Conclusion

Our observations indicate that, in
Streptococcus pyogenes, new cell wall
is not diffusely intercalated with the
old, but its formation is instead initiated
equatorially along a circumference
which is the site of the next cross-wall
formation. These findings, made by
labeling of living cells, confirm the con-
clusions expressed by Bisset (/3) con-
cerning the site of the main growth of
the cell wall in septate bacteria. The
new cell wall growth, in actively divid-
ing cultures, is well under way, and the
cross-wall may have progressed cen-
tripetally halfway, before there is com-
plete separation by cell wall of the two
previously formed cocci; as a result,
the predominant forms in a chain appear
as diplococci. The method at present
does not indicate the presence or ab-
sence of cytoplasmic membrane septa,
and does not therefore confirm or deny
the activity of any part of such a mem-
brane in secreting cell wall. It is ob-
vious, however, that there are at least
two sites of simultaneous activity—
membranous or other—within the
bounds of any one coccus as defined by
cell wall furrowing: at one (I, Fig. 1)
cross-wall to complete the previous di-
vision is still being formed, and at the
other (I1I, Fig. 1) peripheral cell wall
and cross-wall for the current division
are being initiated.

Our findings and interpretations ap-
ply only to S. pyogenes. The methods
described, however, should be widely
applicable to any microorganism, with
antigenic cell wall components, which
can be grown in the presence of homol-
ogous antibody (/4).
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Index for Measurement of
Synchronization of Cell Populations

Abstract. An index for the estimation of
synchronization in a microbial population
is proposed and discussed. The index is
equal to the fraction of cells that divide
during a measured interval in excess of
the fraction that would divide during ran-
dom growth in the same interval.

In studying the effects of various
treatments on the synchronization of
cell populations, it is desirable to have
a quantitative measure for comparing
the amounts of synchrony obtained.
Such an index should have the follow-
ing characteristics. It should reach an
upper limit if all the cells simultaneous-
ly carry out the particular reaction used
as the criterion for synchrony. It should
be proportional to the fraction of the
cells undergoing the reaction and in-
versely proportional to the length of
time in which the synchronized frac-
tion of the culture carries out the reac-
tion. It should permit positive identifi-
cation of logarithmic growth even if
the treatments have caused a lag or an
acceleration of growth rate.

A number of indexes have appeared
(1), but none seems to meet these re-
quirements satisfactorily. We wish to
propose an index that seems to be a
reasonable compromise among these
criteria. We have used cell division for
the measurement of synchrony, but cer-
tain other parameters of growth could
be used.

If the number of cells in a culture
increases from No to N in an interval
t less than one generation time g, then

N/No— 1
is the fraction of cells in the culture
which divide during ¢, and
2t — 1

is the fraction of cells in the culture
which would have divided during ¢ if
the culture had been growing logarith-
mically. The quantity

F=({/No—1)— (2" —1)
= N/N, — 2'7

measures the fraction of the population

which divides during ¢ in excess of that
expected to divide during logarithmic
growth in the same interval.

F has a maximum value of +1 if the
entire population divides during an in-
finitely small time interval. It has posi-
tive values less than 1 if doubling takes
a finite time (which, of course, it must),
or if less than the entire population di-
vides during the measured interval. Af-
ter a synchronized burst of divisions,
the population must increase at a rate
less than that of normal logarithmic
growth, and F falls to negative values.
Thus the criterion for synchronized cell
division is a positive value followed by
a negative value. (The index should
never fall below —1.) A logarithmically
growing culture has an index of zero
over any interval. An index of 0.8 (fol-
lowed by a negative index in the next
interval measured) would indicate ex-
cellent synchrony (2).

Linpa K. BLUMENTHAL
STANLEY A. ZAHLER
Division of Bacteriology,
Cornell University, Ithaca, New York
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Hydrostatic Pressure Has a
Selective Effect on
the Copepod Tigriopus

Abstract. High hydrostatic pressures have
been found to be an agent in producing a
shift in the sex ratio in populations of the
marine copepod Tigriopus.

The study of the effect of hydrostatic
pressure on the harpacticoid copepod
Tigriopus was initiated in an attempt to
obtain morphological mutations in this
organism. These experiments revealed
a definite shift in sex ratio of the pres-
sure-treated organisms and are therefore
being reported here.

The first experiments consisted of col-
lecting adults from their natural habitat
in the splash pools of the supralittoral
tidal zone and subjecting them to vari-
ous levels of hydrostatic pressure to
determine a survival curve. At pres-
sures from 1 to 500 atm and short
exposure intervals 100-percent survival
was observed. In view of the relative
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Table 1. Effect of hydrostatic pressures on sex ratio in Tigriopus.

Pressure Surviving / Percent _ Males Females
(atm) treated survival Total Percent Total Percent
1 168/175 96 142 84.5 26 15.5
450 295 /300 98 236 80.0 58 20.0
500 175 /200 88 131 75.0 44 25.0
550 242 /253 95 167 69.0 75 31.0
600 151 /225 67 55 36.5 96 63.5
650 36 /300 12 1 3.0 35 97.0
700 3/300 1 0 0.0 3 100.0

insensitivity of the adults to increased
pressure, larval forms were used in the
succeeding experiments in the hope they
would prove more sensitive.

