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Human&glycoprotein
(&gpI) cDNA was isolated from a liver cDNA library and sequenced. The cDNA encoded 2.19-residue
hydrophobic signal
peptide followed by the mature&p1
of 326 amino acid residues. In liver and in the hepatoma cell line HepG2 there are two mRNA species of
about 1.4 and 4.3 kb, respectively, hybridizing specifically with the fllgpI cDNA. Upon isoelectric &using, recombinant &pI obtained from
expression of&gpI cDNA in baby hamster kidney ceils showed the same pattern of bands asp,gpI isolated from plasma, and at least 5 polypeptides
were visible.
&Glycoprotein

I; Apolipoprotein
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1. INTRODUCTION
&glycoprotein
&gpI) or apolipoprotein
H is a
single chain perchloric acid-soluble plasma protein of
about 55 000 A4, [1,2]. /$gpI interacts strongly with
anionic surfaces such as DNA, heparin, or vesicles of
negatively charged phospholipids or activated platelets,
and is thereby capable of inhibiting the prothrombinase
activity of activated platelets [3] as well as the activation
of the intrinsic pathway of Mood coagulation [4]. The
latter function is shared with the homologous b-subunit
of blood coagulation factor XIII [5]. A large part (-35%)
of p2gpI in plasma is found in association with lipoprotein fractions (LDL, VLDL, HDL) and chylomicrons [6]. Recently, /?,gpI in complex with negatively
charged phospholipids was found to be the major antigen recognized by anticardiolipin
autoantibodies
[7].
The complete amino acid sequence of &gpI, the assignments of positions of N-glycosylation as well as partial
localization of disulfide bridges have been published [2].

* The nucleotide sequence data reported will appear in the EMBL,
GenBank and DDBJ Nucleotide Sequence Databases under the accession number X53595.
Abbreviations: /&gpI, p2-glycoprotein I; LDL, low density lipoprotein;
VLDL, very low density lipoprotein; HDL, high density lipoprotein;
BHK, baby hamster kidney cells; DMEM, Dulbecco’s Modified Eagle
Medium; FCS, fetal calf serum; SCR, short consensus repeat
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/3,gpI is composed of 5 short consensus repeats (SCRs),
a common structural motif found in a number of complement and non-complement proteins [8,9]. Due to microheterogeneity
in sialic acid content and also to differences in asialo-b2gpI, several band!:, are observed on
isoelectric focusing [ 10,111.
In this work we present the cDNA aitd derived amino
acid sequences of human /?,gpI. Human /3,gpI cDNA
was expressed in the baby Syrian hamster kidney fibroblast cell line (BHIC) and the expression product was
characterized.
2. EXPERIMENTAL
2. I. cDNA cloning and sequencing
cDNA libraries were prepared as previously described from human
liver and HepG2 (grown in the presence of poly-lysine) RNA [ 121.Two
mixed-sequence deoxyribonucleotide
probes corresponding to amino
acid residues 4-9 and 19-24 (underlined in Fig. 1) were synthcsizcd.
cDNA library screening, colony purification, cDNA sequencing and
compilation of data were performed as described earlier [13]. The
cDNA and derived amino acid sequences were compared to those in
the GenEMBL (release 26) and the MIPSX (release 28) databases,
respectively [14]. Northern blot analyses were performed as in [15].
2.2. Consfruciion of a BlspI expression vector
BarnHI sites were introduced at the 3’ and 5’ ends of the cDNA. By
site-specific mutagenesis [16] a BajnHI site was introduced at position
1139in the 3’ non-translated region of thefi,gpI cDNA employing the
deoxyribonucleotide:S’(TlTAATTCAATTAGGA~ATGGATGAACAAGAAAC)3’.
An additional BarnHI site was introduced by
ligation of the adaptor (5’(GGATCCACCATGATATCTCCAGTGCTCATATTGTTC)3’ to the ,%I site located 27 bp 3’ to the translation initiation site. The modified &gpI cDNA was introduced at a
BumHI site of the mammalian expression vector Zem219b [17] to
generate plasmid ~1099.
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Fig. I. The cDNA and derived amino acid sequence of human /3:gpi. The SCRs are indicated above the amino acid sequence. The segments used
as probes are underlined and the poly-A signal is in bold. Three amino acid differences [2] are encircled. l . N-bound carbohydrate.

