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A fragment of human gene for pregnacy-specific 81 -glycoprotein(s), recently
identified (FA family member(s), has been cloned. Analyses of nucleotide and deduced
amino acid sequences revealed that it carried, from 5' to 3' direction, exons IA, IB,IIA,
ITB, (3, and Q,the first four encoding peptides distinct from but highly similar to
domains of PSBGs. “The lack of consensus 3’ splice site sequence ahead of IB indicated
that it was an abortive exon, which would explain the peculiar domain construction of
PSBGs,i.e. N-IA-ITA-IIB-(1,2 or 3. Apparently,the multiple Gterminal sequences for
a PSBGwere generated by alternative splicing among C1,(2 and (3 exons. Furthermore,
sequences which overlapped partly with Cexons, were found to be similar to parts of 3'-
UTR of (FA and NCA, indicating further the close relationship of (EA/ NCA and PSBG
subfamily genes. o 198 academic press, Inc.

(EA (1) is one of the most widely used human tumor markers although it lacks
absolute tumor specificity because of the presence of a number of immunologically
closely related glycoprotein antigens, which comprise (FA family.

Recent success in cloning cDNAs and parts of genomic sequences revealed the
existence of multiple genes of highly similar sequences for (EA family (2,3,4,5,6,7,&
8). The characteristic domain structures (2, 7) are evident for (FA and NCA of which the
former is composed of 108-residue N-domain, three repetitive 178-residue domains I,11
and I11, and 26-residue hydrophobic M-domain, the latter is composed of 108-residue
N-domain, 178 residue domain I and 24-residue M-domain. Domains I, II and I1I are
further subdivided into 92-residue A and 86-residue B subdomains (9). Domain N and
subdomains A and Brespectively,have been shown to belong to Ig superfamily (9), ie.
(EA family belongs to Ig superfamily (3,9, 10).

Abbreviations: (FA, carcinoembryonic antigen; NCA, nonspecific crossreacting antigen;
PSBG, pregnacy-specific 1 -glycoprotein; UTR, untranslated region; -b, -bases.
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Hg.1 (A) Sequencing strategy and exon-intron structure of G3M35. The scale is shown
at the top in kilobases. (nly restriction endonucleases relevant to the present work are
shown: B, BamH1; Bg, Bgl11; E EcoR I; H, Hind I11; Ps, Pst I; Pv, Pvu II;R Rsa 1; S, Sac I; (B),
EcoR1 linker. Extent and direction of sequencing are shown by arrows. [],exon,but
the sequence shown in thin lines may not be an exon; IREN , ; sequences similar to
parts of (EA and NCA cDNA, respectively.  (B) Mode of splicing. Thick horizontal lines
denote exons, which correspond to those shown in (A).

exons, four of them being translatable into peptides (Fig.2) highly similar in size and
sequence to subdomain As and Bs of (FA family (Fig.3). However, it should be noted
that 3'-splice site preceding "1B" was not conforming to the consensus sequence,
suggesting that "1 B" might not be processed into mRNA. Other three exons, two of them
almost entirely overlapping except for 86-b, apparently encoded Gterminal sequences of
this (EA family member. There was no N-domain coding region within entire length of
the DNA insert, for (FA N-domain probe did not hybridize to any of the restriction
fragments in Southern blot hybridization analysis.

When peptide sequences encoded by each exon were aligned with those of
subdomain As and Bs of the members of (EA family deduced from the cloned cDNAs
(Fig. 3), and sequence similarities were calculated (Table 1), high similarity, especially to
those of PSBGs was evident. Fach peptide was 43 to 63% and more than 82% similar to
the corresponding subdomains of (EA and NCA, and PSBG, respectively. Apparently, the
present gene was of a member of PSBGsubfamily rather than of CEA/NCA subfamily.
Furthermore, it is significantly more related to PSBG16/93 and C/Dthan to E.
Interestingly, sequence similarity between As or Bs belonging to different repetitive
domains,ie. I and 1T, of PSBGs was only 44 to 49% while that between As or Bs
belonging to the same repetitive domains was 80 to 95%. In contrast, subdomains
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Recently, primary structure of precursors to two kinds of PSBGwas deduced from
cloned cDNAs (11), and it was found that the PSBGs belonged to (EA family (12),its
domain construction and amino acid sequences being highly similar to CEA and NCA. The
precursors comprised, consecutively, 143-residue N-terminal domain including a signal
peptide, 93-residue domains IA,ITA and 86 or 88-residue domain IIB and lacked the
hydrophobic M-domain. Apparently,domains IA and IIA,and IIB,respectively, are
homologous to subdomains A and B of (FA or NCA. The characteristics peculiar to the
PSBG is the lack of domain B between IA and IIA, in addition to the lack of M-domain
and the presence of two kinds of Cterminal sequences. An apparently identical PSBG
with different Cterminus and another PSBG, which was composed of domains N, IA and
IIB were recently reported (13).

