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ABSTRACT We have isolated a human cDNA that is
expressed in the intermediate and late stages of T-cell differ-
entiation. The cDNA encodes a highly hydrophobic protein,
termed MAL, that lacks a hydrophobic leader peptide sequence
and contains four potential transmembrane domains separated
by short hydrophilic segments. The predicted configuration of
the MAL protein resembles the structure of integral proteins
that form pores or channels in the plasma membrane and that
are believed to act as transporters of water-soluble molecules
and ions across the lipid bilayer. The presence of MAL mRNA
in a panel of T-cell lines that express both the T-cell receptor
and the T11 antigen suggests that MAL may be involved in
membrane signaling in T cells activated via either T11 or T-cell
receptor pathways.

Monoclonal antibodies against T cells have identified a
number of surface molecules expressed during intrathymic
ontogeny (1). This has allowed the definition of discrete
stages of T-cell differentiation (2). The earliest identified
T-lineage cells express the sheep erythrocyte receptor T11
(stage I). Later, thymocytes express T6, T4, and T8 antigens
(stage II). With further maturation, T6 disappears, and
thymocytes acquire the T3/T-cell receptor structure and
ultimately appear in the periphery as either T4*T8~ or
T4~T8"* cells (stage III).

Hybridoma technology has defined several surface struc-
tures on T cells (3), but other surface molecules have
remained elusive. As many as 200 mRNA species are
expressed in T cells but absent in B cells. A third of those
encode membrane-associated molecules (4). We describe the
characterization of a cDNA clone present in mature T cells
but not expressed in the earliest stage of T-cell differentia-
tion. This cDNA encodes a 16.7-kDa protein, which we have
named MAL. This protein has a predicted secondary struc-
ture containing four potential transmembrane domains that
resembles the structure of a number of membrane proteins

).

MATERIALS AND METHODS

Cells were grown in RPMI 1640 supplemented with 10%
(vol/vol) fetal bovine serum at 37°C in a 5% CO,/95% air
atmosphere. Frozen human tissues were kindly provided by
the Department of Surgical Pathology of the Yale University
School of Medicine.

Total cytoplasmic RNA from tissue culture cells was
prepared by the Nonidet P-40 lysis method (6). Membrane-
bound RNA was prepared by mechanical disruption of cells
in hypotonic buffer and differential centrifugation (7). When
frozen tissues were used, total RNA was isolated by homog-
enization in 4 M guanidinium thiocyanate, followed by
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ultracentrifugation through a 5.7 M CsCl cushion (8). Poly-
(A)* RNA was isolated by oligo(dT)-cellulose chromatogra-
phy (9). High molecular weight genomic DNA was prepared
essentially as described by Maniatis et al. (10).

The first strand of cDNA was synthesized by oligo(dT)
priming using poly(A)* RNA from MOLT-4 cells and avian
myeloblastosis virus reverse transcriptase (Life Sciences, St.
Petersburg, FL) in the presence of actinomycin D at 100
ng/ml. This cDNA was mixed with a 10-fold mass excess of
poly(A)* RNA from CCRF HSB-2 cells, boiled for 60 sec,
and incubated at 68°C in 0.5 M phosphate buffer, pH 6.8/5
mM EDTA/0.1% NaDodSO, to a R,t (initial concentration of
RNA X time) value of 1500 (11). Unhybridized cDNA was
separated from the cDNA-RNA hybrids by chromatography
on a hydroxyapatite column using 0.12 M phosphate buffer,
pH 6.8/0.1% NaDodSO, at 60°C. This single-stranded cDNA
fraction was then used to construct libraries in the EcoRI site
of pBR322 (10) and bacteriophage Agtl0 (12). The second
strand was synthesized by using RNase H, Escherichia coli
DNA polymerase, and T4 DNA ligase (13). cDNA molecules
>800 base pairs long were cloned in the unique EcoRI site of
Agt10. Subtracted [**P]lcDNA probes were generated using a
similar protocol except that the cDNA was labeled to specific
activities of up to 10° cpm/ug (11). Screening was carried out
using 10° cpm per 137-mm filter under standard conditions
(10).

