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After 15 min incubations, binding of 0.8-, 6-, and 16ym fibronectin-coated latex beads 
occurred primarily at the margins of chick embryo tibroblasts that previously were 
attached and spread on tibronectin-coated glass coverslips. Extensive phagocytosis of the 
smallest beads and some phagocytosis of the larger beads occurred within 2 h. Following 
binding of the 16-urn beads, there were no changes in overall cell shape or in the 
distribution of several cytoskeletal proteins. There was, however, a local accumulation of 
actin and a-actinin patches adjacent to the sites where the beads were bound. The 
formation of a-actinin patches could be detected with 6- or 16-urn beads shortly after initial 
bead binding to the cells, but a similar reorganization of a-actinin in response to the binding 
of 0.8~urn beads was not detected. The patches of a-actinin appeared to be associated with 
membrane ruffles, since such structures were observed by scanning electron microscopy 
@EM) to be sites of cell interaction with 6- but not 0.8~nm beads. Also, two other 
cytoskeletal proteins normally absent from membrane ruffles, tropomyosin and vinculin, 
were not detected at the sites of cell-bead interaction. No reorganization of vinculin at the 
cell-bead interaction sites was observed even when the 16-urn beads remained bound at 
the cell surfaces for up to 6 h. Nevertheless, prominent vinculin plaques were observed at 
the marginal attachment sites on the ventral cell surfaces. Consequently, formation of 
mature focal adhesions may be restricted to linear regions of cell-substratum interac- 
tion. @ 1986 Academic press, Inc. 

Cell-substratum adhesion has been found to occur in a series of steps beginning 
with binding of cell surface receptors to substratum ligands, followed by cyto- 
skeletal and cytoplasmic reorganization [ 11. While the ligand-receptor interac- 
tions appear to be specific, a large number of different ligands have been found to 
be sufficient to initiate the adhesion response [2]. 

Two types of adhesions have been distinguished based on interference reflec- 
tion microscopy [3]. Close adhesions, which can be found anywhere on the 
ventral surface of spread cells, are associated with a microfilament network and 
a-actinin but lack vinculin [4]. Focal adhesions, on the other hand, which have 
been located predominantly at the margins of spread cells, are characterized by 
the insertion of microfilament bundles and the presence of vinculin plaques and 
a-actinin [4-6]. Close adhesions generally form before focal adhesions [l], are 
sufficient for cell spreading [7], and are associated with cell motility [8, 91. In 
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contrast, focal adhesions increase the strength of cell attachment [lo] and limit 
cell motility [8, 91. 

Most studies on cell adhesion, such as those mentioned above, have concerned 
interactions between the ventral cell surface and underlying planar substratum. 
Alternatively, however, it is possible to study the adhesion of latex beads to cells. 
Fibronectin-coated beads (approx. 0.8 urn) were bound and ingested by BHK 
cells, but the cells were unable to bind albumin-coated beads [i I]. Uncoated 
beads were bound by the cells but not ingested [ 121. Beads coated with ligands 
other than Iibronectin, e.g., lectins, were also bound and ingested by tibroblasts 
113, 141. When BHK cells were confronted with large fibronectin-coated beads 
(ca 16 urn), the cells spread around the bead surfaces but were unable to complete 
ingestion [15], and it seems likely that there is a close relationship between 
fibroblast spreading and phagocytosis. 

When small Iibronectin-coated latex beads were incubated for a short time 
period (10 min) with BHK cells that previously were allowed to attach and spread 
on pFN-coated culture dishes, little bead binding to the dorsal cell surfaces was 
observed [ 1 I]. In long-term (2-24 h) experiments, however, beads were observed 
bound on the dorsal surfaces of NIL 8 cells and aligned with stress fibers [13]. In 
the present studies we have incubated various sized pFN-coated latex beads with 
attached and spread chick embryo fibroblasts and studied the inittbl binding and 
phagocytosis of the beads to the cells, and the cells’ cytoskeletal reorganization 
in response to the beads. 

MATERIAL AND METHODS 
Cells 

Chick embryo and human foreskin fibroblast cultures were grown at 37°C in Dulbecco’s Minimal 
Essential Medim containing 10% fetal calf serum (FCS) in a humidified incubator with 7% COz. 
Fibroblast cultures were harvested with 0.05% trypsin-0.6 mM EDTA. About 1-2~10’ harvested 
cells, washed and resuspended in growth medium, were incubated as above for 1 h on 22-mm glass 
coverslips. Prior to adding the cells, the coverslips were treated for 10 min at 22°C with 1 ml of 
DMEM containing 35 Pg of human plasma fibronectin (pFN) (obtained from the New York Blood 
Center). 

