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ABSTRACT Although several lysosomal membrane glyco-
proteins have been characterized by using specific antibodies,
none of the studies so far elucidated the amino acid sequence of
a lysosomal membrane glycoprotein. Here we describe cDNA
clones encoding for one of the lysosome-associated membrane
proteins with apparent M, %120,000, lamp A. The amino acid
sequence based on the fully coded cDNA shows that as many as
18 potential N-glycosylation sites can be found in the total of385
amino acid residues. The results obtained by endoglycosidase
F digestion support the conclusion that this glycoprotein
contains 18 N-glycans. These N-glycosylation sites are clustered
in two domains; one contains 10 and the other contains 8
N-glycosylation sites. These domains are separated by a (pro-
line-serine)-rich region that has a distinct homology to the IgA
hinge structure. The first N-glycosylated domain is elongated to
a potential leader peptide toward the NH2-terminal end. The
second N-glycosylated domain, on the other hand, is connected
to a putative transmembrane portion consisting ofhydrophobic
amino acids. This segment, in turn, is elongated to a short
cytoplasmic segment composed of 11 amino acid residues at the
COOH-terminal end.

The lysosomal membrane plays a vital role in the proper
function of lysosomes by sequestering numerous acid hydro-
lases, which are responsible for the degradation of foreign
materials and for specialized autolytic phenomena (1). The
lysosomal membrane is presumably involved in various
important functions of the lysosome, such as its resistance to
degradation by lysosomal hydrolases and its ability to inter-
act and fuse specifically with other membrane organelles,
including endosomes, phagosomes, and plasma membranes
(2). The lysosomal membrane also maintains an acidic in-
tralysosomal environment and at the same time transports
low molecular weight products of lysosomal hydrolases (3,
4). Although significant progress has been made in under-
standing the biosynthesis and targeting of lysosomal hydro-
lases (5-7), much less is known about the components of the
lysosomal membrane.
We have recently characterized a highly sialylated glyco-

protein with Mr 115,000, leukosialin, which contains a large
number ofO-linked saccharides (8, 9). When we attempted to
isolate glycoproteins in this molecular weight range from
chronic myelogenous leukemia cells, we also isolated two
highly sialylated glycoproteins that do not bind to anti-
leukosialin antibodies coupled to Sepharose. We found that
these two glycoproteins belong to lysosomal membrane
glycoproteins with Mr -110,000, of which some character-
istics have been described from several laboratories (10-13).
In this paper, we report the complete amino acid sequence for
one of the glycoproteins deduced from cDNA analysis and
discuss its structure.§

EXPERIMENTAL PROCEDURE
Isolation of Lysosomal Membrane Glycoproteins. The gly-

coprotein fraction was isolated by applying the total lysate of
chronic myelogenous leukemia cells to wheat germ aggluti-
nin-Sepharose and eluting with 100 mM N-acetylglucosamine
solution. The eluted material was then subjected to prepar-
ative gel electrophoresis, and the material migrating between
Mr 105,000 and 130,000 was eluted. These procedures are
essentially the same as those for isolating leukosialin (9).
Lysosomal glycoproteins were obtained by passing the gly-
coprotein fraction over a column of the anti-leukosialin
antibodies conjugated to Sepharose. The purified glycopro-
teins that were not bound to this column were used as a
starting material for peptide isolation and immunization of
rabbits.

Protein Sequence Analysis. The purified glycoproteins were
subjected to CNBr fragmentation after S-carboxymethyla-
tion of the cysteine residues. The resulting peptides were
fractionated on a Hypersil ODS (C18) column by using a
gradient from 0% to 60% of acetonitrile in 0.1% trifluoroace-
tic acid. The fractionated peptides were further purified by
gel filtration on Sephacryl S-200. Similarly, tryptic peptides
were purified by gel filtration on Sephacryl S-200; this was
followed by the reverse-phase HPLC. The isolated peptides
were sequenced by automated Edman degradation using an
Applied Biosystems (Foster City, CA) model 470A sequence;
this was followed by identification of phenylthiohydantoin
amino acid derivatives by HPLC (14).

