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A B S T R A C T Total nonsuppressible insulin-like
activity (ILA) of human plasma (measured by
the adipose tissue assay) results from the additive
effects of at least two distinct components. They
differ in molecular size, solubility in acid-ethanol,
and in thermostability. More than 90% of non-
suppressible ILA of human plasma is insoluble in
acid-ethanol. Its molecular size of 100,000-150,000
remains unchanged by treatment with acid-ethanol,
5 M acetic acid-0.15 M NaCl, urea, and EDTA.
It is inactivated by heat.

Approximately 5% of total nonsuppressible se-
rum ILA is soluble in acid-ethanol. The molecu-
lar weight is 6000-10,000 after partial purification
on Sepadex G-75 (acetic acid-NaCl). This mole-
cule is thermostabile for 3 hr at 800C.

When the acid-ethanol soluble molecule with
nonsuppressible ILA is chromatographed on Sepha-
dex G-100 at neutral pH, it is eluted in a broad
peak corresponding to a molecular weight of ap-
proximately 50,000-70,000. When rechromato-
graphed on Sephadex G-75 (acetic acid-NaCl)
its mol wt is irreversibly converted from 70,000
to 6000.

Part of the results of this work have been presented
in preliminary form by E. R. Froesch, A. Jakob, and
A. Labhart at the Sixth Congress of the International
Diabetes Federation, Stockholm, 1967.
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Most of the insulin-like activity retained on
Dowex-50 ("bound insulin") is eluted off Sepha-
dex G-75 (acetic acid-NaCl) at the same column
volume as the small molecular weight nonsuppres-
sible ILA. The latter molecule is retained on
Dowex-50, whereas big molecular weight non-
suppressible ILA is not.

INTRODUCTION

Serum and other biological fluids are known to
act on several metabolic processes of muscle and
adipose tissue in vitro in a manner comparable to
crystalline insulin (1-5). Insulin-like activity of
plasma (ILA) is only partially suppressed by
anti-insulin serum, whereas the biological activity
of crystalline insulin is completely neutralized
(6, 7). The fraction of serum ILA that is not in-
fluenced by insulin-antibodies and that cannot be
measured by immunoassay procedures was termed
"nonsuppressible ILA" by Froesch et al. (8) and
"atypical insulin" by Samaan, Fraser, and
Dempster (9).

A protein with nonsuppressible ILA with a mol
wt of' 6000 to 10,000 was extracted and partially
purified from a human plasma protein fraction
and its biochemical and biological properties were
studied in vitro and in vivo (10-12). Purified
nonsuppressible ILA mimics the effects of crystal-
line insulin on all metabolic processes investigated
to date.

Serum ILA was also investigated in other lab-
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oratories by various biochemical techniques and
different bioassay procedures (for reviews, see
13-15), Part of the controversy about the bio-
chemical nature of serum ILA may be due to
methodological differences. However, no agree-
ment on simple physicochemical properties of non-
suppressible ILA was obtained by different au-
thors, even when the same methodological tools
were used. The mol wt of nonsuppressible ILA of
native serum was estimated in two different lab-
oratories by gel-filtration to be' approximately
150,000 (10, 16). After extraction and purifica-
tion nonsuppressible ILA was reported by several
different groups of investigators to have a mol wt
greater than 100,000 (17), 50,000-70,000 (18,
19), and 6000 (10), respectively.

These findings could be explained in two ways.
Either nonsuppressible ILA is exerted by one
single protein molecule that forms polymers or ag-
gregates with other proteins, or nonsuppressible
ILA is exerted by several chemically distinct
proteins.

The present studies demonstrate the existence of
two different proteins with nonsuppressible ILA
in serum. The results also explain why only 1 %
of total nonsuppressible ILA was extracted by
acid-ethanol and recovered with a mol wt of 6000
(10) .

