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A fragment of human gene for pregnacy-specific gl -glycoprotein(s), recently 
identified (EA 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, 
liB, (3, CI and (2, the first four encoding peptides distinct from but highly similar to 
domains of PSl3Gs. The lack of consensus 3' spfice site sequence ahead of IB indicated 
that it was an abortive exon,which would explain the peculiar domain construction of 
PS6Gs, i.e. N-IA-IIA-IIB-CI, 2 or 3. Apparently, the multiple C-terminal 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'- 
UIRof (EA and NCA, indicating further the close relationship of (EA/NCA and PS6G 
subfamily genes. ~ 1 9 8 8  A c a d e m i c  P . . . . .  I n c .  

(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 CEA family. 

Recent success in cloning cENAs 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 (F_A and NCA of which the 

former is composed of 108-residue N-domain,three repetitive 178-residue domains I, II 

and III, 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 III are 

further subdivided into 92-residue A and 86-residue B subdomains (9). Domain Nand 

subdomains A and B respectively, have been shown to belong to Ig superfamily (9), i.e. 

(F_A family belongs to Ig superfamily (3,9, 10). 

Abbreviations: lEA, carcinoembryonic antigen; NCA, nonspecific crossreacting antigen; 
PS6G,pregnacy-specific 81 -glycoprotein; UIR, untranslated region; -b, -bases. 
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Fig. 1 (A) Sequencing strategy and exon-intron structure of (I~I35. The scale is shown 
at the top in kilobases. (~ly restriction endonucleases relevant to the present work are 
shown: B, Bam H I; Bg, Bgl II; R EcoR I; H, Hind III; Ps, Pst I;Pv,Pvu II;R, Rsa I; S, Sac I; (E), 
EcoR I linker. Extent and direction of sequencing are shown by arrows, r ] ,  exon, but 
the sequence shown in thin lines may not be an exon; R , ~ ; sequences similar to 
partsof(EAandNCAcIINA, respectively. (B) Mode of splicing. Thickhorizontallines 
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 CEA family (Pig. 3). However, it should be noted 

that 3'-splice site preceding "IB" was not conforming to the consensus sequence, 

suggesting that "1B" might not be processed into mRNA. Other three exons, two of them 

almost entirely overlapping except for 86-b, apparently encoded C-terminal sequences of 

this CF_A family member. There was noN-domain coding region within entire length of 

the I1NA insert, for (EA 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 c-13qAs 

(Fig. 3), and sequence similarities were calculated (Table 1), high similarity, especially to 

those of PSBGs was evident. Each peptide was 43 to 63% and more than 82% similar to 

the corresponding subdomains of (F_A and NCA, and PSBG, respectively. Apparently, the 

present gene was of a member of PSgGsubfamily rather than of (EA/NCA subfamily. 

Furthermore, it is significantly more related to PSBG 16/93 and C/Dthan to E. 

Interestingly, sequence similarity between As or Bs belonging to different repetitive 

domains, ie. I and I I ,  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 PSgGwas deduced from 

cloned cENAs (11), and it was found that the PSgGs belonged to (EA family (12),its 

domain construction and amino acid sequences being highly similar to (EA and NCA. q-he 

precursors comprised, consecutively, 143-residue N-terminal domain including a signal 

peptide, 93-residue domains IA, IIA and 86 or 88-residue domain l iB and lacked the 

hydrophobic M-domain. Apparently, domains IA and IIA, and liB ,respectively, are 

homologous to subdomains A and B of (EA or NCA. "[he 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 Gterminal sequences. An apparently identical PSI3G 

with different Gterminus and another PSI3G, which was composed of domains N, IA and 

liB were recently reported (13). 

In this report we will describe cloning and nucleotide sequence of a genomic I3qA 

segment containing introns and exons which encoded sequences highly similar to sub- 

domain As and Bs ofPSBGs. "lhe possible mechanisms generating the peculiar domain 

construction and different C-termini of PSBGs will be discussed. 

MAItRIALS AND MEII-IOI~ 

Human GenomicLibrary A human genomic library which had been prepared 
from placental I3'qA 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 HVA Sequence Determination Approximately one 
million clones were plated and screened using two 32p-labeled Pvu II fragments of (EA 
cENA which corresponded to the repetitive domains of CEA (2). Two positive clones 
were obtained and the one termed ~,(EM35, was characterized by restriction endo- 
nudease analysis (Fig. 1A). Before subcloning, Southern blot hybridization analysis (15) 
was performed to locate sequences related to those of cENA for (EA and NCA using 32p_ 
labeled probes described below. Only the fragments containing sequences related to 
those were redoned into M13mp 18 or M13 mp 19 (16) and sequenced by the chain 
termination method (17). 

Probes . Pv u II-Acc I and Pv u II-Pv u II fragments of pCEA55-2 clone (2) were 
for N-domain and repetitive domains, respectively. Rsa I-EcoRI fragment of ZKr40 (2) 
and EcoRI-Hind III fragment of NCA15 (7) were for the sequences related to 3'-UTRof 
(F_A and NCA, respectively. Probes were 32p-labelled by the nick translation method 
(18). 

