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1. Introduction 

Insulin can decrease as well as increase phosphoryl- 
ation of specific plasma membrane proteins in target 
ceils. Direct addition of insulin to adipocyte plasma 
membranes decreased phosphorylation of a protein 
Mr 120 000 [ 1 ] and increased phosphorylation of a 
protein&f, 61 000 [2]. In liver plasma membranes 
insulin decreased phosphorylation of 2 proteins Mr 
120 000 and ?vfr 60 000 [3]. In liver plasma mem- 
branes it has also been shown that insulin inhibits 
the cyclic AMP-dependent phosphorylation of 2 
integral proteins Mr. 140 000 and Mr 80 000 while 
insulin in the presence of cyclic AMP increased phos- 
phorylation of 3 peripheral proteins Mr 52 000, 
28 000 and 14 000 [4]. Insulin decreases phosphoryl- 
ation of a protein i&f, 90 000 (unpublished) and 
increases phosphorylation of protein Mr 15 000 [5] 
in sarcolemma membranes. The effect of insulin on 
phosphorylation of the latter protein was enhanced 
by addition of GTP [6]. Control of membrane 
protein phosphorylation by insulin may be of impor- 
tance in the initial steps of insulin action. This 
indicates investigation of the composition of the 
insulin sensitive phosphorylated membrane proteins. 
We report here the isolation of the insu~n-dependent 
phosphorylated protein Mr 15 000 from sarcolemma 
membranes. This protein has now been characterized 
as a proteolipid consisting of 3 different polypeptide 
subunits associated with phospholipids. Only one of 
the polypeptide subunits Mr 3600 is phosphorylated. 

2. Experimental 

Sarcolemma membranes prepared as in [ 51 were 
incubated with [Y_~~P] ATP + Mg2+. The [32Pl phos- 
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phorylated low Mr protein was purified by gel fitra- 
tion on Sephadex G-l 00, extracted with acid chloro- 
form/methanol, chromato~aphed on Sephadex LH-20 
according to [7,8] and finally subjected to gel fitra- 
tion on Sephadex G-25. In a typical experiment 
sarcolemma membranes (3-4 mg protein) were sus- 
pended in 50 mM Tris-HCl (PH 7.4) containing 1 mM 

EDTA and incubated with 100 PM [Y-~~P]ATP + 
20 mM MgC12 for 30 s at 30°C in a total volume of 
1 .O ml. The reaction was terminated with 10% tri- 
chloroacetic acid containing 1 mM ATP + 10 mM 
K2HP04. After centrifugation the residue was washed 
6 times with the trichloroacetic acid-ATP-I&HP04 

mixture. After a final wash with 2% trichloroacetic 
acid the residue was freeze-dried and then dissolved 
in 50 mM Tris-HCl @H 7.4) containing 2% SDS. 
After centrifugation the clear supernatant fraction 
was subjected to gel filtration on Sephadex G-100. 
The column was eluted with 50 mM Tris-HCI (pH 7.4) 
containing 1% SDS. The 32P-iabeled fraction identi- 
fied as theMr 15 000 protein by SDS-polyacrylamide 
gel electrophoresis was lyophilized and extracted with 
c~oroform~methanol(2: I) containing 10 mM HCl 
for 3 h at 20°C and was then applied to a Sephadex 
LH-20 column equilibrated with the same chloroform/ 
methanol mixture. After elution the 32P-labeled pro- 
tein fraction was evaporated to dryness under a stream 
of N2. The residue was dissolved in 0.1 N acetic acid 
and subjected to gel ~ltration on a Sephadex G-25 
column equilibrated with 0.05 N acetic acid. The 
32P-labeled protein fraction was subjected to amino 
acid analysis. The fractions were tested for protein 
as in [9]. SDS-polyacrylamide gel electrophoresis 
was done as in [ 10,l 11. Mr-values of the 32P-labeled 
protein fractions were calculated according to appro- 
priate standards as shown on the figures. Samples for 
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amino acid analysis (140 pg) were hydrolyzed in 6 N 
HCl for 24 h in vacua. Analyses were performed with 
Bio CAL BC 200 amino acid analyzer. Thin-layer 
chromatography was done according to [ 121. 32P- 
Radioactivity was determined by scintillation counting. 

