
marked multilocus disequilibrium, sup- 
port the view that the populations of D. 
pulex were not capable of sexual repro- 
duction. 

The demonstration that D. pulex popu- 
lations consist of genetically different 
clones raises significant evolutionary and 
ecological problems. The nonoccurrence 
of competitive exclusion suggests that 
the relative fitnesses of clones are un- 
stable. The situation seems to be one 
of contemporaneous disequilibrium, in 
which environmental changes shift geno- 
typic fitnesses before exclusion results. 
The coexistence of clones needs to be 
considered in relation to current views 
on the limits to niche overlap. Studies on 
vertebrate communities have suggested 
that there are constraints on the amount 
of resource overlap allowable between 
coexisting species (18). There is growing 
evidence that zooplankton communities 
fail to show such restraints on resource 
overlap-the clones of D. pulex probably 
use identical food items. This tolerance 
of overlap does not result from the pres- 
ence of unlimited resources; the growth 
of zooplankton populations is normally 
limited by food shortage. A more funda- 
mental reason for the tolerance of re- 
source overlap can be offered. Stable 
species or clonal coexistence depends 
upon equality of relative fitnesses-al- 
though this equality may exist only as a 
long-term average. It is important to rec- 
ognize that the limiting resource is not, 
in many cases, the primary determinant 
of relative fitness. For instance, a Daph- 
nia population could be food-limited, but 
fitness differences among genotypes in 
the population be caused by differing 
susceptibility to some physical factor, 
such as oxygen tension. Only in cases 
where relative fitnesses are determined 
primarily by the limiting resource should 
there be any limit to resource overlap. It 
seems likely that studies on interactions 
between coexisting clones will contrib- 
ute much to our understanding of con- 
straints on species packing. 
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Fig. 1. Multiple-flash dark-field photomicro- 
graphs of a motile, demembranated sea urchin 
spermatozoon during exposure to elastase. 
Photographs were taken (a) 47 seconds, (b) 
192 seconds, and (c) 266 seconds after mixing 
with elastase; this flagellum disintegrated at 
306 seconds. Each photograph was taken with 
three flashes, with the flash frequency adjust- 
ed to twice the beat frequency. Superposition 
of the first and third images then verifies the 
accuracy of the adjustment of flash frequency 
and the recorded beat frequency (scale bar, 10 
f/m). 
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terns seen in D. pulex are compatible with the 
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15. More than three bands may be present in Daph- 
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Such breakdown was occasionally seen in D. 
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consist, at least in part, of a protein that 
has been named "nexin" (2). These in- 
terdoublet linkages must be highly exten- 
sible to accommodate the sliding be- 
tween microtubules that occurs during 
flagellar bending. Extension to between 
two to four times the rest length appears 
to be required during normal bending. 
Even greater extension of the inter- 
doublet linkages has been seen in elec- 
tron micrographs of partially disinte- 
grated sperm flagella (3). 

Active sliding can occur over dis- 
tances much greater than those normally 
encountered during flagellar bending if 
sperm flagella are first digested with 
trypsin (4). Trypsin digestion causes 
damage to both the interdoublet linkages 
and the radial spokes, which can be de- 
tected by electron microscopy (5). The 
interdoublet linkages are more likely to 
be the structures that restrict the range 
of sliding since Chlamydomonas mutants 
lacking radial spokes still require trypsin 
digestion before active sliding disin- 
tegration can occur (6). 

If the elastic resistance of these inter- 
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particularly sensitive to digestion by elastase and take part in regulating the ampli- 
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Fig. 2. (a) Measurements of bend angle and beat freque 
flagellum shown in Fig. 1. The data corresponding to the 
dicated by the arrows at the bottom of the figure. (b and c) I 
frequency of samples of flagella after elastase digestion for 
results obtained from three experiments with different sp 
represents measurements of between 39 and 67 flagella. Mi 
are shown for the data at 180-second digestion times; o 
parable. In each experiment, elastase digestion was carrie 
ence of MgATP2-, as indicated; the control preparations c 
omitted. 

doublet linkages opposes sliding during 
normal flagellar bending, a gradual pro- 
teolysis of the interdoublet linkages 
should be revealed by a gradual increase 
in the amplitude of bending. However, 
during digestion by trypsin, demembra- 
nated sea urchin sperm flagella show var- 
ious changes in motility, but do not show 
a gradually increasing amplitude of bend- 
ing (7). 

The extensibility of the interdoublet 
linkages suggests that nexin may be 
chemically similar to other elastic pro- 
teins, such as elastin and resilin, and 
may be particularly sensitive to digestion 
by elastase. Elastase might therefore be 
expected to cause a more specific dis- 
ruption of the interdoublet linkages than 
is obtained with trypsin. 