2.3. Erprcssion of r~cotnbitrunr /$gpI in tttanttttuliuttcdls
Cells were grown in DMEM supplemented with 10% FCS. The
expression vector ~1099 was transf’ected into subconfluent BHK cells
by the calcium phosphate method. trypsinized after 48 h and diluted
into medium containing 400 nM methotrcxate. After IO-12 days individual colonies are cloned out and expanded separately.
A rabbit anti-human &pI
antibody (titre: I mg/ml) was used for
immunoblotting [ 181. Aliquots were drawn from the isolated media
and spotted onto a nitrocellulose membrane which was subsequently
incubated with buffers containing (i) 2% (w/v) bovine serum albumin
(1 h): (ii) rabbit anti-human@,gpl antibody. diluted I:500 (overnight):
(iii) pcroxidase conjugated swine antirabbit-IgC. diluted I: IO00 (I h):
and (iv) I .4-phenylenediamine.
Ouantificalion of recombinant /&gpl (r&gpl) was performed by

a

b

electroimmunoassay in agarose gels containing 0.2% (w/v) deoxycholate [I91 and amplification of the immunoprecipitates by reaction with
a secondary peroxidasc-labeled antibody [20]. Prior to quantification,
the media were concentrated 40-fold on a Minicon IS spinal cord fluid
concentrator. It was assumed that proportional amounts of calf albumin (from the culture media) and r&gpl adhered unspecifically to the
Minicon membrane. A serum standard containing I80 mg/l ofj31gpI
was used as reference [ 191.
Recombinant &gpI grown in serum-free media was partially purified and concentrated by affinity chromatography on a heparinSepharose 4B column.
Isoelectric focusing of @gpl desorbed from hcparin-Sepharosc 4B
and concentrated on Minicon CS I5 was performed as previously
described [IO]. Pharmalytes pH 5-8 and 3-10 were used. Following
incutation with the rabbit anti-human p,gpl antibody. the focusing
pattern was developed using a secondary peroxidasc-conjugated antibody.

3. RESULTS

18 S

Fig. 2. Northern blot analysis of&gpl RNA. (a) human liver RNA:
(b) tlepG2 cell (poly-lysinc added to the medium) RNA.
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AND DISCUSSION

A total of 160 000 recombinant clones from human
liver and HepG2 cDNA libraries were initial!y sszreened
with 2 synthetic probes and later with a Xltol-DruI
cDNA fragment (position 61-1141; Fig. 1). Several positive clones were isolated and an estimated hll-length
/&gpl (liver) cDNA insert was randomly sequenced at
least twice on each strand. The nucleotide sequence of
1170 bp exclusive of the poly-A tail contains 33 bp of
S-untranslated
sequence preceding a translation initiation codon. The open reading frame encodes a 19 amino
acid residue hydrophobic
signal peptide and the 326
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Fig. 3. Electroimmunoassay
of rpgpl. Three ~1 samples of conditioned media from transfected cells (wells I-6). Tall and weak prccipitates represent bovine /Lgpl (control not shown), while low and dense
precipitates represent r~gp1. Wells a-d contain human serum jIgpI
standards (90. 180, 270, and 360 n@well, respectively).