Construction of Oligonucleotide Probes and Screening of the
cDNA Library. Among several peptides sequenced, two
peptides (peptides 1 and 2) were chosen for constructing
probes, and oligonucleotides 1 and 2, based on most probable
codon (15, 16), were synthesized on an Applied Biosystems
automated 380A DNA synthesizer. The oligonucleotides
were purified on reverse-phase HPLC and end-labeled with
y_32p (>7000 Ci/mmol; 1 Ci = 37 GBq; New England
Nuclear) by using T4 kinase to a specific activity of >2 x 109
cpm/,ug. After purification on a NACS column (Bethesda
Research Laboratories), the radioactive oligonucleotide was
used for colony hybridization screening of a human fetal lung
fibroblast cell line (IMR-90) Agtll cDNA library (17).

Nucleotide Sequencing. Sequencing of cDNA was per-
formed by the phage M13/dideoxynucleotide chain-termina-
tion method of Sanger et al. (18) by using a kit supplied by
Pharmacia and deoxyadenosine 5'-[5S]triphosphate. Fol-
lowing use of universal primers, sequencing was continued
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by use of sequentially constructed 16- to 23-mer oligonucle-
otides (19).

General methods, including isolation of DNA or RNA,
have been described (19, 20).

Immunoprecipitation and Endoglycosidase Digestion. Lyso-
somal membrane glycoproteins were immunized in rabbits as
described (8). Immunoprecipitation of the glycoproteins and
endoglycosidase H (endo H) or endoglycosidase F (endo F)
digestion followed a previously described procedure (8). The
glycoproteins were digested by endo-p-galactosidase as de-
scribed (21).

RESULTS AND DISCUSSION
Isolation and Pulse-Chase Labeling of Lysosomal Mem-

brane Glycoproteins. During the systematic studies on mem-
brane glycoproteins that contain polylactosaminoglycan, we
have isolated highly sialylated glycoproteins with Mr
=120,000. As shown in Fig. lA, this glycoprotein fraction
appeared to be homogeneous by NaDodSO4 gel electropho-
resis and also was susceptible to endo-f3-galactosidase, sug-
gesting that the glycoprotein carries polylactosaminoglycan
(21, 22). The antibodies produced against this glycoprotein
fraction were used for immunoprecipitation of metabolically
labeled cells. Fig. 1B shows that this glycoprotein(s) is
synthesized as a precursor of Mr =85,000 and this precursor
form is converted to a mature glycoprotein of Mr =125,000.
When the precursor form was digested by endo H or endo F
for different periods of incubation, a ladder of bands was
revealed (Fig. 1C). The results indicate that the glycoprotein
contains 16-18 N-linked saccharides. This glycoprotein was
detected in all human nucleated cells tested. These results
were strikingly similar to those reported on lysosomal mem-
brane glycoproteins (10-13). In parallel, we have obtained
evidence that this glycoprotein fraction contains two differ-
ent glycoproteins by isolating two sets of cDNA clones (see
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below), which is consistent with the presence of two lyso-
somal membrane glycoproteins of this molecular weight (11).
To confirm that these glycoproteins are lysosomal mem-

brane glycoproteins, sequential immunoprecipitation was
attempted by using our antibodies and monoclonal antibod-
ies. The two monoclonal antibodies (provided by J. T.
August, Johns Hopkins University) react with each of the
human lysosomal membrane glycoproteins, which are anal-
ogous to mouse lamp 1 and lamp 2 (11). The results clearly
indicate that the glycoprotein fraction isolated by us consists
of two lysosomal glycoproteins, lamp A and lamp B (Fig. 2).
Immunocytochemical studies by electron microscope using
our antibodies confirmed the localization of glycoproteins in
lysosomal membranes (J. Roth and M.F., unpublished data).
Furthermore, we have more recently isolated a monoclonal
antibody that reacts with lamp B. Lamp A and lamp B could
be separated by applying the glycoproteins to an antibody-
Sepharose column (S.R.C. and M.F., unpublished data).

