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Abstract

The investigation of model DNA helices using time-resolved absorption and fluorescence spectroscopy with UVB/UVC excitation knows
currently an increasing interest due, in particular, to the use of femtosecond spectroscopy. The study of such complex and fragile systems presents
specific difficulties which are not encountered in the experiments performed on the monomeric DNA units. They are related both to the quality of
the DNA helices and their sensitivity towards UV radiation. The present paper tackles some of these problems (pitfalls) and describes experimental
protocols developed in our laboratory in order to overcome them (tricks). We focus on experiments carried out by fluorescence upconversion
spectroscopy, time-correlated single photon counting and nanosecond flash photolysis. We illustrate our experience with examples obtained for
double helices containing only adenine—thymine base pairs. We consider this report of pitfalls and tricks, which is far from being complete, as a
first step towards a codification of rules for time-resolved studies with model DNA helices. This codification has to be established by common

agreement of the various groups working in the field.
© 2006 Elsevier B.V. All rights reserved.
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Experimental artifacts

1. Introduction

UV irradiation absorbed by the DNA bases induces pho-
tochemical reactions leading to carcinogenic mutations [1,2].
Numerous studies describe the major photoproducts such as
bipyrimidine dimers (cyclobutanes and (6—4) photoadducts),
6-hydroxy-5,6-dihydrocytosine or 8-0xo0-7-8-dihydroguanine
[3,4]. However, the time-scales at which these photoreactions
occur, as well as the nature of the excited states intervening
between photon absorption and the formation of a given photo-
product remain poorly understood. It is worth-noticing that the
first time-resolved investigation dealing with the formation of
photoproducts was reported only last year [5]. The main finding
of that work is that the (6—4) thymine photo-adducts are formed
within 4 ms via a reaction intermediate. Although experiments
on this time-scale were technically feasible already 40 years
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ago [6], specific difficulties related to the complexity and the
fragility of DNA helices towards UV radiation prevented them
from being studied.

Spectroscopic studies aiming at the understanding of funda-
mental processes in complex systems are highly facilitated if
the various components of the system can be excited selectively.
This is not the case for DNA double helices because the low-
est energy absorption band of adenine, thymine, cytosine and
guanine and of the corresponding nucleosides and nucleotides
are all located around 260 nm and overlap strongly [7,8]. More-
over, many of the photoproducts absorb also in the same spectral
region and, therefore, it is nearly impossible to clearly iden-
tify them in a transient absorption spectrum. The “puzzle” may
become somewhat easier if, instead of natural DNA, single
stranded or double stranded synthetic model helices, with sim-
ple base sequence, such as (dA),, (dT),, (dC),, (dA),-(dT),,
(dAdT),-(dAdT), or (dCdG),,-(dCdG),,, are considered.

Regarding the singlet excited states and the associated energy
transfer processes, investigations have for long suffered from
the limited time resolution. The lifetimes of the lowest singlet
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excited states of the monomeric DNA units (bases, nucleosides
and nucleotides) were determined a few years ago using fem-
tosecond transient absorption and fluorescence upconversion
techniques [8—15]. In 2003 appeared the first time-resolved fluo-
rescence study of DNA oligomers with femtosecond resolution;
it showed that organization of nucleotides in single and double
helices, (dA);g, (dT)20 and (dA)>o-(dT),9, renders the fluores-
cence decays progressively slower [16]. More recently, the fluo-
rescence of similar double helices, poly(dA)-poly(dT), induced
by femtosecond pulses, was probed by fluorescence upcon-
version and time-correlated single photon counting (TCSPC)
over a large time domain (100fs to 100ns) [17]. The time
behaviour of the fluorescence, associated with the steady-state
absorption and fluorescence spectra, was explained by the for-
mation of Franck—Condon states delocalized over several bases
and the subsequent energy transfer occurring faster than 100 fs
[17]. In parallel, a transient absorption study with femtosecond
resolution reported the existence of important slow compo-
nents (50—150 ps) in the decays of (dA)ig, (dA)1g-(dT)1g and
(dAdT)g-(dAdT)g. The authors assign the slow components to
adenine excimers and draw the conclusion that these limit exci-
tation energy to one strand at a time [18]. This interpretation as
well as the comparison between transient absorption and fluo-
rescence data are currently under discussion [19].

