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Lotus tetragonolobus agglutinin (LTA) binds preferentially to early embryonic cells in the
mouse. The affinity-purified antibody raised against LTA receptors from embryonal
carcinoma cells were used to screen a Agtll expression library of F9 embryonal carcinoma
cells, resulting in detection of a ¢cDNA clone specifying a new glycoprotein termed
“basigin.” The glycoprotein has been suggested to be a transmembrane one, and was found
to be a new member of the immunoglobulin (Ig) superfamily. The molecular weight of
basigin was largely in the range between 43,000 and 66,000, while that of the peptide portion
with a putative signal sequence was inferred to be about 30,000. Significant levels of basigin
mRNA were detected not only in embryonal carcinoma cells, but also in mouse embryos at
9-15 days of gestation and in various organs of the adult mouse. The Ig-like domain of
basigin is unique, since it has strong homology to both the g-chain of major his-
tocompatibility class IT antigen and the Ig V domain. The number of amino acids between
the two conserved cysteine residues is intermediate between those of the Ig V and C
domains. Therefore, basigin is an interesting protein in connection with the molecular

evolution of the superfamily.

A large number of cell-surface molecules involved in
intercellular recognition belong to a group of proteins called
the immunoglobulin (Ig) superfamily (1, 2), which includes
Igs, T cell receptors, CD3, CD4, CD8, Thy-1, N-CAM, and
major histocompatibility complex (MHC) antigens (class I
and II). Functions of the members of the superfamily have
been best clarified in lymphoid cells and nerve cells. For
example, in T cell recognition, T cell receptors are associat-
ed with CD3, which is probably involved in signal trans-
duction (3). Furthermore, MHC antigen class I molecules
on target cells are recognized by CD8 molecules on cytotox-
ic/suppressor T cells (4). Likewise, MHC class II antigen
on macrophages interacts with CD4 on helper T cells (5).
N-CAM (6) and L1 (7) are involved in nerve cell adhesion
by homophilic association to the same molecule in neighbor-
ing cells.

Generally speaking, most of the members of this super-
family are not expressed in early embryonic cells. How-
ever, we have recently identified Gp70 (8), a new member
of the Ig superfamily expressed in embryonal carcinoma
(EC) cells, which are teratocarcinoma stem cells and
resemble multipotential cells of early embryos (9). In this

Abbreviations: LTA, Lotus tetragonolobus agglutinin; Ig, immuno-
globulin; MHC, major histocompatibility complex; N-CAM, neural
cell adhesion molecule; EC, embryonal carcinoma; PBS(+) or
PBS(—), Dulbecco’s phosphate-buffered saline with or without Ca?*
and Mg**; SSC, 0.15 M NaCl, 0.015 M sodium citrate; SDS, sodium
dodecy! sulfate.

communication, we describe another new member of the Ig
superfamily expressed in EC cells.

This glycoprotein was found during the study of a
developmentally regulated cell-surface marker, namely
receptors for Lotus tetragonolobus agglutinin (LTA) (10).
In the mouse, this marker is expressed in EC cells, but
disappears from most of the cells differentiated from them.
The receptor found in EC cells was determined to have the
structure Galg1—4(Fuca1—3)GlcNAc (10), which is iden-
tical to that of a developmentally regulated antigen,
SSEA-1 (11). Apparently, glycoproteins carrying LTA
binding sites or SSEA-1 consist of many molecules includ-
ing the one reported herein. In contrast to Gp 70 which is
preferentially expressed in early embryonic cells (8), the
present molecule was expressed equally well in adult
tissues. Because of its broad distribution, we have termed
this molecule “basigin” (basic immunoglobulin super-
family).

MATERIALS AND METHODS

Cells and Tumors—EC cell lines, F9 (12), N4-1 (13),
and PCC4 (14), parietal endoderm cell line PYS-2 (15) and
fibroblast cell line L (16) were cultured in Dulbecco’s
modified Eagle’s minimal essential medium containing an
appropriate concentration of serum (15% fetal calf serum
for F9, N4-1, and PCC4 cells, 10% fetal calf serum for
PYS-2 cells and L cells) under 12% CO, at 37°C. For in vitro
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differentiation of F9 cells, cells were plated at a concentra-
tion of 5 X 10°/ml and treated with 10~7 M retinoic acid and
103 M dibutyryl cyclic AMP (17). Teratocarcinoma
OTT6050 (18) was grown in the ascitic form as embryoid
bodies in 129/Sv mice by intraperitoneal passage. N4-1
cells were also grown as solid tumors by subcutaneous
inoculation into 129/Sv mice.

