
SUMMARY

The variation of fluorescence during irradiation
of ethidium bromide-stained nuclei with the 458
nm argon laser line was measured at different
wavelengths throughout the emission spectrum.
When glycerol was used as a mountant, photo-
enhancement of fluorescence was observed at all
wavelengths, but was greater at the shorter wave-
lengths. Fluorescence increased by almost one
order of magnitude at 500 nm after 40 s of irradia-
tion, compared with only about 10% at wave-
lengths longer than 600 nm after 2-3 s. In nuclei
mounted in phosphate buffer, an initial photo-
enhancement of fluorescence was detected only at
the shorter wavelengths, while continuous photo-
bleaching was observed in the rest of the emission
spectrum. When the spectra are normalized to
maximum, so as to eliminate the effect of the con-
current photobleaching, it appears that the differ-
ence between the time course of fluorescence vari-
ation in buffer and glycerol depends largely on the
lower photobleaching rate in glycerol. The photo-
enhancement of fluorescence at shorter wave-
lengths was found to consist of a band peaking at
485-491 nm in glycerol and at 495-496 nm in
buffer. Attenuation of the inner-filter effect con-
tributes minimally to the enhancement of fluores-
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cence at shorter wavelengths. Since the dimer is
known to be non fluorescent, the light-induced
disaggregation of dimers to monomers cannot be
an explanation for the large increase of fluores-
cence at the shorter wavelengths. The same laser
beam that was used to excite the fluorescence of
stained nuclei was also used for monitoring the
concomitant variation of transmitted light, from
which the variation of absorptance during irradia-
tion was computed. While the expected decrease
of absorptance was observed in glycerol, reflect-
ing the photodestruction of the fluorophore, in
buffer solution an unexpected initial increase was
found, which may reflect the accumulation of an
absorbing photoproduct.

INTRODUCTION

Although the time course of fluorescence photo-
bleaching can generally be ascribed to mono-expo-
nential photo-destruction of fluorophores, in micro-
fluorimetry discrepancies from simple mono-expo-
nential kinetics have been reported in the past by
several authors (Benson et al., 1985; Bjarneson and
Petersen, 1991; Szabò, 1992; Brakenhoff et al.,
1994; Song et al., 1995, 1996, 1997; Van Oostveldt
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et al., 1998). The most extreme deviation from the
expected kinetics is represented by the photo-
enhancement of fluorescence observed immediately
after the onset of illumination (West and Lorinez,
1973; Enerback, 1974; Severin and Ohnemus, 1982;
Ruck et al., 1990; Peng et al., 1991; Ambroz et al.,
1994; Galassi, 1996). Discrepancies between varia-
tion of fluorescence and photo-destruction have
recently been reported in macro-fluorimetric studies
as well. When the quantum yield of the photo-
bleaching rate of porphyrins was compared with the
variation in absorbance (Bezdetnaya et al., 1996), it
was found to be an order of magnitude higher. Also,
the rate of mTHPC photo-degradation, monitored by
decay in absorbance, was found to be fifteen-fold
lower than the rate of loss of fluorescence (Bil-
itchenko et al.1998). The correlation of fluorescence
fading with decrease of absorbance thus appears not
to be straightforward, because of possible variations
of the fluorescence quantum efficiency during irra-
diation, due to light-induced modification of the flu-
orophore–fluorophore interactions (photo-dimerisa-
tion or disegregation), fluorophore–substrate inter-
actions, or fluorophore–solvent interactions. Photo-
products may also be formed which absorb at the
wavelength of the excitation light.
It was, therefore, of interest to compare the varia-

tion of fluorescence at different emission wave-
lengths vs. absorption during laser irradiation of
ethidium-stained nuclei, which show an initial pho-
to-enhancement of fluorescence (Galassi,1996).
Continuous measurement of fluorescence and trans-
mitted light during irradiation was chosen in prefer-
ence to end-point measurements, since the latter
method cannot account for possible reversal events
taking place between completion of irradiation and
making the final measurement. (Rundquist and
Enerback, 1976; Scalatter et al., 1990, Stout and
Axelrod 1994, 1995, Periasamy et al., 1996; Swami-
nathan et al., 1996, 1997, Azizi and Wahl, 1997). 
Contrary to the common assumption that bleach-

