age than in the presence of ATP. In a
separate set of measurements, neither
fraction 2 nor insulin required the S0 uM
Mg?* normally present in the incubation
to produce a stimulation of pyruvate de-
hydrogenase activity (data not shown).

The above results demonstrate that
the factor isolated from insulin-treated
muscle, which has been suggested by
Larner ¢f al. (6) to be the chemical medi-
ator of insulin action, mimics insulin’s
activation of pyruvate dehydrogenase
activity in a subcellular preparation from
rat adipocytes. We identified the chro-
matographic fraction containing the in-
sulin-generated factor from muscle as
the one with the greatest activity report-
ed by Larner ¢t al. (6). This substance
activated pyruvate dehydrogenase activ-
ity under incubation conditjons similar to
those *under which insulin decreased
phosphorylation of the alpha subunit of
pyruvate dehydrogenase (2, 3) and acti-
vated the enzyme (¢). Both insulin and
fraction 2 increased pyruvate dehydro-
genase activity in the presence of Mg**,
Ca?**, and ATP and in the absence of
ATP or Mg?** and ATP. The effects of in-
sulin on pyruvate dehydrogenase activi-
ty in the adipocyte subcellular system
occurred only in the presence of both
plasma membranes and mitochondria,
whereas fraction 2 acted directly on
mitochondria in the absence.of plasma
membranes. This suggests that insulin
in this subcellular system genérates a
chemical mediator by its interaction with
the plasma membrane and that fraction 2
may contain this substance.

The mechanism by which insulin and
fraction 2, as well as concanavalifi A and
antibody to insulin receptor (4), stimu-
late pyruvate dehydrogenase activity ap-
pears to involve activation of a phospha-
tase activity and not inhibition of a ki-
nase activity. This conclusion is based
on the ability of these agents to act when
no ATP is included in the incubation me-
dium. Since the miitochondria them-
selves contain no measurable ATP (data
not shown), these agents cannot be act-
ing by inhibiting protein kinase activity.
This is consistent with observations on
the intact adipocyte which suggest that
insulin stimulates pyruvate dehydrogen-
ase by activating a calcium-sensitive
phosphatase which dephosphorylates
the alpha subunit of the enzyme leading
to an increase in the active dephospho-
rylated form of the enzyme (5). This con-
cept is supported by the observations of
McDonald ¢t al. (7) that insulin treat-
ment of adipocytes did not alter total
mitochondrial calcium but caused an in-
crease in the labile form of the cation and
a decrease in the stable form. This
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change in calcium pools could bé respon-
sible for activating the phosphatase. This
model is also consistent with the demon-
strated ability of the material in fraction
2 to stimulate phosphoprotein phospha-
tase activity (6). _

Our studies support the suggestion
that the factor isolated from insulin-
treated muscle (6) is the chemical media-
tor for insulin action. Another possible
candidate for this role, H,O, (8), has
been tested in the adipocyte subcellular
system and found not to stimulate pyru-
vate dehydrogenase activity (data not
shown). An interesting correspondence
betweer the activity of the material .in
fraction 2 (6) and of insulin, con-
canavalin A, and antibody to insulin re-
ceptor in the adipocyte subcellular sys-
tem (4) is their diminished effect at high
concentiations. This behavior has also
been reported for an insulin-dependent
cytoplasmic material from liver which
stimulates Ca** uptaké by isolated mito-
chondria (9). Further studies are neces-
sary to isolate and characterize the
chemical mediator generated by insulin
in the adipocyte subcellular system in or-

der to determine whether it is identical to
the insulin-generated material isolated
from muscle (6) or that from liver (9), or
both.

L. JARETT, J. R. SEALS
Division of Laboratory Medicine,
Departments of Pathology and
Medicine, Washington University
School of Medicine, and Barnes
Hospital, St. Louis, Missouri 63110
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Generation by Insulin of a Chemical Mediator That Controls

Protein Phosphorylation and Dephosphorylation

Abstract. Deproteinized skeletal muscle extracts free of major nucleotides from
control and insulin-treated rats were fractionated and assayed for inhibition of pro-
tein phosphorylation by cyclic adenosine monophosphate (AMP)-dependent and -in-
dependent protein kinases. A differential effect of insulin on a particular fraction was
observed on cyclic AMP-dependent protein kinase but not on cyclic AMP-indepen-
dent protein kinases. This fraction that inhibited cyclic AMP-dependent protein ki-
nase also stimulated glycogen synthase phosphoprotein phosphatase. It is proposed
that this fraction may contain a mediator substance generated in the presence of

insulin.

