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SUMMARY

We have isolated and sequenced a cDNA clone encoding the mouse mLAMP-1

major lysosomal membrane glycoprotein. The deduced protein sequence, which

included the N' 2 terminal portion of the mLAMP-1 molecule, consisted of 382

amino acids"1r 41,509). 'The predicted structure of this protein included

an Nlk -terminal intralumenal domain consisting of two homology units of

approximately 160 residues each, separated by a proline-rich hinge region.

Each homology unit contained four cysttine residues, with two intercysteine

intervals of 36 to 38 residues and one of 68 or 76 residues. The molecule

also contained 20 Asn-linked glycosylation sites within residues I to 287, a

membrane-spanning region from residues 347 to 370, and a carboxyl-terminal

cytoplasmic domain of 12 residues. The biochemical properties and amino

acid sequence of mLAMP-1 were highly similar to those of two other molecules

that have been studied as cell surface onco-differentiation antigens: a

highly sialylated, polylactosaminoglycan-containing glycoprotein isolated

from human chronic myelogenous leukemia cells (Viitala, J., Carlsson, S.R.,

Siebert, P.D. and Fukuda, M., manuscript sub, d), and the mouse gpl30

(P28) glycoprotein, in which an increase in? i-6 branching of Asn-linked

oligosaccharides has been correlated with metastatic potential in certain

tumor cells,4Dennis, J. W., Laferte, S., Waghorne, C., Breitman, M.L., and I

Kerbel, R.S. [1987] Science 236, 582-585).
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Glycoproteins localized primarily in the limiting membrane of lysosomes

have recently been identified in mouse (1-4), rat (5-7), chicken (8), and

human' cells. These major constituents of the lysosomal membrane represent

a significant fraction of the total cell membrane glycoprotein and are

notable for their extensive glycosylation. A number of the molecules

consist of a -40-kDa core polypeptide substituted with up to 20 Asn-linked

complex-type oligosaccharides. The composition of these oligosaccharides

differs markedly in various cells, as indicated by a broad range in apparent

Mr of the mature glycoproteins (100 to 150 kDa).

We report here the isolation and sequencing of a cDNA clone encoding

the mouse LAMP-i (mLAMP-1) lysosomal membrane glycoprotein and the predicted

primary structure of the molecule. The amino acid sequence of this protein

is compared to those of mouse and human tumor cell glycoproteins containing

oligosaccharides whose unique structures have been found to be associated

with cell differentation and oncogenesis (9,10).

EXPERIMENTAL PROCEDURES

Analysis of Amino Acid Seauences of mLAMP-1 - Mouse mLAMP-1 was

purified by monoclonal antibody affinity chromatography from 3T3 and P388

cells as described previously (11), with the following modifications: Prior

to elution of the protein from the antibody column, the column was washed

with borate buffer (100 mM Na borate, pH 8.5, with 1 M NaCl) containing 0.5%

octylglucoside (Calbiochem) instead of Triton X-100. The protein was

eluted with 100 mM diethylamine (pH 11.5) containing 0.5% octylglucoside

into a neutralizing solution containing 0.1 volume of 0.5 M NaH 2PO4 (pH

7.4.). Fractions containing the purified antigen were pooled and

concentrated by negative pressure dialysis against 20 mM NaPO 4 (pH 7.5)

containing 0.25% octylglucoside and fractionated on a TSK 3000 size
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separation high pressure liquid chromatography (HPLC)2 column in the same

buffer. Fractions containing pure antigen were pooled and concentrated to

50 ul in 0.1% SDS using a Centricon microcentrator (Amicon). The NH2-

terminal amino acid sequence of pure mLAMP-1 from 3T3 cells or P388 cells

(300 pmoles from each) was determined in duplicate by use of an automated

gas-phase sequencer (Applied Biosystems) (12,13). Sequence analysis was

also performed on peptides of the affinity-purified protein prepared by

digestion with trypsin after reduction with dithiothreitol and alkylation

with iodoacetamide (14). The peptide fragments were separated by reversed

phase HPLC on a Vydac C-4 column.

