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ABSTRACT  HLA-A and -B antigens are phosphorylated in
transformed lymphoblastoid cells and peripheral blood lym-
phocytes, both incubated with 32P;. The phosphate group is at-
tached to HLA-A and -B heavy chain (p44) as identitied
munopreciﬁitation with anti-Sz-microglobulin IgG,
dodecyl sulfate/, polyac:zlamide gel ¢ phoresis, isoelectric
focusing, and susceptibility to limited proteolysis by papain and
trypsin. The site(s) of phosphorylation is identified as a serine
residue(s) located in the h‘;mbqiﬁlic carboxy terminus of the p44
chain. HLA antigens are also phosphorylated in isolated
membranes from transformed lymphoblastoid cells that are
incubated with [y32PJATP. The pr(:sphorylation of the carboxy
terminus of HLA-A and -B antigens in vivo is good evidence that
this portion of the molecule is intracellular. Furthermore, this
modification suggests a general way in which interactions be-
tweeln m;mbrane proteins and cytoskeletal elements may be
regulated.

im-
ium

The means by which cells arrange their surface proteins is a
fundamental problem in cell biology and is believed to involve
interactions between membrane proteins and cytoplasmic el-
ements (1, 2). Histocompatibility antigens are cell surface
proteins whose movement in the plasma membrane appears
to be coordinated with the movement of intracellular cyto-
skeletal elements (3, 4), suggesting an association. More is known
about the structure of human histocompatibility antigens
(HLA-A and -B) than about the structure of any other plasma
membrane protein of a nucleated cell, so these molecules offer
the best opportunity to study the structural basis of putative
membrane protein—cytoplasmic protein interactions. Recently
evidence has been presented for a direct association between
mouse histocompatibility antigens (H2-K and -D) and actin (5).
Similar associations involving HLA-A and -B antigens may also
occur.

HLA-A and -B antigens, when purified in detergent solutions,
are composed of a 44,000-dalton glycoprotein heavy chain (p44)
and a 12,000-dalton light chain (p12), Sz-microglobulin. A
complex between the amino terminus of the p44 chain and the
p12 chain forms an extracellular domain that may be liberated
by papain from the cell surface as a p34,12 soluble antigen (6).
The carboxy terminus of the p44 chain contains both a hydro-
philic stretch of 32 amino acid residues and a penultimate se-
quence of 25 amino acid residues that is markedly hydrophobic
(7, 8). It has been proposed that the hydrophobic sequence of
HLA-A and -B spans the lipid bilayer of the membrane and that
the hydrophilic carboxy-terminal sequence is located intra-
cellularly (7, 8). A similar structure has been demonstrated for
human glycophorin A (9, 10). This intracellular carboxy-ter-
minal domain of HLA-A and -B would thus be able to interact
with cytoplasmic elements. Walsh and Crumpton (11) have
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presented evidence that HLA-A and -B antigens do span the
plasma membrane, but they did not identify the intracellular
portion of the chain.

Recently, Robb et al. (8) have determined the amino acid
sequence of the hydrophilic carboxy terminus of the p44 chains
of HLA-B7 and -A2. In HLA-B7, the carboxy terminus contains
32 amino acid residues, 8 of which are serine and 1 of which is
threonine. HLA-A2 appears to contain an additional serine.
Phosphorylation of serine or threonine hydroxyl groups by
specific protein kinases is a well known method of regulating
enzyme function (12). Lymphocytes alter their level of protein
phosphorylation upon mitogenic stimulation (13), though the
protein targets have not been identified. Membrane protein
phosphorylation has been shown to mediate membrane per-
meability in neural and other tissues (12, 14). Glycophorin A,
which has a transmembrane arrangement similar to that pro-
posed for HLA-A and -B antigens, is phosphorylated in its in-
tracellular carboxy terminal region, though only to a small
extent (15). Most interesting are the observations that a number
of proteins that interact with actin, including myosin (16),
troponin (17, 18), tropomyosin (19), filamin (20), and spectrin
(21), are phosphorylated. In skeletal muscle, myosin phos-
phorylation fluctuates with muscle contraction (22, 23), and in
smooth muscle and nonmuscle cells, myosin phosphorylation
alters actomyosin ATPase (24). Recently, it has been shown that
spectrin phosphorylation induces actin gel formation in vitro
(25), providing evidence that phosphorylation could play a role
in controlling cytoskeletal protein interactions. Phosphorylation
of the carboxy terminus of HLA-A and -B is thus a potential
means of regulating associations between the intracellular do-
main of this membrane protein and cytoskeletal proteins. To
this end, we have begun an investigation of phosphorylation
in lymphoid cells and report here that the carboxy terminus of
HLA-A and -B antigens is phosphorylated in vivo and in
vitro.