Bead Binding Assays 
Dow polystyrene latex beads (Sigma Chemical Co.) were incubated for 10 min at 22°C at the 

following bead concentrations in 0.5 ml of DMEM containing 18 pg of pFN: 3.59~ lo9 0.797 urn beads, 
4.9~ lo6 5.7 urn beads, or 1.07~ lo6 15.8 pm beads (hereafter referred to as 0.8-, 6, 16-pm beads). 
Aliquots of the pFN-coated beads (0.2 ml) were placed on the previously attached and spread 
fibroblasts and incubated at 37°C in a humidified incubator with 7% CO2 for the time periods 
designated in the fwre captions. At the end of the incubations, the preparations for fluorescence 
microscopy were rinsed with fresh medium, fixed for 20 min at 22°C with 3% formaldehyde in 
phosphate-buffered saline (PBS) and then permeabilized for 10 mitt with fixative containing 1% Triton 
x-100. 

Rabbit and guinea pig antibodies to plasma fibronectin [16], tropomyosin [17], a-actinin 1181, and 
vinculin [6] were prepared and characterized as monospecific antibodies, as described. Rhodamine- 
conjugated phalloidin was provided by W. W. Franke (DKFZ, Heidelberg). Goat anti-IgG antibodies 
were conjugated to rhodamine-l&amine sulfonyl fluoride [19] or to dichlorotriazinyl aminofluores- 
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Fig. 1. Attachment of various sized beads to chick embryo fibroblasts. Chick embryo fibroblasts were 
allowed to spread on pFN-coated substrate for 60 mitt and then incubated for 15 min with (A) 0%; (B) 
6-; or (C) 16-pm pFN-coated beads after which the preparations were fixed and examined by phase- 
contrast microscopy. Most of the beads appeared to be bound along the cell margins. Other details are 
in Methods and Materials. X750. 

ceine [16]. The fluorophore-conjugated antibodies were chromatographed on DEAE-cellulose to 
isolate the antibody fraction that contained 3-4 fluorophores per IgG molecule. 

For most experiments, rabbit anti-tibronectin was incubated with the cells for 3 min at 22°C prior to 
fixation. Other primary antibodies: guinea pig anti-a-actinin, mouse monoclonal anti-vinculin, and 
rabbit anti-tropomyosin, as well as rhodamine-conjugated phalloidin (for actin) and fluorophore- 
conjugated goat anti-IgG were incubated with the fixed, permeabilized cells for 15 min at 22°C. 
Fluorescence microscopy was carried out with a Zeiss Photomicroscope III equipped with selective 
filters for fluoresceine and rhodamine. 

Samples for SEM were fixed for 2 h at 22°C with 2 % glutaraldehyde, 1% pamformaldehyde in 0.1 
M sodium cacodylate (PH 7.4), and post-fixed for 30 min at 22°C with 1% aqueous 0~0~. Dehydra- 
tion was carried out with ethanol and critical point drying was accomplished with liquid CO2 in a 
Sorvah apparatus. Samples were coated with approx. 20 nm of gold, using a Denton sputter coater, 
and observations were made with a JEOL JSM 840-I scanning electron microscope. 

RESULTS 

Binding and Phagocytosis of pFN-co&d Beads by Fibroblasts 

At the end of a 15 min incubation, all three sizes of pFN-coated beads, 0%, 
6.0- and 16-urn, were observed to bind to chick embryo fibroblasts (fig. l), and 
the average numbers of beads bound per cell (*SD) were 71.4 (9.0), 13.6 (5.0), 
and 3.8 (2.4), respectively. The distribution of bound beads was markedly asym- 
metric, with most binding occurring at the margins of the cells. 

The ability of chick tibroblasts to phagocytose pFN-coated latex beads was 
analysed using indirect immunofluorescence with anti-pFN antibodies to distin- 
guish between surface-bound and internalized beads. While all of the cell-associ- 
ated beads could be identified by phase-contrast microscopy, only the cell 
surface-bound beads were accessible to the antibodies [ll]. Unstained beads 
could be identified unequivocally by adjusting the plane of focus of the micro- 
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scope. After 15 min of incubation with the beads, little internalization was 
observed. Longer incubation times, however, resulted in phagocytosis of all 
three sizes of beads. The internalized 0.8~pm beads were generally found in large 
clusters in the perinuclear area (fig. 2A), while the larger beads tended to remain 
as individuals (fig. 2B, C). With the 16 pm beads, there was a considerable range 
in bead diameter (10-20 pm), and usually only the smaller beads within this range 
were internalized. In other studies, internalization of beads by spread fibroblasts 
was confirmed using electron microscopy (data not shown). 