The accumulation of fluorescence data concerning the double
helices (dA),-(dT), has contributed to increase the confusion
about the properties of their excited states. These fluorescence
studies were performed for helices with various numbers of base
pairs (n=15[20],n=20[16,19,21] and n> 1000 [17,21]) using
different experimental setups (TCSPC with excitation at 293 nm
[21], streak camera with excitation at 283 nm [20], upconversion
and TCSPC with excitation at 267 nm [16,17,19]). Thus, one can
wonder whether the helix length or the excitation wavelength
plays a crucial role on the nature of the emitting states.

Our recent work on model DNA helices by three different
time-resolved techniques, fluorescence upconversion, TCSPC
and nanosecond flash photolysis [5,16,17,19,22,23] has made
us aware of certain “pitfalls” which may lead to a complete mis-
interpretation of the experimental results. These pitfalls mainly
concern the quality of the DNA helices and re-excitation of
helices containing photoproducts.

In the case of DNA helices with simple repetitive sequences,
base pairing is often incomplete. As a consequence, solutions of
these compounds may contain not only double strands, but also
a certain amount of unpaired bases. Furthermore, the above-
mentioned systems are commercially available with a certain
degree of purity. This is largely appropriate for most applica-
tions, but insufficient when their fluorescence properties are
studied. This is understandable taking into account that the flu-
orescence quantum yield of nucleic acids is only of the order
of 10~* [4]. Infinitesimal traces of highly fluorescent impurities
may give rise to fluorescence signals comparable to or stronger
than those of the DNA helices.

The transient absorption and fluorescence signals of DNA
model helices are usually very weak and necessitate averaging
over a large number of laser shots. It is possible that repetitive
laser pulses excite DNA helices which have already under-

gone a photochemical reaction. The presence of a lesion may
change the transient signals in two ways. The formation of a
photoproduct, such as a thymine dimer, within a double helix
disrupts base pairing and base stacking and induces confor-
mational changes around the lesion. The electronic coupling
which governs the properties of the excited states delocalized
over several bases [17,24-28] is thus altered. As a consequence,
the whole cascade of processes, including excited state relax-
ation, is expected to change as well. In addition, the proper
signals (transient absorption or fluorescence) of a photoprod-
uct may be superposed to those of the unaltered helices. The
situation is further complicated by the fact that laser excitation
of amodel helix gives rise to variety of photoproducts whose rel-
ative ratios depend on the pulse intensity. Indeed, radical cations
of the bases, formed following ionization the DNA helix, lead
to different types of photoproducts than those resulting from
electronic excited states. We have shown quite recently that the
quantum yield for one photon ionization of double helices con-
taining only adenine—thymine pairs at 266 nm is of the order
of 1073 [23]. Upon increasing the laser intensity, two photon
ionization prevails and, consequently, the ratio of the various
photoproducts changes [29]. The photophysical and photochem-
ical properties of all these photoproducts are, in general, not well
characterized.

In order to overcome the problems described above, we have
developed specific experimental protocols (tricks). Usually the
pitfalls are not explicitly mentioned in the articles and the tricks
are hidden among various experimental details. Trying to com-
pare our data with those obtained by other groups, we have not
been able to figure out whether these problems had been resolved
or not. The purpose of the present paper is to explicitly point out
some of the pitfalls encountered in our studies, describe their
effect on the measured signals and show how the adopted tricks
contribute to improve the quality of the data.

2. Apparatus and experimental setups

Steady-state absorption and fluorescence spectra were
recorded with a Perkin Lamda 900 and a SPEX Fluorolog-
2 spectrofluorometer, respectively, according to the procedure
reported in reference [8].