Screening of the cDNA Library. Since we were not aware
that the glycoprotein fraction isolated was a mixture of two
lysosomal membrane glycoproteins, we isolated peptides
after CNBr fragmentation of the glycoprotein fraction.
Among the obtained peptide sequences, two were used to
design large oligonucleotide probes based on the most prob-
able used codons (15, 16). The screening of the human fetal
lung fibroblast Agtll cDNA library provided two sets of
different cDNA clones, and each cDNA was hybridized only
to those within the same set of cDNAs. In the first attempt,
we decided to characterize the first set of cDNA clones,
which is based on the peptide 1 sequence (Fig. 3A). The
glycoprotein encoded by this cDNA is called lamp A. Three
different overlapping clones were isolated and sequenced by
using the M13/dideoxynucleotide method, and the exact
oligonucleotide (corresponding to nucleotides 283-306 of the
A-lamp A in Fig. 3B) was used as above to isolate the A-lamp
A-4 clone. The sequence of the insert in this clone is shown
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FIG. 1. Characteristics of the lysosomal glycoproteins with Mr -120,000. (A) Analysis of the purified glycoprotein fraction before (lane 1)
and after (lane 2) endo-f3-galactosidase treatment. The glycoprotein purified from chronic myelogenous leukemia cells was iodinated with Na125I
and subjected to NaDodSO4/polyacrylamide gel (7.5-12.5% gradient) electrophoresis; this was followed by autoradiography. (B) Pulse-chase
labeling experiment with HL-60 cells. Cells were labeled with [35S]methionine for 10 min and chased with unlabeled methionine for indicated
periods oftime (8). Lysates were prepared and immunoprecipitated with the specific antibodies. As a control for nonspecific binding, the sample
taken after a 120-min chase was immunoprecipitated with preimmune serum [120' + NRS (normal rabbit serum)]. (C) Partial digestions of the
glycoprotein precursor forms with endo F. HL-60 cells were labeled with [35S]methionine for 10 min and chased for 10 min with unlabeled
methionine. The glycoprotein precursors were immunoprecipitated and either were untreated (lane 1) or followed by treatment with endo F for
5 min (lane 2), 20 min (lane 3), 45 min (lane 4), and 24 hr (lane 5). Treatment with endo H gave similar results. The open arrow shows an unrelated
contaminating protein from HL-60 cells. In a separate experiment, two more upper bands were noticed after a 5-min digestion. Analyses in B
and C were made by NaDodSO4/polyacrylamide gel electrophoresis (9o acrylamide) and fluorography. Molecular weights are given as Mr X
10-3.
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FIG. 2. Immunoprecipitation of lysosomal membrane glycopro-
teins by antibodies specific to lamp A and lamp B. [3H]Glucosamine-
labeled K562 cells were lysed and immunoprecipitated with anti-
lamp (A plus B) (lane 1) or anti-lamp B (lane 2) (prepared by us) or
with anti-lamp A (lane 3), anti-lamp B (lane 4), or anti-lamp A plus
anti-lamp B antibodies (lane 5) (provided by J. T. August). Sequen-
tial immunoprecipitation (lanes 8 and 9) provides the evidence that
our anti-lamp B antibody actually immunoprecipitates lamp B
defined by J. T. August. Lanes 6, 7, 10, and 11 are also the result of
sequential immunoprecipitation. A/B or a/b denotes a mixture of
two antibodies and "+ " denotes sequential immunoprecipitation.
The immunoprecipitation by anti-lamp B antibody was inhibited by
the presence of the purified glycoproteins shown in Fig. LA (lane 2).
Molecular weights are given as M, x 10-3.

in Fig. 3B. The same sequence was obtained from two
independent cDNA clones isolated from the IMR-90 library.

