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ABSTRACT We report the isolation ofcDNA clones of the
mouse lymphocyte differentiation antigen Ly-l. One of these
cDNA clones was confirmed to be full-length by DNA sequenc-
ing and by expression of Ly-1 by L cells transfected with this
clone. Analysis of the predicted amino acid sequence indicated
that the Ly-1 polypeptide is synthesized with a 23 amino acid
leader and that the mature protein consists of an amino-
terminal region of347 amino acids, a transmembrane sequence
of 30 residues, and a carboxyl-terminal region of 94 amino
acids. The amino-terminal region appears to be divided into
two subregions by a threonine- and proline-rich sequence of 23
amino acids that is highly conserved between Ly-1 and its
human homologue Leu-1 (CD5) in position and amino acid
composition. The first amino-terminal subregion of 111 amino
acids is predicted to be arranged in a P-pleated sheet structure
of six strands. The entire amino-terminal region is rich in
cysteine, with all of its 22 cysteine residues conserved between
Ly-1 and Leu-1. The carboxyl-terminal region has no cysteines.
Ly-1 and Leu-1 are 63% identical, with a gradient of identical
residues from 43% for the first amino-terminal subregion to
58% for the second amino-terminal subregion and 90% for the
carboxyl-terminal region. The predicted secondary structure
of the first amino-terminal subregion and identities of certain
conserved residues among most members of the immunoglob-
ulin gene superfamily suggest that Ly-1 and Leu-1 are distant
members of this family.

Ly-1 (formerly Lyt-1), a lymphocyte differentiation antigen
with a molecular weight of 67,000, is expressed on nearly all
murine thymocytes (1, 2). Cytotoxic-depletion studies orig-
inally suggested that Ly-1 was selectively expressed on
helper T cells (3). Sensitive analyses, such as those using the
fluorescence-activated cell sorter (FACS), have shown that
Ly-1 is a pan-T marker present at a higher level on helper T
cells than on suppressor or cytotoxic T cells (1, 2). Levels of
Ly-1 within the range of Ly-1 levels on cytotoxic/suppressor
T cells have been found on some B-cell tumors (4) and on a
distinct subpopulation and lineage of B cells in normal
animals (5, 6).

Little is known about the role of Ly-1 in lymphocyte
function and/or differentiation. Antibodies against Ly-1
molecules can augment alloantigen- or mitogen-induced lym-
phocyte proliferation, suggesting a possible role for Ly-1 in
regulating T-cell proliferation (7, 8). The enhancing effect of
anti-Ly-1 antibodies on T-cell proliferation is associated with
the increased secretion of interleukin 2 (IL-2) and the
increased expression of the IL-2 receptor. Similar enhancing
properties of anti-Ly-1 antibodies were observed for the
human and rat Ly-1 homologs (9-11).

To further our understanding of the structure and function
of Ly-1 and its differential expression on different subpop-
ulations of lymphocytes, we undertook the molecular cloning
of the Ly-1 gene. Originally, we planned to isolate the Ly-1
gene by a gene-transfer/hybridization-subtraction method
which one of our laboratories, and others, have used suc-
cessfully to clone the human Leu-2 gene (12, 13). While this
work was in progress, however, a putative human Leu-1
cDNA was isolated (39). Using this clone as a probe, we
isolated a number of putative Ly-l cDNA clones. Here we
describe the isolation and characterization of a full-length
Ly-1 cDNA clone, present the predicted amino acid sequence
and secondary structure, and compare the sequence ofmouse
Ly-1 with that of human Leu-1 (39).