The time-resolved fluorescence measurements used as exci-
tation source the third harmonic of a mode-locked Ti-sapphire
laser (Coherent MIRA 900; 267 nm). The repetition rate was
76 MHz for upconversion measurements but, for time-correlated
single photon counting operation, it was reduced to 236 kHz by
means of a pulse-picker (Coherent Model 9200).

The fluorescence upconversion setup is described in detail
elsewhere [12,13]. Temporal scans were made in both par-
allel (Ipar) and perpendicular (Zperp) mode by controlling the
polarization of the exciting beam with a half-wave plate. The
instrumental response function was about 400 fs (fwhm).

The time-correlated single photon counting setup used a
Becker & Hickl GmbH SPC630 card. Fluorescence was detected
by a microchannel plate (R1564 U Hamamatsu) placed after a
SPEX monochromator. Scattered excitation light was blocked
by a Schott WG 295 filter. The instrumental response function
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was 60 ps (fwhm). Parallel and perpendicular components were
determined by means of a Glan Thomson prism.

For both upconversion and TCSPC, the total flu-
orescence decays F(f) were calculated according to:
F(t) = Ipar(t) + 2Glperp(t), where G accounts for the polari-
sation dependent sensitivity of the detection system.

Laser flash photolysis experiments were performed using the
fourth harmonic (266 nm, 8 ns) of a Nd:YAG laser (Spectra-
Physics Quanta Ray). The repetition rate was 2 Hz. The probing
light (450 W Xenon arc) was observed at right angle with respect
to the exciting beam, dispersed in a SPEX monochromator,
detected by a Hamamatsu R938T photomultiplier and analyzed
by a Tektronix DSA 620 oscilloscope.

The power of the femtosecond laser was measured by a pow-
ermeter (Melles Griot 13PEMO001), whereas the energy of the
nanosecond laser pulses was determined by an energy ratiometer
(Laser precision Instruments, Rj 7200).

All the time-resolved data presented were obtained at 20 °C.

3. Quality of DNA helices

In this section we describe two problems we encountered
regarding the quality of the DNA helices. First, we examine how
absorption spectroscopy can shed some light on the efficiency
of base pairing. We discuss our observations in the light of the-
oretical calculations dealing with the nature of the excited states
of these systems. The second problem concerns the presence of
fluorescent impurities, whose identification is not obvious and
necessitates thorough steady-state fluorescence studies.

3.1. Base pairing

The double stranded polymers, poly(dA)-poly(dT) (ca.
2000 bp) and poly(dAdT)-poly(dAdT) (200400 bp), were pur-
chased from Amersham Biosciences and were delivered as
lyophilised pellets. These pellets were dissolved in phosphate
buffer in order to obtain a concentration of ca. 0.005 M per base.
Complete dissolution was achieved by immersing a small Pyrex
flask containing the solution into the water bath (3 1) of a temper-
ature controller LAUD A ECOLINE 003, heated at 90 °C. After
5 min, the heating was stopped and the bath was cooled slowly to
20 °C while circulating the water of the heat bath. The annealing
was systematically repeated for solutions stored at —20 °C prior
to any spectroscopic measurement. When these protocols were
followed, the absorption spectra of each double helix, recorded
with 0.2 nm steps, were reproducible.

The double stranded oligomers (dA)zp-(dT)29, (dAdT)jo-
(dAdT);p and (dA)9(dT)2(dA)9-(dT)9(dA)2(dT)9 were pur-
chased from Eurogentec. After annealing, they had been purified
by polyacrylamide gel electrophoresis (PAGE) and delivered to
us in phosphate buffer at a concentration of about 0.1 M per
base. We simply diluted them in order to obtain concentrations
appropriate to each type of experiment. Submitting the oligomer
solutions to the heat treatment described above did not induce
any noticeable change in their absorption spectra.

The experimental curves presented here for both polymers
and oligomers were obtained for concentrations ranging from
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Fig. 1. Melting curves obtained for oligomeric and polymeric dou-
ble helices: (dA)-(dT)2o (open circles), poly(dA)-poly(dT) (full circles),
(dAdT);9-(dAdT);p (open squares), poly(dAdT)-poly(dAdT) (full squares),
(dA)9(dT)2(dA)9-(dT)9(dA)2(dT)y (triangles).

