paired male schistosomes. These ratios
clearly show that greater glycogen re-
serves are present in unpaired males in
all three schistosome species (Table 2).
It appears that the glycogen or glucose
reserves of a male schistosome are de-
pleted by the presence of a female in the
gynecophoral canal.

To test for transfer of '“C-labeled hex-
oses between males and females, copu-
lating pairs of 5. mansoni were exposed
to radioactive medium for 5 seconds and
either rinsed in cold silicone oil (10),
separated, and assayed, or maintained in
warm oil for 0.5 to 4 minutes before
separation and analysis. A time-depen-
dent increase in the glucose content of
the female schistosome was observed
(Fig. 1A). The same phenomenon was
observed in studies with the unnatural
glucose analog 2-deoxy-p-glucose. Al-
though this analog may be phosphoryl-
ated in most biological systems, it is not
further degraded and remains trapped
intracellularly (/7). Thus the molecular
species that is exchanged presumably is
the hexose rather than some metabolite.
The exchange of glucose appears to be
biochemically significant because glycol-
ysis is the major pathway for the provi-
sion of metabolic energy in schistosomes
(12). This phenomenon was also ob-
served in §. haematobium (Fig. 1C) and
S. japonicum (Fig. 1D). Perhaps because
of the greater size of male schistosomes
(Table 2), concomitant reductions in the
glucose content of males were not as
striking as the increases in females.

Thus a considerable proportion of the
energy required by the female may be
indirectly supplied by the male. This
represents a more immediate reason for
the obligatory continuous relationship
than the slow (20 hours) exchange of
protein described by Atkinson and At-
kinson (5). The inability of a female to
mature and grow to full size in the ab-
sence of a male may be the result of a
deficit in molecular material transferred
from the partner. Thus the function of a
male can be likened to that of a liver
(glycogen storage and glucose regula-
tion), and the female to a dependent
gonad (I13).

The sexually specific interdependence
of blood flukes emphasizes their consid-
erable evolutionary divergence from oth-
er free-living and parasitic flatworms.
Molecular mimicry (/4) and molecular
exchange between the sexes also place
schistosomes in a biologically unique po-
sition. Yet unique pharmacological vul-
nerability has not been discovered. In
recent reviews (/5) it is stressed that
despite chemotherapeutic advances, few
antischistosomal agents are completely
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effective and no available compound sat-
isfies the criteria for an ideal schistoso-
micide. The importance of chemothera-
py in controlling the disease is recog-
nized, however (16), as is the need to
identify molecular responses of schisto-
somes which are unlike those of human
tissues (/7). Many antischistosomal
treatments cause a loss of glycogen in
the fluke. It has been suggested that
glycogen, in addition to providing ener-
gy, may help to maintain the structural
and functional integrity of the schisto-
some (I8). The present study would be
pharmacologically significant only if a
drug that safely achieves permanent in-
terruption of male-to-female glucose
transfer can be developed.

Note added in proof: Bueding (19) has
confirmed that consistently higher glyco-
gen levels have been observed in un-
paired male schistosomes in his labora-
tory.
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Cardiac Sarcolemma: Compositional Adaptation to Exercise

Abstract. Marked changes were observed in the lipid composition of highly
purified plasma membranes isolated from the hearts of rats subjected to daily
treadmill running. Compared to sedentary controls, sarcolemmal content of total
phospholipid and phosphatidylserine in the trained group was increased 23 and 50
percent, respectively. This observation suggests a mechanism by which cardiac

contractility may be enhanced by exercise.

Lipid composition is an important de-
terminant of the biological and physical
characteristics of the plasma membrane,
including fluidity. Membrane phospho-
lipid acy! chain structure and the ratio of
the concentrations of other lipid bilayer
components influence intrinsic enzyme
activity and the ability of membrane
components to move within the plane of
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the bilayer (). Plasma membrane com-
position undergoes alterations during the
cell growth cycle and in response to
events during ontogeny and transforma-
tion by viral agents (2). In addition,
membrane composition changes in re-
sponse to temperature gradients, aging,
and alterations in dietary fatty acids.
Thus plasma membrane composition is
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Fig. 1. Analysis of sarcolemmal lipids. The
total lipid was determined from the sample
weight after Bligh-Dyer lipid extraction and
evaporation of the organic solvent system
under vacuum. The total lipid concentrations
were 1.46 = 0.5 and 1.33 = 0.7 per milligram
of protein in the exercised and control groups,
respectively. Total fatty acids represent the
sum of all fatty acids detected in gas-liquid
chromatographic analysis. Each bar shows
the mean for seven analyses, except for the
cholesterol data, where N = 5,
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both dynamic and responsive to its mi-
croenvironment.