Embryos and Organs—Embryos and organs were ob-
tained from ICR mice. The day on which a vaginal plug was
observed was determined as day O of pregnancy.

Preparation of Antibodies against LTA Receptors—LTA
receptors were prepared from the particulate fraction of
N4-1 tumors using an agarose column conjugated with LTA
as described by Kamada et al. (10). A New Zealand White
rabbit was immunized subcutaneously with the lectin
receptors (400 ug of protein) in Freund’s complete ad-
juvant by injection into the foot pads and back skin. The
animal received three booster injections at 2-week inter-
vals using the same amount of the antigen. Antiserum was
collected 10 days after the last immunization and stored
at —70°C. Four milliliters of the antiserum was applied to
a column of LTA receptors coupled to Affi-Gel 10 (Bio-Rad,
1.3X1.5 cm; 4 mg protein of LTA receptors/ml) equili-
brated with Dulbecco’s phosphate-buffered saline contain-
ing Ca** and Mg?* [PBS(+)] (19). After washing of the
column with 30 ml of the same buffer, antibodies were
eluted stepwise with 2 ml each of 0.1 M glycine-HCI buffer
(pH 2.5) containing 0.15 M NaCl and 0.1% sodium azide,
and immediately neutralized with 1 ml of 1 M Tris-HCI
buffer (pH 8.2) containing 0.1% sodium azide. The peak
fractions of eluates were pooled and dialyzed against three
changes of 1 liter of PBS(+). The purified antibodies were
mixed with bovine serum albumin to a final concentration of
1 mg/ml and stored at —70°C.

Screening of Agtl11 cDNA Library—The affinity-purified
antibodies against LTA receptors were used to screen a
Agtll ¢cDNA library according to the procedure of Young
and Davis (20) as modified by Schuh et al. (21). The library
constructed from mRNA of F9 embryonal carcinoma cells
(21) was kindly provided by Dr. R. Kemler.

Subcloning and DNA Sequencing—Phage DNA from
positive clones was digested with EcoRI/Sacl, and the
cDNA inserts were subcloned into the EcoRI/Sacl site of
plasmid vector pUC18 since the 5" end of the EcoRI linker
sites was converted to a form which could not be digested
with EcoRI. The inserts were further digested with various
restriction enzymes, and the resulting fragments were
subcloned into the same vector. DNA nucleotide sequences
of the fragments were determined by the dideoxy chain-
termination method (22).

Primer Extension—A 30-mer primer (2.5 ng) which was
complementary to nucleotides 203-232 of basigin cDNA
and was synthesized using a Gene Assembler (Pharmacia),
was hybridized with 5 4g of poly(A)*RNA from F9 cells
and extended with 100 units of reverse transcriptase, and
the second strand was synthesized using ribonuclease H and
DNA polymerase I (23). Phosphorylated EcoRI linkers
were ligated to the blunt-ended and methylated ¢cDNAs,
which were then digested with EcoRI and ligated to 1gt10
arms. The phage DNA was packaged in vitro. Mval-Pstl
fragment of pFR1 was [a-**P]dCTP-labeled by using a
random oligonucleotide primer (Amersham) (24) and was
used as a probe for screening the 1gt10 library by plaque
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hybridization.

RNA Analysis—Total cellular RNA was extracted by the
guanidium isothiocyanate/cesium chloride method (25).
Poly(A)*RNA was prepared on an oligo(dT)cellulose col-
umn (25). RNA was denatured with glyoxal, separated on
a 1% agarose gel and transferred to nitrocellulose mem-
brane in 20 X SSC (25). The membrane was baked for 2 h
under vacuum at 80°C and treated in 20 mM Tris-HCl
buffer, pH 8.0 at 100°C for 5 min. RNA blots were prehy-
bridized for 3 h in 50% deionized formamide, 5x SSC, 50
mM sodium phosphate, pH 6.5, 200 xg/ml of heat-
denatured salmon sperm DNA, 10X Denhart’s solution
and 0.1% SDS at 42°C and hybridized for 20 h with [ «-**P]-
dCTP-labeled probes prepared by a random hexanucleotide
priming method at 0.5-2.0 X 107 cpm/ml under conditions
identical to those used for prehybridization. The membrane
was washed with several changes of 2 X SSC, 0.1% SDS at
room temperature followed by several successive washes in
0.1xSSC, 0.1% SDS at 56°C. RNA slot blotting was
performed using an apparatus from Schleicher and Schuell.
Hybridization conditions were the same as in the case of
Northern blotting. B-Actin ¢cDNA (donated by Dr. K.
Shimada) was used as a control.

