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ABSTRACT Fluorescence photobleaching recovery was used
to study directly and quantitatively the inhibition of the lateral
mobility of surface immunoglobulins (sIg) on mouse lymphocytes
by localized binding of concanavalin A(Con A) coupled to platelets.
Up to a threshold occupancy of about 10% of the upper cell surface
by Con A-platelets, the diffusion coefficient and mobile fraction
of sIg remained as in untreated cells (5.3 x 10-10 cm2/sec and
0.65, respectively). At hi er surface occupancy, these values de-
creased to 8 x 10-1 cm /sec and 0.11. The magnitude of the ef-
fect was independent of the percentage occupancy above the
threshold and of the distance from the bound Con A-platelets, in-
dicating a cooperative and propagated phenomenon. Treatment
with colchicine or cytochalasin B separately induced only partial
reversal of the Con A-induced modulation. Treatment with both
drugs together was synergistic and fully reversed the. mobility in-
hibition. The modulation was unaffected by NaN3 and 2-deoxy-
glucose, suggesting no dependence on metabolic energy. Con A-
platelets did not affect the mobility of a lipid probe. Models for
the Con A-induced modulation and the relationship between the
effects of ConA on sIg mobility and patch formation are discussed.

Recent experimental work from several laboratories has sug-
gested that forces in addition to the viscosity of the plasma
membrane lipid bilayer retard the lateral mobility of cell-sur-
face proteins (1-4). Measurements of the lateral mobility of a
number of membrane proteins on several different cell types
have shown that a fraction of the molecules is immobile on the
experimental time scale and that the diffusion coefficients of
the mobile molecules are '/Ao to '100th those of lipid-like mol-
ecules (1, 2, 5, 6). This difference is too large to explain in terms
of the expected difference between the frictional coefficients
of lipids and proteins (7). The interactions responsible for re-
tarding membrane protein mobility are unknown. Considerable
evidence exists suggesting interactions between surface pro-
teins and the cytoskeleton (8-12). Attempts to demonstrate the
effects of drug-induced disruption of the cytoskeleton on mem-
brane protein mobility have, however, been negative or equiv-
ocal (2, 5, 6). Only in the specialized example of erythrocytes
are there demonstrable effects on membrane protein mobility
of interactions with the spectrin-actin cortex underlying the
membrane (12, 13) and a structural interpretation of these in-
teractions (14).
The greater structural variability and complexity of mam-

malian nucleated cells make the analysis of mobility constraints
more difficult. One approach would be to investigate a system
in which these constraints could be varied by some treatment
and then to seek structural and biochemical changes in the cell
that could be responsible for the changes in mobility. A system
that holds some promise for this kind of study is provided by
the inhibitory effect of concanavalin A (Con A) on the formation

of patches by various cross-linked membrane proteins in several
cell types (8, 15-17). This effect, which has been termed "an-
chorage modulation" (8), can also be induced by Con A bound
to a localized region of the cell surface demonstrating that the
inhibitory effect can propagate throughout the entire cell
(18-20). It was proposed that anchorage modulation arises from
interactions between the membrane proteins and a "surface-
modulating assembly" involving the cytoskeleton (8, 20, 21).

In earlier work it was assumed that inhibition of patch and
cap formation by Con A reflected inhibition of mobility. In this
communication we report direct and quantitative measure-
ments of the effect of locally bound Con A on the lateral dif-
fusion of surface immunoglobulins (sIg) on mouse lymphocytes.
The most striking result is a demonstration of the central role
played by cytochalasin B (CB) and colchicine-sensitive micro-
filaments and microtubules in the process. By comparing the
effects of Con A on patch formation and on mobility, we can also
draw conclusions about the relationship of the two phenomena.

