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Summary—Corticosteroid binding globulin (CBG) from term-pregnant mouse serum was
isolated and characterized by peptide analysis after treatment with CNBr and Lys-specific
protease, respectively. Amino acid sequence analysis of six segments, covering 189 of 383
positions in different regions of the protein, showed unexpectedly low overall homology (60%)
to the indirectly deduced human amino acid sequence previously reported. However, some
segments displayed a greater resemblance to their human counterparts. Differences were
observed in at least two of six potential glycosylation sites. The nature of electrophoretic CBG
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variants and their immunological properties are described.

INTRODUCTION

Corticosteroid binding globulin (CBG) is a serum
protein specifically binding glucocorticoids. It has
been suggested that CBG influences the ratio of free
to bound hormone and transports corticosteroids to
target tissues [1,2]. The protein has been described
from virtually every vertebrate species studied [3]. It
is structurally related to serine protease inhibitors of
the serpin type [4], such as thyroxine-binding globu-
lin [5]. Molecular weights of CBG generally range
between 50,000-60,000 in most species; the proteins
are glycosylated (roughly 20% carbohydrate) and
have similar amino acid compositions [6].

Several authors have reported the N-terminal
amino acid sequence of human CBG [5, 6], and the
whole human CBG structure has been deduced from
the corresponding cDNA [4]. Extensive differences
have been noted between the N-terminal segments of
rat and human CBG [9], and immunological results
have revealed a low degree of cross-reactivity [9]. The
limited amount of information available at present
cannot be readily interpreted and little is known
about the degree of relationship between CBGs of
different species.

The previously published purification proce-
dure [10] has now been improved, and a preparation
suitable for structural analysis has been obtained.
Selected peptide analysis of two different digests
revealed structures of different regions of the mouse
CBG molecule. The analysis allowed the internal
parts of the mouse and human CBGs to be compared.
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EXPERIMENTAL

CBG purification

CBG was isolated from term-pregnant mouse
serum according to a protocol utilizing exclusion
chromatography on Sephacryl-S-200 and fast protein
anion exchange chromatography [10]. To separate
electrophoretic variants or unrelated proteins, an
additional fast protein ion exchange chromatography
step was introduced. Thus, to the CBG fraction
obtained at pH 5.0[10] an equal volume of 20 mM
Tris—HCI, pH 8.8, was added, and the mixture was
immediately loaded again on Mono Q HR 5/5. The
column was washed with 10 mM Tris—HCI, pH 8.5,
and developed at 1 ml/min with a 20 min gradient of
0.6 M NaCl 0-100% in the same buffer. Purity was
checked by SDS/polyacrylamide gel electrophoresis
(PhastSystem, Pharmacia). Corticosteroid binding
capacity was assayed with [*H]corticosterone
(105 Ci/mmol, New England Nuclear) as described
previously [10].

Antiserum

Polyclonal antibodies to murine CBG were raised
in rabbits. CBG was prepared as described [10}, and
0.7 mg was emulsified in 1 ml of Freund’s complete
adjuvant and injected i.d. Two booster injections of
0.3 mg immunogen in Freund’s incomplete adjuvant,
were given at three weeks interval. Animals were bled
and sera coliected 12 days after the last booster.
Antisera were utilized for crossed immunoelec-
trophoresis [11].

Structural analysis

Purified CBG (10 nmol) was reduced with diethio-
threitol (500 nmol) in 6 M guanidine-HCI, 0.4 M
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Tris-HCl, 2mM EDTA, pH8.15 (2h, 37°C) and
carboxymethylated with '#C-labelled, neutralized
iodoacetic acid (1500 nmol; 1.5 h, room temperature;
2,400 cpm/nmol). Reagents were removed by exten-
sive dialysis against distilled water, and separate
samples were used for determination of the total
composition, direct N-terminal sequence analysis,
and peptide analysis of internal segments. Peptides
were obtained by treatment of the preparation with
CNBr (0.2 g/ml in 70% formic acid at room temper-
ature for 24 h), or with Lysobacter lysine-specific
protease (Boehringer Mannheim; ratio protease/
protein of 1:40, in 0.1 M ammonium bicarbonate for
4 h at 37°C). The proteolytic digests were purified by
reversed phase high-performance liquid chromatog-
raphy on an LKB Ultropac C,; column, with a
gradient of acetonitrile in 0.1% trifluoroacetic acid
[12). Amino acid compositions were determined
(Beckman 121 M amino acid analyzer) after hydroly-
sis for 24 h at 110°C with 6 M HC1/0.5% phenol in
evacuated tubes. Sequence degradations were carried
out in an Applied Biosystems 790A gas phase se-
quencer, with reverse phase HPLC (Hewlett—Packard
1090 instrument) for phenylthiohydantoin identifica-
tion [13].

