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Summary: DNA and chromatin were isolated from control 3T6 mouse fibro-
blasts and from 3T6é grown in 72 uM 5-Bromodeoxyuridine (BrdU). BrdU-con-
taining DNA showed a blue shift in the 250-300 nm region of circular di-
chroism spectra and an increase in melting temperature over control DNA.
These changes were even more accentuated in chromatin, suggesting an
altered interaction between chromosomal proteins and BrdU-containing DNA.

5-Bromo-2'-deoxyuridine (BrdU) can be incorporated in place of thy-
midine into the DNA of bacteria (1-3) and of mammalian cells either in
culture (4,5) or in vivo (6,7). BrdU suppresses the phenotypic expression
of a wide variety of cell types (8-11, and see review by Rutter et al., 12).
In most instances, the effect of BrdU on mammalian cells is due to its in-
corporation into DNA (13,14). It has recently been demonstrated by Hill
and Baserga (15) that replacement of approximately 20% of the thymine
residues of DNA from mouse 3T6 fibroblasts by BrdU causes an increased
incorporation of GMP and a decreased incorporation of AMP into RNA. The
transcriptional error was more pronounced when using chromatin as the tem-
plate than when using DNA, and, on this basis, these authors concluded
that the alteration in the templating activity of DNA was enhanced by
chromosomal proteins. We now report that in addition to these functional
alterations, BrdU induces structural modifications of DNA as indicated by
changes in circular dichroism spectra and thermal denaturation, and these

changes seem to be augmented in chromatin.
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Methods and Materials

3T6 mouse fibroblasts were grown, as previously described (15,16) in
plastic Falcon flasks (75 cmz). Treatment with BrdU was begun one day
after plating by addition of BrdU (Calbiochem) to each flask to a final
concentration of 50 ug/ml (72 uM). Cells were confluent at 5 days and
were used at 7 days after plating. Significant incorporation of BrdU into
DNA under these conditions was indicated by a shift of the buoyant density
of DNA in a CsSO4 gradient from a control value of 1.44 g/ml to a density
of 1.50-1.51 g/ml (not shown). Replacement of thymine residues by BrdU
was estimated to be approximately 15%.

Chromatin was isolated from control and BrdU-treated cells as pre-
viously described (17). Briefly, nuclei were prepared by washing cells in
80 mM NaCl, 20 mM EDTA, pH 7.4, containing 1% Triton X-100.- The nuclei
were lysed in distilled water, layered over 1.7 M sucrose, and the chrom-
atin pelleted at 100,000 x g for 80 minutes. Circular dichroism was
measured using a Jasco Model J-40 recording spectropolarimeter. The
instrument was standardized as described by Simpson and Sober (18). All
experiments were carried out at 23°C in nitrogen atmosphere, in a fused
quartz 1 cm cell, using a DNA residue concentration of 1.5 x 10'4 M. The
time constant was 4 seconds, scanning speed below 1 cm/min, dynode voltage
not over 400 volts, and the precision in band wavelength was 0.3 nm. The

mean ellipticity (6) is expressed in degree cm2

per dmole of nucleotide
residue, assuming the mean molecular weight of a nucleotide as 330. The
DNA concentration of chromatin was determined by UV absorption at 260 nm
in 0.2% sodium dodecyl sulfate, using an € of 21,000 cmz/g.

Absorption melting profiles were measured with a Gilford multiple
sample recording spectrophotometer Model 2000. Samples in stoppered
cuvettes of 1 cm 1ight path were heated Tinearly at the rate of 0.5°/min

with a Haake temperature regulator. Thermal denaturation of DNA was moni-

tored by absorption changes of 260 nm and hyperchromicity (H260) relative
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Fig. 1. Circular dichroism spectra of chromatin from untreated 376 mouse
fibroblasts (——) and BrdU-treated 376 cells {----). The solvent
was standard saline citrate (SSC) x 0.01 solution.

to absorption at room temperature was calculated degree per degree.