METHODS
Genomic Transfection. Thymidine kinase (TK)-deficient L

cells (LTK- cells) were cotransfected with 20 ,tg of
BALB/cN mouse liver or kidney genomic DNA and 1 ,ug of
pBR322 containing the chicken TK gene, by a standard
calcium phosphate precipitation procedure (14, 15). Plasmids
containing cDNA inserts were transfected similarly. Primary
genomic Ly-1 transfectants were analyzed and cloned by use
of a FACS as described (16). To obtain secondary genomic
Leu-1 transfectants, cellular DNA from primary Leu-1
transfectants (established by P. Kavathas) was used in the
transfection. To obtain genomic Ly-1- and Leu-1-amplified
lines, we selected the brightest 0.5% of the stained cells for
several cycles.

Antibodies. The fluorescein-conjugated monoclonal anti-
Ly-1 antibody 53-7.1 (1) and monoclonal anti-Leu-1 antibody
L17F12 were provided by the Becton Dickinson Monoclonal
Antibody Center (Mountain View, CA).
Screening of Mouse cDNA Libraries. A C57BL/6

thymocyte cDNA library in the phage vector XgtlO was
plated on Escherichia coli C600/Hfl and probed with a
nick-translated Leu-1 cDNA clone (pTl-1). Plaque hybrid-
ization was performed as described (17), with low-stringency
washing in 6x SSPE with 0.1% NaDodSO4 and then 4x
SSPE with 0.1% NaDodSO4 at 650C. (lx SSPE = 180 mM
NaCl/10 mM sodium phosphate, pH 7.7/1 mM EDTA.)
Three mouse T-cell cDNA libraries, pCD-C5, MD13-10, and
El, which were constructed in an Okayama-Berg expression
vector, were screened with a Ly-1 probe. Colony hybridiza-
tion was performed as described (17).

Nucleotide Sequencing. DNA sequence was determined by
the dideoxynucleotide termination method (18) after subclon-

Abbreviations: FACS, fluorescence-activated cell sorter; kb, kilo-
base(s); bp, base pair(s).
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ing restriction endonuclease fragments into M13 mpl8 and
mpl9 phage vectors.
DNA and RNA Hybridization. DNA, digested with restric-

tion endonucleases, was analyzed by the Southern blot
technique (19). RNA was prepared from cell lines and tissue
by the guanidinium thiocyanate procedure (20). Poly(A)+
RNA was obtained by chromatography on oligo(dT)-cellu-
lose (21). RNA was analyzed by blot hybridization (22).
Computer Analysis. Nucleotide and amino acid sequence

analyses were done by using the Beckman MicroGenie
programs. The National Biomedical Research Foundation
protein data bankT was searched by the program described by
Beckman MicroGenie and by the program described by
Lipman and Pearson (23). The predicted secondary structure
of Ly-1 was determined using the program PLANS (24).

RESULTS

Establishment of Ly-1-Amplified and Leu-i-Amplified Ge-
nomic Transfectants. Genomic transfectants that have spon-
taneously amplified the human Leu-2 or mouse Lyt-2 gene
can be isolated by several cycles of FACS selection for the
brightest fraction of fluorescein-conjugated antibody-stained
cells (25). We used a similar method to obtain genomic
transfectants that have amplified Leu-1 or Ly-1. We have
established three such Ly-1-amplified lines (SlA5.1, KlA7.1,
and KlB7.5) and three Leu-1-amplified lines (Ni-i, P2-2, and
Q1-3). The mean fluorescence of these cell clones is 10-20
times greater than that of the original transfectants (data not
shown). These amplified transfectants were used in helping to
identify Leu-1 and Ly-i cDNA molecular clones. In corrob-
oration of these observations at the protein level, hybridiza-
tion of cDNA probes to RNA and genomic DNA blots
indicated elevation of both mRNA levels and gene copy
number for Leu-1 and Ly-1 in the transfectants compared to
thymocytes, T-cell lines, and normal tissues (see below).

