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Abstract

Formation of adduct was studied in benzo(a)pyrene(BP)- and doxorubicin(Dx)-treated human NC-37 cells and
isolated nuclei. Major adducts formed were determined by fluorescence absorption spectrophotometry and DNA-lin-
ked protein assay. When isolated nuclei were exposed to carcinogens BP and DMBA, and anticancer drugs m-AMSA,
ellipticine and Dx, varying degrees of adduct formation occurred between DNA-protein complex and these drugs.
When the mixture was centrifuged with 1.7 M sucrose solution, binding BP and DMBA appeared to be similar bet-
ween the sediment and the supernatant. When the sediment was centrifuged again with 0.35% polymin-P, the
amount of BP bound was 2-fold greater in the protein(1077£55¢cpm) than in DNA fraction (470+20cpm), whe-
reas that of DMBA was 1.6-fold greater in the DNA than in protein fraction. In the case of m-AMSA, ellipticine
and Dx, the amount of binding was slightly greater in supernatant than in sediment in centrifugation with 1.7 M
sucrose, and more than 3 times greater in the DNA- than in protein-fraction in centrifugation with 0.35% polymin-
P. DNA fractions which associated with a subset of nonhistone chromosomal protein were isolated from NC-37 cells
exposed to *H-BP and *C-Dx. They were separated into two distinct components DNA-S and DNA-P by centrifuga-
tion with 2M NaCl chromatin extraction. The results indicated that the amount of *H-BP bound was 6.0-fold greater
in DNA-P as compared with DNA-S, while that of '*C-Dx binding appreaed to be 6.1-fold greater in DNA-S than
in DNA-P fraction. When *H-BP binding was determined in the presence of cold Dx, the amount of binding was re-
duced only in the DNA-P fraction, indicating that the interaction between DNA and protein is decreased. Gene expre-
ssion by these drugs, BP treated cells were increased to compare with nomal cells but reduced by treatment with
BP-Dx.

These results suggest that the protein moiety which tightly bound to DNA-P fraction may play an important role
in the regulation of gene expression.
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AFE NC-37 A ZA Benzola)pyreneZ Doxorubicin®l] 213t Nuclei WAZ c-mye f841 H&ol| g AT

MoE

dg dodle ez & geld 2SR polycyclic
aromatic hydrocarbon, azo-dye, acetyl amino fluorene,
nitrosamine, nitroamides$t ethioninesol 9t} 53
o h& frutshedle faAted AHAU E4E Fol F
Ho] EEsF fHizte] Mol doTlof Bt FY
g AAFFo] wAZtha H7) mEd ofo gt
74 SeHEY] FY¢A dE A2 DNAE T4
23] A Qo) 17ke] AelM FEE U
Ao taire Lt E3o] 2 DNAE +4%TH7) 1
E9] tAMFZo] DNA Zeste] EdwolE Yo ¢hoj
He Aoz wate grpasd a87] i g A7at
Eo] o] DNA-carcinogen adduct(t]%)o]g} &1 Est-
man®} Bresnicks” < mice®l4] DNA-methyl- cholanth-
rene 9FE9] o] AlAFYge] Holo A o]
Ao} g9 Arrend9}t Murray=® nontargetZ 243t
Afot AE HUhe target 2322 #4354 humand] ¥
2| Al 2] DNA7} benzo(a)pyrene(BP) thA} AHE- 28
& & dda st T8 GAE AL 3EH A g
A& Jehizl g8l theee] 1R FH L(target site) &
7HAL. weEba 7lEAHo 2 AHE £44 FE A& DNA
Ao o3 Aoz Azl o]A}HCE chromosomal
protein® modification AAACLR A, ZLefut
Jungmann® Schweppe” & WAl tol X £ Chromo-
somal ©HAF F9Y4hE FAF N-hydroxy-N-2-fluo-
roenyl acetamide, -dimethylaminobenzenes Z2#A1A #
g A3}o] A histone} nonhistoneo] 43 2H&ol 95-E&
WAS QT Vaught$h Bresnick'”& WA 7HE nucleis
BP9} & AlZHE W A% z18/do] DNAETE chromoso-
mal BHHol &S BA}A 2 BP7F A active
fraction$ Y& o BP7} A A= 94%, RNA 5
%, DNA 1% 7} Agga sk, H29 dAqtelMe
nucleusol xxg 92 AT A goldde wEy
F84¢  AHsgoyy) AgA dEATE
DMBA, aflatoxin ¥ BP7} DNA-adduct® &&## ltH*
16:718  wiwlo] b2 AHE3HE polyaromatic anthra-
cene 3}&Eo)A amsacrine, doxorubicin® < DNA%E]
FaAgol o8 FHA Holdl JFE F9% epipo-

