
cell to the opposite side (Fig. 1A). 
Furthermore, it is reasonable to assume 
that the interior of the vacuole is es- 
sentially isopotential and that electrical 
events occurring locally at one part of 
the cell periphery are indistinguishable 
when recorded in the vacuole from sim- 
ilar events occurring at other points. 
Hence, the vacuolar potential can be 
expected to reflect the sum of electrical 
activity at the periphery during impulse 
conduction. 

This interpretation was tested by 
comparing the shape of the vacuolar 
potential during normal impulse propa- 
gation with its shape during synchro- 
nous firing of the entire cell. Two ex- 
ternal electrodes were used to monitor 
activity next to and opposite the stimu- 
lus site (2 and 3 in Fig. 2 diagram) 
while the vacuolar potential was re- 
corded with a third electrode (1 in Fig. 
2 diagram). When the stimulus con- 
sisted of a local inward current through 
the holding pipette, the external elec- 
trodes recorded asynchronous spikes 
and the internal electrode recorded a 
typical slow vacuolar action potential 
(Fig. 2A). When the stimulating cur- 
rent was drawn inward through the 
entire cell surface by an intracellular 
current-passing electrode, the externally 
recorded action potential was synchro- 
nous, and the vacuolar potential was 
significantly shortened in time course 
(Fig. 2B). With threshold amounts of 
current in a variation of the last-men- 
tioned experiment, several degrees of 
asynchrony were obtained. The degree 
of temporal compression of the vacu- 
olar potential was then closely related 
to the degree of peripheral firing syn- 
chrony. 

Two primary conclusions have 
emerged thus far from the evidence 
presented here and in the preceding 
report. First, the luminescent flash of 
Noctiluca is triggered bioelectrically; 
and second, the flash-triggering action 
potential propagates actively in the 
peripheral cytoplasm. 

Taken together, these two conclu- 
sions lead to a third, which also is 
subject to test, namely that lumines- 
cence is not initiated simultaneously 
throughout the cell, but is triggered 
asynchronously by the conducted action 
potential. Consideration of Fig. 2, A 
and B, trace 4, shows that the emission 
develops more rapidly and linearly dur- 
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than it does when the action potential 
is allowed to propagate. Figure 2C 
illustrates the reproducible nature of 
emission rate differences. During syn- 
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chronous firing of the active membrane, 
luminescence appears to initiate simul- 
taneously from all areas, causing a 
steeper rise of emission rate as recorded 
from the whole cell. 

If luminescence is triggered locally 
during spread of the propagated poten- 
tial, luminescence must spread over the 
cell with an advancing front whose ve- 
locity is similar to that of the triggering 
potential. This was experimentally sub- 
stantiated by high-gain photometer dis- 
play of flash initiation at selected por- 
tions of the cell periphery, while the 
cell was locally stimulated with current 
passed through the holding pipette. A 
25 x objective was focused to include 
in its field (and hence on the photo- 
cathode of the multiplier tube) limited 
portions of the cell periphery at the 
positions shown in Fig. 3. Photometer 
recordings of flashes from these areas 
were displayed with the oscilloscope 
sweep synchronized with the stimulus. 
Spatially correlated latency differences 
of emission (Fig. 3), similar in dura- 
tion to those observed for the externally 
recorded action potential, were consist- 
ently observed. 

The latency between local bioelectric 
activity and local light emission was 
examined by simultaneous electrical and 
photometric recording from small areas 
of the cell surface (Fig. 4). Latencies 
of emission ranged from 1 to 3 msec 
when measured from the active portion 
of the externally recorded potential. 
No significant local latency differences 
were found at diverse locations on the 
organism. This latency presumably 
represents the time required for the 
completion of the events which couple 
the luminescent chemistry to the active 
current flow of the action potential. It 
is similar in duration to that of verte- 
brate twitch muscle fibers (7). 