ing affects all wavelengths of the emission spectrum
equally, West and Lorinez (1974) first observed
marked differences in the variation of fluorescence
intensity of acridine orange-stained leukocytes
depending on the emission wavelength, with fluo-
rescence photo-enhancement occurring at 530 nm
and photo-bleaching at 660 nm. Ethidium bromide-
stained nuclei mounted in glycerol, but not when
mounted in buffer, were reported to undergo photo-
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enhancement of fluorescence when fluorescence
was measured over the entire emission spectrum
(Galassi, 1996). When measurements are taken
with no band filtering, variations taking place in the
tails of the spectrum are overwhelmed by the high
intensities of light around the peak wavelengths.
The shortest wavelengths are especially affected,
because of the S-shaped LPfilter transmittance cut-
off in this region. The data to be presented here
show that fluorescence of ethidium, measured at
the shortest wavelengths of the emission spectrum,
displays a remarkable photo-enhancement in buffer
solution as well as in glycerol, and the photo-
enhancement in glycerol is much higher then when
the whole emission spectrum is measured.

MATERIALS AND METHODS

Cells and staining
Blood smears of Rana esculentaL. were fixed in

methanol and stained with ethidium bromide (Sig-
ma, St.Louis, MO, USA) in 0.02 M phosphate
buffer, pH 7.0, at a dye concentration of 3 x 10-4

M, for 1 h at 20°C. They were rinsed with phos-
phate buffer (three washes of 5 min each) and
mounted either in the buffer solution or, after blot-
ting, in glycerol (99.9% Aldrich, Steinheim, Ger-
many). The staining baths were prepared from a
stock solution of ethidium bromide in dimethyl
sulphoxide (5 mg/ml, stored at 4°C in the dark).
Concentration of the dye was determined spec-
trophotometrically from a dilute aqueous solution,
using a molar extinction coefficient of 5850 M-1

cm-1 at 480 nm (Guenza and Cuniberti, 1988).

Instrumentation set-up
Figure 1 shows the instrumentation set-up. The

microspectrofluorimeter was a Leitz MPV2 (Ernst
Leitz, Wetzlar, Germany) equipped with an EMI
9558Aphotomultiplier tube (Channel 1). The light
source was a multiline 100 mWArgon laser (Amer-
ican Laser, Salt Lake City, Utah, USA). The light
power at the exit pupil of the microscope objective
was measured with a calibrated power meter (New-
port, Irvine, California, USA), and expressed as
mean intensity (i.e. power/mm2) of the field
diaphragm area (316 mm2) at the focal plane.
Ahead of the dichroic beam-splitter a quartz light

sampler split a small amount of light to an ampli-
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fied photodiode (Thorlabs, Newton, N.J., USA),
which was used to correct for light instabilities
(Channel 2). The 457.9 nm laser line, selected with
the built-in prism, was used for excitation. This
short wavelength, within the excitation spectrum
of ethidium, together with an RKP455 dichroic
beam splitter and a 490 LPfilter, allowed emission
measurements down to 468 nm with virtually no
reflected excitation light reaching the photomulti-
plier (Galassi, 1990). The excitation light was
focused on to the sample, and the fluorescent light
collected, with a x90/1.32 NAobjective.
Spectra were obtained with a motorised (16.2

nm/s scan speed) Veril continuous interference
monochromator (FWHM 24.8 nm at 458 and 25.1
nm at 632 nm). The argon laser lines and the 632.8
nm line of a HeNe laser (Spectra-Physics, Moun-
tain View, California, USA) were used for cali-
brating the monochromator wavelength poten-
tiometer output (Channel 3) and determining the
monochromator slit bandwidth.