Preparation of Anti-Fusion Protein Antibodies—The
fusion protein produced by AFR1, a recombinant Agtll
clone containing a cDNA insert of basigin gene was pre-
pared by the method of Young and Davis (20). BNN103
(1FR1) lysogen was grown in LB medium at 30°C until the
optical density at 600 nm of the cell culture reached 0.5,
and was induced for phage production by a temperature
shift to 42°C for 20 min. Cells were grown at 37°C for 2 h
and harvested by centrifugation. The cell pellet was
suspended in PBS(—) and disrupted by sonication. After
centrifugation of the sonicate at 40,000 rpm for 30 min, the
pellet, which will subsequently be called membrane frac-
tion, was solubilized in SDS sample buffer (26) and purified
by preparative SDS-polyacrylamide gel electrophoresis on
a 9% gel since a large amount of the fusion protein produced
by the insert cDNA was associated with the bacterial cell
surface fraction. The gel bands containing the fusion
protein were cut out and washed in five changes of PBS(+)
for 1 day at 4°C. Gel pieces containing around 100 x g of the
fusion protein were homogenized and emulsified with an
equal volume of Freund’s complete adjuvant. New Zealand
White rabbits were immunized subcutaneously with the
emulsion. After six booster injections at 2-week intervals
using the same amount of the antigen, the rabbits were bled
and antisera were obtained.

Electrophoretic Aanalysis of LTA Receptors—LTA re-
ceptors were separated by SDS-polyacrylamide gel elec-
trophoresis on a 9% gel (26) and examined by Western
blotting (27). The staining of the blots with antisera was
performed as previously described (8).

Computer Analysis of Sequence Data—Homology was
searched by the program from Software Development,
Tokyo, employing the data base of EMBL-GDB, LASL-
GDB (Gen Bank), and NBRF-PDB. The algorithm of the
program was that of Lipman and Pearson (28); the condi-
tion employed was K,,=2 (28). The significance of
homology was tested in two ways: 1) alignment by LFASA
and examination of significance by RDF2 (29) with K., =
1 and a penalty for deletion which is equal to —12 for the
first residue in a gap and —4 for each subsequent residue,
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2) alignment by SEQHP and examination by SEQDP (30)
with a break penalty of 8. The algorithm used by the
SEQHP provides a somewhat more complete search of
homology than that by the FASTA and LFASTA. The log
odds matrix for 250 PAMs calculated by Dayhoff et al. (31)
was used as a similarity matrix for amino acid mismatches
with these local homology search programs. The signifi-
cance of alignments was expressed as SD away from the
mean score of 140 random alignments.

Secondary structure of a polypeptide was predicted
according to the principle of Chou and Fasman (32); the
calculation was aided with a program from Software
Development, Tokyo.

28S-

18S -

Fig. 1. Northern blot analysis of basigin mRNA. Poly(A)*
RNAs (10 xg) or total RNAs (20 ug) were denatured, separated by
1.0% agarose gel electrophoresis, transferred to a nitrocellulose
membrane and hybridized with an [ «-**P]dCTP-labeled probe (PstI-
Accl restriction fragment of basigin cDNA) as described in “MATE-
RIALS AND METHODS.” The sources of poly(A)*RNAs or total
RNAs were as follows: A), poly(A)*RNAs from 1) F9 cells, 2)
teratocarcinoma OTT6050; B), 1) poly(A)*RNAs from F9 cells, total
RNAs from 2) the liver, 3) the kidney, 4) the brain, 5) the spleen, 6)
the testis.
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RESULTS

Cloning of a Gene Specifying a Carrier of LTA Binding
Sites in EC Cells—The 1 gt11 expression library construct-
ed from RNA of F9 EC cells was screened by the use of
affinity-purified antibodies against LTA receptors isolated
from N4-1 EC cells. After screening 1.4 X 10° colonies, we
obtained 4 positive clones. Analysis by restriction endonu-
cleases revealed that the 4 clones were identical. Thus, we
analyzed one of the clones, A1FR1 in detail.

