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We have isolated and sequenced a cONA clone encoding the mouse mLAMP-1
major lysosomal membrane glycoprotein. The deduced protein sequence, which
included the Nﬂzrterminal portion of the mLAMP-1 molecule, consisted of 382
amino acids'fﬁ;ﬂzijgagstthhe predicted structure of this protein included
an ngfterminal intralumenal domain consisting of two homology units of
approximately 160 residues each, separated by a proline-rich hinge region.
Each homology unit contained four cysteine 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 1 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 submitt\p), and the mouse gpl30
(P28B) glycoprotein, in which an increase in?ﬁ%f 6 branching of Asn-1linked
oligosaccharides has been correlated with metastatic potential in certain
tumor ce11sp§0ennis, J. W., Laferte, S., Waghorne, C., Breitman, M.L., and
Kerbel, R.57/[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 Ey
humanl cells. These major constituents of the lysosomal membrane represent E?%
a significant fraction of the total cell membrane glycoprotein and are ?i
[ notable for their extensive glycosylation. A number of the molecules ég
consist of a -40-kDa core polypeptide substituted with up to 20 Asn-linked ﬁg
complex-type oligosaccharides. The composition of these oligosaccharides 5%
differs markedly in various cells, as indicated by a broad range in apparent 7
M, of the mature glycoproteins (100 to 150 kDa). ;
We report here the isolation and sequencing of a cDNA clone encoding Zi:
the mouse LAMP-1 (mLAMP-1) lysosomal membrane glycoprotein and the predicted f‘
primary structure of the molecule. The amino acid sequence of this protein ?g
is compared to those of mouse and human tumor cell glycoproteins containing i;
oligosaccharides whose unique structures have been found to be associated 22
with cell differentation and oncogenesis (9,10). ;?
o
EXPERIMENTAL PROCEDURES ﬁg
i ing Acid Sequences of mLAMP-1 - Mouse mLAMP-1 was §?
purified by monoclonal antibody affinity chromatography from 373 and P388 55
cells as described previously (11), with the following modifications: Prior zg
to elution of the protein from the antibody column, the column was washed -ﬁg
with borate buffer (100 mM Na borate, pH 8.5, with 1 M NaCl) containing 0.5% éﬁ
octylglucoside (Calbiochem) instead of Triton X-100. The protein was 3}
eluted with 100 mM diethylamine (pH 11.5) containing 0.5% octylglucoside 'é?
into a neutralizing solution containing 0.1 volume of 0.5 M NaHyPO4 (pH kg
7.4.). Fractions containing the purified antigen were pooled and §E
concentrated by negative pressure dialysis against 20 mM NaPO4 (pH 7.5) ??
containing 0.25% octylglucoside and fractionated on a TSK 3000 size ‘gﬁ
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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 NH;-
terminal amino acid sequence of pure mLAMP-1 from 373 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 379 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 MI3
mp9 (20,21). Deletion clones were prepared (22) and overlapping subclones
were sequenced by the dideoxy method (23) in duplicate: once with DNA
poiymerase 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 1abeled
protein (2). The NHp-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
3T3 and P388 cells were markedly heterogeneous and differed significantly in
apparent M., the provisional NHp-terminal amino acid sequences of the two
molecules were identical through residue 33: Leu Phe Glu Val Lys Asn X Gly
Thr Thr X I1e Met Ala Ser Phe Ser Ala X Phe Leu Thr Thr Tyr Glu Thr Ala X
Gly Ser GIn 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 gtll was screened
with polyclonal antiserum recognizing the purified LAMP-1 glycoprotein. A
positive clone containing a cDNA insert of 1800 bp was purified, and the
c¢DNA 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 NHz-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 NHp-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 M, of 41,509 (Fig. 1). The NHp-terminal 90% of the sequence
formed two homology units comprising residues 1 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 o -helical component. These NHy-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 al. (26) and Kyte and Doolittle (27), included 37% A-sheet, 21%
A-turns, 23% random coil and 19% -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 A 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 NHy-terminal amino
acid sequence of 20 residues from P2B is 90% identical to that of mLAYP-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 sequenceq,4 and the protein predicted from these data contains an NHj-
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 cysteines 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-1 also share 20 conservative
substitutions (I to vV, 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 00

additional proteins. Vo
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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-1 molecule contained 20 potential Asn-

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

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

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

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

R Mg g o Ay 3

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

4
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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-1 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 LEP100 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 cDNA. 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 NHj-
terminus of the protein. The close similarity between the mouse, chicken,
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 P2B and the human leukemia cell
glycoproteins to the LAMP-1 molecules has identified these onco-
differentiation antigens as lysosomal membrane g1ycoproteins3’4. 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-1 molecules (<10%) has been found on the

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

and HL-60 myelomonocytic leukemia cells.l  This expression of LAMP-1 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-1
molecules to the plasma membrane. Such a model is consistent with the
marked difference in the concentration of LAMP-1 observed on the surface of
various human blood cells (with the highest levels found on U937 and HL-60
myelomonocytic leukemia cell Tines 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 tumer cells (9),
and the P2B homologue of LAMP-1 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 coilagen 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.® These finding suggest that in vivo alterations
in the oligosaccharide composition of LAMP-1 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.
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FIGURE LEGENDS

Fig. 1 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 NH-terminal amino acids (Leu and
Phe) identified by protein sequencing; __ , regions for which direct amino
acid sequence of LAMP-1 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 1 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=11. 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-1 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 et al. (25). Identical
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residues are indicated by (*), gaps by (.). The human sequence is that

reported by Viitala et al.4
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FOOTNOTES
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 Teukemia cells (manuscript in preparation).