Isolation and Characterization of Ly-l cDNA Clones. A
putative Leu-1 cDNA clone isolated with synthetic oligonu-
cleotide probes was confirmed to contain a sequence coding
for the Leu-1 gene by finding that it hybridized specifically
and intensely with both RNA and DNA from three Leu-1-
amplified transfectants (39). We then screened 500,000
plaques of a mouse thymocyte cDNA library with this clone
under conditions of low-stringency hybridization. The cDNA
insert from one of the isolated clones (GL1-4.2.1) was used
as a hybridization probe to analyze genomic DNA from two
Ly-l-amplified genomic transfectants (SlA5.1 and KlA7.1),
L cells, and a genomic Lyt-2 transfectant (L2) on a Southern
blot. This insert gave very strong hybridization bands with
DNA from the Ly-l-amplified transfectants and bands cor-
responding to the same size, but at single-copy intensity, with
DNA from L cells and the Lyt-2 transfectant (Fig. la). This
cDNA also hybridized strongly with RNA from the Ly-1-
amplified transfectants, but not with that from L cells (Fig.
lb). In addition, this probe hybridized with RNA from mouse
thymus and a transformed Ly-1 B-cell line (NFS-5.3) that
expresses a high level of Ly-1. These data strongly suggest
that the cDNA clone GL1-4.2. 1 contains a sequence encoding
at least a portion of the Ly-1 gene.

Since the insert of GL1-4.2.1 is only 1.4 kb long, whereas
the Ly-1 mRNA both of thymocytes and of the Ly-1 B-cell
line NFS-5.3 is 2.2 kb, we screened mouse cDNA library
pCD-C5 using GL1-4.2.1 as a probe in order to find a
full-length insert. Of 60,000 colonies screened, we obtained
16 positive clones. Restriction mapping revealed that these
clones contained cDNA inserts having the same or similar 3'
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FIG. 1. (a) Autoradiogram of Southern blot showing that the Ly-1
gene is greatly amplified in the genomic DNA obtained from two
Ly-1-amplified transfectants. DNA (15 Ag per lane) from L cells (lane
4), the two Ly-1 transfectants K1A7.1 (lane 3) and S1A5.1 (lane 2),
and a Lyt-2 transfectant (lane 1) was digested with HindIII, electro-
phoresed in a 0.8% agarose gel, transferred to nitrocellulose filter
paper, and hybridized with a 32P-labeled insert of GL1-4.2.1. kb,
Kilobases. (b) Autoradiogram of blot of RNA from different sources
hybridized to a nick-translated Ly-1 cDNA (GL1-4.2.1). Ten micro-
grams of poly(A)+ RNA from thymocytes (lane 1), Ly-1+ B-cell line
NFS-5.3 (lane 2), and L cells (lane 3) and 2 ,Ag of poly(A)+ RNA from
the Ly-1-amplified transfectants SlA5.1 (lane 4) and K1A7.1 (lane 5)
were loaded. Positions of 28S and 18S rRNAs are indicated at left.

ends but variable 5' ends. The longest insert (2.0 kb) of clone
C5-6. 1 was subjected to nucleotide sequencing, but its
inability to transfect for Ly-1 showed it was less than
full-length. Thus, we used the 190-base-pair (bp) 5' fragment
of C5-6.1 to screen another two mouse pCD libraries,
MD13-10 and El. One isolated clone (MD-10) contains a
2.1-kb insert, which restriction mapping showed had an
additional 100 bp at its 5' end. Nucleotide sequencing (see
below) strongly suggested that MD-10 was a full-length
cDNA clone. This was confirmed by stable expression of
Ly-1 by L cells that had been transfected with MD-10 (Fig.
2).

Nucleotide Sequence of Ly-1 cDNA and the Deduced Protein
Sequence. The partial restriction endonuclease map, DNA
sequencing strategy, nucleotide sequence, and predicted
amino acid sequence of Ly-1 cDNA are shown in Fig. 3. The
longest open reading frame starts at the seventh nucleotide,
with a methionine codon. This reading frame extends 1482
bases, encoding a polypeptide of 494 amino acids. Addition-
ally, this nucleotide sequence contains a 5' untranslated
sequence of 6 bases and a 3' untranslated sequence of 457
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FIG. 2. FACS fluorescence-intensity histograms of two Ly-1
cDNA transfectants, MD10-1.7 (a) and MD10-4.1 (b). In each panel,
the right histogram shows cells stained with anti-Ly-1 antibody; the
left shows the same cells stained with anti-Lyt-2 antibody (isotype
control, rat IgG2a).