By Northern blot analysis, the FR1 probe (PstI-Accl
fragment of pFR1) detected a single band of 1.5 kb (Fig. 1).
Since the 1FR1 insert was 1.2 kb, we analyzed the 5" end
sequences by screening the library constructed by primer
extension and could extend the sequences about 0.1 kb (Fig.
2A).

LTA receptors comprise many glycoproteins of different
molecular weights. We examined what molecular species
corresponded to the protein specified by the cDNA clone.
For that purpose, we isolated the fusion protein produced
by AFR1, and immunized it into a rabbit. When LTA-
binding glycoproteins from N4-1 tumors were separated by
SDS gel electrophoresis, transferred to nitrocellulose mem-
branes, and stained with anti-fusion protein serum, broad
bands with a molecular weight range of 43,000-66,000
were detected (Fig. 3). In addition, faint bands in the
molecular weight range of 66,000-140,000 were present.
The staining of these bands was abolished by incubating the
antiserum with membrane fraction of E. coli BNN103
(1FR1) lysogen, but not with that of E. coli lysogenized
with Agtll lacking the insert (BNN97). Therefore, it is
certain that AFR1 specifies the core portion of the glyco-
protein of molecular weight 43,000-66,000. The faint
staining of high-molecular-weight bands may be signifi-
cant; it is possible that all bands share the protein portion
while the large ones are difficult to stain due to interference
by large amounts of covalently bound carbohydrates.
Further studies are needed to clarify this point.

Fig. 2. A: Restriction endonuclease
map and sequencing strategy of the
basigin cDNA clone. The scale indicates
nucleotide positions (in kilobases) begin-
ning from the first base of the cDNA.
Beneath the scale basigin mRNA is rep-
resented with a thick black line delineat-

0 0.5 1.0 1.3 ing the coding region. The restriction

Kb — + t 1 endonuclease sites indicated above this

- - - line were used to generate cDNA frag-

Se LT3 3 S s © - - ments for sequencing. Basigin cDNA

Z2x x && < <= & ‘L"l g & clone pFR1 is represented below the

f::::::'.:§::::::?:}:}:::::::::::::::l‘:‘{‘:}:)::332333::}:: + + restriction endonuclease map. pSP27

OFRI clone is a cDNA clone isolated by primer

— —  extension using a synthetic primer com-

——o -—————> e——> plementary to nucleotides 203-232 of

‘____:___, basigin ¢cDNA (indicated as ). The

——— —e arrows illustrate the direction and extent

— . of DNA sequences obtained in each

-— ————— experiment. B: Sequence of cDNA en-

——> b coding basigin and the deduced pro-

—> — tein sequence. ——, putative signal and

osP27 — " transmembrane sequences; a, potential

| Asn-glycosylation sites; =, polyade-
—_— ) nylation signals.
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Structure of ¢cDNA Coding Basigin—Sequencing of the
c¢DNAs (Fig. 2A) gave a composite nucleotide sequence
comprising 1,302 bases (Fig. 2B). In all of the cases, the
sequence was read from both strands.

A single open reading frame, extending from the ATG at
nucleotide 11 to the TGA stop codon at base 830 encoded a

polypeptide with a predicted molecular weight about

30,000. For the following reasons we have assigned the
methionine codon as the initiator, although no in-frame
stop codon was detected upstream from the ATG: 1)
Sequences flanking the ATG codon, namely, CGACATGG-
CG were homologous to the consensus sequence flanking the
initiator ATG codon, namely CAA(C)CATGGCT (33); 2)
the methionine residue was followed by a stretch of 21
hydrophobic amino acid residues. This stretch is highly
likely to be a signal sequence (34). Considering that Ala
prefers the —1 and — 3 positions (taking the cleavage site

1 2 3 - Fig. 3. Detection of basigin by
200- : %" antibodies against a fusion pro-
- e | . .. tein produced by AFR1. LTA

116 - ! Loooge N . .
93— & ! $ receptors (40 g as proteins) iso-
66 ! lated from N4-1 tumors were sep-

: arated by SDS gel electrophoresis
t‘ on a 9% gel under reducing condi-

tions, and proteins were electro-
phoretically transferred to a nitro-
cellulose membrane and reacted
with antiserum against the fusion
protein produced by AFR1. Lane
1: reaction with the antiserum;
lane 2: reaction with the anti-
serum, which was pre-absorbed with the membrane fraction of
BNN103 (1FR1) lysogen; lane 3: reaction with the antiserum, which
was pre-absorbed with that of BNN97, a lysogen with 1gt11 lacking
insert. The membrane fraction used for absorption was prepared as
described in “MATERIALS AND METHODS” (section entitled
Preparation of Anti-Fusion Protein Antibodies). Molecular weight
markers used were myosin (200,000), 3-galactosidase (116,250),
phosphorylase b (92,500), bovine serum albumin (66,200), and
ovalbumin (45,000).

