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Rana, stage 18), together with typical Nissl-substance in
peripheral areas of the neuron.

The cytoplasm of the amphibian RBCells also possessed
large lipid vacuoles (2-15 pm in diameter; figure 5) and
many yolk platelets (2-10 pm in diameter; figure 4).
A high content of compact melanin granules (about
0.5 pm in diameter) was observed especially in the RBCells
of Rana temporaria (figure 5). The melanin deposits in the
RBCells of Triturus helveticus were of more complex
character, 0.3-0.5 pm in diameter, each consisting of
several granules of about 0.05 ym in diameter (figure 3).
Subsurface cisterns were found in all stages of fish and
amphibian RBCell development that were investigated
— often at sites of contact between 2 neighbouring
RBCells. The cell membrane showed no adherent synaptic
elements.

Discussion. The ultrastructural development of the
perikaryon of the RBCells of fishes and amphibians ob-
viously parallels that of other neuroblasts in the ver-
tebrate central nervous system!2-1". In addition, the
fully differentiated RBCells of both lower vertebrate
groups investigated were structurally similar to the
dorsal cells of the adult petromyzont spinal cord?8-20,
which are regarded as persistent RBCells?>2l. This
resemblance between both types of intramedullary
dorsal neurons supports the view that they are homolog-
ous features within the central nervous system of lower
vertebrates.
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Comparison of the rate of ultrastructural development of
fish and amphibian RBCells during the hatching period
revealed that structural maturity occurs earlier in the
RBCells of the trout than in those of the amphibians.

"Corresponding evidence on neuronal functioning was

obtained in enzyme-histochemical investigations, de-
monstrating strong enzyme activities in the trout RBCells
only at hatching, while the amphibian RBCells lack any
parallel development of enzyme reactions, including their
degenerative period 2.

Considering these results, it may be assumed that in
amphibians the primary reflex machanism has no im-
portant biological meaning, but in oviparous fishes, such
as the trout, it may be involved in the control of hatching
movements.
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X-ray induction of chromosome and chromatid aberrations in the same cells after treatment

with hydroxyurea?

M. M. Reddy and M. W. Miller
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Summary. Vicia faba root meristem cells treated for 24 h with 1.25 mM hydroxyurea and then X-irradiated con-
tained a large number of cells with both chromosome and chromatid aberrations. X-irradiation 4 h after release from
the hydroxyurea block yielded cells with almost exclusively chromatid aberrations.

The X-irradiation of eukaryotic interphase cells yields 2
major types of chromosomal aberrations: early and mid
G, produce chromosome aberrations while S and G, pro-
duce chromatid aberrations. The transition from chromo-
some to chromatid aberrations occurs in late G,, but be-
fore S2-5. Wolff¢ has reported that inhibitors of DNA and
protein syntheses do not prevent this transition. How-
ever, the presence of chromosome and chromatid aberra-
tions within the same cell is a rather infrequent event at
various treatments4.

We report here that when Vicia faba root tips were
X-irradiated immediately after hydroxyurea (HU) syn-
chronization and the meristematic mitotic cells scored for
chromosomal anomalies a very large proportion (~409%,)
of cells containing both chromosome and chromatid aber-
rations was observed.

Seeds of Vicia faba (Kellogg Seed Company, Ventura, CA)
were soaked overnight in running tap water, then planted
in moist vermiculite and grown in the dark for 5 days at
19 4 1°C. The seedlings, with plumules and seed coats
removed, were then transferred to a tank containing
aerated Voth and Hawner’s? No. 5 nurtient solution
(19 + 1°C) for 48 h, then to a tank containing nutrient
solution plus 1.25 mM HU for a period of 24 h, and sub-
sequently returned to the culture tank containing only

nutrient solution. At various times after removal from
HU roots were pulse labeled (30 min) with 1 uCi/ml 3H-
thymidine [6.7 Ci/mM, spec. act.]. Roots were X-irra-
diated with 400 R (150 R/min) immediately or at 4 h
after the HU treatment. At different time intervals after
removal from the HU solution some roots were soaked
for 2-3 h in aerated 0.049, colchicine, but all were fixed
in 3:1 alcohol:acetic acid. Root meristems were Feulgen
stained, squashed onto microscope slides, and adhered by
the method of Conger and Fairchild®. Autoradiographs
were prepared by dipping the slides in Kodak NTB-3
liquid emulsion, drying, and storing the slides in the dark
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ExPERIENTIA 33/3