RESULTS

Electrophoretic variants of CBG and immunological
properties

The CBG preparation obtained by fast protein
liquid chromatography at pH 5.0[10] revealed two
bands when subjected to SDS gel electrophoresis
(data not shown). An additional separation step
was therefore introduced (see Experimental), which
resolved the material into two separate fractions
(Fig. 1).

Both fractions exhibited corticosteroid binding ca-
pacity, although to different extent (Fig. 1) and had
largely similar total compositions, which also corre-
spond to those of other CBG preparations (Table 1).
Because of its higher binding capacity, peak one was
chosen for further analysis. This fraction yielded a
single band on SDS gel electrophoresis and direct
N-terminal sequence analysis indicated that no con-
taminating structures were present.

Serum from pregnant mice produced a single
immunoprecipitin line against rabbit antimouse CBG
(Fig. 2) in a crossed immunoelectrophoresis analysis
(see Experimental).

Structural analysis

Attempts to obtain an N-terminal amino acid
sequence by direct sequencer degradation gave no
result. This suggests that the protein is blocked, most
probably by N-terminal acetylation, which is a com-
mon protein modification [14].

Separate batches of the carboxymethylated CBG
were cleaved by treatment with CNBr and Lys-spe-
cific protease, respectively. Peptides obtained were
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Fig. 1. Fast protein liquid chromatography of purified CBG

at pH 8.5. The preparation obtained at pH 5.0 was reapplied

on a Mono Q column and eluted with 10 mM Tris-HCI,

pH 8.5 with a 0.6 M NaCl 0-100% gradient for 20 min

(1 ml/min). Fractions were tested for corticosteroid-binding

capacity (see Experimental): peak 1 =19.7 nmol/l, peak
2 = 8.4 nmol/l.

purified by reverse phase HPLC. In total, 15 peptides
were subjected to sequencer degradations, which to-
gether defined 189 residues from different regions of
the protein. The two sets of peptides gave several
consecutive or overlapping fragments; thus we were
able to determine the sequence for positions 109-182
and 274-314. The amino acid sequences determined
were long enough to allow alignment with the indi-
rectly deduced human CBG (Fig. 3).

Table 1. Amino acid composition of CBG from
different species

Mouse Rat Human
Cys 0.5 0.7 0.5
Asx 12.6 118 11.0
Thr 7.0 7.0 6.8
Ser 9.1 8.2 9.4
Glx 10.0 12.7 8.9
Pro 4.8 5.1 3.1
Gly 5.6 6.4 5.5
Ala 5.9 7.0 6.8
Val 54 6.1 7.3
Met 32 2.4 37
Tle 5.4 3.9 5.7
Leu 113 10.3 11.5
Tyr 3.0 3.0 29
Phe 4.6 48 6.0
Trp ND — 1.0
Lys 6.7 6.1 4.4
His 2.1 2.1 29
Arg 30 3.0 2.6
Sum 100.5 100.9 100.6

Left column shows values (mol%) now determined.
Compositions of rat [9] and human [4] CBG are
given for comparison.
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The two proteins were found to be homologous:
For segment 109-182, 42 of 74 residues were identical
between mouse and human CBG. An entirely
conserved segment was found around position 250
(Fig. 3); however, most regions had several substitu-
tions. Combined, the mouse CBG peptides investi-
gated had residues identical with the human CBG at
only 111 of 189 positions (60%) studied. This propor-
tion is low compared with many other proteins from
these two species.

The segments analysed were also compared to
protein sequences in the NBRF-PIR Protein Se-
quence Database (release 16.0) [15]. Regions 109-182,
212-229 and 251-263 were apparently related to the
a,-antichymotrypsin (45, 58 and 42%, respectively)
and to o -antitrypsin to an extent of 47 and 38%
(segment 109-182 and 281-315, respectively). Simi-
larities between segments 79-90 and 109-182 and the
thyroxine-binding globulin were found (75 and 35%,
respectively). The region 281-315 showed also a clear
homology with thyroxine-binding globulin (44%).
The same segment was further found to have a
structure like a fragment of the mouse protease
inhibitor contrapsin (43%)., as expected from the
serpin relationships.