VProtein Identification Resource, National Biomedical Research
Foundation (Washington, DC); release no. 8, February 1986.
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a
-20 -12

TTA TCC ATG GAC TCC CAC GAA GTG CTG CTG GCT GCC ACA TAC CTG CTG GGA ACG CTG GCG
Met Asp Ser His Glu Va1 Leu Leu Al. Ale Thr Tyr Leu Leu Gly Tbr Leu Ala

-4 1 11
GCT TTC TGC CTC GGA CAG TCT GGA AGG GGT GGC CTA GAT ATC CAG GTG ATG CTA AGT GGC
Al. Phe Cys Leu Gly Gln Ser Gly Arg Gly Gly Leu Asp Ile Gin Va1 Met Leu Ser Gly

21 31

TCC AAT TCC AAG TGT CAG GGT CAA GTG GAG ATC CAG ATG GAA MC AAG TGG AM ACA GTG
Ser Asn Ser Lys Cys Gln Gly Gln V.1 Glu Ile Gln Met Glu Ass Lys Trp Lye Thr V.1

41 51
TGC AGT TCC AGT TGG AGG CTG AGC CAG GAC CAT TCG AM AAT GCC CAG CAG GCC TCT GCA
Cys Ser Ser Ser Trp Arg Leu Ser Gln Asp His Ser Lys Asn Ala Gln Gin Al. Ser Al.

61 71
GTG TGC AM CAG CTG AGA TGT GGT GAC CCC TTG GCC CTT GGT CCT TTC CCT TCA TTG MC
Va1 Cys Lys Gln Leu Arg Cys Gly Asp Pro Leu Al. Leu Gly Pro Phe Pro Ser Leu Ass

81 91
AGA CCC CAG MC CAG GTC TTC TGC CMA GGA TCT CCG TGG TCT ATA TCC MC TGC AAC MC
Arg Pro Gln Asn Gln V.1 Phe Cys Gin Gly Ser Pro Trp Ser Ile Ser Ass Cys Ass Asn

101 111
ACA AGT TCA CAA GAC CAG TGC CTT CCG CTG AGC CTG ATC TGC CTA GAG CCC CAG AGA ACG
Thr Ser Ser Gln Asp Gln Cys Leu Pro Leu Ser Leu Ile Cys Leu Glu Pro Gln Ar& Tbr

121 131
ACA CCT CCA CCC ACA ACC ACC CCA CCC ACC ACC GTG CCG GAG CCC ACA GCT CCT CCC AGA
Thr Pro Pro Pro Thr Thr Thr Pro Pro Tbr Thr Va1 Pro Glu Pro Thr Al. Pro Pro Arg

141 151
TTG CAG CTG GTG CCA GGA CAC GM GGC CTG AGG TGC ACA GGT GTG GTG GM TTC TAC MT
Leu Gln Leu Va1 Pro Gly His Glu Gly Leu Arg Cys Thr Gly Val Va1 Glu Phe Tyr Ass

161 171
GGC AGC TGG GGT GGC ACC ATC CTC TAC MAG GCC MG GAC AGG CCC CTG GGC CTG GGG MC
Gly Ser Trp Gly Gly Thr Ile Leu Tyr Lys Al. Lys Asp Arg Pro Leu Gly Leu Gly Ass

181 191
CTC ATC TGT MG TCT CTG CAG TGT GGC TCT TTC TTG ACA CAT CTG TCC GGG ACA GAG GCA
Leu Ile Cym Lys Ser Leu Gln Cys Gly Ser Phe Leu Thr His Leu Ser Gly Thr Glu Al.