A

45-

i
4
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as —1 and +1) but not the —2 position, and that as the +1
amino acid, Ala, Asn, Gln, and charged amino acids are
preferred (34), the preferable cleavage site for the signal
sequence appears to be between Ala,, and Ala,,. There is
another stretch of 24 hydrophobic amino acid residues
starting from Met at position 210. This sequence is most
likely to be a transmembrane domain. Directly down-
stream from the putative transmembrane domain, there is
a cluster of charged amino acids, which is usually found
downstream from transmembrane domains. In the putative
extracellular domain, there are 3 potential asparagine
glycosylation sites.

Basigin as a Member of the Ig Superfamily—When the
sequence of basigin was compared with each sequence of
the entire data base, we found homology with the ES-chain
of MHC class II antigen (35) and the variable (V) domain of
Igsx chain (36) (Fig. 4). In the former case, the homologous
region comprised 125 amino acid residues with an overall
homology of 22.4% identity. The significance of these
homologies was examined by LFASA and RDF2. The SD
values obtained were 7.69 between basigin and ES, and
6.40 between basigin and Igx; if alignment scores of
random sequences obey the Gaussian distribution, those
SD values correspond to the probabilities of similarity by
chance of 7.4x107'® and 7.8 X 107", respectively. By the
SEQHP program 177 amino acid residues of basigin could
be aligned with 171 residues of MHC class II ES-chain
(data not shown). The SD value obtained by the SEQDP
was 7.51, indicating that the probability of similarity by
chance was 3.0x 107!, This difference of alignment be-
tween the two method results from the difference in the gap
penalty used by them; the LFASTA with the gap penalty
of —8 generated the essentially same alignment. On the
other hand, 84 residues of basigin were aligned with 86
residues of Igx chain by the LFASTA and also the SEQHP.
The SD value obtained by SEQDP was 7.3, indicating that
the probability of similarity by chance was 1.4 X 1073, It
seems reasonable to say that the two proteins belong to the
same superfamily, because the probability of coincidental
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Fig. 4. Homology of basigin with MHC class II Eg-chain (A) (35) and Ig V, (B) (36). Numbers indicate the position of the amino acid
residue. *, residues conserved in many members of the Ig superfamily; @, residues conserved in many MHC class I, class II «- and class II
f-chains; O, residues conserved in many MHC class I and class II - chains; ®, residues conserved in many class II 8-chains; v, residues

conserved in many V region-like domains. (] means identical amino acids and (!

means conservative amino acid substitutions.
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Fig. 5. Comparison of basigin mRNA levels in several cells,
organs, and embryos. Total RNA isolated from the specimen (5-
1.25 ug) was applied to nitrocellulose membranes and was hybridized
with an [«-*?P]dCTP-labeled basigin probe (PstI-Accl fragment of
the ¢cDNA) (left side) or with a B-actin probe (right side). A)
Teratocarcinoma cells and L fibroblasts. B) F9 cells induced to
differentiate by treatment with retinoic acid and dibutyryl cyclic
AMP. Day 0, no treament; day n, n days after addition of retinoic acid
and dibutyryl cyclic AMP. C) Organs of adult mice. D) Mouse
embryos. The number of days indicates the days of gestation.

identity is less than 107¢ (37). Since both the » chain and
the EB-chain belong to the Ig superfamily, we have con-
cluded that basigin is a new member of the Ig superfamily.
This point has been further confirmed as follows.

In the V and C (constant) domains of Igs, two cysteine
residues form an intra-chain -S-S- bridge (38); this
appears to be the case also in Ig-like domains of other
members of the superfamily. These cysteine residues as
well as certain amino acids in the N-terminal region of the
cysteine residues are highly conserved (2, 8, 39) in most
members of the superfamily. Furthermore, a tryptophan
residue is usually present at about the 12th-14th amino
acid residue position in the C-terminal region of the first
conserved cysteine residue (2, 38). We found that these
conserved features were also present in basigin (* in Fig.
4).