~ T S  ANDDISCUSSI OXI 

Fig. 1 is a schematic representation of the exon-intron organization of the human 

genomic clone ~,(35M3 5, also depicted is the subcloning and sequencing strategy of the 

ENA fragment. Amino acid sequences translatable from the three frames of the IINA 

fragments were deduced and compared with those of (EA and NCA to identify exons. 

q?he consensus sequences at 5'- and 3'-splice sites (19,20) were also referred toin order 

to locate the exon-intron boundaries. As is shown in Fig. 1, there were seven putative 
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CTGCAGAGAAAACATACCTTCGG~GGCAA~GTAAGACTGAAACTA~GAAGATTCCAGCA~TGC~TGCTCCAAGTGAGGACCACAAGGTG~GCCAGGCAGGCAGTT~GAGACGG&GGG~CT 

CACA~C~CA~CA~C~CTGT~CT~CT~TCCTCT~TC~TTCCAT~ACCC~ATGCT~C~CTCAATTCACACTTGA~AAA~TCTGT~T~TCTACAT~AACCAGGC~CCTC&C~ACCTC 
• z • 

TGAGCCCTC~GATT~CCCTGCATCTGTCTTCCAACACACACACCT~CCATGG~CTT~T~A~ACTTGG~T~C~CT~A~AGGT~GAAAT~CCAACTCT~ATTG~AAAAT~CCTTTG~ 
• x x 

AATCAAAGCTGCCACACAG~CCAATCTTCTCTCTGTTTTCT~C~(~AC~CTCCC~AGCCCTCCATCTCCAGC~CCA~ATT~AACCCCAGGGA~CCAT~GA~CT~T~A~CTTAAC 
++GluTbrProLysProSerlleSerSerSerLysLeulsnProkrgGluklaletGlullaValSerLeuTh 

I I0 20 
CT~TGATCCTCAGACTC~G~AC~AAG~TACCTGTG~TGGATGAATG~TCAGAGCCTCCCT~T~TCTC~C~GTTGCAGTTGTCTGAAACCAA~ACGACCCTCTTTCTATTGG~T~TCAC 
~Cy~AspPr~C~gT~rPr~AspA~a~erT~rLe~T~pTrpNetAs6G~y~Ser~euPr~Net~e~s~rg~euGi~Leu~er~LuT5rAsnA~gT~rLeuP~eLeuLeuG[~a]T~ 

30 40 50 GO 
AAACT~CACTGCA~GACCCTAT~A~T~T~AAATACG~AACCCA~TGA~TGCCAGCC~CA~TGACCCATTCACCCT~AATCTCCTC ACTATTTTCTGTTCCTCTGTGAGCCAGGCTC ~L~sT7~T~aC~2P~T~rG~u~ysG~u~e~r~s~Pr~a~Se~a~e~rgSe~spP~PheT~Leu~s~LeuLeu~ ~]~ 

70 80 30 x CCATCCCAAATACAC~T~GCCAGACACCA~GCCTCTCA~TCCCTCTCA~CTCCAAGTACA~GACCTTTACCCCTCGACATCAA~CCTGCCCAT~CTTTCT~CCCC~GCAA~CCA~A~ 
TAGGCCTkGGCTTGATCAACAATA~GAGAAAAGAGGCTGCTCCT~TC~T~GAGACTCAGCGTCC~CAGCTTGTGkTGGGAGAAACAGGTCAATGTCTCAGGCTCCAGATCA~TGAAC~C 

ACCTGG~ATTT~GCT~G~ACTTCA~TGTT~TCACTT~GC~CACA~GGTCACT~T~ATTGTGGT~CTTCCACAGACGA~ATTTTCCCTTCCCTCTG~AAATATCGCCT~T~ACATTATTCT 

CTTTCCTCC~ATGGCCTGG~TCCCCCCA~CA~TTCCTCCTCATAC~CCTATTACC.TA~AGC~AAGTCCCCAA~CTCTCCTGCCTCA~A~CTCTCACCCACTC~CA~ACCATTCTT~ 
( + + ~ L e u A s p A ~ a P r ~ T ~ r [ ~ e S e ~ e ~ e r T y ~ T ~ r T y r T 7 r B i s T ~ G L u ~ a ~ P r ~ L ~ s L e u ~ e r C y ~ L e u T ~ A s p S e r B i s P r ~ L e ~ A t a ~ u ~ i s ~ e r T r  

GCTCATTcATGG~AA~TTCC~GCAATC~GCACAAGTCTTCTTTATCCCCCAAATCkCTAAAACATATAGAG~CTCT~T~TCTcTTTCATCCATAACTCACCCACTGCT~AAC~AATCT 
p L e u ~ e A s p ~ y L y s P b e G ~ n ~ e r A ~ a G i n ~ a 1 P ~ e P ~ e ~ ] e P ~ G ~ e T h r L y s T ~ r T y r ~ r g C 1 y ~ T y ~ y ~ C y s P ~ e ~ e ~ s A s ~ e r A ~ T ~ r A ~ a ~ y T h r A s n ~ e  

CATAATCAAGAGGATCATACTCCCTG~AGTGGATCC . . . . . . . . . . . . . . . . . . . . . .  ( ca 1500 bp ) . . . . . . . . . . . . . . . . . . . .  
u l l e l l e L 1 s A r g l l e l l e Y a l P r o + ~ - -  

x x x 
CAGCTG~CCTCA~AGTCTTT~CCCTTA~ATCATCATGCATCTGTCTTGTGAC~CAC~CACC~GCTATTGGCTTTCAAGGACTCGGCT~CGCT~AGAACTGGGA~TGCCAACTCTGAT 

x x x 
TCAACGATCCCT~TCGAGGAATCAAAC~TGCCACACAC~ACAATCTTCTCTCTGTTATCCAC~C~AAGCTCCCCAACCCCTACATC~CCATC~C~ACTTAAAACCCAG~CA~AATA 

