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Currently, there is considerable interest in molecules that
mediate sequence-selective DNA damage upon photoirradiation,
as these may provide information useful for the design of novel
“photonucleases”.? The chemically inert bleomycin cobalt com-
plex (Co-BLM) mediates DNA strand scission when photoirra-
diated at 330-450 nm,* whereas irradiation of the Cu or Co
complex of a BLM derivative, peplomycin (PEM), at shorter
wavelength (~302 nm) resulted in selective transformation of the
bithiazole ring.#

Two major types of stable Co'"BLM complexes were obtained
by mixing BLM with CoCl, under aerobic conditions.> The green
and brown complexes were proposed to have hydroperoxide and
water as liquids, respectively. Earlier studies indicated the Av-
dependent, O,-independent nicking of DNA by the green and
brown complexes, as well as the formation of alkali-labile sites
and the release of free bases. 36

Reported herein is a more detailed analysis of the chemistry
of photoirradiated Co-BLM’s. By the use of two BLM congeners
and two oligomeric DNA substrates we demonstrate that (i)
Fe:BLM and Co-BLM effected oligonucleotide modification at
the same sites, (ii) oligonucleotide damage was mediated more
efficiently by green Co-BLM than by brown Co-BLM, (iii) oli-
gonucleotide damage by green Co-BLM was O, independent, and
(iv) the products of Co-BLM-mediated oligonucleotide degradation
were limited to free bases and alkali-labile lesions. The accu-
mulated data are consistent with C-4’ hydroxylation of deoxyribose
by the green hydroperoxide complex of Co-BLM, with concomitant
transformation of the latter to the brown aquo Co-BLLM complex.

The green and brown Co'BLM's were prepared as described®
and characterized by HPLC, UV, and 'H NMR. Reaction
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Figure 1. HPLC analysis of products formed by photoreaction of green
ColllPEM with d(CGCGAATTCGCG) followed by alkali treatment.
The peaks indicated (arrows) comigrated with authentic diastereomeric
dinucleotides 2. Analysis was carried out on a NOVA 4Cg column;
elution was with 0.1 M ammonium formate containing 2% acetonitrile
at a flow rate of 2 mL/min. The same diastereomeric dinucleotides 2
were obtained when d(CGCTTTAAAGCG) was treated analogously
with Coll"BLM A,.

Scheme I. Major Products Formed from d(CGCGAATTCGCG) by
Photoirradiated Green Coll.PEM?
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95’-dGMP was formed by subsequent alkali treatment. An analo-
gous set of products was formed when d(CGCTTTAAAGCG) was
treated with green Co'.BLM A,.

mixtures containing green Co'l.PEM + d(CGCGAATTCGCG)
and green Co.BLM A, + d(CGCTTTAAAGCG) were irra-
diated aerobically at 366 nm. HPLC analysis® indicated the
formation of cytosine as a major product; neither cytosine propenal
nor 2’-deoxycytidylyl(3’—5’)(2’-deoxyguanosine 3’-(phospho-
2”-O-glycolate))™ was detected in significant amounts, although
both were produced in control experiments that employed
FellBLM A, and Fe!l.PEM. Treatment of the reaction mixtures
with alkali (0.1 M NaOH, 60 °C, 2 min) effected strand scission
at the sites containing alkali-labile lesions; 5-dGMP was produced
from the lesions at cytidine;;. The quantification of products from
one specific experiment that employed green Co"PEM is given
in Table I. As illustrated in the table, degradation of the do-
decanucleotide occurred preferentially at C; and C;; (cf. Scheme
1),% with lesser amounts of modification at T and A sites.? Thus
the site selectivity of oligonucleotide modification by Co'l.PEM
and Co''lL.BLM A, was similar to that observed for the Fe com-
plexes (Table I).2

The structure of the alkali-labile product (putative 1) formed
from d(CGCGAATTCGCG) by Co'.PEM was established by
treatment of the reaction mixture with alkali (0.1 M NaOH, 60
°C, 2 min) and analysis of the product mixture by HPLC in
comparison with authentic dinucleotides 2 (Scheme II).1° The
Co"'.PEM-derived sample comigrated with the authentic sample
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Table I. Quantitative Analysis of Products Formed during the Photoirradiation of Green and Brown Co-PEM Complexes in the Presence of

d(CGCGAATTCGCG)?
cytosine, thymine, adenine, dGMP}? dodecamer green complex brown
uM uM uM uM consumed,’ uM consumed, uM complex, uM
green Co-PEM 58 15 9 67 149 125
brown Co-PEM 8 39 248
Fe:PEM? 59¢ 12¢ 5¢