Predicted Primary Sequence and Structure of the Lysosomal
Membrane Glycoprotein. The sequence of the fully coded
cDNA for lamp A had an open reading frame of 1155
nucleotides. The nucleotide sequence in the vicinity of the
methionine at position 25 (CCGCCATGG) corresponds to the
consensus initiation site for translation (23). The codon usage
in this reading frame was similar to the reported one from
human coding sequences (15) (Fig. 3B). Starting from the
aforementioned methionine, the translation product is a
385-amino acid polypeptide. Sequences at positions 85-104,
132-166, and 283-287 were also found in the amino acid
sequences obtained from CNBr fragments and tryptic frag-
ments of the initial protein preparation. The cDNA insert
hybridized to a single species of mRNA from IMR-90 and
HL-60 cells with an apparent size of 2.2 kilobases (data not
shown).
The open reading frame peptide has a hydrophobic (Fig.

3B) segment near the COOH terminus. The length of 24
amino acids of this hydrophobic region is capable of spanning
the membrane (24). It is delineated with basic amino acid
residues toward the COOH-terminal end, which is a consen-
sus sequence for "halt-transfer" domains (24). The cytoplas-
mic segment is short, consisting of only 11 amino acids.
Comparable sizes of cytoplasmic segments have been de-
scribed in other membrane glycoproteins (25). In the NH2-
terminal region right after the initiation site, we found a
considerably hydrophobic domain of 16 amino acids, which
appear to be a potential leader peptide. The amino acid
sequence around position 17 conforms with the leader pep-

tide proteolytic cleavage site "(-3, - 1)" rule (26). The
presence of three arginine residues close to the initiation
methionine (26) also supports the idea that the peptide
segment of 16 amino acids is probably a leader peptide.
However, it is not clear at this point whether this leader
peptide is actually cleaved.
The amino acid sequence contains 18 consensus sequences

for N-linked glycan attachment sites (Fig. 3) that are orga-
nized into two different clusters separated by a (proline-
serine)-rich region (the solid line box in Fig. 3). Each cluster
contains four cysteine residues, which may be linked by
disulfide bonds. If all of th( )ossible glycosylation sites are
utilized, the concentration oi .arbohydrates is especially high
in the peptide stretch of the first 100 amino acids. Four of the
18 putative glycosylation sites are within the sequenced
CNBr fragments. All ofthese four sites at 89, 98, 133, and 149
gave a blocked signal in peptide sequencing, indicating that
these glycosylation sites are utilized. In addition, the partial
digestion by endo F confirms that this glycoprotein contains
18 N-glycosylation sites (Fig. 1C).
Although two independent cDNA clones from the IMR-90

library provided the same nucleotide sequence, the sequence
around the NH2-terminal region needs further clarification.
This is because lamp A isolated from chronic myelogenous
leukemia cells showed an NH2-terminal sequence different
from the sequence deduced from the cDNA (Fig. 3C). It
appears that there is an additional sequence composed of 12
residues starting from alanine in lamp A isolated from chronic
myelogenous leukemia cells. It is likely that lamp A in
IMR-90 cells is coded by mRNA spliced differently from that
of chronic myelogenous leukemia cells.
Homologous Region to the IgA a,-Chain Hinge Region. A

characteristic 23-amino acid-long stretch with high contents
of proline (11/23) and serine (6/23) begins starting at residue
164. The amino acid sequence of the CNBr fragment could be
extended until residue 170. It confirmed that proline was not
hydroxylated at least in the beginning of this domain. How-
ever, one of four serines gave a very low signal, suggesting
a posttranslational modification, probably O-glycosylation at
those points (see below).
A data base search for possible homologous proteins to

lamp A revealed the homologous sequence in this (serine-
proline)-rich region (Fig. 4). It is intriguing that this region has
a distinct homology with the IgA a1-chain hinge region (27).
It has been shown that this hinge region is glycosylated by
0-linked saccharides (28). It appears that two human tumor
viruses, Epstein-Barr virus (29) and human T-lymphotropic
virus type 11 (30), show similar hinge structures (Fig. 4).
Although lysosomal membrane glycoproteins were char-

acterized to some extent (10-13), there was no report on the
amino acid sequence of a lysosomal membrane glycoprotein
and its unique structure. Our results indicate that the lamp A
consists oftwo heavily N-glycosylated domains separated by
a hinge region. It is possible, but unlikely, that this large
amount of carbohydrate is serving as a marker for targeting
the glycoprotein to lysosomes. In fact, the glycoprotein is not
phosphorylated, in agreement with a previous report (12).
This bulky carbohydrate probably protects the lysosomal
glycoprotein from degradation by various proteases in the
luminar side of lysosomes (13). The isolated glycoprotein
contains a significant amount of polylactosaminoglycan with
sialic acid, suggesting that the glycoprotein is sorted out from
the trans-Golgi cisternae.