MATERIALS AND METHODS

Materials. JY transformed lymphoblastoid cells (homozygous
HLA-A2 and -B7) were used in most experiments. Peripheral
blood lymphocytes were obtained from a volunteer donor.
Rabbit anti-Bs-microglobulin IgG-Sepharose beads were syn-
thesized by Richard Robb. Detergent-purified HLA-A and -B
antigens, a mixture of HLA-A2 and -B7, were prepared from
JY cell membranes as described (26). Papain (13 units/mg) and
N-tosylphenylalanine chloromethyl ketone (TPCK)-treated
trypsin (246 units/mg) were obtained from Worthington.
Nonidet P-40 (NP-40) was obtained from Particle Data Labo-
ratories, Elmhurst, IL. All reagents for sodium dodecyl sul-
fate (NaDodSO4)/polyacrylamide gel electrophoresis were

Abbreviations: NP-40, Nonidet P-40; NaDodSO4, sodium dodecyl
sulfate.
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from Bio-Rad. Ampholines for isoelectric focusing were from
LKB. Sodium 32POy4 (1 Ci/mmol), H332PQy (carrier-free), and
[v-32P)ATP (3000 Ci/mmol) were obtained from New England
Nuclear. All other chemicals were reagent grade.

Labeling of Cells. JY cells (2 X 107) were washed free of
medium in phosphate-free buffer A (150 mM NaCl/5 mM
MgClz/5 mM KCl/2 mM glutamine/1.8 mM glucose/10 mM
Tris-acetate, pH 7.4) and incubated in buffer A for 1 hr at 37°C.
The cells were then resuspended in 10 ml of buffer A containing
10 mCi of 32P; either at 1 Ci/mmol or carrier-free, and incu-
bated for an additional 3 hr at 37°C. The cells were then
brought to ice temperature, pelleted, and washed three times
with phosphate-containing buffer B (137 mM NaCl/2.6 mM
KCl/1.4 mM potassium phosphate and 8.6 mM sodium phos-
phate, pH 7.2). The final pellet was lysed at 0°C in 2% NP-40
in buffer C (25 mM NaCl/5 mM MgCly/25 mM Tris-HCI, pH,
7.4) made 1 mM in phenylmethanesulfony! fluoride. This de-
tergent lysate was Vortex mixed intermittently for 15 min and
then spun at 17,000 rpm for 20 min in a Sorvall SS34 rotor. The
clear supernatant is designated as the NP-40 extract. In some
experiments, peripheral blood lymphocytes were prepared by
Ficoll/Hypaque flotation and used in place of JY cells.

Immunoprecipitation of HLA-A and -B. Rabbit anti-human
Be-microglobulin IgG coupled to Sepharose beads was equili-
brated for use by centrifugation three times in buffer C con-
taining 2% NP-40, 1 mM phenylmethanesulfonyl fluoride, and
0.3% bovine serum albumin. NP-40 extract (1 ml) was added
to 0.1 ml of packed resin and the suspension was continuously
agitated on a modified Vortex mixer for 1-2 hr. (In some ex-
periments, the NP-40 extract was preincubated with rabbit
anti-goat Ig coupled to Sepharose beads for 30 min to eliminate
nonspecific adsorption; this step did not change the results.)
After adsorption, the supernatant was removed and the beads
were washed two or three times in buffer C containing 2%
NP-40, 1 mM phenylmethanesulfonyl fluoride, and 0.3% bo-
vine serum albumin and then washed with 0.2% NP-40 in
buffer E (10 mM Tris-HCI, pH 7.4) five to seven times until the
radii)activity of the supernatant decreased to less than 1000 cpm
total.

Elution of native HLA-A and -B was achieved by incubation
of the beads with 2 vol of Be-microglobulin at 500 ug/ml in 0.2%
NP-40/buffer E for 36 hr followed by washing with 3 vol of
0.2% NP-40/buffer E. If native HLA-A and -B was not re-
quired, the beads were eluted either with 10% acetic acid or 1%
NaDodSO,.