dophylotoxin(VM-26, VP-16)> DNAE.CH @ Ho] 2§
3 RoZ d#A Qi o]kl polycyclic hydrearbon
SEo|HA L Rzt A&ste FokAlh dAA Y 5
o E 47 vk

£ dfolMe ZEE TeAR 488 BP, 7,12-di-
methylbenz(a)anthracene(DMBA) 3 &4A2 2H83l=
m-AMSA, ellipticine, doxorubicin(Dx)& AH&3t in vi-
tro 4802 nucleuso| A9 2-&-& #2311, in vivool A
H-BPS “C-Dx& FoF A HXol NC-37 AlZelN
chromatin &8 (fraction)ol o] oJ%A o]Fo] AL
olem, DNA-2M 3 A 3814 (binding affinity)] 7]
e YT 2AY FHA) Helste A4 #AE 7Y
stz shgeh

Al

S8 E Y o7
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1A Y Tz

Human NC-37(CCL214) | ¥& ATCC(USA) oA 74
592™ *H-Benzo(a)pyrene, '*C-Doxorubicin, ¢*°P-
dCTP, Hyperfilm-MP, Hybond N*, mutilabeling kit
Amersham Co(USA), benzo(a)pyrene, doxorubicin, 7,
amsacrine(m-AMSA),
ellpticine, Tris-HCl, diphenylamine, proteinase K, dithio-

12-dimethylbenz(a)anthracene,

threitol, phenylmethanesulfonyifluoridet™ Sigma Co.%]*]
TUH L, agarose, Xbal, HindlI¥ GIBCO-BRL
(UsA)elM F3tdtt. pHSRIS dAtE e o) g &
A3 APaola ABUskon, oo Quae Alope
pAgOoZ BF ¥ 15 A8t

2. MZH{Y I nuclear extracte| £2|

Al @3Zol NC-37H X5 10% fetal bovine serum®]
$-+¥ RPMI 1640 mediums AHg-8} 5% 9 CO.4 37
€7t fAEE 75cm® B 25cm29] % flaskel] Fo 10
A7t g o) dPFoR T Fojroe *H-BP(S
MCi/ml) % cold BP(10#M) £& C-Dx (0.014Ci/ml)
9} cold Dx(5#M)& Foigte] 29Uzt o Y3l har-
vest3 T *H-BPo)| cold BPE H1. 27 w3t oh,
A Aoz Mol Uil cold Dx& Flst 1Y7 o

gl & i cold BPE Ha 247 viakst 3 A4 W)
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Aol Wi “C-Dx % cold Dx& ¥of 193 H
02 o] W3l harvest 3T o] A X
uclear %% (extract) & Minford 5219 W& &
HEse et ed o] MEE Sorvall 3000rpmdlA
AA3te wWigdE W] AL washing buffer(10mM
Tris-HCL,pH8.0, 1mM EDTA, 0.14M NaC) & 3% 40|
ol 3ttt ol -70Co) AHSE o 714 B,

