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Fig. 1. C-metaphases induced by vinblastine (1.10~2M /3 h) in Horde-
um (—), Vicia (—-—) and Nigella (...).

Table I1. Percentages of metaphase aberrations in Nigella damascena

Concentration (M) Time after treatment (h)

0 4 8 12 24

1.107* 1.7 0.3 0.7 3.0 0.0
11073 0.3 1.0 - - -~
Control 0.3 not investigated 2.0

300 cells analyzed. -, Absence of C-metaphases.

1.10-3M immediately after treatment, but decreased quick-
ly with the recovery period. The lowest concentration
only yielded aberrations immediately after treatment.

Besides the radiomimetic aberrations, we also observed
stathmokinetic effects which confirm for plant materials
the data obtained in animals so far. We noticed colchico-
metaphases which were sometimes so numerous that ana-
phase analysis was prevented. This was the case for barley
and broad bean at the highest concentration but it should
be pointed out that this effect occurred somewhat later in
Vicia (Figure 1). ‘

The modification of C-mitotic effects runs parallel to
the radiomimetic ones in the 3 species. Merostathmokine-
tic effects (incomplete C-mitosis) were observed all the
time which consisted in multipolar anaphases (Figure 2),
metaphases-anaphases suggesting a partial disorganization
of spindle fibers.

The sensitivity of Nigella damascena incited us to ana-
lyse further metaphase aberrations. In root tips the C-mi-
totic induction is roughly proportional to the concentra-
tion, no C-metaphases remaining at the lower concentra-
tion for duration longer than 4 h after treatment. In Table
1T, the chromosomal aberrations observed mainly con-
sisted in breaks, giving rise to acentric fragments. The
amount of such aberrations is very low as conipared with
that obtained for anaphases. These results suggest that
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Multipolar anaphases

0 10 20 h
Time affer the treatment

Fig. 2. Multipolar anaphasesinduced in Nigella by vinblastine 1.10~4M
(@) and 1.10-%M (O).

the anaphase aberrations were induced subsequently to
the metaphase, probably at early anaphase. They can be
related to disturbances of the spindle apparatus. Their
origin is the same as that of multipolar anaphases.
Discussion and conclusions. Nigella damascena has always
been reported to be a very sensitive plant material suitable
for investigations in mutagenesis. Thus it is not surprising
that the highest amount of chromosomal aberrations was
observed with that species, on the one hand. On the other
hand, the radiomimetic effect is all the time low, if existing
at all, in the two other species. Recent investigations
using dominant lethal mutations in mouse? failed to de-
tect mutagenic effects. It can thus be concluded that in all
biological systems so far investigated the mutagenic ac-
tion of the vinblastine is slight. However, the C-mitotic
effect could result indirectly in mutations by giving rise to
polyploid cells$.

Résumé. Des racines de Hordeum sativum, Vicia faba et
Nigella damascena ont été traitées par des solutions
(1.10-%M & 1.10-%M) de vinblastine. Chez les trois especes,
nous avons pu observer des effets stathmocinétiques:
C-métaphases et anaphases multipolaires. Chez Vicia et
Hovdeum, les taux d’aberrations sont trés faibles; par
contre, Nigella s’est montrée plus sensible a ’action ra-
diomimétique de ’alcaloide.
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Characterization of DNAs from Coprinus lagopus and Mucor azygospora

Very little information exists on the characteristics of
fungal DNAs. Since DNA serves as the basis for the func-
tional and genetical differentiation of an organism, its
characterization becomes necessary for any study of dif-

ferentiation at molecular level. BriTTEN and KorNE!
have shown that the studies of DNA:DNA dissociation
and reassociation reactions give very reliable information
regarding the nature of DNA and genome size (total DNA/
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haploid nucleus) of an organism. Earlier2-¢ we have re-
ported our preliminary observations on the characteristics
of Neurospora and C. lagopus DNAs. This paper describes
our studies on yield, purity and thermal profile of C. lago-
pus and M. azygospora DNAs and kinetics of reassociation
and occurrence of repeated sequences in C. lagopus DNA.

The wild type strains, HyAsB; and No. 99.1 of C. lago-
pus were obtained from Dr. PETER Dav of Connecticut
Agricultural Experiment Station, New Haven, Conn. M.
azygospora (strain ACTC 1105) was obtained from the
American Type Culture Center, Bethesda, Maryland. *C-
labelled DNA of Escherichia coli was kindly supplied by
Dr. Roy BrirTeN of the Carnegie Institution of Washing-
ton, D.C.

