V.3

TETRAHEDRON

140 LETTERS
Pergamon “ry

Sequence Dependent Photoreduction
_ L o ___________°2 2N M __ e __* MYt 1T _ s 1__
O1 O-DIromouracCii-Lonuaining uwuiigonucieonaces

Kenzo Fujimotol, Hiroshi Sugiyama?, and Isao Saitol*

1 i § PR | . i S :
1Department of Synthetic Chemistry and Biological Chemistry
Kyoto University, Kyoto 606-01, JAPAN
Zlnehhnha for Medical and Dental Enm;peenpg,

Tokyo Medical and Dental University, Tokyo 101, JAPAN
CREST, Japan Science and Technology Corporation

Received 25 November 1997; revised 27 December 1997; accepted 6 January 1998

Abstract: In order to investigate photoactivation mechanism of 5-bromouracil (B7U)-
containing oligonucleotides, deuterium incorporation experiments and fluorescence
emission were examined. Photoreduction of B'U contained in a duplex oligomer in aqueous
solution containing (CD,),CDOH gave 5-deuterated uracil in high yield. It was found
that highly photoreactive oligomers possessing 5’-APTU-3" sequence show a strong
fluorescence emission at 370 nm by excitation at 308 nm. These experimental results
support a photoactivation mechanism that involves one electron transfer from adjacent
adenine at 5’-side to n,n* excited state of B'U in DNA duplex. © 1998 Elsevier Science Ltd.
All rights reserved.
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for mapping protein-nucleic acid interactions,! and the mechanism of the photoreaction of
s Brrr 12

monomeric

was thoroughly investigated.2 For example, Koch et al., demonstrated a single

electron transfer (SET) mechanism for the photoreduction of monomeric BrU in (CH3),CHOD

on the basis of deuterium incorporation into uracil C-5 position (Scheme 1).22 However, the

detail mechanism of the photoreduction of BrU contained in duplex oligonucleotides has not
Q. € Pa 0]

- >—-0D 0D
nD ~ i
+ Br D Bre g D
0 11;1/ o N
R

0040-4039/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)00079-3



2138

from adjacent adenine moiety at the 5'-side to photoexcited BrU (Scheme 2).3 W e now report
that photoexcitation of BrU-containing oligomer results in a sequence dependent exciplex
formation leading to the photoreduction of BrU residue via SET.
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In order to investigate the mechanism of photoreduction of BrU contained in duplex
ohgonucleotxdes irradiation of duplex d(CGABTUGC)/ d(GCATCG) (1) in aqueous solution

containing variou s deuterated 2 -nmnannl was ex ned. After enzymat dmmtmn_ of the

photoreduced hexamer d(CGAUGC), the photoreduction product, deoxyurldme (dU), was
separated by HPLC and subjected to 'H NMR analysis4 In the photoreaction in the presence of
100 mM (CDs3),CDOH, efficient incorporation of deuterium from (CD3),CDOH into C5 position
of dU has been observed (D content 93 %)(Figure la). However, in the presence of 100 mM
CH3),CHOD in D,O, only small amount of deuterium was incorporated into dU (D content
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In order to gain further insight into the mechanism of the photoreaction of BriJ i

oli Qnuclggudes fluorescence emission spectra of BrlJ-cont no hovamare wars maacssead
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rigure 1.] Ligiuy priowoieadiive Qupiex u115u IS containing o -A¥*U-5 sequence such as 1

and 3 exhibited a strong emission at 370 nm by excitation at 308 nm. This strong emission is
only observable in a duplex form. Thus, it is highly likely that the emission is derived from an
exciplex formation between adenine and photoexcited BrU residues of 5-ABrU-3' sequence in a
duplex structure. It should be emphasized that only strongly emissive duplex oligomers like 1

and 3 can undergo highly efficient photoreduction as indicated in Table 15 In fa
ive oligomers such as single siranded 5 or duplex 4 containing 5'-GBrU-3' sequence
have only weak emission. This implies that the conformation around adenine and adjacent
BrU is very important for the exciplex emission as well as for the effective photoactivation of

BrU in duplex DNA.
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concentration of 5 x 107 M (base concentration) at 4 °C in agqueous 2-propancl (100 mM )
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run hexamer (photoreduction)™
1 d(GCAP'UGC), (3) 3.0x 107
2 HCGAPUGCY d(GCATCG) (1) 1.0% 103
3 d(GCGP'UGC) d(GCACGC) (&) <1.0x10%
4 d(cGAaPuge) ) <1.0x10*

2Quantum yield measurements were carried out at 0 °C under irradiation at 308 nm.
[ Oligomer ] =5 x 10" M (base conc) in aqueous 2-propanol (100 mM).

The specific exciplex formation between adenine and BfU in 5’-ABrU-3" sequence being
produced by n,t* excitation of BfU was very important for the efficient photoreduction of Bry
in oligonucleotides. One electron transfer from adenine to n,n* BrU would then occur within a
photoexcited complex, and the resulting BrU anion radical 6 would immediately release Br
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produce 5-deuterated hexamer 2-d (Scheme 4). The result is in marked contrast to the
photoreduction of monomer Bri] in which the deuterium was incornorated into uracil C-5
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hydrogen bond between BrU C4 carbonyl and complementary base in a duplex structure.
Further work is in progress to elucidate the mechanism of sequence dependent electron
transfer reactions.
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