzRE W& FEEE ImM olE7l B FLEe 47 2mM ol
o] At s s}a-m
Fig. 2% 428AE Aed & Azel me DNA @480 8% 242 el 2oz ve b
O

L AEtel 12wk A Hlghe] we] s Hu= S B EE MMS A & 3089
M TAIRE Apojell A 7Hg e DNA $H438& VERHRRL ©]% DNA 488 Hak 355 2 -
4 A7 Foll= gy ol Ei,

oe} FEe] MMSE A2jsh Aol A Al go] 49 DNA ¥atol A7l x5 £AS 23 Fig. 3
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ZHo] DNA 45 AR oAAeld HFejgol 2o *H-Egulde fo] A¥Ao g A= UA
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Fig. 4. Changes of steady-state distribution of nascent DNA in CHO-K1 cells pulse-labeled
various times after treatment of ImM MMS.
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Fig. 4% Fig 5% 212} ImM3} 2mMe] MMS & Azlstar AAGA A3 F 4£3HE A5 A2
o] &= DNA ¥Aeo| ¥¥ 48 g#el AFdesrdnl 2948y on A% o) ImM
MMS Azje] 2% dlEFdE 27 (4.33x1072E) ©l3le] 22 DNA #AE9] 48 3. 542
A Folx AdAlHE PFE Heola ou #EeE Av|Rt & DAN EAES AT 0.54
It AR S 3.5A1RF AR Felm F 8sbh Qddh shH 21HA o] F o] B ol vEhs 11x
107 GERTE 22 DNA 450 Algte] Zagol wpet A zhAshs Ror Kol ol ¥aE
Lo| BAE A%sle] Wt & DNA 22 A#HASS & = Aok wrd MMS @l AZl2 DNA
B AN AZE A7)0 A& @43 AR PRtk 5 x107 28 ol4e]l Arkd DNARAEO]
AIZd Aol e BFetn Alg EAshs AE AYE 4 U 9 (Fie. 4). wekA] o] d3+= D
NA® BAAAZ MMS Aol oste] 4713kl AA ghdsl dAlg ol opiet 3+ nig A7H
Astetan #4E £ Ao 2mM MMS Aol A9 (Fie. 5), 5X1072E o3  A719
DNA ®a5ol o] MMS A& 3 4 AR T AdAEdrE =3 1 1x107 2 A7) o)ske] &
2 DNA E2H5E9] %o| 308 Ax 5 323 Zristgloizb Alztel Amghe] e} ZASRR 5 X
107 9E A =v]2) DNA #AE0] Zrbstdrh oli: ol gad-e e A X HA7)
A (replic-ation orgin) ©1912] FolM% Har} Al2tEd7) w&Fo] opdzl A=)
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Fig. 5. Changes of steady-state distribution of nascent DNA in CHO-K1 cells pulse-labeled
various times after treatment of 2mM MMS.
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Table 1 2 MMSE 1mM# 2mM& AHealdt F AREEwo) W& DNA A&7 5x107 9% o4
9] DNA BAEA dojd 4id DNA 482 vehlar 2tk o] TableollAl DNA §Hd80] Al
ol Aol wat Hak FBPEe 4 4 Ao 5x107EE o449 DNA EArEolAe] ARl
DNA #4&° ImM MMS HaZollMe F3 S74Eu 2mM MMS A2 ZolAle 28l 714ES
4 Ao o] AAe 5L FEQ 2mMe MMS E Hag 4% 4 A A8 & A dxd 55
S DNA 480l slEse e B2y 5x1072E ol5t9) DNA BAE2 4% Zyle 79l
d 2AAde Az

MMS & A2jg 3o AfRo] FAHE DNA #x9 Walg dolnr] st pulse-chase WH L
AHESEATE & MMS & AHelslir *H-gujdo s 1087 £F A3 3 A4 ulgodol A o Al
Ao wiekste] A E DNA 229 A4 F4S 4] AdseTu z94Pagon BA
skt

Fie. 63 Fig. 7 MMSE 712} ImM 3} 2mM2 H2l8l9S 499 datoltt, MMSE 24
o BARYe s #29 DNA #2b9] =715 Algtol Zatsghol wal Ha At C-ElujHe
2 XA% 2 (parental) DNA 719} 1A =AUt