C. lagopus, both in stock culture or in experiments, was
grown in FriEs® minimal medium. Mycelial suspension
was used as inoculum for either mycelial growth or oidial
production. Mycelia were grown in liquid culture whereas
oidia were produced on solid medium. After 72 h growth
the mycelia were harvested, washed with deionized water
and frozen. After the incubation period, necessary for
their development (7-10 days), the oidia were harvested
from the agar surface by brushing with a glass rod in pre-
sence of deionized water and passing through a 4-fold
cheese cloth. Oidial cells were then pelleted from the sus-
pension by centrifugation at 5000 g.

Mucor azygospora stock culture was maintained on po-
tato dextrose agar plants at 24°C. The sporangiospores
were used as inoculum and mass culture was grown in
completeliquid medium under aeration at 24°Cin VoGEL’s®
medium containing soluble starch.

Mycelia grown in phosphate deficient medium were
used as inoculum for 2P labelling of the DNA following
the procedure described by Durra?. DNA was isolated
either from the freeze-dried (for unlabelled DNA) or wet
mycelia (for 32P labelled DNA) using a newly developed
DNA isolation technique®. The use of 1M sodium per-
chlorate was found necessary for the isolation of Coprinus
DNA.

In order to get rid of cross-linked DNA, 14C E. coli DNA
and 32P C. lagopus DNA in 0.14 M phosphate buffer (PB)
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Fig. 1. Optical melting curves of DNAs in 0.123 PB from mycelia of
C. lagopus and M. azygospora recorded in Gilford (260 nm) spectro-
photometer. The mycelia cells were freeze-dried and the DNA was
isolated by Urea-Phosphate-sodium perchlorate method? on hydro-
xyapatite column. '
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were denatured separately by boiling for 2-3 min in a
water bath. The denatured DNAs were then quickly
cooled to 60°C and passed rapidly over a hydroxyapatite
column equilibrated at 60°C with 0.14 M PB. Under these
conditions cross-linked DNA are adsorbed to the hydro-
xyapatite while single strand DNA pass through the co-
lumn. Both in C. lagopus and E. coli the values for cross-
linked DNA and zero time hybridization were found to be
2to 49, and less than 0.19%,, respectively. The DNA of M.
azygospora was not labelled.

The purity of DNAs was tested by hyperchromic shift
of the isolated DNA samples, by melting the DNA in
0.12M PB and recording the increase in absorbance at
260 nm with a Gilford 2400 spectrophotometer. Tests done
for the purity of 32P labelled DNA were: acid solubility
(0.2-3%), alkaline lability (0.2-0.3%), RNase lability
(none), and DNase lability (95-989%,).

After the above steps of purification, E. coli and C. la-
gopus DNAs were mixed and sheared together at 50,000
for DNA:DNA reassociation kinetics studies. Reassocia-
tion was performed according to the method of BRITTEN
and KoHNE?®.

Oidial cells were used for the estimation of total DNA
per haploid nucleus using trichloroacetic acid (TCA) pro-
cedure as described by SCHNEIDER®. An oidial cell, con-
taining apparently a single nucleus, was estimated to con-
tain approximately 0.7 x10-1% g DNA which correspond
to about 4.2 x 101 daltons approximately. This estimate
was found to be greater than that obtained by DNA:DNA
reassociation kinetics studies. The values obtained by the
reassociation kinetics reflect the genome size with respect
to unique sequences only. Fractionation of 32P labelled
whole-DNA on hydroxyapatite reveals that approximately
109, of the C. lagopus DNA is composed of repeated DNA
sequences. This might partly account for the discriepancy
as stated. These repeated DNA sequences are probably of
non-nuclear origin?2.

Approximately 300 to 400 pug of highly purified DNA
was obtained on an average from 1 g of (equivalent to
approximately 10 g wet wt.) lyophylized mycelial powder
of Coprinus lagopus using urea-phosphate-Na-perchlorate
method®. From 1g of wet wt. of oidia an average of appro-
ximately 3 O.D.s (150 ug) of DNA was obtained.

