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Summary. A simplified procedure has been developed for the isolation of insulin-
like growth factor I from human plasma by use of affinity chromatography with
the somatomedin binding protein. After acidification of human plasma and sepa-
ration of insulin-like growth factor I and endogenous binding protein by cation
exchange chromatography on SP-Sephadex the material was passed through a
column packed with pure human amniotic fluid binding protein covalently cou-
pled to Sepharose. The bound insulin-like growth factors I and II were eluted
by 1M acetic acid and separated on a Mono S cation exchange column by use of
a salt gradient. The 30 ng insulin-like growth factor I and 18 ug insulin-like
growth factor Il recovered from 1 liter plasma gave an overall recovery of 30%
for insulin-like growth factor I but only 2.5 % for insulin-like growth factor 1I.

© 1986 Academic Press, Inc.

Insulin-like growth factors I and II (IGF-1, IGF-II) are the two main somato-
medin polypeptides in human serum (1-8). Unlike other polypeptide hormones
IGF-I and II in serum circulate bound to binding proteins, with at least two dif-
ferent molecular masses (9-13). Somatomedins released from organs and cells are
accompanied by binding proteins (14-16). Human amniotic fluid has been found
to be a rich source of a binding protein with a MW of 35 k dalton (17-20). This
somatomedin binding protein (SMBP) was previously isolated and characterized
(21). It displays a high affinity for IGF-I and IGF-II (21). By covalently cou-
pling this human amniotic fluid SMBP to Sepharose, we report here a procedure

for the isolation of IGF-I from human plasma.

MATERIAL AND METHODS
Acidification of plasma

Outdated human plasma was mixed with an equal volume of 1M acetic acid,
giving a final pH around 3.7, and was left for at least 6 hours at 4°C before
chromatography.

Abbreviations: IGF-I, insulin-like growth factor 1; IGF-II, insulin-like growth
factor 1I; SMBP, somatomedin binding protein; RIA, radioimmunoassay; RRA,
radioreceptorassay.
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Cation exchange chromatography on SP-Sephadex C25

Acidified plasma (corresponding to 1 liter of original plasma) was applied to
a column (2.5x30 cm) with SP-Sephadex C25 cation exchange gel (Pharmacia,
Sweden) pre-equilibrated with 1M Na-acetate buffer, pH 3.7. After washing
the column with the equilibrating buffer the bound material was eluted with two
bed volumes (approximately 300 ml) of Tris buffer, 0.05M, pH 9.0, and pH ad-
justed to 7.5 with 0.1M HCI1 (Fig. 1).

Affinity chromatography on the somatomedin
binding protein coupled to Sepharose

Preparation of the gel. The human amniotic fluid SMBP was purified as de-
scribed elsewhere (21). The protein was covalently coupled to CNBr activated
Sepharose 4B (Pharmacia, Sweden), according to directions supplied by the
manufacturer. By this process, 5 mg of pure human amniotic fluid SMBP were
coupled to 10 ml of hydrated gel, poured into a glass column and equilibrated
with Tris buffer, 0.05M, pH 7.5.

Development of affinity chromatography. The material was slowly passed
through the binding protein—Sepharose column and thereafter the column was
washed with Tris buffer, 0.05M, pH 7.5 until Aggg = 0. The bound material was
eluted with 20 ml of 1M acetic acid and lyophilized (Fig. 2).

Cation exchange chromatography on Mono S

The material from the affinity column was resuspended in Na-acetate buffer,
0.05M, pH 5.0, containing 0.05M NaCl, centrifuged, filtered through a 0.20 n
filter (Gelman, MI, USA) and the pH adjusted to 5.0 with Na-acetate. The ma-
terial was applied to a Mono S cation exchange column (HR 5/5, Pharmacia,
Sweden), pre-equilibrated with Na-acetate buffer, pH 5.0, with 0.05 NaCl. The
chromatogram was developed with a gradient from 0.05 to 1M NaCl (Fig. 3).

Reversed phase chromatography

Material eluted from the Mono S column was further chromatographed in a re-
versed phase column (Pro PAC, HR 5/10, FPLC system, Pharmacia, Sweden)
using a water/methanol gradient from 40 % to 80 % methanol. .

Radioreceptor assay (RRA) and radioimmunoassay (RIA)

The purification process was guided by an RRA for somatomedin A with human
placenta membrane as matrix as described elsewhere (22,23). Final recovery was
based on RIA for IGF-I and IGF-II (10,24). As standard and ligands IGF-I and
IGF-II purified in our laboratory according to Enberg et al. (8) were used. The
crossreactivity of IGF-II in the IGF-1 RIA is only 1% and of IGF-I in the IGF-II
RIA is 10%.

Amino acid analyses

Amino acid analyses were performed with a Beckman 121 M instrument after
hydrolysis in evacuated tubes for 24 h at 110°C with 6 M HC1, 0.5 % phenol.

N-terminal sequence analyses

Liquid-phase sequencer degradations were performed as previously described
(8) in a Beckman 890 D sequencer using a 0.1M quadrol peptide program in the
presence of glycine-precycled Polybrene (25). Phenylthiochydantoin derivatives
were identified by reverse-phase high-performance liquid chromatography (26).
For the sequence analyses 2 nmol protein was used.

