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£ ¥5= N-methyl- N’-nitro-N-nitrosoguanidine (MNNG)& 2213 CHO-KIA| £o1A DNA
EA A o} 1 B 8o S N2 FEY 2302 WAL o] FE A o DNAZEE &
A, gote] A F =7 2Q AR H 23 DNARA S S84 3|88 23t o3 2o 24
g At

DNA #4882 2uM oldte] @ 552 MNNG Helgall e 343 Zasigodt, 5uM o
28 FRAlMe 1 Baddel AU AA=UE DNA §482 Azbdael ue} 38
e F AN Ale azE 25 Eu 1 olde s B MNNG #2) ¥ DNA B2 =
719 £3x9F M P4 DNA £49 AZede 7k Adserd 2d4Rayes =g
A3 MNNG A2 % ARF Aol we} Aje 48 DNA #2189 a7|B¥e IX10EE o
ate] DNA #age] A dol BolstA Sristdutz 244aghs Bk =3 dasal el
9] DNA 482 M7 F 4 AR daF 5 EE O ooz 3Eggony A 49
DNA o} Z& 478 2% (weight average molecular weight : Mw) & 2ol Hs] FX 29t
ok 9 g7t XEl AF 2 G4 EH DNA S 7 828ka o] DNA 9 A4S Az
FHE A7 73 DNA Ao A7t EAste Ao s AL Ago] dojre wrsigch

olgh 22 AL FE] 2 W DNA §480] 38s= AL dae s Eaxae)] o] o
AEAD TN Mz Aol A=, 2 =227] DNA Ba59] gAddol E7bsled veld A
2 gk £3 o] AEA $EE e A9 DNA #xb9t ¢ 2150] dd DNA #7271 4
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EFEE AEA DNA EBA= DNA sl ofs) o2} dejz J#Hh. e} DNA Bas =
B 22 &M §45 7] oo 2 E A (replication fork) o4 DNA Exj|ol=) 715 ¥
slerle B ol&st ok (Friedberg, 1985). Cleaver (19330 DNA Aso] oldh A A 7t
HAEHe Sne AR dEaE AV A Fae 42 FAEY 5 Ak 245

=, HASE Tl £& MEIL HASE Hgo] ke A Xoj Hlste] DNA A 22 e 3 Ho
wEs JiHo g 242 gr)9 HEES Vb st & A9 HEeRe Jba MENg we
719 DNA® g &2l NAR97F Wol 35o] we] dojdrhs AHojoh 22y ohe shHow g
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A& F8e N2 BA7]H (replication orgin) & AREo] 7|Q13tck= 7Hdo] Meneghini ¢ Mello
Filho (1983) ol 2j3te] A|7]s]Qict o] Zdloll 2J3bd DNAgA o) dAse dide EAx=ar sl
ool dARo g FA7] W) dojuks Aolw 1 F 3B A2 BAVHY Ago=
218te] o] RojHith= Folt},

FHH DNA “dsfio] 98 BAE =9 Wao] A dido] YAHAA EiE FFAAR o blatad
Aol o] gk} (Friedberg, 1985). 2, Buhl £(1972) 3} Fajiwara (1975), Lehmann
& ZRAFEAELE ANER T AFNA SlEvd ol MRS BT RA W

ou Edenberg (1976) & HeLa M ¥4 fiber #+7] APHO 2 w8 A|7b e “H-E
vdez dAE DNAZZI 27)8 zalstel Aalvd o Ha7F A" SIXAA Byxart Y=
sttt 22} Doniger (1978) 3= Chinese hamster M XofjAl Alzte] @4z  HAH
g &4t BAxac] Aol dejuld o)FAE At FAH £x8 FyPPgn B
, Dahle 5-(1980) & HAx72] @afo] Fejnd o] Ao AR ot A
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¥ d¥el= Chinese hamster ovary (CHO-K1) MZE Agstoh vl Eagle’s minimum essen-
tial medium (GIBCO ;Grand Island Biological CO., Grand Island, N.Y.) ol 10% 49 €% (GIBCO)
FAEHQ AYAA-G (100 units/ml) & A Ev}o]Al (100 ug/ml)-& H7}ste] AFStE 2, 10mM 2] He-
pes buffer (Sigma Chemical Co., St. Louis, Missouri) & 7.5% 8 YEFOZ 9&AH pHE 7.2
~7. 42 FANA AEe 5% @At2rt THEEE 37C 2700 AEE B3 wdsldn, 0.05%
trypsin- EDTA (ethylene diamine tetraacetate ; Sigma) &8¢ g2 2~34 ulo} Adheiustg )

