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Carzinophilin is an antitumor antibiotic isolated from the culture
broth of Streptomyces sahachiroi,! whose structure determination
has remained elusive for over 30 years.>® Comparison of car-
zinophilin with azinomycin B, a recently* isolated metabolite from
Streptomyces griseofuscus S42227, confirms that they are the
same compound.® Earlier studies concluded that carzinophilin
caused significant DNA damage both in vitro and in vivo as a
result of cross-link formation® We wish to report that bifunctional
alkylation by carzinophilin’ affords interstrand cross-links in the
major groove between G and purine residues two bases removed
in duplexed DNA fragments containing the sequences

5-GNT-3’
3’-CNA-5

5-GNC-3’
3-CNG-¥

We reached this conclusion by the rational design of synthetic
oligonucleotides containing the bases inosine and 7-deazaguanine
at the target alkylation sites.
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(7) Formation of identical cross-links were observed for the drug derived
from both S. sahachiroi (carzinophilin) and S. griseofuscus (azinomycin).

5-AAATTCGAATTGCTTAA-3'
3-TTTAAGCTTAACGAATTCCCATTTTTATTT-5'
) carzinophilin (CZ)

74
5'-AAATTOGAATTECTTAA-3‘
3-TTTAAGCTTAACGAATTCCCATTTTTATTT-S

-link
5. AAATTCGAATTGCTTAA-3 cross-li
3-TTTAAGCTTAACGAATTCCCATTTTTATTT-5'
piperidine
90°C, 30min

S§-AAATTCGAATT + CTTAA3
3-TTTAAGCTTAACGA + TTCCCATTTTTATTT-S

Figure 1.

Table I. Relative Efficiency of Interstrand Cross-Link Formation of
Duplex DNAs 1-10 Following Incubation with
Carzinophilin/Azinomycin B (* Denotes Trace). All Duplexes Are
Identical Except for Variations in the Highlighted Three Base Pair

Sequence

o | H
CH,0. 0

° |

H

O Carzinophilin/
CHy
121314

. Azinomycin B
H -link
S§-AAATTCGAATT GCT TAA-3
3-TTTAAGCTTAA CGA ATTCCCATTTTTATITS ++
191817
2. S§-AAATTCGAATT ZCT TAA-3
3“TTTAAGCTTAA CGA ATTCCCATTTTTATTT-S o

g, S-AAATTCGAATT GCT TAAY
3-TTTAAGCTTAA CZA ATTCCCA ATTT-5 *

S§-AAATTCGAATT ICT TAA-3'
3-TTTAAGCTTAA CGA ATTCCCATTTTTATTT-S +

5 5-AAATTCGAATT GCT TAA-Z’
' 3.TTTAAGCTTAA CIA ATTCCCA ATTT-5' ++

6. S5-AAATTCGAATT GAT TAA-3 X
3-TTTAAGCTTAA CTA ATTCCCATTTTTATTT.s O

7. 5-AAATTCGAATT GTT TAA
3-TTTAAGCTTAA CAA ATTCCCATTTTTATTT.S"  0*

§-AAATTCGAATT GCC TAA-3
3-TTTAAGCTTAA CGG ATTCCCATTTTTATTT-S' 44

S§-AAATTCGAATT GAC TAA-3
3-TTTAAGCTTAA CTG ATTCCCA ATTT-S *

10, S-AAATTCGAATT GCA TAAS'
FTTTAAGCTTAA CGT ATTCCCATTTTTATTTS  @*

)
</N | NH / | NH </N | NH
NSNS\, NSNS, NN
ONA oNA DNA

Incubation of carzinophilin (11 °C, pH 7, 24 h) with duplex
DNA 1 (Table 1), 32P-end-labeled at the 5’ terminus of the long
or the short strand® followed by denaturing polyacrylamide gel
electrophoresis (PAGE) analysis, afforded bands of higher mo-
lecular weight (lower gel mobility), which were identified as