A mouse embryo BALB/c 3T3 cDNA expression library in A gtll (Clontech

Laboratories) was screened with polyclonal antisera raised against purified

mLAMP-1 glycoprotein, as described (15,16). Approximately 3 X 105 phages

were plated in NZY agarose and incubated at 420 C for 3 h. The plates were

then overlaid with nitrocellulose filters impregnated with 10 mM

isopropylthiogalactoside and incubated for 2.5 h at 370 C. Filters were

blocked with fetal bovine serum and incubated with a 1:50 dilution of the

polyclonal antiserum that had previously been absorbed twice using A gtll

phage without inserts (17). An avidin/biotin/alkaline phosphatase detection

system was used to detect antibody-binding clones (18). Putative positive

clones were selected and plaque purified (19). DNA was isolated and

digested with EcoRI, and the cDNA insert (1800 bp) was subcloned into M13

mp9 (20,21). Deletion clones were prepared (22) and overlapping subclones

were sequenced by the dideoxy method (23) in duplicate: once with DNA

polymerase I, Klenow fragment, and once with T7 DNA polymerase. Areas of

overlap between the clones usually included 20-40 bp. Portions of the

sequence were derived independently from both DNA strands.
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RESULTS

mLAMP-1 was purified from both mouse embryo 3T3 and mouse P388

histiocytic lymphoma cell lines by antibody affinity chromatography (11) and

TSK 3000 size separation HPLC. The purified fractions from each cell type

contained a single protein of >90% purity, as assessed by polyacrylamide gel

electrophoresis and silver staining or by autoradiography of 1251-labeled

protein (2). The NH2-terminal amino acid sequences of the purified proteins

were determined by automated Edman degradation and analysis of the

phenylthiohydantoin-amino acid products. Although mLAMP-1 molecules from

313 and P388 cells were markedly heterogeneous and differed significantly in

apparent Mr, the provisional NH2-terminal amino acid sequences of the two

molecules were identical through residue 33: Leu Phe Glu Val Lys Asn X Gly

Thr Thr X Ile Met Ala Ser Phe Ser Ala X Phe Leu Thr Thr Tyr Glu Thr Ala X

Gly Ser Gln Ile Val. The predicted amino acids for the unidentified

residues, Asn at the potential N-glycosylation sites at positions 7 and 28

and Cys or Ser at positions 11 and 19, were confirmed by nucleotide

sequence, as shown below. Sequence analysis was also performed on three

peptides obtained by reversed phase HPLC of the products of tryptic

digestion.

A mouse embryo 3T3 cDNA expression library in A gt11 was screened

with polyclonal antiserum recognizing the purified LAMP-i glycoprotein. A

positive clone containing a cDNA insert of 1800 bp was purified, and the

cDNA insert was subcloned in M13 vectors and sequenced (Fig. 2). The amino

acid sequences deduced from the cDNA sequence were identical to those

obtained by protein sequencing of residues 3 to 33 of the NH2-terminus and

of three tryptic peptides (residues 67 to 76, 80 to 87, and 105 to 116) of

the purified protein, thus confirming the identity of the cDNA. The cDNA

lacked the sequence corresponding to the two NH2 -terminal amino acid
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residues identified by protein sequencing, possibly due to an artifact of

library construction. The cONA also lacked a 5'-untranslated sequence,

initiator methionine, and signal sequence. A termination sequence and a 3'-

untranslated sequence of 711 nucleotides followed nucleotide 1155. A

putative transcription termination signal, AATAAA (25), was present at

nucleotide residues 1860 to 1865.

The polypeptide deduced from the cDNA sequence contained 382 amino

acids, with an Er of 41,509 (Fig. 1). The NH2 -terminal 90% of the sequence

formed two homology units comprising residues I to 165 and 188 to 344.

These two sequences showed 37 identities out of 154 possible matches, with

an ALIGN score (25) of 9.34 SD (Fig. 2). The homology units were separated

by a potential hinge region that was rich in prolines, was strongly

hydrophilic, and had no oc-helical component. These NH2-terminal domains

also contained a total of 20 potential Asn-linked (Asn-X-Ser or Asn-X-Thr)

glycosylation sites and eight cysteine residues, four of which were

uniformly spaced at intervals of 36 to 38 residues and two at intervals of

68 and 76 residues. A strong hydrophobic region of 24 amino acids, residues

347 to 370, occurred near the carboxyl-terminus (Fig. 3); the hydrophobicity

and absence of glycosylation sites and of positively charged residues make

this carboxyl domain a strong candidate for the membrane-spanning region.

