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Summary

A lipophilic glycoprotein with insulin-binding activity
could be extracted with organic solvent from rat liver. After
removal of lipid, the addition of Concanavalin A, or treatment
with trypsin or neuraminidase caused a decrease in the insulin
-binding, which showed a complex kinetics. After purification
by Concanavalin A~ and insulin-Sepharose affinity column
chromatographies, the fraction having insulin-binding activity
exhibited two protein bands on sodium dodecyl sulfate poly-
acrylamide gel electrophoresis.

Introduction
Integral membrane glycoproteins are strongly associated
with lipids by their hydrophobic cores ( 1 ). The possible
relation of membrane lipids to the organization and the enviro-

ment of the insulin receptor has been studied ( 2-5 ). The
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insulin effects were mimicked by the treatment with phospho-
lipase C or A, which altered the conformation of membrane lipo-
protein ( 2-4 ). The presence of " occult receptor " which was
masked by lipids, was suggested by the observation that insulin-
binding activity was enhanced by the treatment of membranes
with phospholipase C or ether-ethanol ( 3 : 1, v/v ) extraction,
but not with ether or chloroform alone ( 5 ). It was not clear
why the enhancement by ether-ethanol was less than by enzyme
digestion, despite the fact that the membranes after the treat-
ment with ether-ethanol were not affected by the treatment with
phospholipase C ( 5 ). One explanation is that some insulin
receptors were extracted with the organic solvents together
with lipids, although alternative possibilities, e.g. denatura-
tion by organic solvent, still remain. If indeed such a lipo-
philic receptor could be shown, it may conceivably account for
the process of the internalization of insulin into the cell.

Therefore, this study was initiated to detect an insulin-
binding substance in the ether-methanol ( 1 : 1, v/v ) extract
of liver membranes. This paper describes the isolation and the
characterization of such lipophilic insulin-binding substance.

Methods and materials
Isolation
ooled male Wister-strain rat liver ( wet weight, 350 g )

was minced and washed five times with 10 vol. ice-cold PBS, and
homogenized in a warling blender. After the extraction with a
large amount of cold acetone ( 4°C ), the residue was extracted
with 10 vol. of ether-methanol ( 1 : 1, v/v ) at room tempera-
ture overnight, and filtered. The filtrate was concentrated to
about 50 ml of viscous lipidic solution by rotary evaporation
at 37°C, avoiding complete dryness. The insulin-binding activity
in the extract was eluted from DEAE-Sephadex A-25 ( acetate
form ) column ( 2 X 30 c¢m ) with ammonium acetate, 0.05 M and
0.1 M each in 100 ml of chloroform-methanol-water { 30 : 60 :
8, vw/v/v) (CMW ) ( 6 ). After the removal of ammonium acetate
by Sephadex LE-20 column ( 2 X 30 cm ), the sample was diluted
and subjected to rechromatography on DEAE-Sephadex A~-25 column

( acetate form ) ( 2 X 30 em ). Elution was carried out with a
linear gradient of ammonium acetate from O to 0.2 M in CMW. The
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fractions with insulin-binding activity were combined and dialy-
zed against a large volume of Tris-HC1l buffer at 4°C overnight.
The sample was separated intoc three phases during dialysis,
water phase ( WP ), interphase ( IP ), and organic solvent phase

OP ). Insulin-binding activity was mainly detected in IP

about 20 %.) and OP ( ahout 803 % ). OP was evaporated nearly
to dryness under a nitrogen stream at 0°C, and ethanol wes
rapidly added to the wet residue ( the final volume, 200 nl ).
The sample was passed through a Iatrobeads, porous silica gel,
( Iatro Laboratories Co., Tokyo ) column ( 0.5 X 3 cm ) ( 6 ).
Elution was carried out with ethanol at 4°C. The delipidated
insulin-binding substance ( fraction 18 to 20 in Fig., 2 ) was
dialyzed against Tris-HCl buffer containing 0.1 % NP-40 ( THN
buffer ) at 2°C after addition of 0.01 % ( w/v ) egg PC and
0.1 % w/v ) NP-40. The characterization of this binding sub-
stance was performed as described below.
Affinity column chromatography