High molecular weight genomic DNA was digested with
restriction endonucleases and blotted as described by South-
ern (14). For RNA blots, RNA was denatured in the presence
of 50% (vol/vol) formamide and 2.2 M formaldehyde, sub-
jected to electrophoresis on 1.2% agarose/formaldehyde
gels, and blotted as described by Thomas (15). Final blot
washing conditions were 0.1X SSC/0.1% NaDodSO, at
50°C. (1x SSC = 0.15 M NaCl/0.015 M sodium citrate, pH
7.0.)

Restriction fragments from AMAS and pMA34 inserts were
subcloned into the M13mp8 vector and sequenced (16).

The full-length cDNA insert from AMAS5 was subcloned in
the appropriate orientation in the EcoRI site of pSP65 (17).
Transcription of 2 ug of linearized plasmid was performed
with SP6 polymerase in the presence of unlabeled nucleotides
and 0.5 mM P'-5'-(7-methylguanosine)-P3-5'-guanosine tri-
phosphate (m’GpppG). One-tenth of the reaction mixture
was translated in a rabbit reticulocyte lysate system (Prome-
ga Biotec, Madison, WI) in the presence of L-[>S]methionine
under the conditions suggested by the supplier. The in vitro
translation products were subjected to electrophoresis on
NaDodSO,/polyacrylamide gels under reducing conditions
using 7-15% polyacrylamide gradient gels as described by
Laemmli (18).

Abbreviation: m’GpppG, P!-5'-(7-methylguanosine)-P3-5’-guano-

sine triphosphate.

*Present address: Centro de Biologia Molecular, Facultad de Cien-
cias, Universidad Autonoma, Cantoblanco, 28049-Madrid, Spain.
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RESULTS

Table 1 shows the surface marker profile of some of the
leukemic T-cell lines used in the present study. In the strategy
we applied to isolate cDNA sequences differentially expressed
during T-cell ontogeny, sequences shared between MOLT-4
(stage II) and CCRF HSB-2 (stage I) cells were depleted by
annealing cDNA synthesized using poly(A)* RNA from
MOLT-4 cells as template with poly(A)* RNA from CCRF
HSB-2 cells, and subsequently the unhybridized cDNA was
separated from the cDNA-RN A hybrids by chromatography on
hydroxyapatite columns (11). This single-stranded cDNA was
then used to construct a library in the plasmid pBR322. About
3000 recombinants were screened with a probe prepared by
subtracting cDNA from HPB-ALL cells, a line of cells derived
from a patient with acute T-cell lymphoblastic leukemia (stage
II/IID) with poly(A)* RNA from CCRF HSB-2 cells. A cDNA
probe from HPB-ALL cells was used to focus on stage II/III
specific sequences shared by MOLT4 and HPB-ALL cells,
rather than MOLT-4 specific sequences. Five clones hybridized
consistently with the probe. The clone pMA34 that carried the
largest insert (350 base pairs) was used to test whether the
corresponding mRNA is present, in general, in T cells in an
advanced stage of differentiation (Fig. 1). A single hybridizing
mRNA band of 1.1 kilobases was detected with RNA prepared
from the cell lines MOLT-4, HPB-ALL, Jurkat, and an
uncharacterized acute T-cell lymphoblastic leukemia (T-ALL),
whereas no hybridization was detected with RNA from CCRF
HSB-2, CCRF CEM, and a different uncharacterized T-ALL
leukemia. Moreover, no expression of pMA34 was evident in
three different lines of B-cell origin JY, G-7, and BL), in the
erythroleukemic cell line K-562, in the promyelocytic cell line
HL-60, or in HeLa cells. Fig. 1 shows that pMA34 is expressed
in human mature T-cell clones (lanes b and c) indicating that
pMA34 expression also occurs in normal T lymphocytes and is
not restricted to T-cell lines of leukemic origin. The same 1.1-kb
RNA species was present at much higher levels in a preparation
of membrane-associated RNA (lane a) as compared with total
cytoplasmic RNA from MOLT-4 cells (lane d). Fig. 1B also
shows that pMA34 cDNA is expressed in thymus (lane h) but
not in colon (lane f), adrenal glands (lane g), or liver (lane i).
Toisolate a full-length cDNA, we prepared a MOLT-4 cDNA
library in Agt10 (12) using the procedure of Gubler and Hoffman
(13). Screening of 50,000 recombinants from this unamplified
library with nick-translated pMA34 insert gave nine positive
clones, of which five of the six analyzed had the same length as
the mRNA detected by RNA gel blot analysis. The nucleotide
and the deduced amino acid sequences of the cDNA are shown
in Fig. 2. A single open reading frame extends from the ATG at
nucleotide 1 to the TAA stop codon at base 460, encoding a
protein with a predicted molecular mass of 16,700. We have
assigned the first methionine codon as the initiator because it is
the first in-frame ATG downstream of the stop codon at base
—45 and because the sequences flanking this ATG are homol-
ogous to the highly conserved sequence CCRCCATGG (where
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FiG.1. (A) Total RNA (20 ug) was electrophoresed, blotted, and
probed with nick-translated pMA34 cDNA insert. Lanes: a, mem-
brane-associated RNA from MOLT-4 cells; b, RNA from a T4*T8~
helper T-cell clone—in this case ~10 ug of RNA was loaded; c, RNA
from a T4-T8* cytotoxic T-cell clone; d, RNA from MOLT-4 cells;
e, RNA from HPB-ALL cells; f, RNA from human colon; g, RNA
from human adrenal glands; h, RNA from human thymus; i, RNA
from human liver. (B) RNA gel blot analysis of T-cell and non-T-cell
RNA. Total RNA (20 ug) from various human cell lines were
electrophoresed through a 1.2% agarose/formaldehyde gel, blotted
onto Biodyne membranes (ICN Biomedicals), and hybridized to
nick-translated pMA34 cDNA insert. HPB-ALL, MOLT-4, CCRF
CEM, Jurkat, and CCRF HSB-2 are T-cell lines derived from
patients with acute lymphoblastic leukemia, and their phenotype is
shown in Table 1. T-ALL refers to two uncharacterized acute
lymphoblastic leukemias. JY and G-7 are B-lymphoblastoid cell
lines, and BL is a B-cell lymphoma. K-562 and HL-60 are erythro-
leukemic and promyelocytic cell lines, respectively. HeLa cells were
derived from a cervix carcinoma. The positions of 28S and 18S rRNA
markers are indicated in the left margin of the figure.

