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SIJWARY 

The same circular dichroism spectrum as that of !XA con- 
formationally altered by UV irradiation is observed when 
native D?IA is added to an enzymic system which produces an 
eletronically excited triplet carbonyl compound. 

The enzymic formation of electronically excited species 

other than those which occur in bioluminescence is under active 

investigation in this laboratory (l-15). The "photochemistry with- 

out light" of these enzymically energized species may be important 

for understanding certain normal or pathological processes. 

The enzymic formation in high yield of triplet acetone 

(I; R=CH3) and of triplet ethanal (I; R=H) has been achieved in 

this laboratory by the peroxidase catalysed aerobic oxidation of 

IBAL' and of propanal (13,14): 

R H H 

3 
H3C \ 

> c=o* 
HCOOH R/ 

(1) 
1 To whom inquires should be addressed. 

2 Abbreviations: IBAL, isobutanal; NRP, horseradish peroxidase; 

CD, circular dichroism. 
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Furthermore, we have shown that the energy can be trans- 

ferred to certain foreign acceptors and have thus paved the way 

for more detailed studies of "photochemistry in the dark" (14). 

In this work, we report our finding that DNA, upon 

addition to the above enzymic systems, becomes altered in the 

same manner as upon UV irradiation, as judged by the CD 

spectrum. 

MATERIAL AND METHODS 

Calf thymus DNA, HRP (Type VI), catalase, and superoxide 
dismutase were obtained from Sigma Chemical Co., sodium benzoate 
was from Aldrich Chemical Co. and EDTA was from Harleco Co., 
IBAL, from Aldrich Chemical Co., was purified by distillation 
under nitrogen. Sodium 9,10-dibronoanthracene-Z-sulfonate was 
available from earlier work (12). 

The complete reaction mixture consisted of: 20 PM HRP, 
50 ug/ml DNA, 20 uM EDTA and 83 MM substrate in 0.83 M phosphate 
pH 7.4 buffer; the total volume was 3.0 ml. This mixture was 
used for chemiluminescence, CD and emission spectra. 

Light emission was determined in a Perkin-Elmer liPF-4 
Fluorescence Spectrometer. A Hamamatsu TV Photocounter C-767 was 
used for following chemiluminescence as a function of time. 

CD measurements wera made in a Cary 60 Spectropolarimeter 
equipped with the Model 6001 CD attachment. Circular cells of 
1.0 cm optical path were used. The s ecific ellipticity, (+), was 
expressed in degrees.cm*.decimoles- . B 

RESULTS 

If DNA is present in the peroxidase/02 system, which 

oxidizes IBAL to triplet acetone and formic acid, it undergoes 

alteration as ShOwI by the CD spectrum (Fig. 1). The alteration 

is concomitant with the reaction and no further change is obser- 

ved following O2 depletion. No alteration occurs if both peroxi- 

dase and IBAL are omitted, or if IBAL is absent. On the other 

hand, exactly the same modified CD spectrum of DFIA was obtained 

if catalase (580 units), superoxide dismutase (100 units) or 

benzoate (10 mM) were also present in the system. After a few 

hours, IBAL alone induced the same kind of alteration, albeit 
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Fig. 1. CD spectrum of DNA: - alone; - - - when present 
present in the reacting IBAL-HRP-0 system; 
when also g,lO-dibromoanthracene-22sulfonate ij;'iI4) 
was also added to the reacting system. 

Fig. 2. Photoemission (counts in 10 sec.) as a function of 
time by the IBAL-HRP-0 system in the absence (-o-o-) 
and presence (-o-o- f  of DNA (50 ug/ml). 

w;th much lower efficiency, presumably due to its non-enzymatic 

oxidation. Khen g,lO-dibromoanthracene-2-sulfonate (3.3 u;i), an 

efficient acceptor of energy from triplet acetone (13,14) was 

added to the complete system, DNA alteration was reduced (Fig.1). 

These results, in addition to being highly reproducible, we r e 

also observed kjith the peroxidase system that generates excitei 

triplet ethanal from propanal. 

D4A did not affect the rate of 02 uptake in the IDAL-IIRP 

system. It did however diminish considerably the acetone phospho- 

rescence emission intensity (Fig. 2). 

DNA alteration could also be detected fluorimetrically 

(15) after elimination of acetone and unreacted 12AL (Fig. 3). 

Control experiments showed that the peroxidase was not fluori- 

oetrically altered. 
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Fig. 3. Fluorescence spectrum of DNA: - alone; - - - when 
present in the reacting IBAL-HRP-0 system. Acetone 
and unreacted IBAL were eliminatgd by flushing with 
argon. 

DISCUSSIONS 

It is probable that the alteration in D'IA originates fror.: 

tile enzymically generated triplet carbonyl compound. This inay be 

inferred from the following evidence: (i) the same CD alteration 

can be inciuced by UV irradiation of DPIA (17), a photoprocess for 

which triplet ketones can act as sensitizers (lB), (ii) 9,1D-di- 

broooanthracene-2-sulfonate retiuces the alteration, (iii) the 

acetone phosphorescence intensity is considerably reduced in the 

presence of D N A , (iv) DNA alteration was concomitant with the 

generation of triplet acetone. 

Kith respect to the last of these points, it may be argued 

that,an intermediate of the reaction may have induced the change. 

However, all readily conceivable species can be dismissed. Thus, 

neither the enzymic reaction nor the " new" CD spectrum of DNA 

were influenced by the presence of either catalase or superoxide 

dismutase, indicating that the H202 or the free superoxide 

are not the active agents. Attack by the HO' radical is also 

rendered unlikely by the presence of an efficient scavenger 

of this radical, 0.5 II ethanol, in our reaction mixture. 
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lloreover, sodium benzoate, another well-know efficient HO' 

scavenger, had no effect on either the reaction or the "new" CD 

spectrum of DNA, DNA alteration by '02, which would in itself be 

an interesting result, is also excluded because there is no 

indication whatsoever of the generation of singlet oxygen in 

our systems. 

The observed DNA alteration must be a "dark photo- 

chemical" (1,2,19) effect. This is supported by the occurrence 

of single strand breaks (unpublished), a damage which can be 

induced photochemically (20,24). Since the triplet carbonyl 

compound is formed at the active site of the enzyme in our systems, 

which would impede its reaction with external species (13,14), 

any detailed mechanistic scheme for the energy transfer to DNA 

would at present be premature. Whatever the ultimate explanation 

may be, the fact that a photochemical-like effect can be induced 

in DNA in the dark by our enzymic reaction is a significant result. 

Earlier Lamola (25) had induced damage in DNA with chemically 

generated triplet acetone. 
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