The remaining short carboxyl-terminal sequence, residues 371 to 382, would

then constitute the cytoplasmic domain of the molecule. The secondary

structure characteristics of the protein, predicted by the algorithms of

Garnier et 1. (26) and Kyte and Doolittle (27), included 37% ,'-sheet, 21%

,-turns, 23% random coil and 19% d-helix.

We have found that mLAMP-1 is closely similar in biochemical properties

and amino acid sequence to two leukemia cell glycoproteins that have been

studied as possible onco-differentiation antigens. The first of these
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molecules is gpl30 (P2B), a highly glycosylated glycoprotein with a core

polypeptide of about 33 kDa that has been isolated from the mouse

metastatic tumor cell line MDAY-D23 . The P2B molecule is of interest

because changes in its concentration of 6 1-6-branched Asn-linked oligo-

saccharides have been shown to correlate with the metastatic potential of

the cells in which it is expressed (9). The provisional NH2 -terminal amino

acid sequence of 20 residues from P2B is 90% identical to that of mLA'4P-1,

and our monoclonal antibody against mLAMP-1 cross-reacts with P2B.3

mLAMP-1 is also closely similar to a highly sialylated,

polylactosaminoglycan-containing glycoprotein that has been studied as a

differentiation marker in hematopoietic cells (10) and has been purified

from human chronic myelogenous leukemia cells. 4 In an exchange of reagents

with Dr. M. Fukuda, La Jolla Cancer Research Foundation, it was found that

this purified human leukemia cell glycoprotein was immunoprecipitated by our

monoclonal antibody directed against hLAMP-1, the human analogue of mLAMP-

1.1 A cDNA clone encoding the leukemia cell glycoprotein has been isolated

and sequenced,4 and the protein predicted from these data contains an NH2-

terminal sequence (residues 14 to 37) which is identical to that of hLAMP-

1, as determined by direct protein sequence analysis. The human leukemia

cell glycoprotein is also very similar to mLAMP-1 (Fig. 4). These two

proteins have an identical sequence in 66% of their residues (252 of 382

residues), all cystelnes are conserved, and 13 of the 20 potential Asn-

linked glycosylation sites on the mouse protein are conserved in the human

protein. This leukemia cell protein and mLAMP-I also share 20 conservative

substitutions (I to V, D to E, or R to K). Moreover, the carboxyl-termini

of the two molecules are almost totally conserved, with a stretch of 35

identical amino acids broken only by two neutral I to V substitutions.

A search of The National Biomedical Foundation Protein Databank did not
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reveal significant amino acid sequence similarity of mLAMP-1 to any

additional proteins.
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DISCUSSION

The amino acid sequence predicted from the cDNA clone of mLAMP-1

further elucidates the structure of the LAMP-1 class of lysosomal membrane

glycoproteins. The 41,509-Da mLAMP-I molecule contained 20 potential Asn-

linked glycosylation sites (consistent with previous predictions of 18 to 20

Asn-linked oligosaccharides [4,5]), all occurring in the NH2-terminal 70% of

the molecule. A single highly hydrophobic and putative membrane-spanning

region occurred at residues 347 to 370 near the carboxyl terminus,

suggesting that the majority of the mLAMP-1 molecule resides in the lumen

of the lysosome and only a short (12 amino acid) domain extends into the

cytoplasm. An internal homology was found between the two halves of the

intralumenal domain, providing evidence that these sequences were derived by

gene duplication. The principal basis for the high homology score obtained

was the alignment of Cys and neighboring residues in the homology units.

The regular spacing of these residues suggested the occurrence of a pair of

immunoglobulin-like (V-related) loops generated by disulfide bonds linking

Cys 50 to 125 and 235 to 303. The interval between Cys residues

(approximately 70 amino acids) was appropriate for a V-related sequence, and

the carboxyl-terminal region of each homology unit contained the Y-X-C group

common to immunoglobulin superfamily sequences (28). However, none of the

other sequence patterns characteristic of the immunoglobulin superfamily

were found in the remaining portion of the two mLAMP-1 domains.

