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Chromatin structure modification in an excimer laser field
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Abstract

Chromatin is the complex of deoxyribonucleic aci?NA) with proteins that exists in eukaryotic cell nuclei. Chromatin

was extracted from livers of Wistar rats and subjected to a 248-nm excimer laser radiation, in doses of Pre2-2MJ

UV excimer laser lofan 1701, with 40-mJ dggellse and frequency of 30 Hz was used. The radiolysis of chromatin was
analyzed by(1) *H-NMR spectroscopy(2) steady-state fluorescend8) time-resolved fluorescence, at) fluores-

cence resonance energy transfERET) methods. The laser action on chromatin determines bigger values of the
transverse relaxation tim@,), which indicates less bound water in the chromatin structure, therefore a more injured
one. The chromatin intrinsic fluorescence decreases on laser action, proving the destruction of the chromatin protein
structure. By the time-resolved fluorescence we established that the relative contribution of the excited state lifetime of
bound ethidium bromide to chromatin DNA diminishes with the laser dose. This denotes single- and double-strand
breaks produced in DNA structure. By the FRET method, the energy transfer efficiency and the distance between dansyl
chloride and acridine orange coupled at chromatin were determined. The distance increases with laser action. The
determination of the chromatin structure modification in an excimer laser field can be of real interest in medical
applications.
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1. INTRODUCTION mination of the fluorescence lifetimes of the complexes and
of the relative contributions of bound and free liganaind
e(4) fluorescence resonance energy tran@f®ET; the trans-
fer of energy from a donor fluorophore to an acceptor fluo-
rophore between dansyl chloride and acridine orange, both
coupled to chromatin.

Research concerning the laser action on DNAand polynucl
otides(Schulte-Frohlindet al., 1990 or on nucleoproteins
(Kovalsky & Budowsky, 199D have been reported. The
study of laser effects on chromatin—the complex of DNA
with proteins occurring in nuclei of eukaryotic ce(korn-
berg & Lorch, 1999—is important. This is because laser
therapy is used in the treatment of premalignant and malig2: MATERIALS AND METHODS

nant skin tumorgKarreret al, 2001. The chromatin was extracted from livers of Wistar rats,
The chromatin structure modification in an UV excimer according to standard procedur@&rnberget al, 1989.

laser field was put in evidence. The doses for 248-nm exciye ysed chromatin samples with 28.0~4 M (=100 ug/

mer laser radiation were 0.5-3 M, with 40-mJ dosg¢ ) DNA concentration in 102 M phosphate buffer, pH: 7.

pulse and a frequency of 30 Hz. An UV excimer laser radiation, with = 248 nm, from an
We performed an analysis and interpretation(®df *H-  |ofan 1701 laser, with 40 mJ dogeulse and frequency of

NMR spectroscopy) steady-state fluorescentbe intrin- 309 Hz was used. The transverse relaxation tighe of

sic chromatin fluorescence, due to fluorescent amino&cids chromatin samples was established with a NKr Aroma 78

(3) time-resolved fluorescence of the complexes of ChromaSpectrometer.

tin with the fluorescent ligand ethidium bromide deter- The measurements of fluorescence intensity of the chro-

matin tyrosingwhich exists in histongsvere performed at
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Ethidium bromide(EtBr; Sigma was used as the DNA 1800
intercalating ligand, in a concentration of 6.2510°° M T2
and its binding was monitored using time-resolved fluores-
cence measurementseasuring of the lifetime of fluores- (ms)
cence. The fluorescence response functiorhompson & 1700
Millar, 2000) is

[(t) = A+ By exp(—t/my) + B, exp(—t/7,), (2) 1600

wherel (1) is the time dependent fluorescence intensiy,
B;, andB, are constants, ang, 7, are the lifetimes for

bound and free states of the ligand. 1500 \ | | ! !
In the FRET method, a donor fluorophore is excited by 0 05 1 15 2 25 3
incident light and if an acceptor is in close proximity, the Dose (MJ/m2)

excited state energy from the donor can be transfé8elyin,

2000. This can be realized if the emission spectrum of the Fig. 1. The chromatin transverse relaxation time versus UV laser dose.
donor is perfectly superimposed on the excitation spectrum

of the acceptofRaduet al, 1997). Double fluorescent la-

beling of chromatin was performed with dansyl chloride 3 RESULTS AND DISCUSSIONS

(Sigma;Aey = 323 nm, A, = 505 nm and acridine orange

(GUIT; Aex = 505 NM, Aem = 530 nm). The dansy! chloride The dependence of the transverse relaxation tifag ob-
reacts, under mild alkaline conditions, with ande-amino  tained by NMR spectroscopy, on excimer laser dose is rep-
groups of the proteins, the cysteine sulphydryl group, thdesented in Figure 1. The increase Bfvalues on laser
histidine imidazole group, and the tyrosine phenolic groupgction indicates less bound water in chromatin, therefore a

while the acridine orange is intercalated between DNA bas&0re injured chromatin structure. _
pairs. The variations of the chromatin intrinsityrosine and