R stands for a purine) that flanks functional initiation sites in
eukaryotic mRNAs (24).

Upstream of the 3’ end of the MAL cDNA there are no
perfect consensus polyadenylylation signals (25) though
there is an ATAAAA sequence. Although AATAAA is
common to most eukaryotic mRNAs, there are a number of
cases in which this sequence is not present (26, 27). The
putative polyadenylylation signal in the MAL cDNA is
adjacent to the sequence TGTCTTAA, which is similar to the
consensus sequence YGTGTTYY (where Y stands for a
pyrimidine) found between many polyadenylylation signals
and their poly(A) tails (27). .

A computer search through the GenBank and Protein
Identification Resource’ databases found no significant over-

TNational Institutes of Health (1986) Genetic Sequence Databank:
GenBank (Research Systems Div., Bolt, Beranek, and Newman,
Cambridge, MA), Tape Release 42.

Protein Identification Resource (1985) Protein Sequence Database
(Natl. Biomed. Res. Found., Washington, DC), Release 8.0.

Table 1. Surface phenotypic profile of T-lineage leukemic cells
T-cell
Surface phenotype* receptor’ Stage of
Cell line Tl T3 T4 T6 T8 TI0 Ti1 a B MALRNA differentiation
CCRFHSB2 - - - - - + - -+ - |
CCRF CEM + - + - + + - - + - I/11
MOLT-4 + -  + o+ o+ + + -+ + I
HPB-ALL + + + + o+ + + +  + + 1I/1I1
Jurkat + + + -+ + + + o+ + 1I/111

The presence (+) or absence (—) of each antigen on the surface of each type of cell is shown.
*Data taken from Reinherz et al. (19) and Greaves et al. (20).
tData taken from Collins et al. (21), Royer et al. (22), and Sangster et al. (23).
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b8
CGCGGAGTCTGAGCGGCGCTCGTCCCGTCCCAAGGCCGACGCCAGCACGLCGTC
-40 -20 -1