In this report we will describe cloning and nucleotide sequence of a genomic DNA
segment containing introns and exons which encoded sequences highly similar to sub-
domain As and Bs of PSBGs. The possible mechanisms generating the peculiar domain
construction and different Gtermini of PS8Gs will be discussed.

MATERIALS ANDMETHOLS

Human Genomic Library ___ Ahuman genomic library which had been prepared
from placental DNA using bacteriophage charon 4A vector as described by Lawn et al.
(14) was kindly provided by Dr. Masabumi Shibuya of Tokyo University.

Screening, Subcloning and DNA Sequence Determination ___ Approximately one
million clones were plated and screened using two 32P-labeled Pvu 11 fragments of CEA
cDNA which corresponded to the repetitive domains of (FA (2). Two positive clones
were obtained and the one termed ACGM35, was characterized by restriction endo-
nuclease analysis (Fg. 1 A). Before subcloning, Southern blot hybridization analysis (15)
was performed to locate sequences related to those of cDNA for (FA and NCA using 32P-
labeled probes described below. Only the fragments containing sequences related to
those were recloned into M13mp18 or M13mp19 (16) and sequenced by the chain
termination method (17).

Probes — Pvu Il-Accl and Pvu II-Pvu 11 fragments of p(FA55-2 clone (2) were
for N-domain and repetitive domains, respectively. Rsal-EcoR1 fragment of AKr40 (2)
and EcoR I-Hind 111 fragment of NCA15 (7) were for the sequences related to 3'-UTR of
(EA and NCA, respectively. Probes were 32P-labelled by the nick translation method
(18).

RESULTS ANDDISQUSSION

Fg.1 is a schematic representation of the exon-intron organization of the human
genomic clone ACGM35, also depicted is the subcloning and sequencing strategy of the
DNA fragment. Amino acid sequences translatable from the three frames of the DNA
fragments were deduced and compared with those of (EA and NCA to identify exons.
The consensus sequences at 5'- and 3'-splice sites (19,20) were alsoreferred toin order
to locate the exon-intron boundaries. As is shown in Hg. 1, there were seven putative
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x x x
CTGCAGAGAARACATACCTTCGGCGGCAAACTALGACTGAAACTAAGAAGATTCCAGCACTGCATGCTCCAAGTGAGGACCACAAGGTGGGECAGCCAGGCAGTTGGAGACGGAGGGACT
x x x
CAGIGAGCCAACAGGGGCTGTGACTGCTGGTCCTGTGTCTTTCCATGlCCCllTGCTGCTGCTCAATTCACICTTGAGAAAGTCTGTGTTTCTACATGAAGClGGCAGCCTCACAlCCTC
TGIGCCCTClGATTGCCCTGCATCTGTCTTGCAACACACACACCTGCCATGGGCTTTTAAGGlCTTGGGTGGGCTGAGICGTGGGAAITGCCIACTCTGATTGAIAAATGCCTTYGGACG
x

AATC‘AAGGTGCCAClClCGGClATCTTCTCTCTGTTTTCTGCAq::hcGAGACTCCCAAGCCCTCClTCTCCAGClGCAAATTAAACCCCIGGGAGGCCATGGACGCTGTGAGCTYAAC
++GluThrProlLysProSerlleSerSerSerLysLeudsnProirgéluilaNetGluilaValSerieuTh
10

1 20
CTGTGAlCCTGAGACTCCGGACGCAAGCTACCTGTGCTGGITGAATGGTCAGlGCCTCCCTITGTCTCICAGGTTGCAGTTGTCTGAAACCIACAGGICCCTCTTTCTATTGGGTGTCAC
rCysAspProGluThrProAspAlaSerTyrLeuTrpTrpletisaClyGinoSerLeuProNetSerBisirgleuCinleuSerGluThrasnArgThrLeuPheLeuleuGlyValTh

0

60
AGTATTTTCTGTTCCTCTGTGAGCCAGGCTC

3 40
AAAGTACACTGCAGGACCCTATGAATGTGAAATACGGAACCCAGTGAGTGCCAGCCGCAGTGACCCATTCACCCTGAATCTCCT
rLysTyrThrAalaGlyProTyrGluCysGlulleArgAsnProValSerilaSerirgSerAspProPheThrLeuisaleuleu?