Results
At a BrdU concentration of 72 uM and under present experimental con-

ditions, 376 cells remain viable, although growth is reduced in respect
Circular dichroism spectra and melting profiles were

to control cells (15).
obtained for both DNA and chromatin from both control and BrdU-treated cells.

As seen in Fig. 1, the circular dichroism (CD) spectrum of chromatin

from BrdU-treated cells shows a blue shift of 12 nm in the 250-300 nm
There are no

region where alterations in DNA structure can be detected.
changes in the o-helix content of proteins as indicated by identical CD

spectra of control and BrdU chromatin in the 200-250 nm region (not shown).
Consistent with this, free DNA from Brdl cells prepared by the Marmur pro-

cedure (19) shows (Fig. 2) an identical blue shift of 12 nm in the 250-300
However, it should be noted that there is an enhancement of the

nm range.
positive ellipticity at 264 nm and the appearance of a negative band at
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Fig. 2. Circular dichroism spectra of DNA from untreated 3T6 mouse fibro-

blasts (—) and BrdU-treated 3T6 cells (----). The solvent
was standard saline citrate (SSC) x .01 solution, pH 7.3. Circular
dichroism was measured as described in Methods and Materials, using a DNA
residue concentration of 1.21 x 107% M.

293 nm in BrdU chromatin (Fig. 1) that are not seen in BrdU-DNA (Fig. 2).

To further characterize the physico-chemical alterations induced by
BrdU, melting profiles were done on chromatin and DNA. Fig. 3 shows that
the melting temperature (Tm = 73°C) of BrdU protein-free DNA, in Standard
Saline Citrate (SSC) x 0.01 solution, is 6°C higher than the melting point
of DNA from untreated cells (Tm = 67°C). A similar increase in T, was seen
in BrdU chromatin, as illustrated in Fig. 3a.

To insure that the changes in CD and Tm of BrdU DNA are not due to
small amounts of proteins still present after Marmur extraction, DNA from

control and BrdU-treated cells was further purified by banding in CsCO4
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Fig. 3. Thermal denaturation profiles of DNA from untreated (0——0) and
BrdU-treated mouse fibroblasts @§----®). The thermal denaturation

profiles of chromatin are also shown: 1) from untreated (e~——o——9),

2) from BrdU-treated mouse fibroblasts (----=). The solvent was standard

saline citrate (SSC} x 0.01 solution, pH 7.3. The derivative curve calcu-

lated, degree by degree, for hyperchromicity increment per degree at 260 nm,

is represented in the Tower panel, for DNA from untreated (—), or BrdU-
treated mouse fibroblasts (--~-).

according to the technique of Sato et al. (20). This highly purified DNA
exhibited the same changes in CD and thermal denaturation as shown in
Figs. 2 and 3 (not shown).
Discussion

These results suggest that the substitution of BrdU for thymidine 1in
DNA profoundly affects its structure. The changes in CD spectra of BrdU-
substituted DNA are not surprising, although, to our knowledge, they have
not been previously reported. An increased Tm in synthetic polynucleo-
tides containing 5-substituted pyrimidine nucleotides has been previously
reported by Massoulié et al. (21}, who concluded that major factors in-

fluencing stability of nucleic acids do not include hydrogen bonding.
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However, more important in our results is the observation that the DNA
changes caused by BrdU seem to be somewhat augmented by the presence of
chromosomal proteins. This is of interest since substitution of thymine
by BrdU in E. coli DNA has been shown to dramatically change the affinity
of Tlac repressor for its operator gene (22). It should also be noted that
a similar increase in Tm of BrdlU chromatin has been reported [cited by
Rutter et al.(12)], although these authors did not report differences in
free DNA. The finding of Hill et al. (15) that BrdU causes a transcrip-
tional error in the template activity of DNA and that this error is en-
hanced in chromatin also agrees with the present results and seems to con-
firm the conclusions of Walther et al. (13) that the interaction of chromo-

somal proteins with BrdU-substituted DNA is altered.
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