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

Laferte, S., and Dennis, J.W. Purification of two glycoproteins
expressing A 1-6 branched Asn-linked oligosaccharides commonly

associated with the malignant phenotype (manuscript submitted).

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).

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 0
28
A
1,8
e
v"
Ky
P
1 TAC CGC GAA ATT CCG GAG GTG AAA AAC AAT GGC ACA ACG TGT ATA ATG '
Leu Phe Glu ¥a) Lys Asp Asn Gly Thr Thr Cys Ile Met
+ + [ "'
49 GCC AGC TTC TCT GCC TCC TTIT CTG ACC ACC TAC GAG ACT GCG AAT GGT :.:
14 Ala Ser Phe Ser Ala Ser Phe Ley Thr Thr Jyr Glu Thr Ala Asn Gly L3
L 2 ‘
97 TCT CAG ATC GTG AAC ATT TCC CTG CCA GCC TCT GCA GAA GTA CTG AAA 1y
30 Ser Gln [ie Yal Asn 1le Ser Leu Pro Ala Ser Ala Glu Val Leu Lys |‘|E
hd Y
145 AAT GGC AGT TCT TGT GGT AAA GAA AAT GTT TCT GAC CCC AGC CTC ACA I::,
46 Asn Gly Ser Ser Cys Gly Lys Glu Asn Val Ser Asp Pro Ser Leu Thr 2
- ' L]
193 ATT ACT TTT GGA AGA GGA TAT TTA CTG ACA CTC AAC TTC ACA AAA AAT by
62 Ile Thr Phe Gly Arg Glv Tyr Leu Lev Thr Leu Asn Phe Thr Lys Asn
241 ACA ACA CGT TAC AGT GTF. CAG CAT ATG TAT TTT ACA TAT AAC TTG TCA A
78 Thr Thr Arg Tvr Ser Val Gln His Met Tyr Phe Thr Tyr Asn Leu Ser ::
M atr
289 GAT ACA GAA CAT TTT CCC AAT GCC ATC AGC AAA GAG ATC TAC ACC ATG :l,_‘
94 Asp Thr Glu His Phe Pro Asn Ala Ile Ser Lys Glu Ile Tyr Thr Met W
337 GAT TCC ACA ACT GAC ATC AAG GCA GAC ATC AAC AAA GCA TAC CGG TGT ot
110 Asp Ser Thr Thr Asp Ile Lys Ala Asp 1le Asn Lys Ala Tyr Arg C%s )
385 GTC AGT GAT ATC (GG GTC TAC ATG AAG AAT GTG ACC GTT GTG CTC CGG e
126 Val Ser Asp Ile Arg Val Tyr Met Lys Asn Yal Thr Val Val leu Arg Q‘.
1
\
433 GAT GCC ACT ATC CAG GCC TAC CTG TCG AGT GGC AAC TTC AGC AAG GAA '
142 Asp Ala Thr Ile GIn Ala Tyr Leu Ser Ser Gly Asn Phe Ser Lys Glu "{
L]
48] GAG ACA CAC TGC ACA CAG GAT GGA CCT TCC CCA ACC ACT GGG CCA CCC :‘:
158 Glu Thr His Cys Thr GIn Asp Gly Pro Ser Pro Thr Thr Gly Pre Pro !ﬁ
[} €4
$29 AGC CCC TCA CCA CCA CTY GTG CCC ACA AAC CCC ACT GTA TCC AAG TAC
174 Ser Pro Ser Pro Pro Leu Val Pro Thr Asn Pro Thr Val Ser Lys Tyr ’
.
S77 AAT GTT ACT GGT AAC AAC GGA ACC TGC CTG CTG GCC TCT ATG GCA CTG ;’:
190 Asn Val Thr Gly Asn Asn Gly Thr Cys Leu Leu Ala Ser Met Ala Leu .'!
* [ )
625 CAA CTG AAT ATC ACC TAC CTG AAA AAG GAC AAC AAG ACG GTG ACC AGA v ¢
206 GIn Leu Asn Ila Thr Tyr Leu Lys Lys Asp Azn Lys Thr ¥al Thr (g .:,.
-
673 GCG TTC AAC ATC AGC CCA AAT GAC ACA TCT AGT GGG ACT TGC GGT ATC ‘|‘
222 Ala Phe Asn 1le Ser Pro Azn Asp Thr Ser Ser Gly Ser Cys Gly [l ) 1.4
. []
721 AAC TTG GTG ACC CTG ARA GTG GAG AAC AAG AAC AGA GCC CTG GAA TTG »
238 Asn Leu Val Thr Leu Lys Val Glu Asn Lys Asn Arg Ala Leu Glu Leu ;.i
769 CAG TTT GGG ATG AAT GCC AGC TCT AGC CTG ITT TTC TG CAA GGA GTG K
