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SUMMARY. Exposurc of X phage to triplet acetone, generated curing the acrobic
oxidation of isobutanal by peroxidase, lcads to genome lesions. The majority
of these lesions are detected as DHA single-strand breaks only in alkaline

conditions, so true breaks were not observad. Also, no sites sensitive to UV~
endonuclease froa Micrecoccus Yuzeous were found in ONA frem treat:ud

phace,

acetone in the generation of such DMA damage is
discussed. :

INTRADUCTION. DNA alterations 'can be induced during incubation with enzyme-

enerated excited carbonyl corpounds, as suggested by charges in the DNA circeular
g b Ge
dichroism spectrun (1,2) and single~strand breaks detected by sedimentation in

alkaline sucrose gradicnts (3). These ghotochamical like ¢ffects could be caused

by energy transfer from the excited molecule to BHA and are cousidered, with

many others, "photobiochamical reactions without light', reocentiy reviewed by

Cilento (h,5).

: . - 2 . .
The oxidaticn of isobutanal (IBAL)T by horseradish  percsidase

(HRP) produces formic acid anl scetone, the latter in the electronically

excited triplet state (6,7). We have reported that triplet acetone inhibits the

X phage ability to infect scherichio coli (8). This inactivation was ohserved

even though the phage DNA was injected into the bacteria, suggesting that DHA

lesions would be formed and would prevent phage multiplication. In this paper,

we confirm the cxistence of DNA damage in the phage treated with the IBAL

oxidation system. Possible iavolvement of energy transfer in this phenorenon will

be considered and discussoed,



MATERTAL AND METH0DS. The A phage (c1857tsSam7) were cbtained from lysogenic
bacteria Escherichia coli by therrmal induction ond purified to the CsCl
gradient (3). DNA Tabelling and phage or DNA treatment with IBAL oxidation
system were performed as described before (3).
isoanyl alcohol

DNA was extracted with chloroforu:
(zli:1) ond dialyscd against Tois 10mM, ECTA 1aM, pH 7.0. When
nceessary, DHA was irraﬂiatcd with a low pressure germicidal lamp (254nm) at o
fluznce rate of 0.5 W.m", dosim2cry by Llatarjet meter. UW-endonuclease from
Micrococcus luteus ciployed corresponds to fraction 111 of the purification
procedure of Carryer and Setiow {13). DNA lacubation with this enzyme was done
as already described (11). To test DNuse susceptibility to DNase, the cnzyme
(firal concentration I5ug/ml) was added after pretreatment of the phage or DitA
vith the IBAL oxidation system and N, bubling. The incubation was then performed
at 37°C for 60 minutes and stopped by ice chilling.

Tha DNA was sedimented bn two differant densturating conditions: (i) in alkaline
pl: phage or DNA preparations were lysed in 0.1 HaOh, 3% SDS, 20mM EOTA and
aliquots (0.3 ml) were layered on the top of a 4.0 ml linecar 5-20% sucrose
gradient containing C.1 M NaCl, C.1 M HaCH; the centrifugation was at 32000 rao at
20°C in a SW 50.1 rotor (Beckman) for 2h. (ii) In neutral pH: we used the
technique described before (12); basically DHA aliquots (0.3 ml) were layered on
the top of a 4.0 m) linear gradients which were 0-15% sucrose (w/v) formamide;
centrifugation was at 32000 rpry at 33°C for 4h in the saue rotor. In both casas,
fractions were ccliected from the botten of the tube and processed for DHA
analysis as already describad (11). o

.
nage

RESULTS. Phage DhA lesions detected in alkaline sucrose gradients - When X p G

is treated with the IBAL oxidation systeq, DHA single-strond Lreaks are obcerved

by sedimenting DNA in alkaline conditions (fig. 1c). No DNA single-stran

breaks are detected if the phage is trcated with IBAL in the absence of HRP (fig.

l2), or with acetonc and formic acid, even in the presence of KRP (fig. 1b).