ot o

3. Chromatin 2%/9| 2g|

A HAF NEE 4ColA 3o Triton X-1000] 9]
AT lysing buffer(10mM Tris-HCl, 1.5mM MgCl;, 0.1
M NaCl, 0.1mM PMSF, pH7.9) ol AEFTE o714 L}
nuclei& 3000rpmal A 587 YA EH oM o] nucleiolA
Triton X-100& AIAs7] 913} TPD(10mM Tris-HCl, O.
2mM dithiothreitol, 0.1mM PMSF, pH8.0) &4 2.2 A%}
Ao} W}, Nuclei® Wheaton’s hand homogenizer2 w3
ANA AEHOHW 1.7 M sucrose”} T TPDEYS 2
vol¥ 1 &3 15,000rpmolA 4ddte] 2M NaClel
chromatin ¥¥& 471913} Bekhor®} Mirell®] #H**&
AH&-3k gtk

4. Polycyclic hydrocarbon 3tetZ% BP, DMBA2} m-
AMSA, ellipticine, Dx 0!l CHE! fluorescence scanning

Polycyclic hydrocarbon #3HE% I¢E2<Ql BP,
DMBASH 9 £22 €7 m-AMSA, ellipticine, Dx&
Slol =9 fluorescence spectrophotometer®] scanning
3t 29| excitation H3 emission HFE FA 3o
olEe BA A7 o] &35t

5. Nuclei 2&0f| t3t polycyclic hydrocarbon &&tZ2]
28 Elsiy

NC-37 AEAAM gl 7158 oz ¥ nucleid
A48t polycyclic hydrocarbon 3}&E3} 37C &0l A
3027 wEAIZl 3 1.7M sucrose &%) 93 ¥
o]9] AHES 0.35% polymin-PE AHE3)A Aoj £
& A4-3t9 fluorophotometer® 183t polyclelic hyd-
rocarbon HEES FEE FA5I ¢ AT DNAY 2
38 polycyclic hydrocarbon 229 A% st &
A-DNAZH 33 8L A BA3A
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6. Human lymphoblast NC-37 MZO0fjA *H-BP2} *C-
Dx2| &g

NC-37 MXel °H-BP¢ *C-Dx® @5 Foj¢} H-BP
95 oIS 2dFl A4 wiAZ BPE AU cold
Dx& st wWiA 5 Atgate] 7] Woll A9} 2o i
§% chromatin #8-& do] 7 £ A% A€ BP
% Dx9 sEE ZA4sgon, ¢id T DNA%Y in-
tercalation® ¥ A P& SH3a BHADNA 4
AL A= G B3] Y8l chromatin F%
Eo A 4ol £8& proteinase K& 718ke] 37C9) e
T2 A overnightd F H2o 587+ W28} phenol&
7hate) watv]el A 187 EFEA 14,000rpmol A 93
3tef 3ZHoA DNASH F7+9] phenolFolA ©hidg
ZA8At E 19 22 o E 47te) B34 10%
9] trichloroacetic acid® 718t 2.5% 7} HA e Bes
fofl 1087 ¥ FF 43 5000pmoE Pl
DNA7} Eof%le 8433 AdEe duidz s dof 7
Zto) AR FHYAE packard scintillation counterZ
ol-&3k FAsH O, o] 779 AlFe) ethlylacetated
g W 1¥3F syete] §AZ 3 ethylacetated ol ot
e FHYEAY Z7te] AA RN FHdRE
count3tATH G AL Lowry H2¥. DNATE diphenyla-
mine U+ 0.2 SAsAT

7. BP2} DxOff 2|3t human NC-37 MZOA c-myc 7
Hx} H3

471 Aol 52 2#E HMEIE o]&3le RNAE
guanidine-HCIE AH4% Strohman® MacDonald$2] W
FE oz Reldl9il northern blote total RNA
204g% AH8-3te} 12% formaldehyde-agarose geloll A &
71%9%8}2 TransVac(Hoefer co.) ol A 20X SSC&A-S AL
€3l nylon membrane (Hybond N*)ol| o|&AlZ.om,
nylon membranes 24 73 B I 80THA L
A3l hybridizations 2 AI3t4 ). Hybridizationo] &
3 prober™ pHSRI c-mycd Hindll/Xbale 2 Zet 3
9] exon 1 sited X33 YT HEE AUIEE Y
o2 39 2%2P.dCTPE multiprime labeling kit2
EANA A8 hybridizationd 42Ts|M 2417
prehybridization®t ¥ probe® T3 hybridization &