It has been convincingly demonstrated
that cardiac sarcolemma (muscle plasma
membrane) plays a critical role in excita-
tion-contraction (E-C) coupling in the
heart (3). Specific calcium receptors on
the membrane apparently influence the
magnitude of the transsarcolemmal calci-
um flux. Fabiato and Fabiato (¢) showed
that relatively small increases in the in-
tracellular free CA** concentration trig-
ger Ca®* release from the sarcoplasmic
reticulum in mechanically skinned cardi-
ac muscle fibers in a graded fashion and
substantially increase the concentration
of free intracellular calcium, thereby
stimulating myofilament cross-bridge
formation.

Although it has been frequently docu-
mented that exercise training enhances

cardiac function in mammals (5), the
mechanism of this adaptation is not well
understood. Investigators have used a
myriad of animal and training models
and experimental techniques in evaluat-
ing cardiac function, so a cohesive hy-
pothesis for a mechanism of adaptation
to exercise has not emerged. Because of
the critical nature of plasma membrane
control of mechanical function in the
heart, this study was performed to inves-
tigate sarcolemmal adaptation in re-
sponse to exercise.

Female Sprague-Dawley rats were
randomly divided into a sedentary con-
trol group (N = 30) and a treadmill-
trained group (N = 30). Animal care and
training were identical to that described
previously (6). Forty-eight to 72 hours
after the end of the 12-week training
period, all animals were killed by cervi-
cal fracture and their hearts were rapidly
excised and immediately frozen in liquid
nitrogen. There was no significant differ-
ence in heart weight (0.79 = 0.02 versus
0.75 + 0.02 g) or in the ratio of heart to
body weight (2.87 £ 0.03 versus 2.77 *
0.04 mg/g) between the two groups, indi-
cating that cardiac hypertrophy did not
result from the exercise regimeén.

Sarcolemma was isolated by the pro-
cedure of Bers (7) as modified by Philip-
son et al. (8). In brief, in each experi-
ment three or four hearts (about 4 g, wet
weight) from one group were combined,
minced, and subjected to Polytron ho-
mogenization in two bursts at setting 8
for a total of 8 to 10 seconds. In all cases,
sarcolemmal isolation and subsequent
analyses for the experimental and con-
trol groups were done in pairs concur-
rently. The homogenate underwent dif-
ferential and sucrose gradient ultracen-
trifugation, extraction with 0.3M KCl,
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Fig. 2. Sarcolemmal phospholipid analysis by thin-layer chromatography. (a) Individual
phospholipids expressed as a percentage of total phospholipids on a molar basis. The PC/PE
molar ratios in exercised and control rats were 0.97 and 0.94, respectively. (b) Concentration of
the two major sarcolemmal phospholipids that are anionic at physiological pH. Abbreviations:
PE, phosphatidylethanolamine; PC, phosphatidylcholine; SPM, sphingomyelin; LPC, lyso-
phosphatidylcholine; CDL, cardiolipin; UPL, unidentified phospholipid; PI, phosphatidylinosi-

tol; and PS, phosphatidylserine.
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Table 1. Sarcolemmal fatty acid composition
in the two groups, expressed as a percentage
on a weight basis. Each value is the mean =
standard error for seven analyses.

Percentage of sarcolemmal
fatty acids

Fatty
acid* Exercised Control
rats rats

14:0 0.04 = 0.01 0.02 = 0.01
16:0 28.87 = 1.30  27.16 = 1.27
16:1 0.10 = 0.01 0.20 = 0.01
18:0 33.51 = 1.38 32.37 = 2.09
18:1 8.41 = 0.41 10.17 = 1.25
18:2 10.63 = 0.431 12.43 = 0.39
20:4 ©22.99 = 1.40 23.57 = 1.85
Saturation 62.95 £ 0.64% 58.95 = 1.41

*First number is number of carbons in the chain;
second number is number of double bonds.
TP < .05.

