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INTRODUCTION

There is no general agreement on DNA/histone ratio in cell nuclei.
Many authors maintain that the DNA /histone combination is a specific one
{Moorke 1959; WiLkINS 1959) and that DNA /histone ratio remains constant
in the tissues of a given species (RascH and Wooparp 1959; Das and AL-
FERT 1961). Several results demonstrate, however, that histone content,
and/or histone reactivity to cytochemical techniques, change(s) in relation to
tissue differentiation and/or cell functional stage (BLocH and GobmaN 1955;
Girrorp and TEPPER 1962; PRITCHARD 19644, b; BATTACHARIA et al.
1967; Dwivebpl and NayLor 1968; Corst and Avanzi 1970).

The problem of histone constancy in relation to DNA structure and
metabolic activity has been studied by Swirr (1964) and Gorovsky and
WooDARD (1967) in giant chromosomes of Drosophila virilis. From the
results obtained, they infer that no difference in histone content occurs
between genetically active and inactive chromosomal loci. On the contrary,
BeErLOWITZ’s results (1965) in testes of Pseudococcus obscurus point to
« a quantitative difference in histones between euchromatin and heterochro-
matin which is genetically inactive and fails to metabolize RNA ». More re-
cently RucH and RosseLET (1970) have reached similar conclusions in
roots of Rhoeo discolor.

Polytene chromosomes occur in the embryo suspensor cells of Phaseolus
(NaGL 19624, b, 1967, 19694, b, 1970; Avanzi et al. 1970). They show
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large, seemingly heterochromatic knobs, which Avanzi et al. have regarded
as chromosomal regions capable of extra DNA synthesis and comparable to
the « DNA pufls » (PAvAN 1965) of several Sciarid flies. AvANzI e# al. have
also shown that these regions may be either inactive or active in incorpo-
rating "H-thymidine and 'H-uridine, as is the case with the DNA body of
Acheta domesticus (LIMA DE FARIA ef al. 1968). As in Acheta (LIMA DE Fa-
RIA et al. 1968), after Feulgen staining, the seemingly heterochromatic re-
gions of Phaseolus may or may not show an outer puffed shell (NacrL 1970;
AvaNzI et al. 1970).

The aim of the present work is to investigate the DNA/histone ratio
in these segments of the polytene chromosomes of Phaseolus coccineus su-
spensor cells in relation to their structure.

MATERIAL AND METHODS

Seeds from piants grown in the open air in the Pisa Botanical Garden were
fixed in 109% neutral formalin for 3 hours, washed overnight in tap water, embed-
ded in paraffin and sectioned at 10 pm. Sections were stained by the Feulgen me-
thod, substituting 1N trichloroacetic acid for 1IN HCI in the hydrolysis and in the
Schiff reagent. Slides were afterwards washed three times (10’ every time) in SO,
water and mounted in Canada balsam. After mapping of several chromosome
segments in microphotographs, each segment was scanned for Feulgen-DNA by
means of a Deeley type cytophotometer produced by Barr and Stroud, Glasgow
(integrating microdensitometer type GN2), following the procedure of McLEIsH
and SunpERLAND (1961). Slides were then dismounted in xilene and DNA was
extracted with trichloroacetic acid 5% at 90°C for 15°. The same segments were
thereafter scanned, with the same equipment, for amount of alkaline fast green
stainable histone, according to the method of ALFERT and GEscHwIND (1953).
Since measurements were made on sections, chromosome regions were often well
isolated from each other. When this was not the case, measurement of Feulgen
and fast green absorption was made by isolating the same area by means of an
identical diaphragm aperture,

RESULTS AND DISCUSSION

In Fig. 1, DNA/histone ratios in different chromosome regions are
presented. Seemingly heterochromatic regions were divided into two ca-
tegories according to their appearance in Feulgen stained material: i) ¢ active’
chromocenters (regions which appeared peripherally decondensed, with a
shell of thin loops resembling a lampbrush state (NAGL 1970; AvaANnzr ef al.
1970): Fig. 2, chromocenter on the left) and ii) ¢ inactive’ chromocenters
(regions in a condensed state, devoid of loops: Fig. 2, chromocenter on the
right). The figure shows a large variability in Feulgen-DNA /histone-fast
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green ratios. It is apparent that lower ratios (greater histone content) occur
in the ‘ inactive * regions, whilst higher ratios (lower histone content) occur
in the ‘ active’ regions. That DNA in puffed or lampbrush state has much
less (or has not at all) histone content than condensed DNA, is clear com-
paring Figs. 3a and 3b. Fig. 3a shows some chromosome regions after Feul-
gen staining, Fig. 3b shows the same regions after DNA extraction and fast
green staining of histones: the areas stained by Feulgen are larger than
areas stained by fast green.

