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Abstract

The method presented can easily produce milligram amounts of glycodelin from pregnancy endometrium, with a 19%
yield. It involves anion-exchange chromatography, gel permeation and chromatofocusing; it results in one stainable band at
M, 28 000 after sodium dodecyl sulphate—polyacrylamide electrophoresis, as well as after immunoblot analysis, performed
using an affinity-purified 1gG fraction from an antiserum against glycodelin. In spite of this, the corresponding gel isoelectric
focusing pattern gives four stainable bands with pl values between 4.55 and 5.2. Western immunoblot analysis of tissue
extracts indicates the presence of glycodelin epitopes associated with materials heavier than the native protein. Circular
dichroism spectra of the highly purified protein in water solutions indicate a large amount of B-sheet conformation, whereas
those obtained with different proportions of 2-propanol in water, show an increased proportion of «-helix conformation.

[0 1997 Elsevier Science BV.

Keywords: Preparative chromatography; Glycodelin; Glycoproteins; Globulins

1. Introduction

Glycodelin is the new name of a group of at least
two glycoproteins with identical primary structure,
which differ in their N-glycan structures [1].

Glycodelin, today designated as glycodelin-A
(GdA), is a magor endometrial glycoprotein syn-
thesized in high quantities after implantation of an
embryo [2], is secreted in high concentrations into
the amniotic fluid of the first trimester pregnancy
[2—4] and also, at much lower levels, into the blood
circulation [2,5]. Further studies have shown that
glycoddlin is constitutively expressed by precursors
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of the erythroid lineage in norma human bone
marrow [6] and by norma human megakaryocytes
and platelets [7] and — athough it was originally
purified from human term placenta and designated as
‘placental protein 14’ [8] — is absent from the fetal
side of the placenta [9,10]. A seminal plasma
analogue, designated as glycodelin-S (GdS) has been
recently isolated; it completely cross-reacts with
antibodies to GdA from human amniotic fluid [11]. It
is interesting that glycosylation seems to be gender-
specific. GdA inhibits binding of human sperm to
zona pellucida, whereas GdS allows it [11]. In
addition, it is possible that gametes and the develop-
ing human embryo are protected by the immuno-
suppressive effects of glycodelin [12].

Three different methods have been described for
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the purification of glycodelin from pregnancy de-
cidual cytosols: the procedure described by Bell [13],
however, is long and complex; that followed by
Bolton et a. [14] can only produce microgram
amounts of the protein, whereas Westwood et al. [15]
have utilized reversed-phase chromatography which
yields the protein’s subunits.

Glycodelin has aso been purified from mid-tri-
mester amniotic fluid with high yields by anion-
exchange chromatography and gel permeation fol-
lowed by reversed-phase high-performance liquid
chromatography (HPLC) or by a combination of
negative anti-hCG immunochromatography and hy-
drophobic interaction chromatography [16]. The
same group aso used positive immuno-
chromatography for asingle-step glycodelin extraction
[17]. A potential problem with this procedure is that
changes of the secondary structure of the protein
might be induced by the chromatographic use of
water—organic solvent mixtures or by the use of
acidic and/or high-ionic strength solutions.

Data on the immunosuppressive properties of
glycodelin [14,18,19], potential linkages to the
human feto-embryonic defence system [12] and
potential applications in fertility regulation [11],
have increased the need for a simple and fast method
capable of producing relatively large quantities of
pure, native glycodelin.

With this aim, we have set-up a simple and rapid
chromatographic procedure for obtaining, on a pre-
parative scale, pure, native glycodelin and further
defined its physico-chemical properties.

2. Experimental
2.1. Biolological material

Endometrial (decidual) tissue of the first trimester
of pregnancy was obtained from women undergoing
voluntary termination of pregnancy.

2.2. Purification procedure

All operations were performed at 4-8°C, unless
otherwise specified.