Abg NC-37 A ZeA] Benzo(a)pyrene® Doxorubicin®l 23 Nuclei WAH cmyc §32ke] @&o] m)3h o

(50% formamide, 0.5% SDS, 6x SSC, 0.05x BLOTTO)
of Ho] 24A7F F 42Tl A hybridizedtQ3 Hyper-
film MPE AM-3}to] autoradiography 8Ht}*.

2 I

1. Fluorophotometry®ff 2|8t polycyclic hydrocarbon
sigtEol oiE Y Eeke| Wt

Polycyclic hydrocarbon$! BPS} DMBA, 18] o]} ]
&8 F2E 71A3L Y+ ellipticine, m-AMSA, doxorubi-
cin(Dx) o Z#& 34§ &) 93t fluorospectophoto-
meters ©]&38l] scandt A= 1Y 1904 He uped
o] BPs} DMBA+ 77 Ex.0] 410, 295nm$} Em.o]
515, 430nm°]%2H ellipticine, m-AMSA, Dx<& Ex.¢|
2t} 305, 385, 470nm°]X Em.o] 525, 420, 550nm
ojFth olEY LAF FFo N B Fako] HEE
kgl Wi M & 74 &85 Ao Dxdl
%

$ oke) ofFlAe] Holginh

EX EM
‘1 | [ MAMSA I
21 maMsA H : ; MBA - ellipticine . '
——— j—— DM
== ellipticine - 8P [ T iU¥[ Tgpl doxorubicinT
DMBA] i l doxorubicin o
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Fig. 1. Fluorescence spectra of polycyclic aromatic hyd-
rocarbon compounds

DMBA : 7,12-dimethylbenz

(a)anthracene, mAMSA ; 4’-(9-acridinyl-amino)

BP ; benzo(a)pyrene,

methansulfon-m-aniside( Amsacrine)

2. Nuclei 22l0f L{ME 2retx| ol BP9t DMBA 12|10
stotr|2] ellipticine, m-AMSA, Dxe| gt XlsA

Human NC-37 cellolM £&l3+ nuclei®d AH&-3t< BP,
DMBA, ellipticine, m-AMSA, Dx& 717t Wil Wjdd 28
AgAS AsSed, 19 2004 Heele #o] 1.7M
sucrose &A= BP9} DMBA7} HAAET &3 A
2 ¥ AgE S 7D oy m-AMSA ¢ B¢, &
o] HAAZo] Wl 1462+£199 549+218 oF 2.84)

S5uje] 22, ellipticined| e AHFo] ofre] 74
a7F ddeh 28y 1.7M sucrose ARAES Ag3to] 0.
35% polymin-P HOZ Wil A3} DNAS

Aol 4% F848E S Bpr 9 AdZEe) 10
704552 WHH DNAZOE 47142002 thi

el 717 9lle™ DMBAE @l AZo] 475+15,
DNAZo| 76942022 93]2] DNAZo] 1.6W &t}
m-AMSA, ellipticine, Dx3l % XF7} 3uljo]de] 2ol
DNAZol 3 iAol i

1600¢T 01.7M sucrose
e Supernatant
®1.7M sucrose
1400 Sediment
E0.35% polymin—p
Supernatant
1200, |0 355‘); polymin—p
Sediment
> 1000
2
s 800
£
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400
200
0 5 B B
BP DMBA mAMSA ELT DX
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Fig. 2. Fluoro-intensity of nuclei adduct ot polycyclic

hydrocarbon compounds from 1.7M sucrose and
0.35% polymin-p solution

DMBA : 7,12-dimethylbenz
(@)anthracene, mAMSA : 4-(9-acridinyl-amino)