Con A-Sepharose 4 B ( Pharmacia Fine Chemicals ) column
( 0.5 X2 cm ) was equilibrated with THN buffer. The sample was
applied and washed with THN buffer at 4°C. Bound materials were
then eluted with 1 M methyl-«-D-mannoside at room temperature.
Insulin-Sepharose ( 6 ng/mg packed weight ) was prepared by
coupling amino group of lysin residue of insulin with activated
CH-Sepharose ( Pharmacia Fine Chemicals ) in 0.1 M NaHCOz ( pH
9.0 ) as described by Cuatrecasas {( 7 ). Bound materials eluted
from Con A-Sepharose column were applied to the insulin-Sepha-
rose column ( 0.5 X 2 em ) equilibrated with 50 mM phosphate
buffer { pH 7.4 ) containing 0.1 % NP-40. Then the column was
washed with the same buffer containing 0.5 % NaCl at 4°C, and
insulin-binding substance was eluted with 4.5 M urea in 50 mM
acetate buffer ( pH 6.0 ) containing 0.1 % NP-40 at room tempe-
rature. Fractions were immediately diluted with an equal volume
of 50 mM phosphate buffer ( pH 7.4 ) to avoid the time dependent
denaturation by urea.
Assay of insulin-binding activity
Insulin~blinding activity In the presence of a large amount

of lipids was assayed in the liposome suspension. Five or 10 nl
of each fraction eluted from the DEAE-Sephadex A-25 and Sephadex
LH~20 column was evaporated under nitrogen stream short of
complete dryness and in the presence of 5 ul of ethanolic
solution containing 0.1 % ( w/v ) egg PC added as an auxillary
lipid. The amount of phospholipid in each aliquot was less than
the auxillary egg PC added. The residue was dissolved in 5 nl
of ethanol, and 1 nl of each was rapidly injected in 100 nl of
Tris-HC1 buffer through a thin needle microsyringe ( Termo
microsyringe ) to prepare liposomes ( 8 ). The assay mixture
( 100 ul ) was ; 50 ml of liposome suspension, 0.1 % ( w/v )
BSA, and 0,7 nM ['®*IJinsulin ( 41 mCi/mmol ) a Dinabot
Chemicals ). The mixture was incubated in the presence or
absence of native insulin ( 27 uM ) at %7°C for 1 h. The binding
was stopped by addition of 1 ml ice-cold Tris-HC1l buffer, then
mixture was rapidly filtered through a Millipore filter ( EGWP,
pore size, 0.2 um {. The filter was then washed with an addi-
tional 10 ml of the same chilled buffer, and submitted to
counting of its radiocactivity. Insulin-binding activity was
obtained by subtracting the radiocactivity that was not displaced
by native insulin from the total radiocactivity. The presence
of auxillary lipids, egg PC ( 1 ug/100 nl ) in the assay mixture,
is indispensable not only stabilizing the insulin~-binding
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activity, but also for keeping the filtration rate through
the Millipore filter constant, and for eliminating any variables
that might be accompanied with preexisting lipids in samples.
Egg PC alone ( 1-10 ng/100 ul ) d4id not show any significant
insulin~binding activity. Because these water soluble insulin-
binding substances could not be trapped on Millipore filter,
all the eluates from the Iatrobeads column, Con A- and insulin-
Sepharose column were assayed according to the polyethylene
glycol method developed by Cuatrecasas ( 9 ). This method was
slightly modified as described below to obtain constant and
a high filtration rate ( 15-30 sec ). Binding was stopped by
the addition of 1 ml of ice-cold Tris-HC1l buffer containing
8 4 ( w/v ) polyethylene glycol 6000. After the rapid filtration
through the Millipore filter ( EAWP, pore size, 1.0 um ), the
filter was washed with an additional 10 ml of the same buffer.
Specificity of insulin-binding substance
' Purified sample was imcubated with trypsin ( EC 3.4.4.4 )
or neuraminidase ? EC 3.2.1.18 ) ( protease free, from Arthro-
bactor, Nakarai, Tokyo ) ( 10 ), at various concentrations at
37°C for 30 min. Trypsin treatment was terminated by adding
trypsin inhibitor four fold the amount of trypsin. These enzyme-
treated preparations were incubated with 0.7 nM[®*I]Jinsulin
without removal of enzymes and inhibitor at 37°C for 1 h.
Insulin-binding activity was assayed by the polyethylene glycol
method as described above.
Con A agglutination activity