Labeling of Membranes. Membranes were prepared from
JY cells by nitrogen cavitation (27) and either were used im-
mediately or stored frozen at —70°C. Prior to labeling, the
membranes were washed twice in buffer D (140 mM NaCl/10
mM Tris-HCI, pH 7.4/5 mM MgCl,). The final pellet was sus-
pended in this buffer at a concentration of membranes equal
to 1 X 107 cells per ml. This solution (1 ml) was made 1 mM in
ATP containing 1000 mCi of [y-32PJATP per mmol and incu-
bated for 1 hr at 37°C. The reaction was stopped by washing
the membranes three times in buffer B and the pellet was ex-
tracted with NP-40 as in whole cells.

Limited Proteolysis of HLA-A and -B. Twenty-five mi-
croliters of 32P-labeled native HLA-A and -B, eluted from the
anti-B-microglobulin IgG-Sepharose with excess Bg-micro-
globulin as above, was mixed with 50 ul containing 15 ug of cold
carrier HLA-A and -B in 0.1% deoxycholate/10 mM Tris-HCl,
pH 7.4. Trypsin was added in a total volume of 25 ul of buffer
E at a final weight ratio to HLA-A and -B of 1/1000, 1/200, or
1/40. Papain was added in a total volume of 25 ul of buffer E
containing 2 mM dithiothreitol and 2 mM EDTA at a final
weight ratio to HLA-A and -B of 1/5000, 1/1000, or 1/200.
Samples were incubated with protease for 1 hr at 37°C. The
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reaction was stopped by addition of 5 mM inhibitor and incu-
bated for 20 min at room temperature. The inhibitors used were
phenylmethanesulfonyl fluoride for trypsin and iodoacetic acid
for papain. The samples were then precipitated by the addition
of 600 ul of acetone, mixed thoroughly, and kept at —20°C for
a minimum of 2 hr. Just prior to NaDodSO4/polyacrylamide
gel electrophoresis, the acetone solutions were centrifuged at
6000 rpm for 15 min. Greater than 95% of the clear supernatant
was aspirated off, and the residue was dried under a nitrogen
stream. This method has been shown to give quantitative pre-
cipitation of HLA-A and -B antigens (R. Robb and J. L. Stro-
minger, unpublished data). Similar results were obtained when
the proteolysis samples were lyophilized instead of acetone-
precipitated.

Analytic Methods. NaDodSO,/polyacrylamide gel elec-
trophoresis was performed according to the method of Laemmli
(28) on a slab gel. The gels were fixed and stained by method
A of Vesterberg and Hansen (29). Autoradiography was per-
formed on wet or dried gels by using Kodak XRS5 or SB5 x-ray
film, with and without lightning screens. Isoelectric focusing
was performed on a flat bed acrylamide slab containing 6 M
urea and 2.0% NP-40 (8). The pH gradient was 4-9.

Phosphorylated amino acid residues were identified by 6 M
HCl hydrolysis at reduced pressure at 100°C for 2 hr and sub-
sequent high voltage paper electrophoresis in 2.1% formic
acid/8.7% acetic acid (15). These conditions cleanly resolved
phosphoserine from phosphothreonine.

RESULTS

HLA-A and -B Antigens are Phosphorylated in Cultured
Lymphoblastoid Cells. When JY transformed lymphoblastoid
cells were incubated with 32P;, many cell proteins were phos-
phorylated as shown by NaDodSO4/polyacrylamide gel elec-

trophoresis of a 2% NP-40 extract (Fig. 1). Under these condi-
tions, phosphorylation of HLA-A and -B antigens probably

-—p44

12

F1G. 1. (A) Coomassie blue staining pattern of NaDodSO,/
polyacrylamide gel showing in lane 1 all the proteins of transformed
lymphoblastoid cells and in lane 2 those proteins immunoprecipitated
by anti-82-microglobulin IgG. The immunoprecipitate is concentrated
about 50-fold relative to the original extract and contains antibody
heavy and light chains (Ab) as well as p44 and p12 from HLA -A and
-B antigens. (B) Autoradiograph of 32P incorporated into proteins on
the same gels as in A. Lane 1 shows multiple phosphorylated proteins,
whereas lane 2 shows that immunoprecipitation by beads containing
anti-f2-microglobulin IgG results in the isolation of one major phos-
phorylated species which migrates at the position of p44. Note that
B2-microglobulin is not labeled. (The magnifications in A and B are
slightly different.)
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represents less than 1% of total protein phosphorylation. Nev-
ertheless, when the 2% NP-40 extract was immunoprecipitated
with rabbit anti-human Bo-microglobulin IgG coupled to
Sepharose beads, the washed immunoprecipitate contained only
one major radioactive species, as detected by autoradiography
of NaDodSO4/polyacrylamide gel. This 32P-labeled phos-
phoprotein comigrated with purified detergent-soluble HLA-A
and -B heavy chain (p44). No radioactivity was seen to comi-
grate with Bg-microglobulin (pl12). Actin, which migrates
similarly to p44, was clearly resolved from the radioactive band
on some gels (not shown).