In the above experiments, binding and phagocytosis of the beads at the cell 
margins and the dorsal cell surface did not cause loss of cell attachments at the 
ventral cell surfaces or cell rounding. It could be concluded therefore, that the 
cells possessed a sufficient excess of fibronectin receptors and cytoskeletal 
components to accommodate the cell-bead interactions without disrupting the 
cell-coverslip interactions. 

Reorganization of Actin and a-Actinin following Bead Binding 

Cells that had bound 16-vrn beads were fixed, permeabilized, and stained with 
antibodies to actin and a-actinin. Observations focused at the ventral cell sur- 
faces revealed a typical distribution of actin and a-actinin despite the presence of 
large beads bound along the cell margins, on the dorsal cell surface, or intemal- 
ized (data not shown). Focused at the level of cell-bead interactions, however, it 
was evident that small patches of actin (fig. 3 A, B) and a-actinin (fig. 3 C, D) were 
associated with the bound beads. Non-specific halos around some of the beads 
(e.g., fig. 3 C, bead 1) resulted from light-scattering reflections of fluorescently 
stained cytoskeletal components in the cytoplasm beneath the bound beads and 
at the ventral cell surface. 

To characterize the cytoskeletal arrangement in more detail, experiments were 
carried out with 0%, 6-, and 16-pm beads to determine the extent of a-actinin 
reorganization after short-term incubations (15 min during which essentially no 
internalization of beads occurred) and after long-term incubations (2 h during 
which there was substantial internalization). Reorganization of a-actinin in re- 
sponse to the binding of 16qm beads could be observed after 15 min (fig. 4A) 
along the surfaces of the beads which could be visualized by staining with anti- 
pFN (fig. 4 C). That such sites were at the base of the beads where they interacted 
with the cells could be determined by adjusting the plane of focus. At a higher 

Fig. 2. Phagocytosis of various sized beads by chick embryo fibroblasts. Chick embryo fibroblasts 
were allowed to spread on pFN-coated substrata for 60 min and then incubated for 2 h with (A, B) 
0%; (C, D) 6; or (E, F) &pm pFN-coated beads. At the end of the incubations the preparations were 
reacted from 3 min with rabbit anti-pFN and then fixed and stained with fluorescein-conjugated goat 
anti-rabbit IgG. Internalized beads were identified as those clusters or individual beads that could be 
observed by phase contrast microscopy (x, A, C, anda, but not immunofluorescence (E, D, F). Other 
details are in Methods and Materials. x925. 
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Fig. 3. Organization of actin and a-actinin after binding of 16-pm beads. Chick embryo fibroblasts 
were allowed to spread on pFN-coated substrata for 60 min and then incubated for 2 h with 16-urn 
pFN-coated latex beads. At the end of the incubations the preparations were fixed, permeabilized, 
and stained by indirect immunofluorescence for (A, B) actin or (C, D) a-actinin. Corresponding beads 
are numbered in the (B, D) phase contrast and (A, C) immunofluorescence images. Patches of (A) 
actin and (C) a-actinin were associated with the beads and are designated by arrows. Other details are 
in Material and Methods. x750. 

level of focus, the full diameter of the beads could be observed by phase contrast 
microscopy (fig. 4B) or the presence of pFN (fig. 40) and there were no patches 
of a-actinin (not shown). Similarly, after binding of 6-urn beads to the cells for 15 
min, many of the bound beads (observed by pFN staining in fig. 5B) had 
associated with them small patches of a-actinin (fig. 5A). 

After 2 h incubation, the majority of the 6- and 16-urn beads bound to the cells 
had associated patches of a-actinin (fig. 5 C, D and E, F respectively). In 
addition, there were some internalized beads (arrows), with which the patches of 
a-actinin persisted. 