1073 to 2 x 1073 M (per base) using the same type of buffer (pH
6.8; 0.1 M NaH;POy4, 0.1 M NapHPOy4, 0.25M NaCl). Under
these conditions, the ionic strength, which greatly affects the
conformation of double helices, was controlled by the buffer.
We recorded the absorption spectra as a function of
temperature. The melting curves, determined from the
absorbance at 260nm, are shown in Fig. 1. As expected,
the melting temperature increases with the number of
base pairs (upper panel in Fig. 1): it is around 55°C
for (dA)20-(dT)20 and (dAdT)jo-(dAdT)1p with 20bp, 75°C
for poly(dAdT)-poly(dAdT) (200-400bp) and 86°C for
poly(dA)-poly(dT) (2000bp). The melting of the oligomers
is less sharp than that of the polymers and indicates a
greater polydispersity regarding the number of base pairs. This
polydispersity arises mainly from a slipping of one strand
with respect to the other. As a matter of fact, the melting
curve of (dA)g(dT)2(dA)g-(dT)9(dA)2(dT)9; composed, like
(dA)20-(dT)20, of 20 adenine—thymine base pairs is sharper than
those of the oligomers with strictly repetitive sequence (lower
panel in Fig. 1). Clearly, the presence of an inversion in the base
sequence locks the relative position of the two strands.
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Table 1

Absorption maxima and hypochromism of double helices

Compound Amax (nm)* Hago (%)°
(dA)20-(dT)20 259.4 27.0
(dAdT);0-(dAdT) ;o 262.4 26.0
(dA)g(dT)2(dA)9-(dT)9(dA)2(dT)g 259.0 29.4
Poly(dA)-poly(dT) 258.8 38.4
Poly(dAdT)-poly(dAdT) 262.6 33.7

4 Precision: 0.2 nm.
Y Hre0 = (Aggec — Axgec)Aggec; Aagec and Aggec denote the absorbance at
260 nm recorded at 20 and 96 °C, respectively.

The difference between the absorbance recorded at the
highest and lowest temperature is more important for
the polymers compared to the oligomers with the same
sequence (upper panel in Fig. 1). We have quantified the
hypochromism of our double helices by calculating the quantity
H260 = (A96 °Cc — Azooc)/A%oc, where AZO“C and A96OC denote
the absorbance at 20 and 96 °C, respectively, measured at
260 nm (Table 1). The Hagp value found for poly(dA)-poly(dT)
is higher than that found for poly(dAdT)-poly(dAdT), in agree-
ment with the molar extinction coefficients reported in the lit-
erature for these two polymers [30,31]. For both sequences, the
oligomers exhibit a lower hypochromism than the polymers. The
hypochromism of (dA)9(dT)2(dA)y-(dT)9(dA)2(dT)g (29.4%) is
higher than that of (dA)2o-(dT)29 (27%).

It is interesting to correlate the characteristics of the melt-
ing curves with the absorption spectra and the nature of the
excited states of the examined helices. The normalized absorp-
tion spectra of the two oligomers and the two polymers are
shown in Fig. 2. Although all spectra largely overlap, the spec-
trum profile depends on the base sequence. The spectrum of
(dA)20-(dT)zg is very similar to that of poly(dA)-poly(dT) and
the spectrum of (dAdT);9-(dAdT)o closely resembles that of
poly(dAdT)-poly(dAdT). A closer look in the absorption spec-
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Fig. 2. Normalized absorption spectra of poly(dA)-poly(dT) (solid red line),
(dA)20-(dT)20 (dashed red line), poly(dAdT)-poly(dAdT) (solid blue line),
(dAdT)0-(dAdT) ¢ (dashed blue line).