The identification of the immunoprecipitated radioactive
phosphoprotein as HLA-A and -B heavy chain is confirmed by
two additional lines of evidence. First, JY cells contain both
HLA-A2 and -B7 antigens. The heavy chains of the detergent
soluble form of these two antigens (p44) characteristically show
different patterns upon isoelectric focusing in NP-40 and urea:
p44 from HLA-A2 produces a cluster of bands in the same re-
gion of the pH gradient as B2-microglobulin (approximately
pH 6.5), whereas p44 from HLA-B7 focuses as a cluster of bands
at markedly lower pH (approximately pH 5.0) (8). The im-
munoprecipitated 32P-labeled phosphoprotein focused as three
major bands in the region of carrier HLA-A2 p44 and as three
major bands in the region of carrier HLA-B7 p44 (Fig. 2). The
immunoprecipitated phosphoprotein exhibited the charac-
teristic separation of HLA-A2 and -B7 heavy chains. Inci-
dentally, the multiple bands seen upon focusing p44 from de-
tergent-purified HLA-A and -B were attributed initially solely
to differences in sialic acid content (8) as was shown for p34
from papain-solubilized HLA-A and -B (30). Our results indi-
cate that part of the micro-heterogeneity of detergent-purified
p44 may be due to differential phosphorylation.

In addition to the isoelectric focusing data, the identification
of the radioactive phosphoprotein as HLA-A and -B heavy
chain was also shown by the susceptibility of the immunopre-
cipitated phosphoprotein to the action of proteases. In this ex-
periment, immunoprecipitated 32P-labeled phosphoprotein was

L L
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FIG. 2. Autoradiograph of an isoelectric focusing gel in 2.0%
NP-40 and 6 M urea, pH 4-9. The major 32P phosphorylated species
cluster into two sets of bands that correspond to the position of several
of the major Coomassie blue stained bands of HLA-A2 and HLA-
B7.
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eluted from the anti-B2-microglobulin IgG beads by incubation
with excess 32-microglobulin. The eluate was mixed with de-
tergent-purified carrier HLA-A2 and -B7, the mixture was
subjected to limited proteolysis by trypsin or by papain, and the
results were analyzed by NaDodSO,/polyacrylamide gel
electrophoresis. As seen in Fig. 3, radioactivity disappeared
from the position of HLA-A and -B heavy chain (p44) at the
same rate as this chain was cleaved (as detected by Coomassie
blue staining). Thus, the immunoprecipitated phosphoprotein
has precisely the same susceptibility to trypsin and to papain
as HLA-A and -B antigens. Taken together with the isoelectric
focusing data, the identity of the phosphoprotein as HLA-A and
-B antigen is established.

The Site of Phosphorylation in the Carboxy Terminus. The
limited proteolysis experiment described above also served to
locate the site of phosphorylation. As the weight ratio of trypsin
to HLA-A and -B antigen was increased, the heavy chain de-
creased from an apparent molecular weight of 44,000 to 39,000
(Fig. 3). No radioactivity was associated with the 39,000-dalton
species. Similarly, as the ratio of papain to HLA-A and -B an-
tigen was increased, the heavy chain decreased from 44,000 to
39,000 to 34,000 daltons. No radioactivity was associated with
either the 39,000- or 34,000-dalton chains (Fig. 3). Papain is
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FiG. 3. (A) Coomassie blue staining pattern after limited pro-
teolysis of native HLA-A and -B (i.e., HLA-A and -B isolated by
elution from an anti-82-microglobulin IgG affinity column with excess
free B2-microglobulin). Lanes 1-4 represent weight ratios of trypsin
to HLA-A and -B of 0, 1:1000, 1:200 and 1:40, respectively; lanes 5-8
represent weight ratios of papain to HLA-A and -B of 0, 1:5000, 1:1600
and 1:200, respectively, as described in the text. Trypsin produced
conversion of p44 to p39; papain produced conversion of p44 to p39
and then to p34. Note that p34 exists as a doublet corresponding to
the separation of HLA-A2 and -B7 seen on Laemmli gels. (B) Auto-
radiograph of the same gel as in A revealing 32P-labeled phospho-
proteins. Note that radioactivity was lost at the same rate that p44
disappeared in A and that neither p39 nor p34 contained radioac-
tivity.
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known to act on detergent soluble HLA-A and -B by progres-
sively liberating peptides from the carboxy terminus of the
heavy chain (7). Trypsin is also believed to release a carboxy-
terminal peptide(s) (31). Because both proteases liberate the
bound phosphate as they release carboxy-terminal peptides,
it follows that the phosphate groups must be attached to the
carboxy-terminal region of the polypeptide chain. High voltage
paper electrophoresis subsequent to limited acid hydrolysis
revealed that the phosphorylated residue was serine, though
small amounts of phosphothreonine below the level of detection
are not excluded. It is of interest that the sequence of the car-
boxy-terminal hydrophilic region of HLA-B7 contains 8 serine
residues in a stretch of 32 residues. The precise serine(s) mod-
ified has not yet been determined.

