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Effects of benzo(a)pyrene on the DNA topoisomerase II-
mediated DNA cleavage in human c-myc protooncogene
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= Abstract —

In a previous study, we have found that benzo(a)pyrene(BP) and it’s metabolites
specifically bind to the DNA topoisomerase II fraction of mouse fibroblast C3H/10T1/2
cell cultures. The enzyme was predicted to be a primary target of BP causing malignancy.
We therefore investigated, in the present study, changes in DNA cleavage by various
concentrations of BP bound to DNA topoisomerase II in the human c-myc protooncogene.
DNA topoisomerase II was purified by glycerol gradient centrifugation from murine
L1210 leukemia cells. Supercoiled pBR322 DNA was completely reversed to a relaxed
form in the presence of 160ng of purified DNA topoisomerase II. In BP-treated Hi-
ndIIl/Xbal cutting c-myc DNA, DNA cleavage was most apparently increased in the
upstream of exon 1, the effect being particularly pronounced with 0.1uM BP. It is
indicated that stimulation of the DNA topoisomerase II induced DNA cleavage sites
in the c-myc by BP act on selective region, which increased cleavage at specific sites
may induce gene expression of abnormal pattern.
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DNA topoisomerase II+= DNA °]ZFu4le 7}
< dAACE Fddto BEFdYLY A E
ZA3e 8424 DNA HAE AA}, AL
A2 2 FAHEEY chromosome ¥ 4
e #HAd #HGEtt 5 welA DNA to
poisomerase II£ fAA9 LA BA3E
T BAZA ol A B A7V 1Y
Ha ot a7k a7 g LA £
#% 22| DNA topoisomerase I1¢] AZE ut
$% 4A 59 trapped® T% A linked-DNA
HAdo] Frlete Aoz gEA onsrs
2627 Cho 57 & #otA FA A &4 £ ¥
a4E AHE-39 Benzo(a)pyrene (BP)©] DNA
1Bt} DNA topoisomerase 119 A% 2Hg-o] gl
SS9 v itk
FAAE AEdwe], A4, AuE 2
o3 BAZHH, o]y UATA
g Frle AT AEFHY
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774, 38ty g 229 93 {28 H
APED 3 5EA T xrayel A FF
A3E C3H/10T1/2(cl 8) mouse embryofibro
blast® oA #&E ¥} itk HZ o} Pommier
522 DNA topoisomerase II7} c-myc] exon
199N 29 2 A28 & 42719 ch-
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myc coding FH A T2 EdRo|7} dof
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£ dF9AAE mouse leukemia 11210914
DNA topoisomerase IS &4 #3 A s
A2 BAXE 3381, DNA topoisomerase
[l 9% human c-myc DNAS] #H-&3 9] A
dHE49] BPY 9% #F 9.
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Benzo(a)pyrene> AldrichAt AEF S 743}
A3 ,Sephacryl S-400, DNA cellulose, protei-
nase K= Sigma 3JAFZHE, restriction en-
zyme, T4-polynucleotide kinase, y-*?P-ATP,
Hyperfilm-MP$} Hybond N Amersham”}
AEL F93A . fetal calf serum, horse se-
rum, gentamycin® RPMI 16402 Gibco, calf
alkaline phosphatase® Promega#l &< + 3
Fom, 1 9o gWtAQ At RAHLS F
A8t A3} o} pHSR1(human c-myc gene)
2 dAdEgE gAYt FHFE ATFL2Y
B AFugr)

2. A X 9] 2 DNA topoisomerase I12] A =]

A EXE mouse leukemia L1210(ATCC,CCL
219) A X lineS2A 10% horse serum¥ ge-
ntamycin (30pg)®l ¥ Fischer's medium
(Gibco LabNY) < 75cii8] ZZ vt flagkdl
¥} 5% CO.7F FFHIL, 37CE FAZ e W)
F7NA wFEt A EFTE 4X10°-9X10°
cello] =2 3t 50mle] 93 2o} 400
xgll A 8331 A A-E washing buffer (10mM
Tris-HCI pH8.1, 1mM EDTA, 0, 14M NaCh)=
Yol Aojlith 2 E 7} (harvest procedure)S
4TAAN FAPstP o AoAZ NELAE g
Zo} A3t FF 4L W I pellet(H F)S
Aol A+ o 712 -70C deep freezer o
572 2#si4



L1210 mouse leukemia A Z A DNA to-
poisomerase 119 A #HHL2 Minfords > 9
TS A WAS 35V W B nu-
clei® 3233 Sephacryl S-400 column chro-
matography$} DNA-cellulose column chroma-
tography3td 849 ¥&& Ro} 15-40%9
Glycerol 7% A 34 A& &3 % A
Adte] BA A4S SH3HT