9The 40-uL reaction mixture contained 1 mM d(CGCGAATTCGCG),* 50 mM sodium cacodylate (pH 7.0), and 250 uM Co.PEM. After
irradiation (Transilluminator TL 33, 5-cm distance) for 1 h at 0 °C (aerobic conditions), analysis was effected by reverse-phase HPLC.%
bQuantitated as deoxyguanosine after successive treatments of the reaction mixture with base (0.1 M NaOH, 60 °C, 2 min) and alkaline phospha-
tase. °83 uM dodecanucleotide was used. ¢Control reaction carried out in 60 uL of 50 mM sodium cacodylate (pH 7.0) using 1 mM d-
(CGCGAATTCGCG) and 300 uM Fell.LPEM. The reaction was carried out for 15 min at 0 °C and then analyzed as above. ¢Base + base propenal.

Scheme II. Plausible Scheme for Formation of Alkali-Labile Lesion 1 and Free Base with Concomitant Conversion of Green Col.BLM to

Brown Co!ll.BLM
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of diastereomers 2 (Figure 1). The absence of cytosine propenal
and 2’-deoxycytidylyl(3’~—5")(2’-deoxyguanosine 3’-(phospho-
2”-0O-glycolate)) suggests that no C-4’ hydroperoxide intermediate
was formed;’»4s821011 while the chemical transformation(s) leading
to the observed products (Scheme I) are not established une-
quivocally by the present study, C-4’ hydroxylation of the deox-
yribose moieties of C; and C;; would clearly suffice to produce
the observed products.

Also studied was the photoirradiation of brown Co"™"PEM in
the presence of d(CGCGAATTCGCG). This complex was much
less efficient than the green complex in mediating degradation
of the dodecanucleotide, in spite of the fact that the green and
brown complexes of Col'"BLM would be expected to saturate the
strong oligonucleotide binding sites under these experimental
conditions (Table I).* Degradation of (CGCGAATTCGCG) by
green Col.PEM was accompanied by conversion of the green
complex to brown Col.PEM;!? analogous degradation by the
brown complex did not result in any detectable change in the
amount of brown Coll.PEM present at the conclusion of the
experiment. Under anaerobic conditions, d(CGCGAATTCGCG)
was degraded to the same extent by green Co'PEM, producing
oligonucleotide degradation products and brown Co'™=PEM in the
same yields observed in the presence of O,. Further, the quantum
yield for the conversion of green Co'™PEM to brown Col'.PEM
increased from 1.4 X 107 to 6.2 X 107 when d-
(CGCGAATTCGCG) was present.!> These results suggest
strongly that conversion of the green hydroperoxide complex to
the brown aquo complex’ may be associated with ribose C-4/
hydroxylation. Photochemical conversion of green PEM.Co!l-
OOH to an active oxygen species, perhaps by scission of the 0-O
bond, could plausibly lead to the observed hydroxylation and
production of brown PEM.Co!''-OH, (Scheme II). Consistent
with this suggestion, brown PEM.Co!!! would be unable to degrade
DNA unless it were first converted to green PEM-Co!'-OOH,
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+ brown Co ‘PEM

e.g., by photoreduction of Col to Co™ and reoxidation by O,.14
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(14) Reduction of brown Co'sPEM with NaBH, under aerobic conditions
led to the formation of green Co™PEM (20% yield), suggesting that part or
all of the oligonucleotide-modifying activity observed with brown Co'l.PEM
could be due to its conversion to green Co!'"PEM under the reaction condi-
tions.
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The relative stability of tautomers of the pyrimidine bases uracil,
thymine, and cytosine is of fundamental importance to the
structure and functioning of nucleic acids, the occurrence of certain
tautomers being suggested as a possible mechanism of spontaneous
mutation.! Recent developments in the technique of microwave
spectroscopy? have made it feasible to identify the most stable
tautomers of these bases. In our previous studies of uracil® and
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