MATERIALS AND METHODS
Reagents. Monovalent tetramethylrhodamine-labeled Fab'

fragments (Me4R-Fab') of rabbit IgG directed against mouse
IgG were prepared from Me4R-Fab' fragments (Cappel Labo-
ratories, Cochranville, PA) by reduction with 2-mercaptoeth-
anol, followed by alkylation with iodoacetamide (22) and chro-
matography on Sephadex G-100. Polyacrylamide/NaDodSO4
slab gel electrophoresis under nonreducing conditions detected
no contamination by Me4R-Fab2 fragments. Specificity was
tested by labeling in the presence of excess unlabeled rabbit
anti-mouse IgG antibodies, which prevented 90% of the label-
ing with Me4R-Fab'.

Fresh human blood platelets (American Red Cross) were
fixed and labeled (19) with Con A [platelets (1.5 X 10' per ml)
were incubated with Con A (200 ,ug/ml) in phosphate-buffered
saline for 30 min at 22°C]. Paraformaldehyde replaced glutar-
aldehyde as the fixative to reduce autofluorescence.

N-4-nitrobenzo-2-oxa-1,3-diazole derivative of phosphati-
dylethanolamine (NBD-PE) was obtained from Avanti Bio-
chemicals; Con A (grade III), colchichine, and CB were from
Sigma. Goat anti-Con A antibodies (Miles-Yeda, Rehovot, Is-
rael) were labeled with Me4R isothiocyanate (23).
Mouse Splenic Lymphocytes. Spleen cell suspensions from

12- to 16-week old BALB/c mice (Jackson Laboratory) were
prepared in Dulbecco's modified Eagle's medium containing

Abbreviations: Con A, concanavalin A; slg, surface immunoglobulins;
FPR, fluorescence photobleaching recovery; Me4R, tetramethylrho-
damine; Me4R-Fab', Me4R-labeled Fab' fragments of rabbit IgG di-
rected against mouse IgG; CB, cytochalasin B; NBD-PE, N4-nitro-
benzo-2-oxa-1,3-diazole derivative of phosphatidylethanolamine; D,
diffusion coefficient.
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20 mM Hepes (pH 7.3) (GIBCO) with 0.2% bovine serum al-
bumin (24). Suspensions were prepared and stored at 220C to
avoid cold-induced microtubule disruption. Cell viability was
90% 10 hr after preparation as judged by trypan blue exclusion.

Cell Labeling. After Con A binding to the platelets, the Con
A-platelets were washed three times with the same medium.
By using "2I-labeled Con A, we have verified that a negligible
amount of Con A is released from the platelets during 1 hr (19).
Con A-platelets (4 X 107) were then incubated in 0.5 ml of

the same medium with 3 x 106 spleen lymphocytes at 220C for
20 min, followed by 10 min incubation at 220C with 100 pug/
ml Me4R-Fab' in the same medium or with 0.02 mg of NBD-
PE per ml of Dulbecco's modified Eagle's medium/Hepes con-
taining 1% ethanol. The suspension was washed twice by cen-
trifugation with Dulbecco's modified Eagle's medium/Hepes
(without phenol red), and 3 p.l of the suspension was placed
between a microscope slide and a coverslip. The cells settled
onto the slide within minutes. Approximately 40% of the cells
showed staining with Me4R-Fab', a further indication of the
labeling specificity. By measuring the fluorescence intensity
from 2.5-pum2 spots on cells labeled with Con A-platelets and
stained by Me4R-labeled goat anti-Con A antibodies, we have
verified that platelet-bound Con A does not dissociate and re-
bind to the cell surface (20).

Treatment with Drugs. Lymphocytes (107 cells per ml) were
incubated 45 min at 37C in Dulbecco's modified Eagle's me-
dium/Hepes/albumin with either colchicine (1 or 100 A.M), CB
(10 pug/ml), colchicine (1 p.M) with CB (10 pug/ml), or NaN3
(10 mM). The incubation mixture contained 1% of ethanol or
demethyl sulfoxide for colchicine and CB, respectively. The
presence of 1% of the drug solvent did not affect sIg mobility.
After this preincubation, the cells were labeled with Con A-
platelets or Me4R-Fab', or both. The drugs were present in the
medium during and after the labeling. Asjudged by trypan blue
exclusion, no increase in cell death resulted from these drug
treatments in the presence or absence of Con A-platelets.