Changes in motility resulting from the 
digestion of demembranated sea urchin 
sperm flagella by elastase are illustrated 
in Figs. I and 2. Spermatozoa from the 
sea urchin, Lytechinus pictus,' were de- 
membranated with a solution containing 
Triton X-100 (7) and then diluted 1:100 
with reactivation solution (8) containing 
MgATP2-, elastase (1.5 Ag ml-') (from 
hog pancreas; Calbiochem, 324689), and 
soybean trypsin inhibitor (2.0 ,g ml-') 
(Sigma, T9003). This trypsin inhibitor 
does not inhibit elastase (9) and is includ- 
ed to eliminate the effect of any con- 
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/ Control -^ sented (7, 10). 

a" , .Although qualitatively similar changes 
x___-~ J- 15 in motility are typical of all of the 
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+ATP . . 4~ and rate of appearance of the changes. 
_?y" ' I Data from larger samples of spermatozoa 

- 13 _ were obtained by a slightly different pro- 
cedure. A suspension of demembranated 
spermatozoa was diluted 1:10 with reac- 

- 12 tivation solution containing elastase and 
trypsin inhibitor, as above, and in- 
cubated for a measured interval. The 
suspension was then diluted 1:10 again, 
with reactivation solution containing 

/i i E i0 o MgATP2- and chicken ovoinhibitor (2.0 
180 0 60 120 180 

y/g ml-') (Sigma, T1886), a trypsin inhib- 
itor that is also an effective inhibitor of 

ncy during elastase digestion of the elastase (9). Measurements (not given) 
three photographs in Fig. I are in- showed no changes with time in the fre- 

Measurements of bend angle and beat quency and 
60, 120, or 180 seconds. Means of the i 
)erm samples are shown; each point gella in the final reactivation solution 
ean values of the standard deviations containing ovoinhibitor although, after 
ther standard deviations were com- the longer digestion periods, the flagella 
ed out both in the absence and pres- eventually disintegrated. These suspen- 
ontained MgATP2-, but elastase was sions were sampled by photographing 15 

to 20 flagella that were attached to the 
microscope slide either by the sperm 

ng trypsin-like enzyme. Motility head or the basal end of the flagellum 
'activated spermatozoa was then (Fig. 2, b and c). This procedure also re- 
ed by dark-field light micros- vealed a gradual increase in bend angle 
nd photographs of a selected as the period of incubation with elastase 
ozoon were taken at intervals was increased prior to the addition of in- 
he course of digestion, with the hibitor. In control experiments in which 
troboscopic illumination at a fre- the elastase was omitted, the bend angle 
that was adjusted to twice the was essentially constant. With this pro- 
quency. A printed record of the cedure, spermatozoa can be digested by 
quency for each photograph then elastase in reactivation solution either 
d precise information about the with or without ATP (Fig. 2b). The re- 
-quency of the flagellum, and sults show that the effects of digestion by 
'ments on the photographs pro- elastase do not require the presence of 
iformation about the bend angle, ATP (and, therefore, of motility) during 
a convenient measure of the am- the digestion period. 
of the movement (7, 10). Ex- In both types of experiments, the in- 
of photographs and data for one crease in bend angle is largely com- 
agellum are shown in Figs. I and pensated by a decrease in beat frequen- 
i spermatozoon was initially at- cy. Therefore, the average velocity of 
to the microscope slide by its sliding between flagellar microtubules, 
)out midway through the elastase which is proportional to the product of 
n period, the sperm flagellum bend angle and beat frequency, is nearly 
/ became detached from the constant. Since the sliding velocity may 
id in this case the basal end of the be the most direct measure of the active 
n then became attached to the process responsible for generating slid- 
ope slide so that its movement ing between the flagellar microtubles, 
ontinue to be recorded. The re- elastase digestion probably does not sig- 
ow a gradual increase in bend nificantly affect the active sliding process 
nd a gradual decrease in beat fre- during the time frame of these measure- 
during the period of digestion by ments. 

After 306 seconds, the flagel- The effect of elastase digestion on mo- 
)ped beating and disintegrated by tility is not the same as the effect of tryp- 
)f microtubular doublets, just as sin digestion. Trypsin digestion caused, 
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initially, a gradual increase in beat fre- 
quency without a change in bend angle, 
corresponding to a gradual increase in 
sliding velocity (7). During the later 
stages of digestion by trypsin, there were 
often larger increases in frequency, ac- 
companied by decreases in bend angle. 

The effect of digestion by elastase is 
exactly that expected if the interdoublet 
linkages are involved in regulating the 
amplitude of flagellar bending and if 
these elastic interdoublet linkages are 
particularly sensitive to digestion by 
elastase. Elastase appears to have a 
much more specific effect than trypsin, 
and may be a better choice for future 
studies of sliding disintegration following 
enzymatic degradation of flagella and 
cilia. 
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during pregnancy. 

Casein and a-lactalbumin are the ma- 
jor milk proteins synthesized by lactating 
mammary gland. Casein is a group of 
phosphoproteins that comprise more 
than 50 percent of milk protein (1); a-lact- 
albumin is a whey protein that can mod- 
ify the substrate specificity of galacto- 
syltransferase to include glucose, thus 
enhancing the synthesis of lactose (2). 

