stances. Thus, the assumption on
which the bicondylar angle measure-
ment is based—that a tangent to the
condyles is always horizontal—is in-
valid for the chimpanzee. Even in mod-
ern man the condylar tangent in a nor-
mal stance may deviate from horizon-
tal (7). Whereas the apparently high
bicondylar angle in 4. africanus (Trans-
vaal Museum 1513 and Sts 34) appears
to be best interpreted in terms of an
adducted femoral posture, the possi-
bility remains that the functional sig-
nificance of this feature is not the same
as for modern man. In evaluating the
locomotor ability of fossil forms, evi-
dence of skeletal excursion is more
meaningful than single measurements
which may not be of comparable func-
tional significance among differently
adapted species.

The configuration of the margin of
the femoral head in chimpanzee and
man reflects some basic differences in
femoral excursion. On the human fem-
ur, the articular surface is prolonged
onto the femoral neck along the su-
perior margin (arrow, Fig. 2C). In the
chimpanzee, similar prolongation oc-
curs along the posterior margin (ar-
row, Fig. 2A). Inasmuch as the fem-
oral head and acetabulum are approxi-
mately congruent, the configuration of
the margin of the femoral head re-
lates to the depth and orientation of
the acetabulum and the excursion of
the femur. The superior margin in man
is related to a relatively deep and ven-
trally facing acetabulum, and also to
the fact that the femur normally moves
in an adducted (valgus) position (Fig.
2, G and H). In the chimpanzee, the
prolonged posterior margin is related
to an excursion pattern of an abducted
(varus) and flexed femur (Fig. 2, D
and K) and an acetabulum that is rela-
tively shallower and faces laterad. The
intermediate configuration of the fem-
oral head margin in A. robustus (for
example, Transvaal Museum SK 82;
Fig. 2B), together with the relatively
shallow acetabulum (Transvaal Mu-
seum SK 50), is evidence that femoral
excursion was of an intermediate pat-
tern (Fig. 2, E and J). If the 4. ro-
bustus femur were adducted as much
as in man, a disproportionate area of
articular surface would lie outside the
bony acetabulum (Fig. 2, F and I).
Although a very broad glenoid labrum
may have made this possible, such an
arrangement appears unlikely in view
of the usual congruency of articular
surfaces at the hip.

Major structural similarities of the
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australopithecine pelvis to that in mod-
ern man are convincing evidence of ad-
vanced adaptation to bipedality (8).
However, certain obvious dissimilarities,
such as the greater flaring of the iliac
blades, may be explicable in terms of
a more abducted femoral excursion.
Furthermore, the present interpretation
of a lack of valgus posture in some
early Pleistocene hominids is in agree-
ment with the biomechanical analyses
of Napier and Preuschoft (9).

FarisH A. JENKINS, JR.
Department of Biology and
Museum of Comparative Zoology,
Harvard University,
Cambridge, Massachusetts 02138
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Phosphorylase: A New Isozyme in
Rat Hepatic Tumors and Fetal Liver

Abstract. A third set of phosphorylase a and b isozymes, distinguishable
kinetically and immunologically from liver and muscle forms, is present in vari-
ous rat hepatomas, and is also present, together with the adult liver form, in
fetal rat liver. This is one of several striking examples of suppression of isozymes
of adult liver coupled with the appearance of fetal isozymes in hepatomas.

Malignant neoplasms are character-
ized by anomalies of genetic expres-
sion, manifested by ectopic production
of polypeptide hormones (1), and by
the synthesis of tumor-specific antigens
(2), while organ-specific antigens are
suppressed (3). This phenomenon has
a counterpart in enzyme alterations of
experimental rat hepatomas; also in-
volving the suppression of isozymes
which play a functional role in the
adult, differentiated liver cell, and their
replacement by other isozymes which
are low or absent in adult liver (4, 5).
It is of further significance that in
some instances both antigens and
isozymes associated with tumors are
found in normal fetal tissue, suggest-
ing that genes coding for proteins
synthesized in the fetal state and which
are repressed during normal embryonic
development are reexpressed in tumors
(5-7).

