the rectum helps to account for the
effectiveness of rectal probing in facil-
itating lordosis and inducing immobi-
lization in rats; both effects are also
elicited by probing the vaginal cervix
(6).

Note added in proof. Kow and Pfaft
(20) have also found that the size of
the sensory field of the pudendal nerve
was increased by systemic estrogen
treatment.
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Rutgers—The State University of
New Jersey, Newark 07102
NorMAN T. ADLER
Department of Psychology, University
of Pennsylvania, Philadelphia 19104
JoHN HUTCHISON
Sub-Department of Animal Behaviour,
Cambridge University,
Cambridge, England
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Exper.

Neurotrophic Effect on Isolated Chick Embryo Muscle in Culture

Abstract. Acetylcholinesterase activity in cultures of dissociated skeletal muscle
prepared from the thigh muscle of the 10-day-old chick einbryo was increased by
the presence of innervating spinal cord explants, spinal cord explants in a parabi-
otic environment, and by media containing brain—spinal cord extract.

Numerous experimental observations
have indicated that motor neurons have
important trophic effects on muscle
(7). Recent reports indicate that many
in vivo observations of trophic influ-
ences of neurons can be reproduced in
cells grown in tissue or organ culture.
Peterson and Crain (2) observed that
neuritic contacts between explants of
spinal cord and muscle enhanced muscle
development in explants of fetal rodent
skeletal muscle. Kano and Shimada
(3) found that, when the dissociated

- thigh muscle of the embryonic chick

was grown in culture together with ex-
plants of spinal cord, the formation of
functional neuromuscular junctions re-

stricted the acetylcholine-sensitive area
of muscle cells to the junctional region.
In noninnervated fibers the whole sur-
face was sensitive to acetylcholine. -
Lentz (4) found that sensory ganglia in
direct contact with organ cultures of
forelimb muscle from adult newts pro-
duced a delay in the decrease in cho-
linesterase activity that normally oc-
curred as a result of denervation. A
similar effect was produced when the
sensory ganglia were separated from the
muscle by a Millipore filter. The addi-
tion of homogenates of nerve tissue to
the culture media also produced greater
activity of ‘muscle cholinesterase than
occurred in untreated muscle cultured

SCIENCE, VOL. 178



for the same period of time. We have
investigated the influence of innerva-
tion, the presence of noninnervating
spinal cord explants and of a brain-
spinal cord extract on the level of
acetylcholinesterase (AChE) activity in
cultures of the dissociated skeletal mus-
cle of the chick.

Spinal cord explants were taken from
10-day-old chick embryos, placed in
pairs on collagen-coated cover slips, and
cultured in roller tubes. After 4 days
in vitro, spinal cord cultures were pre-
sented with a drop of cell suspension of
dissociated muscle taken from 10-day-
old chick embryos. Thigh muscle was
dissociated by exposure to 1 percent
trypsin (Difco, 1 :250) in calcium- and
magnesium-free Puck’s solution for 30
minutes. After being washed three times
in Puck’s solution, loosened tissues
were transferred to the nutrient media
and dissociated into single cells by gen-
tle pipetting. Control muscle cultures
without spinal cord explants were also
maintained in vitro in an environment
identical to the combined cord-muscle
cultures. After 2 days in Maximow’s
slides, the cultures were transferred to
roller tubes and maintained for another
8 days. The nutrient media consisted
of 35 parts of horse serum, 35 parts of
medium 199, 5 parts of 10-day-old
chick embryo extract (whole brain and
spinal cord excluded), 22 parts of
Hanks balanced salt solution, and 3
parts of 20 percent glucose. At the end
of the culture period, the cultures were
rinsed with saline and homogenized
with a glass homogenizer. Acetylcho-
linesterase activity of muscle culture
homogenates was measured by deter-
mining the rate of hydrolysis of acetyl-
B-methylcholine with the use of radi-
ometer titrator and titrigraph (5). The
protein content of the homogenates was
measured by the method of Bonting
and Jones (6).

