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preparation of this kind the chromosomes in the
salivary gland can be studied with perfect ease
under oil immersion, and we should lhke to em-
phasize that here we can be quite sure we are
dealing with living chromosomes, since this treat-
ment, if carefully done, does not injure the larva
in the least. The fly, Sciara, is a particularly nice
animal for this purpose because its salivary gland
is really a beautiful object for observation and
measurement. There are only two rows of cells,
and these are absolutely made to order for quan-
titative work. The nuclei are perfectly spherical,
very uniform in size, and individually recogniz-
able by their positions in the gland.

We studied the living salivary gland chromo-
somes in four genera of flies. Concerning their
structure we wish to point out only one fact,
namely, that in the normal living condition the
chromosomes fill, or nearly fill, the entire volume
of the nucleus. This is especially clearly seen in
Sciara, which has neither chromocenter nor nu-
cleolus, and was observed in witro by Doyle and
Metz.  The importance of this point is that by
measuring the nuclear volume (which is easily
obtained from the diameter), we have at once the
volume of the chromosomes.

Since we suspected that the degenerative
changes which the salivary gland chromosomes
undergo when dissected under paraffin oil might
be due to asphyxiation of the cells, we tried
asphyxiating the whole larva to see how the living
chromosomes reacted. The larva was mounted in
a special micro gas-chamber so that the living
salivary chromosouies could be continuously ob-
served and measured while the larva was sub-
jected to pure CO: or N gas. \We found that in
from one to three minutes after administration of
either gas the larva became quiescent, the pulse
rate fell markedly and the salivary gland chromo-
somes began to shrink. The effect of asphyxiation
has several very curious features. In the first
place, the measurements show clearly that al-
though the chromosomes shrink greatly, the nu-
clear volume remains entirely unchanged. In the
second place, the chromosomes, in shrinking, ball
up into a tightly packed spherical mass in the in-
terior of the nucleus. This is a very different sort
of shrinkage from that following acetic acid, in
which the chromosomes shrink but keep their
positions near the periphery of the nuclens. The
significance of the asphyxiation type of shrinkage
is that it gives us a very neat and accurate methocl
of measuring the shrinkage of chromosomes,
simply by measuring the diameter of the clump.

Next we wondered whether this drastic shrink-
age of the chromosomes is reversible, so, replac-
ing the COy or No with air or Oa we found that
in a few minutes the heart resumed beating and
the chromosomes gradually swelled until they had
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completely recovered and again filled the nuclei.
Nuclear volume as a whole did not change during
the process, and this is a very singular thing, be-
cause it indicates that this reversible shrinkage of
the chromosomes is entirely an intra-nuclear
phenomenon. When the chromosomes shrink they
give out a clear fluid into the nucleus, and when
they recover and swell up again they apparently
re-absorb the same fluid, and they may do this
repeatedly.  From the quantitative side, the re-
sults indicate that the chromosomes may lose re-
versibly up to about 65 percent of their fluid con-
tent during exposure to CO..

We have seen that there may be chromosome
shrinkage with nuclear swelling, as in acetic acid
fixation, and chromosome shrinkage and re-
swelling without change in total nuclear volume,
as in asphyxiation, The question now arises, do
the chromosomes and nucleus ever shrink and
swell together, so that the chromosomes exchange
fluid with or through the cytoplasm? Doyle and
Metz showed that this occurs when the cells are
subjected to various salt solutions. As noted pre-
viously, the larva of Sciara is essentially a sack
filled with body fluid, in which the salivary glands
are freely suspended. What we did, then, to
study this effect in living chromosomes was
simply to inject Ringer solutions of various
strengths into the larval body cavity, thus making
the blood either hypotonic or hypertonic to the
glands. Chromosomes and nuclei were measured
before and after this treatment. We found that
injection of hypertonic solution causes a decrease
in chromosome volume of at least 35 per cent,
and injection of hypotonic solution a swelling of
at least 20 per cent, in both cases the volume of
the nucleus changing equally, and there being a
gradual recovery back to normal.

The salivary chromosomes are sensitive also to
more obscure environmental changes such as me-
chanical pressure on the cytoplasm. In glands
across which a little sliver of glass has been laid,
the nuclei in the cells under pressure contain
shrunken chromosomes, whereas those outside the
pressure area are entirely normal.