A chemical intermediate in the mecha-
nism of action of insulin was proposed to
explain the dissociation of insulin stimu-
lation of glucose transport and glycogen
synthesis (/). In keeping with this hy-
pothesis, we have established two sepa-

rate biochemical mechanisms for the ac-
tivation of glycogen synthase in the ab-
sence and in the présence of a
transportable hexose (2). Prior to this
work we had already established that in-
sulin activated glycogen synthase with

Table 1. Inhibition of cyclic AMP-dependent protein kinase by column fraction 2 from Sephadex
G-25 chromatography. Column fraction 2 from control and insulin-treated rat skeletal muscle
extracts was lyophilized and redissolved in 1 ml of 0.05N formic acid. The reaction mixture for
the protein kinase assay contained (total volume, 90 ul) 5 ul of inhibitor fraction, 8 mM MgCl,,
120 mM morphoethanesulfonic acid (MES) buffer (pH 6.6), 0.12 mM [y-**P]ATP (800 to 1000

cpm/pmole), 0.40 mg of histone per milliliter
and, whén present, 2.5 uM cyclic AMP.
After 10 minutes at 30°C, 15-ul portions
were pipetted onto instant thin-layer chro-
matography strips (ITLC; Gelman) that
were then spotted with 20 percent trichloro-
acetic acid, | mM ATP, and 4 mM P;. Strips
were thén chromatographed in 5 percent
trichloroacetic acid containing 0.2M KCl, and
analyzed for radioactivity (/2).
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Inhibition of

protein kinase Net
: effect
Cyclic (%) due to
AMP Con- In- i“f;““
trol sulin (%)
None 45.6 60.4 33
Present 52.1 63.0 21
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no change in basal cyclic adenosine
monophosphate (AMP) concentrations
(3). We have also demonstrated that two
high-molecular-weight materials each in-
teracted in the insulin mechanism: (i) a
pituitary diabetogenic peptide (25,000
daltons) which blocked the action of in-
sulin, yet had weak agonist activity ()
and (ii) a human antibody receptor
(150,000 daltons) which was indistin-
guishable from insulin in its agonist ac-
tivity (5). From these experiments we ar-
gued that insulin acted initially at the cell
membrane (6). Thus, it seemed reason-
able to suppose that, as a result of the
interaction, a mediator substance might
be formed. To test this hypothesis, we
used the cyclic AMP-dependent protein
kinase as a bioassay since we (7) initially
and others subsequently (8) had demon-
strated that the protein kinase was pres-
ent to a greater extent as a holoenzyme,
which was decreased in enzyme activity,
and in its capacity to bind and be activat-
ed by added cyclic AMP after insulin
treatment (9).

In 1974 we first reported (/0) that an

Table 2. Action of fraction 2d on cyclic AMP-
dependent and -independent protein kinases.
Sephadex G-25-fraction 2 (see Fig. 1) was
chromatographed on thin-layer chromatogra-
phy cellulose sheets in a mixture of ammo-
nium acetate and ethanol (pH 3.8). Six frac-
tions, a to f, were eluted with 0.0SN formic
acid, lyophilized, redissolved in 0.05N formic
acid, and assayed with cyclic AMP-depen-
dent and -independent protein kinases. Cyclic
AMP-dependent protein kinase was assayed
(as in Table 1), with homogeneous protein ki-
nase from skeletal muscle (0.01 mg/ml). Inde-
pendent protein kinases were assayed by the
method described in Table 1 with the follow-
ing modifications: The independent Kinases
were assayed at pH 6.8 while phosphorylase b
kinase was assayed at pH 7.4. Glycogen syn-
thase I (0.29 mg/ml) was substrate for all the
independent kinases. Cyclic AMP-indepen-
dent kinases were prepared as described (/4).
The enzyme PC 0.4 (phosphocellulose column
fraction eluting with 0.4M KCl) was present at
a final concentration of 0.18 mg/ml; PC 0.7 at
0.09 mg/ml. The reaction mixtures contained
0.5 mM EDTA and 0.2 mM EGTA; phos-
phorylase b kinase was added to a final con-
centration of 6.3 ug/ml and CaCl, to a final
concentration of 1.2 mM.

Inhibition of Net

protein Kinase effect
Condition (%) due to
insulin

Control Insulin (%)

Cyclic AMP-dependent protein kinase
— Cyclic AMP 70.0 93.0 33
+ Cyclic AMP 38.0 74.0 95

Cyclic AMP-independent protein kinase

PC0.4 70.0 64.0

PC0.7 82.0 79.0

Phosphorylase b 69.0 68.0
kinase

21 DECEMBER 1979

Fig. 1. Sephadex G-25
chromatogram of a skeletal
muscle extract that had
been deproteined and from
which the major nucle-
otides had been removed For
by paper chromatography.
Frozen muscle powder (25
g) was heat-treated, ex-
tracted, and chromato-
graphed on paper. After
elution, lyophilization, and
reconstitution, 5 ml of the
purified paper eluate was
applied to the column; the
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developed with the same

460 500 540 580

Fraction (Tube No.)