The morphological development of
muscle in tissue culture was similar to
that described (7, 8), although the oc-
currence of. mature myotubes was some-
what earlier in our study as compared
to previous studies (Fig. 1). Within 4 to
5 days in vitro, fully differentiated myo-
tubes with characteristic cross-striations
were present. At the same time both
synchronous and asynchronous contrac-
tions were observed. Microscopic ex-
amination of living cultures after 3 to
4 days in vitro revealed possible nerve-
muscle contacts in the form of axons
that appeared either to terminate on,
overlay, or run in parallel with the myo-
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Table 1. Changes in acetylcholinesterase activity in cultures of embryonic chick skeletal
muscle resulting from the influence of innervating nerve fibers, parabiotic spinal cord ex-
plants, and a brain-spinal cord extract (72). Each value is the mean =* standard error for

four assays (ten cultures per assay).

Type of culture

Methylcholine hydrolyzed per
milligram of protein

umole/hr ‘"f;j*;se P
Control 2.55 +0.16
Innervated (cultures) 5.48 = 0.33 115 <.001
Control 3.28 = 0.11
Parabiotic spinal cord tissue 6.25 = 0.51 90 < .001
Control 220 = 0.15
Brain-spinal cord extract 3.82 = 0.21 72 < .001

tubes. Impregnation with silver by a
modification of Bodian’s Protargol
method (9) made motor neurons and
axons readily apparent. Terminal axons
formed bulbous swellings or small
rings, which were in contact with the
striated myotubes (Fig. 2) (7, 8). Elec-
tron microscopic examination of the
nerve-muscle contact region revealed
terminal axons closely associated with
muscle fibers (Fig. 3). The nerve termi-
nals contained small mitochondria and
numerous spheroid vesicles 300 to 500
A in diameter. Myofilaments were ob-
served within the muscle. It was ap-
parent that the structures described
above are in fact neuromuscular junc-
tions as described in previous tissue cul-
ture studies (8, 70). Neuromuscular
junctions developed in vitro have been
demonstrated to be functional synaptic
contacts by electrophysiological studies
(3, 11). From the findings described
above it is evident that neuromuscular
junctions are formed in our cultures
after 7 days in vitro.

7 days in vitro) showing well-developed myotubes with cross striations.

The effect of innervation on cholin-
esterase activity of muscle was studied
by comparing AChE activity of inner-
vated muscle cultures and that of non-
innervated control muscle cultures. In
the cord-muscle cultures prior to ho-
mogenization, the spinal cord explants
were removed by dissection under an
inverted microscope. The AChE activity
in the innervated muscle cultures was
115 percent higher than in control
muscle cultures (Table 1). These results
are consistent with the view that in-
nervation influences the development
of AChE in muscle.

The effect of the presence of spinal
cord explants in a parabiotic condition
on AChE activity of muscle cultures
was also studied. Explants of 10-day-
old chick' embryo spinal cord were
cultured on collagen-coated cover slips
in roller tubes for 4 days, and then
these cord cultures and dissociated mus-
cle cell cultures (see above) that had
been grown for 2 days on cover slips in
Maximow’s ‘assembly were positioned

Fig. 2. A

terminal bulb (arrow) of an incoming nerve fiber (spinal cord-muscle culture, main-
tained for 7 days in vitro) is shown making contact with striated myotube. Bodian

method. Fig. 3. Two nerve terminals (spinal cord-muscle culture maintained 7 days
in vitro) containing numerous synaptic vesicles establishing synaptic contacts (arrows)
with myotubes (M).
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back-to-back in roller tubes, and main-
tained another 8 days in vitro. With
this procedure there was no direct physi-
cal contact between the two tissues
other than the common culture medi-
um. Muscle cultures exposed to spinal
cord explants in this parabiotic condi-
tion and control muscle cultures were
assayed for AChE activity. In muscle
cultures, which were exposed to the
media bathing the physically separated
spinal cord explants for 8 days, AChE
activity was almost twice that of the
control cultures (Table 1), an indication
that direct contact between nerve and
muscle is not essential for regulation of
AChE activity.

The results also indicate that the
trophic effect can be mediated by a dif-
fusible substance produced by spinal
cord tissue. We' therefore sought to
determine whether a brain—spinal cord
extract would promote AChE synthesis.
For that purpose, dissociated muscle
cultures (see above) were maintained in
nutrient fluids containing 5 percent
brain-spinal cord extract of 10-day chick
embryos in place of ordinary embryo
extract (brain and spinal cord excluded).
After 10 days in vitro, experimental
groups of muscle cultures grown in
medium with brain-spinal cord extract
and control muscle cultures were as-
sayed for AChE activity. The AChE
activity was higher in the muscle cul-
tures grown in the presence of brain
extract as compared to the control
muscle cultures grown in the absence
of brain extract (Table 1). These re-
sults show that brain—spinal cord ex-
tract is effective in inducing AChE ac-
tivity in muscle cultures.