Fluorescence Photobleaching Recovery (FPR). Diffusion
coefficients and mobile fractions of fluorescently labeled mem-
brane components were measured by FPR (25-27). The FPR
apparatus described (25) has been modified for continuous mon-
itoring of fluorescence by using an arrangement of beam split-
ters and a shutter similar to that of Koppel (28).
The attenuated laser beam (A = 529.5 nm for rhodamine,

476.5 nm for NBD-PE, at 0.3-0.6 ,uW) from an argon ion laser
was focused on the cell membrane through a Zeiss Universal
fluorescence microscope with an oil immersion lens (x 100) to
a spot of 0.9-pm radius. Fluorophores in this region were ir-

Cell surface area
covered by platelets, %

FIG. 1. Effect of Con A-
platelets on the D (A) and mo-
bile fraction (B) of slg onB lym-
phocytes. The abscissa shows
the percentage of the upper cell
surface area covered with Con
A-platelets. The relative error
in the estimates of coverage is
±20% of the estimated value
(e.g., 14 + 3%). Each bar rep-
resents measurements per-
formed on 10-20 cells. , Av-
erages of measurements on cells
with low (<10 ± 2%) and high
(>14 ± 3%) coverage by Con A-
platelets; ---, error bars indi-
cating SD.

reversibly bleached by a brief intense pulse (3-6 mW for 4-10
msec) of the laser beam. By using the 104-fold attenuated beam
to monitor the rate of fluorescence recovery in the bleached
spot due to the entry of unbleached fluorophores, the diffusion
constants and mobile fractions of the fluorescent probe were
determined (26). Incomplete fluorescence recovery was inter-
preted as indicating probe molecules which were immobile on
the experimental time scale. FPR measurements were per-
formed at 220C on spots at various distances from the Con A-
platelets. The fraction of the upper cell surface covered by
platelets was estimated as described earlier (20). The relative
error in these estimates is ±20% of the measured values (e.g.,
14 + 3% coverage). Measurements started 50 min after the ini-
tiation of the incubation with the Con A-platelets and were con-
tinued for 1 hr, with the sample of cells on the microscope slide
being replaced every 10-15 min.

RESULTS

Effect of Con A-Platelets on the Diffusion of slg and a Lipid
Probe. In the absence of treatment with Con A-platelets,
Me4R-Fab'-labeled sIg gave a mean + SD diffusion coefficient
(D) of 5.3 ± 1.4 X 10-1o cm2/sec, and a mean ± SD mobile
fraction of 0.65 ± 0.16 (Table 1) in reasonable agreement with
earlier reports (6).
Coverage of over 14 ± 3% of the upper cell surface by Con

A-platelets reduced the D and mobile fraction to 0.8 ± 1.0 x
10-10 cm2/sec and 0.11 ± 0.13, respectively. Below 10 ± 2%
coverage, no inhibition of mobility was observed (Fig. 1, Table
1). The modulation of sIg mobility by Con A-platelets in the
majority of the B lymphocytes is even larger, because 53% of
the B lymphocytes with surface occupancy over 14 ± 3%
showed completely immobilized sIg (Fig. 2). This total immo-
bilization indicates that dissociation of Me4R-Fab' from the cell
surface followed by rebinding does not contribute to the mea-
sured lateral mobility. To further rule out this possibility, cells
were prefixed with 2% (wt/vol) paraformaldehyde (excess re-
agent was quenched with 20 mg/ml glycine) and then labeled
with Me4R-Fab'. These cells did not show fluorescence recov-
ery on the time scale of the FPR experiments. The modulation
of sIg mobility by Con A-platelets did not depend on the dis-
tance from the platelets (data not shown), indicating the prop-
agated nature of the Con A-platelets effect.