It is interesting to compare present results with those
obtained on mannose-6-phosphate receptors, which also
reside in prelysosome compartments. The mannose-6-phos-
phate receptors bind to lysosomal enzymes in the Golgi
apparatus, and the receptor-ligand complex is transported to
a prelysosomal compartment where lysosomal enzymes are
dissociated from the receptors. The receptors then recycle to

Biochemistry: Viitala et al.
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A Peptide 1 N- Val Thr Val Thr Leu His Asp Ala Thr Ile Gin Ala Tyr Leu -C

Oligo 1 3'-CAC TGT CAC TGG GAC GTA CTA CGG TGG TAG GTC CGG ATG GA- 5'
* * * * *

B

CGCCGGCGCT GCCGGGGGGC CGCC ATG GCG CGA GGC GGC CGG GTA CGG TGC ATA ATG GCC MC TTC TCT GCT GCC TTC TCA GTG MC TAC GAC 93Met Ala Arg Gly Gly Arg Val Arg(M Ile Met Ala Asn Phe Ser Ala Ala Phe Ser Val Asn Tyr Asp 23
0

ACC MG AGT GGC CCC MG MC ATG ACC TTT GAC CTG CCA TCA GAT GCC ACA GTG GTG CTC MC CGC AGC TCC TGT GGA MA GAG MC ACT 183Thr Lys Ser Gly Pro Lys Asn Met Thr Phe Asp Leu Pro Ser Asp Ala Thr Val Val Leu Asn Arg Ser Ser)M Gly Lys Glu Asn Thr 53
0 0 0TCT GAC CCC AGT CTC GTG ATT GCT TTT GGA AGA GGA CAT ACA CTC ACT CTC MT TTC ACG AGA MT GCA ACA CGT TAC AGC GTT CAG CTC 273Ser Asp Pro Ser Leu Val Ile Ala Phe Gly Arg Gly His Thr Leu Thr Leu Asn Phe Thr Arg Asn Ala Thr Arg Tyr Ser Val Gin Leu 83

ATG AGT TTT GTT TAT MC TTG TCA GAC ACA CAC CTT TTC CCC MT GCG AGC TCC MA GM ATC MG ACT GTG GM TCT ATA ACT GAC ATC 363Met Ser Phe Val Tyr Ain Leu Ser Asp Thr His Leu Phe Pro Asn Ala Ser Ser Lys Glu Ile Lys Thr Val Glu Ser Ile Thr Asp Ile 113
S

AGG GCA GAT ATA GAT MA MA TAC AGA TGT GTT AGT GGC ACC CAG GTC CAC ATG MC MC GTG ACC GTA ACG CTC CAT GAT GCC ACC ATC 453Arg Ala Asp Ile Asp Lys Lys Tyr Arg)Val Ser Gly Thr Gin Val His Met Asn Asn Val Thr Val Thr Leu His Asp Ala Thr Ile 143
CAG GCG TAC CTT TCC MC AGC AGC TTC AGC AGG GGA GAG ACA CGC TGT GM CM GAC AGG CCT TCC CCA ACC ACA GCG CCC CCT GCG CCA 543Gin Ala Tyr Leu Ser Asn Ser Ser Phe Ser Arg Gly Glu Thr Arg)Glu Gin Asp ArgIPro Ser Pro Thr TrAa Pro Pro Ala Pro 1730
CCC AGC CCC TCG CCC TCA CCC GTG CCC MG AGC CCC TCT GTG GAC MG TAC MC GTG AGC GGC ACC MC GGG ACC TGC CTG CTG GCC AGC 633Pro Ser Pro Ser Pro Ser Pro Val Pro Lys Ser Pro Ser Val Asp Lys Tyr Asn Val Ser Gly Thr Asn Gly Thr(3DLeu Leu Ala Ser 203