In summary, we may attempt to define what
we mean by “living” chromosomes.  To us, the
prime characteristic of living chromosomes seems
to be their sensitivity to, and ability to react re-
versibly to various environmental influences.  In
protein chemistry the prineipal sign of the dena-
turation, or what might be called the “death” of a
native protein, is an irreversible loss of solubility.
Thus it is with chiromosomes—as long as they can
react reversibly by taking in or giving out fluid,
they may be considered, in the chemical sense at
least, alive. Alive, hut not necessarily normal,
for the shrunken chromosomes seen in nearly as-
phyxiated larvac are probably as definitely ab-
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normal as if they were fixed, becanse marked
changes in the chromosones are always accom-
panied by unmistakable signs that the animal as
a whole is defintely sick.

We may regard the living salivary gland chro-
mosome, then, as behaving chemically somewhat

like a sponge, i that it 1s capable of taking m and
giving out an astonishingly large proportion of
its fluid content, without permanent alteration of
its fundamental mternal structure.

(This article is based on a seminar report given
at the Marine Biological Laboratory on August 16.)

CALCIUM AND MAGNESIUM IN RELATION TO LONGEVITY OF EGG CELLS

DRr. VicTOR SCHECHTER
Instructor in Biology, College of the City of New York

A few years ago in a study of hypotonic
cvtolysis of uufertilized Arbacia egg cells, niade
together with DProfessor A. J. Goldforb at this
laboratory, we found a decrease in resistance to
diluted sea water as the cells became older. Work-
ing on the hypothesis that the change was in
large part due to a loss of elasticity of the egg
membrane, such as mght be caused by an ac-
cumulation of calcium, [ found that lowering
calcium in sea water greatly prolonged the llfe
of the egg. Continuing with the egg of the clam.
Mactra, this effect was corroborated and it was
determined also that high magnesium concentra-
tion had a similar action or an additive one when
calcium was low.

Nonamesset clams of this season, as opposed
to animals from Barnstable last season, did not
show the low calcium effect as clearly but both
were consistent in the prolonging effect of high
magnesium.  The inconsistency with calcium is
regarded, in view of the antagonism between
calcium and magnesium, not as contradictory but
as indicating the same phenomenon on a different
level of egg condition.

These changes in salt ratios are tentatively in-
terpreted as retarding the breakdown of the
germinal vesicle since the normal death of the
egg is marked chiefly by spontaneons breakdown
of the vesicle.

High calcium also has a beneficial influence on
the life of the egg. although it 1s a comparatively
small one. This may possibly be due to a forti-
fication of the hyaline layer of the membrane, or
perhaps throngh decreased permeability, against
bacterial dlsmtcgmtlon products of other eggs.
Sea water in which eggs have aged is extremely
toxic to other eggs. L\perlmcnt: have been made
to determine whether living bacteria or disintegra-
tion products cause this toxicity. Bacterial counts
in the experimental calcium and magnesium solu-
tions show no difference in numbers which can
account for the effect on longevity of eggs.

It was pointed out that the unfemlund egg is
a favorable place in which to study senescence and
death because of a regular series of mnecrotic

changes and because the end point of death
definite.

(This article is based upon a seminar given at the
Marine Biological Laboratory on August 16).

A NOTE ON MACTRA EGGS

In response to the request of some of the in-
vestigators at the Laboratory after the recent
seminar report, I am submitting a brief note on
the method I have found useful in obtaming the
eggs of the clam, Mactra, and also some other
data. The anmimal is rinsed with tap water and
dried. The valves gape slightly in a minute or
two and the adductor muscles may then be cut
easily with a sharp scalpel. The animal is care-
fully taken out of its shell and the gills trimmed
away. The gonads are located anterior to and
below the pedal retractor muscle. Gentle pressure
over them towards this muscle causes the dis-
charge of eggs or sperm throngh the gonopores.
The eggs are in the germinal vesicle stage. They
are a pink color in mass, by reflected light, and
tan by transmitted light under the microscope.
The diameter of the egg is about fifty micra, the
gernunal vesicle thirty micra, and the nucleolus
about eleven micra.