Microscopic observations of Noctilu- 
ca by direct means (8) and with the 
aid of electronic image intensification 
(9) has shown that light emission is 
from numerous 1 to 2 )t sources distrib- 
uted primarily in the peripheral cyto- 
plasm (10). It is surmised that the 
action potential triggers luminescence 
locally at the level of individual or- 
ganelles, and that the population of 
luminescent organelles is triggered 
asynchronously because of conduction 
latency of the propagated flash-trigger- 
ing action potential. 
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Correlation in Different Phenotypes 
of "Viable Yellow" Mice 

Abstract. The "viable yellow" (Avy-) 
mouse genotype produces phenotypes 
with "clear yellow," "black spotted," 
and "agouti" coat color. "Agouti" 
AVYa mice gain weight at a lower rate 
and contain significantly less fat and 
water than "clear" and "spotted" Avy- 
mice but have similar nonfat dry 
weights. Between 4 and 28 weeks of 
age, the length of the tail increases at 
the same rate in all phenotypes. 

Heterozygous "viable yellow" Avya 
mice have a variable coat color pat- 
tern ranging from clear yellowish 
orange through various degrees of black 
spotting to complete agouti which is 
indistinguishable from mice of the wild- 
type A- genotype. Heterozygous "lethal 
yellow" Ava mice have a clear yellow- 
ish orange coat color and deposit ex- 
cessive fat in the carcass and liver (1). 
Homozygous AvyAvy mice are viable 
and fertile (2), whereas homozygous 
AvAY mouse embryos die about the time 
of implantation (3). 

"Agouti" AVYa mice appear with a 
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cessive fat in the carcass and liver (1). 
Homozygous AvyAvy mice are viable 
and fertile (2), whereas homozygous 
AvAY mouse embryos die about the time 
of implantation (3). 

"Agouti" AVYa mice appear with a 
frequency of about 10 percent in litters 
from all A Va X aa and A vyAvy X aa 
matings in the VY/Wf stock, derived 
from (C3H/Di X C57BL/6J) F. hy- 
brids (4). "Clear" yellow mice are al- 
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Table 1. Composition of the carcass and liver from various AVy- mouse phenotypes at 28 weeks of 
age (N = 5). Increase in tail length between 4 and 28 weeks of age. Mean ?z standard error. 

Increase in tail 
Nonfat dry length between 4 

Pheno- Wet weight Water Fat e Sex weight and 28 weeks of age type (g) (g) (g) (g) 
cm N 

Carcass 
Clear M 58.1 = 1.8 24.9 0.9 22.0 = 1.0 11.2 = 0.9 3.4 = 0.3 13 

F 58.7:=2.4 20.6= 1.2 27.1?1.2 11.0?=2.1 2.2=40.1 14 

Lightly M 58.5 = 2.3 25.2 ? 1.0 22.4 ? 0.9 10.9 4 1.1 3.1 ? 0.1 15 
spotted F 57.2j=2.4 20.3?0.4 27.6? 1.3 9.3 =1.2 2.2?0.1 15 

Heavily M 56.4?f 1.4 24.4?0.7 22. 1 2.2 10.7?-0.6 2.8 =0.1 15 
spotted F 52.7?=2.5 18.7 :0.7 24.1 =?1.6* 9.2?41.1* 2.2=40.1 16 

Agouti M 44.7 - 3.7 20.3 =t 0.9 12.9 =E 2.5* 9.7 - 0.9* 3.0 - 0.2 15 
F 44.5=t3.3 17.34-0.8 19.2 z2.3 8.0 40.9 2.3?-0.1 15 

Liver 
Clear M 3.4-I0.3 1.8 =0.2 0.6=I0.1 0.9 40.04 

F 2.8 =0.4 1.6==0.2 0.4- 0.1 0.7- 0.1 

Lightly M 3.5 z= 1.1 1.9 = 0.2 0.6 - 0.1 1.0 4 0.04 
spotted F 2.8 4 0.3 1.7 0. 0.1 0.4 1.* 0.8 0.1* 

Heavily M 3.4=t 0.2 1.8 = 0.1 0.6 - 0.1 1.0 4 0.04 
spotted F 2.3 = 0.2 1.2 =0.1 0.30.1 0.8 0.05 

Agouti M 2.0 = 0.2 1.0 L 0.2 0.2 - 0.05 0.7 - 0.05 
F 1.8 = 0.2 0.9 = 0.1 0.2 = 0.03 0.8 ==0.1 