MNNG ¢ g

MNNG & dimethyl sulfoxide (DMSO ;Merck) ol &8jA)7] & <1kt A= (phosphate buffered
saline : PBS) & 3lAlaled @of (0. IM) & THE3, Helslr] Hdo] dod vxg, "y E090A gke
ikl o 2 3 asle] 308 Fet AEsiHh

DNA #&d& &4 4%

MEZ Iml F 0.01 Ci & “C-Elud (specific activity, 50~60mCi/ml Amersham International Ltd.,
Amersham, U.K.)o] Eolls widdolA 2~347H Mgt & MNNG & H2J3tal Iml 2 54Cie) *H-
ojdo] EFH vl 30 M. o5 MEE s ez X9l A &2 Erd (100 kg/ml)
o] Zolle QA E Adez 39 AHT F SSC (0. 15M sodium chloride, 0.015M sodium citrate) &
W& AMgste] faEn. FEI AEE 0.5M FiAshER §40R 308 lysis Al F, 4CE Y7
4% trichloroacetic acid (TCA) &Hd 359 £¢F X2)3lgth. DNA+ Whatman GF/A glass fiber
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filter (W & R Balston Ltd., England) & AME&t 83193, DNA7 335 o2& AxA7 &, 4C
scintillation cocktail (PPO 4g, POPOP 0. lg / Toluene 1L)-& 8ml # 22 scintillation ¥oll W1 Li-
quid scintillation spectrometer (Packard Instrument Co.) & o] &3] odz}x] ol ol H/ “C W

AbFs o] H|E ZAsled DNA 482 Astgu)
A7le] AREETH 2PAR

@71 AdEmrE 2948 498 Cleaver (1974) o WS 9t 8 sle] #yalgt. 5~20% =
el ol MEFEHAS w1 dvte] Ea8 (0.5 M NaOH, 0.02 M Na,EDTA) 23 4A]7H5< &3f
AlZ] & SW28 rotor & AHE8F] 25, 000rpm ol Al 4 A)ZF 9 AR5t DNAS H7AA < Tujo] o
2 258 At o)E o £ &= *Hi “C2 #2459 U DNAES Whatman glass fiber filter
(GF/A) & *183le A3 1, liquid scintillation spectrometer & AME-3e] Ju}x]ol] Fo} = 3H o}
HCol WAEE &35tk DNA 9 3521 (we ght average molecular weight :Mw) & Park 2
Cleaver (1977) o] 2ol 9JAHs A A4bal ot

2 I
Fig. A& MNNGo| ©l% DNA #4489 447 DNA 24 e 991 Agssrl 2

APeePyo s BAst] Astel MNNG & ool s=2 i@ ¥ DNA $488 249 dAnus,
DNA #4&¢ 48 “C-elnld dagel tis MNNG #2) ¥ ®A8 ‘H-Euisie] mgs A
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Fig. 1. (A) Rates of DNA synthesis in CHO-K1 cells treated with various doses of MNNG.
Each point represents the mean of five or more determinants from at least three
different experiments. (B) Changes of DNA synthesis rate in CHO-K1 cells treated
with MNNG. Cells were prelabeled with '*C-thymidine and incubated for an
appropriated period of time after treatment of MNNG and pulse-labeled with
3 H-thymidine.
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Fig. 2. (A) Steady-state distribution of nascent DNA molecules in CHO-K1 cells pulse-
labeled with 10uCi/ml 3H-thymidinc after treatment of various concentrations
of MNNG for 30min and incubation in growth medium for 1 hour. (B) Changes
of steady-state distribution of nascent DNA molecules in CHO-K1 cells pulse-
labeled at various times after treatment with 10uM MNNG.