Simultaneous monitoring of fluorescence and
transmittance variations
The excitation light partly absorbed by the sam-

ple was collected with a Leitz x60/ 0.65 NAcon-
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denser-objective (Ernst Leitz, Wetzlar, Germany)
and projected on to the head of a photodiode
(Newport, Irvine, California, USA) through a 456
nm interference filter (Omega Optical, Brattle-
boro, Vermont, USA), which passed only the laser
excitation line and blocked the fluorescence light
(transmitted light measurements: Channel 4).
When dealing with chromophores having an

irregular distribution and relatively high local
extinctions, as is the case for nuclear probes in
microfluorimetry, the relationship between the
variation of mean absorbance and the variation of
fluorescence is a complex one, depending on the
degree of heterogeneity of the local extinctions,
and in the case of laser illumination, on the gauss-
ian distribution of irradiation. Absorptance(b = 1-
T), unlike extinction (log(1/T)), is, in principle,
linearly related to fluorescence up to relatively
high local concentrations (at which self-absorp-
tion of fluorescence would become significant)
and, most importantly in cytofluorimetry, the lin-
earity holds regardless of the spatial distribution
of the fluorophore or the heterogeneity of illumi-
nation of the microscope field. In fact, for a micro-
scope field containing i areas, each with illumina-
tion intensity Ioi and transmitted light intensity Ii,
the measured absorptance is

Fig. 1 - Instrumentation
set-up. See text for a full
description. Ch = channel.
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where I and Io are the light intensities measured
through an area containing a stained nucleus and
an empty area respectively. The fluorescence
intensity is

A being a factor related to the quantum efficiency
of the fluorophore and the instrumental response, the
latter being constant during all the measurements.
Nuclei were localised using a tungsten-halogen

lamp as the light source. A low illumination level
and an interference filter 591/14 (at which wave-
length the absorption by ethidium is very low)
ensured virtually negligible fading during the
search and focusing period. The tungsten lamp was
later turned off and the dark currents were fed
through a 12 bit 30 kHz A/D converter to a PC.
After 0.1 s of dark current storage, the driver of an
AOM (Crystal Technology, Palo Alto, California,
USA), activated by the computer program, divert-
ed the first order (+1) diffracted beam into the
aperture of the field diaphragm, and the signals
from channels 1, 3 and 4 were read.
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The digitised fluorescence and transmitted light
values were corrected for dark current and light
instabilities, and were normalised relative to the
gains of the photomultiplier, photodiode, and A/D
converter. For graphic display, the data were
divided in 100 groups and the mean was calculat-
ed for each group. In order to resolve the early
variations in fluorescence intensity, which are
usually very rapid, the first single readings, after
AOM opening, were set as the initial point of the
curves, at zero time. Each fluorescence curve
shown in this paper was the average, point by
point, of three acquisitions. Each absorptance
curve is the average of at least ten acquisitions.

Acquisition and correction of emission spectra
The procedure for obtaining difference spectra

between time t and time0 was the following. Fifty
duplicate recordings of fluorescence, lasting 40 s
after the onset of illumination, were taken at fixed
wavelengths, equally spaced from 468 to 760 nm.
For each wavelength, the relative difference
between the fluorescence intensity at time 0 (actual-
ly within 10-4 s from the onset of illumination, cor-
responding to the acquisition time of the A/D con-
verter at a frequency of 10 kHz per channel) and at
time t was determined. Smoothed difference spectra
were constructed from these values by locally
weighted polynomial fitting. The procedure for
obtaining and correcting emission spectra was the