201 211
GCA GGG ACA CCA GCT CCT GCA GAG CTG AGG GAC CCC AGG CCC TTG CCA ATT CGA TGG GAG
Al. Gly Thr Pro Al. Pro Ala Glu Leu Arg Asp Pro Arg Pro Leu Pro Ile Arg Trp Glu

221 231
GCC CCG MC GGG AGC TGT GTC TCA CTA CAG CAG TGC TTC CAG AM ACA ACG GCC CAG GAG
Al. Pro Asn Gly Ser Cys V.1 Ser Leu Gln Gln Cys Phe Gln Lye Thr Thr Ala Gln Glu

241 251

GGC GGC CAG GCG CTC ACC GTC ATC TGC TCT GAT TTC CAG CCC AAG GTT CAG AGC CGC CTG
Gly Gly Gln Al. Leu Thr Va1 Ile Cys Ser Asp Phe Gin Pro Lys Va1 Gln Ser Arg Leu

261 271
GTC GGG GGC AGC AGT GTG TGT GAG GGC ATC GCT GM GTG CGC CAG AGA TCA CAG TGG GAG
Va1 Gly Gly Ser Ser V.1 Cys Glu Gly Ile Ala Glu Va1 Arg Gln Arg Ser Gln Trp Glu
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281 291

GCC CTG TGT GAC AGT TCT GCA GCC AGG GGC CGG GGA CGG TGG GM GAG CTA TGT CGG GAG
Ala Leu Cys Asp Ser Ser Ala Ala Arg Gly Arg Gly Arg Trp Glu Glu Leu Cys Arg Glu

301 311

CAG CAG TGT GGC GAC CTC ATC TCC TTC CAC ACG GTG GAT GCT GAC AAA ACC TCC CCC GGG
Gln Gln Cys Gly Asp Leu Ile Ser Phe His Thr Val Asp Ala Asp Lys Thr Ser Pro Gly

321 331

TTC CTC TGT GCC CAG GAG MG CTG TCT CAG TGT TAC CAT CTC CAG AAA AAA AAA CAC TGC

Phe Leu Cys Ala Gln Glu Lys Leu Ser Gln Cys Tyr His Leu Gln Lys Lys Lys His Cys

341 351
MC AAG AGG GTA TTC GTC ACA TGC CM GAC CCA AAC CCA GCG GGC CTG GCC CCA GGC ACT
Asn Lys Arg Va1 Pbe Val Thr Cys Gln Asp Pro Asn Pro Ala Gly Leu Ala Pro Gly Thr

361 371

GTG GCA AGC ATC ATC CTG ACC CTT GTA CTC CTG GTG GTG CTG CTG GCC ATG TGT GGT CCT
Va1 Ala Ser Ile Ile Leu Thr Leu Val Leu Leu Val Val Leu Leu Ala Met Cys Gly Pro

381 391
CTG GTC TAC AAG AAG CTG GTG MG AMA TTT CGT CAG AAA MG CAG CGT CAG TGG ATT GGC
Leu Val Tyr Lys Lys Leu Val Lys Lys Phe Arg Gln Lys Lys Gln Arg Gln Trp Ile Gly

401 *** 411

CCC ACA GGA GTG AAC CAG MC ATG TCT TTC CAT CGA AGC CAC ACA GCA ACT GTG CGG TCC
Pro Thr Gly Val Asn Gln Ass Met Ser Phe His Arg Ser His Thr Ala Thr Val Arg Ser

421 431

CAA GTT GAG AAC CCA ACA GCC TCT CAT GTG GAC AAT GM TAC AGC CAG CCT CCC AGG MC
Gln Val Glu Asn Pro Thr Ala Ser His Val Asp Asn Glu Tyr Ser Gln Pro Pro Arg Asn