dtath. DNA 388 MNNG & 2uM oldtz Hejal e A9ole sxdd wat 3438 aste
de Holm Qe Wl 5uM ol}e] w2 MHsE Afde W v Al vsly ¥
A Fohe Fa FFE Holxm Uk ol e rhE EF9 DNA Asa2eQ Aeldo X-
g zAFEEI DNAE4 €S £33 A% (Painter and Young, 1976 ;Cleaver ei., al., 1983) 7
Ay o] AARFE W FEZE 2uM 8 & FEEE 5uM o] Al #gs)
Rk

Fig. 1B+ MNNG & g8 & Aj7to] w}& DNA FA£9 318 ¢3S vepd Aoz MMS 9
MNNG E¥%oA @e sx Xalfe] ¥ F5 A Hdtd we] 3Ess Fde HIeH,
Azl & AN 7hg B2 DNA #4842 Jepidch ofF DNA §488 Fa &5 2~
3N Fole 2T F7ol ol=2dn, M 41 FYEE dizdd ¥etd 23]z &2 DNA
T2 29k Fig 2AE o8 529 MNNG 2 3t Az Ajzo] 48 DNAER =
718 2AE A3, 1M olste] MNNG HelFollMe 5X1079E o]st Avje] Babge] st
gor 1 o) Fx HTMe 5X1079E o) vl DNA ExEx zhsdch  oed
AAEL ¥ o 4PAE T H9 DNA AN AAHAJA Y, Azt dEedE Wl

Zold DNA o] el F-9jola dAxol BAEAL ge] oJxg A#Az FZdrh

3 22 FE HA 5X107HE o)y vkt Baigel o] paste AL Fx U met
DNA si5-917t Z718kAl so] BA7t o] FojA)7] Rale #9)7} Wolde ulgl o8] #lE e 2olA
4% DNA ¥xE72lel dde] Ha=2ir] ez Az

Fig. 3A & MNNG & o] =2 Agste fojzl DNA &4 ',%54 THHEFEAE Mw)

W o s MNNG 9 sx7t Z715t whel s &% DNA 2] 58 Haizigo] gis) 748 ¢

L



MNNG ol 218 DNA %4 J#¢t sl5 42 67

A B .
n @
prs 0
@ w ~
25 s Zivd :
=2 e
’_“,“‘ [ 42 X z~ 42 @

~ . o > 2
>s \ ° »a . 2

3 . . < <5 z
<= \ T z 2z 2
2z . T, o &3 2

S

Y] \ 2 @ e P — &
rays e 8
5 \ e O? e .

32 S0 - w® sof £
w? 41 2 [ ] 12
; =3 o ~.

o -4

1 2 3 4 B 05 10 20 30 a0
DO S E wM MNNG) CHASE TIME (HR)

Fig. 3. (A) Changes of Mw and DNA synthesis in CHO-K1 cells treated with various
concentrations of MNNG. Mw was calculated from the results described in Fig. 2A
by using the sedimentation of phage DNA (Mw = 1.65 x 107dalton) labeled with
14C-thymidine according to Studier’s equation. (B) Changes of Mw and DNA
synthesis with lapses of time after treatment of 10uM MNNG. These data were
calculated from results described in Fig. 2B.

th Fig. 2B 104M MNNG & HEjsha dgARE A3 & ¢F #48k] Afzo] FA¢

DNA Exte] B2 ofg @7l Adeseyul 2g4EeHos =A% Aoy, MNNG & A7
3t 3 2AIzk0] AFEE 11X 1072 E 0|38 DNA ¥zbgo] 2w Hlgte FAHs] Frlshe &
24g Boln 4 A A Fole 1x1079EY 5x1072Ee] 3t Fxe DNA #2459 37171

el B 57 1072E o]4e] DNA B89 44 Zvke Addez A vepdo =9
]7&73»}01] e DNA 223 Az $3F d7221% Mw) & vlas] ¥ (Fig. 3B), DNA®
A4S MNNG & H2lgd 3 1Azte]l Add § 7h Wolaort Ajzbe] Aol mel F7kstod 44]
7b o] Foll= 23]Y HETRURE ii’lo‘fh T RS 44 Ao Fole R 60%
AE 2o AUpA| gkgkth o] ANE B uw DNAFEE 352 Ao 2 DNA E=E
A Fvtoll 710" Aeg F2FHu ol olubE e AEo Ae B HATIY co]e]
FolMxe EA7E AEE A7) Wiz Azdrt