Frequencies and ®H-thymidine labeling patterns of radiation induced chromosome and chromatid aberrations from different 1.35 mM

hydroxyurea regimens

Number with chromosomal aberrations
(% of mitotic cells in parentheses)

Regimen Approximate fixation Total number of Total Only Both chromosome  Only
times (h) post HU mitotic cells observed chromosome and chromatid chromatid**
24 h HU 9-17 390 25 11* 0 14
(6.4) (2.8) (3.6)
24 h HU + 400 R 38-71 232 171 45% 96* 30
(73.7) (19.4) (41.4) (12.9)
24h HU 4+ 4h H,O 4+ 400 R 5-27 147 146 3* 0 143
(99.3) (2.0) (97.3)

Label pattern: * unlabeled metaphase, ** approximately 609, & H-labeled.

at 4°C for 3 weeks before development. The slides were
scored for 3H-labeling index, mitotic index, and chromo-
somal anomalies.

The figure, similar to that obtained by Hall et al.?, shows
the 3H-labeling and mitotic indices at different times after
removal of the seedlings from the 24 h HU treatment.
The HU treatment did not completely arrest DNA syn-
thesis as evidenced by the presence of 3H-labeled nuclei
immediately at the end of the HU treatment; the 0 h
labeling index was obtained by maintaining the roots in
HU for 23/, h and then a further '/, h in HU plus
SH-TdR. There were no cells in mitosis until the 5-9 h
intervals; after which the mitotic index rose steeply to a
peak (~40%,) at 11-13 h and then gradually declined.
The effect of 24 h HU alone on the production of chromo-
some and chromatid aberrations was slight. The majority
of the cells (94%,) had no chromosomal anomaly; the re-
maining cells contained chromatid exchanges, chromo-
some deletions and some gaps (table). The radiation regi-
mens produced considerable delays in the onset of mitosis;
for example, for the 24 h HU + 400 R regimen mitotic
cells were obtained from 2 h colchicine collection intervals
beginning at 38 h post-HU treatment and extending
through 71 h. For these long intervals over which fixa-
tions were accomplished the mitotic index was very low
and many roots and intervals were needed to obtain cells
for scoring. Within regimens there was not an apparent
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a 24 h exposure to hydroxyurea (HU); 3 slides per point, 1000 cells
per slide.

change in the frequency or type of chromosomal anoma-
lies with fixation intervals.

Slightly more than 409 of the mitotic cells from the
24 h HU + 400 R regimen had chromosome and chro-
matid aberrations within the same cell; all were unlabeled,
as were any cells with solely chromosomal aberrations,
thus indicating they were in G, at the time of X-irradia-
tion. When the roots were released from the 24 h HU
treatment for only 4 h very few chromosome aberrations
were scored, and no cells were observed containing both
chromatid and chromosome aberrations.

The transition from chromosome to chromatid aberra-
tions occurs a) in a short period of time ¢ in comparison to
a DNA synthetic period (8) of 6 h in Vicia?, and b) at the
end of G, but before $3-58:12-14, The transition does not
appear to be the result of separation of the DNA double
helix into 2 single strands?5.

Autoradiographic studies have demonstrated that DNA
synthesis in eukaryotic cells often does not occur syn-
chronously in all chromosomes of a complement; the
chromosomes do either not initiate, or terminate DNA
synthesis at the same time, or both1€-1®. Thus, on an
individual chromosomal DNA synthesis basis the transi-
tion from G, to S may be variable. Lin and Davidson?2?
have further suggested that the timing of terminal DNA
replication is determined independently in each chromo-
some. The transition from chromosomeness to chromatid-
ness occurs before the onset of DNA synthesis, ie., in
late G,. Our data suggest that a) there is a substantial
subpopulation (~409,) of cells which appear with a 24 h
HU treatment whose chromosomes are in a state of tran-
sition from chromosomeness to chromatidness, and b)
these cells can be resolved by the application of X-rays.
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