441 451

TCT CAC CTG TCT GCT TAT CCA GCT CTG GAA GGA GCC CTA CAC CGA TCT TCT ACA CAA CCT

Ser His Leu Ser Ala Tyr Pro Ala Leu Glu Gly Ala Leu His Arg Ser Ser Thr Gln Pro

461 471

GAC MC TCC TCT GAC AGT GAC TAT GAC CTG CM GTG GCT CAG AGA CTG TM MG CGC CAG
Asp Asn Ser Ser Asp Ser Asp Tyr Asp Leu Gln Va1 Ala Gln Arg Leu

TGTCTACGCTTGGACATTTGTCCTTTGTACCTCACTTGAGGTCATCMTGMGGCCMGAGCATCCCCTCCATCCTGAGG

MGCCTTTACCACTTTGAGTGCTGCCCACTTCCACTTCAGCCAGMCCTGGACAGAMGCCMGGTCCTCTGGACMGATC

GCGGGCCCTGCAGTGGCAGGCCAGCTCCCATATCCCCTATGGCCACGGCAGCCTGACTGCTTCCTGCMGAGCCAMCACT

CAGCAGACAGAGCCTACGAGCMCCMTCCTTGCAGAGACTCCAGTATCCAGGAGTCCCMTCCTCTAGGAGCCACTGTG

ACCAGTGGGGTTGGCTTTCTCCTTGGACTCTGACGCCATTGMCAATGAGGAGGCGATACACCMGTGGGTACTTACM

b
100 bp
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FIG. 3. (a) Nucleotide and amino acid
sequence derived from Ly-1 cDNA clones
C5-6.1 and MD-10. The transmembrane re-
gion is underlined. Possible N-linked
glycosylation sites are marked by asterisks.
The threonine/proline-rich region is indicated
by a broken underline. The 23 amino acid
leader peptide is numbered -23 to -1; the
mature peptide is numbered 1 to 471. A
poly(dA) tract of more than 50 bases is ob-
served after the last nucleotide shown in the
figure. (b) Restriction endonuclease map of
Ly-1 cDNA clones. The protein-coding region
is boxed. The hatched region represents the
mature polypeptide after cleavage of the leader
peptide. DNA sequencing strategy (direction
and extent of sequence) is presented below the
map. Below the sequencing strategy are the
two cDNA clones used in this sequencing: the
regions that were sequenced are indicated by
thick lines.

bases. We do not find the polyadenylylation signal AATAAA the mature polypeptide consists of an amino-terminal region
in the 3' untranslated region but observe a poly(dA) tract of of 347 amino acids, a transmembrane domain of 30 residues,
more than 50 bases at the 3' end. and a carboxyl-terminal region of 94 amino acids. Three
The first 23 amino acids (from methionine to glycine) have potential N-linked glycosylation sites are present at positions

a hydrophobicity profile characteristic of a leader sequence. 95, 155, and 218. After the transmembrane region, there are
Alignment of the deduced amino acid sequence of Ly-1 with two possible N-linked glycosylation sites at positions 402 and
that predicted from the Leu-1 nucleotide sequence and that 457. Given that the predicted molecular weight of the mature
of purified Leu-1 protein segments suggests that mature Ly-1 Ly-1 polypeptide (471 amino acids) is 51,500 and the apparent
polypeptide begins at glutamine-24 which is defined as molecular weight of Ly-1 is 67,000, N-linked and/or O-linked
residue 1 (Fig. 3). Analysis of the hydrophobicity plot also glycosylation could account for the difference of 15,500.
reveals a region (residues 348-377) of strong hydrophobicity We predict (with help and advice from I. Kuntz and F.
followed by a hydrophilic sequence (residues 378-391). We Cohen, University of California, San Francisco, and R.
predict that this region is a transmembrane sequence. Thus, Kautz of Stanford University) that the amino-terminal region

114V
Ul. *s

le <.
1 1



Immunology: Huang et al.