Fig. 2 - Curve 1: Measured emission spectrum
of ethidium-stained nuclei mounted in glyc-
erol, corrected only for fluorescence light-
induced variations during monochromator
scanning. Curve 2: Same spectrum corrected
for instrumental response. Curve 3: Spectral
response to a 3300°K colour temperature ref-
erence tungsten lamp of the instrument
equipped with RKP455 dichroic beam splitter
and LP490 filter. Curve 4: Relative spectral
concentration of tungsten at 3300°K.
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following. After focusing a cell nucleus and record-
ing the dark currents, as previously described, the
AOM driver and the monochromator scan were
activated. The spectra taken over three different
nuclei were averaged point by point and 75 readings
were averaged per nanometre interval. The resulting
spectra were corrected for instrumental response
(Fig. 2) using a reference lamp (Galassi, 1992). A
full scan from 468 to 760 nm takes 18 s, each wave-
length being crossed by the monochromator scan at
time tw after illumination onset. In order to obtain
from the spectrum Sd (distorted by photobleaching)
the undistorted So spectrum at time to, data taken at
fixed wavelengths were used: for each wavelength,
the relative difference between the fluorescence
intensity at time 0 and the fluorescence intensity at
the time tw of monochromator crossing that wave-
length was determined. From these values a differ-
ence spectrum, correlated with the monochromator
scan time, was obtained, with which the distortion
was corrected (Fig. 3). By the same means, spectra
at any time between 0 and 40 s could be built up.

RESULTS 

The curves in Fig. 4 show that a far higher photo-
enhancement is present at the shortest wavelengths
than in the remainder of the emission spectrum, in
the case of nuclei mounted in glycerol. In fact,
there is a continuous increase of the photo-
enhancement from 468 to 495 nm (up to almost
one order of magnitude higher than the initial val-
ue), after which a progressive decline ensues.
Above 600 nm the initial increase lasts for only a
few seconds, as it does also for the non-filtered flu-
orescence curve (curve no filter). These curves
show a biphasic time course, photobleaching ensu-
ing after the brief photo-enhancement. Absorp-
tance, on the other hand, shows a continuous expo-
nential decline from the beginning of irradiation
(from 0.108 to 0.079, i.e. 73 % of the initial value).
In table I the initial fluorescence intensities for
each of the curves of Fig. 4 are shown.
The variation of the emission spectrum of nuclei

mounted in glycerol, during the 40 s of irradiation,
is shown in Fig. 5A. Reconstructing the spectra, as
described in the previous section, by correcting the
distortion of a measured spectrum, is preferable to
building the spectra ex novofrom a number of

Fig. 3 - Emission spectrum of ethidium-stained nuclei mounted in
glycerol (A) and phosphate buffer (B). R: Raw spectrum of ethidium
bromide-stained nuclei. C: Same spectrum corrected for distortion
caused by light-induced variation of fluorescence during monochro-
mator scanning. A’ and B’ show the relative difference between the
measured fluorescence intensity at time 0 and at the time of mono-
chromator crossing that wavelength (Circles). Solid line represents
the difference spectrum between time zero and monochromator scan-
ning time, obtained by locally weighted polynomial fitting.
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measurements taken at fixed wavelengths. The lat-
ter procedure would be affected not only by the
variability of the time course of fluorescence varia-
tion, but also by the variability of the initial fluo-
rescence intensity among nuclei (c.v.@ 10%). The
c.v. of (Ft(l)-Fto(l))/Fto(l), among three different
nuclei on the same slide was found to be always
less than 10%. Obviously, similar instantaneous
spectra could be obtained, with less effort, if a spec-
trograph combined with a highly intensifying diode
array and a multichannel analyser were available.
Fig. 5Ashows that the spectral maximum increas-
es above the initial value for the first 10 s, then
decreases, and at 40 s is 60% of the initial value.
The position of the peak remains at about 607 nm
throughout the irradiation period. The difference
spectra (Fig. 5B) show that the maximum relative
enhancement occurs at 490 nm after 40 s.
Fig. 6Ashows the spectra of Fig. 5Acorrected for