BP ; benzo(a) pyrene,

methansulfon-m-aniside, ELT : ellipticine, DX 3

doxorubicin
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3. Nuclear 220 LYHEl H-BP2} "*C-Dxe| 22T &
BP2} DX2| ZZA| MZe| LMY olXj= &

Human NC-37 A|Xd] BPE2 Dxo H9dtn wfj%d
AEZFAA 48235 chromatin¥-8olA BP Dx9 bi-
nding affinity® #F3L A2 TEL o Ax vjHe
WA W3lE Br) 98k BAE FHEAE AR
Agold EA3 A FE(CH-BPY cold BP)E 294 A
o] Foj3ted wjFeE washing® th cold Dx& T3t
194zt o wiokstion ¥R cold BPE 2949 ¥1
BjokEE Mol *C-Dx%} cold DxE Fodto] 197
viok3led harvest3tdth Nuclear £3& dof 2+ o
A3 EXIEE Y798 FA8 59 ¥2F scintillation
counter2 23310, 23+ chromatin®l A *H-BPF4
& 663,930cpm,°] 1L DNA-S fraction®| 70,865, DNA-
Poll 416,605cpm 224 DNA-Soll v|3] DNA-P ¥-goj <
eule =718 Bgon, C.Dxe FodM= chromatin
£3)o] 16,820cpm©]Z DNA-SE 13,235cpm, DNA-P
7} 2,170cpm .2 BP Y55 wjo} 9] DNA-S &3]
DNA-P #850 6.1 EUth 18y FEA¢|E *H-BP
Zol DxFool A DNA-SEFo| 20,150cpm©]iL DNA-P
£3o] 81,0652 Y% 8o BP dF FHolA Bt} in-
corporation®] $9k3 DNA-Pol <F 4ul7} Eokc}, wgh
C-Dx#9l cold BP Tl DNA-S57} 6,300cpm,
DNA-PZ 3,7402.2 1.797} BPSt= ¥2] DNA-SI &
7tk 19 3).

4. Chromatin £22| DNAS} CHEHE0]| ZiElst *H-BPS}
1*C-Dx2| 2z T2} BP SA0| 0|X|= Dxe| &z}
A7l g 2o dhHo g MEo]A ¥El§ nuclear ¥

8g Zzte] A¥Fol protinase KE Heg thd, phenol
220 A do]R A3FH el DNAS phenol 9] D AdA
Z7te) A% Bpsl Dxo} HHUAE FHE A H1dl
A Hi=nlel o) *H-BPTo A= 2M NaCl supernatanto]
A 9oA] = histone-nonhistone 8-S ©lFel 14,035
cpmeo] AFEo] U DNAYE 6,415¢cpm o2 Tl Az}
DNAY ratio?t 2.190]912.8, DNA-Sol= ©iA(27,
843cpm)3} DNA(9,270cpm) &2 ratio”} 3.001%X
DNA-P 289 ¢l d 29 254,321cpm©| 1L DNAYE
42,887cpm o2 A L& 297,210cpmo|iL AZ9 ra-
tiox 6.2201%th 3 DxFoFo) < 2M NaCl super-
natant ¥89] v¥as} DNAY §2 3570cpmo]H ra-
tio® 0.53, DNA-Sel& A4 Fo] 18,940cpm, ©]9] 4|7}
0.87, DNA-PIIE= AA 7} 4,250cpm, 1.230134t}. ©1&9]
A% 9= FojolA @A DNAY ®l7F BPS] DNA-P
fractionol A 7H¢ goleh wdd] DxE T2 ¥ °H-
BPA 2 FolM 9 wahe A7 DNAY ratio”} 27} 2.
01, 2.84, 3.572A BP @& A WA 2M
NaCl supernatant®} DNA-S #82 ¥ zo|7t glow,
DNA-P #ojM= #A7F 261,100cpme] T G A7
DNAY| )7} 35724 DNA-P £8 Itz ¥iatol7}t ¢l
o AE e vlelMs ok 2uje] lol7t S