can be further divided into two subregions by a hinge-like
sequence (residues 112-134). This sequence is rich in proline
and threonine residues, which are also present frequently in
the hinge regions of immunoglobulin molecules (26-29). The
first subregion (residues 1-111) appears to consist of a single
domain with six p-strand structures, perhaps arranged in a
barrel-like configuration. The amino-terminal region is very
cysteine-rich. There are 8 cysteines in the first 111 residues
(7.2%). There are no cysteines in the hinge region, but the
second amino-terminal subregion is also cysteine-rich, with
14 cysteines out of 213 amino acids (6.6%). In contrast, the
carboxyl-terminal region of 94 amino acids has no cysteines.
This presumably cytoplasmic domain is rich in charged amino
acids.
Comparison of Ly-l and Leu-l. Both mature Ly-1 and

Leu-1 proteins consist of 471 amino acids, with 63% identity
after computer alignment of both sequences. There is a
gradient of increasing homology along the two molecules: the
first amino-terminal subregion has 43% amino acid identity,
the second amino-terminal subregion has 58%, and the
carboxyl-terminal region has 90% identity (Fig. 4). Two of
three potential N-linked glycosylation sites in the amino-
terminal region, as well as the two in the carboxyl-terminal
region, are conserved between Ly-1 and Leu-1. Further, all
23 cysteines in each protein are conserved in very similar
positions in the two sequences (Fig. 4).

DISCUSSION

In this paper we predict the protein structural outlines of the
mouse lymphocyte differentiation antigen Ly-1 based on the
isolation and DNA sequence of a full-length cDNA clone.
Leu-1- and Ly-1-amplified genomic transfectants we gener-
ated helped to confirm that a putative Leu-1 cDNA clone in
fact partially encoded Leu-1 protein. Finding that a candidate
Ly-1 cDNA clone selected with this cDNA hybridized
specifically and intensely with RNA from the two genomic
Ly-1 transfectants and from a Ly-1 B-cell line that expresses
a high level of Ly-1 on the cell surface, as well as less
intensely with RNA from mouse thymus, provides evidence
that this clone contains a Ly-1 cDNA insert.
With the aid of this cDNA clone and two iterative sequenc-

ing and library-screening steps, we isolated a Ly-1 cDNA
clone, MD-10, that proved to be full-length both by DNA
sequencing and transfection of this clone into L cells. First,
the size of the cDNA insert (2.1 kb) of MD-10 is about the
same as that of Ly-1 message. Second, the complete DNA
sequence has a long open reading frame that could code for
494 amino acids with a methionine codon at nucleotide
position 7, followed by a hydrophobic leader peptide of 23
amino acids typical of cell surface proteins. Alignment of the
predicted amino acid sequence of Ly-1 with that of Leu-1 and
with the amino acid sequence of purified Leu-1 protein
segments strongly supports our prediction. This is further
strengthened by the expression of Ly-1 by L cells transfected
with MD-10.
Using the protein homology search program of Lipman and

Pearson (23), we found that Ly-1 has no extensive homology
with any sequence in the data bases searched. Nevertheless,
we noted that the size (111 amino acids) and the predicted
structure (six-p-strand structure) of the first amino-terminal
domain are similar to those of an immunoglobulin domain.
We found a cysteine at position 20 as well as at position 83,
in good agreement with the distance between the cysteine
residues that form disulfide bonds in immunoglobulins (Fig.
4). The positions for a number of amino acid residues found
in Ly-1 (and Leu-1) support the idea that Ly-1 (and Leu-1) are
members, albeit quite distantly related, of the immunoglob-
ulin gene superfamily. Tryptophan, located at position 32, is
highly conserved among immunoglobulins (33). Some so-
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Leu-1 LIG|F Q P K V Q S R LV GCGCSSS I| ET V V RQ|G A