1 10 20 30
Met Ala Fro Ala Ala Ala Thr Gly Gly Ser Thr Leu Fro Ser Gly Fhe Ser Val Fhe Thr Thr Leu Fro Ase Leu Ley Fhe Ile Fhe Glu
ATG GCC CCC GCA GCG GCG ACG GGG GGC AGC ACC CTG CCC AGT GGC TTC TCG GTC TTC ACC ACC T1G CCC GAC TTG CTC TTC ATC TTT GAG
+ 20 40 60 80

40 50 40

Fhe Ile Fhe Gly Gly Leu Val Tre Ile Leu Val Ala Ser Ser Leu Val Fro Tre Fro Leu Yal Gln Gly Tre Val Met Fhe Val Ser Val
TTT ATC TTC GGG GGC CTG GTG TGG ATC CTG GTG GCC TCC TCC CTG GTG CCC TGG CCC CTG GTC CAG GGC TGG GTG ATG TTC GTG TCT GTG
100 120 140 160 180

70 80 90

Fhe Cus Fhe Val Ala Thr Thr Thr Leu Ile Ile Leu Tyr Ile Ile Gly Ala His Gly Gly Glu Thr Ser Tre Val Thr Leu Asr Ala Ala

TTC TGC TTC GTG GCC ACC ACC ACC TTG ATC ATC CTG TAC ATA ATT GGA GCC CAC GGT GGA GAG ACT TCC TGG GTC ACC TTG GAC GCA GCC
200 220 240 260

100 110 120

Tur His Cys Thr Ala Ala Leu Fhe Tyr Leu Ser Ala Ser Val Leu Glu Ala Leu Ala Thr Ile Thr Met Gln Ase Gly Fhe Thr Tyr Arg
TAC CAC TGC ACC GCT GCC CTC TTT TAC CTC AGC GCC TCA GTC CTG GAG GCC CTG GCC ACC ATC ACG ATG CAA GAC GGC TTC ACC TAC AGG
280 300 320 340 360

130 140 130

His Tyr His Glu Asn Ile Ala Ala Val Val Fhe Ser Tyr Ile Ala Thr Leu Leu Tuyr Val Val His Ala Val Fhe Ser Leu Ile Ard Tre

CAC TAC CAT GAA AAC ATT GCT GCC GTG GTG TTC TCC TAC ATA GCC ACT CTG CTC TAC GTG GTC CAT GCG GTG TTIC TCT TTA ATC AGA TGG
280 400 420 440

Lys Ser Ser kxx
AAG TCT TCA TAAAGCCGCAGTAGAACTTGAGCTGAAAACCCAGATGGTGT TAACTGGCCGCCCCACTTTCCGGCATAACT TTTTAGAAAACAGAAATGCCCTTGATGETGEAAARA
460 480 500 520 540 560

AGAAAACAACCACCCCCCCACTGCCCAAAAAAAAAAGCCCTGCCCTGTTGCTCGTGEGTGCTGTGTTTACTETCCCGTGTGCCTTCECETCCGGGTTG66AGCTTGCTGTGTCTAACCTC
580 600 620 640 660 680

CAACTGCTGTGCTGTCTGCTAGGGTCACCTCCTGTTTGTGAAAGGGGACCTTCTTGT TCGGGGG6TGGGAAGTGGCCACCGTGACE TGAGAAGGAAAGAAAGATCC TCTGC TGACCCCTGE
700 720 740 760 780 800

AGCAGCTCTCGAGAACTACCTGTTGGTATTGTCCACAAGCTCTCCCGAGCGCCCCATCTTBTGCCATGTTTTAAGTCTTCATGGATGTTCTGCATGTCATGGGGACTAAAACTCACCCAA
820 840 860 880 900 L920

CAGATCTTTCCAGAGGTCCATGGTGGAAGACGATAACCCTGTGAAATACTTTATAAAATGTCTTAATGTTCAAAAARAAAAAA
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Fi1G. 2. Nucleotide sequence
of the MAL ¢DNA and deduced
amino acid sequence of the MAL
protein. The in-frame stop codons
of the open reading frame are in-
dicated by asterisks. Numbers
shown above the amino acid se-
quence designate amino acid res-
idue positions. Numbers beneath
the nucleotide sequence show nu-
cleotide positions. The nucleo-
tides were numbered from the po-
sition of the presumed initiator
methionine codon. The location of
the putative polyadenylylation sig-

940 960 980

all homology between the MAL nucleotide and amino acid
sequences and any known DNA or protein sequences.