tra (inset in Fig. 2) reveals that the effect of the base sequence is
more pronounced for the polymers compared to the oligomers.
The position of absorption maxima are given in Table 1. Such
a relative position is predicted by a theoretical study performed
in the frame of the exciton theory combining data from quan-
tum chemistry calculations and molecular dynamics simula-
tions [25,27]. It was explained by the delocalization of the
Franck—Condon excited states over several bases induced by
dipolar coupling (Frenkel excitons). As the dipolar coupling
depends on the orientation of the transition dipoles, it is sen-
sitive to the geometrical arrangement of the chromophores and,
consequently, to the base sequence. Although the formation
of excitons induced by dipolar coupling explains the sequence
dependence of the absorption maxima, it does not account for
the observed hypochromism, which is also sequence dependent
[32]. In contrast, charge resonance and charge transfer interac-
tions acting between bases provide a satisfactory interpretation
for this effect [33,34].

According to the above reasoning we deduce that the foot-
print of electronic coupling is more visible in the spectra of
the polymers compared to those of the oligomers. This is also
reflected in the excited state relaxation of the examined dou-
ble strands studied by fluorescence upconversion. For example,
it was reported that the fluorescence decay recorded at 330 nm
for (dA)z9-(dT)yg is slower than that obtained for an equimolar
mixture of damp and TMP [16]. Fig. 3 shows that this trend is
accentuated in the fluorescence decay of poly(dA)-poly(dT).

3.2. Fluorescent impurities

We found that some oligomers contained fluorescent impu-
rities. These were not easy to recognize at the first glance. As
a matter of fact, a difference in the fluorescence spectra or in
the fluorescence decays between nucleotides and single or dou-
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Fig. 3. Normalized fluorescence decays recorded at 330 nm by the upconver-
sion technique: (dA)2o-(dT)20 (red open circles), poly(dA)-poly(dT) (red full
circles) and an equimolar mixture of the nucleotides dAMP and TMP (black
open circles); Aex =267 nm.
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Fig. 4. Steady-state fluorescence spectra recorded for different batches of
(dA)20-(dT)20 (colour lines). The fluorescence spectrum of poly(dA)-poly(dT),
which was found to be identical for all batches, is shown in black; Aex =255 nm.

ble stranded oligomers could be interpreted as a cooperative
effect. We have been able to distinguish between a coopera-
tive property and a fluorescent impurity by performing a series
of tests. They are illustrated below using (dA)»o-(dT)z as an
example.

The fluorescence spectra of (dA)yg-(dT)»o recorded for dif-
ferent batches are presented in Fig. 4. They are characterized by
two emission bands. One of them peaks around 330 nm, wave-
length which coincides with the maximum of TMP fluorescence
spectrum [8]. The second peak is located around 450 nm and
could be attributed to “excimer” emission. However, the 450 nm
peak is still present above the melting temperature. The rel-
ative intensities of the two peaks changes with the excitation
wavelength and, most importantly, they vary from one batch to
the other. In contrast, the fluorescence spectra recorded for at
least six different batches of poly(dA)-poly(dT) were indepen-
dent of the excitation wavelength and contain just one emis-
sion band peaking at 327 nm (Fig. 4). On the basis of these
observations we concluded that (dA)g-(dT)y¢ contains a flu-
orescent impurity. This impurity is certainly present in very
low concentration because the batches characterized by dif-
ferent fluorescence spectra (Fig. 4) gave identical absorption
spectra.

Due to the fluorescent impurity the decays of (dA)2o-(dT)20
recorded by the time-correlated single photon counting tech-
nique at 420nm are longer than those of poly(dA)-poly(dT)
(Fig. 5). Despite this fact, the decays of the oligomer recorded
by means of the upconversion technique are shorter than those
of the polymer at all wavelengths because the latter technique is
not sensitive to long lived emitting species with low amplitude.
We recall that the fluorescence decays of poly(dA)-poly(dT) are
quite complex. They are composed of large amplitude short lived
components which are determined by the upconversion tech-
nique and weak amplitude long lived components determined
by TCSPC [17].

100 5
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Fig. 5. Normalized total fluorescence decays recorded at 420nm for
(dA)20-(dT)20 (black) and poly(dA)-poly(dT) (red) by time-correlated single
photon counting Aex =267 nm.