Furthermore, ALIGN scores indicated that there was no significant sequence

identity between the 20 residues preceding and following the Cys residues of

the two LAMP domains and those of immunoglobulin superfamily V or V-related

domains. More information concerning the disulfide bonding and 3-

dimensional structure of the LAMP-i molecule must be obtained before the

possibility of a relationship between LAMP and Ig-related molecules can be
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determined. Such a relationship would be of particular interest because it

would suggest a potential receptor function for the LAMP molecule (28).

The interspecies sequence similarity (66% identity) of mLAMP-1 and the

human leukemia cell glycoprotein corresponding to human hLAMP-1 also extends

to the chicken LEPIO0 molecule (29) which has approximately 44% identity to

mLAMP-1. Overall, 159 residues are common to the three proteins, including

each of the eight cysteine residues. Moreover, the three molecules are

virtually identical in the sequence of their hydrophobic domains (residues

347 to 370) and their short carboxyl-terminal cytoplasmic segments, implying

that these carboxyl-terminal domains may have functional roles. The chicken

cDNA sequence has in addition a 5'-untranslated region of 466 bases and an

initiator methionine and signal sequence of 18 residues that are lacking in

the mLAMP-1 cONA. An initiator methionine is also present in the human

leukemia cell cDNA sequence, but an apparent signal sequence of eight

residues is followed by a gap that includes 12 amino acids of the NH2-

terminus of the protein. The close similarity between the mouse, chicken,
S

and human proteins suggests that these are homologous molecules of the

different species or that they are closely related proteins that have arisen

by gene duplication.

The close similarity of the mouse P28 and the human leukemia cell

glycoproteins to the LAMP-! molecules has identified these onco-

differentiation antigens as lysosomal membrane glycoproteins 3,4 . The role

of these glycoproteins as cell-surface antigens implies that movement of the

molecules from the lysosome to the plasma membrane must occur; this

phenomenon has already been demonstrated for the chicken LEP-100 molecule

(8). A small fraction of the LAMP-I molecules (<10%) has been found on the

surface of the mouse macrophage-like cell line P388 (1) and the human U937

and HL-60 myelomonocytic leukemia cells. ! This expression of LAMP-i on the
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cell surface may be related to the state of differentiation of the cell and

may reflect an alteration in the oligosaccharide composition of the

molecules as well as selective movement of a fraction of the LAMP-i

molecules to the plasma membrane. Such a model is consistent with the

marked difference in the concentration of LAMP-i observed on the surface of

various human blood cells (with the highest levels found on U937 and HL-60

myelomonocytic leukemia cell lines and none on normal peripheral blood

monocytes) and the reduction in the cell-surface expression of this molecule

that occurs when the leukemia cells are induced to differentiate to cells

resembling mature macrophages or granulocytes.1 Alterations in N-linked

oligosaccharide composition of particular glycoproteins (including

incomplete processing, increased sialic acid and polylactosamine content,

and increased branching of the trimannosyl core) have been observed in a

number of differentiating or oncogenically transformed cells (30-33). These

alterations have been shown to affect a variety of processes, including

substrate adhesion and tumor progression (9, 34-36). In particular,

experiments have linked an increase in sialic acid and polylactosamine

content to an increase in metastatic potential of certain tumor cells (9),

and the P2B homologue of LAMP-i has been identified as the major cell

component in which such an increase occurs.3  Furthermore, it has been

reported that purified P2B binds to immobilized collagen and that removal of

sialic acid, polylactosamine or complete Asn-linked chains from the molecule

enhances its binding to extracellular matrix proteins, including collagens,

laminin, and fibronectin. 5 These finding suggest that in vivo alterations

in the oligosaccharide composition of LAMP-i and related glycoproteins, in

combination with the expression of the modified molecules on the cell

surface, could have significant consequences for processes such as adhesion,

metastasis, and immune recognition.

