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x-Myeloma antigen (KMA) was immunoprecipi-
tated from lactoperoxidase-radioiodinated HMy2
lymphoblastoid cells by using monoclonal antibody
K-1-21 and was analyzed by SDS-PAGE. Under re-
ducing conditions, two major subunits of Mr =
26,000 and Mr = 42,000, and minor components of
Mr =~ 28,000, 31,000, and 36,000 were observed. The
Mr = 26,000 subunit was identical to «-light chains
from HMy?2 surface IgG in apparent m.w., isoelectric
point, and staphylococcal V-8 protease peptide map,
but was not precipitated in association with Ig heavy
chain. The Mr = 42,000 component was homologous
to rabbit skeletal muscle actin by peptide mapping
with staphylococcal V-8 protease. The cell surface
origin of the immunoprecipitated antigen was con-
firmed by demonstrating lactoperoxidase depend-
ence of iodination and complete removal from the
cell surface after pronase treatment of viable cells.
Thus, cell surface expression of KMA is the result
of membrane association of non-heavy chain-linked
x-light chains, possibly in noncovalent association
with actin.

The monoclonal antibody K-1-21, with specificity for
free but not heavy chain-associated human «-light
chains, recognizes a cell surface antigen present on tu-
mor cells from patients with k-myeloma, x-Waldenstrom'’s
macroglobulinemia, and «-non-Hodgkin’'s lymphoma.
The antigen (x-myeloma antigen; KMA)® is not detected
on cells from non-neoplastic adult lymphoid tissues (1).
but may be expressed on some fetal B cells and on normal
adult B cells stimulated in vitro (manuscript in prepara-
tion).

We have sought to explain this observed pattern of
expression by structural characterization of KMA. From
previous results, the correlation between light chain iso-
type expression and KMA expression among patients
with myeloma and non-Hodgkin's lymphoma indicates
that KMA is probably a product of the «-locus. By using
the human lymphoblastoid cell line LICR-LON HMy2,
which expresses KMA and intact IgG (1, 2), we have
demonstrated the heavy chain independence of KMA by
capping studies (3). KMA is capped on cells treated with
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K-1-21 plus sheep anti-mouse Ig, conditions which fail
to cap surface IgG. Furthermore, KMA can be specifically
capped by polyvalent antisera to human «-light chains
but not by antisera to Ig heavy chains, suggesting that
the antigen consists structurally of free «-light chains
stably associated with the plasma membrane (3). In this
paper, we confirm by immunoprecipitation of labeled cell
surface proteins that KMA is indeed composed of free «-
light chains. In addition, we note that a number of other
polypeptides, and in particular actin, are noncovalently
associated with this antigen. The association with actin
may be the means by which free light chains are ex-
pressed on the cell surface as KMA.

MATERIALS AND METHODS

Antibodies. K-1-21, an IgG1, « monoclonal antibody specific for
free human «-light chains described previously (1, 2). was affinity-
purified from ascites fluid by using a x-light chain affinity column.
F-1-1, an IgG1. « monoclonal antibody of irrelevant specificity, was
purified from ascites fluid by affinity chromatography on protein A
(4). WESTMEAD-2 (WM-2] is an IgG2a. « monoclonal antibody spe-
cific for a monomorphic determinant of HLA-DR, and was the gen-
erous gift of Dr. K. Bradstock (Department of Medicine, Westmead
Hospital, NSW).

Cell lines. The line LICR LON/HMy2, derived from a patient with
plasma cell leukemia (2), is an IgG x-synthesizing B lymphoblastoid
cell line obtained from the Ludwig Institute of Cancer Research,
London, UK. The line MW-28 is an IgG. x-synthesizing B lympho-
blastoid cell line produced by in vitro transformation with EBV, and
was the gift of Dr. J. Gibson (University of Sydney). All cell lines
were grown as described (1).