3. Results 

As shown in fig.1 32P-phosphorylation of the 

membrane protein M, 15 000 was enhanced by incu- 
bation of the membrane in the presence of concana- 
valin (con) A. The effect of con A was of the same 
order of magnitude as exerted by insulin + GTP. 
This effect was not unexpected since con A is known 
to exert a series of insulin-like effects on membrane 
and enzymes by triggering the insulin receptor. To 
obtain information on the composition of the phos- 
phorylated protein M, 15 000 a purification proce- 
dure involving extraction with chloroform/methanol 
was applied. Initially the 32P-phosphorylated mem- 

brane was subjected to gel filtration on Sephadex 
G-100. As shown in fig.2A two major “P-labeled 
fractions were separated by this procedure. Protein 

fraction II was eluted slightly before cytochrome c 
(standard) and identified as the protein of M, 15 000. 
Protein fraction II was freeze dried, extracted with 
chloroform/methanol and chromatographed on a 
Sephadkx LH-20 column equilibrated with chloro- 
form/methanol. As shown in fig.2B three different 

Fig.1. The stimulatory effect of insulin and con A on phos- 
phorylation of sarcolemma membrane protein Mr 15 000. 

The procedure was as in [ 5 1: (A) control;(B) incubation of the 
membrane with insulin (1 mu/ml); (C) incubation of the 

membrane with insulin (1 mu/ml) + 1 PM GTP; (D) incuba- 

tion of the membrane with 50 Mg con A. 

protein fractions were separated by this column. The 
32P-labeled fraction I was eluted before ATP, Pi and 
phospholipid standards. After evaporation this frac- 
tion was subjected to gel filtration on Sephadex G-25. 
The 32P-labeled protein was eluted as a single peak 
slightly before glucagon (standard). Protein fractions 
II and III eluted from the Sephadex LH-20 column 
did not contain 32P-radioactivity. The protein content 
of the fractions I, II and III amounted to 36%, 37% 
and 26%, respectively, of the protein applied to the 
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column (mean of 3 different expt). Tbin-layer chro- 
matography of fraction I failed to reveal the presence 

of phospholipids. Fraction II contained mainly phos- 

phatidyle~anolamine and in addition small amounts 

of phosphatidylcholine and phosphatidylserine. Frac- 

tion III mainly contained phosphatidylserine and in 

addition phosphatidylcholine. The protein content 

of the protein fraction soluble in chloroform/methanol 

amounted to 5% (range 4.6-5.7%) of the total mem- 

brane protein. The 32P-labeled subfraction I amounted 

to 1.8% (range l&2.1%) of the total membrane pro- 

tein. 

M,-Values of the 32P-phosphorylated fractions 

were determined by SDS-polyacrylamide gel electro- 

phoresis. Solubibzation of the membrane in the 

presence of SDS followed by electrophoresis revealed 
a 32P-labeled peak corresponding to M, 15 500 (mean 
of 10 expt) (Ag.3A). After extraction of 32P-labeled 
membrane in chloroform/methanol this j2P-labeled 
peak was greatly decreased in the soluble fraction and 
almost absent in the residual fraction. However, a 
large 32P-labeIed peak at lower Mr appeared in the 
soluble fraction (fig.3B). By SDS-urea gel electro- 
phoresis in highly crosslinked polyacrylamide gels 
[ 111 the Mr was slightly higher than glucagon (stan- 
dard). The electrophoretic mobility corresponded 
exactly with the mobility of fraction I isolated by 
chromato~aphy on Sephadex LH-20 with an app. Mr 
36.50 (mean of 5 different expt) as shown in tig3C. 

Fig.2. Isolation of the 3ZP-phosphorylated ptoteolipid from 
sarcolemma membranes. (A) The membranes had been pre- 
incubated with [y- 3zP] ATP + MgCl, and treated as in section 
2. The solubllized membranes (3 mg protein) were applied 
on a 1.6 x 45 cm column of Sephadex G-100 and eluted 
with 50 mM Tris-HCl (pH 7.4) containing 1% SDS. Flow 
rate 1.0 ml/10 mm. Arrows (4) indicate elution of standards: 
(1) cytochrome c; (2) phosphatidylethanolamine; (3) ATP + 
Pi; the&fr of fraction II was 15 000 as determined by SDS- 
polyacrylamide gel electrophoresis (fig.3A). (B) Fraction 11 
(150 gg protein) from fig2A was extracted with acid 
chloroform/methanol and chromatographed on a 1 .O X 4 1 cm 
column of Sephadex LH-20 equilibrated with acid chloro- 
form/methanol. The flow rate was 1 .O ml/3 min. Arrows 
(I) indicate elution of standards: (1) cytochrome C; (2) ATP; 
(3) phosphatidylethanolam~e; (4) phosphatidylcho~ne; (5) 
Pi; (6) phosphatidylserine. (C) Fraction I (60 fig protein) 
isolated by chromatography on Sephadex LH-20 (shown in 
fig.2B) was subjected to gel filtration on 1.6 X 50 cm column 
of Sephadex G-25 equilibrated with 0.05 N acetic acid. Flow 
rate 1.0 ml/3 mm. Arrows (4) indicate elution volumes of 
standards: (1) cytochrome c; (2) insulin; (3) ghmagon. 