Juergens et al. (3) showed that when 
mammary explants from mice in mid- 
pregnancy are cultured in a chemically 
defined medium containing insulin, corti- 
sol, and prolactin, each at a concentra- 
tion of 5 /g/ml, there is marked stimula- 
tion of the incorporation of inorganic 
phosphate into the Ca2+-rennin-precipi- 
table proteins, a large portion attribut- 
able to casein. Subsequently, Turkington 
et al. (4), using the same culture condi- 
tions, reported that the triple hormone 
combination stimulates mammary ex- 
plants to make a-lactalbumin, which was 
assayed by the lactose synthetase sys- 
tem. These initial findings have been 
confirmed by others and these methods 
of measuring casein synthesis and c-lact- 
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albumin have been widely employed (5- 
9). 

During our investigation of the role of 
cortisol in the development of mammary 
gland in vitro, it became evident that the 
previous assay procedures for casein and 
a-lactalbumin were not satisfactory from 
the standpoint of accurate quantitative 
measurement. We have therefore used 
an immunochemical procedure to deter- 
mine casein synthesis and a modified 
quantitative assay method to measure 
the amount of ac-lactalbumin, utilizing 
the lactose synthetase system with pure 
mouse a-lactalbumin as a standard. With 
these methods, we have examined the 
dose-response relation between cortisol 
and the induction of either casein or a- 
lactalbumin. To our knowledge, this is 
the first time such comparaiive studies 
have been done in a systematic way. The 
data presented in this report reveal a 
striking difference between the concen- 
trations of cortisol needed for maximal 
induction of casein synthesis and a-lact- 
albumin accumulation. 

Mammary explants from 3- to 4- 
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Mammary explants from 3- to 4- 

month-old virgin female C3H/HeN"mice 
were cultured in a chemically defined 
synthetic culture medium, medium 199, 
as described previously (10). Casein syn- 
thesis was determined by incubating ex- 
plants in the presence of a :H-labeled 
amino acid mixture (10 xCi/ml) for 4 
days under the indicated conditions and 
subsequently immunoprecipitating iso- 
topically labeled casein with mouse ca- 
sein antibody prepared in rabbits (i,). 
The amount of a-lactalbumin in mam- 
mary explants was determined as the ac- 
tivity of a-lactalbumin in the lactose syn- 
thetase reaction, using the modified 
method of Fitzgerald et al. (12) with pure 
mouse a-lactalbumin (13) as a standard. 

Figure I shows the effect of varying 
the concentration of cortisol on the accu- 
mulation of o-lactalbumin, casein, and 
total protein synthesized in mammary 
explants from mature virgin mice in cul- 
ture. During a 4-day culture period, ac- 
cumulation of casein was low in the cul- 
ture system with insulin or insulin plus 
prolactin. However, addition of increas- 
ing amounts of cortisol to the medium 
containing insulin and prolactin effected 
dose-dependent increases in casein. 
Maximal accumulation was effected by 
about 3 x 10-"M cortisol. Addition of 
cortisol alone or cortisol combined with 
insulin or prolactin did not cause an in- 
crease in casein synthesis. 

A different dose-response relation was 
observed in the accumulation of a-lact- 
albumin. The level of a-lactalbumin was 
low in the culture system with insulin, 
but was elevated 2.5-fold by the addition 
of prolactin with insulin. Addition of up 
to 3.0 x i0-~M cortisol with insulin and 
prolactin caused further increases in a- 
lactalbumin, and the amount bf the milk 
protein was twice that in the cilture with 
insulin and prolactin. However, at higher 
concentrations (> 10-7M), cortisol had an 
inhibitory effect. Addition; of 3 x 10-"M 
cortisol, an optimal concentration for ca- 
sein synthesis, reduced the tissue con- 
tent of a-lactalbumin more than 5-fold in 
the insulin-prolactin system. 

The stimulatory effect of cortisol on 
total protein synthesis is not apparent up 
to 3 x 10- M but is manifested at higher 
concentrations. This can be explained as 
follows. About 50 percent of the total 
protein synthesized in maximally stimu- 
lated tissue explants is casein; less than 
0.2 percent is a-lactalbumin, as deter- 
mined by immunochemical analysis with 
antibody to mouse a-lactalbumin (13). In 
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addition, considerable amounts of non- 
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alone (14), which results in higher base- 
lines for total protein synthesis. 
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a-Lactalbumin-Casein Induction in Virgin Mouse Mammary 

Explants: Dose-Dependent Differential Action of Cortisol 

Abstract. The interplay of instilin, cortisol, and prolacrtin indtuces synthesis of ca- 
sein and a-lactalbumin in cultured mammary explants from mature virgin mice. A 
striking difference has been found between the optimal concentrations of cortisol 
required for maximal induction of the two milk proteins in vitro: 3 x 10~ molarfor 
a-lactalbutmin and 3 x 10- molarfior casein. Moreover, 10-7 to 10-~ molar cortisol 
caused progressive inhibition of a-lactalbumin acclumulation. Such dJiferential ac- 
tions of cortisol may partly account for the asynchronous synthesis of the two proteins 
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