the microspectrophotometer response curve (Fig.
2, Curve 3) and normalised to maximum. The pro-
file, which at the beginning is skewed towards the
red side, tends to become more and more symmet-
rical as the irradiation goes on, because of the
increase of the short wavelength component. The
FWHM increases from 122 to 130 nm. The band-
width of the monochromator slit (FWHM: 25 nm)
is comparatively small relative to that of ethidium
spectra; after deconvolution of the monochromator
slit function, a reduction not exceeding 3 per cent
of the FWHM was obtained, and no significant
shift of the spectrum took place, due to the fairly
symmetrical shape of both profiles. The difference
spectra (Fig. 6B) show that the increasing short-
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wavelength component is essentially represented
by a band peaking at 485-491 nm. 
Fig. 7 refers to nuclei stained with ethidium and

mounted in buffer solution. An initial photo-
enhancement occurs at the shortest wavelengths,
as it does in glycerol. However, photobleaching is
prevalent here, and above 560 nm only photo-
bleaching is observed. Curves 1–2 (468–475 nm)
and 7–9 (525–545 nm) show a triphasic time
course, with an initial decrease, followed by
enhancement and then by a final decrease. The ini-
tial decrease of fluorescence at these wavelengths
can be explained by the fact that both intervals lie
at the two extremes of the enhancement band.
Here the rapid quasi-exponential initial photo-
bleaching prevails over the increase of fluores-
cence, which at the extremes of the band is rela-
tively small: Only when the time course of photo-
bleaching slows down, can the photoenhancement
become predominant. The fluorescence measured
without filtering (curve no filter) shows a course
similar to that of the fluorescence at the longest
wavelengths. In fact, the latter wavelengths con-
tribute the largest proportion of intensities to the
whole fluorescence spectrun (see Table II).
The absorptance shows an initial increase from

0.115 to 0.138, followed by a decrease down to
0.116, instead of the expected continuous decline
reflecting the progressive photo-destruction of the
fluorophore. As will be discussed in the following
section, the formation of a new strongly absorbing
photoproduct is likely to be the cause of the
observed increase of absorptance.

Fig. 4 -Variations of fluorescence and absorp-
tance, expressed as percentage of the initial
value measured on nuclei stained with 3 x 10-4

M ethidium bromide, mounted in glycerol,
after the onset of irradiation with 1.2 mW/mm2

at 458 nm. Numbering and emission wave-
lengths as in Table I. The curves have been dis-
tributed in two separate panels to avoid confu-
sion from overlapping curves.
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The changes occurring in the emission spectrum
during the first 40 s of irradiation of nuclei mount-
ed in phosphate buffer are shown in Fig. 8A. The
maximum decreases continuously down to less
than 10% of the initial value, while its position
shifts from 603 to 599 nm. Fig. 9Ashows the spec-
tra of Fig. 8A, corrected for instrumental response
curve and normalised to peak amplitude. The
broadening of the profile on both sides is substan-
tial, the FWHM increasing from 114 to 173 nm.
The peak shifts from 613 to 616 nm. The differ-
ence spectra (Fig. 9B) show that the short-wave-
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length component which undergoes enhancement
is essentially represented by a band peaking here
at ca. 496 nm., as in the case of glycerol-mounted
nuclei,

DISCUSSION

In a previous study it was found that the fluores-
cence of nuclei stained with ethidium bromide
mounted in glycerol is increased at the beginning
of irradiation, the photo-enhancement increasing

Fig. 5 - A: Emission spectra (uncorrected for
instrumental response) of nuclei stained with 3 x
10-4 M ethidium bromide, mounted in glycerol at
different times after the onset of irradiation with
1.2 mW/mm2 at 458 nm. B: - Difference spectra
vs. time zero.
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with increasing concentration of the
staining solution. No similar enhance-
ment was observed in ethidium-stained
nuclei mounted in buffer solution (Galas-
si, 1996). In that study only variations in
total fluorescence emission were moni-
tored. In the present study the variation
of fluorescence during irradiation has
been monitored at specific wavelengths
throughout the emission spectrum, and it
was found that the variation of fluores-
cence is dependent on wavelength. When
glycerol is used as a mountant, photo-
enhancement occurs at all wavelengths
(Figures 4–5), and it is favoured at short-
er wavelengths. In buffer solution a pho-
to-enhancement is observed only at the
shorter wavelengths, though more limit-
ed than in glycerol (Figures 7-8). When
the spectra are corrected and normalised
to maximum (Figures 6 and 9), so as to
eliminate the effects of the concurrent
photobleaching, the full extent of the
photo-enhancement of the short-wave-
length band appears, and it is found to be
more significant in buffer than in glyc-
erol. It appears that the difference
between the time course of fluorescence
variation in buffer and glycerol depends
largely on the lower photobleaching rate
in glycerol.
It was previously assumed that the photo-