3. DNA topoisomerase I19 relaxation activity

30ug/ml®] bovine serum albumin®] X & ¥
Bk EFN(S0mM  Tris-HCLpH  7.9,100mM
KC1,00mM MgCl2,0.5mM dithiothreitol,0.5mM
EGTALOmM ATP) 20ulo] 400ng®l pBR322
DNAS} A A€ L1210 DNA topoisomerase IS
¥ 37C A 3087 WS- AJF o}, o] Hhg-el o
5u1¢) 5% SDS.25% Ficoll 4007 0.25mg/mle]
Iromophenol blued] EFHE ol WE-& F
7} NARLeH uhs A2 TBE buffer(90mM
Tris borate, pH 8.3,2.5mM EDTA)E A/l &of 2
AL&-38ted 08% agarose gel’doll 4V/em S5 2
A719%5 & A8 supercoiling DNAQ] re-
laxation activitys 374 3t H ot

4. DNAZ A3t 348 A& #H9 29
58 *P2 X ¥ DNA 2H Az
5endol ¥P7} £AH DNA BHE A7) Y3

e 2 2FE AANFGAT c-myc DNA

(pHSRL,2¥1 #HZ)E Xbal2Z AE 013,

CIP(calf intestinal alkaline phosphatase)= pho-

sphate® A A3} y-*PATP(SA 300Ci/mmole,

10uCi/u)} T4 polynucleotide kinaseS ZH&

AlA 586 FPE FAFETY, o] AN

5£ 3 T TAEDNAZHES 7] A3

HindIlIE Z&A171 $ H71%%F3}L electroe-

lutiong A A3+ lineardt 3.5kbS] DNA ZH &

e ege=

5. DNA topoisomerse II9] 93] %z ¥ DNA

ZUE, ol 2F 4, o]4% ! Human cmyc €¢-%2a 214 Benzoa)pyrene ©} DNA Topoisomerase 11} 21§ DNA Ao o] A= &

cleavage site &4

24719 5-endoll P7} £AE DNA ZH(05
ug)el FE 20u19] ¥HE buffer(50mM Tris-
HCl;pH7.510mM  MgClz, 199mM  KCJ,0.5mM
EDTA, 30ug/ml BSA,05mM DTT)ol 1mM<
ATPs} A€ DNA topoisomerase 1I(40ng)E
S 30F 2 WA 3 5u1Y 5% SDSE %
W& AA 3L proteinase K(0.5mg/ml)E
wol 37Ce A 7tz 6083 o wHSAIA
Bk o A doj i AAE S T3 A8, ARl
3ul® loading buffer(0.3% bromophenol blue,
16% Ficoll,0.01M Na.HPO.)E 7Ft 1 60T A
1287 71E3d o0 o5 12% agarose gel
2y A Tris-borate- EDTA bufferS A&3t4
2V/emd] £ 2 15AF 5 A9 A AT
HA7F B3 agarose gel gel dryerdl %
$AH3] ZAZAA autoradiographys A3
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1. Mouse leukemia L1210 M EolA ®23
DNA topoisomerase 119 273

Mouse leukemia L1210 A F oM 32 237
3+ nuclear extract® ¥ Sephacryl S-400
column chromatography®} DNA-cellulose co-
lumn chromatographyS A3 stx, 7iM @
o7 &2 B3E& 73 FEES 1540% gly-
cerol % A €38 AA8H 12-149 21,
228] £HAAM B4 Y FEol 5 IS
BT AATHIH 2-A). T3 ATP(0.5mM)<

=T

FEFS A 23 £ 21 € 204 12-
149= 2] ATP H7teh FHsA 249 2
dol Jep =, o] ofrt DNA topoisome-

rase 122 AAFG(E 2-B).
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Mg e 48 24¢ 27198 L1210 A
¥ o)A A% DNA topoisomerase 119 F%
(0,2040,80,160ng)S EEdtd ATP EA 3]
0B S AAS o B2V HL FRoAe
BRAHOZ pBR322 DNAZF U4 ¥ (super-
coiled form)l A ©] &3 (relaxed form)S.2
A7t A4}t 160ngd e $A3] o]y
o2 HIAHANZH 3).

3. Human c-myc f#7elA BP7} DNA to-
poisomerase II9] ©]& DNA Aol vjA=
% :
DNA topoisomerase 119 $=€ ¢ 4¢

ANA 50% FE o) Ea 4L BolE 40nge 2

2R3, human c-mycrAAS AT A

Xbale 2 A 2¥ 1LZF) y-“P-ATPE 5-

enddl EA3I Hindll2 233 ok 35kh

DNA F#Hd] BPY %%(0.01,0.050.1,05uM)E

galdtd & o, DNA do] 05uM ¥ %

dxE A=Y (lane 6) 0.1uM7HA] BPY

oo vEste FEER 3] 17kbZ A

A 2 Ad £t FAHAG

o %

DNA topoisomerase 11 DNAS Ad #
AR Bt BLEA® E71x g
A BAL22 Ag3e A2 ¢33 m-
AMSASH VM-26% 22 gaAd =&HE &
29 DNAZ} 3% 2ES o] Fof At
% doxorubicinm-AMSA ellipticin® mitoxant-
rone< DNA intercalator2 €A 321, VP-
16,VM-267} 2-& epipodophyllotoxin< nonin-
tercalative 2¥Z 24 DNA topoisomerase 119
AAEE JAE 222 ¢4 UAd olF
okZ o] 9J3] DNA topoisomerase II-DNA &
FADNAZ Agrd ) RETTE FA
so] tAsHE AL ofntx VP-16% oy}
m-AMSA"Z 9] 73¢9 2| DNA topoiso-

merase 119} <3 DNA A ZAEo] waj=7] o
29 Aoz Agdd 2 578 ¢GEA
BP7} DNA topoisomerase 119l &o]3tA 2%
3= A S 98l 22 DNA topoisomerase 117}
Y8 ZRA7F B Aol A

