conversion of tyramine to octopamine
are stimulated by extracts from cock-
roach ganglia and hemolymph (7), and
that octopamine itself is present in high
concentrations in the thoracic nerve
cord of the lobster (6). Unfortunately,
the absolute levels of octopamine -are
not known for the thoracic ganglia of
the cockroach. In addition, although it
has been suggested that octopamine
might function as a primary neuro-
transmitter in those invertebrate species
in which it is found in high concentra-
tions (6), there have been as yet no
reported investigations of possible elec-
trophysiological effects of octopamine
on invertebrate nerve cells. It is known,
however, that norepinephrine and dopa-
mine, both of which increased gangli-
onic cyclic AMP in our experiments,
are excitatory when applied to neurons
of the cockroach abdominal ganglia
(15). Because octopamine also increased
cyclic AMP in intact ganglia, it will be
important to determine whether this
phenolic amine has any effects on the
electrical activity of nerve cells in this
or similar ganglia. In this regard, it is
of interest that octopamine-stimulated
adenylate cyclase activity, in our exper-
iments, was 2.2-fold higher in cock-
roach thoracic ganglia themselves than
in the interganglionic nerve connectives
(data not shown), suggesting that the
enzyme may be localized more in nerve
cell bodies and synaptic areas than in
axons (of which the connectives are
composed).

It has been shown (8) that octopa-
mine can activate phosphorylase in
cockroach nerve cord, and it was sug-
gested that this glycogenolytic effect of
octopamine in insects might be medi-
ated through an increase of cyclic AMP.
If the activation of phosphorylase by
octopamine in the cockroach is, in fact,
mediated through an increase in cyclic
AMP, a possibility supported by our
results, this would not rule out a pos-
sible role (6) of octopamine as a neuro-
transmitter. Indeed, our demonstration
in invertebrate ganglia of an adenylate
cyclase specifically sensitive to low con-
centrations of octopamine provides a
possible mechanism by which this phe-
nolic amine could be involved both in
the regulation of carbohydrate metabo-
lism as well as in the physiology of
synaptic transmission.

JAMES A. NATHANSON
PAuL GREENGARD
Department of Pharmacology,
Yale University School of Medicine,
New Haven, Connecticut 06510
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Activation of Hemoglobin C Synthesis in Sheep Marrow Culture

Abstract. Erythropoietin preferentially stimulates hemoglobin C synthesis in
sus:pension cultures of marrow cells from sheep homozygous for hemoglobin A;
the amount of synthesis is dependent on the dose of erythropoietin and is blocked
by antiserum to erythropoietin. The results provide the first in vitro evidence that
erythropoietin mediates the hemoglobin A — C “switch” in sheep and indicate
that bone marrow cultures may be used to investigate the mechanisms involved
in the preferential gene activation characteristic of the hemoglobin A — C system.

Goats and sheep possess the unusual
property of synthesizing a new hemo-
globin under the influence of a variety
of erythropoietic stimuli (7). Thus, when
sheep homozygous for hemoglobin A
(Hb A) are made anemic, their hemo-
globin type switches to C (Hb C) be-
cause of the selective synthesis of [BC
globin chains (2). No such alteration is
seen in animals homozygous for hemo-
globin B (Hb B). These alterations in
hemoglobin synthesis, under the influ-
ence of external factors, are of particu-
lar interest in that they provide a model

for study of the mechanisms involved in
differential gene activation in higher
organisms. While several lines of in
vivo study have provisionally identified
the switching factor as erythropoietin
(ESF), investigation into the mecha-
nisms of the switch has been limited by
the size of the animal and the length of
time for the effect to be seen. We
report that the hemoglobin A — C
switch may be induced in vitro in sus-
pension cultures of sheep marrow cells
from animals with Hb A.