Radiolabeling and lysis of cells. Cells were washed twice in cold
PBS, pH 7.2, and 2 x 107 cells were resuspended in 1 ml PBS. The
cells were radiolabeled according to the method of Meuer et al. [5) by
the addition of 0.5 M p-glucose (10 ul), 0.5 mM K'*I (5 nl), 2 mg/ml
lactoperoxidase (Sigma Chemical Co., St. Louis, MOJj (10 ul), 1 mCi
carrier-free Na '%[ (Amersham, Bucks, UK}, and 7.5 U/ml glucose
oxidase (Sigma) (20 ul). After incubation for 20 min at room temper-
ature, 50 ul 0.1 M KI were added, incubation was continued for an
additional 2 min, and the cells washed three times in cold RPMI +
0.02% NaNs. Viability was determined immediately before and after
radiolabeling by staining with acridine orange and ethidium bromide
(6).
Labeled cells were solubilized in 2 ml lysis buffer (1% NP-40, 10
mg/ml BSA, 900 KIU/m] aprotinin, 1 mM PMSF, 1 mM EGTA, 5 mM
KI, 0.02% NaN, in PBS, pH 7.2) for 30 min on ice. Nuclei and
detergent-insoluble material were removed by centrifugation at 3500
X G for 10 min at 4°C.

Immunoprecipitation of KMA. Immunoprecipitation of '*°-la-
beled cell surface proteins was carried out by using a modification
of the method of Gallatin et al. (7]. K-1-21, F-1-1, WM-2, or protein
A (Pharmacia Fine Chemicals, Uppsala, Sweden) were bound to the
wells of polyvinyl chloride (PVC) round-bottomed microtiter trays
(Cooke Laboratories, Dynatech Corp., Alexandria, VA) at 100 ug/ml
in PBS/0.02% NaNa. The wells were washed twice in PBS containing
0.05% Tween 20 (Sigma Chemical Co.), once in PBS alone, were
blocked by a 1-hr incubation with BSA (10 mg/ml in PBS). and were
washed in PBS-Tween followed by PBS alone. Antigen blocking of
K-1-21 was used to assess nonspecific binding of labeled proteins in
this system. Control wells (usually 12 to 16 per experiment) coated
with K-1-21 were incubated for 2 hr at 37°C with «-BJP (1 mg/ml)
while x-BJP (1 mg/ml) was added to the test wells. The trays were
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washed as described, and 50-ul aliquots of '*’I-labeled HMy2 cell
lysates containing x-BJP or A-BJP at final concentrations of 1 mg/
ml were added to the control and test wells, respectively. Aliquots of
HMy2 lysates were also added to F-1-1, WM-2, and protein A-coated
wells. After a 16-hr incubation at 4°C, the wells were washed five
times in 2% NP-40. 1 mM EGTA, 10 mM Tris, pH 7.2, three times in
PBS-Tween, and twice in PBS alone. Bound proteins were then eluted
by the addition of 100 u1 0.05 M triethylamine, pH 11.6, to each well.
After incubation at room temperature for 30 min, aliquots from
wells within each treatment group were pooled separately and were
lyophilized immediately.

Preabsorption of lysates. Lysates (500-ul aliquots) of '?°I-labeled
HMy?2 cells were mixed with 200 ul packed protein A-Sepharose CL-
4B (Pharmacia) or human vy-globulin (HGG) (Commonwealth Serum
Laboratories, Melbourne, Australia) coupled to CNBr Sepharose 4B,
and were incubated for 2 hr at 4°C before centrifugation at 1000 X
G for 5 min.

One-dimensional polyacrylamide gel electrophoresis (PAGE).
Lyophilized samples were dissolved in 25 to 50 ul of SDS sample
buffer (7) containing 4 mg/ml dithiothreitol (DTT). were boiled for 3
min, and were electrophoresed according to the method of Laemmli
(8). Gels were stained with Coomassie Blue to visualize m.w. stand-
ards (Pharmacia). then were dried and were autoradiographed for 1
to 5 days at —70°C with Kodak X-AR-5 film (Kodak Australasia Pty.
Ltd.. Sydney, Australia) and Dupont lighting plus intensifying
screens (E. I. Dupont de Nemours and Co., Wilmington, DE).

Isoelectric focusing (IEF). IEF was performed in 0.5-mm-thick
horizontal slab gels containing 5% acrylamide, 1.6% pH 3 to 10
ampholytes (Pharmacia), 2% NP-40, and 6.9 M urea. Anodal and
cathodal wicks were soaked in 1 M NaH3PO, and 1 M NaOH, respec-
tively. Electrofocusing was carried out for 3000 Volt hours at 10°C.
The gels were fixed, were stained with Coomassie Blue, were dried,
and autoradiography was performed as described for SDS-PAGE.

