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Do Chromosomes Manifest Osmotic Volume Change?

HERBERT SHAPIRO.
From the Marine Biological Laboratory, Woods Hole, Mass.

In an earlier study?! it was shown that the
nucleus of the immature starfish egg in the
germinal vesicle stage undergoes a kinetics
of swelling and shrinking which is formally
similar to that of the egg as a whole. Ob-
servations made also on equilibrium volumes
indicated that the germinal vesicle contains
a smaller percentage of osmotically inactive
material than does the cytoplasm in this cell.
The advantage of studying the nucleus in the
germinal vesicle stage is that its size is large
enough to realize sufficiently accurate diam-
eter measurements under high dry magnifica-
tion. When the egg matures, the nucleus
becomes very much smaller, and direct meas-
urements are rendered considerably more
difficult by this method.

In the spermatozoon, the chromosomes are
compressed into the smallest possible volume
in an animal cell, nearly devoid of cytoplasm,
hence an examination of the osmotic proper-
ties of the sperm affords the nearest approach
to an intracellular study of the osmotic prop-
erties of the chromosomes themselves, in the
intact living cell. Since spermatozoa are not
spherical, and moreover are so small, it is
necessary to use some method other than
direct microscopic measurement, such as cen-
trifuging, for estimation of cell volume. Ap-
parently the first to study this quantitatively
(though not with reference to the question of
chromosome swelling) was Hamburger> who
obtained an average value of 72.8% for the
“Geriistvolum”  (literally, “framework vol-
ume”’; operationally, the equivalent of “osmot-
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ically inactive fraction”®) of frog spermatozoa.
In arriving at this value, he used low cen-
trifugal forces (1800 or 3000 r.p.m., no radius
stated) and placed the sperm in solutions of
pure NaCl, a procedure known to be toxic
to a variety of cells.* It was therefore de-
cided to investigate the matter in a species
where sperm are readily available in abun-
dance, using a balanced ionic environment
and a centrifugal force adequate to pack the
cells quantitatively, and to test the applica-
bility of the Boyle-van’t Hoff law.

According to Harvey and Anderson® the
Arbacia sperm has a pointed head with a
flattened base (2 p wide) adjacent to a short
slightly narrower middle piece which seems to
contain a pair of spherical bodies. The length
of the head and middle piece is approximately
4 p. The length of the tail is about 45 p.
Direct observations of swelling to about twice
their original size were made of sperm placed
in distilled water. Electron microscope ob-
servations revealed the tail to be composed
of about 10 strands of uniform thickness, each
about 50 mp in diameter. Owing to the thick-
ness of the heads, it was not possible to make
out any discrete internal structure.

Procedure. Sperm were obtained from ripe
testes of the sea urchin, Arbacia punctulata,
by excision from the animal, and allowing the
spermatic fluid to exude as a viscous creamy
suspension into a stender dish. The material
was pipetted into a test tube and centrifuged
lightly in order to throw down any gross tissue
particles. This still left the bulk of the sperm
in suspension, occupying from 23.5 to 27.8%
of the total volume. Hypotonic sea water solu-
tions, varying in concentration from 1% to
80%, were made up fresh each day. Owing
to the fact that the cell volume is only a
fraction of the spermatic fluid, mixture with
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OsMOTIC SWELLING IN SPERMATOZOA

the hypotonic sea waters yielded a range of
resultant effective osmotic concentrations of
42.4 to 88.5% sea water.

The spermatic fluid was pipetted in 0.1 ml
aliquots into small shell vials, an equal quan-
tity of hypotonic sea water was added to each
vial, and the contents mixed thoroughly. The
shell vial was covered with a cover slip, and
from 50 minutes to 2 hours allowed for the
attainment of osmotic equilibrium at room
temperature (about 25°C). Specially drawn
capillary tubing was used, of uniform bore
(approx. 0.39 mm, checked by microscope
measurements of diameters at both ends) and
outside diameter, 0.56 mm. The tubing was
cut up into lengths of about 43 mm, and from
30 to 35 mm of diluted sperm suspension
drawn up by capillarity, following which the
opposite end was sealed off in a microflame.
The perfection of each seal was checked by
microscopic examination. Centrifuging - (15
to 17 minutes duration) was carried out in an
air turbine, at approximately 20,000 times
gravity, in a steel rotor made available through
the courtesy of Dr. A. K. Parpart. Column
lengths were measured under a binocular dis-
secting microscope with the aid of a metric
steel rule. At this centrifugal force erythro-
cytes are completely packed; for Arbacia eggs
it has been estimated that a minimal centrifu-
gal force of 4330 X gravity is required to
pack the cells completely.® The exact force
at which complete packing is attained will be
related to the physical properties of the cell
in question, and to the medium.”