METHODS

Plasma extraction and fractionation. The procedures
are schematically shown on a flow sheet in Fig. 1. Hu-
man plasma was obtained by centrifugation of blood
from outdated transfusion units. The blood had been col-
lected by the Swiss Red Cross and was kept at 5'C for
no longer than 4 days after the expiration date. Plasma
was lyophilized, treated with acetone-ethanol (1: 1 v/v,
3-4-ml/g of protein, - 10'C) and washed 3-4 times with
the same amount of acetone-ethanol. The precipitate
was then dried at room temperature. In the following it
will be referred to as acetone powder. This powder was
homogenized in ammonium acetate buffer (0.1 M, pH 7.2)
at room temperature and cooled to 4VC (final concen-
tration 100 mg/ml). To 16 volumes of this solution a
mixture of 48 volumes of ethanol (96%) and 1 volume
of concentrated HCl was added, shaken and left at 4VC
for 30 min. After centrifugation the precipitate was re-
extracted with a mixture of water, 96%o ethanol, con-
centrated HC1 (16:48:1 v/v) and the supernatants
were combined. In the following, material derived from
the acid-ethanol supernatant will be designated as frac-
tion S and material derived from acid-ethanol precipitate
as fraction P. The supernate was then brought to pH
8.5 by 1 N NaOH and passed through filter paper
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FIGURE 1 Extraction and purification procedures for

nonsuppressible ILA.

(Schleicher and Schuell No. 588), cooled to - 100C and
added to 4 volumes of an acetone-ethanol mixture (5: 3
v/v) at - 10'C. After 12 hr at - 10'C the supernatant
was decanted and the precipitate dried at room tempera-
ture (fraction S).

The acid-ethanol precipitate was suspended in cold
acetone (- 10'C), centrifuged, and the precipitate re-
suspended with cold acetone in order to wash out the
HCl. When dried at room temperature a white powder
was obtained. It was dissolved in 10% acetic acid and
dialysed against Krebs-Ringer bicarbonate buffer pH
7.6. During extensive dialysis at room temperature a
heavy precipitate formed and was centrifuged off. The
clear supernatant-solution was concentrated 10 to 20
times by ultrafiltration under vacuum and the protein
was then precipitated by the addition of 5 volumes of
cold acetone. An appreciable purification was achieved
by this procedure. After centrifugation the precipitate
was dried at room temperature (fraction P).

These extractions and the subsequently described gel-
filtration procedures were also applied to a Cohn frac-
tion (precipitate B) of human plasma which had been
used by Bfirgi et al. (10).

Gel-filtration. The columns of Sephadex were prepared
as previously reported and the void volume (Vo) was
determined with blue dextran 2000 (Pharmacia) (10).
The elution volume (Vi) is expressed as per cent of
total bed volume.

Column A, Sephadex G-200 and column B, Sephadex
G-100: both equilibrated with 0.1 M ammonium acetate
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buffer (pH 7.2). Column C, Sephadex G-75 in 5 M ace-
tic acid-0.15 M NaCl: fractions were pooled for the de-
termination of nonsuppressible ILA after the measure-
ment of the OD at 280 my. The pools were dialysed
against water, evaporated to dryness, and redissolved in
Krebs-Ringer bicarbonate buffer for the bioassay.

Ion-exchange chromatography. Nonsuppressible ILA
of fractions S and P was prepared in sufficient amounts
for ion-exchange chromatography as follows. Fraction
S obtained from precipitate B was purified on a column
C (total bed volume of 3 liters). The material eluted at a
volume corresponding to a mol wt of approximately 6000,
and was desalted and lyophilized. It contained 1.8 mUof
nonsuppressible ILA/mg of protein.