- - eoLysLeuProLysProTyr l l eTh r l l eAsn l suLeuL~sPro l egGl~AsnL  
100 II0 

ACCAT~TCTT~AACTTCACCTGTGAACCTA~AGTGA~AACTACACCTAC~TTT~GT~GCTAAAT~GTCA~A~CCTCCC~GTCACTCCCAGGGTAAAGCGACCCATT~AAAACA~CATCC 
ys~spV~Leu~snP~eT~Cys~uPr~Lys~erG~uAsnTyrThrTyr~eT~pTrpLeuAs~G~yG~nSePLeuPr~Va~SerPr~Arg~a~L~sArgPr~eG~uAsnAr~eL 

120 130 140 150 
TCAT~CT~CCCA~TGTCACGAGAAATCA~ACAC~ACCCTATCAAT~TGAAATAA~ACCAATATGCTG~CATCCGCA~TTACCCA~TCACCCTGAATGTCCTC~[~AGTATCT~TTCT 
e u ~ e L e u P r ~ S e ~ y a ] T ~ r A r g A s a C ~ u T ~ r C ~ P r ~ T ~ r ~ C ~ s C ~ u ~ e A r g ~ s p ~ n T ~ r ~ L y ~ ] y [ ~ e ~ r g ~ e r T ~ r P r ~ y a ~ T ~ L e ~ A s ~ a i L e u ~  

160 170 180 
TCCTCTGTGcCCCA~ACACCA~CTTAAATC~AAACG~CCAGAGGCCAGGCCTCTCACTCTCTCTCTG~TCCAA~TATA~ACACCTTCACTTCTGGACATCCGAGCTG~CCAT~ACTCCC 

• • x 
T•CCCTGGGAAAACCTGGGTAGGC•CAGCTTAACCA•GAGTATAAGGGGAGTGG•C•CTCTTGTCAT•GGAGACTTGGG•CCCACAGCTTGTG•T•CGAGAAAC•GGT•AAT•CCTC•GG 

x • x 
A T T C G G C T C A G T G A A C A T A G • • • G • G T T G G G C T G G • A C T T • A G C G T G T G T C T T G • C T C A G • G G G T C A C T G T • T C C C T T T A A C A G A C C • G • A A C A T C C C C T T C C C T C A G A T G A C • T C A C C T  

GT~CTTTATTCTCTTTGCTC~T~TCCA~CCTCCCC~GAATTTACCCTTCATTCACCTATTACCGTTCkGGACA~TCCTCTACTTCTCCTCTTCT~CGGACTCTAACCCACCGG 
_ ~ P r ~ s p L e u P r ~ r g ~ e T y r P r ~ e r P ~ e T ~ T y r T ~ r A r g ~ e r ~ y ~ u ~ a L L e u T ~ r L e u ~ e r C y s ~ e r A ~ a A s p ~ e r A s ~ P r ~ P r ~ A  

180 200 210 
CACA~TATTCTTGGACA~TTAATGGGAAGTTTCA~CTATCAG~CAAAAGCTCTTTATCCCCCAA~TTACTACAAAGCATAGC~G~CTCTATGCTTGCTCTGTTCGTA~CTCAGCCACTG 
~aG ~T ~r~e~T~pT~r~eAs~G~LysPheG~nLeu~e rG~G~nLFsLeuP~e~ePr~G~eTbrT~rLys~sSe rC~yLeuTyrA~aCysSe r~a~ArgAs~e rA~aThrG  

220 230 240 250 ~CAA~A~AcCTCCAAATCCATGACAGTAAAAGTCTCT~A~CGGATCCC~GTATCCTTC~CAAT~GG~ATTTA~T~GA~TCTATCTGGCCTTCA~CGAACA~TCAG~AAAACATTT 
I~L~GluSerSerL~sSerNetThrYalLysValSerl~ C----m.( E ) 

260 270 x CEA 
TTATTCCCA~CCT~CGTCCCATG~CACAA~CAAATCCCAAATTCTCCTCCTAAACCC~CCA~ATT~TCTAA~AACTTT~AAA~CTTTAACAAAC~CT~ATATCTTCAT~AA~TTCC 

C&CCCTAGACC~kGCA~GAAAAACATT~ATTTCAAT~A~TAATTG~TAATAATGAG~T~AT~T~TTT~T~ATTTTC~TTT~AAAATTTGCTGATTCTTTAAATGGTTT~TTTTCTACA 
• ~ ~ - ~ E / C  • • TT~ACG~AATTTTTCTCTTT~ACCTATCTG~1~CTTATAGCA~TTC~A~AAACTATACC~C~CTTTATTGAACTGTAATTGAAATATTTACT~TT~CTTTCT~CCTGACTGCCCCAG~A 

laTyrSerSerSerlleAsnTyrThrAlaYalTyrx•• 
• I ---PS~G C 282 x 

TT~GC~ACTATTCA~CAGAATTGATAT~TTTAT~GTAATACACATATTTGCACAA~TACAGCA~CAATCTGCTCTCTTTCTAACAGGACAC~TTTCAA~TC~TTGCTT~T~TTACCAAG 
E 