Condition of the Sperm. The physiological
state of the sperm cells was studied after
swelling by microscopic observation of their
motility and of fertilizing power. In all the
dilutions employed, numerous highly active
sperm were observed. As the packed sperm
were allowed to rest in the capillary tube after
centrifuging, the cell column length increased
slightly with time, apparently due to sperm
at the free end of the column migrating into
the supernatant fluid. When swollen sperm
were returned to a suspension of eggs in
normal sea water, high percentages of mem-
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Showing the applicability of the Boyle-van’t
Hoff law to equilibrium volumes of sea urchin
sperm swollen in various dilutions of sea water.

brane formation and cleavage ensued, demon-
strating that the sperm had not been irre-
versibly affected by the swelling process.

Results. Fifty-six determinations were car-
ried out, the results of which are summarized
in Fig. 1, which is a plot of relative sperm
volume against the reciprocal of the osmotic
pressure of the medium. A rectilinear rela-
tion indicates the applicability of the Boyle-
van’t Hoff law,

P (V—b) =k,

where P, V, b, and k represent respectively
osmotic pressure, cell volume, osmotically
inactive fraction, and a constant. Extra-
polation of the curve to the zero ordinate
(not shown) yields an average value for “b,”
the “osmotically inactive fraction,” of 33%,
a value in the same region as that observed
for other cells (e. g., in unfertilized Chaetop-
terus eggs, “b” is 38.8%.8) The best average
curve, fitted visually, has been drawn through
the data. Application of the Criterion of
Least Squares shows that the line so drawn
lies close to one computed by least squares.
Although the plotted experimental points in
Fig. 1 show a fair amount of scatter, it is
essential to note that if lines with the greatest

8 Shapiro, H., J. Cell. and Comp. Physiol., 1941,
18, 143.
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and least slope reasonably possible be drawn
that “b” will have a maximum possible value
of approx. 48%, and a minimum value of
approx. 18%.

Discussion. Since the chromosomes appear
to constitute the bulk of the content of the
spermatozoon, it appears from this result that
they must partake in the osmotic swelling of
the cell. If the chromosomes did not swell,
the value obtained for “b” would be very high,
of the order of 90% or more, judging from
the standard cytological pictures of sperm
heads. In so reacting to hypotonic solutions,
the chromosomes display an osmotic pattern
shared by other formed elements within the
nucleus and the cytoplasm, viz., the nucleolus,
and the diverse types of granules which under-
go osmotic volume changes. The value of
72% obtained by Hamburger for frog sperm
may be due to a species difference or to the
differing circumstances, alluded to in the
introduction, in which the experimental deter-
minations were carried out.

Churney? studied the swelling of the ger-
minal vesicle in immature eggs of Arbacia
punctulata and Nereis limbata. Unfortun-
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N1-METHYLNICOTINAMIDE

ately, no calculations of osmotically inactive
fraction were given. He concluded that “the
experiments failed to reveal any appreciable
amount of osmotically inactive material in
either of the nuclei.” An interesting observa-
tion was also briefly reported in a footnote to
the effect that “the giant chromosomes of the
salivary gland cells of Sciara coprophila and
of Chironomus sp. swell and shrink reversibly
in anisotonic solutions.” Quantitative data
were not furnished.

Summary. A. The applicability of the
Boyle-van’t Hoff law to the swelling of
spermatozoa of the sea urchin, Arbacia punc-
tulata, in hypotonic solutions of effective con-
centrations varying from 42.4 to 88.5% sea
water was investigated. Cell volumes were
determined by centrifuging in small capillaries
in an air turbine at 20,000 X gravity.

B. In the range of dilutions employed, the
Boyle-van’t Hoff law appeared to be followed.
The “osmotically inactive fraction” (“b”)
averaged 33%. Thus the sperm head, which
is chiefly chromosomal material, has a non-
swellable volume which does not differ greatly
from that of certain other cells. The results
indicate that the chromosomes take part in
the osmotic swelling of the cell.
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An Investigation of Transmethylation from N'-Methylnicotinamide

Errzaera B. KELLER, JoEN L. Wo00D,* AND VINCENT DU VIGNEAUD.
I'rom the Department of Biochemistry, Cornell University Medical College, New York City.

With the discovery that nicotinamide is
methylated in the animal body to give
Nl-methylnicotinamide! it became of interest
to know whether this product is a methyl
donor in the biological synthesis of N- and S-
methyl compounds. One approach to this prob-
lem has been the study of the lipotropic activ-
ity of N'-methylnicotinamide when added to
a methyl-deficient diet. Najjar and co-
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workers*? have presented data to show that
Ni-methylnicotinamide has some lipotropic
action in the rat, whereas Handler and Dubin*
found in a similar experiment that it had no
activity in preventing the development of
fatty livers.

We wish to report here an experiment of
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