Genomic DNA from a variety of human cells expressing or
not expressing MAL mRNA and from human placenta was
digested with either EcoRI or BamHI, electrophoresed, and
subjected to hybridization with the isolated insert of the
full-length cDNA clone AMAS. No evidence of DNA re-
arrangements was apparent (unpublished results). There is no
EcoRl site in the full-length cDNA but there are two bands
in the EcoRI genomic DNA blots and one in the BamHI blots,
so that the gene is present as a single copy in the human
genome and contains at least one intron.

There are no N-glycosylation sites (Asn-Xaa-Ser/Thr) in
the deduced amino acid sequence (Fig. 2), and there are two
serines in the COOH terminus of the molecule in a config-
uration that resembles those favored by cAMP- and cGMP-
dependent protein kinases (28). A hydropathy plot (29) of the
derived amino acid sequence of the MAL protein is presented
in Fig. 3. This plot predicts four hydrophobic regions of 19-25
amino acids in length corresponding to peaks I-IV, inter-
spersed with hydrophilic domains that contain a predicted
B-turn secondary structure (30). Although peak b predicts a
turn, which is due to proline-23 in the first hydrophobic
segment, its effect in the a-helix structure could be minimized
because of the tendency of transmembrane segments to span
the lipid bilayer as a-helices (29). The alternation of hydro-
phobic domains of 19-25 amino acids in length with hydro-
philic segments has been seen in transmembrane proteins
spanning the membrane several times (5, 6, 31).

The predicted MAL protein lacks an NH,-terminal hydro-
phobic signal sequence characteristic of many membrane
proteins (32). Most of the transmembrane proteins that lack
a cleavable signal peptide are considered to have their NH,
terminus on the cytoplasmic face of the membrane (5, 33),
although there are examples in which the NH, terminus is
located in the extracytoplasmic space (34).

1000 CFOLY A]

nal (ATAAAA) is underlined.

Fig. 4 presents a speculative model for the membrane
orientation of MAL. The analysis of the a-helical amphiphi-
licity of the MAL protein was done using the graphical
method of Schiffer and Edmundson (35) as modified by
Finer-Moore and Stroud (36). This analysis suggests that
domain I is strongly amphipathic, having all its polar groups
facing the same side of the a-helix. Domain IV is moderately
amphipathic, and domains II and III contain some polar
groups facing opposite sides of the helix. Transmembrane
segments I and III contain charged residues as has been seen
in a number of membrane transporters (5, 31). The presence
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Fic. 3. Hydropathy plots and predicted turns plots of the
deduced amino acid sequence of the MAL protein. (A) g-Turns plot
of the MAL amino acid sequence. The curve was generated by
analysis of the sequence according to the method of Chou and
Fasman (30) using a window of four amino acid residues. Peak
clusters corresponding to potential turns are named a, b, ¢, d, e, and
f. (B) Hydropathy plot of the MAL protein. The plot was generated
using the algorithm of Kyte and Doolittle (29). The curve is the
average of a hydrophobicity index for each residue over a window of
20 residues. Positive values indicate hydrophobic regions, and
negative values represent hydrophilic segments. The four potential
transmembrane domains are named I-1V.
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FiG. 4. Proposed model for the orientation of the MAL protein
in the membrane. The four potential membrane-spanning domains
are shown as rectangles. The relative positions of amino acid
residues containing acidic (glutamic acid or aspartic acid), basic
(lysine, arginine, or histidine), hydroxyl (serine or threonine), and
amide (glutamine or asparagine) groups are indicated by (-), (+),
(OH), and (N), respectively. Histidine residues may be uncharged
under physiological conditions. The model is not drawn to scale.

of amphiphilic transmembrane domains in the MAL protein
suggests that it may line an aqueous channel (36).