2.2.1. Preparation of the immunogen

In early experiments, aimed at obtaining a suitable
immunogen, purification of glycodelin was essential-
ly carried out as aready described [13]. This pro-
cedure involved DEAE-Sephacel anion-exchange
(NaCl stepwise, increased to 0.14 M), Concanavalin
A (ConA-)—Sepharose (Pharmacia-Biotech Europe,
Brussels, Belgium) affinity chromatography (with
stepwise increases to 0.5 M methyl-a-p-glucopy-
ranoside) and gel filtration through Ultrogel AcA-44
(IBF, Villeneuve-la-Garenne, France).

After complete purification (see Section 3), the
resulting homogeneous material was used for rabbit
immunization to obtain suitable antisera to be uti-
lized during the process of selecting a simplified
method of purification.

2.2.2. Improved procedure

The procedure selected as fina involved the
fractionation and purification of endometrium ex-
tracts by a combination of chromatographic pro-
cedures according to the sequence: DEAE-Sephacel,
Superdex-75 and Polybuffer exchanger (PBE) 94/
Polybuffer (PB) 74 chromatofocusing (all from
Pharmacia-Biotech).

In atypical experiment, 40 g of endometrial tissue
were homogenized in 100 ml of ice-cold water in an
UltraTurrax homogeneizer (Janke & Kunkle
Staufen, Germany) at low speed for 1 min and
completed in a PTFE—glass Potter homogeneizer
(Thomas Scientific, Swedesboro, NJ, USA) at low
speed with cooling for 2 min. The homogenate was
centrifuged at 15 000 g for 90 min and the superna-
tant desalted by gel permeation through Sephadex
G-25 (Pharmacia-Biotech) equilibrated and eluted in
0.1 M Tris—buffer solution, brought to pH 8.0 with
HCI. The resulting 1200 mg of protein material were
applied to a column (40x2.6 cm 1.D.) of DEAE-
Sephacel, equilibrated in the same Tris—HCI buffer
solution. The chromatogram was developed with 550
ml of Tris—HCI buffer, with 500 ml of a0 to 0.2 M
NaCl gradient in the same buffer and then with 0.2
M NaCl aways in the same buffer.

Fractions with the highest glycodelin immuno-
reactivity were pooled, concentrated to a small
volume by ultrafiltration in an Amicon stirred-cell,
equipped with a 4.5-cm diameter YM 10 membrane
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(Amicon, Danvers, MA, USA), further desated by
Sephadex G-25 chromatography in 0.03 M
NH,HCO, solution and lyophylized.

At this stage, 60 mg of proteins, reconstituted in
1.5 ml of 0.1 M Tris, brought to pH 7.6 with HCI,
made 0.1 M with KCI, were applied to 100x2.6 cm
I.D. gel-permeation column filled with 477 ml of
Superdex-75, calibrated with protein standards of
known molecular mass (bovine serum abumin, M,
67 000; egg abumin, M, 45000; carbonic anhy-
drase, M, 29 000; myoglobin, M, 17 000 and aprotin,
M, 6500); 1.5 ml fractions were collected.

Ten-milligram quantities of proteins from fractions
containing immunoreactive glycodelin were desalted
and lyophilized. Before use, they were dissolved in 2
ml 0.025 M imidazole—buffer solution (pH 6.6) and
applied to a column of 7 ml of PBE-94 equilibrated
and eluted with 21 ml of the same buffer solution
and with 84 ml of PB-74-HCI, pH 4.0; 0.6 ml
fractions were collected and pooled on the basis of
SDS-PAGE and/or Western blot analysis [20]. Pools
containing glycodelin only were mixed, concentrated
on an Amicon cell equipped with a YM-30 mem-
brane, washed with NH,HCO, 0.03 M and further
freed from ampholytes by Sephadex G-75 gel per-
meation equilibrated and eluted in 003 M
NH,HCO, and then lyophilized.

This preparation was used as a standard in the
immunochemical studies.