4. Excitation of helices containing photoproducts

In this section we propose an evaluation of the probability that
successive laser pulses, necessary for recording a time-resolved
signal, excite helices already containing a photoproduct. This
probability depends on various parameters, such as laser inten-
sity and repetition rate, sensitivity of the measurement, concen-
tration and volume of the studied solution. We illustrate this by
two examples of how excitation of damaged helices alters the
fluorescence decays.

One photon absorption by model helices leads to the forma-
tion of photoproducts with various quantum yields ¢. For the
most commonly studied model helices, the highest ¢ is reported
for the formation of cyclobutane dimers in the single strand
(dT)20 (3 x 1072) [5] and the lowest for the formation of A-T
adducts in the double stranded helix poly(dAdT)-poly(dAdT)
(ca. 10~%) [35]. Moreover, in laser experiments, one or two pho-
ton ionization of the DNA helices may also occur [5,36-40],
resulting in the formation of oxidation products. The majority
of these reaction products absorb, more or less, at the same spec-
tral area as the initial systems and their formation cannot easily
be detected just by monitoring the absorption spectra before and
after the time-resolved experiment. Therefore, it is important to
use other criteria for checking the alteration of the compounds
during the measurement.

We have estimated the accumulation of photoproducts dur-
ing a time-resolved experiment by calculating the molar frac-
tion R(n) of helices undergoing a photoreaction as a function
of the number of laser shots n. R(n) is given by the ratio
[photoproduct],,/[helices] where the nominator and the denom-
inator correspond to the photoproduct concentration present in
the solution after n laser shots and the total concentration of
helices, respectively. We are interested in the number of shots
resulting to the creation of a photoproduct in less than 10% of the
helices. Under these conditions, the number of absorbed photons
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Fig. 6. Molar fraction of helices containing one photoproduct R(r) as a function
of the laser shots n in a nanosecond flash photolysis experiment for various total
volumes of solution circulating through a flow cell. Helix concentration: 107 M;
absorbed energy per laser pulse at 267 nm: 2mJ; ¢ =5 x 1073; Vi =0.05 ml.

per shot remains approximately constant. Thus, we write:

n@[ Pl Vi

[photoproduct],, =
Vtot

where ¢ is the quantum yield for photoproduct formation, [P,]
the number of absorbed photons (in einstein/1), Vi, the volume
of the solution directly irradiated by the laser pulses and Vi is
the total volume of the solution circulating through a flow cell
or being continuously stirred during the experiment.

Fig. 6 shows plots corresponding to nanosecond flash photol-
ysis experiments for different volumes Vi,;. The R(n) values are
presented for n up to 200, which is a typical number for signal
averaging in order to obtain transient absorption decays with an
acceptable signal to noise ratio. The parameters used in the sim-
ulations (helix concentration: 10~ M; absorbed energy per laser
pulse at 267 nm: 2mJ; ¢ =5 x 10~3) are inspired from our recent
work on oligomers composed of 20 bases (single strands) or 20
base pairs (double strands) [5,23]. We observe that when the
same small volume of solution is excited by successive pulses
(Virr = Viot =0.05 ml), two laser shots are sufficient to damage
9% of the helices. If 50 ml of solution are circulating via a flow
cell, less than 1% of the helices contain a photoproduct after 200
shots and the obtained signals are considered to be reliable.

In the simulations described above several parameters can
be varied allowing the determination of the optimal conditions
depending on the type of time-resolved experiments. In all cases,
we judge a measurement to be acceptable if successive signals
recorded for the same total volume of solution are identical.
An example is given in Fig. 7 where the fluorescence decays
recorded by TCSPC for poly(dA)-poly(dT) at 420 nm with paral-
lel polarization are shown. In this experiment, we have adopted a
protocol where we defocused the laser beam in order to decrease
the pulse intensity to less than 10kW/cm? (lower than the sen-
sitivity of our powermeter). Moreover, 3 ml of solution were

1.0
0.8
0.6

0.4

fluorescence intensity

0.2

0.0

time (ns)