70 80 90 x
CCATCCCAAATACACGTGGCCAGAGACCAGGCCTCTCAGTCCCTCTCAGEGTCCAAGTACAGAGACCTTTACCCCTGGACATCAAACCTGCCCATGACTTTCTGCCCCAGGCAAACCAGAG

x x x
TAGGCCTAGGCTTGATCAACAATAGGAGAAAAGAGGCTGCTCCTGTCATGGGAGACTCAGCGTCCACAGCTTGTGATGGGAGAAACAGGTGAATGTCTCAGGCTCCAGATCAGTGAACAC
AGCTGGGATTTGGCTGGGACTTCIATGTTGTGACTTGGCTCACAGGGTCICTGTGATTGTGGTGCTTCCACAGACGAGATTTTCCCTTCCCTCTGAAAATATCGCCTGTGACATTATTCT

CTTTGCTCC!EATGGCCTGGATGCCCCCACCATTTCCTCCTCATACACCTATTACCATACAGGGGAAGTCCCCAAGCTCTCCTGCCTCACAGACTCTCACCCACTGGCAGAGCATTCTTG
(+0GIyLeuAspAlaProThrlIeSerSerSerTerhrT!rTyrﬂ|sThrGlyGluValProLysLeuSerCysLeuThrAspSerHlsPrnLeuAlaGIuﬂlsSerTr

GCTGATTGATGGGAAGTTCCAGCAATCAGCACAAGTGTTCTTTATCCCCCAAATCACTAAAACATATAGAGGGGTCTATGTCTGTTTCATCCATAACTCAGCCACTGCTGGAACAAATCT
pLeulleAspClyLysPheGinGlaSerAlaGInValPhePbeileProClalleThrLysThrTyrArgGlyValTyrValCysPhelleBisAsnSerAlaThralaGlyThrisnle

x
TRAGTGGATCC- -~ --- -~ m-- - mmvmmm oo oo =< €3 1500 bp J-m---mmmemm e emm o m o — e

CATAATCAAGAGGATCATAGTCCCTQ
ullelleLysirgllelleValPro+

CAGCTGGCCTCATAGTCTTTGAGCCCTTAGATCATCATGCATCTGTCTTGTGACACACGCACCAGCTATTGGCTTTCAAGGACTCGGGTGGGCTGAGAAGTGCGAGATGCCAACTCTGAT

x
TGAAGGATGCCTGTGGAGGAATCAAAGGTGCCACACAGGACAATCTTCTCTCTGTTATCCACAq::hGAAGCTGCCCAAGCCCTACATCACCATCAACAACTTAAAACCCAGGGAGAATA
roLysLeuProLysPrnTyrllethlIeAsnAsnLeuLysProArgGluAsnL

]
AGGATGTCTTAAACTTCACCTGTGAACCTAAGAGTGAGAACTACACCTACATTTGGTGGCTAAATGGTCIGAGCCTCCCGGTCAGTCCCAGGGTlAAGCGACCClTTGAAAACAGGATCC
ysAspValLeuAsnPheThrCysGluProLysSerGIuAsnTerhrTyrlIeTrpTrpLeuAsnGlyGlnSerLeuPrnValSerProArgValLysArgProlleGluAsnArgIleL

130

120 14 150
TCATTCTACCCAGTGTCACGAGAAATGAAACAGGACCCTATCAATGTGAAATAAGGGACCAATATGGTGGCATCCGCAGTTACCCAGTCACCCTGAATCTCCTC AGTATCTTTTGT
eulleLeuProSerValThrArgAsnGluThrGlyProTyrGlnCysGlulIeArgAspGlnTyrGlyGlylleArgSerTerroVaIThrLeuAanalLeu