2.3 Antisera and immunoglobulins G

Antisera were obtained from adult mae New
Zedand white rabbits immunized with the antigen as
described by Vaitukaitis et a. [21]. Specific immuno-
globulins G (1gGs) were prepared, starting with 10
ml of the bleeding with the highest ELISA titre (A
4); they were chromatographed through Protein G-4
Fast Flow (Pharmacia-Biotech). Bound immuno-
globulins were eluted with 0.1 M sodium citrate
buffer solution, pH 3.0, and collected in tubes
containing 1 M Tris—HCI, buffer at pH 9.0. The
solution was neutralized and desalted by Sephadex
G-25, equilibrated in 0.05 M NH,HCO, and lyophil-
ized. Ten-milligram quantities of the resulting pow-
der were further purified by negative immuno-
chromatography through a column of ActAcA (IBF),

coupled to potentially contaminating antigens ex-
tracted from norma male serum by a procedure
similar to that used for specific antigen preparation:
DEAE-anion exchange (retarded fraction), followed
by a ConA-Sepharose affinity-chromatography
(bound fraction). The affinity-purified 1gG fraction
(A 4.1) was used as the specific antibody for all
immunochemical studies.

2.4. Glycodelin analysis

2.4.1. lmmunoassay

Immunological monitoring of chromatographic
eluates was performed by a standard noncompetitive
enzyme immunoassay [22]. Equal amounts of pro-
teins from chromatographic eluates were absorbed
onto polystyrene plates (flat-bottomed, maxisorp
inununoplates; Nunc, Roskilde, Denmark). One
microgram per well of specific 1gG (A 4.1) followed
by 100 wl anti-rabbit 1gG (H+L)-HRP conjugate
(Bio-Rad, Richmond, CA, USA), diluted 1:2000 as a
second antibody, were used.

2.4.2. DS—polyacrylamide gel electrophoresis

The PhastSystem was employed for SDS electro-
phoresis in polyacrylamide gel with a 10-15%
gradient. Coomassie R-350 was used for staining. A
low molecular mass calibration kit (Pharmacia-
Biotech, code 17-0446-01) was used for relative
mass determinations; it contains. phosphorylase B
M,=94 000; bovine serum abumin, M,=67 000;
ovalbumin, M,=43 000; carbonic anhydrase, M,=
30 000; soybean trypsin inhibitor, M,=20 100 and
a-lactalbumin, M, =14 000.

SDS-PAGE and Coomassie R-250 staining of gels
were performed on 0.75-mm thick polyacrylamide
(12% w/v) gels in a Protean 11 vertical slab cell
(Biorad), according to the specifications given by the
manufacturer; a-lactalbumin, M,=14 200; soybean
trypsin inhibitor, M,=20 100; trypsinogen, M,=
24 000; carbonic anydrase, M, =29 000;
glyceraldheyde-3-phosphate-dehydrogenase, M, =
36 000; egg abumin, M,=45000; bovine serum
albumin, M, =67 000 (Dalton Mark 11-L, Sigma, St.
Louis, MO, USA) were used for relative mass
determinations.
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2.4.3 lsoelectric focusing

The PhastSystem (Pharmacia Biotech) was used to
determine the isoelectric point of the purified antigen
on a precast gel medium at polyacrylamide con-
centration of 5% in the pH range 4-6.5 (Pharmacia-
Biotech). A calibration kit (Pharmacia-Biotech) con-
taining a low range of pl markers stained with
Coomassie R-350, was used. It contains: human
carbonic anhydrase, pl =6.55; bovine carbonic anhy-
drase; pl=5.85; B-lactoglobulin, pl=5.20; soybean
trypsin inhibitor, pl=4.44; glucose oxidase, pl=
4.15; methyl red pl=3.75; amyloglucosidase, pl=
3.5; pepsinogen, pl=2.80.

