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Leukocyte common antigens (LCAs ; also called T200, CD45, and in the mouse,
Ly-5) are a family ofhigh molecular weight (180-220 kD) cell surface glycoproteins
found on all leukocytes (1) . While the exact function of the LCA molecules is not
known, they are thought to play important roles in the regulation of a variety of
immune responses (1), including induction ofsuppressor activity (2) . The cytoplasmic
regions ofthe LCAs are composed of two homologous domains of -300 amino acids
each (3-6). Moreover, these domains are highly conserved between rodent and human
LCAs (89°Jo identity) . These observations suggested that the cytoplasmic region of
LCAs has an important functional role that poses a strong selective force against
evolutional drift . If this is the case, then it is possible that structurally similar cyto-
plasmic domains are used in other molecules with similar function . In this report,
we describe a gene, called LAR, that encodes a protein homologous to LCAs. Fur-
thermore, the LAR protein has an extracellular region homologous to both the Ig-
like and non-Ig-like domains of the neural-cell adhesion molecule (N-CAM) (7) .
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Materials and Methods
Isolation of Genomic and cDNA Clones.

	

A human placenta genomic DNA library (8) was
hybridized to the s 2P-labeled nick-translated 3.2-kb Xba I fragment isolated from the mouse
LCA cDNA clone pLY5-68 (6), in the presence of 4 x SSC, 50% (vol/vol) formamide, and
10 01o (wt/vol) sodium dextran sulfate, at 28°C. The filters were washed at 44°C in 0.1 x SSC,
0.1% SDS. Positive clones were then hybridized to the human LCA cDNA clones, LCA.6
and LCA.2 (4), under stringent conditions (hybridization at 42°C and washing at 65°C).
Those clones that did not hybridize to the human LCA probes were further characterized
by restriction mapping and nucleotide sequence determination . The 1-kb Sac I fragment
(probe 1) of the LAR1 clone was used as a hybridization probe to screen a human tonsil
lymphocyte cDNA library (4) using stringent hybridization and washing conditions . cDNA
clones thus isolated were in turn used as hybridization probes to screen the same cDNA li-
brary in order to isolate cDNA clones that contain additional 5' sequences.

This work was supported by grant AI-26598 and a Biomedical Research Support Grant, both from
the National Institutes of Health, and an Investigator Award from the Cancer Research Institute (H .
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Abbreviations used in this paper: LCA, leukocyte common antigen ; N-CAM, neural-cell adhesion
molecule .
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Nucleotide Sequence Determination .

	

Nucleotide sequences were determined by the method
of Maxam and Gilbert (9).

OtherMethods.

	

Restriction site mapping, subcloning, nick translation, and Southern and
Northern blot hybridization, are according to Maniatis et al . (10) .

Results
Isolation ofa Human Gene Homologous to the Leukocyte Common Antigen Gene.

	

Six human
genomic DNA clones that hybridized to LCA cDNA probes under relaxed condi-
tions but not underastringent condition were isolated from ahuman genomic DNA
library. These genomic DNA clones were characterized by restriction mapping,
Southern blot hybridization, andnucleotide sequence determination. Although five
of the genomic clones contained short stretches of nucleotide sequences fortuitously
identical to various portions ofthe mouse LCA cDNA, the sixth clone, namedLARI
for LCA Related, contained several open reading frames, each homologous to con-
tiguous segments of the LCAs . Fig. 1 A shows the restriction map of a portion of
the genomic DNA clone, LARl . To ascertain if the LAR gene is expressed in lym-
phoid cells, poly(A)+ RNAs isolated from several human B and T cell lines were
examined by Northern RNA blot hybridization using probe 1 (Fig . 1 A) . Fig. 2 A
shows that several T cell lines express LARmRNA, which is N8 kb in length, while
B cells express very little or no LARmRNA. To determine the primary structure
of the protein encoded by the LAR gene, we isolated LAR cDNA clones from a tonsil
lymphocyte cDNA library using probe 1. After several rounds of cDNA walking,
we isolated overlapping cDNA clones that spanned a total of 7.7 kb (Fig . 1 B) . The
total nucleotide sequences of these cDNAs showed that the LARmRNA has a long
open reading frame that would encode a protein of 1,897 amino acids (Fig . 3 A) .
The deduced LAR amino acid sequence has typical features ofmembrane glyco-

FIGURE 1 .