Unlike the results with 6- and 16urn beads, reorganization of a-actinin was not 
detected in experiments carried out with O.&urn beads. This was the case 
regardless of whether the beads were bound in large clusters on the cell surface 
(fig. 6A, C, A?$ or internalized (fig. 6B, D, F). 
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Fig. 4. Reorganization of a-actinin after initial binding of 16urn beads. Chick embryo libroblasts were 
allowed to spread on pFN-coated substrate for 1 h and then incubated for 15 min with pFN-coated 16- 
pm beads. At the end incubations the cells were reacted with rabbit anti-pFN for 3 min and then fixed, 
permeabilized, and reacted with guinea pig anti-a-actinin. Subsequently, the preparations were 
stained with a mixture of fluorescein-conjugated anti-rabbit IgG and rhodamine-conjugated anti- 
guinea pig IgG. A plane of focus towards the base of the bead marked x is shown by (A) a-actinin 
fluorescence. A fibronectin fluorescence and (C) higher plane of focus towards the center of the bead 
is shown by (B) phase contrast and (0) fibronectin fluorescence. Small clusters of a-actinin can be 
seen at the base of the bound (A). Other details are in Material and Methods. x875. 

Formation of Membrane Ruffles in Response to Large Beads 

Observations made by SEM also revealed differences between how cells 
interacted with the 0.8 urn and larger beads. Typically, membrane ruffles-vary- 
ing considerably in size and shape-were found to be associated with large beads 
(fig. 7A, closed arrows). Such structures were not observed when cells bound or 
ingested small beads (fig. 7 B, open arrows), even though such ruffles were found 
on the surfaces of the cells (fig. 7B, closed arrow). 

Reorganization of Tropomyosin and Vinculin following Bead Binding 

In other experiments, cells that had bound 16 urn pFN-coated beads were 
fixed, permeabilized, and stained with antibodies to tropomyosin and vinculin. 
No reorganization of these cytoskeletal proteins in association with the beads 
was observed. The absence of vinculin patches at the cell-bead interaction sites 
was surprising, since we anticipated that cells would form focal adhesions with 
the larger beads that remained bound at the cell surface and were not phagocy- 
tosed. The cells with bound beads were observed to have numerous vinculin- 
staining plaques at their ventral surfaces. An accumulation of vinculin with bound 
beads could not be detected, even if the samples were simultaneously permeabi- 
lized and fixed prior to immunofluorescence staining, and focal adhesions be- 
tween cells and bound beads could not be detected at the electron microscopic 
level (data not shown). 

Exp CeNRes 162 (1986) 



Fig. 5. Reorganization of a-actinin after initial binding of &pm beads and long term binding of 6- and 
16urn beads. Chick embryo fibroblasts were allowed to spread on pFN-coated substrata for 1 h and 
then incubated with 6pm pFN-coated beads for (A, 8) 15 min or (C, 0) 2 h, or (E, F) with 16qm pFN- 
coated beads for 2 h. At the end of the incubations the cells were stained for (A, C, E) a-actinin; (B, D, 
F) fibronectin as described in fig. 4. All of the 6-urn beads bound to the cells after 15 min were external 
based on anti-pFN staining (B) and many of the beads (designated 1-5) had associated with them small 
patches of a-actinin (A). A similar pattern was observed after 2 h, although more beads had patches of 
associated a-actinin (C, D, l-10) and several beads that appeared to be internalized (i.e., (0) no pFN 
staining) also had patches of associated a-actinin ((C), arrows). With Xi-pm beads, patches of a- 
actinin were associated with bound beads after the 2 h incubation (E) including several beads (arrows) 
that appeared to be internalized (no pFN staining) (F). Other details are in Methods and Materials. 
x650. 

Fig. 6. Lack of a-actinin reorganization after binding of 0.8-m-n beads. Chick embryo fibroblasts were 
allowed to spread on pFN-coated substrata for 1 h and then incubated for 2 h with 0.8~urn pFN-coated 
beads. At the end of the incubations the preparations were stained for (C, D) pFN; (E, fl a-actinin, as 
described in fig. 5. Some clusters of bound beads could be observed along the cell margins (A, arrow) 
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and were outside the cell based on pFN staining (C, arrow), but no patches of a-actinin in such areas 
could be visualized (I?, arrow). Other clusters of bound beads (B, large arrows) were phagocytosed 
based on the absence of pFN staining (0) and patches of a-actinin were not evident in these areas 
either (f, arrows). (B, 0) Small arrow indicate beads bound outside the cell that are useful for 
orientation purposes. Other details are in Material and Methods. ~825. 
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Fig. 7. Formation of cell ruffles in response to binding of 6-urn beads. Human fibroblasts were 
allowed to spread on pFN-coated substrata for 1 h and then incubated for 1 h with (A) 6-; or (I?) 0.8- 
pm pFN-coated beads. At the end of the incubations the cells were processed for SEM. Cells form 
ruffles of various shapes and sizes in response to the 6-pm beads ((A) closed arrows). Similar 
structures were not observed in assocition with 0.8 pm beads ((B), open arrows), although these cells 
had ruffles on their surfaces ((B), closed arrow). Other details are in Material and Methods. ~5 150, 
tilt, 80”. 