2.4.4. \Western immunoblot

Western immunoblot was performed with the aid
of the PhastSystem using the same SDS-PAGE (T=
10-15%) indicated above for the first run. Nitro-
cellulose (Hybond C, 0.45 pm, Amersham Interna-
tional, Amersham, UK) served for protein transfer in
the second run. Ponceau-S (0.2% in a 3% trichloro-
acetic acid solution) was used for protein staining.
Hybond membrane saturation was then performed in
a 3% (w/v) gelatin dissolved in 20 mM Tris solution,
pH 7.5 containing 500 mM NaCl, before immuno-
precipitation of the Ag by the anti-glycodelin 1gG
(1.65 pg/ml) in 1% (w/v) gelatin solution. Goat
anti-rabbit 1gG-HRP conjugate (Bio-Rad) was used
as a second antibody as indicated by the manufac-
turer. In some experiments Western immunoblot was
also performed using a Trans-Blot Cell (Bio-Rad)
using 16X20-cm, 0.75-mm thick polyacrylamide
(12% w/v) gel with the immunochemical reagents
already described, according to the specifications
given by the manufacturer.

2.4.5. Amino acid sequence determination

Samples were fractionated in 12% (w/v) SDS—
PAGE and electroblotted onto ProBlott membranes
(Applied Biosystems, Foster City, CA, USA) in 10
mM cyclohexylaminopropane sulfonate (CAPS) pH
11, containing 10% methanol as described by Mat-
sudaira [23]. Membranes were stained with 0.1%
(w/v) Coomassie Brilliant Blue R-250 in 50%
methanol and then destained in 50% methanol.
Stained protein bands were cut and sequenced in an
applied Biosystems model 476A sequencer, using a

Blott Cartridge (Applied Biosystems) with an opti-
mized liquid-phase programme.

2.4.6. Circular dichroism spectra

Circular dichroism (cd) spectra were measured on
a Jasco 500 A spectropolarimeter (Jasco Internation-
al, Tokyo, Japan) connected to an IBM computer as
data processor. Spectra were obtained for each
sample in the far UV region between 200 and 250
nm at 24°C. Water and 2-propanol—water solutions
(1:1, v/v) were used as protein solvents and as
blanks, and the molar ellipticity [@] (degreexcm?®x
dmol ~*) was calculated from @=19x100x| " *xc™*
where ¢ is the observed dlipticity, ¢ is the
glycodelin concentration in g/l, divided by the mean
residue molecular mass of the amino acid moieties
(116) and | is the pathlength in centimeters.

3. Results
3.1. Preparation of the immunogen

Following gel permeation through Ultrogel AcA-
44, four glycodelin-immunoreactive fractions were
obtained.

One of them, identified as Fraction 4 (Fig. 1a),
corresponding to the native protein and containing
the major part of the immunologically active materi-
al, was further purified by a second gel permeation
through Ultrogel AcA-44.

The other three heavier fractions obtained follow-
ing the first gel filtration also possess glycodelin
immunoactivity, as shown in Fig. 1b.

Thus, al four fractions are immunologically active
and show the same pattern in the Western Immuno-
blot, with a band migrating at M,=26—27 000.

The homogeneity of the main product obtained
following the second gel permeation of Fraction 4,
was analyzed by SDS-PAGE in a homogeneous 12%
gel where it displayed a pattern with a unique
stainable band, when performed either on 10 pg of
the sample prepared under non-reducing conditions
or on 10 or 15 pg of the same 2-mercaptoethanol-
reduced material. Such a band of homogeneous
protein had a M, of 26 000, this value being derived
from the equation which fitted (with r=0.983, t(5)=
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Fig. 1. (8) Gel permeation on 100x2.6 cm |.D. column filled with
Ultrogel AcA-44 of 230 mg of pregnancy endometrium extracts
eluted from ConA-Agarose with 0.5 methyl a-p-glucopyranoside.
(b) Western immunoblot analysis of 20 g of, from left to right,
fractions 1-4.