and incubation in deoxyribonuclease to
improve purity and yield (8). Purification
indices of sarcolemmal marker enzymes
Na®,K"-adenosinetriphosphatase  and
K*-stimulted p-nitrophenylphosphatase
of approximately 35-fold were observed
with minimal cross-contamination, as in-
dicated by mitochondrial and microsom-
al markers and electron microscopy (9).
Yields of cardiac sarcolemma from the
two groups were not significantly differ-
ent: 0.98 * 0.16 versus 1.05 = 0.20 mg
of protein per gram (wet weight) for
exercised and control rats, respectively.
Sarcolemmal lipid was extracted by
the Bligh-Dyer procedure (10); the re-
sults of the lipid analyses are shown in
Fig. 1. Although the between-group dif-
ference in total sarcolemmal lipid specif-
ic content was not significant, there was
a significantly higher (about 23 percent;
P < 001, Student’s #-test) concentration
of membrane phospholipid in the exer-
cised animals. Since sarcolemmal cho-
lesterol concentrations were not differ-
ent, the molar ratio of cholesterol to
phospholipid (C/PL) was lower in the
experimental group by a comparable
amount (0.424 versus 0.547). Increases
in C/PL increase both the microviscosity
and order of the lipid bilayer (I).
Sarcolemmal phospholipids were sep-
arated by two-dimensional thin-layer
chromatography (/1) and their relative
concentrations were determined (/2)
(Fig. 2, a and b). The concentration of
phosphatidylserine in membranes from
the exercised rats was 9.8 nmole per
milligram of protein compared to 6.5
nmole in controls——a difference of 51
percent. This may be of critical impor-
tance in the adaptation to exercise, since
phosphatidylserine is a major binding
moiety of sarcolemmal Ca?* (8). Fur-
thermore, it has been hypothesized that
the enhancement of cardiac function in-
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duced by training is due, at least in part,
to an increased number of sarcolemmal
Ca?* binding sites (6). These two inde-
pendent findings are mutually consist-
ent.

Sarcolemmal fatty acid composition
was determined by gas-liquid chroma-
tography (13). As shown in Table 1, the
concentration of linoleic acid (18:2) and
the saturation percentage were signifi-
cantly higher in exercised rats (P < .05).
Phospholipid acyl chain length and de-
gree of saturation also have a prominent
effect on the physical properties of the
lipid bilayer. For example, increasing
saturation of natural fatty acids de-
creases membrane fluidity (/).

It is clear that exercise can induce
substantial alterations in the lipid com-
position of the plasma membrane. Be-
cause these compositional changes are
likely to affect sarcolemmal control of E-
C coupling, they may be related to the
physiological adaptation that the heart
undergoes in response to a stressor.
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Selective Herbivory in Tassel-Eared Squirrels: Role of

Monoterpenes in Ponderosa Pines Chosen as Feeding Trees

Abstract. Ponderosa pine twigs collected from trees used by tassel-eared squirrels
as sources of cortical tissue for food contained smaller amounts of monoterpenes
than twigs from similar trees not used by the squirrels as food sources. Of the 18
monoterpenes isolated from the twig samples, a-pinene was the best single predictor
of food source trees. In experiments with captive tassel-eared squirrels, consumption
of a preferred food was inversely correlated with the concentration of o-pinene

added to the food.

During winter, tassel-eared squirrels
(Sciurus aberti) feed predominantly on
the cortical tissue of small twigs of cer-
tain ponderosa pine (Pinus ponderosa
Laws) trees (/). Such trees are easily
distinguished by their defoliated appear-
ance and the accumulation of needle
clusters beneath them (Fig. 1). To obtain
cortical tissue, the squirrels remove ter-
minal twigs in the upper portions of the
tree from larger branches by biting

through the stem several centimeters
from the terminal needle cluster (Fig. 2).
The needle cluster is clipped from the
end of the twig and drops to the ground.
The rough outer bark is then removed
with the teeth while the twig is rotated
with the forepaws to expose the phloem
and also the cambium and some current
year’s xylem.

Trees on which the squirrels feed
(feeding trees) are usually cone-bearing

Table 1. Major monoterpenes analyzed from cortical tissues of ponderosa pine twigs.

Feeding trees

Nonfeeding trees

Monoterpene .
Percent Range Percent Range
a-Pinene 27.2 0-53.9 26.0 6.0-59.1
B-Pinene 16.4 5-36.4 14.6 4.7-31.8
3-Carene 28.8 11.7-58.5 31.9 16.5-59.0
Myrcene 5.6 6- 8.5 5.9 2.1-11.5
Limonene 11.1 4-27.3 10.6 1.3-24.8
B-Phellandrene 4.7 7-11.7 4.5 0.9-27.0
Terpinolene 3.3 6- 7.9 3.7 1.0- 9.9
Total 97.1 97.2
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