Our results agree with both in vitro
and in vivo experimental findings of
trophic effects of neurons as they re-
lated to the control of cholinesterase
levels in skeletal muscle (/), and in
addition confirm the finding of Lentz
(4) that this effect can be produced in
the absence of functional synapses.

T. H. On, D. D. JoHNsoN
S. U. Kim*
Departments of Pharmacology and
Anatomy, University of Saskatchewan,
Saskatoon, Canada '
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Australia Antigen (Hepatitis B Antigen):
A Conformational Antigen Dependent on Disulfide Bonds

Abstract. Reduction and alkylation of purified hepatitis-associated Australia
antigen (hepatitis B antigen) resulted in a total loss of serologic activity. The
reduced and alkylated protein formed a single band with a sedimentation coeffi-
cient of 31S on analytical ultracentrifugation, and no subunits were detected by
Sephadex gel filtration. Although this preparation induced a delayed hypersen-
sitivity response when injected into guinea pigs, it failed to stimulate humoral
antibody formation. The data suggest that hepatitis B antigen is a conformational
antigen critically dependent upon the disulfide bonds of the protein moiety.

The discovery of Australia antigen
and its association with post-transfusion
“serum” hepatitis caused by hepatitis
type B virus (/) stimulated studies of
the natural history, epidemiology, and
prevention of hepatitis type B (I, 2).
Purified hepatitis B antigen, prepared
devoid of plasma protein by zonal ul-
tracentrifugation, has been used for
studies of structure and composition
(3). Determining the immunochemical
basis of the serologic specificity of the
hepatitis B antigen is essential for
understanding its molecular biology.
The fact that the antigen is unusually
resistant to enzymatic proteolysis (4)
necessitated an alternate approach to
its structural analysis. The antigen was
found to contain 6.5 moles of cysteine
per 100 moles of protein (6.5 mole
percent) (5). Reduction and alkylation
of the disulfide bonds of the cystine
residues resulted in complete loss of
antigenic activity.

Hepatitis B antigen was purified from
the plasma of a healthy carrier by a
combination of isopycnic banding and
rate sedimentation on cesium chloride
gradients (5). The purified antigen,
composed exclusively of particles 20
nm in diameter, was devoid of detect-
able human plasma proteins as deter-
mined by gel diffusion analysis with
antiserum to normal human serum.
Inert indicator red cells, coated by
exposure to antigen solution (0.5 mg/

ml) and then to 1.25mM chromic
chloride, were not agglutinated by
serial dilutions of antiserum to human
serum, but were agglutinated by anti-
serum to hepatitis B antigen at a
dilution of 1 :6000 (6).

A solution of purified protein (0.5
mg/ml) in 0.55M tris(hydroxymethyl-
aminomethane (tris) buffer, pH 8.0,
was treated with 0.2M fB-mercapto-
ethanol for 3 hours at 37°C, chilled to
0°C, and alkylated with 0.2M iced

Table 1. Effect of various treatments on sero-
logic specificity of hepatitis B antigen. The
antigen solution (0.5 mg/ml, in tris-HCl
buffer, pH 8.0) was treated with 0.2M
g-mercaptoethanol or 0.05M dithiothreitol with
and without alkylation with 0.2M iodoaceta-
mide. All materials were dialyzed against
saline, then against 1.0N acetic acid, The
reduced alkylated and reduced nonalkylated
proteins were tested with antiserum to hepa-
titis B antigen by hemagglutination inhibition
(HI) and countercurrent electrophoresis (CE).
A -+ for hemagglutination inhibition indicates

a titer comparable to control, untreated
antigen.

Treatment HI CE
B-Mercaptoethanol + +
B-Mercaptoethanol,

iodoacetamide — —_
p-Mercaptoethanol, urea + +
B-Mercaptoethanol, urea,

iodoacetamide — -
Iodoacetamide + +
Dithiothreitol + +
Dithiothreitol, iodoacetamide — -
Acetic acid + +
Urea + +
Control (untreated) + +
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