Fig. 7. Normalized fluorescence decays (parallel polarization) recorded at
420nm for poly(dA)-poly(dT) by time-correlated single photon counting;
Aex =267 nm. Black circles: usual operating conditions (no stirring; pulse inten-
sity: 200kW/cm?). Colour lines correspond to 10 successive measurements
(300 s each) performed under continuous stirring of the solution (Vi =3 ml)
and with a laser power intensity lower than 10 kW/cm?.

continuously stirred during the measurement. Under these con-
ditions, 10 successive decays (colour lines in Fig. 7) perfectly
overlap. If the experiment is performed under experimental con-
ditions currently used in TCSPC (no defocusing, no stirring),
successive decays become longer and longer. This is mainly due
to the formation of (6—4) thymine dimers whose fluorescence
maximum is located around 400 nm [41]. Their fluorescence
quantum yield is 1072, i.e. two orders of magnitude higher than
that of the studied double helix. For comparison, an average
decay recorded under such conditions is also shown in Fig. 7. As
can be seen, it is much longer than the decays recorded accord-
ing to our protocol. It is important to stress that the presence
of the (6—4) photo-adducts is relatively easy to detect because
their photophysical and photochemical properties are rather well
characterized contrary to other photoproducts.

As mentioned in Section 1, the formation of photoproducts
may not only contribute to the fluorescence decays by their own
emission but also change the excited state relaxation of the DNA.
An example is illustrated in Fig. 8 and concerns the fluorescence
decays of (dA)29-(dT);9 at 330 nm recorded by the upconversion
technique. The decay obtained using a rotating cell containing
0.4ml of solution is clearly shorter than the decay obtained
using a flow cell allowing the circulation of 20ml of solu-
tion. The fluorescence of (6—4) thymine dimers which decays
on the nanosecond time-scale (Fig. 7) is not responsible for the
observed shortening of the decay. In contrast, this shortening
can be explained by partial denaturation of the double strand
provoked by the accumulation of both (6—4) photo-adducts and
cyclobutane dimers which are not fluorescent. As a matter of
fact, we have reported that the fluorescence decays of (dA)>g
and (dT),9, detected by the upconversion technique at 330 nm,
are shorter than that of (dA)-(dT)2 [16].
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Fig. 8. Normalized total fluorescence decays recorded at 330 nm by the upcon-
version technique for (dA)o-(dT)20. Black circles: rotating cell containing
0.04 ml. Red circles: 20 ml of solution continuously circulating through a flow
cell.

5. Conclusions and comments

We have outlined some pitfalls which may hamper time-
resolved studies of DNA helices and described some tricks we
have developed in order to avoid them. We illustrate our experi-
ence by examples from experiments performed on double helices
containing only adenine—thymine base pairs.

First, we stress the importance of controlling the quality of
samples by means of techniques available in a photochemistry
laboratory. Thus, careful inspection of the steady-state absorp-
tion and fluorescence spectra and their temperature dependence
constitute an important prerequisite for any laser experiment.
The degree of hypochromicity and the precise position of the
absorption maximum are crucial criteria which should be men-
tioned explicitly in every scientific paper. On the basis of these
criteria, it appears that polymers are better models for the DNA
double helix than the oligomers which contain relatively more
unpaired bases.

The second problem we have pointed out is the damage
of the helices occurring during the laser experiments. We
have proposed a simplified evaluation of this damage allow-
ing the adjustment of experimental parameters (laser repeti-
tion rate, irradiated surface, helix concentration, duration of
the experiment, ...) and, accordingly, the determination of
the volume of the solution necessary to obtain reliable sig-
nals. Such an evaluation may be a valuable guide for the
design of the experiment. However, the ultimate test is to
check if repetitive signals recorded with the same solution are
reproducible.

Given the complexity of the involved processes, coordinated
efforts of various groups and techniques are necessary. We are
convinced that the first step in this direction is to establish a set
of commonly accepted experimental protocols. By the present
contribution we wish to share our own experience which we

hope will be enriched by discussions with other groups working
in the same field.
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