Five healthy and hematologically
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normal sheep, shown to have only Hb A
by hemoglobin electrophoresis, were
studied. Cell preparation and culture
techniques were modified from those of
Krantz et al. (3). Bone marrow cells
were aspirated under sterile conditions
from the posterior iliac crest of un-
anesthetized animals, and the aspirate
was placed immediately into 5 to 10 ml
of cold Hanks balanced salt solution
(BSS) (Grand Island Biologicals) con-
taining heparin (10 unit/ml). The cells
were centrifuged at 4°C for 10 minutes
at 200g, washed twice with additional
BSS, and suspended at a final concen-
tration of 5 X 10% trypan blue dye-
excluding cells per milliliter of NCTC-
109 (Microbiological Associates) con-
taining 10 percent autologous serum.
A 1-ml portion of cell suspension was
added to each culture dish (10 by 35
mm) (Falcon Plastics); one or two
culture dishes were used for each data
point. Human ESF of high potency
(4) was added to appropriate cultures.
The suspensions were incubated for 36
hours in a mixture of 95 percent air

and 5 percent CO, at 100 percent
humidity in a tissue culture incubator
at 37°C. At that time, either homolo-
gous transferrin labeled with 0.5 to 1.0
pc of 59Fe (10 to 25 mc/mg; New
England Nuclear) or 10 pc of [MC]-
leucine (23.3 mc/mmole; Amersham/
Searle) was added to label heme or
globin, respectively. The incubation was
then continued for an additional 12
hours. The cells were harvested and
washed twice with phosphate-buffered
saline (pH 7.35). Lysates prepared
from cultured cells were chromato-
graphed on diethylaminoethyl Sephadex
(A-50) (5) in the presence of un-
labeled carrier Hb A and Hb C. The
eluted hemoglobin peaks were con-
centrated, and the relative synthesis of
Hb C was estimated from the radio-
activity in the Hb A and Hb C peaks.
Globin chains were separated by car-
boxymethyl (CM-) cellulose chroma-
tography by the method of Clegg et al.
(6).

The proportion of newly synthesized
Hb C in the control (no ESF) cultures,

was 2.34 = 0.32 percent (standard er-
ror of mean) as determined by heme
labeling in ten experiments, and was
5.60 = 1.25 percent as determined by
globin labeling in four experiments. In
the %9Fe experiments, a 2- to 18-fold
stimulation of total hemoglobin syn-
thesis was achieved with ESF (7), with
a preferential synthesis of Hb C (Fig.
1A). In addition, the content of Hb C
was directly related to the overall de-
gree of in vitro response (Fig. 1B).
Thus, the amount of Hb C increased
as much as 200-fold during the culture
period, while that of Hb A increased
13-fold (8).

Carboxymethyl cellulose chromatog-
raphy of globin chains from control
cultures after [1*C]leucine labeling dem-
onstrated that no discernible radioactiv-
ity was in the BC¢ peak. With ESF
stimulation, however, specific and ap-
proximately equal labeling was observed
in separated 8¢ and «C peaks, results
confirming new B¢ chain synthesis (Fig.
2).

In several simultaneously established
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Fig. 1 (left). Hemoglobin C synthesis in suspension cultures of 0051
sheep bone marrow. The graphs show data for *Fe heme radio-
activity in chromatographically separated Hb A and Hb C
peaks and illustrate the preferential stimulation of Hb C Q4=

synthesis by ESF. (A) The effect of ESF on the proportion of

Hb C in ten separate experiments is shown. Differences in
responsiveness may be attributed to differences in culture condi-
tion -as well as to variations in the quantity of added ESF. (B)
The relation between the increase in total hemoglobin synthesis (expressed as ratio of labeled hemoglobin in stimulated cultures to
that in control cultures) and the percentage of Hb C in response to ESF is shown. Basal Hb C synthesis (mean + S.E.M.) foi
ten studies is indicated (ratio = 1). The correlation coefficient (r) is .94, and the origin cannot be separated statistically from

the line of regression.
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Fig. 2 (right). CM-cellulose chromatography of globin chains from isolated Hb C. The absorbance

(solid circles) and radioactivity of [“C]Jleucine (open circles) are shown for control cultures (bottom) and ESF-stimulated cul-
tures (top). A concentration gradient of 0.005M to 0.03M Na.HPO, was used to elute chains.
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Fig. 3. Relation between ESF dose and
percentage of Hb C synthesis in culture
and the blocking effect of antiserum to
ESF.

cultures, different doses of ESF were
added to determine the dose-response
relation of ESF to Hb C synthesis. As
shown (Fig. 3), there was a direct dose
dependence between ESF and Hb C
synthesis, which was completely blocked
by the simultaneous addition of anti-
serum capable of neutralizing the bio-
logical activity of ESF (9).