. Figure 1 shows the thermal profile curve for C. lagopus
myecelial DNA. The hyperchromicity of DNA isolated was
approximately 25-279,. The greater part (more than 90%)
of the DNA seems to contain 1 major fraction having a
temperature of 91.5°C (G+-C = 529%). A very small frac-
tion (less than 109,) of the DNA having a low temperature
of 82.5 (G+4C content 329%,) is also evident from the Fi-
gure 1. This minor component of Coprinus DNA could not
be seen in preparations by previous isolation procedures0.
The Coprinus DNA is markedly different in this respect
from the Newurosporal® DNA which has at least 259, of
low GC (329,) and approxlmately 75% high GC (52%,)
content.
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Thermal profile curve (Figure 1) of M. azygospora DNA
suggest distinctly one component having 38 G 4+C mole
percent. One g freeze-dried mycelial cells yielded approxi-
mately 500-600 pg DNA.

Figure 2 summarizes the results of experiments of re-
association kinetics which gives a good estimate of the ge-
nome size of C. lagopus. Since C. lagopus DNA contains
(less than 129%,) repeated DNA (fast reassociating) this
fraction was removed by giving a C,t of 1.0 approximately.
These results show that E. coli reassociates 8.8 times faster
than C. lagopus DNA. It is well kmown1! that an E. coli
genome contains about 2.8 x 10% daltons of DNA, thus a
Coprinus haploid nucleus should contain about 2.5 x 1010
daltons of DNA. The experimental details of this study
are explained in the legend of Figure 2. Thus apparently
the Coprinus genome is slightly larger than N. crassal?
genome size, 2.2 X 101%, We have not made such studies for
M. azygospora but a recent study made in M. bacilliformis
by R. SEIDLER (taken from reference 13) suggest a genome
size of 2 X100 daltons. :

These data fit in very well when one considers the evo-
lution from simplicity towards complexity. The order of
evolution in these 3 organisms could be Mucor — Neurospo-
ra — Coprinus; which in turn agrees excellently with the
experimental evidence of genome evolution. An elabora-
tion of these points can be found elsewhere4,15,

Occurrence of repeated DNA sequences in C. lagopus

Whole DNA Non-repeated DNA
Cyt Hybridization Cot Hybridization
(%) (%)
0.47 7.5 0.03 0.047
1.26 9.0 0.64 1.05
2.52 17.6 2.00 3.80
8.8 42.9 6.30 18.00
25.25 64.4 22.10 34.00
416.00 89.9 632.30 95.05

Summary of P labelled and unlabelled DNA:DNA reassociation
within the whole and non-repeated DNAs. Cross-linked DNAs were
removed from 32p-labelled DNA before the reaction was run. Non-
repeated DNA was obtained by eluting single strand DNA from
hydroxyapatite column by giving a C, of approximately-1.0. Cy¢ =
M x sec/l.
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Fig. 2. The kinetics of reassociation of 32P C. lagopus and 1*C E. coli
DNAs, measured by hydroxyapatite chromatography. The DNAs
were mixed, sheared together at 50,000 ¥ and incubated in the pro-
portion of 10:1 by O.D. (C. lagopus : E. coli). For low C,t values, the
reaction mixture was adjusted to 0.14 M phosphate buffer and incu-
bated at 60°C. For higher C;¢ values the phosphate concentration
was adjusted to 0.48 M and incubated at 65°C. For uniformity in ex-
pression all C,f values were converted in equivalent to 0.124 PB.

Fractionation of 2P labelled whole DNA on hydroxy-
apatite reveals that perhaps less than 129, of the DNA is
composed of repeated DNA sequences. It is not known
yet what percent of these repeated DNA sequences are
nuclear. In N. ¢rassa it is observed that ribosomal RNA 15
cistrons are repeated which are nuclear DNA. The Table
summarizes results of the hybridization reactions of
whole and non-repeated DN As. Reassociation of dissociat-
ed (native) DNA by optical method, in Gilford 2400 (by
quickly changing 100°C to 60°C), done by Dr. D. E. KoH-
NE of Carnegie Institution of Washington, D. C., also
suggest that Coprinus has very low percentage of repeated
DNA sequences. We have not studied the occurrence of
repeated DNA sequences in M. azygospora yet.

Resumé. Les rapports G+C des ADN de Coprinus lago-
pus et Mucor azygospora ont été étudiés. Le profil de fusion
indique que ’ADN du C. lagopus est composé de deux
fractions, une principale (909%,) de rapport G+C 52 moles
pourcent, une mineure (109%,) de G +C 32 moles pourcent.
Par contre I’ADN de M. azygospora contient une fraction
unique de G+4C 38 moles pourcent. L’étude de la ciné-
tique de réassociation DNA:DNA montre que la dimen-
sion génomique («genome size») de C. lagopus est de
2x101% et qu’'il y a moin de 10% de DNA a séquences
répétées de nucléotides.
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