In order to rule out the possibility that the platelets them-
selves induce sIg immobilization, the effect of platelets not la-
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_distribution of sIg D values and
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FIG. 3. Drug effects on D.
(A) and mobile fraction (B) of
sIg on B lymphocytes occupied
with Con A-platelets above and
below the modulation thresh-
old. Empty bars, upper surface
coverage with Con A-platelets
below 10 +. 2%; cross-hatched
bars, coverage above 14 ± 3%.
Cells were preincubated 45 min
with medium only (I), 10mM
NaN3 (II), 10 ug of CB per ml
(I), 1 jLM colchicine (IV), 100
pM colchicine (V), and. 1 piM
colchicine together with 10 tg
ofCB per ml (VI). Each bar rep-
resents measurements on 30-50
cells.

beled with Con A was tested. Very few unlabeled platelets ad-
hered to the cells; The D and mobile fraction of Me4R-Fab'-
labeled sIg on cells with a high coverage of unlabeled platelets
were not altered (Table 1).

The modulation of sIg mobility by Con A-platelets could re-

sult from a decrease in membrane fluidity or from a change in
membrane topography (e.g., an increased amount of micro-
villi). In both cases, the -lateral mobility of a lipid probe should
be diminished as well. These possibilities were tested by using
the lipid probe NBD-PE. Even at 50% occupancy of the upper
cell surface by Con A-platelets, no effect on either the D or

mobile fraction of NBD-PE was observed (Table 1).
Effect of Cytoskeleton Disruption and Metabolic Inhibition.

To test the role of the cytoskeleton and of metabolic energy in
the modulation phenomenon, we employed drugs that disrupt
microtubules (colchicine), microfilaments (CB), and the meta-
bolic energy inhibitor NaN3. The results are depicted as his-
tograms in Fig. 2. The mean values of the modulation in the
presence and absence of these drugs are shown in Fig. 3 and
Table 1.

The threshold at 8-17% Con A-platelets occupancy was re-

tained in the presence of the drugs (Fig. 3). Colchicine induced
partial reversal of the modulation of both the D and the mobile
fraction. The effect of the drug was larger at 100 ,uM than at
1 AuM, but the reversal of the modulation was incomplete even

at the higher drug dose, which is well over the concentration
required to disrupt the microtubules. CB also caused partial
reversal of the modulation. Interestingly, the combination of
1 p.M colchicine with CB (10 ,ug/ml) was synergistic and in-
duced full reversal of the modulation, whereas 1 A.M colchicine
or CB (10 Ag/ml) alone induced only 40% and 30% reversal,
respectively (Fig. 3). 10 mM NaN3 had no effect on the mod-
ulation of sIg mobility (Figs. 2 and 3), and similar results were
obtained when 10 mM 2-deoxyglucose were present together
with the azide. This indicates that the modulation does not de-
pend on metabolic energy and that the CB effect is not due to
its inhibition of glucose transport. None of the drug combi-
nations affected the mean values and distribution of the lateral
mobility and mobile fraction of Me4R-Fab'-labeled sIg on cells
occupied with Con A-platelets below the threshold (Figs. 2 and
3) or on cells which were not treated with Con A-platelets. This
is in accord with the report (6) that none of these drugs influ-
enced the lateral mobility of sIg or Thy-i antigens on mouse

lymphocytes.

DISCUSSION'
The interactions and structures that in general constrain the
lateral mobility of plasma membrane proteins remain a mystery.

Table 1. Effect of local Con A binding. on the lateral mobility of sig.
and NBD-PE on lymphocytes

D, Mobile
Marker Treatment cm2/sec x 1010 fraction
slg None 5.3 ± 1.4 0.65 ± 0.16
slg Platelets. (high, no 5.2 ± 1.1 0.70 ± 0.13

Con A)
slg Con A-platelets (low) 5.6 ± 1.6 0.63 ± 0.17
8sl Con.A-platelets (high) 0.8 ± 1.0 0.11 ± 0.13
sIg Con A-platelets (high) 0.8 + 1.2 0.13 ± 0.15