We examined the secondary structure of the Ig-related
domain from its primary structure. Six segments (amino
acids 123-125, 135-141, 160-165, 171-175, 177-181, and
185-188) were predicted to form p-sheets, while no
a-helix was predicted in the region. Therefore, it is likely
that the Ig-related domain of basigin is folded into multiple
[-sheets as in the case of Ig V and C domains (40).

From all these results, it is certain that basigin is a new
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member of the Ig superfamily. Since members of the Ig
superfamily often have multiple domains, we searched for
other Ig-like domains in other parts of the molecule.
Indeed, Cys,; and Cyss; appear to form another Ig-like
domain. Leu;, and Trpss residues are in conserved positions
in relation to Cys,;. Glys; and Tyrgs are also in conserved
positions in relation to Cyss;. Therefore, there appears to
be another Ig-like domain in the more N-terminal region.

Mode of Basigin Expression—We examined the mode of
basigin expression by means of RNA blotting experiments
(Fig. 5). A B-actin probe was simultaneously used to
compare the basigin mRNA level not only on the basis of
total RNA but also by determining the ratio to S-actin
mRNA. The samples examined were F9 and PCC4 EC cells,
OTT6050 teratocarcinoma cells, PYS-2 parietal endoderm
cells, L fibroblasts (Fig. 5A), F9 EC cells induced to
differentiate by treatment with retinoic acid and dibutyryl
cyclic AMP (Fig. 5B), organs of adult mice i.e. the liver,
kidney, spleen, brain, and testis (Fig. 5C), and mouse
embryos (9-15 days of gestation, Fig. 5D). Basigin mRNA
was expressed at significant levels in all the specimens
mentioned above. Dramatic changes in the mRNA levels
did not occur during mouse embryogenesis or differentia-
tion of F9 cells. However, the testis and teratocarcinoma
OTT6050 expressed considerably more basigin mRNA
than other specimens; the level of §-actin mRNA was not
significantly higher in the specimens. Upon Northern blot
analysis, basigin mRNA from adult organs and F9 cells gave
a single band with the same mobility (Fig. 1B).

DISCUSSION

Basigin, a newly found member of the Ig superfamily has
two unique characteristics. Firstly, it was detectable to a
similar degree, in adult organs, mouse embryos and EC
cells. While MHC class I antigen, a member of the Ig
superfamily, is present in many adult cells, it is not
expressed in EC cells (41). Furthermore, mouse embryos
before 10 days of gestation poorly express class I antigen
(42).

Secondly, basigin showed homology to both the Ig V
domain and MHC class II antigen A-chain. We have
examined whether the amino acids conserved in basigin and
MHC class II antigen B-chain are also conserved in MHC
class Il antigen & -chain and MHC class I antigen, since both
also belong to the Ig superfamily and contain C domain-like
regions (35, 43-48) (Figs. 4 and 6). The homologous amino
acid positions between basigin and MHC class II antigen
[3-chain could be classified as follows (Fig. 4). In addition to
amino acid residues conserved in diverse members of the Ig
superfamily (%), 2 amino acids marked with © were
conserved in basigin, class I antigen and class II antigen «-
and S-chains; 4 amino acids marked with O were conserved
between basigin, class I antigen and class II antigen 3-chain
but not in class II antigen a-chain. On the other hand, 10
amino acids (®) were conserved between basigin and many
of the class II antigen (-chains, which included both E3-
and AS-chains from both the mouse and human (35, 45-
48). This consideration reinforces the significance of the
homology between basigin and MHC class II antigen
B-chain.

Typical C-domains found in Ig and MHC class I and class
II antigens share, in most cases, the characteristic amino
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Fig. 6. Comparison of the Ig-like