10.8) the gel calibration curve ©=6.32—1.1289log r
(electrophoresis not shown).

3.2, Smplified purification of glycodelin

Chromatographic fractions eluted by NaCl linear
gradient from DEAE-Sephacel were pooled into
eight pools on the basis of their absorbance at 278
nm and of their glycodelin immuno-assay titres.
Approximately 40% of the immuno-activity was
present in the fraction (2.4) eluted within the NaCl

concentration interval 0.100—0.130 M. A well-identi-
fiable peak of albumin was present in the next
fraction, coeluted with some 10% of the immuno-
activity, whereas an additional 30% of the immuno-
activity was coeluted with more acidic proteins
between NaCl concentrations of 0.175 and 0.200 M
(fractions 2.7 and 2.8). Fraction (2.4) was gel-chro-
matographed through Superdex-75 and resolved into
two protein peaks. The second was eluted between
bovine and egg abumins, the center of the peak
corresponding to a M, value of 54 900. This value
was derived from the equation which fitted (with
r=0.9991, t(4)=40.7) the column calibration curve:
V,/IV,=4.477-0.669 log M, and contained al the
immunoactivity. When this glycodelin-rich fraction
was passed through a column of PBE, a large peak
of absorbance was observed between pH 5.1 and 4.0,
asindicated in Fig. 2. The degree of purification and
yields from the three purification steps are shown in
Table 1.

The starting material, made up of 40 g of endo-
metrial tissue, contained some 20 mg of glycodelin
when evaluated by enzyme immunoassay. A total of
3.8 mg of highly purified immunoreactive glycodelin
were obtained at the end of the purification process,
with an overall recovery of 19%.

The protein peak was subdivided into six poals,
each of them being submitted to SDS-PAGE and
Western blot analysis, as shown in Fig. 3ab. The
purified material runs as a single band on reducing
SDS-PAGE (Fig. 33 and on Western blot analysis
(Fig. 3b).

SDS-PAGE of the proteins present in fractions
4—6, having alower pl, disclosed a second band with
an M, of 60000. Proteins present in fractions 1-3
from chromatofocusing, containing native glycodelin
were pooled. Their SDS-PAGE, was also performed
by the PhastSystem and is shown in Fig. 4;
glycodelin was added in two lanes. One single,
stainable band was observed in the second and third
lanes, loaded with 4 g of the purified protein.

The same purified protein preparation was sub-
mitted to PhastSystem gel isoelectric focusing in the
pH gradient 4-6.5 giving a pattern similar to that
shown in Fig. 5. Four maor protein bands were
observed, exhibiting pl values between that of the
B-lactoglobulin (5.2) and that of the soybean trypsin
inhibitor (4.55).
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Fig. 2. Chromatofocusing of fraction 3 from Superdex-75 gel permeation in the pH range 6.0—4.0. Ten milligrams of purified glycodelin
were passed through 7 ml of ion-exchanger, in the pH range 7—4. Horizontal bars 1-6 represent fractions pooled.

3.3, Amino acid sequence of glycodelin

Automated Edman degradation of the electro-
blotted band corresponding to a M, of 26 000 gave
an N-termina sequence MDIPQTKQDLKELPKL-
AGTWSMAMATNNIA corresponding to that re-
ported by Julkunen et al. [9] from sequenced human
decidual cDNA clones encoding PP14 (glycodelin).

Furthermore, the amino acid composition of the
heavier protein contained in fractions 4—6 corres-
ponded to that of o,-antitrypsin. Both sequences
were identified by searching a protein data base
(SwissProt, release 23.0) using FASTA program
[24].

3.4. Circular dichroism

In order to further characterize the purified
glycodelin, the final product was submitted to circu-
lar dichroism (cd) spectroscopy. The cd spectra of
glycodelin in the far UV are reported in Fig. 6.