+ 10 mM NaN3
slg Con A-platelets (high) 2.2 ± 1.3 0.28 ± 0.15

+ CB at 10 ,ug/ml
sIg Con A-platelets (high) 2.7 ± 1.4 0.32 ± 0.17

+ 1 M colchicine
sIg Con A-platelets (high) 3.9 ± 1.5 0.44 ± 0.16

+ 100 pM colchicine
s8g Con A-platelets (high) 5.6 ± 1.2 0.68 ± 0.14

+ 1 gM colchicine
+ CB at.10 pg/ml

NBD-PE None 120 ± 30 0.89 ± 0.10
NBD-PE Con A-platelets (low) 115 ± 32 0.88 ± 0.11
NBD-PE Con A-platelets (high) 125 ± 37 0.90 ± 0.11

sIg were labeled with Me4R-Fab'. "high" and "low" Con A-platelets
stand for, >14% ± 3% and <10% ± 2% coverage, respectively, of the
upper.cell surface area by the platelets. Thirty to 50 cells were mea-
sured in each category. With both sIg and NBD-PE, similar results
were obtained whether the labeling was done before or after the bind-
ing of Con A-platelets to the cells. Data are shown as mean ± SD.

However, this study does demonstrate a role for microfilaments
and microtubules in a specialized example of the modulation
of mobility. Although the physiological role of this modulation
is unknown, characterization of the structures and mechanisms
involved could provide important information about dynamic
interactions between cell surface components and the
cytoskeleton.

Modulation of Lateral Mobility and of Patch and Cap For-
mation. Anchorage modulation by Con A has been most exten-
sively characterized on lymphocytes in terms of the inhibition
of antibody-induced patching and capping of- sIg (8, 15-19). A
basic assumption in the interpretation of these experiments was
that inhibition of patching and, therefore, of subsequent cap-
ping results from an inhibition of the mobility of individual sIg
molecules (8, 18-20). This assumption may be tested by com-
paring the inhibition of patching and capping with the modu-
lation of mobility of sIg molecules labeled with monovalent
Fab' fragments.
The main features of the anchorage modulation are quite

similar when characterized by the two different kinds of ob-
servations. Localized binding of Con A inhibits patching and
capping of sIg (18, 19) and also reduces the lateral mobility and
mobile fraction of Me4R-Fab'-labeled sIg (Fig. 1). A threshold
seems to exist for inhibition of patching as it does for inhibition
of mobility, although the phenomenon is less clear-cut for
patching due to the nonquantitative nature of the measurement
(19). The inhibition both of patch formation and of mobility is
partially reversed by microtubule-disrupting drugs, but the re-
versal is incomplete even at high drug doses (8, 16) (Figs. 2 and
3; Table 1). Neither effect requires metabolic energy as dem-
onstrated by the failure of NaN3 to reverse the inhibition of sIg
patching (30) or mobility (Figs. 2 and 3; Table 1). The analogy
appears to fail, however, in the response to treatment by CB:
no effect on the inhibition of patching (8, 17) and partial reversal
of the inhibition of mobility (Figs. 2 and 3; Table 1). However,
this discrepancy may be due to the difficulty of detecting a small
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effect on patching and capping; CB reverses the inhibition of
sIg mobility by only 30% and CB itself inhibits cap formation
(31). Our results indicate parallel characteristics of the Con A-
induced inhibition of patching and capping and of the lateral
mobility of sIg. This is consistent with the assumption that
patching inhibition results from inhibition of the mobility of
individual receptors. Moreover, this parallelism and lack of
dependence on metabolic energy are in accord with the notion
that patching (unlike capping) is a diffusion-limited process.

Involvement of the Cytoskeleton in the Con A-Induced Mod-
ulation. Our results provide strong evidence that both micro-
filaments and microtubules are involved in the modulation of
mobility by Con A. Treatment with either colchicine or CB in-
dividually reverses the inhibition of slg mobility only partially.
Together, however, the two drugs completely reverse the in-
hibition (Figs. 2 and 3; Table 1). It is important to recognize that
colchicine and CB reverse only the incremental inhibition of
mobility caused by Con A-platelets. In the presence of these
drugs the mobility and mobile fraction ofsIg return to the values
observed in the absence of Con A. However, this mobility, like
that of most membrane proteins yet examined, is still less than
that expected for diffusion limited only by the viscosity of the
plasma membrane (1-3, 5-7), and an immobile fraction is still
present. This suggests that slg mobility is constrained by factors
beyond that of bilayerviscosity that are insensitive to treatment
by colchicine and CB either in the presence or absence of Con
A. Therefore, we have direct evidence for the involvement of
the cytoskeleton only in the propagated, long-range inhibition
induced by Con A but not in the restraints on mobility in un-

perturbed cells. If surface-cytoskeleton interactions are in-
volved in the latter, they must be insensitive to the drug treat-
ments used.