GCTTTGACTG~CATGTT~TATTTAACGATATAGATAGAATGAACC~T~TGAACTGCAGGCAA~GTCTGAA~TC~CCTTGCTTTGGCTTCCTATTCTC~AGACTTTTGTA~AAGTTTAA 
• • • G TCTCAGATTCCTTATAAAAACTTAC&~AAAACAAAA~TTTAAA~AGA~A~CCTACACCGTCCATTGCTACTCTTGCTCCACTT~TGTAAACAATCAGACCAC~TTTGA~AAACTCAACCT 

CEA • • • 
ATTTTGCAAACAA-~3~TATATTCT~CT~AAATTATCATTGCTAAAACTAGAGATCCCCATAGA~CAAAAATTATCT~GAAAATAAAAACTCTA~T~CACCTCTTATCAGAT~--~TCTCTC 

• 1CA • • PS~G C TTC~TT~TTTCTCT~TTTTATTATCCACCT~1~A~TG~CATTACCCTGAATTCT~CTAGTTCCTCCA~TTCCATTT~C~TCC~TCCAATCGCTAAGAAAAA~ACCCkCTCT~TTCC~ 
spTrpTbrLeuProxxx 

x ~ * ~ P S B G  275 • x 
~AGCCCTATAAGCTG~AGGTGG~CAACTCAATGTAAATTTCATGGGAAAACCCTT~TACCTGAACCCTGAGCCACTCAGAACTCACTAAAATCTTCGACACCATAACAAC~CkTGCTCA 

luAlaLeu•x•  
273 • • • AACTGTAAACCACGAC•A••A•T••ATGACTTCAC•CTGT•GAC•GTTTTTCCCAAGAT•TCAGAACAA•ACTCCCCATCATGAT••••CTCTCACCCCTCTTAACTCTCCTTGCTCATC 

x • • NCA'*----t ~CCT~CCTCTTTCACTT~GCA~ATAATGCA~TCATT~GAATTTCAC&TGTA~TAGCTTCTGAG~GTAACAATA~AGTCTCAGATATGTCATCTCAACCCAAACTTTTAC~TAACArCTCA 
~G~GGAAATGTGGCTCTCTCC~CCTTGCA;ACAC~ACTCCCAA~AGAAA~ACAC~A~TATTGCCC~T~T~TT~GCA~AT~A~ATC~TTTCTAT~AAGAC~TAC~AAACCTGAAATT 

~ATAATAGA~TCCCCTTTAAAT~CACATTC~TGGAT~TCTC~CCATTTCCT.A~AGkTA~ATT~TAA~AT~T~ACAGT~AT~CT~TTC~A~CA~AATAAAACAT~T~C 
C ~S~C 

120 
240 
360 

40° 1 I 
Goo A 

720 

840 

360 

1080 
1200"-~,* 

132o i B 
i 

J 
120'  

2401 I I  
3GO' A 

480 

GO0' 
720 '  

840 '  

ss° 1 I I  
1080'  B 

1200 

1320'  

1440'  

1500 ~ 

i00o' C 
3 

1 8 0 0 '  

1820'  

2040" 
2160 ~ 

2280' 
c 

2400' 1,2 

2520 '  

2640' 
2748' 

I5g.2 Nucleotide sequence and deduced amino acid sequence of (IIVB5. Nucleotides are 
numbered beginning from Pst I site (1-1358) and Pv u II site (1'-2749') of the sequenced 
fragments (Pig. 1A). Sequences containing exons are shown on the right by ]. Cbnsensus 
splice site sequences are boxed, with-m-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 C- 
terminal residues ofexon C1,(2 or C3.r ---~ , = !;start and end of the sequence 
resembling to that of a part of the cI2NA indicated;PSl3G,PSgG16/93 (9);E, C, PSI3GE 
and C(13),respectively;(E),not highly but moderately similar toE ,  • , A l u  family 
insert seen in the case of (EA; T , poly A addition site. Putative poly A signals are 
underlined. Nucleotides 1788' and 2676' are ambiguous. 
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CEA 
CEA 
CEA I 
NCA 
CGM35 
CGM35 
PS~G 
PSpG 
PSgG E 
CONSENSUS 

CEA 
CER 
CEA I 
NCR 
CGM35 
CGM35 
PSBG 
PSBG I 
PSOG E 
PSBG E I 
CONSENSUS 

CER 
CEA 
CEA I 
NCA 
CBM35 
CGM35 

PSpG 

PS~G E 
CONSENSUS 

ELPKPSISS~F~KPUEDKDAUAFTCEPETQDATYLWWVH~--~LPUSPRLQLSNG~-~LTL 

-P---F-T-l---IN . . . .  E . . . .  L . . . . .  I -[R'f:] . . . . . .  I---I . . . . . . . . . . .  ~'"-I''" 
. . . . . . . . .  I ' - - I  . . . . . . . . . . . . . . . .  R - I N T - I  . . . . . .  O . . . . . . . . . . . . . .  I ' - - I ' - :  
. . . . . . . . . . . .  N . . . . . . . . . . . . . . .  U - I H T - I  . . . . . .  O . . . . . . . . . . . . . .  I - M - I - - -  