5. DNA-SQ} DNA-P 28&lo| Z3 XlsiMo| HEl
A7) o2 do}? DNA-SSH DNA-P fractiond pro-
teinase K digestion®} trichloroacetic acid AH&-0.2 Thil

Table 1. Changes of DNA and protein adduct formed in chromatin fraction by *H-BP,'*C-Dx and °H-BP of Dx trea-

ted, respectively

Treatment *H-BP 1C-Dx SH-BP - cold Dx

(Ratio) *Total cpmX10° Total cpmX 10° Total cpm X 10°

Fraction (Protein / DNA) (Protein / DNA) (Protein / DNA)
2M NaCl *20.45 3.57 17.05
supernatant (2.19) (0.53) (2.01)
37.11 18.94 32.31
DNAS (3.04) (0.87) (2.84)
DNA-P 297.21 4.25 261.10
(6.22) (1.23) (3.57)
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Fig. 3. The binding affinity of *H-benzo(a)pyrene and
“C-doxorubicin in human NC-37 cells and its
effects of against to cold benzo(a)pyrene and
cold doxorubicin

Table 2. Contents of DNA and protein in DNA-S, DNA-
P fraction with drugs treated

Treatment
. BP Dx BP-Dx
Fraction
DNA-S 146*/0.53** 196*/0.43** 246%/0.50**

DNA-P 334*/5.42** 167*/5.02** 250*/5.25**
* [ Mg of DNA per ml of fraction

** . mg of Protein per ml of fraction

A3 DNAS Eeletd st ool 43d &Ff

(covalent bonding) & ZAFEL7) 18 ethylacetate %

DNA-$9F DNA-P 24 BPFo= 72}t 146, 3344/
ml of fraction®.@ 2uf o] ZF7i3li, DxolM+ 196,
167Hgo]W BP-Dxo| A= 246, 2504g/ml of fraction® 2
d zpo]7} girk. vl do) el A= DNA-SIIAM 77 0.
53, 0.43, 0.50mg/ml of fraction® 2 Dxol|A 2zt &4
3, DNA-POl= 5.42, 5.02, 5.24mg2.2 ZHiol ¥ 2}
o7} glth o] A=} BPS DNA-PE &M Dx1} BP-Dxol
5] gl del AT DNAYE 57F #82 B9t o5
o F&olA At e S EYed(F 3), BP,
Dx, ¥ BP-Dx& 242} Boat 223} chromatin £
ol DNA-PEEL 30, 55, 15%9 FH2%(covalent
bond) A 2 & WFH 2% (noncovalent bond) o} W& 1k
H, DNA-S 9lME 66, 96, 61% 2 3523 dAdo) @t
o} )& B38 A LE @ ds} DNAY 234 BP,
Dx, BP-Dx® a#2%% HW Bpw vl d3} DNAY
H7} DNA-Sol 94 ! 6, DNA-PE 871302 vl
FHA%e] 4ol Hou Dxe DNASA 11:89,
DNA-P9| 38 : 6258 DNA%o| B}, BP-Dx|A+ BP
©E FooMel HlsbA FHAY ¥Ao) widy

Table 3. Aspects of binding affinity of *H-BP, '“C-Dx and ®H-BP/Dx treated in DNA-S and DNA-P fraction

Covalent °H-BP 14C-Dx ®H-BP/Dx treated

bond (%) DNA-S DNA-P DNA-S DNA-P DNA-S DNA-P
Covalent 66 30 96 55 61 15
DNA 6 13 89 62 4 12
Protein 94 87 11 38 96 88
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Fig. 4. Northern blot analysis of cytoplasmic c-myc
RNA of NC-37 cells treated with benzo(a)py-
rene and doxorubicin
204g of total RNA were electrophoresed in de-
naturing agarose gel, transfered to nitrocellulose
membrane, hybridized to 3°P-labeled c-myc
probe. The ethidium bromide-stained 28S ribo-
somal band of the corresponding lane is shown
in the bottom panel.