£ A4 A mouse leukemia L1210 A &5
A& DNA topoisomerase 1S AHE89 hu
man c-myc DNA®| o' g o] &4 ¢] 2H-§-o] BPdj
3 LA W3 He=AE 9T e, o
myc FAZAE AFEA (Hindlll/Xbal )2 2
%< 9 BPY F=7F 0.1uM ojdtelAe Ad
o7t F7hd 2013Y sxeAMe L3
e AE £ & d%en, 17KbY YA
oA Ado] 7}F F doRiIY 4). ol
Zo] & X9 BPYlA DNA topoisomerase
19} DNAS} Aol dAHE 2 BPY} DNA
topoisomerase 119 438403 Fh 2 o
9GS Fo] DNASHS 2§ Aol ZAHE
RAo2 HAAY, o9 £ ZAHE anthracy-
clined] &3 #¢¥ cellular DNA A9 &
acridinefr 4 1 2 2 o] o3 DNAY A
FAHEE T =8 BPol 93] 1.7KbY X ol A
BTN B 4 ¢l DNA o] Bo] ¢
olth. ol 17kbe X7} BP FFAAME
DNA topoisomerase 117} 7} o R13HA 2§
e 299 gAY 2712 G 7oA
B1g DNA AZZY AAT] ofzgt ofd
Ael € 28] o] A DNA topoisomerase [I-DNAY]
2 Ao doj dohe AHES €5 Ui
| 2ol dojue 9= exon 19 upst-
ream® $1X & P1 promoter #$ < YA3=
Aoz BIE FEZd ua DNA topoiso-
merase 1I9] 2|3 DNA Z@ A7t 558
X2 ZAA} A& AL AT,
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Mouse fibroblast C3H/10T1/2 A & ] %3]
BPE F<§ ¥ ¥z & DNA topoisomerase 11
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DNA9] cross linkingo] ¥l d 44 &3t
mouse leukemia L1210 A ejA DNA topoi-
somerase 115 A3t AFE9] c-myc L& H
A7l A1 BPoll 918 DNA topoisomerase 119
Lo nx e A 2N FHA WS
B3tk L1210 A ZolA B4 E DNA to-
poisomerase 119 %7} 160ngd o 712
pBR322 DNA7} %141 ¥ (supercoiled form)©]
A o) & (relaxed form)S 2 A3 AZH
t} c-myc DNAS 98 529 BPZ Az stH
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o]/¢<] Z 3= BP7} DNA topoisomerase I1°]
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Fig. 1 Schematic representation of the rest

riction map of the human c-myc pro-
tooncogene(pHSRI)
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Fig. 2 Separation of DNA topoisomerase II

by glycerol gradient centrifugation

A) The material purified by DNA cel
lulose column was centrifuged with
15 - 40% glycerol gradient in nucleus
buffer containing 0.35M NaCl at
100,000xg for 68hr. at 4C

B) The purified DNA topoisomerase II
was incubated with or without ATP
in reaction mixture.
lane 1, pBR322 only;lane 2, with ATP
in No.13;lane 3, without ATP in No.
13;lane 4, with ATP in No. 22;lane
5, without ATP in No.22

1 2 3 4 5 6

Fig. 3 Effect of various concentrations of DNA
topoisomerase 1l on the relaxation ac-
tivity
The relaxation activity was analyzed by
the agarose gel assay described in
“Materials and methods”. Lane 1, 400
ng of pBR322 DNA;lane 2-5,
lane 1+20ng, 40ng, 80ng or 160ng of
DNA topoisomerase 1I;lane 6, ADNA/
HindIll
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Fig. 4 Effect of various concentrations of BP
on DNA topoisomerase II-mediated
DNA cleavage
Various concentration of BP were ad-
ded to the reaction mixture(20ul) co-
ntaining 0.5ug of human c-myc/Xbal,
HindIll DNA fragment and DNA topo-
isomerase 1. Xbal/Hindll DNA frag
ment uniquely end labeled at the Xbal
site was used. Lane 1, human c-myc/
XablHindIll fragment;lane 2, lane 1+
topoisomrase II(40ng);lane 3-6, lane 2
+0.01uM, 0.05uM, 0.1uM, or 0.5uM of
BP;lane 8, 1kb ladder