Two-dimensional separations. Two-dimensional (size, charge)
separation was performed essentially according to the method of
Sidman (9). Strips excised from dried 10% acrylamide SDS gels were
rehydrated in IEF sample buffer (1.7% pH 3 to 10 ampholytes, 2%
NP-40, 6.9 M urea, and 5% v/v 2-mercaptoethanol) for 1 hr. The
rehydrated strips were applied to the surface of the slab IEF gel, and
were removed at 1500 Volt hours, after which time electrofocusing
was continued for an additional 1500 Volt hours. For two-dimen-
sional (charge, size) analysis, lyophilized samples were dissolved in
IEF sample buffer and were electrofocused on a horizontal slab gel
in the first dimension as described above. Imnmediately after comple-
tion of focusing, strips 7.5 mm wide were excised, were equilibriated
5 min in SDS sample buffer, and were sealed into the top of a second
dimension Laemmli gel with 1% agarose in SDS sample buffer.
Electrophoresis, staining, and autoradiography were performed as
described above.

Peptide mapping. Polypeptide-containing strips were excised
from dried 10% acrylamide SDS gels and were rehydrated for 1 hr
in SDS sample buffer containing 4 mg/ml DTT. The strips were
placed in sample wells, were overlayed with 40 ul staphylococcal
V8-protease (Sigma) in SDS sample buffer, and were electrophoresed
according to the method of Cleveland et al. (10), but with the inclu-
sion of 4.5 M urea in the stacking gel as suggested by Handman et
al. (11). Purified rabbit skeletal muscle actin (the generous gift of Dr.
J. Barden, University of Sydney) and purified x-Bence Jones Proteins
(BJP) were digested in a similar fashion, with the exception that they
were in solution and were layered in the bottom of sample wells in
SDS sample buffer with 20% glycerol and were then overlayed with
protease solution.

Pronase treatment of HMy2 cells. '*°I-labeled HMy2 cells were
resuspended at a density of 2 X 10 cells/ml in RPMI 1640 with 1
mg/ml pronase (Calbiochem, San Diego, CA) and were incubated at
37°C for 15 min. The cells were then diluted in RPMI with 10% FCS
and were washed twice in RPMI/FCS and twice in RPMI alone.
Control cells were treated identically, but with the omission of pro-
nase from the solution.

RESULTS

Immunoprecipitation of KMA. The plasma cell leuke-
mia-derived B lymphoblastoid cell line LICR LON/HMy2
was chosen for this study because the line expresses
KMA on approximately 85% of cells (1) at a mean density
of 10* molecules/cell as determined by Scatchard plot
analysis using '*°I-labeled K-1-21 (data not shown). Cells
were radioiodinated, were solubilized in NP-40, and KMA
was immunoprecipitated by using K-1-21 bound to PVC
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microtiter wells in the presence of excess «- (control) or
\- (test) light chains. As additional specificity controls,
immunoprecipitation was also performed in wells coated
with an irrelevant IgG1-x monoclonal antibody (F-1-1),
and a monoclonal antibody to HLA-DR (WM-2). When
analyzed by SDS-PAGE under reducing conditions (Fig-
ure 1), a number of polypeptides with Mr = 26,000,
28,000, 31,000, 36,000, and 42,000 were precipitated by
K-1-21. Similar results were obtained from another
KMA* B lymphoblastoid cell line (MW-28; data not
shown). Cell surface IgG, precipitated by protein A from
the same HMy2 cell lysates (Figure 1), revealed reduced
subunits with identical electrophoretic mobilities to those
present in KMA, plus an additional subunit of Mr =
64,000. When electrophoresed under nonreducing con-
ditions, the Mr 64,000 and Mr 26,000 subunits present
in the reduced protein A precipitate were replaced by a
single component of Mr = 160,000, indicating that they
represent the heavy and light chains, respectively, of IgG.

The Mr = 64,000 Ig heavy chain was not precipitated
by antibody K-1-21. The independence of KMA from
heavy chain was confirmed by first incubating '*°I-la-
beled HMy2 lysates with protein A-Sepharose before im-
munoprecipitation with K-1-21. As a control for nonspe-
cific preclearing effects, lysates were also preincubated
with HGG-Sepharose. Figure 2 shows that the KMA-
associated polypeptides were not removed by prior pre-
cipitation of IgG from the cell lysates.