The full-length cDNA insert from AMAS5 was subcloned
into pSP63, a plasmid vector that contains the bacteriophage
SP6 promoter (37). pSP6-MAS5 DNA was linearized in the
MAL-coding sequence with BstEII at a site 37 nucleotides
downstream of the stop codon, with HincIl downstream of
the 3’ end of the cDNA, or with HindIIl in the vector
polylinker. Synthetic m’GpppG-capped mRNA was tran-
scribed by SP6 polymerase in the presence of m’GpppG (37)
giving truncated (BstEII and Hincll-linearized plasmids) or
full-length (HindIII-linearized plasmid) run-off transcripts
(Fig. 5). Translation of the full-length RNA in a rabbit
reticulocyte lysate system gave at least four discrete bands of
apparent molecular mass of 20, 26, 32, and 40 kDa (Fig. 5) that
were not present in the control RNA (lane a vs. b). The
position of these proteins and the presence of additional weak
bands in the upper part of the gel suggest that they represent
oligomers either of the 20-kDa protein or of a protein (=14
kDa) masked in the autoradiogram by the globin excess in the
reticulocyte lysate. The same pattern was obtained when
template RNA prepared from HinclI-linearized plasmid was
used (lane d). Since the Hincll transcript does not contain
enough information to encode proteins over 20 kDa, this
result rules out the possibility that the multiple bands were
due to aberrant translation of the full-length RNA. When
RNA synthesized from BstEll-linearized pSP65-MAS was
used as template for in vitro translation reactions, a single
band of the predicted size was observed (lane c). This
suggests that the COOH-terminal half of the molecule is
needed for both the aggregation and anomalous mobility of
the MAL protein in NaDodSO,/polyacrylamide gels. The
presence of canine microsomal membranes (38) in the in vitro
translation mixture did not result in any alteration in the
mobility of the proteins synthesized.

DISCUSSION

Proteins involved in the transport of water-soluble molecules
and ions across cellular membranes are believed to span the
lipid bilayer several times (4, 5, 31). Such proteins often have
hydrophilic residues confined to one face of the helix. Polar
faces of adjacent helices, from the same or different subunits,
could form a pore or a channel through the membrane (31,
36). In the case of ion-channel proteins, at least one of the
transmembrane domains is strongly amphipathic and con-
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FiG. 5. In vitro translation of MAL RNA derived from SP6
polymerase transcription. The full-length MAL cDNA insert from
AMAS was subcloned into the EcoRI site of the RNA expression
vector pSP6S in the indicated orientation. Plasmid DNA was linear-
ized with BstEIl, Hincll, and HindIIl and transcribed with SP6
polymerase giving BstEIl, Hincll, and HindIII transcripts, respec-
tively. RNA derived from SP6 polymerase transcription was trans-
lated in a rabbit reticulocyte lysate system, and the products were
subjected to electrophoresis through a 7-15% NaDodSQ,/polyacryl-
amide gel. Lanes: a, no RNA added; b, HindIII RNA; ¢, BstEIl
RNA; d, Hincll RNA; e, molecular weight standards. Relative
molecular masses are given in kDa.

tains charged residues (31, 36). In addition, most of the
sequenced membrane-transport proteins lack an NH,-termi-
nal signal peptide, and some of them have both NH, and
COOH termini positioned in the cytoplasm (5, 33). The
following secondary structure predictions support the idea
that MAL could be involved in transport across the mem-
brane: (i) MAL has four potential transmembrane domains.
(i)) At least one of the presumed o-helices spanning the
membrane is strongly amphipathic and contains charged
residues. (iij) MAL lacks a NH,-terminal signal peptide. (iv)
The formation of oligomers in the in vitro translation reaction
indicates that the MAL protein has a strong tendency to
self-aggregate and suggests that the putative channel may be
formed by a complex of MAL molecules, although in the
cellular membrane MAL may be associated with different
protein subunits.

To our knowledge, no membrane proteins traversing the
membrane multiple times have been described that are
specifically associated with T cells, although the existence of
K* (39) and Ca?* (40) channels in peripheral T lymphocytes
is well established. T-cell activation by mitogens (41), anti-
gens (42), or monoclonal antibodies against the T3/T-cell
receptor protein complex (43) or the T11 glycoprotein (44)
results in an increase in cytoplasmic free Ca2*. This has led
a number of groups to postulate the existence of at least a
Ca?* channel linked to the T11 structure and/or T3/T-cell
receptor complex (40, 44). Based on the strong labeling of the
20-kDa nonglycosylated ¢ chain of the T3 complex with
photoactivable hydrophobic reagents, it was speculated that
the ¢ subunit could be the putative Ca?* channel (40).
However, molecular cloning of the cDNA encoding the ¢
chain of the T3 complex has shown that the deduced amino
acid sequence for this protein predicts a structure with one
membrane-spanning domain, similar to other single-spanning
membrane proteins (45). The transmembrane arrangement of
the MAL protein and its presence in leukemic T-cell lines
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expressing T11 and the T3/T-cell receptor protein complex
(HPB-ALL and Jurkat; Table 1) and in normal mature T-cell
clones make MAL a candidate for involvement in membrane
signaling in T cells activated either via T11 or T-cell receptor
pathways.