Fraction P prepared from precipitate B was purified
on the same column C. The material eluted with void vol-
ume of the column was again desalted, lyophilized, and
assayed (100 /LU/mg of protein). Dowex-50 WX 8, 100-
200 mesh, was prepared by the procedure of Antoniades
et al. (20) and used in the Na+-cycle, pH 6.6 +0.2. Glass
columns were used for chromatography. The ratio of sam-
ple to resin volume varied from 1: 3 to 1: 6. After pas-
sage of the sample into the column, the column was

nonsuppressible ILA
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washed with 2 volumes of 0.15 M NaCl (NaCl wash).
Proteins retained on the column eluted with 0.02 N
NH4OHinto 0.2 N H2S04 under constant stirring (al-
kaline eluate). The NaCl wash and alkaline eluate were
prepared for the bioassay by lyophilization and dialysis
as outlined by Poffenbarger, Ensinck, Hepp, and Williams
(18).

Inactivation. Fraction P was dissolved in Krebs-
Ringer bicarbonate buffer to give a concentration of ap-
proximately 250 usU/ml of nonsuppressible ILA. Mer-
captoethanol and urea were added (final concentration,
0.13 and 7 M, respectively). After flushing with nitrogen
the vials were incubated for 4 hr at 37°C. The assay
for nonsuppressible ILA was performed after extensive
dialysis against Krebs-Ringer bicarbonate buffer. In one
experiment ILA of fraction P was incubated for 6 hr
with urea and EDTA (8 m, 0.2%o), dialysed against wa-
ter and concentrated before gel-filtration on Sephadex
G-75 (5 M acetic acid-0.15 M NaCl) was performed.

Assay of nonsuppressible ILA. The adipose tissue as-
say described earlier was used (8, 10). Anti-bovine in-
sulin serum from guinea pigs was added in excess for
all determinations of nonsuppressible ILA. The incuba-

40 50 60

%of total bed volume
FIGURE 2 Chromatography of nonsuppressible ILA from acetone powder of human plasma on Sepha-
dex G-75 (5 Macetic acid-0.15 MNaCl). 400-mg of acetone powder prepared from human plasma
was homogenized in 6-ml of 5 M acetic acid-0.15 M NaCl. The precipitate was centrifuged off. 2 ml of
the clear supernate were applied on a column of Sephadex G-75 (5 M acetic acid-0.15 M NaCl) of
2.2 cm X 58.0 cm. Pools of 5-10 consecutive fractions were dialysed against H20, evaporated to dry-
ness, and redissolved in 2.5 ml of Krebs-Ringer bicarbonate buffer for the assay of nonsuppressible
ILA. Each bar gives the mean and range of duplicate determinations of nonsuppressible ILA. Values
below the dotted line are not significantly different from those of unstimulated adipose tissue.
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tion medium contained less than 20 mg of protein/ml.
Care was taken that all the turbidities and precipitates
were centrifuged off before the assay. The insulin stand-
ards contained 10 and 250 uU of insulin/ml. Results of
nonsuppressible ILA below 10 XU/ml were extrapolated.
A horizontal dotted line in all figures indicates the 10
/AU/ml sensitivity limit of the bioassay.

RESULTS

Different molecular sizes of compounds with
nonsuppressible ILA

(1) Acetone powder. In two consecutive experi-
ments 72 and 64%o of total nonsuppressible ILA
present in lyophilized plasma were recovered in
the acetone powder. Preliminary experiments
showed that the biological activity of the acetone
powder eluted from Sephadex-G-200 (pH 7.2)
with the same volume as nonsuppressible ILA of
native serum (10). After chromatography of ace-
tone powder on Sephadex G-75 at low pH (acetic
acid-NaCl), only a small portion of the activity
eluted at 5060%o of total bed volume, which cor-

II0 nonsupprobl/Z e hza
OD28Om01-50 /i 1/pool

XIH1

responds to the elution volume of extracted and
purified nonsuppressible ILA of Burgi et al. (10)
(Fig. 2). More than 90%o of the eluted activity
was of appreciably higher molecular weight, since
it was eluted with the void volume of the column.
This type of experiment was carried out several
times with acetone powder of plasma and of Cohn
fraction B, each time with the same result.

(2) Acid-ethanol supernate (fraction S). Only
5.2 and 5.3%o of total nonsuppressible ILA origi-
nally present in the acetone powder of serum were
recovered in the acid-ethanol supernate (fraction
S) in two experiments.