Identity of the Mr = 26,000 subunit. The Mr = 26,000
subunit of KMA exhibited an identical apparent m.w. to
the light chain component of membrane IgG from HMy2
cells. To confirm the identity of these two polypeptides,
the Mr = 26,000 bands from each track were excised and
were subjected to limited digest peptide mapping with
staphylococcal V8-protease. The patterns of digestion
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Figure 1. Autoradiograph of SDS gradient gel electrophoresis of re-
duced immunoprecipitates obtained from '?°I-HMy2 cell lysates precipi-
tated with: (a) WM-2; (b) F-1-1 (-ve control); (¢c) K-1-21 + x-BJP (-ve control);
(d) K-1-21 + \-BJP; (e) protein A.
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Figure 2. Autoradiograph of SDS gradient gel electrophoresis of re-
duced immunoprecipitates prepared either directly from '?°I-HMy2 cell
lysates (a, d) or cell lysates preabsorbed with protein A (¢) or HGG-
Sepharose (b). Samples b, ¢, and d were precipitated with K-1-21 + A-BJP;
sample “a” (-ve control) was precipitated with K-1-21 + x-BJP.
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Figure 3. Limited digest peptide maps of p26 (e, f) and p28 (g) from
'2%]-labeled immunoprecipitates and a x-BJP (a to d). Digestion was carried
out as described in Materials and Methods, at: O (a); 1 (b): 10 (c, e, f, g):
and 100 (d) ug/ml. p26 (e). and p28 (g) were obtained by immunoprecipi-
tion with K-1-21: p26 (f) was obtained by immunoprecipitation with
protein A. Tracks a to d were stained with Coomassie Blue; tracks e, f,
and g, were autoradiographed.

were identical (Figure 3) and exhibited a high degree of
homology with the digestion pattern of a purified x-BJP.

The isoelectric points of the two Mr 26,000 components
were also compared. Strips containing the polypeptides
were excised from a dried 10% acrylamide SDS gel, were
rehydrated, and were electrofocused on a horizontal slab
IEF gel. As shown in Figure 4, the isoelectric points were
identical.

Identity of the Mr = 42,000 subunit. The Mr = 42,000
protein noncovalently associated with the KMA light
chains was suspected to be actin, because it co-migrated
with a 42,000 dalton species coprecipitating with cell
surface IgG (Figure 1). Actin has been repeatedly dem-
onstrated to noncovalently associate and coprecipitate
with cell surface Ig (12-14). To determine the isoelectric
points of the components coprecipitating with KMA, K-
1-21 precipitates from HMy2 cells were analyzed by two-
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Figure 4. Autoradiograph of IEF patterns obtained for p26 obtained
from (a) K-1-21 immunoprecipitate and (b) protein A immunoprecipitate.
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Figure 5. Two-dimensional electrophoretic separation of the K-1-21-
specific immunoprecipitate from '?°I-HMy2 cell lysate. Separation in the
first dimension was by IEF, followed by SDS-gradient gel electrophoresis
in the second dimension. Autoradiography was performed as described
in Materials and Methods.

dimensional gel electrophoresis, with IEF in the first
dimension followed by SDS-PAGE. As shown in Figure 5,
the Mr = 42,000 subunit had a marked tendency to streak
in the IEF dimension, as has been observed to occur with
actin after affinity purification procedures (15). The iso-
electric points of the Mr = 36,000, 31,000, and 28,000
subunits were pH 5.7 to 6.1, pH 6.4 to 6.6, and pH 7.5,
respectively.

To further explore the possibility that the Mr = 42,000
subunit was an isomer of actin, the Mr = 42,000 protein
coprecipitating with both KMA and cell surface IgG was
excised from a dried 10% acrylamide SDS gel, and was
compared with purified rabbit skeletal muscle actin by
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limited digest peptide mapping with the use of staphylo-
coccal V8-protease. The species coprecipitating with
KMA and with surface IgG generated identical patterns
of radiolabeled peptides (Figure 6). Moreover, these were
homologous to the Coomassie Blue-stained peptides gen-
erated from skeletal muscle actin. Slight differences in
the protease-digest maps of lymphocyte and skeletal
muscle actins have been described (16) and would be
expected, considering the difference in isomers and, to a
lesser extent, species (17).