solution; 2.5-ml fractions were collected at a flow rate of 15 drops per minute in a fraction col-
lector and then analyzed for absorbancy at 230 and 260 nm and for ninhydrin reactivity.

acid- and heat-stable substance that
inhibits the cyclic AMP-dependent pro-
tein kinase is generated early in insulin
action. We subsequently showed that the
inhibitor resulted in a decreased binding
of cyclic AMP to the protein kinase (6,
9). We now report additional purification
steps, describe an initial characterization
of the material, and show that it acts also
to activate the phosphoprotein phospha-
tase that converts glycogen synthase to
its active form. Jarett and Seals have
demonstrated that this material, like add-
ed insulin, activates mitochondrial pyru-
vate dehydrogenase by dephosphoryla-
tion in a subcellular system in rat adipo-
cytes (//). For these reasons we now
term this material an insulin-mediator
substance.

Rats were anesthetized with Nembutal
for 15 minutes and then given insulin (4
U/kg) or saline intravenously. Hind leg
muscle was removed 5 minutes later, and
was rapidly frozen in liquid nitrogen.
Blood samples were taken for glucose
analysis. In the animals receiving insulin
the mean blood glucose concentration
decreased from 151.7 to 102.9 mg/dl, and
muscle glycogen synthase was activated
from 26.1 to 35.7 percent independent or
I form. Frozen powdered muscle (25 g)
was deproteinized by heating at 100°C
for 3 minutes, adding two volumes of
acetic acid (pH 3.8) containing 0.1 mM
EDTA and 0.1 mM cysteine at 100°C,
and heating for 4 minutes. The mixture
was cooled on ice, centrifuged to remove
particulate denatured protein, and fil-
tered through glass wool; the clear yel-
lowish supernatant was lyophilized. The
tan powder was dissolved in 7.5 ml of
0.05N formic acid and streaked on
washed Whatman 3MM filter paper
sheets (46 by 57 cm); two papers were
used for each 25 g of original muscle. Pa-
per chromatography was performed with
a mixture of 0.1M ammonium acetate

and 95 percent ethanol (3:7) (pH 3.8) at
room temperature in tanks flushed with
nitrogen; the papers were then dried at
room temperature. The adenosine tri-
phosphate, diphosphate, and mono-
phosphate (ATP, ADP, and AMP, re-

Fraction 1

Fraction 3

Fraction 2
50 f— "

Glycogen synthase phosphatase (percent of control)

| | |
4 10 20
Sephadex G-25 fraction (ul)

Fig. 2. Activation of glycogen synthase phos-
phoprotein phosphatase by Sephadex G-25
column fractions. Varying amounts of re-
constituted fractions 1, 2, and 3 from insulin-
treated rat skeletal muscle extract were lyo-
philized and redissolved in 0.2 ml of 140 mM
MES (pH 7.0) containing glycogen synthase D
(0.2 mg/ml) and a crude glycogen synthase
phosphoprotein phosphatase (2.8 mg/ml). Af-
ter incubation at 21°C for 20 minutes, 20-ul
portions were removed for glycogen synthase
assay in the absence and presence of glucose
6-phosphate. The reaction mixtures for the
glycogen synthase assay contained (total vol-
ume, 90 ul) 4.4 mM uridine diphosphate glu-
cose, 13.3 mM EDTA, 100 mM potassium
fluoride, 6.7 mg of glycogen per milliliter,
7.2 mM glucose 6-phosphate, if present, and
33 mM tris buffer (pH 7.8). The mixtures were
incubated for 10 minutes at 30°C and analyzed
(i3).
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spectively) zones were identified and cut
away. The remaining material was eluted
with 0.0SN formic acid and lyophilized.
The dried material was taken up in 5 ml
of 0.05N formic acid and chromato-
graphed on Sephadex G-25 (column, 5 by
83 cm). Five fractions or peaks were
identified (Fig. 1). There was evidence
for peptide throughout the chromato-
gram from the absorbance at 230 nm and
especially in fraction 2, where the major
230-nm peak corresponded with the nin-
hydrin-positive peak.

Molecular sieving of the biologically
active ninhydrin fraction 2 indicates that
its molecular size is between 1000 to
1500 daltons. Two and sometimes three
260-nm absorption peaks eluted later and
were ninhydrin-negative. When these
fractions were tested in the cyclic AMP-
dependent protein kinase assay, inhib-
itory activity appeared in fractions 1 to 3;
the major activity was in fraction 2,
which also was the only fraction with in-
creased inhibitory action of insulin, as
compared to the control, whether the as-
say was performed in the presence or ab-
sence of cyclic AMP (Table 1).

