of light. These fluoride-induced discrete
waves resemble those normally pro-
duced by light. We tentatively conclude
that fluoride induces a process similar or
perhaps identical to visual excitation of
the photoreceptor.

One naturally wishes to speculate as to
the mechanism by which fluoride may
act. We tested the effect of fluoride on
the photoreceptor to investigate the pos-
sible role of cyclic nucleotides in pho-
toreceptor physiology and to use a phar-
macological agent that would increase
cyclic nucleotide concentrations by acti-
vating cyclase, the enzyme that synthe-
sizes cyclic nucleotides. Fluoride acti-
vates brain adenylate cyclase apparently
by acting directly on the catalytic sub-
unit of the enzyme (//). However, it
should be kept in mind that we have no
evidence to indicate that changes in
cyclic nucleotide concentrations mediate
the effects of fluoride. Fluoride is known
to have other effects; for example, it is
an inhibitor of a variety of metallo en-
zymes (/2). One obvious candidate for
the site of action of fluoride is the visual
pigment of the photoreceptor. Fluoride
might induce spontaneous isomerizations
of the pigment chromophore and there-
by lead to visual excitation. Whatever
the mechanism of action of fluoride on
the photoreceptor, it seems clear that
fluoride will be a useful agent for further
studies of visual transduction.
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Simultaneous Production of Q and R Bands After Staining with

Chromoemycin A; or Olivomycin

Abstract. Human and mouse chromosomes, stained with either chromomycin A,
or olivomycin, which bind preferentially to G - C-rich DNA (where G is guanosine and
C is cytosine), exhibit a Q or a reverse banding pattern, depending on the wavelength
used for excitation. The two complementary banding patterns can be observed in the
same metaphase simply by changing the combination of excitation filters. These data
suggest, therefore, that in addition to base composition, other factors are involved in
the production of chromosome banding by chromomycin Az and olivomycin.

Staining with fluorochromes that spe-
cifically bind to A - T-rich DNA (where A
is adenine and T is thymine) produces a
characteristic Q-banding pattern in hu-
man and other chromosomes (/). Some
antibiotics, however, such as olivomy-
cin, chromomycin A;, and mitramycin,
which bind preferentially to G - C-rich
DNA (2-4), produce a reverse (R) band-
ing pattern (4-6). Taken as a whole,
these data support the hypothesis that
variations in base composition along the
chromosome are the major factors in Q
and R banding.

We have investigated the cyto-
chemical properties of chromomycin A,
and olivomycin and have found that, de-
pending on the wavelength used for ex-
citation, these compounds can produce
not only R banding but also a sharp Q-
type banding pattern.

Standard chromosome preparations
from short-term cultures of human leu-
kocytes and from mouse fibroblasts
(strain DBA,) were stained for 20 min-
utes at room temperature with 5 ug (per
milliliter) of either chromomycin A,
(Boehringer) or olivomycin (Calbio-
chem) dissolved in phosphate buffer
(0.15M NaCl, 0.03M KCI, and 0.01M
Na,HPO, adjusted to pH 7) containing
MgCl, (2.5 mM). The slides were then
washed and mounted in the same phos-
phate buffer at pH 7 and examined un-
der a Zeiss fluorescence microscope
equipped with incident illumination from
a 200-W mercury light source. Two dif-
ferent combinations of dichroic mirrors
and Zeiss filters were used for observa-
tion: (i) 2 x BGI2 excitation filters,
FT510 dichroic mirror and LP515 bar-
rier filter (violet-blue excitation range);
and (ii)) UGS plus BG3 excitation filters,

FT460 dichroic mirror, and LP475 bar-
rier filter (ultraviolet-violet excitation
range). All observations were made with
a Neofluar 100X Zeiss objective.