2! Ba 3b

Figs. 2, 3a, 3b. — Embryo suspensor cells of Phaseolus coccineus. Sections 10 pm. x 1000.

Fig. 2. — Two seemingly heterochromatic DNA knobs with different per1phera1 structure after
Feulgen staining: i) with a shell of thin loops resembling a lampbrush state (‘ active’ chromocen-
ter, on the left) and ii) condensed and devoid of loops (‘ inactive’ chromocenter, on the right).
Figs. 3a and 3b. — The same chromosome regions stained first with Feulgen (3a) and after-
wards with fast green at pH 8.1 after DNA extraction (3b). Note the lack of fast green staining
on some portions.

The lowering of fast green stainability, and hence differences in Feul-
gen/fast green ratios, may imply, of course, not only a decrease in histone
content, but also some histone changes such as acetylation, methylation or
phosphorylation. BLoca and Hew (1960) have shown that acetylation of
lysine €N amino groups results in a modification of fast green stainability of
histone. The possibility that DNA/histone ratio, as revealed by Feulgen/fast
green ratio, might be influenced by other circumstances can not be excluded,
however (SINGER 1952; ALLFREY et al. 1968).

If it is assumed that our results indicate variations in histone content,
it is apparent that these variations, as expressed through the DNA/histone
ratio, are strictly related to the structural condition of DNA.

As pointed out by Avanzr et al. (1970), the seemingly heterochromatic
knobs in Phaseolus suspensor cells may be the result of a localized extra
DNA synthesis. That extra DNA is complexed with histones is known (Lima
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pE FAr1A and Moses 1966; Lima DE FaARriA er al. 1968; Kato 1968;
Avanzi et al. 1970). The labelling experiments of Avanzi et 4l. (1970) in-
dicate that incorporation of tritiated precursors of nucleic acids (as possible
in situ metabolic activity of extra DNA) is present in several but not in all
chromocenters. This observation finds confirmation in our results, which seem
to indicate that not all extra DNA is complexed, or equally complexed, with
histone and, consequently, equally active in trascription. In fact, evidence has
been accumulated that association of histones with DNA can suppress both
DNA-dependent RNA synthesis and DNA activity as primer for its own du-
plication (cf. VENDRELY and VENDRELY 1966).

Some possible differences in DNA-histone complexes are indicated by
the fact that, in segments with higher DNA/histone ratio (‘active’ chro-
mocenters), the fast green stained area is smaller than the Feulgen stained
area in the same chromosome region. This demonstrates the existence of a
peripheral portion of DNA not complexed (or very weakly complexed) with
histone (Figs. 3a and 3b). Therefore, the correlation between DNA structure
and histone content goes in the expected sense. In this connection, it is re-
levant that addition of histones to lampbrush chromosomes causes the same
effect as addition of actinomycin D, i.e. retraction of DNA loops and discon-
tinuance of RNA synthesis (ALLFREY and MIrsky 1964).

Different Feulgen-DNA /histone-fast green ratios occur not only in dif-
ferent regions of the chromosomes in the same cell, but also in different
segments of one and the same chromosome. This situation is apparent in
Fig. 4, in which the chromocenters of one and the same cell are considered.
Fig. 4 also shows that different nucleolar organizers in the same nucleolus
(Phaseolus coccineus suspensor cells generally show an unique large nucleolus)
may have different DNA/histone ratios. These findings are not surprising,
however. Avanz1 et al. (1970) have even reported some examples of functio-
nal asynchrony within a chromosome region. Our data are not enough
detailed to confirm, at the level of DNA /histone ratio, their finding.
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SUMMARY

The DNA/histone ratio was calculated through Feulgen/fast green absorption in different
tegions of polytene chromosomes in Phaseolus coccineus embryo suspensor cells. A great varia-
bility of ratios, related with the structural characteristics of DNA in the different regions, has
been found. This seems to indicate that complexes of histone with DNA may depend on changes
in DNA metabolic activity. In one and the same cell, and even in one and the same chromo-
some, different chromosome segments have different DNA/histone ratios.

These findings are discussed in relation to some characteristics of polytene chromosomes
in Phaseolus suspensor cells.