Basigin ]]OGKKSEHSSEGELAKL YPPITDNFNF141 domainofbasiginwiththecdomain
132 of human MHC antigens (45), an im-
class 11 B 103 p SRTE-ALN-HHNLLVCSVTDFYPAQIKVRWF3 munoglobulin light chain (52), N-
CAM (6), and Fc receptor (49). x*,
class Il a 96PV——E——LR-EPNVLI(‘.FIDKFTPPVVNVTML122 conserved cysteine residues; v, residues
conserved in many Ig C domains and
class 1 1935 _ _____ ISDHEATLRCWALGFYPAEITLTWQ?Z2'8 MHC class I and II antigens; v, residues
conserved in many Ig V region-like
C 120 p S D-EQ-LKSGTASVVCLLNNFYPREAKVGHWK 4  domains.
Fc receptor B3P pPWIQ-VLKEDTVTLTCEGTH-NPGNSSTQUWF 42
N-CAM 294 y ENKTAMELEDQITLTCEASG-DPIPS-1THWEk?32
- \Y v v v kX vy v 7199
Basigin SQLTISNL-DVNV--DPG-TYVCNATNAQGTTR
class 11 B 5 FQILV-ML-EMTP--QRGDVYTCHVEHPSLQSP 18
class II a 5 FR OKFHYL-PFLPS--TEDVYDCRVEHWGLDEPIT73
class [ 2N FQ-KW--AAVVVPS-GEEQRYTCHVQHEGL - - p 267
L 73y s - LSSTLTLSKADYEKHKVYACEVTHQGLSSPp 204
Fc receptor BF . _K---A--TVN--DSG-EYRCQMEQTRLSDP 80
N-CAM 333 K--EI1--QYT--DAG-EYVCTASNTIGQDS 376

acid residues marked with v in Fig. 6. Among the 6
residues, only one, namely Pro,;; was conserved in basigin.
Thus, basigin does not belong to the typical C-domain
group. The number of amino acids between the two con-
served cysteines is 55-60 or less in the case of C domains,
while the number is usually 65-70 in the case of V domains.
The number of the amino acids was 62 in the case of
basigin; in this respect also, basigin cannot be regarded as
belonging to the C-domain group.

Recently, several members of the Ig superfamily have
been shown to have domains somewhat related to C-
domains (2). Of them the Fc receptor indeed has a domain
similar to the C domain (49); of the 6 amino acids charac-
teristic of typical C domains, 4 were found in the domain of
Fc receptor (Fig. 6). However, N-CAM retains only one
such amino acid (6) (Fig. 6). The number of amino acid
residues between the conserved cysteines is the same as
that of C-domain in both cases. These molecules are now
classified as C, sets, and typical C-domains in Ig and MHC
antigens as C, sets (2). Molecules of C, sets such as N-CAM
share certain amino acids with the members of V sets (2)
(Fig. 6). From the sequence characteristics mentioned
above, basigin might be regarded as belonging to C, sets.
However, in the size of the Ig domain, it is intermediate
between C and V sets. Furthermore, the homology between
basigin and the Ig V-domain was extensive, and all fea-
tures of the V set sequences were present in basigin (Fig.
4). To the best of our knowledge, no member of the Ig
superfamily has a high degree of homology both to a V
domain and a C domain as in the case of basigin. For
example, the homology score between N-CAM and V, is
much less than that between basigin and V, (50). No
significant local homology can be found between Igx chain

and MHC class II EZ-chain, when the LFASTA (29) and
also the SEQHP program (30) are used with the same set of
parameters used for the present study. Therefore, basigin
is an interesting molecule in connection with the molecular
evolution of the Ig superfamily. It is tempting to speculate
that a primordial molecule of the Ig superfamily is closely
related to basigin.

Antibodies against fusion protein of basigin react with a
portion of LTA receptors of molecular weight between
43,000 and 66,000. Therefore, there appears to be little
doubt that basigin belongs to the category of LTA recep-
tors. However, it should be noted that we have not yet
measured the degree of affinity between basigin and LTA.
Although basigin is believed to be a core protein carrying a
developmentally regulated carbohydrate marker, basigin
expression itself was not strongly influenced by develop-
mental status. This observation is not surprising, when we
consider that developmental changes of cell-surface carbo-
hydrates are principally accomplished by alterations in
glycosyltransferase activities (51).

Members of the Ig superfamily play critical roles in
intercellular recognition. This concept has been established
in lymphoid cells and nerve cells. Although most of the
members of the superfamily are not expressed in early
embryonic cells including EC cells, we have been able to
demonstrate two new members of the superfamily, namely
basigin and Gp 70, in EC cells simply by surveying core
proteins carrying developmentally regulated cell-surface
markers expressed in early embryonic cells. Thus, it is
likely that there are still other members of the superfamily
expressed in early embryonic cells and that they interact
with each other and are involved in critical stages of
embryogenesis, just as the members expressed in lymphoid
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cells and nervous cells do in immunological reactions and
nerve cell interactions. Furthermore, the widespread
distribution of basigin in adult organs as well as in EC and
embryonic cells implies a fundamental role in both adult
and embryonic cells.
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