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 (/8). 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.

PauL D. N. HEBERT
TERI J. CREASE
Department of Biology,
University of Windsor,
Windsor, Ontario N9B 3P4
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Elastase Digestion of Demembranated Sperm Flagella

Abstract. The changes in adenosine triphosphate-reactivated motility resulting

from digestion of Triton-demembranated sea urchin sperm flagella by elastase are

those expected if the elastic interdoublet linkages between flagellar microtubules are
particularly sensitive to digestion by elastase and take part in regulating the ampli-

tude of flagellar bending.

The nine microtubular doublets in the
periphery of flagellar axonemes are held
together at 96-nm intervals by ‘‘inter-
doublet linkages' (/), which appear to

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
©um).
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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 (). The
interdoublet linkages are more likely to
be the structures that restrict the range
of sliding since Chlamvdomonas 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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Fig. 2. (a) Measurements of bend angle and beat frequency during elastase digestion of the
flagellum shown in Fig. 1. The data corresponding to the three photographs in Fig. 1 are in-
dicated by the arrows at the bottom of the figure. (b and ¢) Measurements of bend angle and beat
frequency of samples of flagella after elastase digestion for 60, 120, or 180 seconds. Means of the
results obtained from three experiments with different sperm samples are shown; each point
represents measurements of between 39 and 67 flagella. Mean values of the standard deviations
are shown for the data at 180-second digestion times; other standard deviations were com-
parable. In each experiment, elastase digestion was carried out both in the absence and pres-
ence of MgATP?", as indicated; the control preparations contained MgATP?", but elastase was

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. 1 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
MgATP?", elastase (1.5 ug ml™'") (from
hog pancreas; Calbiochem, 324689), and
soybean trypsin inhibitor (2.0 ug ml™")
(Sigma, T9003). This trypsin inhibitor
does not inhibit elastase (92) and is includ-
ed to eliminate the effect of any con-
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taminating trypsin-like enzyme. Motility
of the reactivated spermatozoa was then
monitored by dark-field light micros-
copy, and photographs of a selected
spermatozoon were taken at intervals
during the course of digestion, with the
use of stroboscopic illumination at a fre-
quency that was adjusted to twice the
beat frequency. A printed record of the
flash frequency for each photograph then
provided precise information about the
beat frequency of the flagellum, and
measurements on the photographs pro-
vided information about the bend angle,
which is a convenient measure of the am-
plitude of the movement (7, /0). Ex-
amples of photographs and data for one
sperm flagellum are shown in Figs. 1 and
2a. This spermatozoon was initially at-
tached to the microscope slide by its
head; about midway through the elastase
digestion period, the sperm flagellum
typically became detached from the
head, and in this case the basal end of the
flagellum then became attached to the
microscope slide so that its movement
could continue to be recorded. The re-
sults show a gradual increase in bend
angle, and a gradual decrease in beat fre-
quency, during the period of digestion by
elastase. After 306 seconds, the flagel-
lum stopped beating and disintegrated by
sliding of microtubular doublets, just as

in the case of digestion by trypsin. Dis-
integration was often preceded by a few
seconds of very erratic beating. Data ob-
tained from control spermatozoa in simi-
lar types of experiments have been pre-
sented (7, 10).

Although qualitatively similar changes
in motility are typical of all of the
spermotozoa in these experiments, there
is considerable variability in the extent
and rate of appearance of the changes.
Data from larger samples of spermatozoa
were obtained by a slightly different pro-
cedure. A suspension of demembranated
spermatozoa was diluted 1:10 with reac-
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
MgATP?" and chicken ovoinhibitor (2.0
ug ml~') (Sigma, T1886), a trypsin inhib-
itor that is also an effective inhibitor of
elastase (9). Measurements (not given)
showed no changes with time in the fre-
quency and bend angle of individual fla-
gella in the final reactivation solution
containing ovoinhibitor although, after
the longer digestion periods, the flagella
eventually disintegrated. These suspen-
sions were sampled by photographing 15
to 20 flagella that were attached to the
microscope slide either by the sperm
head or the basal end of the flagellum
(Fig. 2, b and c). This procedure also re-
vealed a gradual increase in bend angle
as the period of incubation with elastase
was increased prior to the addition of in-
hibitor. In control experiments in which
the elastase was omitted, the bend angle
was essentially constant. With this pro-
cedure, spermatozoa can be digested by
elastase in reactivation solution either
with or without ATP (Fig. 2b). The re-
sults show that the effects of digestion by
elastase do not require-the presence of
ATP (and, therefore, of motility) during
the digestion period.

In both types of experiments, the in-
crease in bend angle is largely com-
pensated by a decrease in beat frequen-
cy. Therefore, the average velocity of
sliding between flagellar microtubules,
which is proportional to the product of
bend angle and beat frequency, is nearly
constant. Since the sliding velocity may
be the most direct measure of the active
process responsible for generating slid-
ing between the flagellar microtubles,
elastase digestion probably does not sig-
nificantly affect the active sliding process
during the time frame of these measure-
ments.

The effect of elastase digestion on mo-
tility is not the same as the effect of tryp-
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.