enhancement was caused principally by
concentration dequenching, and to some
extent also by attenuation of the inner-fil -
ter effect (Galassi, 1996). However, the
present finding of a wavelength depen-
dence of fluorescence enhancement makes
those explanations not entirely adequate.
The attenuation of the inner-filter effect,

accompanying photo-destruction, affects
principally the shorter wavelength tail of
the spectrum, where overlapping of the
emission and absorption spectrum is
more significant. In epi-illumination
microscopy, the fluorescence intensity in
the presence of an inner-filter effect,
caused only by the fluorescing species
(Rigler, 1966; Prenna et al., 1974), is giv-
en by:
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where Elemm and Elexm are the extinctions of the flu-
orescing species (i.e. the monomer), at the excita-
tion and emission wavelengths respectively. When
a non-fluorescent absorbing species is also pre-
sent, the fluorescent intensity is given by:

where Elemd and Elexd are the extinctions of the non-
fluorescing species (ethidium dimers or aggre-
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gates), at the excitation and emission wavelengths
respectively. Simple numerical calculations were
done to see to what extent attenuation of the inner-
filter effect can bring about an enhancement of flu-
orescence. Even assuming extinction values of 0.1,
at the excitation and emission wavelengths, (with a
ratio of the contribution to extinction of dimer to
monomer calculated according to Guenza and
Cuniberti, 1988) and further assuming a rate of
photo-destruction of the dimer double of that of the
monomer, an inner-filter effect not exceeding a
few percentage of the fluorescence increase at the
shorter wavelength can be calculated.

Fig. 6 -A: Emission spectra corrected for instru-
mental response and with the maximum nor-
malised to 100, to show the variation of the spec-
tral profile at different times after the onset of irra-
diation with 1.2 mW/mm2 at 458 nm. Nuclei
stained with 3 x 10-4 M ethidium bromide, mount-
ed in glycerol. B: - Difference spectra vs. time
zero.
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Data relative to the variations of the fluorescence
maxima and of the spectral bandwidth of DNA-
bound versus free ethidium in buffer solution are
given in the papers by Bittman (1969) Angerer and
Moudrianakis (1972). When the dye binds to DNA
or deoxyribonucleoproteins in solution, the emis-
sion maximum shifts from 645 nm to 630 nm at low
P/D (phosphate/dye) ratios and to 613 nm at high
P/D ratios with concomitant narrowing of the
FWHM from 166 nm to 130 and 150 nm respec-
tively. Ethidium intercalates into DNAat high P/D
ratios, while at low ratios external binding also
takes place. Although a P/D ratio cannot be assessed
in the case of highly compacted DNAinside nuclei
in a staining bath, the relatively high concentration
of ethidium used in the present study is consistent
with an extensive external binding. This secondary
type of binding has been attributed to electrostatic
attraction to phosphate groups (Le Pecq and Paolet-
ti, 1967) or to dye stacking of the type occurring
with acridine dyes (Waring, 1965, Porumb,1978). A
moderate redshift of the maximum (620 to 621 nm
in glycerol, 613 to 616 nm in buffer) and a broad-
ening of the FWHM (122 to 130 nm in glycerol, 114
to 173 nm in buffer) observed in the present study
might suggest the partial unbinding of ethidium
from DNA. This is consistent with the photo-
enhancement of fluorescence, if it assumed that
only the externally bound ethidium is released, thus
allowing the fluorescence of the intercalated dye to
be dequenched. However it does not explain the
major enhancement at the shorter wavelengths. 
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West and Lorinez (1974) observed light-induced
fluorescence enhancement in leukocytes stained
with acridine orange and mounted in buffered
saline when the emission was measured at 530
nm, but not when measured at 660 nm. The
monomeric and dimeric forms of acridine orange
have distinctly separated fluorescence bands, in
the green and red regions respectively. According-
ly, photo-destruction would diminish the amount
of the dimeric red fluorescing metachromatic
species, while the concomitant concentration
dequenching would enhance the orthochromatic
fluorescence of the monomer. However, no dis-
tinct fluorescent bands exist for the monomer and
dimer of ethidium. Indeed, the dimer, at least in
water, was assumed to be non fluorescent by
Guenza and Cuniberti (1988), since no red shift or
increase of the bandwidth of the emission spec-
trum of concentrated ethidium solutions was
observed, as was expected for dimers with red-
shifted absorption spectrum according to the exci-
ton theory. In conclusion, while that portion of the
initial enhancement which affects all wavelengths
could indeed be ascribed to concentration
dequenching of fluorescence, caused either by
light-induced unstacking of the fluorophore, or by
photo-destruction-dependent decrease of concen-
tration, the conspicuous enhancement affecting
the shorter wavelength tail of the emission spec-
trum remains at the time unexplained.
The initial fluorescence intensity of ethidium bro-