The observation of human metaphase
chromosomes with combination (i) re-
vealed that both chromomycin and oli-
vomycin produce a specific green fluo-
rescent banding pattern (Fig. 1a) that is
very similar to the Q banding observed
after staining with Hoechst 33258 (7).
This was shown by the behavior of the
secondary constrictions of chromosomes
1 and 16, which exhibited a bright fluo-
rescence like that appearing after
Hoechst staining. However, with combi-
nation (ii), we observed the yellow fluo-
rescent R-banding pattern already de-
scribed by van de Sande et al. 4). (Fig.
1b). The most surprising feature of this
phenomenon was that the Q banding and
the R banding could be observed and
studied in the same metaphase simply by
changing the combination of filters. Simi-
lar observations were made on mouse
chromosomes stained with chromomy-
cin A; or olivomycin (Fig. 2). With com-
bination (i) the centromeric regions ex-
hibited a bright fluorescence similar to
that after Hoechst 33258 staining (8).
With combination (ii), however, these
regions were much less fluorescent than
euchromatic arms.

We wish to point out that our staining
technique, contrary to that described by
van de Sande et al. ), does not
require a high concentration of the two
antibiotics. The best results are ob-
tained when the slides, stained with
chromomycin Az or olivomycin (5 ug/
ml), are kept for 24 hours in the dark at
room temperature before observation.
With this process of ‘‘maturation’ a
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more intense fluorescence of both Q and
R banding is produced and there is only a
negligible fading.

The two complementary banding pat-
terns are observed even if no MgCl, is
added to the staining solution. In this
case, however, fluorescent bands fade
rapidly and it is difficult to take photo-
graphs.

Our results clearly show that both
chromomycin A; and olivomycin can
produce either a Q- or an R-banding pat-
tern depending on the wavelength of ex-
citation. Whereas the Q banding exhibits
a green fluorescence, the R banding
shows a yellow fluorescence. The sim-
plest interpretation of these results is
that the two antibiotics bind both the Q
and the R regions, but with different
chemical bonds. Chromomycin A; and
olivomycin, bound to the Q regions,
would be specifically excited with com-
bination (i) producing a Q-banding pat-
tern, whereas, bound to the R regions,

they would be specifically excited with
combination (ii) and would exhibit a re-
verse banding.

Although studies on DNA in solution
indicate that chromomycin A; and oli-
vomycin are specific G + C ligands 2 <),
the present data show that, if they are
excited with combination (i), these anti-
biotics specifically stain the A - T-rich
centromeric regions of human chromo-
somes 1 and 16 [see (9)] as well as all the
A - T-rich mouse centromeric regions
(10). The benzimidazole derivative
Hoechst 33258, which specifically binds
A - T-rich DNA (i1), produces a similar
banding pattern with the same filter com-
bination [combination (i)], but does not
produce an R-banding pattern when ex-
cited with combination (ii) (/2). Thus
these three compounds produce a similar
banding pattern on fixed chromosomes
independently from their different affini-
ty for A - T-rich or G - C-rich DNA in so-
lution. These considerations suggest that

Fig. 1. Male human metaphase stained with chromomycin A; and observed (a) with combina-
tion (i) and (b) with combination (ii). The arrows indicate the secondary constrictions of

chromosomes 1 and 16.

Fig. 2. Fibroblast mouse metaphase (strain DBA,) stained with chromomycin A; and observed (a)

with combination (i) and (b) with combination (ii).
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the peculiar banding pattern produced by
chromomycin A; and olivomycin is not
simply related to variations in base com-
position along the chromosome.

In addition to the base composition, an
important role in determining the band-
ing specificity of these two antibiotics
may be played by variations in base se-
quence (I3) or in protein-DNA inter-
action along the chromosome (/4). In
this context it should be recalled (14, 15)
that data from studies in vitro of DNA
fluorochrome interaction do not permit a
reliable prediction of the response of
chromosomes to fluorochrome staining.
Nevertheless, we think that further stud-
ies on the molecular interaction of chro-
momycin A; and olivomycin with the
various chromosomal components may
provide important insights into the
chemical basis of chromosome banding.

Our results show that staining with
chromomycin A; and olivomycin pro-
vides a banding technique with an ex-
tremely high power of resolution. The
possibility of scoring two com-
plementary banding patterns in the same
metaphase makes this technique particu-
larly useful in diagnostic studies with hu-
man chromosomes.
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