We report recent results from our
laboratory, which provide a striking

new illustration of this pattern of
isozyme  alteration in demonstrating
the presence in certain rat hepatomas
of a third form of glycogen phosphoryl-
ase, which differs kinetically from the
rat liver type and is distinguishable
immunologically from the rat muscle
type. It exists in both a and b forms,
which are interconvertible by a phos-
phatase and kinase, also present in
these tumors. Its presence in other
normal tissues remains to be investi-
gated, but it is undetectable in adult
rat liver and skeletal muscle. However,
it is present at relatively low activity in
fetal rat liver.

Evidence for the existence of this
set of phosphorylase isozymes is
presented in Fig. 1, A-E. By isoelectric
focusing of partially purified super-
natant fractions of homogenized and
centrifuged tissue, both the muscle and
liver phosphorylases appear as single
peaks with respective isoelectric points
of 6.2 and 5.9 (Fig. 1, A and B). The
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Fig. 1. Isoelectric focusing of phosphoryl-
ase of (A) rat skeletal muscle, (B) rat
liver, (C) Novikoff ascites hepatoma,
(D) Morris hepatoma 20, and (E) 21-
day rat fetal liver. Isoelectric focusing
was conducted as described in the instruc-
tions of LKB Instruments, with the 1801
column, and either the postmitochondrial
glycogen pellet or a 25 to 50 percent
saturated ammonium sulfate fraction of
the 105,000¢ supernatant for hepatoma
20 (which contained virtually no glyco-
gen) as the enzyme source. A 1 percent
solution of ampholytes in 1 mM dithio-
threitol was used to give the pH gradient
with a sucrose gradient of 0 to 45 percent
wt/vol. The initial voltage was main-
tained at 150 to 200 volts; after 12 hours
it was increased to 300 to 350 volts and
maintained there for 48 hours at 2°C.
One-milliliter fractions were then col-
lected for pH determination and phos-
phorylase assay according to Sutherland
(13), with glucose-1-P-*C as substrate,
either without AMP (@), with 1 mM
AMP (Q), or with 1 mM AMP and 0.5M
Na.SO; (A). Isoelectric focusing complete-
ly separated the phosphorylases from the
synthetases, which had pI values below
5 (not shown). Data for A, B, and C
were obtained with a broad pH gradient
of 3 to 10; D and E over a narrow range
of 5 to 7.

Novikoff hepatoma similarly treated
yields a phosphorylase peak with an
isoelectric point of 5.6 (Fig. 1C). All
three phosphorylases are predominantly
in the b form, as indicated by their
low activity without adenosine mono-
phosphate (AMP). The tumor form
is further distinguished from the liver
form in that it does not require sulfate
ion for activation (8). Other poorly
differentiated, rapid-growing  hepa-
tomas such as the Morris 3924A
hepatoma give a pattern similar to
that of the Novikoff hepatoma, where-
as the well-differentiated, slow-growing

Morris hepatoma 20 possesses both the:

tumor form as a minor, and the liver

Fig. 2. Inactivation of phosphorylases by
antiserum to rat muscle phosphorylase b.
An antiserum was prepared as a rabbit
serum globulin fraction after serial injec-
tions of a crystalline preparation of rat
skeletal muscle phosphorylase prepared as
described by Sevilla and Fischer (14),
together with complete Freund’s adjuvant.
The glycogen pellets containing the en-
zyme were hydrolyzed with human sali-
vary amylase, and a fixed amount, con-
taining approximately 0.1 to 0.3 unit, was
treated with antiserum essentially accord-
ing to Schliselfeld er al. (15). After 20
minutes’ incubation at 30°C, assays were
conducted with 1 mM AMP; with 0.5M
Na.SO, (solid lines); and without Na:SO.
(broken lines). Plus and minus signs indi-
cate the presence or absence of 0.5M
sulfate.
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isozyme as a major, component (Fig.
1D). As shown in Fig. 1E, 21-day
fetal liver has a minor peak at pH 5.6
coinciding with the tumor form, to-
gether with a major peak at the pH
of the adult liver isozyme.
Immunologic data in Fig. 2 further
distinguish the tumor form from the
muscle isozyme. An antibody to the
crystalline rat muscle isozyme in-
cubated with the tissue preparation in-
activated the rat muscle isozyme es-
sentially completely, but had little or
no effect on either the liver isozyme
or the Novikoff or hepatoma 20
isozyme. To characterize these isozymes
further, the assays, after incubation
with the antibody, were conducted with