The major obstacles to generating monoclonal antibodies
against T-cell-specific cell-surface molecules reside both in
the greater immunogenicity and abundance of other surface
antigens. The secondary-structure predictions for the de-
duced amino acid sequence of MAL postulate the existence
of two highly charged segments. Synthetic peptides covering
these regions coupled to appropriate carrier could act as
immunogens to raise monoclonal antibodies. The availability
of such antibodies could be used to study the function of
MAL protein.

We are grateful to Dr. V. Marchesi and D. Engelman for their
helpful suggestions, to Dr. E. Engleman for his gift of human T-cell
clones, and to P. Rogan for his assistance in the computer analysis
of the MAL sequence. We also acknowledge Jeff Shapiro and
Yoon-ock Kim for their expert technical assistance and Ann M.
Mulvey for assistance in the preparation of this manuscript. M.A.A.
was the recipient of a European Molecular Biology Organization
fellowship. This work was supported by a grant from the National
Institutes of Health (S.M.W.).

1. Reinherz, E. L., Meuer, S. C. & Schlossman, S. F. (1983)
Immunol. Today 4, 5-8.

2. Reinherz, E. L. & Schlossman, S. F. (1980) Cell 19, 821-827.

3. Haynes, B. F. (1986) in Leucocyte Typing II, eds. Reinherz,
E. L.,Haynes, B. F.,Nadler, L. M. & Bernstein, I. D. (Spring-
er, New York), pp. 3-30.

4. Hedrick, S. M., Cohen, D. 1., Nielsen, E. A. & Davis, M. M.
(1984) Nature (London) 308, 149-153.

5. Kopito, R. R. & Lodish, H. F. (1985) Nature (London) 316,
234-238.

6. Mueckler, M., Caruso, C., Baldwin, S. A., Panico, M.,
Blench, 1., Morris, H. R., Allard, W. J., Lienhard, G. E. &
Lodish, H. F. (1985) Science 229, 941-945.

7. Lee, J. S., Trowsdale, J. & Bodmer, W. F. (1980) J. Exp.
Med. 152, 35-105.

8. Chirgwin, J. M., Przybyla, A. E., MacDonald, R. J. & Rutter,
W. J. (1979) Biochemistry 18, 5294-5299.

9. Aviv, H. & Leder, P. (1972) Proc. Natl. Acad. Sci. USA 69,
1408-1412.

10. Maniatis, T., Fritsch, E. F. & Sambrook, J. (1982) Molecular
Cloning: A Laboratory Manual (Cold Spring Harbor Labora-
tory, Cold Spring Harbor, NY).

11. Davis, M. M., Cohen, D. 1., Nielsen, E. A., Steinmetz, M.,
Paul, N. E. & Hood, L. (1984) Proc. Natl. Acad. Sci. USA 81,
2194-2198.

12. Huynh, T., Young, R. A. & Davies, R. W. (1985) DNA
Cloning, A Practical Approach, ed. Glover, D. M. (IRL,
Oxford).

13. Gubler, U. & Hoffman, B. J. (1983) Gene 25, 263-269.

14. Southern, E. (1975) J. Mol. Biol. 98, 503-517.

15. Thomas, P. (1980) Proc. Natl. Acad. Sci. USA 71, 5201-5205.

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

17.
19.

20.
21.

22.

23.

24.
25.

26.
27.
28.

29.
30.

31

32.
33.

34.
35.
36.
37.

38.

39.

41.

42.

43.

4S.