The Forster energy transfer efficiency is defined as tryptophan fluorescence intensities on laser dose are indi-
cated in Figures 2 and 3. The modification of the intrinsic

E = (12/Is—1)-€n/ep, (2)  chromatin fluorescence indicates a destruction of chromatin

protein structure due to laser action. As the protein structure

wherel , and1R are the fluorescence intensities of the ac-1S damaged, the fluorescence intensity of its fluorescent

ceptor in the absence and in the presence of the dono®Mino acids is reduced. _
respectivelyg, andep, are the molar extinction coefficients ~ 1he time-resolved fluorescence measurements furnished

of the ligands at excitation wavelength. us the lifetimes of the excited states of f(@ns and bound

the inverse sixth distance,between donor and acceptor, by
the expression:

6
E=r"%r°+Rs°, 3) I

whereR, represents the Forster critical distance at which (a.u.) Py

50% of the excitation energy is transferred to the acceptor. If 4 |

the molar absorption coefficient is in units of Ncm™1, the

wavelength in centimeters, and J, the normalized spectral

overlap integral, is in units of M*cm®, the expression dR$

is ]
2 n

RS = 8.79% 10 25(n~*Q4 k2J) cm® (4)

wheren is the refractive index of the mediunQy is the

fluorescence quantum yield of donor in absence of the ac- 0 ‘ ‘ ‘ ‘ ‘

ceptor, andk? is the orientation factor for dipole—dipole 0O o5 1 15 2 25 3

interaction. For this pair of fluorochromeR, = 29.72 A.

An Aminco Bowman SPE 500 fluorimeter and a time- Dose (MJ/m2)
resolved fluorimeter FL 900 CDEdinburgh Analytical In-  Fig. 2. The chromatin intrinsic relative fluorescence intensities, corre-
strumentgwere used. sponding to tyrosine, versus UV laser dose.
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Fig. 3. The chromatin intrinsic relative fluorescence intensities, corre-Fig. 5. The average distance donor-accepted between dansyl chloride and
sponding to tryptophan, versus UV laser dose. acridine orange coupled at chromatin versus UV laser dose.

contribution, f (%), of excited state lifetime of bound EtBr dine orange coupled to chromatin were determined. The

to chromatin on UV excimer laser dose is presented in Figdistancer (A) between donor chromophore and acceptor

ure 4. Since in a free DNA, one EtBr molecule gets inter-chromophore varies linearly on laser dogdéig. 5. The

calated between 2 base paif4 nucleotidey all EtBr  increase of the average distance between the two ligands,

molecules are bound to a free DNA, when the concentratiominder the action of these radiations, reflects the growth of

of DNA is 2.5 X 1074 M(P) and that of EtBr is 6.25< the distance between chromatin proteins and DNA, which

10~° M. In the case of EtBr binding to chromatin, in the suggests a loosening of the chromatin structure.

same conditions of concentrations, only a part of the ligand By using these methods, it was possible to separately

is bound to DNA. This is due to the masking of DNA binding follow the radiation effects on chromatin DNA, on chroma-

sites by chromatin proteins. tin proteins, and on the interaction between DNA and chro-
The diminution with laser dose of the relative contribu- matin proteins.

tion of the excited state lifetimes of bound ligand constitutes

evidence of the reduction of the chromatin DNA double-

stranded structure, due to the single- and double-stran@ CONCLUSIONS

breaks. The bigger values of the transverse relaxation time,

By using the FRET method, the energy transfer efficiencyindicate less bound water in chromatin, therefore a more
and the average distance between dansyl chloride and acfhjyred structure. The chromatin intrinsic fluorescence de-
creases on laser action, proving the destruction of chromatin
protein structure. Using the time-resolved fluorescence we
established that the relative contribution of the excited state
lifetime of bound ethidium bromide to chromatin deoxyribo-
45 & nucleic acid diminishes with the laser dose. This denotes
T single- and double-strand breaks produced in the DNA struc-
ture. Using the FRET method, we established that the mean
f(%) 30 | : distance between chromatin proteins and DNA increases
T on laser action. The establishment of chromatin structure
in a laser field can be important for the understanding of
15 laser action at the biological molecular level in clinical
applications.
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