280 295
Ly-l QW E ALCOD S SA GI R GIRC[WEE|LC EQQCC|L I
Leu-l IwAWA L C D S |A Rj S S L|R W E EVC R E Q Q C G S V N

310 325
Ly-l D F H T V - KK[TE]PfGF L A Q E[K L S Q CY H- Q
Leu-l MYR V L.2d jP[TLSIRUL FIJPHQIK SQCH E WE

|- Transmembrane
340 355

Ly-l K K K H N[Mv R F V T C Q D P N P A G L A PIC; T V A S I II
Leu-l R N S Y -JK FVTCQDP NPACL AAGTVASII

Transmembrane -
370 385

LY -1 TTL V L L V V L L|A MIC G P LIV K K L V K K F R Q K K Q1
Leu-1 BA|L V L L V V L L V VIC G P L A Y K K L V K K F R Q K K Q

400 415
I.Y-1 R Q W I G P T G V N Q N M S F H R S H T A T V R SQ V E N P
Leu-1 N Q N MS F H RN H TAT V RS H A EN P

430 445
LY-1 T A S H V D N E[S Q P P R N S H S A Y P A L E GJATHRI
Leu-1 |T A S V D N E Y S Q P P R N S R L S A Y P A L E G V L HR

460
Ly-l l TQ P D N S S D S D Y D L Q V[A Q R Li
Leu- 1 LJ M|Q P D N S S D S D Y D L H C A Q R LI
FIG. 4. Amino acid sequence alignment of Ly-1 and Leu-1 and

comparison of the first amino-terminal subregion of Ly-1 and Leu-1
with a mouse K light chain of immunoglobulin J606 (30), a mouse
T-cell antigen receptor ,3-chain (86T1) (31), and the immunoglobulin-
related domain of mouse Lyt-2 (32). The invariant (Inv) residues in
the light chain variable region are included. Homologies of these
proteins to Ly-1 and/or Leu-1 as well as between Ly-1 and Leu-1 are
boxed. Numbering above the sequence is that of Ly-1. Cysteines that
could form an immunoglobulin-interchain disulfide bond are marked
by arrows. Standard one-letter amino acid abbreviations are used.

called invariant residues of the light-chain variable region are
present at the appropriate positions in the first amino-
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terminal domain of Ly-1 (arginine at position 61, glycine at
position 63, and phenylalanine at position 71). All these
residues mentioned above are conserved between Ly-1 and
Leu-1. In addition, in Ly-1 but not Leu-1, we find glycine at
position 15, leucine at position 74, and phenylalanine at
position 82, conserved residues in the immunoglobulin fam-
ily. In spite of these similarities, this subregion is unlike an
immunoglobulin domain in having 8 cysteines, all of which
are present also in Leu-1.
We noted that the insulin receptor (34), epidermal growth

factor receptor (35), and low density lipoprotein receptor (36)
all have a cysteine-rich domain, and so we compared the
cysteine distribution pattern of Ly-1 with these proteins but
found no similar pattern or amino acid homology.
The strong homology (90% identity) of the carboxyl-

terminal region of Ly-1 and Leu-1 suggests a functional
importance of this region. There is a potential tyrosine
phosphorylation site at amino acid position 429 in both Ly-1
and Leu-1. The sequence surrounding this tyrosine residue
(Asp-Asn-Glu-Tyr-Ser-Gln-Pro) is similar to the sequence
(Asp-Asn-Glu-Tyr-Thr-Ala-Arg) surrounding the tyrosine
autophosphorylation site encoded by the protooncogene
c-src and the oncogenes src, yes, andfgr (37). There are also
two potential threonine phosphorylation sites (His-Arg-Xaa-
Xaa-Thr) at positions 410 and 453 of Ly-1. Given the evidence
that Ly-1 acts as 4 receptor in regulating T-cell proliferation
(7, 8), and given that phosphorylation of tyrosine and
serine/threonine may play important physiological roles for
several growth factor receptors and protooncogenes and
oncogene products (37, 38), it is possible that the ligand of
Ly-1 could cause phosphorylation of the carboxyl-terminal
region of Ly-1.
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