N =- 4. 

most always of the AVYAvy genotype; 
however, a few "clear" yellow mice are 
heterozygous (AVYa) as indicated by 
pedigrees and breeding tests. "Spotted" 

A ''a mice include yellow mice with a 
few black hairs or a few small black 
spots ("lightly spotted"), with many 
areas of black spotting, and mice which 

4 8 12 16 20 24 28 

Age (weeks) 

Fig. 1. Rate 
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of gain in weight between 4 and 28 weeks by male and female AvY- mice. 

are completely agouti-colored except 
for small yellowish areas ("heavily 
spotted"). It is not difficult to distin- 
guish "black spotting" from "sootiness" 
in the VY/Wf stock. 

Since "agouti" Avya mice of both 
sexes appeared to gain weight more 
slowly than the other phenotypes, 15 
mice of each sex and each phenotypic 
category were weighed weekly, when 
they were between 4 and 28 weeks of 
age, to the nearest 0.5 g. Weighing 
was always done on the same day of 
each week and at the same time of day 
to avoid diurnal fluctuations in weight. 
Tail-length measurements from the tip 
of the tail to the anus were made to 
the nearest 0.25 cm at the beginning 
of the experiment and every 4 weeks 
thereafter as a rough indication of pos- 
sible differences in rate of bone growth 
among the different phenotypes. 

Four to six mice were kept in clean 
stainless steel cages (15 cm by 30 cm) 
with sterilized white pine shavings. The 
cages were changed weekly, and Old 
Guilford mouse breeder diet and water 
were always available. The tempera- 
ture was maintained at 24.4? ? 1.2?C 
and relative humidity at about 45 to 
55 percent. 

The more rapid weight gain of the 
"clear" and "spotted" phenotypes as 
compared with the "agouti" phenotype 
is illustrated in Fig. 1. The "lightly 
spotted" and "heavily spotted" cate- 
gories are arbitrary divisions with con- 
siderable overlap and heterogeneity in 
coat color pattern. If "lightly spotted" 
mice are physiologically more similar 
to the "clear" yellow animals while 
"heavily spotted" mice are more similar 
to "agouti" mice, the slightly different 
rates of weight gain of the "clear" and 
"spotted" classes may be true differ- 
ences. However, since these mice were 
not inbred, it is not possible to deter- 
mine whether these differences are due 
to actual phenotypic effects, genetic 
heterogeneity, or chance. 

At 28 weeks of age five animals from 
each of the eight sex-genotype cate- 
gories were killed with chloroform after 
being weighed. The livers were re- 
moved and weighed to the nearest 0.01 
g. Carcasses and livers were immediately 
immersed in toluene in separate glass 
jars. Simultaneous fat and water deter- 
minations were performed on each car- 
cass and liver as described previously 
(5). Nonfat dry weight was deter- 
mined by subtracting total fat and water 
content from the wet weight. 

Analysis of the data in Table 1 indi- 
cates that "clear" and "spotted" AvY- 
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mice are heavier than "agouti" Avy- 
mice because of a larger fat and water 
content of the carcass and liver. Differ- 
ences between the mean fat and water 
content of "clear" and "agouti" car- 
casses and livers (data for both sexes 
pooled in each category) were signifi- 
cant (P < .01), while the non-fat dry 
weights of carcasses and livers of the 
two phenotypes were not statistically 
different (P > .05). There was no 
difference in the rate of bone growth, 
as indicated roughly by increase in tail 
length, between the "clear" and "agouti" 
phenotypes (Table 1). 

Variability of expression of the Avya 

phenotype and the correlation of coat 
color with body and liver composition 
suggest that Ay and Avy alleles have 
similar effects on the synthesis of hair 
pigment as well as on fat metabolism. 
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A cytoplasmically inherited "sex-ra- 
tio" condition has been found in sev- 
eral species of Drosophila, namely, D. 
bifasciata (1), D. prosaltans (2), D. 
willistoni and D. paulistorum (3), 
D. nebulosa (4), D. equinoxialis (5), 
and perhaps others. The females car- 
rying this condition produce mainly or 
exclusively daughters in their progenies. 
About 50 percent of the eggs deposited 

Table 1. The hemolymph of the progenies of 
D. bifasciata injected with "sex-ratio" of D. 
willistoni. 