	

(A) Restriction map of a
portion of the human genomic DNA
done LAR1 containingexons encoding
a part ofthe cytoplasmic region. Boxes
represent exons. The position of hy-
bridization probe 1 is indicated by an
open box. (B) Restriction map ofover-
lapping humanLARcDNAs. Shaded
boxes indicate the lengths ofcharacter-
ized LAR cDNA clones . Open boxes
indicate cDNA probes used. (C) A
schematic model ofthe structure of the
LAR mRNA is shown. Thin lines in-
dicate 5' and 3' untranslated sequences
(U7), while the thickbar indicates the
translated region . The open boxes su-
perimposed onto the thick bar repre-
sent LCA-like domains. The shaded
boxes indicate Ig-like and N-CAM-like
domains. The filled box indicates the
transmembrane segment.
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A GENE HOMOLOGOUS TO Ig AND LEUKOCYTE COMMON ANTIGEN

A
MVPLYPALVM LGLVAG ANGD SKPVFIKVPE DQTGLSGGVA SFVCQATCEP KPRITYMKKG KKVSSQRFEV IEFDDGAGSV LRIQPLRVQR DEAIYECTAT

NSLGEINTSA KLSVLEEEQL PPGFPSIDW POLKVVLKAA TATMLCAAGG NPDPEISYFK DFLPVDPATS NGRIKQLRW ALOIZ33ESS DOGKYECVAT

1

	