Fig. 3 shows that the nonsuppressible ILA of
fraction S eluted from Sephadex G-75 (acetic
acid-NaCl) in one single peak at approximately
50%o of the total bed volume. This elution volume
indicated a mol wt of 6000-10,000. These results
were reproduced many times with both plasma
and Cohn fraction B as starting material.

As shown in Fig. 4 nonsuppressible ILA of

%Of lO4'/ bo Vo/lume
FIGURE 3 Gel-filtration of acid-ethanol-soluble material (fraction S) from acetone powder of human
plasma on Sephadex G-75 (5 M acetic acid-0.15 M NaCi). For a detailed description of the technique used,
see legend to Fig. 1 and Methods.
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FIGURE 4 Gel-filtration of fraction S on Sephadex G-100 (0.1 M ammonium acetate, pH 7.2) column of 2.2 cm

X 29.5 cm. For a detailed description of the technique used, see legend to Fig. 1 and Methods.

fraction S was eluted in a broad peak from a col-
umn of Sephadex G-100 at neutral pH. Although
a precise estimate of the molecular weight is im-
possible, the major portion of the activity was
eluted between 35 and 60% of the total bed volume
(mol wt 20,000-80,000). In contrast to this, all
of the biological activity of fraction S eluted in a
sharp peak under conditions of low pH and high
molarity (Fig. 3).

In the experiment shown in Fig. 5, nonsuppres-
sible ILA of fraction S was subjected to chroma-
tography on Sephadex G-200 (pH 7.2). Com-
pared with the experiment represented in Fig. 4,
nonsuppressible ILA eluted at a higher percentage
of bed volume, indicating a similar molecular size
of nonsuppressible ILA on both columns.

(3) Acid-ethanol precipitate (fraction P). In
two experiments 38 and 34% of the total non-
suppressible ILA present in the acetone powder
were recovered after extraction and purification
in fraction P. When applied on the column of
Sephadex G-75 (acetic acid-NaCl) all of this
nonsuppressible ILA eluted with the void volume

indicating that its mol wt was 50,000 or greater.
Since nonsuppressible ILA of fraction P also

eluted with the void volume from Sephadex G-100,
an estimate of its molecular weight was obtained
by chromatography on Sephadex G-200 (pH 7.2)
(Fig. 6). The biological activity was found in the
same fractions as nonsuppressible ILA of native
serum corresponding to a mol wt of the order of
100,00-150,000.

Relationship between different forms of ILA

(1) No conversion of fraction P to S. Since
nonsuppressible ILA in extracts of human plasma
was exerted by three compounds of different mo-
lecular weights, we became interested to find out
whether or not they were chemically related.

In three experiments the same amounts of
fraction S were applied, both on the column equili-
brated with buffer at neutral pH (Sephadex
G-100) and on the column equilibrated with acetic
acid and NaCl (Sephadex G-75). Setting the re-
covery of nonsuppressible ILA from the neutral
column as 100%o, 113%o ±19%o (mean +SEM)
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were recovered from the acid column with a
molecular weight of approximately 6000.

In two other experiments nonsuppressible ILA
of fraction S that had been recovered from Sepha-
dex G-100 at neutral pH in an elution volume cor-
responding to a mol wt of 20,000-80,000 (pool II,
Fig. 4) was rechromatographed under acid condi-
tions on the column of Sephadex G-75 (Fig. 7).
Again, nonsuppressible ILA eluted in one single
peak corresponding to a smaller mol wt in the
range of about 6000.

Since nonsuppressible ILA of fraction P with
a mol wt of about 150,000 was not converted to a
molecule of about 6000, either by a low pH and
high molarity or by acid-ethanol, another attempt
to cleave the molecule was made with urea (7
M) and EDTA (0.2%). The elution pattern from
the column of Sephadex G-75 (acetic acid-NaCl)
did not change after this treatment and was identi-
cal with that of pool I in the experiment shown
in Fig. 2.