Q 
-L
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FIGURE LEGENDS

Fig. I cDNA and deduced amino acid sequence of mLAMP-1 lysosomal membrane

glycoprotein. Nucleotides and amino acids are numbered at the left of each

line. The predicted protein sequence from amino acid residue 3 to 382 is

shown below the DNA sequence. ++, the NH2 -terminal amino acids (Leu and

Phe) identified by protein sequencing; _ , regions for which direct amino

acid sequence of LAMP-i was obtained; #, Cys residues; *, potential Asn-

linked glycosylation sites; ---, proposed membrane-spanning region; ---,

stop codon; , putative transcription termination sequence (24).

Fig. 2 Internal alignment of mLAMP-1 sequences. The mLAMP-1 sequences of

residues I to 165 and 188 to 344 were compared by the ALIGN program (25),

with a bias of 6 and penalty of 6, against 150 random runs. The alignment

score - 9.34 SD. #, Cys residue.

Fig. 3 Hydropathy plot of mLAMP-1. Hydropathy values were determined

using the algorithm of Kyte and Doolittle (27), with a window of n-l. Each

point represents a single amino acid. Potential Asn-linked glycosylation

sites (arrows) of type Asn-X-Ser or Asn-X-Thr and the predicted membrane-

spanning region (box) are indicated on the stick diagram below the

hydropathy plot.

Fig. 4 Amino acid sequence similarity between mLAMP-I and a human leukemia

cell glycoprotein.4 The mouse sequence (top) is represented in the

standard one-letter code. For the human sequence only amino acids different

from the mouse protein are shown. Alignment was carried out using the

accepted point mutation values (PAM) of Dayhoff t. i. (25). Identical
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residues are indicated by (*,gaps by (. The human sequence is that

reported by Viltala jt, jj. 4
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FOOTNOTES

1. Mane, S.M., Marzella, L., Bainton, D.F., Holt, V.K., Cha, Y., Hildreth,

J.E.K., and August, J.T. Purification and characterization of human

lysosomal membrane glycoproteins and their presence in the plasma

membrane of myelomonocytic leukemia cells (manuscript in preparation).

2. The abbreviation used is: HPLC, high pressure liquid chromatography.

3. Laferte, S., and Dennis, J.W. Purification of two glycoproteins

expressing /41-6 branched Asn-linked oligosaccharides commonly

associated with the malignant phenotype (manuscript submitted).

4. Viitala, J., Carlsson, S.R., Siebert, P.D. and Fukuda, M. A human

lysosomal membrane glycoprotein consists of two heavily N-glycosylated

domains separated by a hinge region (manuscript submitted).

5. Laferte, S., and Dennis, J.W. Collagen-binding activities of two

membrane glycoproteins are modulated by their glycosylation

(manuscript submitted).
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FIGURE 1

I TAC CCC GMA ATT CCG GAG GIG AAA MAC MT GGC ACA ACG TGT ATA ATG
Lou Phe Glu Val Lys Asn Amn Gly Thr Thr Cvi lit Met

* + 
f

49 GCC AGC Tic TCT GCC TCC TTT CTG ACC ACC TAC BAG ACT GCG MAT GGT
14 Ala Ser Ph. cir Al, Ser Phe Lea Thr Thr Tyr Glu Thr Ala Asn Gly

97 TCT CMG AIC GIG AAC ATT TCC CTG CCA GCC TCT GCA GMA GTA CTG AAA
30 Sor G.in..I1l al Ass Ile Ser Lou Pro Ala Sir Ala Glu Val Lou Lys

14S MAT GGC AGT TCT TGT GGT AMA GMA MT BIT TCT GAC CCC ABC CTC ACA
46 Asn Gly Sir Ser Cys Gly Lys G Iu Asm Val Sir Asp Pro Sor Lou 11w

193 All ACT TIT GBA AGA GGA TAT ITA CTG ACA CTC MAC TIC ACA MA MAT
62 Ilie Thr Phi Gly Arg Gly Tyr Lou Lou Thr Lou Asn Phi Thr Lys Asa

241 ACA ACA CGT TAC AGT G~r. CAB CAT AIB TAT ITT AL TAT MA G 16CA
78 Thr Ihr Ara Tyr Sir Val Gin His Met Tyr Phi 11w Tyr Am Lou Sir