DISCUSSION

In this study, we conducted the first protein analy-
sis of internal peptide segments of the murine CBG.
This allows a comparison with the indirectly deduced
amino acid sequence of the human CBG[4], and a
judgement of the partial sequence previously reported
for the rat counterpart [9]. We have also presented
information about the apparent molecular hetero-
geneity upon SDS-PAGE analysis.

Two electrophoretic forms of murine CBG were
separated. The material in peak 1 apparently repre-
sents pure CBG. The material in peak 2, may be a
variant. The two forms exhibit corticosteroid-binding
capacity (although to different extents) and have
similar total amino acid compositions. Further, a
single precipitin line is obtained on crossed immuno-
electrophoresis. Hence, we find it likely that the two
peaks represent isoforms of CBG. Human CBG is
also composed of two corticosteroid-binding forms
eluted separately on Mono Q[16], and elec-
trophoretic variants of CBG have earlier been de-
scribed [9, 17, 18]. However, these electrophoretic
forms of mouse CBG were not detected in a previous
study [10]. At the present stage, we believe that the
increased resolution now is explained by the use of
better electrophoretic techniques. However, both
fractions have to be further investigated in order to
establish the relationship.

Alignment with the predicted amino acid sequence
of human CBG revealed clear resemblance for all
seven segments analysed and their corresponding
human counterparts. However, local regions of strict
sequence correlation are interrupted by considerably

less conserved stretches. For example, peptides at
positions 109-119, 133-146 and 334-346 show a
pronounced divergence, whereas those at positions
120-132, 147-160 and 251-263 display prominent
similarity. Presumably, the three closely related re-
gions represent a segment(s) in the CBG molecule of
comparatively high functional importance. The com-
plete conservation of the amino acid residues in the
hydrophobic region position 260, may indicate the
presence of an internal segment possibly involved in
steroid-binding which would appear compatible with
a well-preserved substrate specificity. Alternatively,
the occurence of both constant and variable peptides
may indicate the presence of two somewhat different
but homologous protein chains corresponding to the
two fractions detected.

The degree of overall residue identity between the
mouse and human CBG molecules is 60%. This value
is lower than the degree of similarity observed be-
tween the amino acid sequences of several other
proteins for these species [19]. Furthermore, no sero-
logic cross-reactivity has been reported [20, 21], indi-
cating that conservation is low in CBG. Apparently,
large segments of the CBG molecule have been
subjected to a fairly extensive evolutionary diver-
gence and presumably comprise regions of modest
functional importance.

The comparisons further show specific differences
in the N-terminal segments. Native mouse CBG is
apparently blocked, probably by N-terminal acetyla-
tion, while rat and human CBG appear to have free
a-amino groups [4-6, 9]. However, it may be noted
that the rat and human CBGs previously reported to
be different [9] are indeed also homologous, as now
shown in (Fig. 3), but starting at non-equivalent
positions. Presumably, the mouse CBG has yet an-
other N-terminal structure, susceptible to «-
aminoacethylation [22].

No significant homology was found between the
mouse CBG and other steroid-binding globulins in
the NBRF protein database. However, the mouse
CBG showed clear homology to thyroxine-binding
globulin, «,-antichymotrypsin and a;-antitrypsin.
This is in accordance with earlier reports on human
CBG and reflects the serpin family assignment [4].
The CBG also revealed a similarity to mouse con-
trapsin. Thus, mouse CBG is clearly a member of the
same family.

Finally it should be noted, that on the basis of the
structures determined, the results suggest differences
in sites for N-linked glycosylations, i.e. two out of six
potential Asn-Xxx-Thr/Ser sites in mouse CBG differ
from those in human CBG. Asn-308 is replaced by
Asp, and the sequence Asn-Leu-Thr starting at posi-
tion 347 of the human protein is replaced by Asn-
Leu-Pro in the mouse protein (Fig. 3).

In conclusion, our results show that the CBG
protein structure is variable and that clear relation-
ships exist between the mammalian CBGs character-
ized, including those with previously concluded
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dissimilar N-terminal segments. Interestingly, a high
degree of variability, also in important segments, has
been noticed for another anti-protease structure, that
of ovalbumin [23]. The high degree of sequence vari-
ability within CBG and the differences in potential
glycosylation sites suggest comparatively low restric-
tions on the protein, and explain the immunological
lack of cross-reactivity between different CBGs.
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