Table2 % Fig, 63 Fig. 79 Asolq AR oz 45} g DNA Babe) £ 44
2abge] WalE UEhglc) ol Tableold M wloh o] &7EAE DNA ¥Abe] 43mis |

mM MMS & A2ld oAy dlamyst Ao wikstg o 2mM MMS & M 4$de tzs
o wlate] 2w 2 oz vERd ool Anbs MMSol ofaf frEtd AAE 2 DNAJ) 74
AL = MEAME AR 5T DNA RAo] A4 v sxw A 49 Ao Ao
2 dojur], we Fu A ASAML ozt AN sl A9 PAHew Aot A

Table 1. The rate of DNA synthesis in CHO-K1 cells treated with MMS.

Dose(mM) Time(hr) Specific activity* Relative activity**
0.0 100.0 60.6
0.5 55.3 65.7
1.0 1.0 62.3 77.3
2.5 87.1 76.7
3.5 101.3 80.9
0.0 100.0 61.7
0.5 39.0 61.7
2.0 1.0 37.0 53.2
2.0 63.0 51.5
4.0 96.1 46.3
*

The rate of DNA synthesis is expressed as specific activity.

Specific activity = £? H-cpm/Z'* C-cpm

Relative activity indicates a partial rate of DNA synthesis occurred in nascent DNA
molecules, particularly, larger than 5x107? daltons.

%k
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Fig. 6. The growth patterns of nascent DNA in CHO-K1 cells incubated in fresh medium
after treatment of 1mM MMS followed by pubse-labeling. '*C control indicates
the distribution of parental DNA of control group in this and other figures.
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Fig. 7. The growth patterns of nascent DNA in CHOK1 cells incubated in fresh medium
after treatment of 2mM MMS followed by pulse-labeling.
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Table 2. Changes of Mw in CHO-K1 cells treated with MMS and subsequently allowed to
grow in fresh medium after pulse-labeling with * H-TdR.

Dose(mM) Time(hr) Mw(x10* d) % of control
0 (control)* 0.0 2.17 100

0 0.0 1.10 51.2

0 0.16 1.19 54.8

0 0.5 1.41 65.0

0 1.0 1.49 68.7

0 2.0 1.82 83.9
1.0 0.0 0.74 34.1
1.0 0.5 1.11 51.2
1.0 1.0 1.66 76.5
1.0 2.0 2.00 92.2
1.0 4.0 2.15 99.1
2.0 0.0 1.06 48.8
2.0 0.5 1.08 49.8
2.0 1.0 1.24 57.1
2.0 2.0 1.71 78.8
2.0 4.0 1.82 83.9

* Weight average molecular weight(Mw) of control group was calculated from the radioac-
tivity of '* C-TdR with which parental DNA strands were fully prelabeled for 24-48 hrs.

S HAFT ok F ZEA sE7] o] EAFS vAFT glon, ol gE dAFrEe HAns
dxatgd et (Lehmann, 1972 Park and Clebver. 1979},

¥HEE AXA DNA BAl= DNA 4slel o3 deigelz AT 1eu} DNA EAe ¢
0oz g Ze) el dojudr] ajfol E-AE A (replication fork) 9l DNA sl 23 DNA®
AAA 712 olof HE G Wil dlv B2 Hest doh(Friedbers. 1985).

Cleavers (1983) 2 HA B3 dE)F 7715 DNAQ 2AAA 2 32y A7A|# durd
Q AES FEIUY F AME AR F 1 AIRE Bkl DNA A A& dZeEd 3

T Aalash kel Aol AEEFF A8 7 A Aol DNAS BA Az 2 A s n
R s T°ﬂ~- DNA*}Ql AAE A, =8 DNAAY] Aae gAshe Axe AF
& AX ZABIHEE ZF DNAA A2l A7t dEse e HAE T30 & 42t A

Az FEol v Aﬂio“ Hsted w27 slEfn oo Fe =719 A 7 A2}
2 379 Y=L M MERD $9=7e DNAD # TS /MARY7} gol 3lHo] Al43)
A APerin F2sT)
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gy Hxe] A4 EsEe] DNA $489 8ol 4SS A= B3 (Mavne. 1984 : Ve-
ntura et al. 1987 ol BFEa & £ Al Axelr Felnd olFAe] AA AN ZAE
6 AIZF Welle Ao doldxl ghgkon 48A1zte] A3 Follx A3 AAHA FAvhe B (E-
hmann et.al. 1978 2 ©ulFo] 2 o M-S ¥35 DNA AiF29& AHel@ A 147t
AR THY Jehtes DNA 489 3y FAFE o 498 4 gt