Liposomes were prepared from each fraction and egg PC-Chol
( 2+ 1, w/w ) by the method as described above ( 8,11 ). Lipo-
somes were incubated with Con A ( 1 mg/ml ) at 37°C for 1 h
with or without 1 M methyl-«-D-mannoside.
SDS polyvacrylamide gel electrophoresis in semimicroscale

After removal of NP-40 from the sample by Bio Beads oM-2
( Bio Rad Lab. ) ( 12 ), the sample was boiled in the presence
of 1 % SDS and 1 % 2-mercaptoethanol for .l min, and applied to
a cylindrical polyacrylamide gel ( T=4 % to 40 % gradient gel,
C=2%) (0.8 mm X 3 cm ). Electrophoresis was carried out at
a constant voltage of 30 V. Proteins were stained with
%oomaﬁie Blue R-25. This system could detect 10 ng of protein

13

Determination of protein and inorganic phosphate

Protein was determined by a modification of Lowry s method
( 14,15 ) and fluorescamine method ( 16 ) using a crystalline
BSA as a standard. Inorganic phosphate was determined by the
method of Bartlett ( 17 ).

Results and discussions
The insulin-binding activity which was detected in ether-
methanol ( 1 : 1, v/v ) extracts from rat liver could be eluted
from DEAE-=Sephadex A-25 ( acetate form ) column with 0.05 to
0.1 M ammonium acetate after the removal of most of the non-
anionic lipids and nonspecific binding substances interacting

with insulin by ionic strength. Each fraction was tested for
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Fig., 1. The liposomes were prepared from WP, IP and OP as
described in Methods. Liposomes from WP were prepared
after lyophiligzation of aliquot of WP, Each liposome
suspension ( 450 nl ) was incubated with Con A at a
concentration of 1 mg per 1 ml at 37°C for 1 h. The
agglutination was examined under a phase contrast
microscope ( X #00 ). Numbers in parenthesis indicate
the insulin-binding activity of 1 ul aliquot of each
fraction ( final volume was adjusted to 200 ul with
ethanol ).

A : egg PC and Chol liposome, By WP, egg PC and Chol
liposome, C; IP, egg PC and Chol liposome, D; OP,

egg PC and Chol liposome, E; inhibition by 1 M methyl-
d-D-mannoside of agglutination of WP with Con A.

Con A agglutination as well as insulin-binding activity, because
Con A is known to bind specifically with the insulin receptor
of biomembranes ( 18-20 ). A specific insulin-binding activity,
together with Con A agglutination activity was detected in the
organic solvent phase ( IP and OP ) rather than in the water
phase ( WP ) ( Fig. 1 ). Most of the lipids in the OP were

removed by the Iatrobeads column chromatography. A part of the
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Fig. 2. Tatrobeads column chromatography of the insulin-
binding substance. Elution was carried out with ethanol
at 4 C ( fraction 1 to 20 ), and then at room tempera-
ture ( fraction 21 to the last ). Elution was monitored
by absorption at 220 nm ( ©—=0 ) and 280 nmn ( e—e).
The insulin~binding activity ( »—X ) of an aliquot
( 1 ul ) of each fraction was assayed by the polyethy-
lene glycol method as described in Methods. The concen-
tration of ethanol in the assay mixture was 1 % ( v/v ).
Protein ( Prot. ) and inorganic phosphate ( Pi ) were
assayed as indicated in Methods.

