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California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



00 gy y /3y 4

1.

" Howard B. Gamper

DNA Strand Scission by Benzo[alpyrene Diol Epoxides
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ABSTRACT - |

. Syn and gqij—benzo[a]pyrene diol epoxides elicit a concentration
dependent nickirg of superhelical ColE1 DNA in an jg_xiﬁgg reactien :
: monitored by agarose gel electrophoresis and electron microscopy. Since
the k1net1cs of n1ck1ng appear too rapid for depurination strand scission,
it is postu]ated that the diol epox1des form unstable phosphotr1esters

hydro]ys1s of wh1ch nick the DNA.



3
7 .Howard B. Gamper
Benzo[a]pyrene'is a widespread environmentél pollutant possessing |
pbtenf mutagenic and céréinogeﬁic activity. ‘This activity ié dependent
upon metabolic ac;ivatiqn of the hydrocafbon by microsomaf monooxygenase.
Recent evidence suggests that a Q,io-oxide of trans-7,8-dihydro-7,8-
dihydroxybenZo[a]pyrene méy be the uitimate carcinogenic metabolite
(1). It appears that microsomal activation proceeds stereospggifica]ly
to give the anti-diol epoxide (2,3). Both diastereomers, howgver,.react
with huc]eic acids and are highly mutagenic (3,4). Weinétein-gg.gl.
(5), working with the anti isomer, and Koreedav§E gl. (6), employing
the §zg‘isomer, chéracterized the primary RNA adduct as a:]inkage between
the N-ZIamino‘group'of-guanine and the C-10 position of the»hydrocarﬁon.
Furthermore, Koréeda et al. (6) éuggeéted that a minor, relatively labile
RNA addUct‘they observed could have been a phosphate estér‘of the hydrocarbon.!
Reaction of diol epoxide with DNA has not been characterized. We describe |
.here that-both diastereomeric diol epokides can cause nicking of ColEl

DNA and propose a mechanism for.how this process might occur.

"Covalently closed superhelical DNA, such as the E. coli plasmid -

.ColE],,is a sensitive probe for detecting strand scission. Form I ColEl
DNA, with'a‘Mw of 4.2 x 106 daltons, contains over 7,000”phosphodiester
]inkages-(7); cleavage of any ohe permits the DNA strands to unwind
resﬁ]ting in relaxed form II DNA. .Introduction of another nick adjacent
to Fhe first but on the‘opposite strand gives linear form III DNA.

A1l three forms are conveniént]y_reso]ved by agarose gel e]ectrophbresis,
The ColET1 DNA uséd'in this study éontains 0.3% RNA as a discrete segment
v(?),; Similar nicking, however, is seen wifh RNA free SV40_DNA.

| When Co]E] DNA is reacted with either diastereomeric diol epoxide

in tris-HC1 buffer, pH 8.0, gel electrophoresis shows substantial nicking
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(Fig. 1). A minimum diol epoxide to DNA mononuc leotide ratio of 0.01
is requiréd,forzdetectéb]e nicking; Above this value nicking increases,
uritil at a ratio of 0.5 - 1.0 no form:I DNA remains. The effects of
strand scission»are also observed by electron microscopy (Fig. 2).
.wheh form I DNA is reacted with the anti isomer, relaxed circles result
from a ratio of 0.5 while linear segments of random length result from
a ratio of 5. At'éven higher diol epoxide to monpnucleotide ratios
(i.e. 15) a significant fraction of the DNA (~ 20%) becomes acid soluble,
presumably due to the re]éase of small oiigonuc]eotides. This increased
fragméntatioh guggests'that nicks are occurring at many sites around
the molecule and’are not restricted to the RNA segment mentioned above.
When the réa;tionvis carried out in 20 mM phosphate buffer, pH 7.3,
niCking is'detectab]e-on]y at diol epoXide to mononuc]éotide ratios
greatér'than 1.3. This probably reflects direct reaction of diol epoxi :
with inorganic>phosphate (6,8). Hydrolysis ofAthe diol epoxides resul
in tetraols, which lack nicking activity (Fig. 1). - s

Excluding photochemical and ffee radical précesses, chemically
~induced strand scission is generé]]y assumed to occur by two possible
mechani§m§ (9). Depurination strand scission is uniquevto DNA. Reaction
of an electrophile with a purine ring.nitrogen (primarily guanine R
N-7 aﬁd adenineiNQB)-introducés a formal positive charge into the
n system, Tﬂis iabf]izes the glycosidic bond and ]éads to loss of the
modified purine through B-elimination. Thé depurination reaction has
an estimated ha]f—]ife-o% iSO h (10). The second mechanism involves
reaction of an electrophile with the sugar-bhosphate backbone to giVe
a phosphotrﬁester. Subsequent hydrd1y$is of the triester occurs with
strand scission when the e]éctrophi]ic adduct is retained. At neutrality

phosphotriesters are normally quite stable, but properly oriented 8-
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hydroxy] groups can cata]yze their hydrolys1s In RNA this catalysis
is med1ated by the 2 -hydroxy1l. Wh11e it is clear that strand scission

does arise from ribophosphotriester hydrolysis. (11), recent work by

Singer et al. (12) indicates the half-life of such esters may be several

hours. In DNA the 2'-hydroxyl group is lacking and therefore deoxyribo-

phosphotriesters are stab]é species -(13). However, the preserice of

a B—hydr0xy1 group on the electrophile could catalyze phOSphotriéster‘

hydro]ysis and concommitant DNA.strand scission (14).
| If diol epoxide forms phosphotriesters in DNA, the triestefs shou 1d

be labilized byAthe C-9 hydroxyl of the hydfocarbon. The nicking activity

of diol epoxide could therefore represent depurination strand scission.