The absence of vinculin plaques might have been explained by the incubation 
conditions. The adhesion of cells to pFN-coated, planar, hydrophilic glass cov- 
erslips was carried out in serum-containing medium, while the adhesion of pFN- 
coated, curved, hydrophobic polystyrene latex beads was carried out in serum- 
free medium. Therefore, the ability of chick embryo fibroblasts to produce 
vinculin-staining adhesion plaques was compared in the presence or absence of 
serum using glass coverslips and polystyrene bacteriological dishes (whose sur- 
face is planar but hydrophobic). More and larger vinculin plaques were observed 
on glass coverslips (fig. 8A, B) compared with bacteriological dishes (fig. 8 C, D) 
and in the presence of serum (fig. 8B, D) compared with the absence of serum 
(fig. 8A, C). Nevertheless, numerous vinculin-staining plaques were evident even 
if chick embryo fibroblasts were cultured in the absence of serum on pFN-coated 
bacteriological dishes (fig. 8C). Vinculin plaques, however, were not observed 
when 16 pm pFN-coated latex beads bound to the cells in serum-containing 
medium, even after incubations for up to 6 h (data not shown). 
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Fig. 8. Formation of vinculin plaques on hydrophilic and hydrophobic surfaces in the presence and 
absence of serum. Chick embryo tibroblasts were allowed to spread on (A, B) pFN-coated glass 
coverslips; or (C, D) 35mm bacteriological culture dishes for 2 h in medium (A, C) lacking or (B, D) 
containing 10% serum. At the end of the incubation the cells were simultaneously fixed and 
permeabilized, and then stained by indirect immunofluorescence for vinculin. Vinculin plaques were 
observed under all conditions, although the plaques were larger and more numerous with cells on 
coverslips compared to cells on bacteriological dishes and in the presence of serum compared to its 
absence. Other details are in Material and Methods. x750. 

DISCUSSION 

We have studied the binding of 0%, 6-, 16-urn pFN-coated latex beads to chick 
embryo tibroblasts. Regardless of size, the beads were observed to bind to the 
cells. After 15 min of binding, most pFN-coated beads were present at the cell 
surface, but by 2 h, phagocytosis of beads could be observed. There was 
extensive internalization of the O&urn beads, which were found in large clusters 
in the perinuclear region of the cells. The 6- and 16-urn beads also were intemal- 
ized, although to a lesser extent. 

The initial binding of the beads to the cells was predominantly at the margins. 
The absence of bead binding to the dorsal cell surface may result from an absence 
of pFN receptors because of receptor translocation to the ventral cell surface 
during cell attachment and spreading on pFN-coated culture dishes, as proposed 
previously [ll]. Similarly, it is believed that monocyte Fc receptors [20] and 
hepatocyte asialoglycoprotein receptors [21] are trapped beneath the cells when 
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the receptors are involved in adhesion to an underlying substratum. Binding of 
the beads to the cell margins suggests that free pFN receptors are present in this 
region, perhaps newly inserted at the cell surface. Several laboratories have 
shown that viral-specific proteins are initially inserted at the margins of attached, 
spread cells, and subsequently can migrate to the dorsal cell surface [22, 231. 
Thus, the appearance of pFN-coated beads bound to dorsal cell surfaces after 
long incubation times [13] may reflect migration of beads initially bound at the 
cell margins. 

Studies on the local cytoskeletal response of cells to binding of 16-urn beads 
revealed that small patches of actin and a-actinin were organized adjacent to the 
cell-bead interface, whereas no obvious reorganization of tropomyosin or vincu- 
lin was observed. Membrane ruffles have been shown to contain actin and a- 
actinin but lack vinculin and tropomyosin [6, 241, and the SEM studies showed 
that membrane rufBes formed in association with the 6-urn beads. It may there- 
fore be so that the binding of the large beads initiates the formation of membrane 
ruffles. Conversely, patches of a-actinin were not observed in association with 
the 0.8~urn beads, and these beads did not appear to bind in association with 
membrane ruffles. 