These results suggest the participation of triplet acetone in the process which
yields these DNA lesions, However, rinor reactions in the IBAL system could
produce the highly reactive activated specics of oxygen, which are well known
DNA damaging agznts (13,16). The eztion of hydroxyl radicals does not scem

probable since the rcaction mixture zontains ethanol, an efficient scavenger of

this radical. As shown in table |, superoxide dismutase and catalase, which

eliminate superoxide radical and hvdrogen peroxide respectively, are not able to
protect DHA from damage. Alsc, tive

participstion of singlet oxygen In the

phenomenon dencribed here, which woald be fosnlf an interestiey resuit, ooy

unlikaly bocavse: (i) there is

ao Dadicating of Tts gunacration in the toAn

oxidation cystes, and (1) deosyoaanmine, oo ccavenger of singlet coygen, dowe

VAl

not protect PNA O when odded to e roaction sisture (Loble 8)L Reveribelens,




when the incubation of ) phage with the IBAL system is in the presence of
tryptophan, an efficient acceptor of triplet accrone emission (17), a signifi-
cant reduction in <he number of DNA lesions iv observed (table 1). Moreover,
production of DNA lesions is dependent on the IBAL concentration (fig. 2), which
cerrelates well with the increcase of triplet acetone emission at higher reagent
concentrations (data not shown). Thus, triplet acetone scems to be recessary for

the appearance of lesions in the phage genome.

»

Characterization of the DNA damages - In order to distinguish between true single-
strand breaks and alkaline-sensitive sites, UNA {ron treated and untr2ated phages
viere extracted and sedimented under denaturating conditions in neutral formamide,,

The results are presented in fig. 3. Almost not true breaks are detected in the.

DNA from trecated phage (fig. 3b), however if this DNA is submitted to an allaliae

FH, before being added to the gradient, it sediments slower (fig. 3c) indicating

that most of the lesions induced in the phage genome by triplet acetone are

alkaline sensitive sites. No sedimzntation changes are observed in DNA from

untreated phagé when submitted to an alkaline pi (fig. 3a). Also, no UV-endonuclease

sensizive sites were detected in the DHA frem treated phage {table i1). Thus,

the DNA lesions induced by triplet ccetone in & phage are mostly alkaline

sensitive sites but are not recognized by UV-endonuclicase.

Phage gencme accessibility to DNasc | after treatrent with IBAL oxidation system

- The deleterious action of triplet acetone in nude DNA has alreoady been described

(1,3). However, wz recently observed (8) darajge in X phage protein coat after treat-

nent with the IBAL oxidation systen.

Thus, it wias important to verify if the phage
DHA is stil) shielded by the prot:in coat or i¢ totally exposed for the direct action

of triplet acetene. Therefore the nuclease atteck on DHA was testad {table 111).

Olase | ic unable to introduce DLA nicks in cither untreated or treated phace but

iclds positive . ntrols for nudz BUNAL Thosn resulte Show that after phane ernowure
t ’.] i

to triplet acectone the protein cent s still protecting its cenone




DISCUSSION. The incuction of DNA damage by triplet acctone, generated either
“ehemically (18) or =nzymically (i-3)-has already been describad. In this paper
we present evidence that this effect can also be chsaerved even if DNA is
shielded by ¢n cnvelope of proteins as is the case for X phage. In fact, the
participation of triplet acetone damaging phace geacae is strongly supported

by our resul:s in which tryptophan is the oniy scavenger able to protect DHA

(table 1).

The mechanjsm that would lead to BUA lesicns is unknown. Since triplet
acetone is generated inside the enzyme (7) and DNA is not accessible to DMase, a
aifect action of triplet acetone through molecular collision seems unlikely.
Recently, cvidence of energy transfer from triplet acetone to aminoacids inside

proteins were obtained (19), so participation of the protein coat as an

intermediate should be considerad.

The analysis of the kind of DIA damage produced can give us some

clue; on the process involved in its gencration. Most of the d2tected lesions
are alkaline censitive sites and not true ruptures in the DHA phosphodiester
chain. This faci excludes all mechanisms that would generate more DHA single-
strand breaks than alkaline sensitive sites. Since oxygen radicals yields tree
breaks in DNA (15,20, our unpublished results) their participation in the
process discussed here seems unlikely. Also, although production of thymine
dimers by chemically generated triplet acetone has been obrerved (18), uv-
endonuclease from 4. luteus is not able to introgsuce DEA bireaks in phage tresated
with the IBAL oxidation system. This enzyme nicks UV-irrediatad DNA at the
pyrimidine dimzr site (21) and recently the T4 andonuclease V, which has

essentially the same activity of the N.Juteus cnzyme, has been observed to act on

opurinic/apyrimidinic sites (22}, Therefore, pyrinidine dimars are not produced

in phage DNA by triplet accton2 treatrant, and also, the DHA alkaline sensitive



sites described here do not seem to be apurinic/apyrimidinic sites. There results
are in agreement with the possibility that incubation of A phage with the 1BAL
oridation system would promote purine and/or pyrimidine alterations, since these

nitrogenccus bases are possible acceptors of the energy from triplet acetone or

from a2n excited intermediated compound in the protein coat.