289 BAT ACA GMA CAT lIT CCC MIT GCC AIC ABC MA BAG AIC TAC ACC AIB
94 Asp Ihr Blu His Phi Pro Asn Ala Ii. SW Lys Glu Ile Tyr Thr Met

337 BAT ICC ACA ACT BAC AIC MAG BCA GAC AIC AC MAA BCA TAG CBB 161
110 Asp Sir Thr Thr Ate Ile Lys Ala Asp Ile Asn Lys Ala Tyr Arg Cys

385 BIC AGT GAT AIC CBG BIC TAC ATB MAG MAT BIB ACC BIT BIB, GIG CBB
126 Val Sir Asp Ile Arg Vai Tyr Met Lys Ass Val 11w Vai Val Lou Arg

433 BAT GCC ACT ATC CAB BCC TAC CIB ICG AGl GGC MAC TIC MGC MB GMA
142 Asp Ala Thr Ile Bin Ala Tyr Lea Sir Sor Bly Ass Phi Sir Ly's Glu

481 BAG ACA CAC TGC ACA CAB GAT GGA CCI TCC CCA ACC ACT 666 CCA CCC
1SO Bia Thr His Cys Ihr Bin Asp Gly Pro Sor Pro Thr Thr Gly Pro Pro

S29 ABC CCC ICA CCA CCA CII BIB CCC ACA MC CCC ACT GIA ICC AAG TAC
174 Sir Pro Sir Pro Pro Lou Vai Pro Thr Ass Pro Thr Vai Sor Lys Tyr

577 MAT 611 ACT GGT MC MAC GGA ACC TGC CTG CIB GCC ICT AIG GA CIB
190 Amn Val Ihr Bly Ass Asn Bly Thr Cys Lou Lou Ala Sir Nit Ala Lou

625 CM CIB MT ATC ACC TAC CIB AMA MG GAC MAC MBG ACB BIB ACC A
206 Bin Lou Asn Ile 11w Tyr Lou Lys Lys Asp Ass Lys 11w Val Thr k~
673 6GB TIC MG ATC ABC CCA MIT GAC ACA ICI ABI 666 ACT TBC 661 ATC
222 Ala Phi Asn Ile Sir Pro Asn Asp Ihr Sir Sir Bly SUr Cys Bly Ile

721 MAC iTTB BIG ACC CIG MAA GIG GAB MAC MG MC AGA BCC GIG GMA 116
238 Asp Lou Val Ihr Lou Lys Val Blu Ass Lys Ass, Arg Ala Lou Gia Lou

769 CAG ITT BBS ATS MIT 6CC MGC ICT ABC CIB 1T1 ITC 116 CMA BOA BG
2S4 Gin Ph. Biy Nit Ain Ala $or Sor Sir Lou Phi Phi Lou Bin Giy Vai

817 CBG 116 MT AIB ACT CIT CCT BAT 6CC CIA BIB CCC ACA ITG MGC AIC
270 Arg Lou Asn Not Thr Lou Pro Asp Ala Lou Vai Pro Thr Ph* Sir Ile

865 ICC MGC C l ICA GG MAA GCT CIT CMG 6CC ACT BIG GBA MGC IBA TAG
284 Sir Ass His Sir Lou Lys Ala Lou Bin Ala Thr Val Bly Ass Sir Tyr

913 AMG TZC MAC ACT BAG GMA CAG AIC T11 GIC ABC AMG AIC GIG TGG CTC
302 Lys Cys Asp Thr Glu Blu His Ilie Phi Val Sir Lys Hot Lou Sir Lou

961 MIT BG TIC MGT GIG CAB BIC CAB BCT TTC MBG BIG BAAGMT BAG AGB
318 Asn Vai Phi Sir Vai Gin Val Gin Ala Ph. L~ys Val Asp Sir Asp Arg

1009 111 6GB TCI GIG GMA GAB 161 BIT CAB GAT 661 MAC MAC AIB 116 AIG
334 Phi Bly Sir Vai Glu Bli Cys Val Bin Asp Gly Ass Asn Met Lou Ile