These studies demonstrate that the

switch from Hb A to Hb C synthesis
" can be induced in suspension cultures
of marrow from nonanemic sheep and
provide the first in vitro evidence that
the switching substance is ESF. Pref-
erential Hb C synthesis resulted from
and depended on the dose of added
human ESF, an effect that was com-
pletely blocked by the addition of neu-
tralizing antiserum. Similar to results
for rat marrow cultures, the ESF re-
sponse in this system is dependent on
cell proliferation. Thus, ionizing ir-
radiation in low doses blocks ESF-de-
pendent hemoglobin synthesis.

The high correlation between the per-
centage of Hb C synthesized in culture
and total hemoglobin synthesis in re-
sponse to ESF (Fig. 1B) points up
an important feature that may apply
in the intact animal. The marrow re-
sponse in this system is totally ESF-
dependent; since total hemoglobin syn-
thesis and Hb C content are linearly
related, the amount of Hb C synthesized
in the nonanemic animal may be due
to endogenous concentrations of ESF.
Thus, any increase above normal in
total hemoglobin synthesis predictably
should be accompanied by a preferential
increase in Hb C synthesis. While these
data do not offer information as to the
mechanism by which ESF exerts its
differential effect, the relatively simple
method may lend itself to the elucida-
tion of these mechanisms.

JoHN W. ADAMSON
GEORGE STAMATOYANNOPOULOS
Department of Medicine, University
of Washington, Seattle 98195
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Somatomedin: Inhibition of Adenylate Cyclase Activity
in Subcellular Membranes of Various Tissues

Abstract. Somatomedin in concentrations between 3 and 20 units per milliliter
significantly inhibits the basal activity of adenylate cyclase in crude membrane
preparations obtained from homogenates of fat cells, liver, and spleen lympho-
cytes of the rat, and from chondrocytes and cartilage of chick embryos. The
enzyme activity measured in the presence of stimulating hormones (epinephrine,
prostaglandin PGE,, parathyroid hormone) is also inhibited in these preparations
by somatomedin. These observations may be relevant in a general way to the
mechanism of action of growth-promoting substances and to the processes which

normally regulate cell growth.

Somatomedin is the term which has
been proposed (I) to designate an
apparently unique plasma hormone
which is responsible for the activities
of “sulfation factor” and “thymidine
factor,” and which is similar to if not
identical with the acid ethanol-soluble
component of serum which elicits non-
suppressible insulin-like activity (2).
Although the mechanism of production
and the precise physiological signifi-
cance of somatomedin are not known,
it appears to play an important role in
mediating the effects of growth hor-
mone on skeletal as well as nonskeletal
tissues. This hormone, whose activity
may be attributed to a neutral peptide
with a molecular weight of about 8000
(3), enhances the rate of incorporation
of thymidine into DNA (4) and uri-
dine into RNA (5), and it stimulates
the conversion of proline to hydroxy-
proline in cartilage (6). In addition,
somatomedin at physiologic concentra-
tions exhibits striking insulin-like effects
(7) in adipose tissue which have re-
cently been correlated with specific ‘in-

teractions of this hormone with insulin
receptors of plasma membranes. Physi-
ological concentrations of somatomedin
effectively compete with ['2?5I]insulin
for receptor sites on isolated fat cells,
liver membranes, and isolated chondro-
cytes (8). Since the final purification
of somatomedin has not yet been
achieved, it is not known whether this
biological activity can be attributed to
a single peptide or to multiple species
of closely related peptides. The possible
relationship of somatomedin to other
insulin-like pleiotypic peptides has
been pointed out previously (8).

The present report describes a bio-
chemical effect of a partially purified
preparation of somatomedin in a sub-
cellular system—the inhibition of
adenylate cyclase activity in crude
membrane preparations of various tis-
sues. Similar inhibition of adenylate
cyclase activity has been described for
insulin in membrane preparations of
fat cells (9) and liver (9), in fat cell
ghosts (10), and in membranes ob-
tained from Neurospora crassa (11).
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