0
ATG GGG CTG CAG CTG MC CTC ACC TAT GAG AGG MG GAC MC ACG ACG GTG ACA AGG CTT CTC MC ATC MC CCC MC MG ACC TCG GCC 723Met Gly Leu Gin Leu Asn Leu Thr Tyr Glu Arg Lys Asp Asn Thr Thr Val Thr Arg Leu Leu Asn Ile Asn. Pro Asn Lys Thr Ser Ala 233

* 0 0
AGC GGG AGC TGC GGC GCC CAC CTG GTG ACT CTG GAG CTG CAC AGC GAG GGC ACC ACC GTC CTG CTC TTC CAG TTC GGG ATG MT GCA AGT 813Ser Gly Ser)Gly Ala His Leu Val Thr Leu Glu Leu His Ser Glu Gly Thr Thr Val Leu Leu Phe Gin Phe Gly Met Asn Ala Ser 263
TCT AGC CGG TTT TTC CTA CM GGA ATC CAG TTG MT ACA ATT CTT CCT GAC GCC AGA GAC CCT GCC TTT MA GCT GCC MC GGC TCC CTG 903Ser Ser Arg Phe Phe Leu Gin Gly Ile Gin Leu Asn Thr Ile Leu Pro Asp Ala Arg Asp Pro Ala Phe Lys Ala Ala Asn Gly Ser Leu 293
CGA GCG CTG CAG GCC ACA GTC GGC MT TCC TAC MG TGC MC GCG GAG GAG CAC GTC CGT GTC ACG AAG GCG TTT TCA GTC MT ATA TTC 993Arg Ala Leu Gin Ala Thr Val Gly Asn Ser Tyr Lys)Asn Ala Glu Glu His Val Arg Val Thr Lys Ala Phe Ser Val Asn Ile Phe 323

MA GTG TGG GTC CAG GCT TTC MG GTG GM GGT GGC CAG TTT GGC TCT GTG GAG GAG TGT CTG CTG GAC GAG MC AGC ACG CTG ATC CCC 1083Lys Val Trp Val Gin Ala Phe Lys Val Glu Gly Gly Gin Phe Gly Ser Val Glu GIu Leu Leu Asp Glu Asn Ser ThrCe-TiFiro 353

ATM GCTIGTGL§GGT GCC CTGGCG GGG CTG GTC CTC ATC GTC CTC ATC GCC TAC CTC GTC GGC AGG MG AGG AGT CAC GCA GGC TAC CAG 1173
le Ala Val GilG-IAla LeuA-a--- Leu VaT Leu- leVa-TLeu-- eA-a -yr[eu Va --yArg Lys Arg Ser His Ala Gly Tyr Gin 383
ACT ATC TAG CCT GGT GCA CGC AGG CAC AGC AGC TGC AGG GGC CTC TGT TCC TTT CTC TGG GCT TAG GGT CCT GTC GM GGG GAG GCA CAG 1263Thr Ile end 385

MT TC 1268

C
1 22

Ala Met Phe Met Val Lys Asn Gly --- Gly Thr Ala Cys Ile Met Ala --- Phe Ser Ala Ala Phe

FIG. 3. Oligonucleotide probe used for screening the Agtll library (A) and the nucleotide sequence and deduced amino acid sequence ofthe lamp A cDNA clones (B). (A) Peptides were isolated by CNBr fragmentation of the protein and fractionated by HPLC. The amino acid
sequences of the peptides were used to construct the oligonucleotide probe based on the most probable codons. The positions indicated by starsdiffer from the actual sequence shown in B. (B) The sequence of the insert for the total coding region, A-lamp A-4, and deduced amino acid
sequence are shown. The same nucleotide sequence was obtained from two independent clones. The amino acid sequence obtained from peptideanalysis is underlined. The positions that were shown as blank during the amino acid sequencing are not underlined. Two regions ofthe sequencecorresponding to the (serine-proline)-rich hinge region (solid line) and the putative transmembrane portion (dashed line) are indicated by boxes.Cysteine residues are circled and potential N-glycosylation sites are indicated by dots. (C) NH2-terminal sequence of lamp A isolated fromchronic myelogenous leukemia cells. Residues 9 and 17 gave no signal during amino acid sequencing. Note that residues 13-22 (underlined) areidentical to residues 9-18 in the sequence deduced from cDNA.