1
NSAGtRTSAP ANLYVRVRRY APRFSIPP33 OEYMPCGSVN LTCVAYGAPM PTVKYMlMAE ELTREDEMPV CRWLELSW YRSAIITTCVA ISSLGMIEAT

AOYTVKALPK PPIDLVVTET TATSVTLTYD 3GNSEPVTTY GIOYRAAGTE GPFQEVDGVA TTRYSIGGLS PFSEYAFRVL AVKSIGAGPP SEAVRARTGE

QAPSSPPRRV QARMLSASTM LVQYEPPLEP NGLVRGYRVY YTPDSRRPPN ANHKHNTDAG LLTTVGSLLP GITYSLRVLA PTAVGDGPPS PTIQVKTOOG

VPAQPADFQA EVESDTRIQL SYLLPPOENI INYELVYYAA EDEDOOHKVT FDPTSSYTLE DLKPDTLYRF OLAAASDHGV GVFTPTIEAR TAQSTPSAPP

QKVMCVSMGS TTVPVSVVPP PADSRNOVIT QYSVAHEAVD GEDPGRHVVD GISREHSSYD LVGLSKVTLY RVYVRANrDV GPGPESSPVL VRTDEDVPSO

PPRKVEVBPL NSTAVHVYYX LPVPSKOWQ IRGYOVTTVR LENCEPRCLP IIQDVMLAEA QYRPEE38DT ETTISGLTPL TTTSVTVAAY TTKGDGARSK

PKIVTTTGAV PGRPTMMIST TAMXTALLQY HPPKELPGEL IGYRLQYCRA DEARPNTIDP GKDDQRrTVT GLHKOTTYIF RLAARNRAGL GEEFEKEIRT

PEDLPSGFPQ NLHVTGLTTS TTELAYDPPV LAERMCNIIS YTVYrRDIN3 QQELONITTD TRFTLTGLKP DTTYDIKVRA YTSKGSGPLS PSIQSRTMPV

EQVFAKNFRV AAAMKTSVLL SYEVPDSYKS AVPFKILYXC GSVEVDGMSM RKLIADLQPN TETSFYLMNR GSSAGGLQHL V31ATAPDLL PHKPLPASAY

IEDGRFDLSM PHVODPSLVR YFYIVYVPID RVGGSMLTPR YSTPEELELD ELLEAIE000 EEOARRAROA ERLKPYVAAO LDVLPETFTL GDKKNYRGFY

NRPLSPOLSY QCFVLASLKE PMDOKRYASS PTSDEIWQV TPAQQQUPE M1IWTCPVLA VILIILIVIA ILLFK RKRTH SPSSXDEQSI GLKDSLLAHS

SDPVEMRRLN YQTPGMRDHP PIPITDLADX IERLKANDOL KPSOEYESID PMFTYENS BLEVYKPXNR YANVIAYDXS RVILTSIDCV PGSDYINANY

IDGYRKQNAY IATQGPLPET MGDFYRMVYB QNTATVVWr RLEEKSRVKC DQYVPANGTE TCGLIQVTLL DTVELATYTV RTFALMLSGS SEKRELRQFQ

F74AWDHGVP EYPTPILAPL BRVKACNPLD AGPMWMCSA GYGRTGCrIV IDAMLXRKKH EKTVDIYGHV TCH13011NTM YOTEDQTVFI HEALLCAATC

OXTEYPARNL TAHIQKLGQV PPGESVTAME LEFKLLASSK AHTSRFISAN LPCXMp11L VNIMPYELTR VCLQPIRCVE GSDTIMASrL DGYNQOKATI

ATQOPLALST EDnRMLYEH NSTIIVMLTK LREMOREKCH QYYPAEILSAR YQTFVVDPHA ETNIWYIUI KFKMARDO QSNTlNQFOF TDYPEQGVPK

TGEGrIDFIG OVMKTKEQFG ODGPITVHCS AGVORTGVFI TLSIVLERMR YEGVVDMFQT VKTL3RQRPA MVQTEDQYQL CYRAALETLG SFDHYAT
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(A) Deduced amino acid sequence of the humanLARprotein . Nucleotide sequences
ofthe humanLARcDNA clones (Fig . I B) were determined by the method of Maxam and Gil-
bert (9) . The numbers on the right show amino acid positions in the predicted mature form of
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proteins . The NH2-terminal sequence is highly hydrophobic, and is probably a
signal peptide. Analysis using the algorithm of von Heijne (11) predicted that the
most likely NH2 terminus of the mature protein is the seventeenth amino acid, al-
anine. The alanine was, therefore, assigned the amino acid position 1. The LAR
sequence has a second highly hydrophobic stretch (amino acid positions 1235-1258),
which is likely to be a transmembrane peptide. Thus, the mature LAR protein would
have a 1,234 amino acid extracellular region and a 623 amino acid cytoplasmic re-
gion, connected by a 24 amino acid transmembrane peptide. In Fig. 1 C, the struc-
ture of the LAR cDNA is schematically shown. The extracellular region has five
potential N-linked glycosylation sites (indicated by dots in Fig. 3 A). Thecytoplasmic
region of the LAR protein has 38% amino acid identity to the cytoplasmic region
of the LCA protein (Fig. 3 C) .

Similarity between LCA and LAR exists also at the level of gene organization .
Eight exons, arbitrarily called exons I through VIII, were identified in -3.5 kb of
theLAR1 genomic clone (Fig . 1 A) . These exons encode amajor portion of the cyto-
plasmic region ofthe LAR protein. The exon-intron organizations ofthe LAR gene
segment and the corresponding region of the LCA gene (12) are very similar. For
example, LAR exons III, IV, VII, and VIII precisely correspond to LCA exons
23, 24, 29, and 30, respectively (data not shown) .

TheLAR Gene Belongs to the Ig Superfamily.