HLA-A and -B Antigens are Phosphorylated in Peripheral
Blood Lymphocytes. Peripheral blood lymphocytes contain
only about 10% as much HLA-A and -B antigens on their cell
surface as the transformed lymphoblastoid cell lines used above
(82). Nevertheless, the same procedures of NP-40 extraction
and immunoprecipitation with anti-Bs-microglobulin IgG-
Sepharose beads resulted in the isolation of small quantities of
protein that comigrated with purified HLA-A and -B on Na-
DodSO4/polyacrylamide gels (Fig. 4A). When peripheral blood
lymphocytes were incubated with 32P; for 1 hr, many cell
proteins were phosphorylated (Fig. 4B). As with transformed
lymphoblastoid cells, only one 32P-labeled phosphoprotein was
immunoprecipitated by the anti-82-microglobulin IgG-Seph-
arose beads. This protein corresponded to the Coomassie
blue-stained band identified above as HLA-A and -B heavy
chain (p44). Thus, peripheral blood lymphocytes phosphorylate
their HLA-A and -B antigens in vivo.

Lymphocyte Membranes Catalyze the Phosphorylation
of HLA-A and -B Antigens. Isolated membranes from JY
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FIG. 4. (A) Coomassie blue staining pattern of NaDodSO,/
polyacrylamide gels showing in gel 1 all of the proteins of peripheral
blood lymphocytes and in gel 2 proteins immunoprecipitated by beads
containing anti-82-microglobulin IgG. The peripheralblood lym-
phocytes were contaminated by erythrocytes as revealed by the he-
moglobin (Hb) doublet near the dye front in gel 1. As with trans-
formed lymphoblastoid cells, the anti-gz-microglobulin IgG immu-
noprecipitate was concentrated about 50-fold relative to the original
extract and contained antibody heavy and light chains (Ab), as well
as p44 and p12. (B) Autoradiograph of gels in A. As in transformed
lymphoblastoid cells, peripheral blood lymphocytes show many
phosphorylated proteins, but the anti-gz-microglobulin IgG immu-
noprecipitation selectively purified one 32P-labeled phosphoprotein
which migrated at the position of p44. The autoradiograph pattern
in gel 1 is faint in the reproduction.
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FI1G. 5. (A) Coomassie blue staining pattern of native HLA-A and
-B antigens purified from isolated membranes of lymphoblastoid cells
by detergent solubilization and immunoprecipitation. The isolated
membranes were incubated with [y32P]ATP prior to solubilization.
Gel 1 shows p44, 12 in untreated membranes, whereas gel 2 shows
partial conversion of p44 to p39 after limited proteolysis with trypsin.
(B) Autoradiograph of the same gels as in (A) showing incorporation
of 32P043~ into p44 (but not p12) after incubation of isolated mem-
branes with [y32P]JATP and loss of 32P043~ from p44 concomitant
with its conversion to p39 by trypsin.

lymphoblastoid cells catalyze the phosphorylation of HLA-A
and -B antigens when incubated with [y-32P]ATP as revealed
by immunoprecipitation and autoradiography (Fig. 5). The
reaction appears to be less efficient than in whole cells. Incu-
bation of membranes with 32P; did not produce detectable
phosphorylation of HLA-A and -B antigens by autoradiogra-
phy. The phosphorylation with [y-32P]JATP could be blocked
by boiling membranes for 3 min, providing evidence that the
phosphorylation is enzyme catalyzed. Because the cell sap had
been removed by repeated centrifugal washes, a part of the
protein kinase activity is probably membrane bound. These
data do not exclude the possibility that additional kinases are
present in the cytoplasm. When HLA-A and -B antigens were
phosphorylated in vitro, and then were subjected to limited
trypsin treatment in detergent solution, the label was lost as p44
was cleaved to p39. Thus, as in intact lymphocytes, the site(s)
of phosphorylation appears to be specific and is located in the
carboxy terminus of the p44 chain.