HT o] zpolE Muslrl st DNA A& =S 2= BAZIA (replication orgm) ¢
Aol 7]Q1% e 710 Meneghini 9+ Mello- Filho (1983) ol 215t A71=de}. ol 22 s 3
& Alojdl ME BAxae Ago]l Ao s dojun e ZARE Fole &A HEAS 71
3] Zrpstoin 7pRs e £4HA wde AT o mde o DNA Fdol AA=EE
Ao BALA7L AR dAaFow AREE] HEd dojue Aoln 1 ¥ HEL =
& BAZ e Ao g I8ty o] Fojzivh= Aotk

B ARd s MMS A9 49 AAEHAY DNA A&l AN wel slBEo fxF
Fzoz I8 Z7 HUo} §5x107GE ol 2719 DNA ExEeAM2] DNA §4%S vEh
£ Ad3 DNA &482 748t (Table 1), E3F MMS Azl & Alzkol Ago] mat | X107
E o}t =712l DNA BAHE9 st o] EolstAl Z7istavizt A2 #2393 (Fie. 43 Fig
5). 538 1mM A%9 @& 5x9 MMSE A&d A% AdoiMe AR vl #AIgle] & 27
o] DNA Ex59 ool 74shx] & 4aAEg I& + AU ol MMS Az el oate] A=
AW DNA @480l Azte] Aol we} FEse A2 AdHoz 2he DNA #3459 F4%
o] Z7d Azt AA4E & Ao

Z DNA A7} 73 DNAA EAsks FejolA H2g Kol BAs /HAd Ane 5
Ho o= A2g BA7IHel DNA §480] 3B fdddivies o8 dxxtge] dxdast oA
3t} (Meneghini and Mello-Filho. 1983 : Taylor. 1984 : Ventura and Meneghini. 1984 : Griffi-
ths and Ling. 1985, 1987).

MMSE AHelslz SH-Elmder 10870 £08ASH § o] AE DNAY AR Fde A
pulse-chase AAZAIE MMSol 23t e DNA 487t DNAZ] EA g = 873l DNA
Abel Aol A% doluht (Fig. 6. Fig7# Tabe2) DNAZ szt sl 2% dizwel nls
g AAS e 1S BodFT ok ol& mlFo] DNA AslRAcMe] BAxas zsie] oA
He AL gAAY Aoz F&Hn oy od dFAEe] AFANG AAFch (Park and Cl-
eaver. 1979 Meneghini and Mello- Filho. 1983 : Tavlor. 1984 : Ventura and Meneghini. 1984 :
Griffiths and Ling. 1985. 1987). FE38t oleigt BAlx a9 WA Fadv dFS ot Mz
& BAA RN AEA FAH AL A7)9 DNA 257 olul &8 A He] Y DNA B 5
ZAgtoll o3t Astz AF Zojet Atk

g
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This study aims to elucidate the molecular mechanism of DNA replication inhibition and
its recovery process in Chinese hamster ovary (CHO-K1) cells treated with MMS. The dis-
tribution and growth pattern of nascent DNA molecules from the CHO-K1 cells treated with
MMS were assayed by the alkaline sucrose gradient sedimentation method. 1) When cells
were pulse-labeled at various periods after treatment of MMS, DNA molecules smaller than
1x107 dalton were increased and then decreased with the lapses of time. 2) The rate of
DNA synthesis was recovered at 4 hr following treatment of MMS, but the weight average
molecular weight (Mw) of nascent DNA molecules was still lower than that of control. 3)
The DNA molecules pulse-labeled immediately after MMS treatment were continued to grow
in the presence of damaged site on the template DNA strand.

These data indicate that the smaller DNA molecules were newly synthesized using new
replication origins, in the sites where progression of replication fork were inhibited and then
the rate of DNA synthesis was increased. The pulse-labeled DNA molecules immediately
after MMS treatment, also, growed by fusion with the newly synthesized smaller DNA
molecules,