	

In contrast to the cytoplasmic regions,
the extracellular regions of the LAR and LCAproteins have no significant sequence
similarity. However, the NH2-terminus sequence of LAR protein consists of three
repeat units of Ig-like domains. While any member of the Ig superfamily can be
aligned with this segment of the LAR protein sequence, the N-CAM sequence had
the highest degree (27%) of identity (Fig. 3 B) . N-CAM has five Ig-like domains
at the NH2 terminus, which are followed by a further segment of sequence before
the transmembrane sequence (7). This extra, non-Ig-like sequence can be split into
two domains, N-CAM(vi) and N-CAM(vii), of -100 amino acids that show weak
similarity to each other. In LAR there are nine similar but non-Ig-like domains,
LAR(iv) through LAR(xii), after the first three Ig-like domains. Thenine domains,
which are -100 amino acids in size, show convincing sequence similarity (between
16 and 33%) to N-CAM(vi) and somewhat weaker similarity to N-CAM(vii) (Fig.
4) . Thus, the entire LAR extracellular sequence is made up of a total of 12 domains,
which are related to N-CAM sequence .

Expression of the LAR Gene.

	

To examine the expression of LAR mRNA, 14 cell
lines (four lung, three breast, two colon, two melanoma, and one each of kidney,
prostate, and myelomonocyte cell lines) were examined by dot blot hybridization
using a LAR cDNA probe. The results (data not shown) demonstrated that all 14
cell lines express the LAR mRNA to various extents. Two nonlymphoid cell lines,

the LARprotein. Putative signal and transmembrane peptides are underlined. Cystein residues
thought to be involved in intradomain disulphide linkages are indicated by arrows. The potential
N-glycosylation sites (N-X-S or N-XT) are indicated by black dots . The standard one-letter code
was used . (B)A possible alignment of the three Ig-like domain sequences of the human LAR
protein and the first three Ig-like sequences of the mouse N-CAM (13). The residues common
to both proteins are boxed. The numbers on the right indicate amino acid positions as above.
(C) Apossible alignment ofthe two LCA-like domains ofthe human LARprotein and the corre-
sponding region of the human LCA protein . These sequence data have been submitted to the
EMBL/GenBank Data Libraries under the accession number Y00815 .
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LAR(iv) TVRALPBPPIDLVVTBTTATSTILT-VDSQRSBPVTYYQIQYRAAQTBD----PPQBVDQVATTI(YSIQQLSPF=AnVWVIBIQROPPSBAVRARTO

N-CAM(vi) QADTPSSPSIDRVEPYSSTARVEFDEPBATQQVPILBYBARII(AIAEQEMBLYDARBABVBQTITIS0LEPEITYSVRLSAVWRQVQRISLPSRFBTO

LAR(v) -EQAPSSPPR-RVQARMLSASTiQ.VQWEPPEEPNGL-VRGTRVYYTP-DSRRPPRABRMgrFDAOLLTTVGSLLPGITYSLRVLAITAVGDOPPBKIQTRTO
N-CAM(vi) OADTPSSPSIDRVEP---YSSTARVEFDBPBATGGVPILEYEARWRALGEGEYRSRLYDAREARVEOTITISGLRPETTYSVBLSAVIRRGVGEISLPSDFRTQ

LAR(vi) -QGVPAQPADFQAEVB-SDTRIQLSWLLPPOR-RIII(YELTYWAABDKD008tVY'MT----SSTTLCDLEPDnYRFOLAARSOMTCVFTPTIEARTA
N-CAM(vi) OADTPSSPSIDRVEPYSSTARVEntPEATGGVPILRYBAE-WRALGEGEWRSRLYDARBAMTWTZTZSGLATR7TYSVRLSAVNOROTGBISLPSDFETQ