-T . . . . . . .  S K L N - R - R M E - - S L - - D - - - P - - S  . . . .  M-G . . . .  N-H . . . . .  ET I - - - I -F -  
PK . . . .  Y - T I - - L - - R - N - - U u N - 4 - - - K S E ~ Y - I - I - - L - G  . . . . . . . .  UKRPIE - -  I ' I -  L-.--,--I ~ 
L - T  S - L H - R - T M E - - S L - - D - - - P - - S  . . . . . . .  . . . .  M-O . . . .  f l T H S - K - - E T I - - - I - F -  

. . . .  y .  T I . =LN .R .N - .UL~ i ' ~Z== .KS~ . I . . L .O  . . . . . . . .  UKRp IE= . I . I =  PK 
L - T  . . . . . . .  S - L N - R - f l M E T - I L - - D - - - P - T S - Q - - M - G ~ ~  . . . .  f l TH-F - - -ET~- 'Z~ -F -  

PKP I P E TC P Y WW H QSLP N L L 

F~]AOYKCETQNPUSARRSDOUILNV~Y GPDAPTISPLEi~i]YRSOEN~.I:~.-~CHAR 
LS . . . . .  U G P - E - G I - - E L - U D H - - P  . . . . . . . . . .  D . . . . .  S Y - Y - - P - U I - - S I  . . . . . .  
- F Z : : ] - - - A , , - U - , , - - S - - - ~ - , - ,  - ,  . . . . . .  T - I - - - P D S - - L - - R - - ~ - - $ -  
L S - K - - - R G - - E - - I - - - R - - I N - - I - P - T  . . . . . . . .  U . . . . .  SKRN--P . . . .  I - - - I  . . . .  
L G - - K Y T R G P - E - - I R  . . . . .  S - - - P F T - - L - H - L  . . . . . .  S S Y - Y - H T - - U P K - - - L T O  
PS- - - ISE~ -GP-Q- - IRDQYGGI - -YP-T  . . . . . . . .  L - R - Y - S F - Y  . . . . .  U - Y - - - S - D  
L G - - K Y T A G P - E - - I R  . . . . .  O - - - P - T - - L -  
P S - - - I : E - - I G P - Q - - I R O R Y G O U - - - P - T  . . . . . . . .  L - R - Y - S F - Y  . . . . .  U - Y - - - S - O  
- G - - K Y T R G P - E - - I R - S G - - S - - - P - T - - L -  

H - - - L - R - H - S Y - N  . . . .  D - - Y - - - F - H  
U Y C S L L G D P I Y G LSC 

SNPPRQYSWFV~FQQSTQELFIPERT-~u~3SYTCQRHNSDTOL~-R~TUTTITUVR 
t t 

. . . . . . . . .  L I D - N I - - H  . . . . . .  S I - - - I E K - - - L  . . . . .  IB-- IRS-HS . . . .  K . . . .  S- 
- - - S P  . . . .  ' ' - - ' , - - ' - - ' - - - , ' - - ' - - ' - , - ' " - ' ' - - ' , - ' ' - - - ' -  
.......... il-~l ........... E~-E~-- -. ...... R---I---I---M---so 
- H - L - E H - - L I D - K  . . . .  A - U F - - - Q - - K T Y R - U - U - F I - - - R - R G T N L I I K R - I - P -  
- - -  . . . . . .  TI--K--L-G-K . . . .  Q--TKH--L-A-SUR--R--KESSKSM-UK-SDIE 

IR 
......... TI-EK--LPG-K---RH--TKH--L-U-SUR--A--KESSKSM-VE-SD/E 

IR 
......... TI--K .... O-N .... Q--TKH--L-U-SUR--A--EESSTSL-UK-S- 
S P SW Q Q FI IT  G Y C N U 

lqg.3 G3mparison of the domains o f ~ 5  with those of CEA family. Oaly amino acids 
different from those ofCEA I are shown in single notation. Dashes mean identity. Arrow 
indicates boundary between A and B subdomains. Underlined sequence is probably not 
expressed in the protein. The last residues of (Ilk135 II and PSl3Gare D, Eor A due to 
the presence of three kinds of C-terminal coding sequences. Possible N-glycosylation 
sites are boxed. PSBGC/Dare different from PSI3Gonly at amino acid 82 in II. PSI3G 
stands for PSgG16/93. 

belonging to different repetitive domains of CEA/NCA subfamily ,were  more than 72% 

similar with the exception of CEA IIIB which were  about 60% similar to CEA IB, IIB and 

NCA IB (Pig. 3). These results clearly indicate that divergence among repetitive domains 

are greater in PSOGsubfamily than in CEA/NCA subfamily. In view of this, CCtVI35 IB 

had no counterpart  among PSgGs whose pr imary  structure had been deduced from the 

cloned cI:NAs. It was noted that there was no putative N-glycosylation site in 

subdomain Bs of PSI3G, albeit the presence of several of ones in other subdomains (Pig. 3). 