Cell surface origin of precipitated KMA. Because free
light chains are present intracellularly in many normal
and transformed B lymphocytes (18), and because actin
is an ubiquitous intracellular protein (17), it was essential
to exclude the possibility of intracellular radiolabeling.
Cell viability was monitored in all experiments before

Figure 6. Limited peptide digest maps of p42 (b) and rabbit skeletal
muscle actin (a). p42 was excised after SDS-gel electrophoresis of a K-1-
21 immunoprecipitate. Both samples were digested in the sample well
with staphylococcal V8 protease at 100 pg/ml before electrophoresis on
an SDS-gradient gel. Track “a” was stained with Coomassie Blue: track
“b" was autoradiographed.
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and after radiolabeling by staining with acridine orange
and ethidium bromide (6). Viability was always greater
than 95% and usually 97%. The possibility of radioiodi-
nation catalyzed by endogenous cellular peroxidase was
tested by radiolabeling two identical aliquots of HMy2
cells but omitting lactoperoxidase from one reaction mix-
ture. As shown in Table I, radiolabeled material specifi-
cally precipitated by K-1-21 was not detectable if lacto-
peroxidase was omitted in the labeling procedure.

Finally, one aliquot of radioiodinated HMy2 cells was
treated with pronase, while the other was mock-treated.
Cell viability in both treatment groups was greater than
95%, and after washing, lysis, and immunoprecipitation
(Table I), specifically precipitated radioactivity was ab-
sent from cells treated with pronase.

DISCUSSION

The monoclonal antibody K-1-21 recognizes an anti-
genic determinant present on free «-light chains, and also
an antigen (KMA) on the cell surface of some B lymphoid
tumors (1). The present report describes the structure of
KMA in immunoprecipitates from HMy2 and MW-28
cells, two KMA* B cell lines. Analysis of immunoprecipi-
tates by SDS-PAGE under reducing conditions revealed a
predominant component co-migrating with Ig light chain
(Figure 1). Identity of the Mr = 26,000 component with
Ig-associated k-chains was established by IEF and limited
peptide digest mapping of the component isolated from
polyacrylamide gels (Figures 3 and 4). The failure of
protein A treatment to remove KMA from radiolabeled
cell lysates while effectively precipitating intact IgG (Fig-
ure 2) strengthened the conclusion that the K-1-21-de-
fined cell surface epitope resides in non-heavy chain-
associated «-light chains. The possibility that the free «-
chain component seen on SDS-PAGE was due to intra-
cytoplasmic labeling of the free k-chain pool was excluded
by the dependence of specific labeling on lactoperoxidase
catalysis and the removal of specifically precipitable ma-
terial from the cell surface by mild pronase treatment
(Table I).

The existence of several other protein components in
K-1-21-precipitable material suggests that KMA consists
of a noncovalent complex between free «-light chains, a
cell surface form of actin, and three weakly labeled poly-
peptides. Of the latter, the Mr = 28,000 subunit may be
a minor species of free light chain exhibiting variation in
the degree of glycosylation to the Mr = 26,000 light chain.
This is suggested by the similarity of the isoelectric points
of Mr 28,000 and Mr 26,000 (Figure 5) and limited digest
peptide maps (data not shown).

The mode by which free light chains could be bound to
the plasma membrane is of interest. Capping studies (2)
indicate that KMA is an integral membrane antigen.

TABLE 1
Cell surface origin of '**I-KMA
Expt Radiolabeling Precipitation % Maximal
PL: Conditions Protocol Precipitation
1 Normal K-1-21 + A-BJP 100
K-1-21 + «-BJP 28
Lactoperoxidase K-1-21 + A-BJP 9
omitted K-1-21 + «-BJP 6
2 Normal K-1-21 + A-BJP 100
K-1-21 + x-BJP 25
Pronase treatment K-1-21 + A-BJP 7
Post-labeling K-1-21 + x-BJP 6
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However, aside from the leader peptide, «-light chains
normally lack an exposed hydrophobic sequence through
which they may directly intercalate in the lipid bilayer
(19). Although mutant light chains might arise as a result
of aberrant «-gene rearrangement (20) or through chro-
mosomal translocations involving cellular oncogenes (21,
22), the light chain subunit of KMA appears to be bio-
chemically normal (Figures 1, 3, and 4). We therefore
favor a model in which the free light chains are indirectly
associated with the lipid bilayer through noncovalent
interaction with one or several of the other components
coprecipitating with KMA, and in particular with actin.