LAR(vii) QSTPSAPPQBVMCVSNGSTTVRVSWPPPADSRNCVITOTSVAMAVDCEDRGBRVTDOISRE-NSWDLVOLERWTEYRVNVRARIDVOPOPESSPVLVRTD

N-CAM(vi) OADTPSSP-SIDRVEPYSSTARVEPDEPEATG-GVPILBYEABWRAIAEGEWRSRLYDAIRANVEOTITISGLEPETTYSVRLSAVIIGBGVGEISLPSDFRTO
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LAR(viii) -EDVPSGPPRRVEVEPLNSTAVRRNBLPTPSBOIGOIRGYQVTYVRLEBMROLPIIQDVNLABAGWWBDYBTYISGLTP67TYSMAArTTRGDGARSBPEIrm

N-CAM(vi) QADTPSSPSID-RVEPYSSTA-RYEFDEPBATOGYPILB-TEARN((AIABOEWBB----^RLYDAR--BANVAYRITIS( ;LBPETTYSVRLSAVNOROVGEISLPSDFETQ

LAR(ix) -GAVPGRPTMMISTTAMNTALWWP(RLPG-BL(AYRLQYCRADBARPIRIDFGEDDON----FTTTOLIAQOTYTIFRLAAENRAGIAB-EFBBEIRTP

N-CAM(vi) QADTPSSPSIDRVEPYSSTARVEPDEnATGGVPILRYRAWRALOWENRBIILYDARRAWVBOYITISOLRPETTTSVRLSAVNOROVOEZSLPSDFETQ

LAR(x) -EDLPSCFPO .NVTOLTTSTTELANDPPVLAE.RIISITVVFRDINSOQ------BLQUITTDTRFTLTGLEPDTYYDIEVRAWTSEOSGPLSPSIQSRTM

N-CAM(vi) QADTPSS-PSIDRVEPYS-STARVBFDBPEATO-GVPILRTEAEWRALOWEWRSRLYDARBAIREGTZTISOLI(PETTYSTBLSAVROROVOEISLPSDFETO

"LOW) -PVEQVFABNFRVAAANRTSVLL-----SWEVP-DSYE.SAVPlR(------ILYRMVEVDORAOIELIADLQPNVEYSFTLMN-RGSSAOOIAID.VSIRTA
N-CAM(vi) QADTPSSPSIDRVEPTSSTARVEFDEPEATCGTPILE7(RABNRALGWEVRLSRLYDAEEAINWTIT---ISOLEPETTYSVRLSAVIgWVGEISLPSDFBW

LAR(xii) ASAYIEDGRFDLSMPETQDPSLVRWnIVVVPIDRYOOSNLT--PRWSTPBBLBLDS-LLEAIRWGEBDRISISQABRLEPIVAAQLDVLFETFTLGDEENYRGrYBR
N-CAM(vi) QADTPSSPSIDRVEPYSSTARVE-P---DEPBATGGVPILBYEAENRALGWEWNSRLYDANGNVEOTZTIWLE-PBTTYSVRLSAVNDE--GVCEISLPSDFETQ

FIGURE 4.

	

Possible alignments ofthe nine non-Ig-like domains of the human LAR protein and
one of the non-Ig-like domains of the chicken N-CAM sequence (7) . Identical amino acids are
indicated by asterisks. The amino acid positions of each domain are: LAR(iv), 288-383 ; LAR(v),
384-482 ; LAR(vi), 483-576; LAR(vii), 577-678 ; LAR(viii), 679-791 ; LAR(ix), 792-885 ; LAR(x),
886-982 ; LAR(xi), 983-1070 ; LAR(xii), 1081-1186 ; and N-CAM(vi), 477-577 .