Lane 1, control RNA : lane 2, BP(104M) ; lane
3, Dx(5#M) ; lane 4, BP(10M) +Dx(54M)

DNA9| DNA-S9| 96 : 4, DNA-Pol| 88 : 129]3ith

&

6. Human NC-37A|Z0f BP, Dx & BP-DxF0{Z 2l
c-myc FHAL 280 0jx|= Ag

Human NC-37 A|Zdl BP, Dx % BP-Dx& 77} %o
3 W FE M TN cmye frAzte] BES BHIA
] BP, Dx.9} BP-Dx#o{ell 4] DMSO% Foigh A4 thz
T H&o cmyc H¥o] F718t4th BPY Dx® c-myc
wrd o] v|aioA] BP 7} #om BP.DxFojodE BPHE
Fofo A Het vrolyri( 1y 4).

o #
Iored e et 4 wheAds vehl7] fdde
t}5e] 12 BHA(target site) & 7RI o]Eo] £
Hog A& &3¢ F= 3L DNA 2% & ez

Lo
=

A zbatal o) 22 0 & chromosomal Y2 S modification
NZAAo g of7igitye2® gstg Ao gt §HA Hold

g 7} stk 1% % polyaromatic hydro-

)
g2 4
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carbon E§HEo] 9wH olE #AFEC] nucleusl A F&
3o o]=AL FAAZ oA AR gk a7k
o AFolA TiF-io] ddA B WA/t DNASH] 43
gANA FAzte] HolE B o] tiREeln d¥ e ©
WAz AAE Hpouh GHH R oFolA it} £
Ao A polycyclic hydrocarbon 315HEo]HA 8shA 9}
bR 2 Agate B/hA E-S AHE-ste] DNA 2 d¢

el
X

Sol4g Lolu A A 247 Bole %) Yt
ylol

A (BP, DMBA) % 94l (m-AMSA, ellipticine, doxo-

rubicin)& AH4-3to] fluorospectrophotometry & 115 3

< 2R3gdy Mz de dgor E4AA 9

eIt olEel Edo| 3zt weld ouat YF&

FEA BI9E SAHeR nf shgelA ZHzte] B9
o

T TR —
3 nuclei adduct(H) & Z43t9-&, 1.7M sucrose

S A= BPY DMBAw® £33 A Aozt §l
o} ellipticine, m-AMSA, Dx& HHtF oz AAZdA

Ag A o] ZAadkE Aeg vt ey olg A
HES 0.35% polymin-P HHOoZ T AZ3} DNASS
welste ZH4e) A%e B4 S AU
flollAel= 2] BPS DMBAS 2t3o] Aol thay
ellipticine, m-AMSA, Dx& Z¥7F @A (F5) o) W
AgEen o] Al 4] nucleishe] FAsHHAME elliip-
ticineo] 714 ¥t faAe WM DNAY H2
718}9& YERAE nonhistone®] transcription® 594
2 2A-se Ao250] 9)1%” nonhistione chromosomal
il do] nucleusoll A AALE 2Ad Y F/3a o7
3l chromosomal @ Aw# Fol& Ao tjste] B2
A7} Bl o, o] A2l Norman#} Bekhor?® & d4)

A nonhistone chromosomal T &0 A F3A LHe| ¥

=
o

o3t wh gl B Aol ojghge] &

Eoj4o] gl2ACE NI BPY H]%E polycyclic
hydrocarbon 3t3H&<] Dxo] WA %334 Dx E#3tel BP
Ao v A= FEE Btk oj9 2F 22 BPY DxE
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