Restraints on the mobilities of membrane proteins are re-

flected not only in the relatively low diffusion rates of mobile
molecules but also in the presence of immobile molecules. Im-
mobile fractions of a number of specific membrane proteins
have been observed in several cell types (2, 5, 6, 32, 33), in-
cludingsIg on unperturbed lymphocytes (6). A striking result
of the current work is that Con A binding induces a parallel
decrease in both the fraction and the D of mobilesIg molecules
(Fig. 1). The reversal of the decrease in the mobile fraction by
colchicine andCB demonstrates that cytoskeletal interactions
are involved in shiftingsIg molecules from the mobile to the
immobile fraction and in retarding the diffusion of molecules
that remain mobile.

However, the classification ofsIg molecules as "mobile" and
"immobile" may be quantitative rather than qualitative. Im-
mobile molecules are operationally defined as having Dc 5
X 10-12 cm2/sec. It is probable that both mobile and immobile
molecules have distributions of D, those of the latter being
below the detection limit. It is therefore possible that Con A
binding induces a simple shift in the overall distribution of D,
thereby increasing the fraction of molecules below the detec-
tion limit (Fig. 2). Moreover, the response to Con A-platelets
is heterogeneous over the cell population; on some cells slg
appears to be entirely immobile. A further noteworthy obser-
vation from Figs. 2 and 3 is the continuity in the variation of
the slg D values. Therefore, even though the threshold onset

and global character of the modulation suggest a highly coop-

erative process, it is not sufficient to consider the phenomenon
in terms only of two end states (modulated or not, above and
below the threshold). It also will be important to understand
the intermediate conditions produced by GB and colchicine
acting separately. The action of these drugs indicates that the
initiation of the modulation, which seems to occur unimpaired
in their presence, is separable from its magnitude, which is

differentially affected by the kind and amount of anticytoskele-
tal agent present.

These results agree with previous findings on the mobility
of unselected antigens on mouse 3T3 cells (20), which was found
to decrease above a threshold coverage by Con A-platelets. This
reduction was partially reversed by colchicine. A decrease in
the mobile fractions was not detected, however. This difference
may be quantitative rather than qualitative, because no 3T3
cells exhibiting complete immobilization of their surface anti-
gens were observed, suggesting the inhibition does not bring
the mobility below the detection limit. Differences between the
Con A-induced.modulation in lymphocytes and in other cells
will be discussed elsewhere.

Models for Con A-Induced Modulation. Characteristics of
the phenomenon that should be considered include: (i) propa-
gation of the inhibition of mobility over the whole cell inde-
pendent of the distancefrom the Con A-platelets; (ii) require-
ment for crosslinking Con A receptors (8, 18, 30); (iii) apparent
stabilization by Con A of preexisting microtubule organization
(29); (iv) involvement of both microtubules and microfilaments
subject to complete reversal by the combined action ofCB and
colchicine; (v) lack of effect on lipid fluidity and membrane to-
pography indicated by measurements on NBD-PE (Table 1);
(vi) independence of metabolic energy indicated by failure of
NaN3 to affect modulation (Figs. 2 and 3; Table 1).