The basis for the observed interaction between free
light chains and actin is unclear. There is extensive
evidence for noncovalent interactions between intact Ig
and actin (12, 13, 23, 24), and indeed actin specifically
coprecipitates with membrane IgG from HMy?2 cells (Fig-
ure 1). Interactions between actin and other members of
the ig superfamily such as MHC Class I antigens and Thy-
1 (25-27) have also been observed. It is not clear whether
these interactions depend on actin-binding proteins such
as Ge-protein (14), nor is it clear whether the interactions
reflect a general property of the Ig domain or merely the
“stickiness” of actin. The data presented here do little to
resolve these questions, except that the Mr = 55,000 Gc-
protein is apparently not present in the KMA immuno-
precipitate to contribute to actin-light chain interaction.

One interpretation of the above findings is that KMA
expression on certain lymphocytes may be a consequence
of the cell membrane expression of actin. Actin has been
demonstrated on the surface of normal B lymphocytes in
the mouse, both by lactoperoxidase-catalyzed iodination
(14, 24, 28) and by immunofluorescence (29). However,
Bachvaroff et al. {30) reported that actin is only detectable
on the surface of normal human B lymphocytes after in
vitro polyclonal activation with pokeweed mitogen. This
apparent expression of cell surface actin as a function of
B cell activation or differentiation could be in accordance
with the observed restriction of KMA expression to B cell
tumors with the phenotype of lymphoblasts, plasma-
blasts, or plasma cells (1) and to in vitro activated B cells.
Furthermore, it may explain the observed correlation
between KMA expression and stage of cell cycle in HMy2
cells (2). Thus, the appearance of KMA as a differentia-
tion marker may reflect the expression of actin on the
cell surface. This relationship is worthy of further inves-
tigation.

Acknowledgments. We thank Drs. J. Gibson, J. Bar-
don, and K. Bradstock for their generous gifts of MW-28,
rabbit skeletal muscle actin, and WM-2, respectively. We
gratefully acknowledge the helpful and stimulating dis-
cussions with our colleagues Professor A. Basten and Dr.
K. Walker.

REFERENCES

1. Boux, H. A,, R. L. Raison, K. Z. Walker, G. E. Hayden, and A.
Basten. 1983. A tumour-associated antigen specific for human
kappa-myeloma cells. J. Exp. Med. 158:1769.

2. Edwards, P. A. W., C. M. Smith, A. M. Neville, and M. J. O’Hare.
1982. A human hybridoma system based on a fast-growing mutant
of the ARH-77 plasma cell leukaemia-derived line. Eur. J. Immunol.
12:641.

3. Boux, H. A, R. L. Raison, K. Z. Walker, E. Musgrove, and A. Basten.

10.

11.

12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.
30.

STRUCTURE OF KMA

1984. The surface expression of a tumour associated antigen on
human kappa myeloma cells. Eur. J. Immunol. 14:216.

. Ey, P. L., 8. J. Prowse, and C. R. Jenkins. 1978. Isolation of pure

IgG,, IgG2a and IgG2b immunoglobulins from mouse serum using
Protein-A Sepharose. Immunochemistry 15:429.

. Meuer, S. C., K. A. Fitzgerald, R. E. Hussey, J. C. Hodgden, S. F.

Schelossman, and E. L. Reinherz. 1983. Clonotypic structures in-
volved in antigen specific human T cell function: relationship to the
T3 molecular complex. J. Exp. Med. 157:705.

. Parks, D. R., V. M. Bryan, V. T. Oi, and L. A. Herzenberg. 1979.

Antigen specific identification and cloning of hybridomas with a
fluorescence-activated cell sorter (FACS). Proc. Natl. Acad. Sci. USA
76:1962.

Gallatin, W. M,, 1. L. Weissman, and E. C. Butcher. 1983. A cell-
surface molecule involved in organ-specific homing of lymphocytes.
Nature 304:30.

Laemmli, U. K. 1970. Cleavage of structural proteins during assem-
bly of the head of bacteriophage T4. Nature 227:680.

. Sidman, C. L. 198]. Two dimensional electrophoresis. In Immuno-

logical Methods. Vol. 2. I. Lefkovits and B. Pernis, eds. Academic
Press, New York. Pp. 57-74.

Cleveland, D. W., S. G. Fischer, M. W. Kirschner, and U. K. Laem-
mli. 1976. Peptide mapping by limited proteolysis in sodium dodecyl
sulphate and analysis by gel electrophoresis. J. Biol. Chem.
252:1102.