Watanabe and Oaou isolated two cI:NA clones, PSi3G 16 and 93, encoding human 

PSI3Gs of 417 and 419 amino acids,respectively (11). The sequenced portions of these 

cI:NAs were  identical with the exception that PSI3G93 contained an additional 86-b at the 

end of the common 3'-coding region. This resulted in the generation of two C-terminal 

sequences after common 414 amino acids, which were EAL and I]W'IVP, for PSi3G16 

and 93,respectively.  More recent ly , three PSI3Gs deduced from cloned cI:NAs were  

reported (13). PSI3GDwas virtually identical to PSOG93 with only three amino acids 
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Table I. Amino acid similarities between subdomainAs 
and Bs of CGM 35, PSBG 16/93(12), PS~G E(13), CEA(2) and 
NCA(7). PS~G 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 CG~435 PSBG PS~G E 
II 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 55.4 58.7 
NCA I 63.0 56.5 62.0 58.7 59 . 8 
CG~435 I 45.7 93.5 47.8 88.0 
CG~35II 46.7 95.7 46.7 
PS~G I 48.9 88.0 
PS~G II 48.9 

B Subdomain 

CEA NCA CG~35 PSBG PS~G E 
II III I I II II II 

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 51.2 
NCA I 46.5 58.1 54.7 60.5 
C6~435 I 47.7 44.2 48.8 
CG~35II 93.0 82.6 
PSBG II 77.9 

differences. PSBGCshared 414 N-terminal amino acids with PSBGD but followed by an 

entirely different C-terminal sequence of 14 amino acids, AS'SSSINYIS(NRN. PSgGEwas 

composed of N-domain and subdomains IA and liB which were distinct from but highly 

similar to corresponding domains of other PSI3Gs. 

Interestingly,three exons of (IlVI35 contained sequences which could generate 

three kinds of mRNA by differential splicing (Pig. 1B). As is shown in Pig. 2, (3 exon at 

nucleotides 1475'-2034' encoded 12-residue C-terminal sequence, whose first 9 residues 

were identical to those of PSBGC. C1 and (22 exons starting at nucleotides 2076' and 

2162', respectively, were identical except for the extra 86-nucleotides at 5'-terminus of 
(21 exon. C1 and (22 exons,respectively,would encode C-terminal sequences, DWTLP and 

which were virtually identical to those of PSBG93/D(11, 13) and 16 (11), 

respectively. In addition to the C-terminal amino acid sequence similarities, CI, (2 and 

(3 exons are highly similar, ie. >93%,in nucleotide sequence to 3'-end of PSBG93/D, 16 

and C, respectively (pig. 4). q-he sequence related to 3'-end of PSBGEwas also found but 
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(A) 

CGM35 

PS~G E 

CGM35 

PS~G E 

CEA 

CGM35 

PSBG E 
CEA 

CGM35 

PS~G E 

CEA 

CGM35 

PS~G E 

CEA 

CGM35 

PS~G E 

CEA 

PS~G C 

CGM35 

PS~G E 

CEA 

PS~G C 

COM35 

PS~G E 

CEA 

PS~G C 

CGM35 

CEA 

PS~G C 

CGM35 

CEA 

PSBG C 

CGM35 

CEA 

PS~G C 

CGM35 

CEIl 

PS~G C 

CGM35 

PSOG C 

CGM35 

PS~G C 

AGTCTATCTGGCCTTCflGGGAAGAGTCflGGARAACATTTTTATTCCC 

CT...TC..CT .... fl. TCC..C.TAGCA.CTGTG,.G.CAT..,TG 

A G C C T G C G T C C C A T G G G C A C A A G - C R R A T C C C A A A T T C T C C T C C T A - R A C C C T C C A R - - - A T T T G T C T A A  

TRTT.CA.GAAG.CT .... GG..ATTT.,GGA,.GG .... T.A.A,GG..T..TG..TRC.flGCTC.,G. 

..... G, 

GAACTTTGAAAACTTTRACAAACAGGCTGATATC-TTCRTAA . . . .  AATTCCCAGCCTAGACCAAGCRG- 

T...-..C..G.-.CAT..C.CTG.A..A,G.A.T .... A,.TTTT...GAA...G..GATfl.CTT,.T- 

. , . T . . C C  . . . . . . . . . .  T G . . . T A A  . . . .  C . G , -  . . . . .  G . - - - - , , C . G T . C A , . A . , . T  . . . . . . .  A 

G A R A A A C - A T T G A T T T C A R T G A A A T R R T T G A T A A T A A T - G A G G A T A A T G T T T T T A T G A - T T T T C A T T T G A  

.... TT.A.GflC.ARGA,GAfl ..... C,CA.,GT..T.G,,CT.A.TAR,CAflA.G.,-.Afl.G .... C. 

..... TR-...A ...... TG,G.C.,.A...-.C .... - ......... A .... C..A.T .... T ...... 

A A R T T T G C T G A T T C T T T A A R T G G T T T G T T T T C T A C A - T T G A C G G R A - T T T T T C T C T T T T A A C C T A T C T G T  

T ..... T..-.,.-.GA ..... TGC..A..CT.G6.-A..-TTTC.-..C.C,AGA .... T6AACAT.T. 

. , T  . . . . . . . . . . . . . . . . . . .  TC . . . . . .  C . C , G . T , , C . G , A . . C  . . . . .  T . . . . . . . .  G . . . . .  CAC 

AGCTTATRGCAGTTCARTAAACTRTACCGCAGTTTATTGAACTGTARTTGAAATATTTACTTTTGCTTTC 

TT,..-G .... -A.TGG .... G...- .... .C...TG,A...RflA ........ C .... C ........ C.. 

...... C .... R..TG ..... A..,- .... .C...TG ..... AAA ...... G.C ...... R...T.,CC. 

....................... - .... .C..CTGG .... C .......... C ................ 