the Golgi apparatus and repeat the process (31, 32). On the in the fusion process with various other organelles. In fact,
other hand, lysosomal membrane glycoproteins may function immunoelectron micrographic examination detects the gly-

133
N-1S -V TVT H DA I Q jY LI S SF SR ET R CEQDR P
gp220 T TTLP S T H V P T®L TA PA T P T U S TA U T
IgA-a1 ATP QCLEOj Kj UTCHU K H Y T PP S B U T

203

H-IsS AP T T A P P A P P S P S P ,P MK L!PS U 1fK Y(E3U T3E10 Cgag I P T T' P P P P E S R H P P I P lli U

NP220 [TP TAKT P S7P S-UJC TK E E I[ 3 U T P A S

OgA-g IDUT STP TPpSPpi S P SC C H P A L H R PAL Z BE3L

221
HI-ale c LLZT YEZK[ TTJ - C
1gA-a I Z R LT C TLT LLR D S 0 U

FIG. 4. Comparison of the lamp A peptide sequence (N-18) with homologous sequences from human T-lymphotropic virus type II gag protein
(gag), Epstein-Barr virus membrane glycoprotein gp220 (gp220), and IgA a, chain (IgA-al). The homologies with existing protein primary
structures were tested by using the Microgenie (Beckman) data base. Identical amino acids are shown as boxed and N-linked glycan attachment
sites are circled. The amino acid sequence in IgA a, chain is in its hinge region (27).
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coprotein in plasma membranes and multivesicular bodies as
well (J. Roth and M.F., unpublished results). In support of
this contention, we did not detect any homology in the amino
acid sequences between the lysosomal membrane glycopro-
tein and the mannose-6-phosphate receptors (33-35). The
availability ofcDNA coding for the full length of lamp A will
allow us to understand the molecular mechanisms oftargeting
lysosomal membrane glycoproteins to lysosomes and the
possible role of carbohydrates in this glycoprotein.

We thank J. Matteson for technical assistance, M. Williamson for
amino acid sequencing, J. Knight for oligonucleotide synthesis, Dr.
J. T. August for providing monoclonal antibodies specific to human
lysosomal glycoproteins, Dr. F. Piller for the critical reading of the
manuscript, Dr. P. Tsonis for useful discussions, and T. Hilliker for
secretarial assistance. This work was supported by Grant CA 288%
from the National Institutes of Health and Grant B87-03X-07886-01
from the Swedish Medical Research Council.

1. de Duve, C. (1983) Eur. J. Biochem. 137, 391-397.
2. Steinman, R. M., Mellman, I. S., Muller, W. A. & Cohn, Z. A.

(1983) J. Cell Biol. 96, 1-27.
3. Ohkuma, S. & Poole, B. (1978) Proc. Natl. Acad. Sci. USA 75,

3327-3331.
4. Baron, R., Neff, L., Louvard, D. & Courtoy, P. J. (1985) J. Cell

Biol. 201, 2210-2222.
5. Kornfeld, S. (1988) FASEB J. 1, 462-468.
6. Von Figura, K. & Hasilik, A. (1986) Annu. Rev. Biochem. 55,

167-193.
7. Farquhar, M. G. (1985) Annu. Rev. Cell Biol. 1, 447-488.
8. Carlsson, S. R. & Fukuda, M. (1986) J. Biol. Chem. 261,

12779-12786.
9. Carlsson, S. R., Sasaki, H. & Fukuda, M. (1986) J. Biol. Chem.

261, 12787-12795.
10. Lewis, V., Green, S. A., Marsh, M., Vihko, P., Helenius, A.