RESULTS

Most of the somatomedins present in acidified plasma bound to a column with
SP-Sephadex, equilibrated with Na-acetate, pH 3.7, whereas the low molecular
form of binding protein and the bulk of the proteins passed through. Almost all
adsorbed IGF-I was eluted with Tris buffer, 0.05M, pH 9,0 (Fig. 1). Further
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Fig. 1. Chromatography on SP-Sephadex cation exchange. The acidified plasma
(2 1) was applied to a column of SP-Sephadex (2.5x30 cm) equilibrated with 1M
Na-acetate buffer, pH 3.7. As indicated by the arrows the column was washed
with equilibrating buffer until A2g0=0 and then eluted with two bed volumes of
0.05 Tris, pH 9.0. The horizontal bar indicates the fractions containing somato-
medins as determined by RRA.

elution with 1M NaCl in Tris buffer 0.05M, pH 9,0, only gave a small amount of
somatomedins as determined by RRA. The Tris pH 9.0 eluate was adjusted to
pH 7.5 and applied to the affinity column with somatomedin binding protein.
Nearly all the applied IGF-I could be eluted in a single peak with 1M acetic
acid (Fig. 2). Further purification and separation of IGF-I and IGF-II was
achieved on a Mono S column. As showed in Fig. 3, IGF-I eluted in a sharp
peak at + 25 % of the gradient used and IGF-II at + 65% of the gradient. To
confirm the purity of IGF-1 it was further chromatographed on a reversed
phase column (Pro PAC, HR 5/10, FPLC system, Pharmacia, Sweden) by using
a water/methanol gradient. Only one peak could be detected at 55 % of the gra-
dient. The recovery of IGF-I at this step was only 50 %.
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Fig. 2. Affinity chromatography on the SMBP Sepharose column. The column
(10 m1) was equilibrated with 0.05M Tris, pH 7.5. The material from the SP-
Sephadex column was passed through the column. After washing with equi-
librating buffer until A2gg = 0 the bound material was eluted with 20 ml of 1M
acetic acid. The horizontal bar shows the elution volume of somatomedins deter-
mined by RRA.
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Fig. 3. Cation exchange chromatography. This was made on a column of Mono 8
(FPLC system, Pharmacia, Sweden) developed with a linear gradient of NaCl
from 0.05 to 1M. The straight line indicates the gradient and the curve the
absorbance at 280 nm. The bars indicate the profile of elution of IGF-I1 and
IGF-II by RIA.

The amino acid composition of the isolated polypeptide was identical to that
for IGF-1 apart from the presence of some histidine which probably was a con-
tamination. The N-terminal amino acid sequence was Gly-Pro-Glu-Thr-Leu-Cys-
Gly-Ala-Glu-Leu. In the RIA for IGF-1, the dose-response curve of the puri-
fied IGF-I was superimposible on the curve of IGF-I isolated by Rinderknecht
and Humbel (2) (Fig. 4). About 30-40 pg of immunoreactive IGF-1 was obtained
from 1 liter of outdated plasma, containing about 100 ng IGF-I per ml, which
gave a final recovery of 30%. Before the last step of reversed phase chromatog-
raphy the yield was about 60%. The yield of immunoreactive IGF-II was only 18
pg from 1 liter outdated plasma.

Apart from IGF-I and IGF-II an additional peptide was eluted from the Mono
S cation exchange column at 40 % of the salt gradient, a position between the elu-
tion of IGF-I and IGF-II. This peptide was further separated from IGF-I and
IGF-II in the reversed phase column using a water/methanol gradient where it

was eluted at 45 % methanol, but is not yet analysed.
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Fig. 4. Crossreaction of our purified IGF-I in the RIA for IGF-1. The dilution
curve of our purified IGF-1 (---) is shown in comparison to curve using IGF-I
purified by Humbel (—).

DISCUSSION

A simple and efficient purification procedure of IGF-I from serum was devel-
oped by using its affinity to the SMBP, isolated from amniotic fluid. The advan-
tages of this affinity chromatography step are the specificity for somatomedins
and the high recovery of IGF-1. About 30-40 pg of immunoreactive IGF-I were
recovered from 1 liter plasma. The yield of IGF-I was higher than the 16 % yield
achieved in the purification procedure earlier developed (8). The present re-
covery is also higher compared with immunoaffinity chromatography using mono-
clonal antibodies (17-18%) as reported by others (27,28). However, this yield
in all these purifications were severalfold better than the 2-5% achieved by meth-
ods previously described when starting from Cohn fraction IV (2, 29-32).

Before using the affinity chromatography step it was necessary to dissociate
and separate IGF-I from endogenous binding proteins in plasma. This was achiev-
ed by acidification and cation exchange chromatography on SP-Sephadex as pre-
viously described (32,33). Unfortunately, this step led to a loss of IGF-1I and
we have not yet found the explanation or developed an alternative step. After
the SMBP affinity chromatography step the IGF-I and IGF-II polypeptides were
separated by ion exchange chromatography on a Mono S column with a salt gra-
dient. Between IGF-I and IGF-II, we also found a variant of somatomedin/IGF
which crossreacted in the radioreceptor assay but had lower crossreactivity than
IGF-II in the RIA for IGF-1I and did not crossreact in the RIA for IGF-I.
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The developed purification procedure can be applied in the purification of

endogenous somatomedins from plasma and acid extracts of different tissues but
also of biosynthetic IGFs. In addition, not only IGF-I and IGF-II but also vari-
ants of these polypeptides could be expected to bind to SMBP.
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