C. J. BROKAW

Division of Biology,
California Institute of Technology,
Pasadena 91125
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a-Lactalbumin—Casein Induction in Virgin Mouse Mammary

Explants: Dose-Dependent Differential Action of Cortisol

Abstract. The interplay of insulin, cortisol, and prolactin induces synthesis of ca-
sein and o-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 1078 molar for
a-lactalbumin and 3 x 107 molar for casein. Moreover, 1077 to 107> molar cortisol
caused progressive inhibition of o-lactalbumin accumulation. Such differential ac-
tions of cortisol may partly account for the asynchronous synthesis of the two proteins

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 (/); 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 ug/ml, there is marked stimula-
tion of the incorporation of  inorganic
phosphate into the Ca?*-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 éx-
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 a-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 «-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 comparative studies
have been done in a systematic way. The
data presented in this report reveal a
striking differerice 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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month-old virgin female C3H/HeN"mice
were cultured in a chemically defined
synthetic culture medium, medium 199;
as described previously (/0). Casein syn-
thesis was determined by incubating ex-
plants in the presence of a *H-labeled
amino acid mixture (10 uCi/ml) for 4
days under the indicated conditions and
subsequently immunoprecipitating iso-
topically labeled casein with mouse ca-
sein antibody prepared in rabbits (//).
The amount of a-lactalbumin in mam-
mary explants was determined as. the ac-
tivity of o-lactalbumin in the lactose syn-
thetase reaction, using the modified
method of Fitzgerald et al. (12) with pure
mouse a-lactalbumin (/3) as a standaid.

Figure 1 shows the effect of varying
the concentration of cortisol on the accu-
mulation of a-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 107°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 107*M cortisol with insulin and
prolactin caused further increases in a-
lactalbumin, and the amount 6f the milk
protein was twice that in the culture with
insulin and prolactin. However, at higher
concentrations (> 10~7M), cortisol had an
inhibitory effect. Addition of 3 x 10~
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 107%M but is manifested at higher
concentrations. This can bé 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 (/3). In
addition, considerable amounts of non-
casein proteins are synthesized by mam-
mary explants cultured with insulin
alone (/4), which results in higher base-
lines for total protein synthesis.

1367



	Article Contents
	p.1365
	p.1366
	p.1367

	Issue Table of Contents
	Science, Vol. 207, No. 4437, Mar. 21, 1980
	Front Matter [pp.1285-1344]
	Letters
	New Recombinant DNA Guidelines [p.1296]
	Caffeine Study [pp.1296-1297]
	Sea Turtle Conservation [p.1297]

	Erratum: The Leopolds: A Family of Naturalists [p.1297]
	Radioactive Wastes from Biomedical Institutions [p.1299]
	Neutral Beam Heating in the Princeton Large Torus [pp.1301-1309]
	Yakataga Gap, Alaska: Seismic History and Earthquake Potential [pp.1309-1314]
	Collagen: Molecular Diversity in the Body's Protein Scaffold [pp.1315-1322]
	News and Comment
	Identical Twins Reared Apart [pp.1323-1328]
	Marriage of Conservation and Development [pp.1328-1329]
	National Engineering Academy Elects New Members [p.1329]

	Briefing
	Industry Readies for Interferon Market [p.1326]
	A Cramp in Fermilab Style [p.1326]
	A Bank for Nobel Sperm [pp.1326-1327]

	Research News
	Ape-Language Controversy Flares Up [pp.1330-1333]
	Mining Could Increase Petroleum Reserves [pp.1334-1335]

	Centennial
	100 Years of Science [pp.1336-1337]

	Book Reviews
	The Solid Earth [p.1338]
	A Population of Mammals [pp.1338-1339]
	Units of Natural Selection [pp.1339-1340]
	Visual Development [p.1340]
	Mouse Genetics [p.1341]

	Reports
	Deep-Sea Primary Production at the Galápagos Hydrothermal Vents [pp.1345-1347]
	Mass Measurement at the National Bureau of Standards: A Revision [pp.1347-1348]
	Organic Carbon: Oxidation and Transport in the Amazon River [pp.1348-1351]
	Alaskan Seismic Gap Only Partially Filled by 28 February 1979 Earthquake [pp.1351-1353]
	High-Pressure Phase in Americium Metal [pp.1353-1355]
	Oxygen in the Sea Bottom Measured with a Microelectrode [pp.1355-1356]
	Immunohistochemical Localization of Amelogenins in Enameloid of Lower Vertebrate Teeth [pp.1357-1358]
	Origin of Cushion Tissue in the Developing Chick Heart: Cinematographic Recordings of in situ Formation [pp.1359-1360]
	Autoantibodies to $\beta _{2}$-Adrenergic Receptors: A Possible Cause of Adrenergic Hyporesponsiveness in Allergic Rhinitis and Asthma [pp.1361-1363]
	Clonal Coexistence in Daphnia pulex (Leydig): Another Planktonic Paradox [pp.1363-1365]
	Elastase Digestion of Demembranated Sperm Flagella [pp.1365-1367]
	$\alpha $-Lactalbumin-Casein Induction in Virgin Mouse Mammary Explants: Dose-Dependent Differential Action of Cortisol [pp.1367-1369]
	Intensity Fluctuation Spectroscopy Monitors Contractile Activation in ``Resting'' Cardiac Muscle [pp.1369-1371]
	Control of the Rhesus Monkey Menstrual Cycle: Permissive Role of Hypothalamic Gonadotropin-Releasing Hormone [pp.1371-1373]
	Experimental Induction of Puberty in the Infantile Female Rhesus Monkey [pp.1373-1375]
	Histolysis Initiated by ``Lymph Gland'' Cells of Drosophila [pp.1375-1377]
	Brainstem Catecholamine Neurons are Target Sites for Sex Steroid Hormones [pp.1377-1379]
	Rate of Acoustic Change May Underlie Hemispheric Specialization for Speech Perception [pp.1380-1381]
	Microwaves Induce Peripheral Vasodilation in Squirrel Monkey [pp.1381-1383]
	Elevated Blood Acetaldehyde Levels in Alcoholics and their Relatives: A Reevaluation [pp.1383-1384]

	Back Matter [pp.1341-1400]