residues of mature /Y&gpIdetermined earlier [2]. Following the stop codon (TAA) are 99 bp of 3’-untranslated sequence including the canonical poly-A signal
sequence AATAAA positioned 26 bp upstream from
the poly-A tail (Fig. 1).
Recently rat BZgpI cDNA was sequenced [21] and the
degree of identity with human BIgpI cDNA between
positions 24 and 97, and 240 and 1068 (the coding region; human numbering) was 83%. This high degree of
identity indicates an evolutionarily rather well conserved sequence. The rat nucleotide sequence, however,
does not contain the region between positions 97 and
240 when compared to the human &gpI cDNA sequence. This region does not represent a separate exon
when compared to the human BZgpI gene structure (H.
Okkels and T. Kristensen, unpublished results). It cannot be ruled out that there may be a major difference
between ra! and human /&gpI similar to the differences
seen between mouse and human C4b-binding proteins,
a protein homologous to BagpI [15].
3.2. Norrltern blot anulysis
Northern
blots of total RNA from human liver,
HepG2 and placenta revealed two RNA species hybridizing with the X/l&DraI cDNA fragment in liver and
HepG2 cells (Fig. 2) while no p,gpI mRNA could be
detected in placenta (results not shown). The 1.4 kb
band represents the &gpI mRNA. Attempts to obtain
cDNA clones representing the 4.3 kb RNA species were
unsuccessful, even after close inspection of 125 positive
clones by restriction analyses. It was therefore concluded that the 4.3 kb RNA species may represent a nonpolyadenylated
precursor of /??gpI mRNA and therefore is not represented in the oligo-(dT)-primed
cDNA
libraries. The intensity of the hybridization signals in
the Northern blots of liver and HepG2 RNA were compared to that of human c+macroglobulin
(results not
shown) indicates a high level of /3,gpl mRNA.
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3.3. The human B,gpI amino acid sequence
There is good agreement between the cDNA-derived
amino acid sequence shown in Fig. 1 and the amino acid
sequence published by Lozier et al. [2]. However, 3 differences are seen (encircled in Fig. 1): (1) Valt4’ [2] to
Leu; (2) Cys’“’ [2] to Ser; and (3) Asn-(carbohydrate)‘6g
[2] to Cys. The differences (1) and (2) may be the results
of single base mutations while (3) involves changes in
at least 2 base pairs. The five SCRs of/?2gpI are indicated in Fig. 1. The differences, Cys”’ [2] and Asn-(carbohydrate)16’ [2], do not conform to the SRC consensus
[lo], and they were also found to be Ser and Cys, respectively, in the cDNA-derived amino acid sequences of rat
BzgPI 1211.
The fifth and most C-terminal of p2gpI shares a very
low degree of identity with the other SCRs of f12gpI and
with other known SCR sequences, and even though this
sequence contains 6 instead of 4 half-cystine residues,
it does not beiong to rhe novel classes of SCRs found
among the selectins or in Pregnancy Associated Plasma
Protein-A ([9] and T. Kristensen, 0. Sand and SottrupJensen, unpublished results). In the SCRs Cys’ is bound
to Cys3 and Cys’ to Cys4 [2,22]. However, this pattern
may be violated in the fifth SCR of human &pI where
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Fig. 4. lsoelcctric focusing at pH 5-8 of human serum &#I (lane A)
and of rfi,gpl (lane B). /irrows mark the positions of bands, pH values
arc shown at the right,
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Eozier et al. [2] have found Cys’ to be disulfide bound
to Cys’ although C2 would be expected to be bound to
Cys’, with residues 307-326 being arranged as a disulfide bridged extension.
3.4. Characterization of recombinant human pzgpI
DotbIots of aliquots of media collected from transfected BHK cells grown in the presence of 10% FCS suggested that low amounts of &gpI were being synthesized and secreted into the media. Fig. 3 shows that
two immunoprecipitates
were formed in electroimmunoassays of all samples originating from media
drawn from cultured transfected cells, The weakest precipitate forming the tallest rockets, however, was found
to be due to pre_existing/3,gpI originating from the FCS
added to the cell culture medium. The low rockets were
due to rp2gpI secreted from the transfected cells. Quantification of &gpI showed that it was present at 0.2-2
&ml. For further characterization of r/12gpI selected
clones were grown in serum-free media, and rj2gpI was
partially purified. Forty pg of r/12gpI constituting less
than 1% of the total protein desorbed from the heparinSepharose 4B column was obtained. Isoelectric focusing
of the preparation of rj12gpI revealed that rj12gpI
showed the same type of microheterogeneity as native
human B2gpI (Fig. 4). The isoelectric points of the different types of rj12gpI were, however, higher than the
isoelectric points for the native human /3,gpI. The
reason for this could be that rj2gpI is less sialylated than
native human j12gpI.
The perspectives of the results presented here are that
expression of recombinant human &gpI cDNA gives a
tool for studying the anticoagulant function of j$gpI in
greater detail using cDNA expression mutants.
Acknowledgerncnrs: We would like to thank Dr Kjcld Norris, Novo
Nordisk AS for the synthesis cf o,li;odeoxyribonucleotides.
This
work was supported by the Ranish Medic& and Science Research
Councils: 12.6009,12-7824,l l-5734 and I l-6883; by the Danish Cancer Foundation: 87-038; and by the Cartsberg Foundation: 88-0274/
20.