namely, the prostate cell line PC3 and kidney cell line SKRC, express relatively large
amounts of the 8-kb LAR mRNA (Fig. 2 B) . Therefore, theLAR gene is expressed
in a broad range of cell types.
The human T cell line Hut78 expresses two LAR mRNAs of slightly different

lengths (Fig . 2, A and B) . Because the differential splicing of the exons encoding
peptides near the NH2 terminus of the LCA molecules generates multiple forms
of LCA mRNAs (4, 5, 14), it was of interest to see if these LAR mRNAs are also
generated by differential splicing . To test this possibility, Northern blot analysis was
performed using probe 3 (Fig . 1), which is derived from the very Tend of the LAR
cDNA and includes the 5' untranslated region as well as the first Ig-like domain .
Fig. 2 Cdemonstrates that the LAR mRNA of PC3 andSKRC cells, and the larger
LAR mRNA of Hut78 cells hybridize to probe 3, but that the smaller Hut78 LAR
mRNA does not. This result demonstrates that the two LAR mRNAs are different
in the 5' regions, although this does not prove that these two mRNA are generated
by differential splicing .

Discussion
What are the possible functions of the Ig-like domains and LCA-like domains

of the LAR protein? The most basic function of the Ig-like domains seems to be
their capacity to form dimeric structures with other Ig-like domains (15) . This adhe-
sive property can be either homophilic or heterophilic. Thus, the three Ig-like do-
mains ofthe LAR protein may also interact with other Ig-like domains. If the LAR
protein has homophilic properties like N-CAM, then LAR may function as a cell
adhesion molecule . The fact that all ofthe LAR extracellular sequence can be aligned
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to N-CAM may support this hypothesis . The function of the cytoplasmic regions
ofthe LAR and LCA molecules is less clear. One possible clue, however, is the finding
that LCAs are associated with the cytoskeletal component fodrin (16), which is im-
plicated in the control ofexocytosis (17) . This suggests that the function of the con-
served cytoplasmic domains of the LCA and LAR proteins might be to associate
with fodrin . Association of transmembrane proteins and the cytoskeleton is prob-
ably essential for processes such as cell motility, cell-cell recognition, phagocytosis,
endocytosis, and exocytosis.

Evolution of genes by assembly of functionally independent domains is frequently
observed . The LAR gene presents an interesting case that brings together hitherto
unrelated molecules, namely, the LCAs and the Ig superfamily. Further character-
ization ofthe LAR gene and its product will help to understand the function of the
LCA molecules .

Summary
A human gene (LAR) that hybridizes to mouse leukocyte common antigen cDNA

under relaxed hybridization conditions was isolated . The LAR gene is expressed in
a broad range ofcells, including T lymphocytes, kidney, and prostate cells. The struc-
ture ofthe protein encoded by the LAR gene was deduced by determining the nucleo-
tide sequences of a 7.7-kb LAR cDNA. The putative LAR protein is composed of
a 1,234 amino acid extracellular region, a 24 amino acid transmembrane segment,
and a 623 amino acid cytoplasmic region . The cytoplasmic region contains two ho-
mologous domains that have extensive sequence similarity to the cytoplasmic region
of the leukocyte common antigens . The NH2-terminal region of the extracellular
segment of the LAR protein contains three tandem Ig-like domains and nine non-
Ig-like domains . Among the known Ig-like proteins, the LAR protein has the highest
degree of similarity to neural-cell adhesion molecule. The non-Ig-like domains of
the LAR protein are also similar to the non-Ig-like domains of neural-cell adhesion
molecule.

We thank Drs. L . Klickstein and D. T. Fearon for the human tonsillar cDNA library, Dr.
P Leder for the human genomic DNA library, and Ali Lashgari for technical help . We are
particularly grateful to the reviewer who pointed out the similarity between non-Ig-like seg-
ments of the N-CAM and LAR proteins .
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References
1 . McMichael, A. J . 1987 . Leukocyte Typing III. Oxford University Press, Oxford. 1050 pp.
2 . Rudd, C . E ., C . Morimoto, L . L . Wong, and S . F Schlossman . 1987 . The subdivision

ofthe T4 (CD4) subset on the basis ofthe differential expression of L-C/T200 antigens.
J. Exp. Med. 166:1758 .