mide-stained nuclei in glycerol is not significantly
different from that in buffer (Tables I and II). Since

Fig. 7 -Variations of fluorescence and absorp-
tance, expressed as percentage of the initial
value measured on nuclei stained with 3 x 10-4

M ethidium bromide, mounted in phosphate
buffer pH 7.0, after the onset of irradiation with
1.2 mW/mm2 at 458 nm. Numbering and emis-
sion wavelengths as in Table I. The curves have
been distributed in two separate panels to avoid
confusion from overlapping curves.
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the intensity of fluorescence of ethidium in different
solvents was found to be linearly related to the fluo-
rescence lifetime (Olmsted and Kearns, 1977), it
ensues that the fluorescence lifetime of DNA-bound
ethidium is not significantly different in glycerol and
water, unlike free ethidium which in glycerol has a
fluorescence lifetime three times that of ethidium in
water (Olmsted and Kearns, 1977). According to
Olmsted and Kearns (1977) the low fluorescence
lifetime of ethidium in water is caused by proton
transfer from the excited molecules of the dye to
water molecules and the enhancement of fluores-
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cence on binding to DNAis related to the protection,
offered by DNA, from exposure to the solvent.
Accordingly it appears that the similarity of fluores-
cence lifetime of DNA-bound ethidium in glycerol
and water is due to the exclusion of both solvents
from accessing the proton donating groups of ethid-
ium, when it is bound to the DNAdouble helix. 
The formation of highly absorbing photoproduct(s)

seems likely to be the cause of the remarkable initial
increase of absorptance observed when buffer was
used as a mountant. Magde et al. (1974) observed

Fig. 8 - A: Emission spectra (uncorrected for
instrumental response) of nuclei stained with 3
x 10-4 M ethidium bromide, mounted in phos-
phate buffer, at different times after the onset of
irradiation with 1.2 mW/mm2 at 458 nm. B: -
Dif ference spectra vs. time zero.
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the appearance of a broad absorption band centred at
wavelengths lower than the absorption maximum of
ethidium, following photobleaching of a solution of
the dye and the formation of several different photo-
products was revealed after chromatographic separa-
tion. In the present study no increase of absorptance
was observed in glycerol and hence no formation of
photoproducts seems to occur in this mountant. Fur-
ther studies are necessary to assess which of the dif-
fering physical constants (e.g. viscosity, proton affin-
ity, dielectric constant) is relevant to the observed
photophysical and photochemical differences of
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ethidium in the two solvents (i.e. different bleaching
rate and formation of photoproducts).
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