186

September

1991

REFERENCES
[I] Schultze.H.E.,

Heide, K. and Haupt. H. (1961) Naturwissenschaften 48, p, 719.
[2] Lazier, J., Takahasbi, N. and Putnam, F.W. (1984) hoc. Natl.
Acad. Sci. USA 81, 3640-3644.
[3J Nimpf, J., Bevers. E.M.. Bomans. P.H.H.. Till. U., Wurm, H..
Kos&er, G.M. and Zwali, R.F.A. (1986) B&him. Biophys. Acta
884, 142-149.
Schousboe, I. (1985) Blood 66, 1086-1091.
Halkier, T. and Magnusson, S. (1988) Thromb. Res. 5 1,3 13-324.
Polz, E.. Wurm, H. and Kostner, G.M. (1979) Int. J. Biochem.
11, 265-270.
McNeil, H.P., Simpson, RJ., Chesterman, C.N. and Krilis, S.A.
(1990) Proc. Nat]. Acad. Sci. USA 87, 4120-4?24.
Kristensen, T., D’Eustachio, P., Ogata. R.T., Chung, L.P., Reid,
K.B.M. and Tack, B.F. (1987) Federation Proc. 46,2463-2469.
McEver. R.P. (1991) Thromb. Haem. 65, 223-228.
Schousboe, 1. (1983) Int. J. B&hem. 15, 35-44.
Gries, A., Nimpf. J., Wurm, H., Kostncr, G.M. and Kenner, T.
(1989) Biochem. J. 260, 531-534.
Boel,E., Kristensen, T., Petersen, CM., Mortensen, S.B., Gliemann, J. and SottrupJensen,
L. (1990) Biochemistry 29. 40814087.
[l3] Kristensen, T., Wets& R.A. and Tack, B.F. (1986) J. Immunol.
136. 3407-341 I.
1141 Devereux.
J., Haeberli, P. and Smithies, 0. (1984) Nucleic Acids
Res. 12, 387-395.
1151 Kristensen, T., Ogata. R.T., Chung, L.P., Reid, K.B.M. and
Tack, B.F. (1987) Biochemistry 26, 46684674.
[la] Moringa,Y., Fanceschini, T., Inouye, S. and Inouye, M. (1984)
Biotechnology 2. 636-639.
[l7] Petersen, L.C., Boel, E., Johannessen, M. and Foster, D. (1990)
Biochemistry 29, 3451-3457.
[l8] Hawker+, R., Niday, E. and Gordon, J. (1982) Anal. Biochem.
119, 142-147.
[l9] Schousboe. 1. (1982) J. Biochem. Biophys. Meth. 6, 105-l 14.
1201 Broe, M.K. and Ingild, A. (1983) Stand. J. Immunol. 17. Suppl.
IO, 255-258.
[2l] Aoyama, Y., Chan. Y.-L. and Wool, LG. (1989) Nucleic Acids
Res. 17, p. 6401.
[22] Janatova, J., Reid, K.B.M. and Willis, A.C. (1989) Biochemistry
28, 4754-4761.