0 180
TCCTCTGTGGGCCAGGACACCAGCTTAAATCAAAACGACCAGAGGCCAGGCCTCTCACTCTCTCTCTGGTCCAAGTATAGACACCTTCACTTCTGGACATFCGAGCTGGCCATGACTCCC
TGCCCTGGGAAAACCTGGGTAGGCACAGCTTAACCAAGAGTATAAGGGGAGTGGACGCTCTTGTCATGGGAGACTTGGGGCCCACAGCTTGTGATGGGAGAAACAGGTGAATACCTCAGG
ATTCGGCTCAGTGAACATAGAGGGGGTTGGGCTGGGACTTGAGGGTGTGTCTTGGCTCAGAGGGTCACTGTGTCCCTTTAAGAGACCAGGAACATCCCCTTCCCTCAGATGACATCACCT

x

GTGGCTTTATTCTCTTTGCTCq::hTGGTCCAGACCTCCCClGAATTTACCCTTCATTCACCTATTACCGTTCAGGAGAAGTCCTCTACTTGTCCTGTTCTGCGGACTCTAACCCACCGG
yrGlyProAspLeuProlrzlleTyrPruSerPheThrTeryrArgSerGlyGluValLeuTereuSerCysSerAlalspSerAsnPruProA

CACAGTATTCTTGGACAATTAATGGGAAGTTTCAGCTATCAGGACAAAAGCTCTTTATCCCCCAAATTACTACAAAGCATAGCGGGCTCTATGCTTGCTCTGTTCGTAACTCAGCCACTG
laGlnTyrSerTrpThrlleAsnGlyLysPheGlnLenSerGlyGlnLysLeuPhelleProGlnlleThrThrLysHisSerGlyLeuTyrAlaCysSerValArgAsnSerAlaThrG

220 23
GCAAGGAAAGCTCCAAATCCATGACAGTAARAGTCTCTGE
lyLysGluSerSerLysSerKetThrValLlysValSerd

270 * CEA
TTATTCCCAGCCTGCGTCCCATGGGCACAACCAAATCCCAAATTCTCCTCCTAAACCCTCCAAATT GTCTAAGAACTTTGAAAACTTTAACAAACAGGCTGATATCTTCATAAAATTCC
CAGCCTAGACCAAGCAGGAAAAACATTGATTTCAATGAAATAATTGATAATAATGAGGATAATGTTTTTATGATTTTCATTTGAAAATTTGCTGATTCTTTAAATGGTTTGTTTTCTACA

T1G ACGGAATTTTTCTCTTTTAACCTATCTG‘I-ITTATAGCAGTTCAA AAACTATACCGCAGTTTATTGAACTGTAATTGMATATTTACTTTTGCTTTCTACCTGACTGCCCCAGAA
laTyrSerSerSerlleAsnTyrThrdlaValTyrxxs

240
AGCGGATCCCIGTATCCTTGGCAATAGGGATTTAGGTGGAGTCTATCTGGCCTTCAGCGAAGAGTCIGGAAAACATTT
L e(E)

TTGCGCAACTATTCATGAGAATTGATATGTTTATGCTAAgigACETATTTGCACAEElAﬂAGCAACAATCTGCTCTCTTTGTAACAGGACACATTTCAAATCATTGGTTATATTACCAAG
GCTTTGACTGGGATGTTATATTTAAGGATATAGATAGAATGAACCAGTATGAACTGCAGGCAAAGTCTGAAGTCAGCCTTGGTTTGGCTTCCTATTCTCAAGAGTTTTGTAAAAGTTTAA
TCTCAGATTCCTTATAAAAACTTAGAGAAAAGAAAATTTTAAA}EAGAGCCTACACGGTCCATTGCTACTCTTGCTGCACTTATGTAAACAATCAGACCACGTTTGAEGAAACTCAACCT
ATTTTGCAAACAAA TATTCTACTGAAATTATCATTGGT:AAACTAGAGATGCCCATAGAGAGAAAlATTATGTGGAAAATAAAAACTGTAGTACACCTGTTATGAGATTGC TCTCTG

TTCATTGTTTCTGTGTTTTTlTTATCCACCTGGGACATTACCCTGAATTCTACTAGTTCCTCCAATTCCATTTTCTTCCATGGAATCGCTAAGAAAAAGACCCACTCTGTTC({
SpTrpThrLenPraxxx

PSBC 275
gAAgCCCTATAAGCTGGAGGTGGLCAACTCAATGTAAATTTCATGGGAAAACCCTTCTACCTGAAGCGTGAGCCACTCAGAACTCACTAAAATGTTCGACACCATAACAACAGATGCTCA
lublaleuxxx