Female copepods with ripe egg sacs
were collected and washed with distilled
water to cleanse them of unicellular
contaminants. The egg sacs were then
removed from the females and placed
in a growth medium, where they were
allowed to hatch. The larvae hatch al-
most immediately after dissection of the

egg sac. These larvae were pooled and

stirred with a pipette to obtain a random
distribution. Seven samples were se-
lected from the nauplii pool, each
sample comprising 300 larvae. Six of
the samples were subjected to hydro-
static pressure from 450 to 700 atm,
at intervals of 50 atm. The seventh
sample was held at 1 atm as a control.
The samples were raised to pressure and
held at that level for 2 hours. The time
of pressure rise was approximately 60
seconds. The time of reduction from
each pressure level to 1 atm was ap-
proximately 30 to 60 seconds. The
pressure bombs were immersed in a
water bath at 22°C. Following depres-
surization, the samples were cultured
in the standard laboratory growth me-
dium. Upon maturing, the copepods
were counted and the percent survival
and sex ratio determined. No morpho-
logical mutants were observed among
the progeny of the survivors in any of
these experiments. The results are
shown in Table 1.

It can be seen from Table 1 that in
the control population, 84.5 percent of
the copepods were males. No males
were found in the surviving fraction of
the 700-atm sample. It is evident that
the fraction of females of the survivors
increases with the increase of pressure.
It is apparent that a definite shift in sex
ratio exists, since the ratio in the con-
trol was approximately 8 males to 1
female and at the 50-percent survival
level a sex ratio of 1 to 1 was observed.
These data may represent either selec-
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‘tion for females in this population by

increased pressure or an actual sex con-
version in the early stages of develop-
ment. Examination of the data from
the 600-atm sample shows that: if all
the individuals dying were males the
sum of surviving males plus all dead
animals equals 57.6 percent males in
the population. This is lower than ob-
served at any pressure below 600 atm
and suggests that conversion may be the
mechanism.

Takeda (I) has presented evidence
of sex conversion in Tigriopus induced
by temperature or chemical agents or
both. He concludes that Tigriopus is
to a degree sexually neutral during its
six naupliar stages and does not differ-
entiate until the onset of the five cope-
podid stages. With this precedent it
seemed worth while to attempt to deter-
mine whether sex conversion could be
induced by hydrostatic pressure by the
following experiment. A population of
newly hatched nauplii was obtained with
the procedure outlined above. Twelve
hundred nauplii were counted out and
100 were placed in each of twelve 3-ml
test tubes. Six of these tubes were sub-
jected to 600 atm of pressure for 2
hours. The six remaining tubes were
used as controls. The times of pressure
rise and pressure reduction to 1 atm
were approximately 1 minute. The tem-
perature during the 2 hours of exposure
to pressure was 23°C. The samples
were then cultured separately in stand-
ard laboratory growth medium. Upon
maturing, the cultures were examined
and percent survival and sex ratio deter-
mined. The survival in the pressure-
treated group was much lower than in
the previously described results from
Table 1; that is, 5.2 percent as com-
pared to 67.0 percent. These data are
insufficient for interpretation regarding
sex conversion, since the survival at 600
atm was too low. However, they were
consistent with the preceding results in
respect to the stringent selection for
females.

At this stage of the work it is impos-
sible to distinguish between selective
effects of the pressure and sex conver-
sion. Regardless of which mechanism is
responsible for the preponderance of
females in the survivors of exposure to
pressure, it seems reasonable to assume
that there might be a biochemical basis.
If some essential component is altered
by pressure in the young larvae, two
possibilities exist: (i) If the pressure
effect is selective, the larvae which
would become males upon maturation
fail to develop as a result of the altera-
tion, as this substance may be required

- by the organism for advancing through

one or more of its 11 metamorphic
stages; (ii) If the mechanism is actually
sex conversion, the destruction of a
male-determining substance would lead
to the development of a larger number
of females and a concomitant loss in
males. While other alternatives exist,
those enumerated seem to be the most
immediately accessible to experimen-
tation. '
In order to document the presump-
tive evidence regarding sex conversion,
experiments are now being carried out
to obtain more quantitative data (2).
VICTOR VACQUIER, JR.
Department of Marine Genetics,
University of California, La Jolla
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Induction of Changes in Surface
Activity of Strain L Cells at
Gas-Membrane Interfaces

Abstract. The injection of smoke and
non-smoke gases into a perfusion cham-
ber containing monolayers of strain L or
HeLa cells in a fluid medium produces
cellular changes. The most striking change
is surface “blebbing,” produced when gas
bubbles pass over the surface of the cells.
This reaction can be promptly reversed by
the injection of fresh medium into the
chamber.

During an investigation of the effects
of various gaseous agents on the growth
of strain L and HeLa cells in cell cul-
ture, the immediate direct effect of the
passage of particulate and nonparticu-
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