Handman, G., G. F. Mitchell, and J. W. Goding. 1981. Identification
and characterization of protein antigens of Leishmania tropica iso-
lates. J. Immunol. 126:508.

Flanagan, J., and G. L. C. Koch. 1978. Cross-linked surface Ig
attaches to actin. Nature 273:278.

Fechheimer, M., J. L. Daiss, and J. J. Cebra. 1979. Interaction of
immunoglobulin with actin. Mol. Immunol. 16:881.

Petrini, M., D. L. Emerson, and R. M. Galbraith. 1983. Linkage
between surface immunoglobulin and cytoskeleton of B lymphocytes
may involve Gc protein. Nature 306:73.

Leavitt, J., A. Leavitt, and A. M. Attallah. 1980. Dissimilar modes
of expression of Beta and Alpha-actin in normal and leukaemic
human T-lymphocytes. J. Biol. Chem. 255:4984.

Mescher, M. F., M. J. L. Jose, and S. P. Balk. 1981. Actin-containing
matrix associated with the plasma membrane of murine tumour and
lymphoid cells. Nature 289:139.

Korn, E. D. 1882. Actin polymerization and its regulation by proteins
from non-muscle cells. Physiol. Rev. 62:672.

Baumal, R., and M. D. Scharff. 1973. Synthesis, assembly and
secretion of a-globulin by mouse myeloma cells. V. Balanced and
unbalanced synthesis of heavy and light chains by IgG-producing
tumors and cell lines. J. Immunol. 111:448.

Blobel, G., P. Walter, C. Chang, B. M. Goldman, A. H. Erickson,
and V. R. Lingappa. 1979. Translocation of proteins across mem-
branes: the signal hypothesis and beyond. Symp. Soc. Exp. Biol.
33:9.

Choi, E., M. Kuehl, and R. Wall. 1980. RNA splicing generates a
variant light chain from an aberrantly rearranged «-gene. Nature
286:776.

Lenoir, G. M., J. L. Preud-Homme, A. Bernheim, and R. Berger.
1982. Correlation between immunoglobulin light chain expression
and variant translocation in Burkitt's lymphoma. Nature 298:474.
Perlmutter, R. M., J. L. Kiotz, D. Pravtcheva, F. Ruddle, and L.
Hood. 1984. A novel 6:10 chromosomal translocation in mouse B-
lymphocytes. Nature 307:473.

Gabbiani, G., C. Chapponier, A. Zumbe, and P. Vassalli. 1977.
Actin and tubulin co-cap with surface immunoglobulins in mouse B-
lymphocytes. Nature 269:697.

Rosenspire, A. J., and Y. S. Choi. 1982. Relation between actin-
associated proteins and membrane immunoglobulin in B-cells. Mol.
Immunol. 19:1515.

Ash, J. F., D. Louvard, and J. J. Singer. 1977. Antibody-induced
linkages of plasma-membrane proteins to intracellular actomyosin-
containing filament in culture fibroblasts. Proc. Natl. Acad. Scl.
USA 74:5587.

Bourguignon, L. Y. W,, and S. J. Singer. 1977. Transmembrane
interaction and the mechanism of capping of surface receptors by
their specific ligands. Proc. Natl. Acad. Sci. USA 74:5031.

Prober, J. S., B. C. Guild, J. S. Strominger, and W. R. Veatch. 1981.
Purification of HLA-A2 antigen. fluorescent labelling of its intracel-
lular regions and demonstration of an interaction between fluores-
cently labelled HLA-A2 antigen and lymphoblastoid cell cytoskeletal
proteins in vitro. Biochemistry 20:5625.

Owen, M. J., J. Auger, B. H. Barber, A. H. Edwards, F. S. Walsh,
and M. J. Crumpton. 1978. Actin may be present on the lymphocyte
surface. Proc. Natl. Acad. Sci. USA 75:4484.

Sanders, S. K., and S. W. Craig. 1983. A lymphocyte cell surface
molecule that is antigenically related to actin. J. Immunol. 131:370.
Bachvaroff, R. J., F. Miller, and F. T. Rapaport. 1980. Appearance
of cytoskeletal components on the surface of leukemia cells and of
lymphocytes transformed by mitogens and Epstein-Barr virus. Proc.
Natl. Acad. Sci. USA 77:4979.