Fractions | and 2 extracted from in-
sulin-treated muscle also activated
muscle phosphoprotein phosphatase in a
dose-dependent manner, with fraction 2
being more potent (Fig. 2). At higher
concentrations, fraction 2 had an inhib-
itory effect on the phosphatase. This ef-
fect may be due to the impure nature of
the material. Fraction 3 was very weakly
inhibitory. Further purification of frac-
tion 2 by thin-layer chromatography (cel-
lulose; ammonium acetate developer,
and ethanol, pH 3.8) produced six frac-
tions, which were assayed. Fraction 2d,
which contained the inhibitor of the
cyclic AMP-dependent protein kinase,
demonstrated the difference between
control and insulin in the absence, as
well as in the presence, of cyclic AMP.
To determine the specificity of the pro-
tein kinase inhibition, fraction 2d was
tested on three different cyclic AMP-in-
dependent protein Kkinases, including
phosphorylase b kinase. No difference
between control and insulin was ob-
served (Table 2), indicating that the ma-
terial had specificity for the cyclic AMP-
dependent protein kinase. Samples of all
fractions separated by Sephadex G-25
column chromatography were lyophi-
lized for activity on mitochondrial pyru-
vate dehydrogenase (//).

Because of its ability to mimic the ac-
tion of insulin on cyclic AMP-dependent
protein kinase, phosphoprotein phospha-
tase, and pyruvate dehydrogenase, we
suggest that this peptide or peptidelike
substance may constitute an insulin me-
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diator. This material may be derived in
some way from insulin or from the cell
membrane, although we cannot exclude
an intracellular origin.
J. LARNER, G. GALASKO
K. CHENG, A. A. DEPAOLI-ROACH
L. Huang, P. DaGay, J. KELLOGG
Department of Pharmacology,
University of Virginia School of
Medicine, Charlottesville 22908
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Derived X Chromosome in the Turtle Genus Staurotypus

Abstract. C-banding, G-banding, and silver (Ag-AS) staining techniques reveal a
distinctive sex chromosome system in the turtle Staurotypus salvinii. Unlike pre-
viously described systems in most other vertebrate groups in which the Y or W is
derived and the homogametic sex represents the primitive condition, the reverse is
true for S. salvinii. The X chromosome is derived; thus the homogametic sex (female)
is more derived than the heterogametic sex. The male is intermediate between the
Sfemale and the ancestral condition observed in other turtle species. Staurotypus does
not conform to the general model of sex chromosome evolution for diploid dioecious

organisms.

The only known case of hetero-
morphic sex chromosomes in turtles was
reported by Bull ¢t al. (1) for the genus
Staurotypus (Kinosternidae; Stauroty-
pinae); an XX/XY sex chromosome sys-
tem in which the male is the hetero-
gametic sex. Bull ¢t al. (/) examined
three male and two female S. salvinii and
two male and one female S. triporcatus.
In addition, we have examined one male
and three female S. salvinii. The X is
subtelocentric, with a secondary con-
striction on the long arm near the centro-
mere, and the Y is acrocentric (Fig. 1).
Evidence from meiotic pairing indicates
these elements are homologous along
most of their length except for a short,
unpaired terminal segment, probably
corresponding to the secondary con-
striction and short arm in mitotic prepa-
rations [figure 2, ¢ and d, in Bull ¢ al.
(1)]. We now report our studies of this
sex chromosome system with C-band-
ing, G-banding, and silver (Ag-AS) stain-
ing techniques.

Metaphase chromosomes were har-
vested from fibroblast cell cultures initi-
ated from heart biopsies as described for
turtles (2, 3). G-bands were induced by
the trypsin treatment (4), constitutive
heterochromatin was stained by Sum-
ner’s procedure (5), and the ammoniacal
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silver (Ag-AS) technique (6) was used to
locate the nucleolar organizer regions
(NOR’s). The last three pairs of chromo-
somes in the group B complement do not
band as distinctly as the first two pairs
(Fig. 1) (2, 3); but the long arm of the sex
chromosome pair in S. salvinii appears
to be homologous to the third group B
pair in Chinemys reevesi. The G-band
negative short arms are clearly visible on
the X chromosomes (Fig. 1, B and C),
while the secondary constriction on the
long arm is best seen in a standard ka-
ryotype [figure 1 in (/)] or C-band prepa-
ration (Fig. 1D). The Y chromosome is
acrocentric and homologous to an acro-
centric pair in Chinemys reevesi (Fig.
1A) and several other turtle genera (2, 3,
7). Our C-band preparations of several
Staurotypus cell cultures all showed that
heterochromatin is restricted to the cen-
tromeric regions except for the X
chromosome, in which the short arm, the
centromeric region, and the secondary
constriction region of the long arm are all

heterochromatic (Fig. 1D). The Ag-AS

staining shows that these secondary con-
strictions on the X chromosomes in .
salvinii contain the NOR’s, the locations
of genes coding for 185 and 28S ribosom-
al RNA (Fig. 2).

An interesting feature of the sex
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