DISCUSSION

The data presented in this paper show that HLA-A and -B an-
tigens are phosphorylated in vivo by lymphoblastoid cells. The
site(s) of phosphorylation has been identified as a serine resi-
due(s) and has been localized by limited proteolysis with papain
and with trypsin to the carboxy terminus of the p44 chain. The
facts that the label comigrates with p44 on NaDodSO4/poly-
acrylamide gels, that the label is associated with a hydrophilic
portion of the protein, and that phosphoserine has been iden-
tified exclude the possibility that the phosphate is in lipid that
is associated with the protein. The label was presented to the
cells as P; and it is reasonable to assume that the labeling pro-
ceeds via a high energy phosphorylated intermediate (e.g.,
ATP). Because ATP is synthesized intracellularly, the specific
phosphorylation of the carboxy terminus of p44 is good evi-
dence that this portion of the chain is intracellular. Obviously,
the data presented do not exclude the possibility that ATP or
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some other phosphate donor has been transported to the ex-
tracellular space and is utilized there or that the carboxy ter-
minus is phosphorylated intracellularly and then extruded
extracellularly. However these hypotheses seem much less likely
than an intracellular site of phosphorylation. The precise ser-
ine(s) modified and the number of phosphate groups incorpo-
rated remain to be determined. It is of interest to note that the
phosphorylation site recognized by bovine skeletal muscle
cAMP-dependent protein kinase requires basic residues to the
amino side of the serine residue (33). The sequence of the car-
boxy-terminal hydrophilic region of HLA-B7 begins Cys-
Arg-Arg-Lys-Ser-Ser- (8).

The data also show that phosphorylation of HLA-A and -B
antigens is not specific for these proteins; many other proteins
are also phosphorylated. The powerful immunochemical
techniques available for isolating HLA-A and -B antigens make
it possible to study selectively these molecules as a model of
plasma membrane protein phosphorylation. An interesting
biological question is how membrane protein phosphorylation
is regulated. Parker (13) has shown that mitogenic stimulation
of peripheral blood lymphocytes produces a transient burst of
protein phosphorylation. Peripheral blood lymphocytes also
phosphorylate their HLA-A and -B antigens. It would be of
interest to determine whether the phosphorylation of HLA-A
and -B antigens fluctuates with lymphocyte activation.

It is interesting to speculate that stimuli that alter the mem-
brane topology could do so by influencing a protein kinase or
phosphatase. According to this hypothesis, membrane protein
phosphorylation would be able to regulate the arrangement of
cell surface proteins by modulating membrane protein—cy-
toskeletal interactions. Various proteins that bind to actin have
been shown to be phosphorylated (16-21). Most interesting has
been data that show that phosphorylation of nonmuscle and
smooth muscle myosin changes the activity of actomyosin
ATPase (24) and that phosphorylation of spectrin changes its
interaction with actin in vitro (25). Mouse histocompatibility
antigens have been shown to interact with actin (5); it would
be of great interest to know whether HLA-A and -B antigens
also bind to actin and whether phosphorylation of the carboxy
terminus could alter this interaction. If so, the phosphorylation
of HLA-A and -B antigens could provide experimental access
to the structural basis of membrane protein-cytoskeletal in-
teractions.

Note Added in Proof. Microphosphate analyses, kindly carried out
by O. H. Lowry, on a sample of the heavy chain of HLA-B7 purified
from JY lymphoblastoid cells (8) revealed the presence of 0.7 mol of
organic phosphate per mol of protein (quantitated by amino acid
analysis). If, as seems likely, the total organic phosphate of HLA-B7
is comprised of only the serine phosphate moiety detected by autora-
diography, then a high proportion of the HLA-A and -B antigens are
phosphorylated in their carboxy termini in this transformed lym-
phoblastoid cell line.

This work was supported by a research grant from the National
Institutes of Health (AI 10736). J.S.P. is a postdoctoral fellow of the
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