& Mellman, I. (1985) J. Cell Biol. 100, 1839-1847.
11. Chen, J. W., Murphy, T., Willingham, M. C., Pastan, I. &

August, J. T. (1985) J. Cell Biol. 101, 85-95.
12. Lippencott-Schwartz, J. & Fambrough, D. M. (1986) J. Cell

Biol. 102, 1593-1605.
13. Barriocanal, J. G., Bonifacino, J. S., Yuan, L. & Sandoval,

I. V. (1986) J. Biol. Chem. 261, 16755-16763.
14. Grant, G. A., Sacchettini, J. C. & Welgus, H. G. (1983) Bio-

chemistry 22, 354-358.

15. Lathe, R. (1985) J. Mol. Biol. 183, 1-12.
16. Ullrich, A., Coussens, L., Hayflick, J. S., Dull, T. J., Gray, A.,

Tam, A. W., Lee, J., Yarden, Y., Libermann, T. A., Schles-
singer, J., Downward, J., Mayes, E. L., Whittle, N., Water-
field, M. D. & Seeburg, P. H. (1985) Nature (London) 309,
418-425.

17. Krusius, T. & Ruoslahti, E. (1986) Proc. Natl. Acad. Sci. USA
83, 7683-7687.

18. Sanger, F., Nicklen, S. & Coulson, H. R. (1977) Proc. Natl.
Acad. Sci. USA 74, 5463-5467.

19. Siebert, P. D. & Fukuda, M. (1986) Proc. Natl. Acad. Sci. USA
83, 1665-1669.

20. Siebert, P. D. & Fukuda, M. (1987) Proc. Natl. Acad. Sci. USA
84, 6735-6739.

21. Fukuda, M., Dell, A. & Fukuda, M. N. (1984) J. Biol. Chem.
259, 4782-4791.

22. Fukuda, M. (1985) Biochim. Biophys. Acta 780, 119-150.
23. Kozak, M. (1986) Cell 44, 283-292.
24. Sabatini, D. D., Kreisbich, G., Morimoto, T. & Adesnik, M.

(1982) J. Cell Biol. 92, 1-22.
25. Paubo, S., Bhat, B. M., Wold, U. S. M. & Peterson, P. A.

(1987) Cell 50, 311-317.
26. Von Heijne, G. (1983) Eur. J. Biochem. 133, 17-21.
27. Tsuzukida, Y., Wang, C.-C. & Putnam, F. W. (1979) Proc.

Natl. Acad. Sci. USA 76, 1104-1108.
28. Baenziger, J. & Kornfeld, S. (1984) J. Biol. Chem. 249,

7270-7281.
29. Baer, R., Bankier, A. T., Biggin, M. D., Deininger, P. L.,

Farrell, P. J., Gibson, T. J., Hatfull, G., Hudson, G. S.,
Satchwell, S. C., Seguin, C., Tuffnell, P. S. & Barrell, B. G.
(1984) Nature (London) 310, 207-211.

30. Shimotohno, K., Takahashi, Y., Shimizu, N., Gojobori, T.,
Golde, D. W., Chen, I. S., Miwa, M. & Sugimura, T. (1985)
Proc. NatI. Acad. Sci. USA 82, 3101-3105.

31. Gonzalez-Noriega, A., Grubb, J. H., Talkad, V. & Sly, W. S.
(1980) J. Cell Biol. 85, 839-852.

32. Brown, W. J., Goodhouse, S. & Farquhar, M. G. (1986) J. Cell
Biol. 103, 1235-1247.

33. Dahms, N. M., Lobel, P., Breitmeyer, J., Chirgwin, J. M. &
Kornfeld, S. (1987) Cell 50, 181-192.

34. Pohlmann, R., Nagel, G., Schmidt, B., Stein, M., Lorkowski,
G., Krentler, C., Cully, J., Meyer, H. E., Grzeschik, K.-H.,
Mersmann, G., Hasilik, A. & Von Figura, K. (1987) Proc. Natl.
Acad. Sci. USA 84, 5575-5579.

35. Lobel, P., Dahms, N. M., Breitmeyer, J., Chirgwin, J. M. &
Kornfeld, S. (1987) Proc. Natl. Acad. Sci. USA 84, 2233-2237.

Biochemistry: Viitala et al.