Previous studies have shown that binding of small beads to cells can cause both 
transient [25] and stable reorganization [26] of cell cytoskeleton components, and 
one would anticipate that binding of small or large beads might cause a cytoskele- 
tal reorganization by inducing clustering of membrane receptors such as occurs 
during capping [ 181. It seems likely, therefore, that the different responses detected 
in the present work are related to the extent of cell distortion necessary for the 
cells to respond to the substrata. Cells must undergo a substantial deformation in 
order to phagocytose 6- or 16-urn beads 1151, although 0.8~urn beads can be 
ingested by folding over of cell microvilli [l I]. The interaction between the cells 
and the larger beads appears to be analogous to cell interactions with culture 
dishes that involve ruffling cell lamellipodia [27]. 

A substantial difference between cell-bead interactions and cell-coverslip 
interactions occurred with regard to the formation of focal contacts. Based on the 
distribution of vinculin, it appeared that cells were unable to make mature 
adhesion plaques with the beads. This deficiency could not be explained by the 
time required for adhesion plaques to form, by serum requirements, or by the 
chemical nature of the substratum. In addition, others have shown that vinculin 
plaques can form at the dorsal cell surface [28]. Perhaps, therefore, adhesion 
plaque formation is restricted to linear regions of cell-substratum contact. Such a 
physical restraint would be analogous to the situation of actin filament bundles 
whose ability to bend is thought to be limited because of their linear organization 
WJI. 

These studies were carried out while one of us (F. G.) was Meyerhoff Visiting Professor at the 
Weizmaun Institute. They would not have been possible without the technical advice and aSSiStam 
provided by Tova Volberg, Zafrira Avnur, Talila Volk, and Ilana Sabanai. Drs Richard Anderson, 
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William Snell, and George Bloom provided helpful comments regarding the manuscript. Support was 
provided for this research by the NIH (Grant no. CA14609 to F. G.) and a grant from the Muscular 
Distrophy Association (to B. G.). 

REFERENCES 

1. Grinnell, F, Int rev cytol 53 (1978) 65. 
2. - Growth and maturation factors (ed G Guroff) p. 267. Wiley, New York (1983). 
3. Izzard, C S & Lochner, L R, J cell sci 21 (1976) 129. 
4. Chen, W T & Singer, S J, J cell bio195 (1982) 205. 
5. Abercrombie, M, Heaysman, J & Pegrum, S H, Exp cell res 67 (1972) 359. 
6. Geiger, B, Cell 18 (1979) 193. 
7. Yates, J R & Izzard, C S, J cell sci 52 (1981) 183. 
8. Couchman, J R & Rees, D A, J cell sci 39 (1979) 149. 
9. Kolega, J, Shure, M S, Chen, W-T & Young, N, J cell sci 54 (1982) 23. 

10. Norton, E K & Izzard, C S, Exp cell res 139 (1982) 463. 
11. Grinnell, F, J cell biol 86 (1980) 104. 
12. McAbee, D D & Grinnell, F, J cell bio197 (1983) 1515. 
13. Wagner, D D L Hynes, R 0, Exp cell res 140 (1982) 373. 
14. McAbee, D D & Grinnell, F, J cell physiol 124 (1985) 240. 
15. Grinnell, F, J cell physiol 119 (1984) 58. 
16. Avnur, Z & Geiger, B, Cell 25 (1981) 121. 
17. Geiger, B, Dutton, A H, Tokuyasu, K T & Singer, S J, J cell biol91 (1981) 614. 
18. Geiger, B & Singer, S J, Cell 16 (1979) 213. 
19. Brandtzaeg, P, Stand j immunol 2 (1973) 273. 
20. Michl, J, Unkeless, J C, Pieczonka, M M & Silverstein, S C, J exp med 157 (1983) 1746. 
21. Weigel, P H, J cell biol 87 (1980) 855. 
22. Marcus, P I, Cold Spring Harbor symp quant bio127 (1962) 351. 
23. Bergmann, J E, Kupfer, A & Singer, S J, Proc natl acad sci US 80 (1983) 1367. 
24. Lazarides, E, J supramol struct 5 (1977) 531. 
25. Storrie, B & Chadwick, R T, Cell biol int rep 4 (1980) 873. 
26. Peng, H B & Cheng, P C, J neurosci 2 (1982) 1760. 
27. Trinkaus, J P, Betchaku, T & Krulikowski, L S, Exp cell res 64 (1971) 291. 
28. Burridge, K & Feramisco, J R, Cell 19 (1980) 587. 
29. Dunn, G A & Heath, J P, Exp cell res 101 (1976) 1. 

Received May 29, 1985 
Revised version received September 3, 1985 

Printed in Sweden Exp Cell Res 162 (1986) 