TACCTGACTGCCCCAGAATTGGGCARCTATTCATGAGAATTGATATGTTTATGGTARTACACATflTTTGC 

. . T  . . . .  G . . . . . . . . . . . . . . .  A , T  . . . . . . . . . . .  T . , . C  . . . . . . . . . . . . . .  , , , A , G C  . . . . . . .  

. . T G . . G T C . . T  . . . . .  C . . . . .  A . . . . . . . . . . . .  A T . . . T  . . . .  - . G  . . . . . . . . . .  T . G T . . -  . . . .  

ACAAGTACRGCAACAATCTGCTCTCTTTGTRACRGGACACATTTCARATCATTGGTTflTATTACCARGGC 

...... T.[Poly A] ~ 

...... T. ,AT..R .......... T,G.A.G .... A.T ...... G., .A ................... A. 

.......... T ........... T ........... T ......... O ...................... T.. 

TTTGACTGGGATGTTATATTTAAGGATATAGA . . . .  TA--GAATGRACCRGTATGAACTGCAGGCARflGT 

. . . . . . .  A . R  . . . .  CG . . . . .  G . . . . . . . .  A , C C C R , . G G T . . . A  . . . .  C A C . G . T . . , A . . A A  . . . . . .  

..... T,C .......... - .... AA.C ..... ----..--. ......... A ................... 

* * * * ( G )  * * * 

CTGAAGTCAGCCTTGGTTTGGCTTCCTATTCTCAA-GAGTTTTGTBAAAGTTTAATCTCAGATTCCTTAT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G.G . . . .  T T . A A C . . C  . . . . . . . . . . . . . .  G . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . G  . . . . .  G. .GA . . . . . . . . . . . . . . . . . . . .  

A R R A A C T T A G A G A A A A G R A A A T T T T R A A A [ - - - G a p - - - ] G R G A G C C T R C A C G G T C C A T T G C T R C T C T T G  

. . . . . . . .  C C . , C  . . . .  - C . , C  . . . . . . .  [ A l u  3 0 3 - b ] A . A . . T . . . T G T  . . . .  A G , C R  . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - G . . l - - - G a p - - - J , . C  . . . . . . . .  T . . . . . . . . . . . . . . . . . .  

CTGCACTTATGTAAACAATCAGACCACGTTTGAAGAAACTCAACCTRTTTTGCRAACAAACTTATTCTAC 

..... G ..... A...G...G..G...A..C...T .... A,A,,.T ....... A .... [Poly A] 

........................... A ............. C ............................ 

TGAAATTATCATTGGTflAAACTAGAGATGCCCATAGAGAGAAAARTTATGTGGAAAATAAAAACTGTAGT 

ACACCTGTTATGAGATTGC 

.T ............. C . . . [ P o l y  A ]  

lqg. 4 Nucleotide alignments of similarities in the 3'-end between ~ 35 and members 
of (EA family. (A) ~ 35 (nucleotides 1162'-2033'), PSI3GE(982-1440) (13), ~_A 
(2499-3468) ((2), nucleotides 2930-3468 are our unpublished data) and PSI~C(1244- 
1796) (13) are aligned. 03) 01t%/I35 (2074'-2749'),PSBG16/93 (1310-1906,with 
additional 86-b seen in P~G93,which are underlined) (11) and NCA (1074-1520) (7) 
are aligned. PSBGD(1242-1928) is almost identical to PSBG 16/93 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) 

CGM35 

PSflG16 

NCfl 

CGM35 
PSflG16 

NCA 

CGM35 
PSflG16 
NCA 

CGM35 
PSflG16 
NCA 

CGri35 
PSflG16 
HCA 

CGM35 
PSfG16 
NCA 

CGM35 
PSI3G16 
NCA 

CGtI35 
PSI3G16 

CGtI35 
PSi3G16 

CGM35 

PSI]G16 

PSI3G D 

A G f l C T G G A C R T T f l C C C T G A A T T C T f l C T A G T T C C T C C f l R T T C C f l T T T T C T T C C A T G G f l f l T C G C T R R G f l R R f l  

T . . . . . . . . .  G , T  . . . . . . . . . . . . . . . . .  R . . . . . . . . . . . . . . . . . .  C . . . . . . . . . .  A . . . . . .  GC.  

. .  , T  . . . . .  CAG . . . . . . . . . . . .  T . . . .  C . . . . . . . . .  C . . . . . . .  f l . C  . . . . . . . .  C . R  . . . .  A ,  , C ,  

f l G R C C C A C T C T G T T C C A G R A G C C C T A T A A G C T G G A G G T G G A C A R C T C A A T G T A R A T T T C A T G G G f l A f l f l C C  

, . G T . T G  . . . . .  C . . . T  . . . . . . . . . . .  T . . . . . . .  f l  . . . . . . . . . . . . . .  A . . . . . .  A . R  . . . . . . . . .  

C T T G T R C C T G A A G C G T G R G C C R C T C A G A A C T C R C T R R R A T G T T C G R C A C C A T A A C A A C A G A T G C T C A A A C  

. . . . . . . . . . . . . .  R . . . . . . . . . . . . . . . . . . .  C . . . . .  R . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . C R G G  . . . . .  G . T . ,  . T  . . . . . . . . . .  - - - G . ,  . - - - - ,  . . . . . .  , . . . -  . . . .  T . G , . . C f l G  . . . . . .  
W< W( *W Wt W( *W 3W 

T G T R A A C C A G G f l C R A T A A G T G G R T G R C T T C A C R C T G T G G A C A G T T T T T C C C R A G A T G T C A G f l R C A A G A C T  

. . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . .  