Fig.3. SDS-polyacrylamide gel electrophoresis of alP-labeled 
proteolipid from sarcolemma membranes. (A) Membranes 
(200 gg protein) were incubated with 50 MM [@‘P]ATP + 
10 mM MgCl, for 10 s at 3O’C. The reaction was terminated 
with SDS-EDTA ‘stop solution’ as in [S]. (B) Membranes 
were incubated as described under (A). The reaction was 
terminated with 10% trichloroacetic acid and the residue 
extracted with chloroform/methanol as in section 2. (0) 
Chloroform/methanol soluble fraction; (o) residue after 
extraction with chloroform/methanol. Electrophoresis in (A) 
and (B) was performed with 5.6% acrylamide [lo]. (C) Frac- 
tion I was isolated by chromatography on Sephadex LH-20 
(from tig.2B). Electrophoresis was performed with SDS-urea 
and 12.5% acrylamide [ll]. Arrows (1) indicate electropho- 
resis of standards: (1) myoglobin; (2) cytochrome c; (3) 
myoglobin; (4) cytochrome c; (5) glucagon. 
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The amino acid composition of the 32P-labeled serine residues is somewhat overestimated due to 

fractions is shown in table 1. The 32P-labeled fraction hydrolysis of phophatidylserine associated with the 
II isolated by gel filtration on Sephadex G-100 is protein. The 32P-labeled fraction I obtained by chro- 

characterized by a relative high content ofhydrophobic matography on Sephadex LH-20 with chloroform/ 

amino acids as is characteristic of proteolipids. methanol had a lower content of hydrophobic amino 
Assuming 2 methionine residues an estimated Mr of acids. Assuming a total of 34 ammo acid residues the 
16 220 was obtained which correlates well with the Mr was estimated to 3522, in good correspondence 
value obtained by electrophoresis. The amount of with Mr determined by electrophoresis. 

Table 1 

Amino acid composition of phosphorylated proteolipid isolated from 
sarcolemma membranes 

Amino 

acid 

Phosphorylated 

proteolipida 

mol/mol Best 
Met integral 

Phosphrylated 

subunit 

mol/mol Best 

Phe integral 

Asp 8.36 8 2.90 3 
Thr 3.78 4 2.07 2 
Ser 13.12 13 2.74 3 
Glu 4.93 5 4.07 4 

Gly 9.51 10 4.94 5 
Val 4.63 5 1.62 2 
Met 1.00 1 0.50 1 
Be 3.06 3 1.31 1 
Leu 6.48 6 2.34 2 

Tyr 1.33 1 0 0 
Phe 3.21 3 1 .oo 1 
His 2.12 3 0 0 

Lys 4.12 5 3.71 4 

Arg 2.96 3 1.28 1 
Ala 5.45 5 2.78 3 
Pro 3.0 3 1.9 2 

Total 

residues 78 34 

Minimum 

Mr 

8110 3522 
(8110 x 2 = 16220) 

Total 

charged 24 12 

Total 

hydrophobic 18 6 

SDS electro- 

phoresis Mr 
___- 

3 650 + 200 [5] 
- 

a Fraction II isolated by gel filtration in Sephadex G-100 (fig.ZA) 

b Fraction I isolated by chromatography on Sephadex LH-20 (fig.2B) followed by 

gel filtration on Sephadex G-25 (fig.ZC) 
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4. Discussion Acknowledgement 

Proteolipids are important constituents of cell 
membranes: three hydrophobic proteolipids of 
M, 6000-l 0 000 have been isolated from mitochon- 
dria membranes [ 131. Proteolipids have also been 
identified in sarcoplasmic reticulum as a component 
of (Ca*‘)-ATPase [ 141 and of purified (Na+,K+)- 
ATPase from kidney [ 151 and cardiac tissue [ 161. 
The amino acid composition of these proteins M, 

12 000 is characterized by a high degree of hydro- 
phobic amino acids. The proteolipid component in 
(Na+,K+)-ATPase is labeled by a photoaffinity deriva- 
tive of ouabain indicating significance for enzyme 
activity [17,18]. 

This work is supported by a grant from Nordic 
Insulin Foundation. 
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