These observations lead to the models in Fig. 4. The basic
premises are that inhibition of mobility depends on an inter-
action betweensIg and the cytoskeleton and that crosslinking
a critical number of Con A receptors (perhaps of a single or a

Con A
receptors slg Con A slg

Con A
0

B

Cytoskeleton
drugs

FIG. 4. Schematic representation of Con A-induced modulation of
membrane protein mobility. Components are not drawn to scale. Con
A receptors penetrate the membrane and interact directly or indirectly
with the cytoskeletal complex composed of microfilaments (MF), mi-
crotubules (MT), and possibly additional components. Indirect inter-
action may occur through a linkage molecule, represented as a circle
or a square to denote different statesbefore- and after Con A binding.
The c state (Lower Riht) is equivalent to the 0 state in mechanisms
2 and 3, which assume that the Con A effect propagates through the
cytoskeleton, or to the n state (in mechanism 1). The different mech-
anisms for the propagation of the Con A modulation are described in
the text. Extensive crosslinking by Con A (shown with only 2 sites, for
simplicity) induces a change in the interactions of membrane proteins
with the cytoskeleton, either by stabilizing a certain state of the cy-
toskeleton (B, designated by diagonal lines) or by generating (or en-
hancing) linkage of membrane proteins with the cytoskeleton. This
results in a restriction of membrane protein mobility. The propagation
of this effect involves both microtubules and microfilaments. The re-
striction of membrane protein mobility in the absence of Con A, which
is not affected by drugs that disrupt the cytoskeleton, may be either
due to local interactions that do not-require an intact cytoskeleton, or
due to factors other than cytoskeletal interactions.

Cell Biology: Henis and Elson
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few specific species) changes either the state of the cytoskeleton
or slg-cytoskeleton interaction. Biochemical, evidence in favor
of a link between actin and sIg has- been obtained (11).
The mechanism by which a critical extent of Con A binding

initiates or enhances the immediate interactions that inhibit sIg
mobility is not yet clear, nor is the exact nature of these inter-
actions. The inhibition of mobility could be propagated over the
cell by the activation of a diffusible enzyme that acts on the
cytoskeleton or on the slg-cytoskeleton linkage, by a change
in conformation or aggregation state propagated through the
cytoskeleton or by a change in the ionic content of the cyto-
plasm. [Nevertheless, Con A does not act simply as a Ca2+ iono-
phore, because the latter prevents only capping but not patch-
ing of sIg (34).]
We consider three possibilities for the interactions generat-

ing the mobility restriction:
(i) Enhancement of specific interactions between membrane

proteins and the cytoskeleton without changing the structure
and stability of the latter.

(i) Stabilization of the cytoskeleton in a state (Fig. 4, state
B) with higher affinity for sIg either directly or indirectly
through a linker molecule. This stabilization need not involve
a change in the aggregation state of the cytoskeleton, but could
result from a conformational change of one or more of its
constituents.

(iii) Stabilization of the cytoskeletal matrix subjacent the
membrane so that it acts more strongly as a nonspecific barrier
to the diffusion of sig and other membrane proteins. A portion
of membrane proteins is supposed to project into a cytoskeletal
matrix, which sterically blocks lateral movement. The links of
this rratrix are supposed to break and reform continually,
thereby allowing lateral diffusion of the entrapped protein (refs.
35 and 36; D. E. Koppel, personal communication).

The accumulation of actin, myosin, and tubulin beneath
patches (9, 11, 37) seems more consistent with mechanisms 1
and 2 than with 3.
The extent to which any of these mechanisms may operate

to retard membrane protein mobility in the absence of Con A
is unknown. Nevertheless, such restrictions must be insensitive
to CB and colchicine because of the insensitivity of the baseline
mobility to these drugs.
The models presented here agree in most respects with the

model proposed by Edelman et al (8, 17-20) but differ in some
features. The supposition that Con A binding triggers micro-
tubule assembly (8) has been omitted due to the failure to detect
changes in microtubule distribution following Con A binding
to lymphocytes (29). The proposition that CB-sensitive micro-
filaments serve only to link microtubules and membrane pro-
teins (8, 20) was omitted because the experiments with colchi-
cine and CB do not distinguish between the roles of microtubules
and microfilaments in the modulation. In addition, the current
model emphasizes the distinction between the restraints on sIg
mobility induced by Con A and those present in unperturbed
cells.
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