Muscle
0.5M
Na,, SO,
° Liver 274
2 poo—o——o- a (+)

Novikoff

Phosphcrylase activity (units/ml)

005

0 ' 0025

Y -Globulin fraction (ml)

and without sulfate ion. The liver iso-
zyme exhibited the usual SO,2— re-
quirement, and there was a partial
SO,%~ requirement for hepatoma 20
phosphorylase, in keeping with the data
in Fig. 1D, showing the presence of
both liver and hepatoma isozymes.
Hepatoma 3924A was partially inhib-
ited by the muscle phosphorylase
antibody, indicating that it may possess
some muscle phosphorylase; but the
major portion of the activity was un-
affected and it is similar to the other
hepatoma phosphorylases in lacking a
SO,2~ requirement. No inhibition was
observed with a normal rabbit v-
globulin fraction. '

These findings supplement and rein-
force a growing body of evidence for
a misprogramming of genetic expres-

sion in cancer. Such disordered or
“retrogressive” synthesis of protein
points to a breakdown in those

mechanisms that regulate the orderly
expression of genes in differentiated
cells. )

Previous work from our laboratory
and others (4, 5, 7, 9), has shown
that this disorder of gene expression
is so manifested in hepatomas that
with loss of differentiation and in-
creased growth rate, hepatomas lose
glucokinase, aldolase B, and liver type
pyruvate kinase. These are isozymes
that are hormonally responsive and
that play important functional roles in
liver carbohydrate metabolism, and
their loss in all likelihood is responsible
for some of the metabolic deviations
of these tumors from their cell of
origin.

It has been suggested (10) that these
and similar isozyme alterations may
represent the molecular basis for the
lack of control that is characteristic of
the neoplastic cell type. The phosphoryl-
ases represent not only a further
documentation and extension of these
findings, but provide a particularly ap-
propriate system for studies of control
mechanisms and their loss in cancer,
since probably no other regulatory en-
zyme system has been so intensively
studied, and the interconversion of its
active and inactive (a and b) forms
represents one of the most fruitful
models for understanding the molec-
ular action of such hormones as
cyclic AMP, glucagon, epinephrine,
and insulin (/1). Moreover, there is
now a long history of peculiarities of
glycogen storage in tumors, which may
be better understood with the recogni-
tion of these new isozymes (12). The
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chemical and kinetic properties and the
enzymatic interconversion of the a and
b forms of this hepatoma phosphorylase
require further study.
KiyomM1 Sato
HAaRrROLD P. MORRIS
SIDNEY WEINHOUSE
Fels Research Institute and
Department of Biochemistry,
Temple University School of Medicine,
Philadelphia, Pennsylvania 19140, and
Department of Biochemistry,
Howard University, Washington, D.C.
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Glomeruli in the Turtle Cerebellum

Abstract. We have recorded from the granular layer of the turtle cerebellum
extracellular unitary potentials that appear to reflect pre- and postsynaptic events
at the synapse between a single swelling of a mossy fiber and the dendritic

tips of several granule cells.