(2) Dowex-SO chromatography of serum and of

1nonslupp~oe.ss~b/e ILA
OD280ma /d /

-
-F57S A/Po

purified fractions S and P. The biological activity
of the NaCl wash and of the alkaline eluate to-
gether amounted to 200%o of that originally mea-
sured in serum (Table I). Appreciable amounts
of nonsuppressible ILA of serum were recovered
in each of the two fractions. The NaCl wash con-
tained most of the serum proteins and had a bio-
logical activity of only 1.5 pU/mg. The alkaline
eluate assayed about 200 ,uU/mg protein.

27% of nonsuppressible ILA of fraction S dis-
solved in Krebs-Ringer bicarbonate buffer was
recovered in the alkaline eluate. When dissolved
in albumin or serum, increasing amounts were
found in the NaCl wash, whereas the biological
activity recovered in the alkaline eluate was con-
stant.

Under all conditions, most of the nonsuppres-
sible ILA of fraction P was present in the NaCl
wash.

The alkaline eluate of 30-ml of serum was chro-
matographed on Sephadex G-75 (acetic acid-
NaCl).Two peaks of nonsuppressible ILA were

10 20 130 40 50 80 70 80 90 100

%of fola! bed vo/ame
FIGURE 5 Gel-filtration of fraction S on Sephadex G-200 (0.1 M ammonium acetate, pH 7.2,) column
of 22 cm X 28.5 cm. For a detailed description of the technique used, see legend to Fig. 1 and Methods.
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FIGURE 6 Gel-filtration of 50 mg of fraction P on Sephadex G-200 (ammonium acetate 0.1 M, pH

7.2). For a detailed description of the technique used, see legend to Fig. 1 and Methods.

OD28Oza
nonsgopressI4/e ZLA

,ii/-po9o/

%of of/0/ bed volume
FIGURE 7 Rechromatography of fraction S, pool II (Fig. 4) on Sephadex G-75 (5 M acetic acid-0.15
MNaCl). Nonsuppressible ILA of pool II (Fig. 4) with an apparent mol wt of the order of 50,000 was
chromatographed on a column of Sephadex G-75 (acetic acid-NaCl). 60% of the biological activity
was recovered in pool III, corresponding to a smaller molecular weight.
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TABLE I

Recovery of Nonsuppressible ILA from Dowex-50, with Serum, Albumin and Krebs-Ringer
Bicarbonate Buffer as Solvents for Purified Fractions S and P*

Additions to solutions applied on the column

None 2.5 mg of fraction S 38.0 mgof fraction P

Solutions applied on the column ct w e r c w e r c w e r

mU of nonsuppressible ILA/5 ml§
Serum, 5 ml 0.9 0.8 1.0 200 5.1 2.6 0.9 69 2.6 4.5 0.0 173

Krebs-Ringer bicarbonate buffer
plus albumin, 70 mg/ml (5 ml) < 0.1 < 0.1 < 0.05 - 4.5 < 0.7 0.8 30 3.7 3.7 0.3 108

Krebs-Ringer bicarbonate buffer,
5ml - - - - 4.0 < 0.4 1.1 37 4.1 5.4 0.6 146

* For technical details, see Methods.
c, control value before chromatography; w, NaCl wash; e, alkaline eluate; r, per cent recovery of c.

§ In the sample containing fractions S, P, and serum, the serum values of nonsuppressible ILA were subtracted from
the measured values.

obtained (Fig. 8). Two thirds of the biological
activity recovered eluted between 50 and 70%o of
total bed volume. This represented 15%o of the
total ILA originally present in serum. A significant
amount eluted in the main protein peak with the
void volume of the column.