254 GIn Phe Gly Met Asn Ala Ser Ser Ser Leu Pha Phe Leu Gln Gly Val .t:
L 3 ‘
817 CGC TTG AAT ATG ACT CTT CCT GAT GCC CTA GTG CCC ACA TTC AGC ATC e
270 Arg Leu Asn Met Thr Leu Pro Asp Ala Leu Val Pro Thr Pha Ser Ile '5'
. e
865 TCC AAC CAT TCA CTG AAA GCT CTT CAG GCC ACT GTG GGA AAC TCA TAC -4
286 Ser A:n His Ser Leu Lys Ala Leu 61n Ala Thr Va) Gly Asn Ser Tyr )
913 AAG TGC AAC ACT GAG GAA CAC ATC TTY GTC AGC AAG ATG CTC TCC CTC ;“
302 Lys Cys Asn Thr Glu Glu His Ile Phe Val Ser Lys Met Leu Ser Ley Q:
] 3
961 AT GTC TTC AGT 6TG CAG GTC CAG GCT TTC AAG GTG GAC AGT GAC AGG :'
318 Asn Val Phe Ser Val GIn Val Gln Ala Phe Lys Val Asp Ser Asp Arg .%.
1009 TTT GGG TCT GTG GAA GAG TGT GTT CAG GAT GGT AAC AAC AT6 TTG ATC ."i
334 Phe Gly Ser Val Glu Glu C{s Ya) Gin Asp Gly Asn Asn Met Leu lle f¥)
1057 CCC ATT GCT GTG GGC GGT GCC CTG GCA GGG CTG ATC CTC ATC GTC CTC ]
350 Pro [le Ala Val Gly Gly Ala Ley Ala Gly Leu Ile Leu 1le Val Leu ‘,’
1105 ATT GCC TAC CTC ATT GGC AGG AAG AGG AGT CAC GCC GGC TAT CAG ACC 'I:
366 11e Ala Tyr Leu 1o Gly Arg Lys Arg Ser His Ala Gly Tyr Gln Thr l.“
SNeSYSNSRANSSeUEDENE ‘
l;:g ﬂ’c TAG CCTGETGEGCAGGTGCACCAGAGATGCACAGGGGCCTGTTCTCACATCCCCAAGE ‘:(
.- 4a=
L]
1214 TTAGATAGGTGTGGAAGGGAGGCACACTTTCTGGCAAMCTGTTTTAAMTCTGCTTTATCAAA | !b:
1277 TGTGAAGTTCATCTTGCAACATTTACTATGCACAAAGGAATAACTATTGAAATGACGGTGTTA
1340 ATTTTGCTAACTGGGTTAAATATTGATGAGAAGGCTCCACTGATTTGACTYTTAAGACTTGGT :l‘i
()
1403 GTYTGGTTCTTCATTCTITTACTCAGATTTAAGCCTATCAAAGGGATACTCTGGTCCAGACCT 'Q:I
q
1466 TGGCCTGGCAAGGGTGGCTGATGGTTAGGCTGCACACACTTAAGAAGCAACGGGAGCAGGGAA .:6.
1529 GGCTTGCACACAGGCACGCACAGGGTCAACCTCTGGACACTTGECTTGGGCTACCTRGCCTTG :l:
s
1892 GGGGGGCTGAACTCTYGGCATCTGGCTGGGTACACACCCCCCCAATTTCTGTGCTCTGCCACCC '
1655 GTGAGCTGCCACTTTCCYAAATAGAAAATGGCATTATTTTTATTTACTTTYTTGTAAAGTGAT -
1,
1718 TTCCAGTCTIGTGTTGGCGTTCAGGGTGGCCCTGTCTCTGCACTGTGTACAATAATAGATTCA “:i
t
1781 CACTGCTGACGTGTCTTGCAGCGTAGGTGGGTTGTACACTGGGCATCAGCTCACGTAATGCAY :i '
IRg
1844 TGCCTGTAACGATGCTAATAAAAA M

’l"s'l‘a‘t . !
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FIGURE 4
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husan ... .ARG*RURS*s*NsxesQeGUNSDEL S*PKNIITFDS*SDSTSUL sR* %%
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souse  GKENUSDPSLT!TFGRGYLLTLNF TKNT TRYSUQHNYF TYRLSDTEHFPN
husan  ESEATESEERUSAEEREHTENSRRERRQSERCL] SGAYSSARRRY| K48

150
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acuse SGNFSKEETHCTQOGPSPTT. . .GPPSPSPPLUPTNPTUSKYNUTGHNGTCLL
huson NSS®SRGESREIESSRIEREEAPPARIES RGP EAKGESADERSAGHTaNEER K
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i souse ASHALQLNI TYLKKONKTUTRAFMISPNDT . SSGSCGINLUTLKY. ENKNRR
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souse LELQFGHNASSSLFFLQGURLNNTLPOALUPTFS | SNHSLKALQATUGNS
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