Flies examined Treponemas 
Sex (No.) 

+ - Few 

F2 generation 
9 67 67 0 0 
e 10 10 0 0 

F3 generation 
9 81 74 2 5 

F4 generation 
9 187 150 16 21 
&$ 16 12 3 1 
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However, the characteristics of the 
"agouti" AVya phenotype indicate that 
these effects of the AVya genotype are 
more easily modified than those of the 
Ava genotype. 
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by "sex-ratio" females, presumably rep- 
resenting the male zygotes, die. Malo- 
golowkin and Poulson (6) and Malo- 
golowkin, Poulson, and Wright (7) 
showed that the agent responsible for 
the "sex-ratio" condition can be trans- 
mitted to females originally free of this 
condition, by injection of the ooplasm 
of the eggs of "sex-ratio" females, or 
by injection of their hemolymph (8). 
Poulson and Sakaguchi (9) then dis- 
covered that the infective agent is a 
microorganism belonging to an appar- 
ently new species of the genus Trepo- 
nema. Treponemas can be seen in the 
hemolymph of the flies from the "sex- 
ratio" strains of all the species tested, 
excepting D. bifasciata. The agent re- 
sponsible for the "sex-ratio" condition 
in the last named species remains to 
be found by microscopic observation. 
While the treponemas apparently re- 
sponsible for the "sex-ratio" condition 
can be transferred by injection from 
species to species, the "sex-ratio" agent 
of D. bifasciata appears uninfectious 

by "sex-ratio" females, presumably rep- 
resenting the male zygotes, die. Malo- 
golowkin and Poulson (6) and Malo- 
golowkin, Poulson, and Wright (7) 
showed that the agent responsible for 
the "sex-ratio" condition can be trans- 
mitted to females originally free of this 
condition, by injection of the ooplasm 
of the eggs of "sex-ratio" females, or 
by injection of their hemolymph (8). 
Poulson and Sakaguchi (9) then dis- 
covered that the infective agent is a 
microorganism belonging to an appar- 
ently new species of the genus Trepo- 
nema. Treponemas can be seen in the 
hemolymph of the flies from the "sex- 
ratio" strains of all the species tested, 
excepting D. bifasciata. The agent re- 
sponsible for the "sex-ratio" condition 
in the last named species remains to 
be found by microscopic observation. 
While the treponemas apparently re- 
sponsible for the "sex-ratio" condition 
can be transferred by injection from 
species to species, the "sex-ratio" agent 
of D. bifasciata appears uninfectious 

(10), either inter- or intraspecifically. 
It cannot be easily inactivated by x-rays 
(11) or y-rays, as it can be in D. wil- 
listoni (12). Poulson and Sakaguchi 
(13) showed, however, that D. bifasci- 
ata can be infected with the "sex-ratio" 
agent of D. willistoni. The experiments 
described here are concerned with trans- 
fer to D. bifasciata of the infectious 
agent in the hemolymph of D. willis- 
toni and its subsequent testing in D. 
melanogaster. 

A "sex-ratio" strain of D. willistoni 
used in this study was obtained from 
B. Sakaguchi; it is descended from the 
original culture of Ch. Malogolowkin. 
The normal strain of D. bifasciata was 
collected by Moriwaki, Okada, Ohba, 
and Kurokawa at Akkeshi, Japan, in 
1952. Females of D. bifasciata were 
injected with the hemolymph of the 
"sex-ratio" D. willistoni; the females 
were transferred at 4-day intervals to 
fresh culture bottles. The proportions 
of the females and males were deter- 
mined in the successive broods. Sev- 
eral pair matings were arranged from 
each brood, and in the F2, F3, F4, and 
F5 progenies the frequencies of the two 
sexes were determined. The hemo- 

lymphs of at least five females were ex- 
amined under a phase-contrast micro- 

scope in most lines in F2, F3, and F4 
generations. All the experimental cul- 
tures were kept at 25?C. 