Inactivation

Nonsuppressible ILA with a mol wt of approxi-
mately 6000 was shown by Burgi et al. (10) to
lose 40-50% of its biological activity when treated
with glutathione. Nonsuppressible ILA of fraction
P with an apparent mol wt of 150,000 was reduced

non6supprossIb/e ZLA
OD280m, a Ul/pool

II

FIGURE 8 Chromatography of nonsuppressible ILA of alkaline eluate (Dowex-50) on Sephadex
G-75 (5 M acetic acid-0.15 M NaCI). 30-ml of serum was passed over Dowex-50. The alkaline eluate
was lyophilized, dissolved in acetic acid-NaCl, and chromatographed on Sephadex. Further description
of technique is given in the legend to Fig. 1 and in Methods.
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to less than 10%o of its initial activity by treatment
with mercaptoethanol and urea. Heating to 800C
for 15 min inactivated nonsuppressible ILA of
fraction P nearly completely, whereas the nonsup-
pressible ILA of smaller molecular size was shown
to be heat resistant for 3 hr under the same con-
ditions (10).

DISCUSSION

In our present studies approximately 70% of non-
suppressible ILA present in human plasma was
recovered in the acetone powder. Purification re-
vealed that nonsuppressible ILA did not behave
as a homogenous biochemical entity. Molecules of
apparently three different sizes were found to be
biologically active. 5-10% of total nonsuppressible
ILA present in the acetone powder was soluble in
acid-ethanol and appeared to be homogenous with
regard to molecular size in 5 M acetic acid-0.15 M
NaCl. In this buffer it had a molecular weight of
about 6000-10,000, i.e., exactly the same as non-
suppressible ILA extracted by Burgi et al. from a
Cohn fraction of human plasma (10). Thus, these
two extracts probably contain the same active
substance.

Gel-filtration of fraction S (soluble in acid-
ethanol) on Sephadex G-100 at neutral pH yielded
an elution pattern of nonsuppressible ILA similar
to that found by other authors working with
Sephadex at neutral pH ( 18, 20). Thus, Cameron,
Boyns, Jarrett, and Keen (17) found that ILA
of a trichloroacetic acid extract of human plasma
eluted from Sephadex G-200 at neutral pH over a
wide range. The biological activity of fraction S
also eluted in a broad peak corresponding to a
mol wt of approximately 50,000. We interpreted
our findings to indicate a conversion of the com-
pound of about 50,000 mol wt -to one of about 6000
by treatment with acetic acid and NaCl. This as-
sumption was supported by the results presented
in Fig. 7. These show that nonsuppressible ILA of
an apparent mol wt of the order of 50,000 obtained
from Sephadex G-100 (pH 7.2) eluted in a vol-
ume corresponding to a mol wt of about 6000 from
Sephadex G-75 (acetic acid-NaCl). Two theo-
retical possibilities of the generation of the small
molecular species of nonsuppressible ILA must
be considered. First, small molecular nonsuppres-
sible ILA may be adsorbed to another protein
with a mol wt of approximately 50,000 and may

then be split off by acetic acid at high molarity.
Second, molecules with nonsuppressible ILA of
fraction S may form aggregates at neutral pH and
may be dissociated by acetic acid. The changes in-
duced by low pH and high molarity seemed to be
irreversible since rechromatography of nonsup-
pressible ILA of small molecular weight on Sepha-
dex at neutral pH yielded one single peak cor-
responding to a mol wt of about 6000 as previously
shown by Burgi et al. (10). The estimate of the
molecular weight of nonsuppressible ILA of frac-
tion S by Sephadex G-75 (acetic acid-NaCl) ap-
peared to be adequate, since it was eluted in a
fairly sharp peak, whereas the peak obtained from
Sephadex G-100 at neutral pH was broad and ill-
defined.

Poffenbarger et al. (18) used a column of
Sephadex G-100 at neutral pH for the characteri-
zation of ILA extracted either by acid-ethanol or
by the method reported by Antoniades et al. (20).
The latter group estimated the mol wt of "bound
insulin" to lie between 60,000 and 100,000 by
chromatography on Sephadex G-100 at a pH of 8
(20).