(8) Duplex 1 was designed to probe the competitive formation of G-to-G
cross-links involving G residues which are either 3’ or 5’ diagonally-substituted.
To facilitate the identification of potential cross-links, DNA strands of dif-
fering lengths were chosen since only interstrand cross-links should coelute
when either strand is separately radiolabeled. This procedure readily dif-
ferentiates between intrastrand reactions or strand modifications (multiple
alkylations) which might also result in bands of decreased mobility by dena-
turing PAGE analysis. Complementary DNA strands were synthesized on
an Applied Biosystems Model 381 A synthesizer and were purified as detri-
tylated oligomers using an Axxi-Chrom ODS column (10-15% CH,CN
gradient in a 0.1 M triethylammonium acetate solution at pH 7).
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cross-linked DNA.? The desired bands were cut from the gel,
isolated by electroelution, treated with piperidine (90 °C, 30 min),
and resubmitted to PAGE analysis. Cross-linked material 5'-
end-labeled on the shorter strand afforded a major cut at the
guanine at position 12 (G,,) when compared to a Maxam and
Gilbert G-specific lane.!® Likewise, cross-linked material 5’
end-labeled on the longer strand afforded cleavage at the A,
residue, corresponding to a three base pair bisalkylation between
G and A residues in the sequence

5’-GCT-3’

3’-CGA-§’

Conversion of isolated cross-link to a major cleavage site on each
strand suggests that the covalent bond formation occurs at the
piperidine-labile locations.!'!12

Inosine (I) and the modified nucleoside 7-deazaguanine (Z)
were synthetically incorporated to evaluate potential base al-
kylation sites. Substitution of the G, residue involved in the
G-to-A cross-link in 1 with 7-deazaguanine 2 resulted in no
cross-link formation. No piperidine-sensitive scission was detected
at this base even in single-stranded experiments. Cross-links were
generated upon replacement of G5 with 7-deazaguanine 3, but
were not observed with either T (6) or A (7) substitution at this
base. Substitution of inosine for either the G, or G4 residue
afforded cross-links (4, 5). However, yields were lower for 4,
consistent with the decreased nucleophilicity of the N7 atom of
inosine.!* Substitution of the A5 residue with G afforded G-to-G
bisalkylations in the sequences

5'-GCC-3’ 5’-GAC-3¥
3-CGG-¥ 3-CTG-5¥
8 9

Attempts to induce G-to-G cross-links involving adjacent base pairs
failed (10).'4

All G residues in either single strand of 1 are alkylated by
carzinophilin at various levels of efficiency, whereas all A residues
(including A ) are inert (data not shown). Given the differences
in nucleophilicity of N7 of A and G, these results support a model
for cross-link formation in which the first alkylation at G, directs
the second alkylation at A,; (Figure 1). The reaction at the
usually inert A, residue is thus template directed, and the kinetics

(9) DNA-CZ complexes were treated with 0.2 N NaOH in order to
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Res. 1989, 6529.
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Non-piperidine-labile alkylations could be difficult to detect using the base
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cross-link suggests no molecular weight change of fragments obtained upon
piperidine treatment.
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(14) Reaction of carzinophilin with 10 afforded only G monoalkylations,
precluding adjacent base pair cross-links. However, formation of cross-links
in 8 could involve both adjacent and three base pair G residues.

of alkylation are governed by the high concentration of electrophile
at the second alkylation site. For 8 and 9, G-to-G cross-links could
lead to a mixture of diastereomeric products. Within this
framework, involvement of N7 of G, is supported by the results
obtained with the modified duplexes 2-5. The greater propensity
for depurination at the A, residue (vs G,,) after cross-link for-
mation in 1 is consistent with the lower stability of N7 alkylations
at this base.!® Finally, formation of cross-links in 1, 3-5, 8, and
9 at purine residues located in the 5/ direction of the three base
pair sequence leads us to the preliminary conclusion that this novel
natural product reacts in the major groove. Further character-
ization of the drug-DNA complex will be determined when
suitable amounts of material become available.
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Throughout the last three decades, the chemistry of the high-
energy triplet states of aromatic ketones has occupied the attention
of photochemists.! Benzophenone (Bp) is typical of these species,
and its relatively high T, energy (69 kcal/mol) causes it to be used
as a photosensitizer for other molecular T, states. With energy
acceptors such as aromatic hydrocarbons, it is generally agreed
that the energy transfer proceeds with 100% efficiency. This is
decidedly not the case, however, when molecular oxygen is the
energy acceptor;? the fraction of triplet Bp(T,) quenching processes
that lead to singlet oxygen formation (S,) is close to 0.3. This
nonunity value of S is not confined to the case of benzophenone
triplets; very few singlet oxygen sensitizers show S, = 1.> This
variance possibly arises in part from the variety of the electron
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