After insemination the germinal vesicle breaks
down within about ten minutes at 25° C., polar
bodies are formed at thirty minutes, the nucleus
divides at forty minutes, but the cell does not
cleave until fifteen minutes later. The lag be-
tween nuclear division and cleavage makes ex-
perimentation on the relationship between nuclear
division and cytoplasmic cleavage more easily
possible than is the case with Ahll]OdC‘I‘ln eggs.
Except in extreme old age the germinal vesicle
persists in sea water and breaks down only on
insemination. This is an advantage for study
over an egg like that of Asterias, where the
germinal vesicle breaks down quickly in sea water.
The surface of the egg seems much more elastic,
and tough rather than plastic, when compared
with Echinoderm eggs. More complete informa-
tion on this egg. which does not appear to have
been previously used experimentally at \Woods
Hole, will be given in a paper now in preparation.
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POSSIBILITY OF ELECTRICALLY AFFECTING DEVELOPMENTAL PATTERN
(Continued from page 181)

forces as may be concerned with the cataphoretic
rearrangement of cell contents, and which might
therefore conceivably alter the prospective fate of
an individual cell, but with such forces as may
exist between cells or groups of cells and thus
produce a developmental pattern.

It is, of course, well-known that the differential
permeability of living membranes gives rise to a
difference in potential hetween the inner and outer
surfaces of a cell, and it is further probable that
a “clond” of ions surrounding a cell may give
rise to a field of energy which, since it is not of
necessity identical with the field surrounding a
neighboring cell, may conceivably exercise a force
upon the cell. How far such forces would be
sufficiently strong to move so large an object as
a cell so great a distance as embryological cells
are known to move is very doubtful, but space
does not permit of a discussion of this question in
this place. It is even more doubtful that groups
of cells—as has been postulated m some theories
of neurobiotaxis—could affect neighboring groups
of cells at a considerable distance from them. It
1s unnecessary. however, to continue theoretical
criticism when there is the possibility of an ex-
perimental investigation.

It does not matter how potential differences
within an embryo may be produced for we can be
quite certain that the primary effect which they
will have will be to cause movements of ions
through the electrolyte in which these cells are
placed and thus give rise to weak currents which
must undoubtedly exist as continually varying ed-
dies and flows throughout the embryo. If the
potentials and currents involved are the cause,
and not the effect, of differentiation of embryonic
pattern, it should be possible to pass weak cur-
rents through a developing embryo and to distort
these current movements m such a manner that
the embryonic pattern itself will be distorted. It
is also within the bounds of theoretical possibility
that such currents might electrendosmotically
move some organizing substance ; or that galvano-
tropic responses of cells might cause some re-ar-
rangement.

It would also be possible to affect such fields
as might exist by the application of strong static
or magnetic ficlds. But again the writer must
plead lack of space for omitting these considera-
tions.

A considerable amount of work has been done
in the ficld of the application of currents to de-
veloping animals, but the greater part of this work
has been done upon fish or amphibian embryos in
water and has resulted, as might very well be ex-
pected, in the removal of a sufficiency of electro-

Iytes to precipitate the proteins in the egg. This
work has resulted only in a demonstration that
electrolytes may be electrendosmotically removed
from living eggs and has not contributed anything
to the question of electrical control of develop-
mental pattern.

Certain early observers have also recorded a
series of allegedly electrical effects, mostly too
grotesque to warrant consideration, and two re-
cent workers have applied currents to the chick
and have recorded the abnormalities so produced
as an electrical effect.

There are certain grave technical difficulties
which must be overcome before any useful result
can be obtained by the application of currents to
chick material. It would, for example. obviously
be desirable to employ non-metallic electrodes, but
these are only feasible where the total experiments
do not run beyond a full dozen eggs. The writer
has tried liquid bridges, egg-white bridges, agar
bridges, and corn starch bridges, but has been
forced to abandon them as impractical, and it is
now quite evident that if a significant number of
eggs are to be utilized it is necessary to employ
metallic electrodes. Under these circumstances it
is desirable to employ several kinds of electrode
so that electrode effects may be detectable by
comparison. The first type employed was a
“blacked" platinum loop with a ball of agar sur-
rounding the loop. For the second type, a basis
of 200-mesh™ phosphor-bronze gauze was taken,
and this was plated with cobalt, cadmium, silver,
silver chloride, palladinm and rhodium in an en-
deavor to find a biologically and physically suit-
able type: of these, rhodium plated on silver is
alone suitable.