Most of the nonsuppressible ILA present in the
acetone powder was insoluble in acid-ethanol and
had a mol wt of approximately 150,000 when esti-
mated on a column of Sephadex G-200 (pH 7.2).
It was not converted to the nonsuppressible ILA
of small molecular weight either by acid-ethanol
or by acetic acid. It could not be dissociated into
smaller fragments by urea and EDTA. In con-
trast to nonsuppressible ILA of fraction S, which
was thermostabile, the molecule of fraction P was
inactivated by heat. This finding also indicated
that a chemical relationship between nonsuppres-
sible ILA soluble in acid-ethanol, and that pre-
cipitated by this reagent was very unlikely. In
this respect nonsuppressible ILA of high molecu-
lar weight resembled "hepatic" ILA that was re-
ported by Siess, Teinzer, Struck, and Wieland
(21) to be inactivated by heat.

Total recovery of ILA after extraction and
purification in fractions P and S together amounted
to 30 to 40%o (100 1LU/ml of serum taken as

100%o). Our finding that only 5%o of total non-
suppressible ILA of native serum was soluble in
acid-ethanol explained the low recovery of non-
suppressible ILA after acid-ethanol extraction of
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plasma or of a Cohn fraction of plasma (7, 10).
Nearly 100%o of the small molecular form of non-
suppressible ILA present in the acetone powder
was recovered after extraction by acid-ethanol and
purification on Sephadex. In contrast, only 30-40%o
of nonsuppressible ILA of high molecular weight
present in the acetone powder was recovered af-
ter treatment with acid-ethanol and after purifica-
tion. This loss of activity may be explained by the
instability of this molecule.

Recently, Poffenbarger et al. (18) suggested
that "bound insulin," "atypical insulin," and non-
suppressible ILA are all one and the same sub-
stance. Two types of experiments were designed
to test this hypothesis.

When fraction S was dissolved in buffered al-
bumin or in Krebs-Ringer bicarbonate buffer
alone, only small amounts appeared in the NaCl
wash after Dowex chromatography. The recovery
in the total eluate (NaCl wash + alkaline eluate)
was only 30 to 40%. When fraction S was dissolved
in serum a large proportion was recovered in the
NaCl wash. These findings suggest that nonsup-
pressible ILA of fraction S was retained on the
resin and that it was partially inactivated during
the elution with NH4OHinto H2SO4. Since se-
rum contains other basic proteins, these may
conceivably compete for the binding sites of the
resin, so that in the presence of serum nonsuppres-
sible ILA may be eluted with the NaCl wash,
yielding a higher total recovery. These data thus
suggest that purified fraction S is, indeed, re-
tained on Dowex-50, therefore fulfilling the main
criterion of "bound insulin." In contrast, most of
the nonsuppressible ILA of fraction P was not re-
tained on the resin. No losses of biological ac-
tivity occurred during chromatography of fraction
P.

In the other set of experiments "bound insulin"
was prepared from serum by the method of An-
toniades et al. The alkaline eluate was subjected
to chromatography on Sephadex at low pH. As
clearly shown in Fig. 8, two-thirds of the bio-
logical activity recovered had an apparent mol wt
of 6000, but significant amounts also eluted in the
outer volume.

Our results strongly support the hypothesis of
Poffenbarger etal. (18) that "bound insulin" and
nonsuppressible ILA soluble in acid-ethanol (frac-
tion S) are the same. The controversal estimates

of the molecular size clearly are due to the dif-
ferent conditions chosen for Sephadex chromatog-
raphy. At low pH and high molarity most of the
"bound insulin" and all of fraction S have an ap-
parent mol wt of 6000.

Neither "bound insulin" nor nonsuppressible
ILA of fraction S account for the bulk of ILA in
serum. Big molecular nonsuppressible ILA is lost
in both procedures, in the NaCl wash and in the
acid-ethanol precipitate, respectively.

The present studies demonstrate that nonsup-
pressible ILA of plasma results from the additive
effects of at least two distinct components. Thus,
any speculations about possible physiological roles
(9, 12, 20) and possible sites of formation (22)
are hazardous and premature as long as total
nonsuppressible ILA is measured.
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