Whatever these lesions arc, they may be responsible for at least part
of the X phage inactivation already described (8). Since phage inactivation is
similar in the DNA repai; proficient E.coli or in the uvrA recA double mutant,
the DNA lesions observed here are“apparcently not repaired in E.coli through the

pathways controlled by the products of those genes.

2

. Thé biological implicé&ions of the results shown in this paper are
vnknown, however the production of excited carbony! compounds in the vicinity
of cell genome could generate DNA damage. In fact, photop emission close to
DNA have already been observed. UV and visible ultra-weak radiation are emitted
from cell culture, a phenomenon probably connected with ccl\ular mitoses (23).
Popp et al. (24) proposed that the different topological configurations of DNA
moy act as photon storage within the cells. Thus, the phage DNA lesion induced by
an excited carbonyl combound may correspond to a natural phenomenon, and this

could be correlated to "spontaneous’ deleterious processes in the genome, such

as mutagenesis,
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FOOTNOTES

Page 1

V. To whom ccrrespondence should be addressed.

2. Abbreviations: IBAL, isobutanol; HRP, horseradish paroxidase; mol. wt.,
molecular weight. '*



TABLE |

Effect of various agents in DNA damage induction by IBAL oxidation system

“Treatment 2 DNA lesions (b}

1eaL + Hre (@)

100
IBAL + HRP + Catalase (50 ug/m}) 97
IBAL + HRP + Superoxide dismutase (50 jg/ml) 88
IBAL + HRP + deryguagosihe (v mM) 92
IEAL + HRP + tryptophan (1 mM) 3

(a)} For phage treatment the concentrations were: IBAL 37 mM and HRP 3 uM.

(b) DNA lesions were calculated from alkaline sucrose gradient analysis.



TABLE 11}

Test for UV-endonuclease sensitive sites

Treatment tlumber of UV-endonuclease (-)
c
sensitive sitesllO7 daltons
untreated - 0,04
18AL + Hre ) : - 0,03
Weirradiated () - 0,27

(a) For phage treatment the concentrations were 1BAL 88 mM and HRP 3 M.

(b) A DNA was irradiated with dv at lOJ/mz.

{c) W-endonuclease sensitive sites were deterniinated by formamide sucrose
gradient analysis.



TABLE 111

Phage DNA accessibility to DRase

Treatment Number of nicks introduced by
DNasc/lO7 daltons(b)

phage 0,01

phage + IBAL + wp@ - 0,03

DNA 0,53

DNA + 1BAL + nap(d) 0,24

(a) For phage or DNA treatment ﬁhe concentration were IBAL 83 mM and HRP 3 wii.

(b)-Sensitivity to DNase were calcuiated from a]ﬁaline sucrose gradient enalysis.
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FIGURE LEGENDS

Fhage DNA damages by IBAL oxidation system - A phage containing 3H~DNA
viere treated (-o0-o-) with IBAL 88 mM (a); formic 2cid | rM; acetone

! r#t and NRP 3 pM (b) or IBAL B8 mM and HRP 3 yM (c). Then, phage were
lysed and the DNA sedimented in alkaline sucrose gradicnts. The broken

lines represent DNA from untreated phage. Sedimentation is from right
to left.

Phage DNA damage X 1BAL concentrations - X phage were treated with

IBAL at the indicated concentrations and HRP 3 uM, and ONA analysed in
alkaline sucrose gradients.

Alkali-sensitive sites in DNA from treated phages - ) phage ware

untreated (A} or treated (B,C) with IBAL oxidation sysgem (1BAL 88 mM,
HRP 3 uM). The DNA's were extracted and scdimented in dormamidc sucrose
gradients. In A and C, before sedimentation the DHA's were submitted

to alkaline pH (NaOHD,IN) for 10 minutes, then pll was neutralized

(to pH=8.0) by adding HCL, and Tris-HCL (50 mM). The broken lines

represent DNA from untreated phage. Sedimentation is from right to
left.
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