The first series of experiments were run with
hall eclectrodes, and, since figures of the results
cannot be reproduced, it will be sufficient to say
that 342 eggs demonstrated conclusively that such
abnormalities as were produced were not in any
way correlated either with the current densities
employed or with the total quantity of current
passed. The abnormalities produced in the largest
number were chicks with enlarged hearts, but
there were also a type with a reduced central
nervous system, a few omphalocephalous types,
and a considerable number of blastoderms in
which the central nervous system was reduced to
a few irregular lumps of tissue with behind them
paired pulsating vesicles representing the heart;
there were also some laterally expanded types
which were at first thought to demonstrate a gal-
vanotropic effect.

[t is uscless to speak of percentages in dealing
with a question of this kind, for the only constant-
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ly controlled factor through thie experiments was
the current, and since the abnormalities were not
correlated with this it is useless to endeavor to
correlate them statistically with the vast number
of unknowns, including the idiosynerasies of in-
dividual eggs, which must also have been present
in the experinient.

Normal eggs were found quite frequently
among batches through which a ecurrent had been
passed and this, coupled with the lack of correla-
tion already mentioned, would seem to indicate
that the effects could hardly be attributed to the
current flowing.

A similar series of experiments were then run
using the plated gauze electrodes described. Since,
however, in these eclectrodes the area of metal
compared with the area of agar was somewhat
greater, it was possible to employ higher current
densities, and with these electrodes it was estab-
lished that 3 & was a lethal current density. At
the same time it became increasingly apparent
that the more care taken in the preparation and
msertion of the electrodes, the smaller the num-
ber of abnormals produced, and it was decided to
run a last series of experiments whiel would, it
was hoped, demonstrate conclusively that the eur-
rent was not responsible for the effects.

A field of asymmetrical current density was
erected between one ball and one plate electrode,
each of which had been prepared with great care
and had been both pre-inecubated in egg white and
electrendosmotically cleaned in the same material.
Using these electrodes it was found possible to
develop a chick normally for more than sixty
hours while passing 0.1 MA continnously. 1n
three series of experimeunts, each using 12 eggs in
series, no abnormals whatever were found either
in the experimental eggs or in the controls and
there was an equal number of deaths, presumably
due to trauma, in each. A fourth series showed
a few abnormals of the enlarged heart type.

Though it appeared from this that a current
did not produee abnormalities—i.e. did not distort
developmental pattern—the fact remains that al-
normals had been produced and that these abnor-
mals oceurred with more frequency in the eggs
through which a current had been passed than in
the controls. It was therefore fairly obvious that
there must have been a transport of heavy metal
ions from the electrodes and that these were pro-
ducing the effect. A series of experiments showed
that neither platinum ehloride nor rhodium sul-
phate injected, in sub-lethal doses, into the egg
white caused abnormalities. A test was then run
to determine whether the minute quantities of lead
present in the platinum blacking solution could be
the cause of the abnormalities shown in the au-
thor’s, and in previous writers', experiments.
Lead chloride was injected in quantities repre-

senting from 200y to 2,000y I’b and it became
immediately apparent that not only were the en-
larged heart and suppressed central nervous sys-
tem effects due to lead poisoning but that the la-
terally drawn out embryos referred to were also
a lead effect. Since the metals used in plating
were shown to be without effeet, it was evident
that the only likely cause of the abnormalities in
the plate electrode series was copper being trans-
ported in minute quantities through the plating
upon the electrodes. It may be added that if a
sufficiency of copper was transported to cause a
visible green coloration in the agar coating, as
happened oceasionally through faunlty plating, the
embryo failed to develop at all and was in any
case removed from the experimental records.

Copper chloride in quantities representing from
200y to 1000y of eopper was injected and the
whole range of abnormalities, save only the later-
ally drawn out lead effect, were reproduced. The
enlarged heart effect was brought about with min-
ute dosages, and increasing uanties of copper led
first to a slight reduction in the eentral nervous
system and later to the complete suppression of
the central nervous system noted as the most ad-
vaneed type of abnormal found.

Sinee, then, the abnormalities found could be
accounted for by artifacts, the possibility of which
was known to be present in both the writer's and
in all previous workers' experiments; and since
relatively strong currents eould be passed between
artifact-free electrodes without producing abnor-
malities, it appeared fairly certain that the cur-
rent, as such, was without effect.