Proc. Natl. Acad. Sci. USA 84 (1987) 2001

Zinn, K., DiMaio, D. & Maniatis, T. (1983) Cell 34, 865-879.
Laemmli, U. K. (1970) Nature (London) 227, 680-685.
Reinherz, E. L., Kung, P. C., Goldstein, H., Levey, R. H. &
Schlossman, S. F. (1980) Proc. Natl. Acad. Sci. USA 71,
1588-1592.

Greaves, M. F., Rao, J., Hariri, G., Verbi, N., Catovsky, D.,
Kung, P. & Goldstein, G. (1981) Leuk. Res. 5, 281-299.
Collins, M. K. L., Tanigawa, G., Kissonerghis, A.-M., Ritter,
M., Price, K. M., Tonegawa, S. & Owen, M. J. (1985) Proc.
Natl. Acad. Sci. USA 82, 4503-4507.

Royer, H. D., Ramarli, D., Acuto, O., Campen, T.J. &
Reinherz, E. L. (1985) Proc. Natl. Acad. Sci. USA 82, 5510~
5514.

Sangster, R. N., Minowada, J., Suciu-Foca, N., Minden, M. &
Mak, T. W. (1986) J. Exp. Med. 163, 1491-1508.

Kozak, M. (1984) Nucleic Acids Res. 12, 857-870.
Proudfoot, N. J. & Brownlee, G. G. (1976) Nature (London)
263, 211-214.

Claudio, T., Ballivet, M., Patrick, J. & Heinemann, S. (1983)
Proc. Natl. Acad. Sci. USA 80, 1111-1115.

McLauchlon, J., Gaffney, D., Whittan, J. L. & Clements,
J. B. (1985) Nucleic Acids Res. 13, 1347-1369.

Krebs, E. G. & Beavo, J. A. (1979) Annu. Rev. Biochem. 48,
923-959.

Kyte, J. & Doolittle, R. F. (1982) J. Mol. Biol. 157, 105-132.
Chou, P. Y. & Fasman, G. D. (1978) Annu. Rev. Biochem. 47,
251-276.

Wallace, B. A. (1982) Methods Enzymol. 88, 447-462.
Wickner, W. T. & Lodish, H. F. (1985) Science 230, 400-407.
Noda, M., Shimizu, S., Tanabe, T., Takai, T., Kayano, T.,
Ikeda, T., Takahashi, H., Nakayama, H., Kanaoka, Y.,
Minamino, N., Kangawa, K., Matsuo, H., Raftery, M. A,
Hirose, T., Inayama, S., Hayashida, H., Miyata, T. & Numa,
S. (1984) Nature (London) 312, 121-127.

Engelman, D. M., Goldman, A. & Steitz, T. A. (1982) Meth-
ods Enzymol. 88, 82-88.

Schiffer, M. & Edmundson, A. B. (1967) Biophys. J. 7, 121-
135.

Finer-Moore, J. & Stroud, R. M. (1984) Proc. Natl. Acad. Sci.
USA 81, 155-159.

Melton, D. A., Krieg, P. A., Rebogliati, M. R., Maniatis, T.,
Zinn, K. & Green, M. R. (1984) Nucleic Acids Res. 12,
7035-7056.

Jackson, R. C. & Blobel, G. (1977) Proc. Natl. Acad. Sci.
USA 74, 5598-5602.

De Coursey, T. E., Chandy, K. G., Gupta, S. & Cahalan,
M. D. (1984) Nature (London) 307, 465-468.

Oettgen, H. C., Terhorst, C., Cantley, L. C. & Rosoff, P. M.
(1985) Cell 40, 583-590.

Weiss, A., Wiskocil, R. L. & Stobo, J. D. (1984) J. Immunol.
133, 123-128.

Shapiro, D. N., Adams, B. S. & Niederhuber, J. E. (1985) J.
Immunol. 135, 2256-2261.

Imboden, J. B., Weiss, A. & Stobo, J. D. (1985) J. Immunol.
134, 663-665.

Alcover, A., Weiss, M. J., Daley, J. F. & Reinherz, E. L.
(1986) Proc. Natl. Acad. Sci. USA 83, 2614-2618.

Gold, D. P., Puck, J. M., Pettey, C. L., Cho, M., Coligan, J.,
Woody, J. N. & Terhorst, C. (1986) Nature (London) 321,
431-434,