MNNG & =28 230 sjzto] S ¥ DNA ¥xt2] walg dotr 7] 915t} pulse-chase H&
Ag-stgch & 4UstAE Aelstn *H-gudos 10837 <¥ FAG F AL vikoel ] o
AIZF Aoz viokste] A DNA £2k9] A4 g gvtel Atdse 294d2eyes ¥
Mstgch Fig. 4% 0. 1M MNNG € xelste] g2 Aatz, MNNG & AHeld A5 &aid
oz BAE DNA B 37)E Aol Haste] wal dx) agste “C-Elnjdon g4 =
(parental) DNA z17)9} 27 59tk o] Az MNNG ol oJa #3d 4alE X DNA AL 744

Qe AEAME Azol §AEE DNA ke 4%e ot Add7e sht Aol AdHez o
ojubtte S HolFm gk & FEA HE|zte] BT RAF glon, ol i ATRE
o] Aol Y =A3lgrct (Lehmann, 1972 ;Park and Cleaver, 1979).
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Fig. 4. The growth patterns of nascent DNA in CHO-KI1 cells incubated in fresh medium
after treatment of 0.1uM MNNG followed by pulse-labeling.
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DNA s 298 xgstd DNA o) st oleiet Asf gab= Altke] Angol wet 7
Aate] dHg *17P°] Z75lH DNA 48] diza #3 o274 #Art. Cleaver 5(1983)2 4
A3 s HEeE 272 DNA 9o 494 2 ﬁliﬁr A A LRkl HEE FEIATH
=, AHe A F 127 Bokolxe] DNA BAGAE dlEelad Hd da F9 o] 2
o] dZgaY Fal 571 A& 9ol DNA of BAAA7 F2 A=, df #7 & A5
© DNAARS] A3 A€ F=3s8tdch 3 DNAALY A4S AAete o] AEkg MEd &
A5t 7% DNAA Aol A7t slEEe e M gZeE a9 @_Zﬂilf' sy &
T2 FAE F Ao TR &, dAS o] & AErL A B FEo] W AE v}
o] DNA 9] 3dol A=A waA B 1, duzes 48 Av)e] gEeEs 7 Axvt &
Azl HE8Eg 7 MERD 99la7]9 DNAY HANA 971 o} 3]50] A&t zgd
G F3E

el 2o A AT vy oA A A FA F 6417 Helle A d
oJubx] ¢kgrow 48A)7t0] AE Folx 9435 AAYA ZdE B (Ehmann et al., 1978) 9
2235 9719 e AASE dHo] 10~60 Al7to] Ae.HThE Bodell 5 (1979) &) Byz  v]Ro]
B o zke]dolit MNNG ¢F 7+ DNA Asifidsls xeld 739 1A1de] 3348 F2H vehte
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DNA #&4&9 slEkde dA gigozes dyst ¢ gloh 2T o] xolE A9strl sty
DNA 48§90 3Ee =g %H]ﬂ%{(replication orgin) & A&l 7jelgtt}= 7Fdo] Meneghini
9} Mello-Filho (1983) o 9f3td AZIH ATt o5& AFsljet sl AlolojM= EREA] Zefo] H
do g dolupn] 2Ldg A Folle 84 Eﬂiﬂ #o} b M3 FUhica 7hAste] A F
9l 2dg AAstgch o do) ojad DNA §4d0) dAss 4 Bz art 4sirslda o
AHo g AAHY7] diEe dolvte Rol 1 F HHLE H2e HAvIHe AMgor ety o] F
o] Athe Zlojth. wd zte)A k] tid DNA #4429 48 AaiFgola EALAzt 208 =4
AP wo] o2& Asxlel ATt FHHU