1057 CCC AlT GCT BiG GGC 661 6CC CTG &CA 666 GIG ATd CTC A;d GIII
360 Pro Ile A)& Vai 613' 613 Ala Lou Ala Gly Lou Ile Lou fie Vai Lou

364 Ile Ala Tyr Lou Ile Gly Arg Lys Arg Sir His Ala Gly Tyr Gin Thr

1153 ;TAIC TM CCIBTBBBCABTBcACCAAGATGCACAGGBGCCTGTTCTCACATCCCCMBGC
M8 Ile--

1214 ITTMATAGBTGTGBGAGBACACT1CTGCMAACTBTTAAMATCTBCITATCA

1277 TGTBAA.G1CATCTTGCAACATACTATGCACAAAGGMTMCTATGATAGTGTTA

1340 AITMTTBCIMTGGBITMAATATTBATGAGMAGGCTCCACTGAMTGACTIITMB~ACTTGGT

1403 BTTTBBIICITCAITCITITACCAGATTMBGCTACMABAAGICGBGTCAACGI

1466 TBGCCTBGCMBBBGTBGCIGATBIT7AGGCTBCACACACITMAGMGCMCBGAGCAGGGAA

1529 BGCTTGCACACAGBCACGCACAGGGCMACCTCTBGACACITBGCTTGGGCTACCTGGCCITT

1592 BGBGGCTBAACTGGCAICTGGCTGGTACACACCCCCCCMTTBGCCTGCCACCC

1656 BTBA6CTGCCACTTCCTAAATAGAATCATATTTTAIACTIIITTIBIAG.A

1718 ITCCAGICTTGTTBGCGTICAGGBTBGCCIBGTCTCTGCACTBIBIACMATAA TCA

1781 CACTGCTBACGIGTCTTBCABCGTAGGTBGGTTGTACACTGBGCAICAGCTCACGIMIGATI



FIGURE 2

I #
I LFEVKNNGTTCIMASFSASFLTTYETANGSQIVNISLPASAEVLKNGSSCGKENYSDPSLTITFGRGYLL

188 KYNVTGNNGTCLLASI4ALQLNITYLK-KDNKTVTRAFNISPNDTSSGS-CGINLVT- -- -LKVE-NKNRAL

71 TLNF1KNTTRYSVQHMYFTYNLSDTEHFPNAISKEI-YThDSTTDIKADINKAYRCVSDIRVYM-KNVTV

252 ELQFG1MNASS- ---- SLFFLQGVRLNKTLPDALVPTFSISNHSLKALQATGNSYKCNTEEHIFVSK4LSL

139 VLRDATIQAY-LSSGNFSKEETHCTQDG 165

318 NVFSVQVQAFKVDSDRFGSVE- ECYQOG 344



FIGURE 3
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AMINO ACID SEQUENCE
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FIUR

500

LFEUKNHG.TTrCInASFSASFLrrYETRtiGSQtUMAISLPRsqiEULKH0SSC
hu * .... ARRORUR***8Ns*.R*SUt*0SKS*PKMTFDS*SD*TSUL.R**a

souse 0GKEHUS0PSLT ITFGRGYLLTLNFTKtiTTRYSIJQHfYFTYMLSDTEHFPNi

human

200
souue SGNFSKEETHCTQ00PSPTr. .. GPPSPSPPLUPTPTUSKYIITGHGTCLL
husan NSSS*RG**RSE*SR*a*RPP**aaSSP**KS*S*)***S*TS**a

2500
hueASMlALOLNI TYLfl0NKTUTRRFHI SPHOT.SSGSCGINLUTLKIJ.ENKNRR

human s***0**SmLa*ER**T*aa*LL**m**SR***ARH**ELHSEGTTU

300
souse LELQFGnHRSSSLFFLQGURLNnITLPORLUPrFS ISNHSLKRLQATUGHS
halo *LF********R***SIQ**TlIs***ROSRS*KAA*G**R*******me

350
souse YKCIITEEH IFUSK!ILSLNUFSIJQUQRFKUOSORFGSUEECUQGM L I P
human *****UR*T*RFSU* I K*U******EGG;Q***s***SLL*ESST**#

362
shuse I AUGGOIL IIL IRYL IGRKRSHAGYQT I