AACTGT%ZACCAGGACAATAAGTGGATGACTTCACACTGTGGACAGTTTTTCCCAAGATGTCAGAACAAGACTCCCCATCATGATGlGGCTCTCACCCCTCTTAACTGTCCTTGCTCATG
CCTGCCTCTTTCACTTGGC!GGLTAATGCAGTCATTAGAATTTCAClTGTAGTAGCTTCTGAGGGTAACAATAGAGTGTCAGATATGTCATCTCAACCCAAACTTTTAEATAACA CTCA
GGGGGAAATGTGGCTCTCTCCACCTTGClTACAGGACTCCCAATAGAAATGAACACAGAGATATTGCCCGTGTGTTTGClGATAAGATGGTTTCTATGAAGAGGTAGGAAAGCTGAAATT
ATIATAGAGTCCCCTTTAAATGCACATTC;GTGGAEGTCTCGCCATTTCCTAAGAGATAEATTGTAAAATGTGACAGTAATACTGATTC;AGCAGQAIAA%Q&%IEI:ﬂ

Hg.2 Nucleotide sequence and deduced amino acid sequence of GGM35. Nucleotides are
numbered beginning from Pst I site (1-1358) and Pvu 11 site (1'-2749") of the sequenced
fragments (Fig. 1A). Sequences containing exons are shown on the right by ]. Consensus
splice site sequences are boxed, with-@-being non-conforming sequence. IB which may
be an abortive exon is shown by broken ], and amino acids deduced are parenthesized.
Amino acids are numbered beginning from the first residue of exon IA, throgh the G
terminal residues of exon (A, 2 or 3. ,—; start and end of the sequence
resembling to that of a part of the cIINA indicated; PS8G,PSBG16/93 (9);E, C, PSBGE
and C(13),respectively; (B), not highly but moderately similar toE, V¥ , Alu family
insert seen in the case of (FA; ¥ ,poly A addition site. Putative poly A signals are
underlined. Nucleotides 1788' and 2676’ are ambiguous.
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Fg.3 (bmparison of the domains of GGV35 with those of (EA family. (hly amino acids
different from those of CEA I are shown in single notation. Dashes mean identity. Arrow
indicates boundary between A and Bsubdomains. Underlined sequence is probably not
expressed in the protein. The last residues of GGM35 11 and PS8Gare D, Eor A due to
the presence of three kinds of Gterminal coding sequences. Possible N-glycosylation
sites are boxed. PSBGC/Dare different from PSBGonly at amino acid 82 in II. PSBG
stands for PSBG16/93.

belonging to different repetitive domains of (EA/ NCA subfamily, were more than 72%
similar with the exception of CEA IIIB which were about 60% similar to CEA IB,IIBand
NCA IB (Fig. 3). These results clearly indicate that divergence among repetitive domains
are greater in PSBGsubfamily than in (EA/NCA subfamily. In view of this, GGM35 IB
had no counterpart among PSBGs whose primary structure had been deduced from the
cloned cDNAs. It was noted that there was no putative N-glycosylation site in
subdomain Bs of PSBG, albeit the presence of several of ones in other subdomains (Fig. 3).
Watanabe and Chou isolated two ¢cDNA clones, PSBG16 and 93,encoding human
PSBGs of 417 and 419 amino acids, respectively (11). The sequenced portions of these
cDNAs were identical with the exception that PSBG93 contained an additional 86-b at the
end of the common 3'-coding region. This resulted in the generation of two Gterminal
sequences after common 414 amino acids, which were EAL and DWTVP, for PSBG16
and 93, respectively. More recently, three PS3Gs deduced from cloned cDINAs were
reported (13). PSBGDwas virtually identical to PSBG93 with only three amino acids
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Table I. Amino acid similarities between subdomain As
and Bs of CGM 35, PSBG 16/93(12), PSAG E(13), CEA(2) and
NCA(7). PSBG stands for PSBG 16/93 which is virtually
identical to PSBG C/D (13). The number of matches is
expressed as per cent of the similarity length.

A Subdomain

CEA NCA CGM35 PSB8G PSAG E
IT III I I II I II I
CEA I 73.9 83.7 81.5 59.8 53.3 58.7 53.3 55.4
CEA II 76.1 79.3 57.6 53.3 56.5 55.4 55.4
CEA III 85.9 58.7 55.4 57.6 b55.4 58.7
NCA I 63.0 56.5 62.0 58.7 59.8
C&M35 I 45.7 93.5 47.8 88.0
CGM35I1 46.7 95.7 46.7
PSRG I 48.9 88.0
PSBRG II 48.9
B Subdomain
CEa NCA CGM35 PSBG PSAG E
II III I I II II IT
CEA I 72.1 60.5 86.0 46.5 57.0 53.5 59.3
CEA II 58.1 73.3 47.7 57.0 55.8 60.5
CEA III 60.5 43.0 50.0 47.7 b51.2
NCa I 46.5 58.1 54.7 60.5
CGM35 I 47.7 44.2 48.8
CGM35I11 93.0 82.6
PSBG II 77.9

differences. PSBGCshared 414 N-terminal amino acids with PSBGD but followed by an
entirely different Gterminal sequence of 14 amino acids, AYSSSINYTSGNRN. PSBGEwas
composed of N-domain and subdomains IA and IIBwhich were distinct from but highly
similar to corresponding domains of other PSBGs.