3 . Thomas, M. L ., A . N . Barclay, J . Gagnon, and A. F. Williams . 1985 . Evidenc e from
cDNA clones that the rat leukocyte-common antigen (T200) spans the lipid bilayer and
contains a cytoplasmic domain of 80,000 M, . Cell. 41:83 .

4 . Streuli, M., L . R . Hall, Y. Saga, S. F. Schlossman, and H. Saito. 1987 . Differential usage
ofthree exons generates at least five different mRNAs encodinghuman leukocyte common
antigens . J Exp. Med. 166:1548 .



153 0

	

A GENE HOMOLOGOUS TO Ig AND LEUKOCYTE COMMON ANTIGEN

5 . Ralph, S . J ., M. L . Thomas, C . C . Morton, and I . S. Trowbridge. 1987 . Structural vari-
ants of human T200 glycoprotein (leukocyte common antigen) . EMBO (Eur. Mol. Biol.
Organ .) j 6:1251 .

6 . Saga, Y.J.-S. Tung, E -W. Shen, and E . A . Boyse . 1986 . Sequences ofLy-5 cDNA: Isoform-
related diversity of Ly-5 mRNA. Proc. Natl. Acad. Sci . USA . 83:6940 .

7 . Cunningham, B . A ., J . J . Hemperly, B . A . Murray, E . A . Prediger, R . Brackenbury,
and G. M. Edelman . 1987 . Neural cell adhesion molecule : structure, immunoglobulin-
like domains, cell surface modulation, and alternative RNA splicing . Science (Wash. DC).
236:799 .

8 . Ravetch,J . V., U. Siebenlist, S . Korsmeyer, T. Waldmann, and P. Leder. 1981 . Structure
of the human immunoglobulin mu locus . Cell. 27:538 .

9 . Maxam, A., and W. Gilbert . 1980. Sequencing end-labeled DNA with base-specific chem-
ical cleavages . Methods Enzymol. 65:499 .

10 . Maniatis, T, E . F. Fritsch, and J . Sambrook. 1982 . Molecular Cloning : A Laboratory
Manual . Cold Spring Harbor Laboratory, Cold Spring Harbor, NY. 545 pp.

11 . von Heijne, G . 1986 . A new method for predicting signal sequence cleavage sites . Nucleic
Acids Res. 14:4683 .

12 . Hall, R . L ., M. Streuli, S . F. Schlossman, and H . Saito . 1988 . Complete exon-intron
organization ofthe human leukocyte common antigen (CD45) gene .j Immunol. In press .

13 . Barthels, D., M.-J . Santoni, W. Wille, C . Ruppert, J .-C . Chaix, M.-R . Hirsch, J . C .
Fontecilla-Camps, and C . Goridis . 1987 . Isolation and nucleotide sequence of mouse
NCAM cDNA that codes for a Mr 79000 polypeptide without a membrane-spanning
region . EMBO (Eur. Mol. Biol. Organ.)j 6:907 .

14 . Saga, Y., J .-S. Tung, F.-W. Shen, and E . A . Boyse . 1987 . Alternative use of 5' exons in
the specification of Ly-5 isoforms distinguishing hematopoietic cell lineages . Proc. Natl.
Acad. Sci. USA . 84:5364 .

15 . Williams, A . F., and A. N . Barclay. 1988 . The immunoglobulin superfamily: domains
for cell surface recognition . Annu . Rev . Immunol. 6:381 .

16 . Suchard, S . J ., and L . Y W. Bourguignon . 1987 . Further characterization of a fodrin-
containing transmembrane complex from mouse Tlymphoma cells. Biochem. Biophys. Acla.
896:35 .

17 . Perrin, D., O. K . Langley, and D. Aunis . 1987 . Reorganization of alpha-fodrin induced
by stimulation in secretory cells . Nature (Lond). 326:498.