The presynaptic component is an all-or-none

potential. It can be directly activated by spinal stimulation and is unaltered by
repetitive activity or by high concentrations of magnesium. The postsynaptic
component is a graded potential. It follows the presynaptic component by
approximately 1 millisecond and is depressed by repetitive activity and by high
concentrations of magnesium. The recording of large potentials produced by the
flow of postsynaptic current within a single glomerulus suggests powerful trans-
mission. Electron micrographs demonstrate large cerebellar glomeruli in the
turtle and a substantial accumulation of mitochondria in the dendritic tips of

granule cells.

We report here the electrical ac-
tivity and structure of single glomeruli
in the turtle cerebellum. Specimens of
Pseudemys scripta elegans were sedated
with sodium pentobarbital (3 mg/kg)
and immobilized with gallamine (1 to
2 mg/kg), both injected intraperito-
neally, and were respirated artificially.
Tungsten or steel microelectrodes (1)
having impedances of 1 to 3 megohms
(1 khz) were advanced through a slit
in the dura. The unconvoluted, layered
structure of the turtle cerebellum en-
sures that the microelectrode records se-
quentially from the molecular, Purkinje
cell, and granular layers. The charac-
teristic “simple” and “complex” spikes
of Purkinje cells (2) provided one phys-
iological landmark and the abrupt qui-
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escence on entering the fourth ventricle
another. This routine method for lo-
cating the granular layer was confirmed
in 18 cases by histological marking
techniques (/).

We have recorded a variety of uni-
tary potentials from this granular layer.
The most striking potential consisted of
an all-or-none, positive-negative bipha-
sic spike followed, after a brief delay
(0.8 to 1.6 msec), by a slower negative
wave of variable amplitude (Fig. 1).
The initial portion is designated the
B (biphasic) potential and the subse-
quent negative deflection, the negative
afterwave (NAW). Together they are
referred to as a B complex (3). We
have isolated 34 B complexes in the
course of 87 experiments. Although

encountered less frequently than other
wave shapes, B complexes have some
unusual features which make them the
subject of this report.

The B complexes shown in Fig. 1A
were elicited by a maintained extension
of the left hind limb. This produced a
train of B potentials, each of which was
followed by a NAW. The two superim-
posed traces (Fig. 1A) show only
three discharges from the train; the
B potentials are marked by dots and
the first, second, and nth NAW’s are
labeled. The amplitude of the NAW
decreased after the first discharge,
whereas the B potential was unchanged.
Another unit (Fig. 1B) responded with
a train of B complexes when the right
hind limb was touched. The superim-
posed traces, triggered on ‘the rising
phase of the B potentials, show each
NAW in the train. The amplitude of
the NAW declined progressively, the
first in the sequence being the largest
and the last the smallest.

Responses to electrical stimulation
of the spinal cord allowed a more
controlled investigation of the depres-
sion of the NAW produced by prior ac-
tivity. The dura overlying the spinal
cord was exposed by -boring a hole
through the carapace and vertebrae.
After slitting the dura, we placed a
monopolar electrode over the cord in
contact with the cerebrospinal fluid.
Shocks of 1 to 10 volts (0.1-msec
duration) activated many of the units
recorded in the granular layer. The B
complexes which were studied dis-
charged once at a fixed latency in re-
sponse to a single shock. The time
course of the depression of the NAW
was studied by observing the amplitude
of the second of the two NAW’s elicited
by paired shocks delivered to the spinal
cord. The depression was maximum
for intershock intervals of 5 to 10
msec (Fig. 1E). The NAW progres-
sively increased with longer intervals
(Fig. 1, F to H). Complete recovery
required up to 1 second.

The all-or-none nature of the B po-
tential indicates that it is a single action
potential. The delay between the B
potential and the NAW, as well as the
graded nature of the latter, suggests
that the NAW represents current at
postsynaptic structures. A waveform
similar to the B complex has been ob-
served with extracellular microelectrode
recordings at the giant synapse of
Loligo, the neuromuscular junction of
the rat and crayfish, and in the auditory
system (4, 5). In all these cases an
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