Interestingly, three exons of GGM35 contained sequences which could generate
three kinds of mRNA by differential splicing (Fig. 1B). As is shown in Fig.2,(3 exon at
nucleotides 1475'-2034" encoded 12-residue Cterminal sequence, whose first 9 residues
were identical to those of PSBGC. (1 and  exons starting at nucleotides 2076' and
2162, respectively, were identical except for the extra 86-nucleotides at 5'-terminus of
A exon. A and C exons, respectively, would encode Gterminal sequences, DWVTLP and
FAL, which were virtually identical to those of PSBG93/D(11,13)and 16 (11),
respectively. In addition to the Gterminal amino acid sequence similarities, (1,2 and
Q3 exons are highly similar, ie. >93%, in nucleotide sequence to 3'-end of PS8G93/D, 16
and C, respectively (Fig.4). The sequence related to 3'-end of PSBGEwas also found but
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(R)
* * * * *
CGM35 AGTCTATCTGGCCTTCAGGGRAGAGTCAGGARARCATTTTTATTCCC
PSBG E cT...7C..CT....A.TCC..C.TAGCA.CTGTG..G.CAT...TG
* * * * * * *

CGM35  AGCCTGCGTCCCATGGGCACAAG-CRAARTCCCAARRTTCTCCTCCTA-AACCCTCCAA--~ATTTGTCTAA
PSBG E TATT.CA.GRRG.CT....GG..ATYT.,GGA..GG....T.A.A.GG..T..TG.,TRC.AGCTC. .G.

CEA G.
* * * * * 3 *
CGH35  GARCTTTGAAAACTTTAACAAACAGGCTGATRTC-TTCATAA---~AATTCCCAGCCTAGACCAAGCRG-
PSBG E T...-..C..G.-.CAT. c CTG.A..A.G.A.T....A,.TTTT...GAA...G..GATA.CTT..T-
CEA T CC .TAA....C.G.-..... G.----..C.GT.CA..A...T....... A
* x* # %* * x *
CGM35  GARRAAC-ATTGATTTCAATGARATAATTGATARTAAT-GAGGATAATGTTTTTATGA-TTTTCATTTGA
PSBG E .TT.A.GAC.AAGA.GAA. .. .. C.CA..GT..T.G..CT.A.TAR,CAAR.G..-.AA.G....C
CER ... TR-...A. . ..o, T6,6.C.o Auev=Corvimrrnenns B G R T
* * * * * * *
CGM35  RAATTTGCTGATTCTTTARARTGGTTTGTTTTCTACA-TTGACGGRA-TTTTTCTCTTTTRACCTATCTGT
PSBG E T..... Too=. . =.GAL. L T6C..A..CT.GG.-A, .-TTTC.-..C.C.AGA. ... TGARCAT.T,
CER T TC...... c.c.a.r..c.s.ﬁ..c ..... LI G..... cAc
* * * * * *
C6M3s HGCTTHTHGCHGTTCRRTHHHCTRTHCCGCHGTTTHTTGHHCTGTHHTTGHﬁﬂTﬂTTTﬂCTTTTGCTTTC
PSBG E TT...-G....-A.TGG....G.,, ~==-= .C...TG.A...AAA. ....... Co'iCuvvvnns c.
CEA ..., Coot R TG. s [ .C...76..... AAR...... G.Couvvns R...T..CC.
PSBG € vvvrvriiiniiiihae e C..CTG6....C.vrnnns, [
* * % * 3 * *
CGM35  TACCTGRCTGCCCCAGAATTGGGCARCTATTCATGAGARTTGATATGTTTATGGTAATACACATATTTGC
371N N I c S ;7 A T A.GC.......
CEA 6. .6TC.. T Covves A ﬂT...T....—.G .......... T.6T..-.
]
x * * * * * *
CGM35  ACAAGTRCAGCARCAATCTGCTCTCTTTGTAACRGGACACATTTCARATCATTGGTTATATTACCAAGGC
PSBG E ...... T.[Poly Al H
CER  ...... T.BT R, T.6.R.6....A.T...... [ P A,
PSBG € vvvrvnnn T Toviiininn, Toviininn, [ T..
* * * * * 3 *
CGM35  TTTGACTGGGATGTTATATTTAAGGATATAGA---~TA--GARTGARCCAGTATGAACTGCAGGCARRGT
CEA ... A.A....C6..... Govrvorns A.CCCA..GGT...A....CAC.G.T...A..AA......
PSBG C ..... TCoivinninns -, ..AR.C..... e A
* * * * (G) X * *
CGM35  CTGARGTCAGCCTTGGTTTGGCTTCCTATTICTCAA-GAGTTTTGTRAARGTTTAATCTCAGRTTCCTTAT
CER v P G.6....TTLAAC..Covvrirnnans Govorovnien
PSBG € vvvvevitt ittt S : P [ L PN
* %* * * * * *
CGM35  ARARARCTTAGAGARARGAAAATTTTAARAL---Gap---]GAGAGCCTACACGGTCCATTGCTARCTCTTG
CEA ...l cC..C....-C..C.outn, [Alu 303-bIA.A..T...TGT....AG.CA.........
PSBG € vvvviiiiniiie e G..[--~Gap---1..C........ T
* * * * % x *
CGM35  CTGCACTTATGTAAACARTCAGRCCACGTTTGAAGARACTCAACCTATTTTGCRRACAAACTTATTCTAC
CER  ..... Gouvon A...6...6..6...A..C...T....AA...T....... R....[Poly Al
PSBG € vvvvvviniie i D et
* 3 * * * * *
CG6M35  TGAAATTATCATTGGTRARACTAGRGATGCCCATAGAGAGARRRATTATGTGGAARATAAARARCTGTAGT
PSBG € vvvvvevni i Bt inneein Gt e s
* % * x* * * E
CGN35  ACACCTGTTATGAGATTGC
PSBG C  .T.ovennnn.. c...[Poly Al