The eight injected females of D. bi- 
fasciata produced a total of 372 females 
and 164 males in the F1. The percent- 
age of males is, consequently, 30.6 
percent, which is significantly different 
from 48 percent of males in the control 
cultures. The total count in the F2 gen- 
eration was 549 females and 277 males, 
or 33.5 percent males; the counts in 
F3, F4, and F5 were 2427 females and 
826 males, 4356 females and 1631 
males, and 4064 females and 2433 
males, which means that the frequencies 
of the males were 25.4, 27.2, and 37.5 
percent, respectively. This is consist- 
ently and significantly below the control 
frequency of males. Detailed data (14) 
show that some males appeared in al- 
most all broods, at least in those in 
which an appreciable number of flies 
were produced. The numbers of the 

(10), either inter- or intraspecifically. 
It cannot be easily inactivated by x-rays 
(11) or y-rays, as it can be in D. wil- 
listoni (12). Poulson and Sakaguchi 
(13) showed, however, that D. bifasci- 
ata can be infected with the "sex-ratio" 
agent of D. willistoni. The experiments 
described here are concerned with trans- 
fer to D. bifasciata of the infectious 
agent in the hemolymph of D. willis- 
toni and its subsequent testing in D. 
melanogaster. 

A "sex-ratio" strain of D. willistoni 
used in this study was obtained from 
B. Sakaguchi; it is descended from the 
original culture of Ch. Malogolowkin. 
The normal strain of D. bifasciata was 
collected by Moriwaki, Okada, Ohba, 
and Kurokawa at Akkeshi, Japan, in 
1952. Females of D. bifasciata were 
injected with the hemolymph of the 
"sex-ratio" D. willistoni; the females 
were transferred at 4-day intervals to 
fresh culture bottles. The proportions 
of the females and males were deter- 
mined in the successive broods. Sev- 
eral pair matings were arranged from 
each brood, and in the F2, F3, F4, and 
F5 progenies the frequencies of the two 
sexes were determined. The hemo- 

lymphs of at least five females were ex- 
amined under a phase-contrast micro- 

scope in most lines in F2, F3, and F4 
generations. All the experimental cul- 
tures were kept at 25?C. 

The eight injected females of D. bi- 
fasciata produced a total of 372 females 
and 164 males in the F1. The percent- 
age of males is, consequently, 30.6 
percent, which is significantly different 
from 48 percent of males in the control 
cultures. The total count in the F2 gen- 
eration was 549 females and 277 males, 
or 33.5 percent males; the counts in 
F3, F4, and F5 were 2427 females and 
826 males, 4356 females and 1631 
males, and 4064 females and 2433 
males, which means that the frequencies 
of the males were 25.4, 27.2, and 37.5 
percent, respectively. This is consist- 
ently and significantly below the control 
frequency of males. Detailed data (14) 
show that some males appeared in al- 
most all broods, at least in those in 
which an appreciable number of flies 
were produced. The numbers of the 

Table 2. Tests in D. melanogaster. 

Species of Drosophila Progenies 

Donor Recipient Uni- Normal sexual 

bifasciata melanogaster 102 14 

willistoni melanogaster 11 0 

1147 
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Interspecific Transfer of the "Sex-Ratio" Agent of Drosophila 
willistoni in Drosophila bifasciata and Drosophila melanogaster 

Abstract. The maternally transmitted "sex-ratio" condition in several species 
of Drosophila appears to be due to infection by a microorganism of the genus 
Treponema. Drosophila bifasciata is an exception, since no microorganism has 
been found in the "sex-ratio" strains of this species. Normal D. bifasciata can 
be infected by injection of the hemolymph of a "sex-ratio" strain of D. willistoni 
containing treponemas. The progenies of the infected D. bifasciata, up to and 
including the F4 and F5 generations, have numerous treponemas in their hemo- 
lymph. Their progenies are, however, not unisexual, although both females and 
males are infected. The hemolymph of these D. bifasciata injected in D. melano- 
gaster females causes typical "sex-ratio" symptoms in the progenies of the latter. 
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