The spectrum of the aqueous solution of the

protein, indicated as (a), exhibited a well-defined
minimum at 217 nm. The 2-propanol-induced modi-
fications of the secondary structure of the protein are
also shown in Fig. 6: the ¥ given by a 2-propanol—
water mixture (30:70) is shown as (b) and that of the
50% 2-propanol—water mixture as (). When the
glycodelin dissolved in 2-propanol-water was
dialyzed against water and a new spectrum obtained
(see the small diagram in Fig. 6), the large minimum
at 208 nm remained.

4, Conclusions

The method proposed is a simple, rapid three-step
purification procedure capable of obtaining, on a
preparative scale, homogeneous glycodelin prepara-
tions. This purification system is easily reproducible,
as indicated by the fact that all preparations obtained
over a 3-year time interval gave identical results. The
present method, represents a simplification of that
originaly described by Bell [13] and yields higher

Table 1

Flow sheet, with overall recoveries in terms of total proteins and glycodelin-like material, following each purification step

Purification step Total protein (mg) Glycodelin (mg) Recovery (%) Specific activity®
Tissue homogenate (supernatant) 1200 20 100 0.016
DEAE-Sephacell 60 10 50 0.17

Superdex G-75 20 10 50 0.50
Chromatofocussing (pH 6.5-4.0) 38 38 19 1.0

“Glycodelin concentration was determined by enzyme immunoassay and protein content by the Coomassie staining of Bradford [33].
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Fig. 3. (@ Monodimensional SDS-PAGE analysis of the six
fractions obtained from chromatofocusing. Twenty micrograms
protein/lane were analyzed and the gel was stained with Coomas-
sie R-250. (b) Western immunoblot pattern of the same six
fractions. Twenty micrograms protein/lane were loaded. Fractions
1-3 were pooled and labelled as highly purified glycodelin.

quantities of highly purified protein. The use of a
different gel permeation medium (Superdex-75 in-
stead of Sephacryl S-200) results in a higher increase
of glycodelin specific activity. Furthermore, the
careful performing of chromatofocusing allowed the
elimination of o -antitrypsin which represents the
heavier contamination of glycodelin, having similar
mass and charge; o,-antitrypsin is also produced by
the epithelia cells of gestational endometrium [25].
In no case was the presence of contaminating traces

Mr ( 1079)

94
67 |

43

29 .4
- -

20 ]
14 |

EEEEE

Fig. 4. PhastSystem SDS-electrophoresis in a polyacrylamide gel
gradient from 10 to 15%. A total of 4 pg standard protein mixture
was loaded in the first lane (left) and 4 pg of highly purified
glycodelin preparation ran in lanes 2 and 3. Gels were stained with
Coomassie R-350.
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Fig. 5. PhastSystem SDS-electrophoresis in a polyacrylamide gel
isolectric focusing of 4 pg of a highly purified glycodelin
preparation (lane 2); lanes 1 and 3 were loaded with 4 pg of
protein of known pl, as indicated. Gel was stained with Coomassie
R-350.



32 A. Pala et al. / J. Chromatogr. B 704 (1997) 25-34

5010’i LA S S S B B S B S B B S S B B S B e

5010 N a g §

a
lon
R

[©] (degree cm Zdmol ™)

4010 [ e ]

TRV T PN
210 230
A (nm)
SRR TS WA SN (S YN ST SN TN N ST S T S A U S SN Y

151¢

200 210 220 230 240 250
A (nm)

Fig. 6. Effect of solvents on the molar ellipticity [ @] of glycodelin
in the far ultraviolet. The following solvents were used: water (a);
30% 2-propanol in water (b); 50% 2-propanol in water (c). The
insert shows the cd spectrum recorded after complete solvent
exchange with water of the organic solution relative to spectrum c.

of hCG revealed by RIA. The first 30 NH.,-terminal
amino acids of the isolated protein were identical
with those deduced by sequencing the cDNA encod-
ing PP14 [23]. This analysis identifies the glycodelin
as being identical to the proteins previously de-
scribed under the acronym of PP14 and isolated from
the placenta, or labelled «,-PEG and isolated from
the endometrium.