or.phosphotriester hydro]ysis If the former mechan1sm is operative
then one might expect the k1net1cs of nicking to be comparable between
diol epoxide and alkylating agents which react with the purine ring
nitrogens. Dimethyl sulfate is‘one such agent, reacting primari]y.with
guanine N-7 (15). In aqueous solution at pH 7.0 it has a hé]f-]ifé of
10 min (15). By compariéon, we found the half-life of anti-diol epoxide
in triﬁ-HC] buffer, pH 8.0, to be 21 min at 37° (16). At uM concentra-

tions of 16.5 and 530, respectively, anti-diol epoxide and dimethyl

sulfate give similar percentages of form II ColE1 DNA after 24 h reaction.
- While the absolute number of nicks per relaxed DNA molecule is similar ;

- for each electrophile, the kinetics of nicking differ markedly (Fig.

3). Dimethyl sulfate gives a slow nicking rate characferistic of depurina-
tion strand scission. Anti-diol epoxide gives rapid nicking, indicative
of the formation and hydrolysis of an'unstab]e phosphotriester.

A model for diol epoxide induced DNA strand scission is presented -
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in Fig. 4. .Since DNA phosphate does not readily disp]ace electrophiles,
ester formation at the C-10 position of the hydrocarbon most likely
N1 mechanism (17). The C-9 hydroxy].group can x
then displace ohe of the sugars fheréby breaking the DNA backbone and

~ proceeds through an S

forming a cyclic triester. Tertiary cyclic phosphates, like the‘one
proposed, hydrolyze rapidly to relieve ring strain (18).. Upon. hydrolysis
the hydrocarbon remains attached to_the_phdsphate. Since fhe 8-hydroxy]
group is on the hydrocarbon‘ahd not the sugar; éach triester hydrolysis
gives a nick. | |

The role of strand scission in regard to in vivo mutagenesis and

carcinogenesis is unknown. However, there is a correlation between

the extent of phosphate reaction ahd the oncogenic activityAfor a limited
nﬁmber of simple alkylating agents (12). In RNA phage both triesters

and strand nicks are inactivating lesions (17,19). In DNA stable ethyl
triesters do not appear to be lethal (20). The nicks induced by diol
epoxide are ]ike]y to be inactiVating since the bulky hydrocarbon adduct
is fetained. Repair of sﬁch nicks would be contingént upon loss of

the hydrocarbon by hydrolysis of the C-10 phosphate linkage or by nucleo-

lytic excfsion of the modified mononucleotide.
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FIGURE LEGENDS _
Fig. 1;_'Nicking of superhe]ica] ColE1 DNA by benzo[alpyrene diol epoxides.
Superhelical ColE1 DNA (mononucleotide conc. 32.5 uM) in 20 mM tris-
HC1, pH 8.0, containing 0.5 mM EDTA and 5% (v/v). DMSO was incubated
at 37°.with the indicated concs. of diol epoxide (closed circles) or
tetraol (open circles). After 24 h 40 ul aliquots were 1oadeq.onto
a 1.4% agérose slab gel and electrophoresed at 50 V for 18 h. The gel
was stained with ethidium bromide and the DNA bands quantified with
a Schoeffel model SD3000 spectrodensitometer in the reflectance mode.
‘Fig. la refers to anti-diol epoxide.and its tetréo] hydro]ysis product;
Fig. 1b reféfs to §Xg¢dio] epoxide and its tetraol hydrolysis produci?
Syn and anti-diol epoiidesvwere synfhesized according to published |
procedures (4,21). | |
Fig. 2. Electron micrographs of C91E1 DNA (mononuc]edtide conc. 32.5 uM) -
reacted with (A) 0, (B) 16.5, (C) 165 uM anti-diol epoxide. The DNA
was visualized with'the K]einschmidt-technique using an unidirectional

Pt /Pd shadow.

‘Fig.v3. Kinetics of ColEl DNA relaxation by.gggi-diolﬂepoxide and dimethy1l
sulfate. Superhelical ColE1 DNA (mononucTeotide conc. 32.5 uM)was reaéted
with 16.5 uM gﬂgi-dioT epoxide (closed circles) or 530 uM dimethy].sulfate
(open circ]es)'in'ZO mM tris-HC1, pH 8.0, contaihing 0.5 mM EDTA and

5% (v/v) DMSO at 37°. Aliquots were taken at various times for analysis

by agarose gel electrophoresis.

Fig. 4. Postulated mechanism of DNA strand scission by benzo[alpyrene

d101 epoxides.
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