B dpoM= MNNG & MEsta Al dsel] whE 28 DNA Ete] 34 e 2A @ﬂr,
1 X 1072E ¢]s} z7|e] DNA #2-50] BolatA F7tatdeirt gasial o Alzbg el wef o
B} 23 2 EAE59 g ?/1‘6}?1# (Fig. 2B), DNA 3&/4&& MNNG A& % 1Azt ’“H
of thE2Y) 42% 712 AstEHATE 4 A1 Aol 118% 2 288 dza £F oldezr 7S
o= E75l3 DNA 22189 5& Hawated Mw) = tzwe] 60% Heel A gl (Fig.
3B). o]l2 Ho} MNNG H8] & dA¥A DNA FAH &0 hz2d & Ev 1L oJdog 38
2% 29 F¢ st 2 z7)9 DNA ¥x189) §4do] ddider F71std, 01%:79] ol A
AHo g frolre] FAbziz)e] DNA B2 §AFR AR+ Aolet &4t &, DNA 4
a7t 33 DNA ol EAste Aol M2 T4 Hz)7t Al Aiet -’1‘—53]"1 e M=z
¥+ FA7]Ho] DNA @4 &< 550 goddithe ode] A7ztse] A7dne Y3} (Meneghini
and Mello-Filho, 1983 ;Taylor, 1984 ;Ventura and Meneghini, 1984 ;Griffiths and Ling, 1985,
1987).

&3 MNNG 2 AHalsta *H-gluides 1087 &S8R 3 o) 348 DNA of A% J4e =
Abah pulse-chase 238 A# (Fig. 4) &= MNNG #2jol 23l gl DNA A3)7F DNA ol &A%
o= E-73la DNA AFe] Algo] A& dojuri= & RFa gk ol& nFo] DNA Asii
el EAlEae Mao] JAHE HGL AHI Aor FEE ol oA AFE] AFH
99} 28t} (Park and Cleaver, 1979 ;Meneghini and Mello-Filho, 1983 ;Taylor, 1984; Ven-
tura and Meneghini, 1984 ;Griffiths and Ling, 1985, 1987). 3t o]2ist BAlF 9] z3PA=|7}
Zale F4e ointx Mae B AMEA FAHE A& A27)9 DNA £42% olnl w3t &
x50} 9wl DNA ®x}29) Aol o8 éb}i 218k Folet A€

ol Axtgz & u MNNG Xz & JAHUY DNA#G & 382 DNA a7t =3
DNA %Fell Exjaks AdeiellAd] dojvks A2 FolollA e Easfr]e), ’b}aﬂ-‘?*%’*]"“‘i A Aoz o
ARG Bz o] Arige] we Axte Aztgo ey oldd AA5E W ik
Z13l7] faiME Aol e BAFAe Fgo] Al 4w oo ZHEH Aol i3t As}st
A A7}l g olof slejet AJzbEch
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Replication Inhibition and Its Recovery Process in Chinese Hamster Ovary
Cells Treated with N-methyl-N'-nitro-N-nitrosoguanidine

Jong Sook Kim, Chun-Bok Lee*, Hyung Ho Lee and Sang Dai Park

Department of Zoology, Seoul National University,
Seoul 151-742, Korea

*Department of Biology, Kyungsung University,
Pusan 608-736, Korea

DNA replication inhibition and its recovery processes were determined in Chinese hamster
ovary (CHO-X1) cells treated with MNNG. Rates of DNA synthesis were remarkably inhibi-
ted at lower doses (< 2uM MNNG), and this inhibition was recovered as a function of time
following MNNG treatment. However, weight average molecular weight (Mw) of nascent
DNA molecules analysed by alkaline sucrose gradient sedimentation method was still lower
than that of control. When cells were pulse-labeled at various times after treatment of MNNG,
DNA molecules smaller than 1 x 10’ dalton were initially increased and then decreased
with lapses of time. The DNA molecules pulse-labeled immediately after MNNG treatment
were continued to grow in the presence of damaged sites on the template DNA strand.
These results indicated that the smaller DNA molecules were newly synthesized in the sites
where progression of replication fork was inhibited using new replication origins and then
the rates of DNA synthesis were increased. The pulse-labeled DNA molecules immediately
after MNNG treatment were also grown by linking the newly synthesized smaller DNA
molecules.

These results suggested that DNA replication was inhibited by MNNG and its recovery
was achieved by the damage removal and by the use of new replication origins.