The SDS polyacrlyamide gel electropharesis of the
purified binding protein was carried out in semimicro
gradient gel ( 0.8 mm X % cm and T= 4 % to 40 %, C= 2 % )
A. binding substance from insulin-Sepharose affinity

column chromatography.

B. binding substance from Concanavalin A-Sepharose
column chromatography.

C. binding substance from Tatrobeads column chromato-~
graphy.

D. standard proteins, ( from the right ), 8,8 subunits
of RNA polymerase, 165,000 and 155,000 daltons;
bovine serum albumin, 68,000 daltons, subunit of
RNA polymerase, 39,000 daltons; trypsin inhibitor,
21,500 daltons.

insulin-binding activity was eluted in the non-retained frac-
tions together with most of the lipids ( 91 % ) and proteins

( 72 % ), but a high insulin-binding activity was also detected
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Fig. 3. Insulin~binding activity of the purified binding

substance. The binding substance ( about 10 ng of
protein ) purified by the Iatrobeads column was incubated
with various concentrations of [™*Ilinsulin in the
presence or absence of 50 uM native insulin after

removal of ethanol from the sample by dialysis. Insulin-
binding activity was assayed by the polyethylene glycol
method as described in Methods. Under these conditions,
nonspecific binding activity was 15-20 % of the total
binding activity.

in the non-lipid containing fractions ( Fig.2 ). An attempt was
made to characterize substance present in the lipid-free frac-
tions that were obtained.

Thereby, the substance showed reversible and specific

binding activity at the physiological concentrations ( 10-11—

-10

10 M ) of insulin with binding characteristics as given in

Fig. 5.1) In the inhibition studies, about 50 % of [**®I]insulin

was displaced by native insulin ( 36 ng/ml ), proinsulin and

Con A ( 1 pg/ml ), but not by glucagon and C-peptide ( 1 ng/ml ).
These data suggested that the isolated binding substance showed
specific binding to insulin, and that it was a glycoprotein which

could interact with Con A. Its binding activity was decreased

1) After the completion of this manuscript, Maturo III, J.
M., and Hollenberg, M.D., reported a complicated biphasic
binding kinetics on Triton X-100 solubilized insulin receptor,
which was very similar to that of our substance as shown in
Fig. 3 ( 21 ).
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after the treatment with trypsin or protease free neuraminidase.
200 pg/ml trypsin abolished 50 % binding activity, and 400 npg/ml
trypsin almost completely, while 400 mu/ml neuraminidase also
about 50 %.2) Therefore it was assumed that this substance was
glycoprotein, even though it was relatively resistant to trypsin,
and neuraminidase did not completely abolish its insulin-binding
activity.

The insulin-binding substance was further purified by Con A
- and insulin-affinity column chromatographies. SDS polyacryl-
amide gel electrophoresis on a semimicroscale of the purified
insulin-binding substance showed two Coomasie Blue staining
bands ( Fig.2 ). It can not be stated with any certainty that
the isolated proteins are true insulin receptors of the cell
surface, in spite of their specific binding to insulin. The
biphasic saturation curve is suggestive of the heterogeneity
of the insulin-binding substance that was isolated.

From these observations we deduce the existence of lipo-
philic glycoprotein that has insulin-binding activity in rat
liver. 3)
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2) This specific binding activity was also decreased by
B~-galactosidase digestion ( unpublished data ) as reported
by Caron, M. et.al. ( 20 ). But the possibility that this
decrease in our experiments was caused by a possible protease
contamination in the enzyme sample was not completely
excluded, since protease activity was detected in a highly
purified glycosidase sample except for neuraminidase ( from
Arthrobactor, Nakarai, Tokyo ) ( 10 ).

3) It should not be overlooked, however, that a complex of
glycolipid and protein might conceivably account for these
results described in this paper. We could, however, not detect
any glycolipids by thin layer chromatography.
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