There remained only those few abnormalities
of the eompletely suppressed nervous system type
which had oecurred in the controls. It had been
noticed that air bubbles had oceasionally been in-
cluded when resealing the eggs, and it was de-
termined to try whether such air bubbles could,
by simple mechanical pressure, lead to the sup-
pression of the embryo. It was found that they
not only could, but invariably did.

It may be further pointed ont that it is well-
known that minute dosages of copper and lead
stimulate heart tissues in explants of chick heart
tissue and that inereasing dosages depress growth,

It appears therefore unlikely that weak currents
can have any effect upon development, and an
adequate explanation has been provided for such
effeets as have already been recorded by the
author or by others. It scems therefore very ini-
probable that such currents as must be produced
by existing potentials can have in any way an ef-
fect upon the maintenance of developmental pat-
tern.

(This article is based upon a lecture given at the
Marine Biological Laboratory on August 26.)
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CULTURE |
METHODS FOR
INVERTEBRATE |
ANIMALS

A compendium prepared by American zoologists under the direction of a committee of ‘
Section F of the American Association for the Advancement of Science: Frank E. Lutz;
Paul S. Galtsoff; Paul S. Welch; James G. Needham, Chairman. |

““This work will be usefut for these who
maintain animals for experimental work or
teaehing. It eovers a wide range and is well or-
ganized, with cross references and a complete
index. ''—A. S. Pearse in Scicnce.

““Invaluable for teachers and :anyone who
rears specimens. A classical work, simply writ-
ten,''—IFard's Entomolagical Bullctin,

““The aquatic speeics among the various
groups are discussed and treated extensively and

“4his is one of the few books that are ab- intensively.”’—A. Peterson in Ohia Journal of ”

solutely indispensable in every Iaboratory where Seience. 1
invertebrate animals are nsed for experimental “This large octavo volume will probably |

purposes.”’—W. R. Coe in dmerican Journal of

it prove to be one of the most useful books em-
| Secience.

ployed in the modern zoological laboratory.'’—

“*This is a volume every active zoologist will
want to have eonstantly at hand. It is paeked
full of praetical information. Youn eolleet in-
vertebrate material and want to keep it in the
laboratory. How? The answer is in the book.’’
—F. G. Brooks in Bios.

¢. II. K. in dnnrals Entomological Socicty of
America.

‘1t is a compendium by experts in every
thing from amebae to ascidians, wherein they
tell the many tricks of their many trades.''—
Science News Letter.

Order from Your Biological Supply House, Yaur Bookdcaler, or Directly from

COMSTOCK PUBLISHING COMPANY,

CORNELL HEIGIITS — ITIHACA

Inc.
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The Panphot is one of the most universal research micro-
scopes with photomicrographic camera. There are no restric-
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it can be used for transmitted light, brightfield, darkfield,
polarized or non-polarized, for incident light with the Ultro-
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raphy for drawing and projection.

We shall exhibit this instrument at R. G.
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you.
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R TR T ST IS I S U S NI TS IHITTTT TS TP S TN SIS T & (TN S TETT TS HTTIRITHTS THTTITNTITS HETHTLT S11]

The Standord for Microscope Glass

Gold Seal Microscope
Slides and Cover Glasses

Made in U. S. A,

Crystal Clear Non-Corrosive Will Not Fog

Gold Seal Slides and Cover Glasses are made
from a glass practically free from alkali. They
attain a precise uniformity of thinness and
plane surface that is unparalleled. They are
brilliantly crystal clear and guaranteed against
corrosion, fogging or any imperfection.

Microscopic work deserves the best—specify
Gold Seal Slides and Cover Glasses.

e IO e TN e BTN e NIt T S TN AT S [THITTITT o111

CLAY-ADAMS CO.x<

eI INTITHTITS T AT S LTI S TTTTTTTV S AT S TN € LTTHTT ST HTIT & NS TG TS TN e HINUIHITN S HITHLTTe UM TS UL

EIT e TN e L e s SR STUTRTT T e RIS TS HUNTIT T o LETH T T LTI S U]






ACME
BOOKBIN™ {15 2. 1i¢,

APR 1 91934

100 CAM3RIDGE
CHAXLESTOWN,