Fig.4 Nucleotide alignments of similarities in the 3'-end between GGM 35 and members
of (BA family. (A) AGM 35 (nucleotides 1162'-2033"), PSBGE(982-1440) (13), (EA
(2499-3468) ((2), nucleotides 2930-3468 are our unpublished data) and PSBGC(1244-
1796) (13) are aligned. (B) GM 35 (2074'-2749"),PSB8G16/93 (1310-1906, with
additional 86-b seen in PSBG93, which are underlined) (11) and NCA (1074-1520) (7)
are aligned. PSBGD(1242-1928) is almost identical to PSBG16/93 except for the portion
shown in last line. Identical residues and deletions are shown by dots and dashes,
respectively. | ,poly A addition site. Poly A signals are underlined.
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(B)
* * * * * * *
CGM3S  AGACTGGACATTACCCTGAATTCTACTAGTTCCTCCARTTCCATTTTICTTCCATGGRATCGCTARGARARA

PSfGi6 T. N T SN . R I RO PR TUEN . PRSI |
NCA T CAG. .....ovvvn T....Coovvivnt Covvvns R.C.ovvnit C.A....A..C.

CGM35  AGRCCCACTCTGTTCCAGARGCCCTATAAGCTGGAGGTGGACARCTCAATGTARATTTCATGGGAAARACC

PSBG16 . . P

NCA VBTLT6. G T | TN Aveenns ARceerennes
* * x* * * * *
CGM35 CTTGTACCTGARGCGTGAGCCACTCAGAACTCACTARRATGTTCGRCACCATARCAACAGATGCTCARAC
PSBGI6 vvvvvrvsvnsn, A C..... T
NCA ..CAGG..... (7 U SO —==G. e o vevim o TG L CAGL L
* * * * * * *
CGM35 TGTﬂﬂﬂCCHGGHCﬂﬂTﬂﬂGTGGﬁTGﬂCTTCﬁCﬁCTGTGGHCﬂGTTTTTCCCﬂHGHTGTCHGHﬂCﬁﬂGHCT
17110 - J A e
NCA LB T G6TG. G..ﬂ.T..C ........... [ T [ T Aeviininen
* * * * *
€GN35 CCCCHTCHTGRTGHGGCTCTCHCCCC TCTTARC-TGTCCTTGCTCRTGCCTGCCTCTTTCACTTGGCAG
PSBETE  vvvsveviririnecninen, Covivmnienn, e e e
NCA S Avveion, Toons [\ S & SRR B Govvvvrnn
* * ] * * * *
CG6M35  GATARTGCAGTCATTAGARTTTCACATGTAGTAGCTTCTGAGGGTARC--AATAGAGTGTCAGATATGTC
PSBOTE v v et ver et ettt e e e e Ao, B
NCA oG T Tevivinns AR [ T 18 S P, C.A..
* * * * * x *
CGM35  ATCTCRA- CCCHHHCTTTTHCHTHHCHTCTCHGGGGGHHHTGTGGCTCTCTCCHCCTTGCHTHCHGGHCT
PSBGI6 ....... o RPN <
NCA TG0 Torus, [ T A. . ARGRGATCCTTTA
* * * * * * *
CGM35  CCCRARTAGRRRTGAACACAGAGATATTGCCCGTGTGTTTGCAGATARGATGGTTTCTATGRAGAGGTAGG
PSBGTE  veovvvrvenerer e titennerenas ) P [T Grvrrrnnn Co.o
* * * * * * x
CGN35  AARGCTGARATTATARTAGAGTCCCCTTTAAATGCACATTCTGTGGATGTCTC--GCCATTTCCTRAGAG
PSBGTE  vvvvverererir it ee et Covrnn. Grovrvrnns [ & SR TR
* * * * x x*
CGM35 ATACATTGTARAATGTGACAGTARTACTGATTCTAGCAGAATARARCATGTAC
PSBGI6  vvvvrvrnrns. Covivrninns Grvmme s e CACCTCCCIEcoR 1]
PSBG B vvvrvriirins Coveninns B mm e i T...TTGCT[Poly Al

FPigure 4 - Continued.

it was separable into two portions, the 5'- and 3'-end sequences comprising nucleotides
1164'-1489" and 1490'-1620" were 47 6%and 802%similar to corresponding PSBGE
sequences, tespectively. The 3'-end sequence was where similarity between 3'-end
sequences of PSBGCand PSBGEwas found (13). Although 5'-end sequence could encode