When the preparation was submitted to chromato-
focusing following gel permeation on Superdex-75,
it resolved into six fractions, with the highest protein
content being located at pl 4.7-4.5, and glycodelin
immunoactivity spread over the pl range 4.1-5.1.
Thus, in spite of its homogeneity in SDS-PAGE and
in Western immunoblot analysis, isoelectric focusing
of the purified preparation indicates a charge hetero-

geneity. This is consistent with the finding of Dell et
al. [1], who reported that the protein is glycosylated
with  well-defined and substantially different
heterogeneous populations of glycans. Although
isoelectric focusing of glycodelin has not been
reported previously, indirect evidence of heterogene-
ity can aso be drawn from the observation of the
existence of various forms of mMRNA encoding o.,-
PEG [26].

The secondary structure of purified glycodelin was
evaluated by means of circular dichroism spectros-
copy, a chiro-optical technique based on the selective
absorption of right and left polychromatic visible and
UV circularly polarized light. The spectrum of the
aqueous solution of glycodelin exhibited a well-
defined minimum at 217 nm. Similar cd spectra
behaviours have been previously found in peptide or
protein chains containing a large amount of B-sheet
conformation [27,28]. This is consistent with the
finding of Papiz et a. [29], on the prevalent 3-sheet
structure of the bovine B-lactoglobulin which, in
turn, shows significant N-terminal amino acid se-
guence homology with glycodelin [30]. The increase
of the a-helix conformation induced by 2-propanol
might arise from the refolding of long non-structured
segments of the protein. It is not known whether the
a-helix transformation is associated with the mono-
meric form of the protein. The conformational
changes induced by the organic solvent are not
reversible.

A possible consequence of these findings is that
the use of organic solvents (2-propanol and acetoni-
trile) to purify the protein by hydrophobic interaction
chromatography procedures, could result in con-
formational changes of glycodelin and lead to a
modification of its biological activity.

In the present experiments, glycodelin determi-
nants associated with material heavier than the native
protein were detected by Western immunoblot in the
void volume and in the eluate of a gel permeation
through AcA44. This can be interpreted as a ten-
dency of glycodelin to multimerize or to aggregate
with a higher-molecular-mass carrier. If true, the
addition of one or more epitopes to a carrier mole-
cule would not be a unique example of association
between serum proteins. as is well known, the
retinol-binding globulin binds to a pre-albumin tetra-
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mer to yield a complex with a M, of about 76 000
[31]. Tendency of SPl-a (pregnancy-specific o,-
glycoprotein) to aggregate with SP1-B epitopes has
also recently been described [32].

The extraction method for the glycodelin de-
scribed here shows significant advantages over those
previously described. It alows the production, in
three main chromatographic steps, of a highly
purified preparation which exhibits a unique stain-
able band following SDS-PAGE and Western im-
munoblot analysis. The same procedure alows the
preparation of the protein in its native form and in
milligram amounts.

The purity of the protein fraction used for anti-
body production was also comparable to that pro-
duced by the simplified isolation procedure, when
examined by SDS—-PAGE. The resulting antibody did
not cross-react with a protein extract from human
corpus luteum and gave one stainable band with
various antigen preparations.

An aternative extraction procedure, which in-
cluded DEAE-Sephacell chromatography, gel per-
meation and again anion-exchange chromatography
through Mono-Q developed with a 20 mM Bis-Tris
propane, pH 9.5, and NaCl convex gradient from 0
to 0.35 M, resulted in a preparation which was not
considered purified enough to be used for antibody
production (Pala et al., unpublished results) or, more
in general, as a purification procedure for the
glycodelin protein.
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