. . C  . . . . . .  T , G T G , G ,  . A . T .  ,C  . . . . . . . . . . .  R . . . . . . .  C . . . . . . . . . . . . . . . .  A . . . . . . . . .  
Wc W( ~W WK ~ W( *W 

C C C C A T C A T G f l T G A G G C T C T C A C C C C - T C T T A R C - T G T C C T T G C T C f l T G C C T G C C T C T T T C A C T T G G C f l G  

. . . . . . . . . . . . . . . . . . . . .  C . . . .  - . . . . . . .  - . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . .  

• . T  . . . . . . . . .  f l  . . . . . . .  T . . . . .  C , T  . . . .  T T  . . . . . . . . . .  T . . . . . . . . . . . . . . .  G . . . . . . . .  

G f l T A A T G C A G T C R T T A G R f l T T T C A C f l T G T A G T A G C T T C T G A G G G T A A C - - R A T A G R G T G T C A G A T A T G T C  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  R . . . . .  - - . . C  . . . . . . . . . . . . . . . . .  

. .  , G  . . . .  T . . . . . . . .  T . . . . . . . .  A , R  . . . . . . . . .  f l  . . . . . . . . .  T T ,  . C  . . . . . . . . . . . .  C , A .  , 
W( Wc Wc Wc Wt ~( :~ 

R T C T C A f l - C C C A R R C T T T T f l C R T f l R C B T C T C R G G G G G f l A f l T G T G G C T C T C T C C R C C T T G C R T A C R G G A C T  

. . . . . . .  C . I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G . .  

T , G  . . . .  T . . . . .  CG . . . . . . . . . .  f l ,  . f l A G f l G f l T C C T T T R  
~W ~ $ ~t ~( Wc WW 

C C C R f l T A G R A f l T G A R C R C A G A G R T A T T G C C C G T G T G T T T G C A G A T A A G A T G G T T T C T f l T G R A G A G G T A G G  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . .  G . . . . . . . . . .  G . . . . . . . .  C . . . . .  

flf lAGCTGBAflTTflTRRTAGAGTCCCCTTTRRflTGCflCATTCTGTGGflTGTCTC--GCCATTTCCTflRGflG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . .  6 . . . . . . . .  G . . . T T . ,  .G . . . . . . . . . . .  

RTACATTGTflAflATGTGRCAGTAATRCTGATTCTAGCflGAATAAAACATGTflC 

. . . . . . . . . . . . .  C . . . . . . . . . .  G,  , - - .  . . . . . . . . .  ,,,,,, . . . . . . . .  C A C C T C C C [ E c o R  I ]  

. . . . . . . . . . . . .  C . . . . . . . . . .  G , , - - .  . . . . . . . . .  , , , , , ,  . . . . . . . .  T . . , T T G C T [ P o l y  8 ]  

Figure 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, respectively. The 3'-end sequence was where similarity between 3'-end 
sequences ofPSBGCand 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, (ZtVI 35 contained sequences highly similar, i.e. >76%, to 3'-UIR of (EA and 
NCA. The (EA and NCA like sequences overlapped partly with exons (3 and CI, 2, 
respectively (Fig. 2). The corresponding (EA sequence started about 40-residue down- 
stream of the first A lu sequence, extended beyond the poly A addition site of the shorter 
c-IJNA (2) and ended at the poly A addition site of the longer cIINA (lqg, 4A). The second 
Alu sequence of 303-b found in the longer clINA (details will be published elsewhere) 

was missing in the (XIV135 sequence (Fig. 2 & 4A). The NCA sequence started from 40-b 
downstream of the stop codon, i.e. where similarity between NCA and (EA cDNA ceased 
(7). "Ihe sequence similarity of parts of 3'-UTRof cIlNAs 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(EA or NCA were not found. These results, along with the finding that none 

of the known PSBGs including ( E ~  35 has C-terminal hydrophobic M-domain, might 

indicate that M-domains of (EA/NCA subfamily are encoded by separate exons. 

In conclusion, ~ 35 clone carried a sequence which contained most of a gene for a 

new member of PSBG subfamily within (EA family. As is summarized in lqg. 1A, the N- 

domain truncated sequence consisted of exons IA, IB, IIA,1IB, (3, CI and (2, from 5' to 3' 

direction. As discussed above, exon IB was apparently an abortive exon which would not 

be processed into mRNA. Alternative spficing will generate at least three kinds of mRNA 

which encode PSBGs having three different C-terminal sequences. Thus, at least three 

PSBGs, (N)-IA-IIA-IIB-CI, (N)-IA-IIA-IIB-(2 and (N)-IA-IIA-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 C-terminal sequence derived from 

the E-like sequence would be found. Another implication of the present fmdings is that, 

PSBGE(13) having N-IA-IIB-CEconstruction might be encoded by a gene having two 

consecutive abortive exons, namely ']B" and '~IA", although other mechanisms such as 

alternative splicing can not be excluded. 
Finally, considering the highly conserved domain structures among (F_A family 

members, it is conceivable that genes for the members are similary constructed, Le. each 

domain and subdomain are encoded by separate exons like in immunoglobulin and Tcell 

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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