35-residue peptide if it was processed into mRNA, the significance of these findings is not
clear at this time.

In addition to the similarities found between 3'-end sequences of members of PSBG
subfamily, GGM 35 contained sequences highly similar, ie. >76%,to 3'-UIR of (FA and
NCA. The (FA and NCA like sequences overlapped partly with exons 3 and (1,2,
respectively (Fig.2). The corresponding (FA sequence started about 40-residue down-
stream of the first Alu sequence,extended beyond the poly A addition site of the shorter
¢DNA (2) and ended at the poly A addition site of the longer cDNA (Fig.4A). The second
Alu sequence of 303-b found in the longer cDNA (details will be published elsewhere)
was missing in the GGM 35 sequence (Fg.2 &4A). The NCA sequence started from 40-b
downstream of the stop codon, ie. where similarity between NCA and (EA cDNA ceased
(7). The sequence similarity of parts of 3'-UTR of cDNAs of PSBGDand NCA was already
noted (13). In spite of these similarities, sequences similar to those corresponding to M-
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domains of (FA or NCA were not found. These results, along with the finding that none
of the known PSBGs including GV 35 has Cterminal hydrophobic M-domain, might
indicate that M-domains of (FA/NCA subfamily are encoded by separate exons.

In conclusion, QGM 35 clone carried a sequence which contained most of a gene for a
new member of PSBG subfamily within CEA family. Asis summarized in Fg. 1A, the N-
domain truncated sequence consisted of exons IA,IB,IIA,IIB, (3, and 2, from 5" to 3'
direction. As discussed above, exon IBwas apparently an abortive exon which would not
be processed into mRNA. Alternative splicing will generate at least three kinds of mRNA
which encode PSBGs having three different Cterminal sequences. Thus, at least three
PSBGs ,(N)-IA-TTA-TIB-C1, (N)-IA-ITA-IIB-C2 and (N)-IA-ITA-IIB-C3, which are
distinct from but highly similar to PSBG93/D, 16 and C,respectively, will be produced.
In addition, it is possible that the fourth PSBG having Cterminal sequence derived from
the E-like sequence would be found. Another implication of the present findings is that,
PSBGE(13) having N-IA-IIB-(Econstruction might be encoded by a gene having two
consecutive abortive exons,namely "IB"and "TIA" although other mechanisms such as
alternative splicing can not be excluded.

Finally, considering the highly conserved domain structures among (FA family
members, it is conceivable that genes for the members are similary constructed, ie. each
domain and subdomain are encoded by separate exons like in immunoglobulin and T cell
receptors, introns between A and B are rather short and those between Nand A,and B
and A are rather long.
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