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The interaction of plectin with actin: evidence for
cross-linking of actin filaments by dimerization of the
actin-binding domain of plectin
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SUMMARY

Plectin is a major component of the cytoskeleton and is end of the first calponin homology domain within the actin-
expressed in a wide variety of cell types. It plays an binding domain of plectin. We found that the actin-binding
important role in the integrity of the cytoskeleton by cross- domain of plectin is able to bundle actin filaments and we
linking the three filamentous networks and stabilizing cell-  present evidence that this is mediated by the dimerization
matrix and cell-cell contacts. Sequence analysis showed of this domain. In addition we also show that plectin
that plectin contains a highly conserved actin-binding and another member of the plakin family, dystonin, can
domain, consisting of a pair of calponin-like subdomains. heterodimerize by their actin-binding domains. We
Using yeast two-hybrid assays in combination with in vitro  propose a new mechanism by which plectin and possibly
binding experiments, we demonstrate that the actin- also other actin-binding proteins can regulate the
binding domain of plectin is fully functional and  organization of the F-actin network in the cell.
preferentially binds to polymeric actin. The sequences

required for actin binding were identified at the C-terminal Key words: Plectin, Dystrophin, Actin-binding domain, Focal contact

INTRODUCTION associated with epidermolysis bullosa simplex (MD-EBS)
(Gache et al., 1996; McLean et al., 1996; Smith et al., 1996;
Plectin is a high molecular mass protein (approx. 500 kDapulkkinen et al., 1996; Andra et al., 1997). Indeed, in MD-
with versatile binding properties expressed in almost all cell&BS, the observed muscular dystrophy and skin blistering are
and tissues. It interacts in vitro with intermediate filament (IFthought to result from fragility of cells when subjected to
proteins of various types, including lamins, vimentin, keratinsmechanical stress. In skeletal muscle, plectin probably is
neurofilaments and GFAP (glial fibrillary acidic protein), andinvolved in connecting IFs with actin filaments, whereas in
it associates with IFs in cultured cells, as demonstrated geratinocytes it connects IFs to the plasma membrane (Gache
immunoelectron microscopy (Pytela and Wiche, 1980; Foisneat al., 1996; McLean et al., 1996; Smith et al., 1996; Pulkkinen
et al., 1988). Plectin has been shown to be a component efal., 1996; André et al., 1997; Schroder et al., 1997; Schroder
desmosomeéEger et al., 1997and hemidesmosomélieda et al., 1999; Hijikata et al., 1999).
et al., 1992; Gache et al., 1996vo structures that anchor the  Sequence analysis of human (McLean et al., 1996) and
intermediate filaments to the plasma membrane. Although that (Wiche et al., 1991) plectin cDNA revealed extensive
exact role of plectin in desmosomes remains to be establishdthmology between plectin and other intermediate filament
it is likely that it stabilizes IF-desmoplakin bonds. In associated proteins (IFAPs), including desmoplakin and the
hemidesmosomes, plectin directly links IFs to the cytoplasmibullous pemphigoid antigen BP230. Based on these sequence
domain of thep4 integrin subunit (Niessen et al., 1997; homologies, plectin, desmoplakin and BP230 were classified
Rezniczek et al., 1998; Geerts et al., 999 addition to its as members of a new family of proteins involved in connecting
localization in these junctions, plectin is present in focalFs to the plasma membrane, the plakins (Ruhrberg and Watt,
contacts and is associated with actin stress fibers (Seifert et d/1997). Each of these proteins consists of a long ceatral
1992; Sanchez-Aparicio et al., 1997). More recently, it haselical, coiled-coil rod domain flanked by globular end
been shown that plectin crosslinks IFs with microtubulesiomains. The plectin C-terminal globular domain contains
and microfilaments, which indicates that plectin is arepeated sequences organized in six subdomains (R1-R6).
multifunctional cytoskeleton cross-linking molecule (Svitkina Transfection studies with cDNAs encoding truncated plectin
et al., 1996; for a review see Steinbock and Wiche, 199  molecules have revealed that the intermediate filament-binding
physiological importance of plectin is demonstrated by the faddomain (IFBD) of plectin resides in a stretch of 50 amino acids
that plectin null-mutant mice and human patients with awithin the R5 repeat that serves as the unique binding site for
mutation in the plectin gene suffer from muscular dystrophywimentin and keratin filaments (Nikolic et al., 1996). Extending
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these findings we have recently shown, by a yeast two-hybriIATERIALS AND METHODS

assay, that a Gal4-fusion protein containing the IFBD of plectin

can efficiently bind GFAP, vimentin and monomeric keratinscDNA constructs

14 and 18, but not keratins 5 and 8 (Geerts et al., 1999).  All nucleotide and amino acid positions are numbered with the ATG
The precise function of the central rod domain of plectirinitiation codon at position 1. Plasmid inserts were generated by

has not yet been established, but there is evidence that tiiglymerase chain reaction (PCR), using the proofreaiimgDNA

domain mediates plectin dimerization and/or multimerizatiorPolymerase (Boehringer) and gene-specific sense and anti-sense

(Foisner and Wiche, 1987; Uitto et al., 1996). By RT-PCRPrimers containing restriction site tags. All plasmid inserts were

MRNA encoding a rod-less plectin was identified in severa?onf“rmecj by sequence analysis using th&Sequencing kit

. . . Pharmacia). The yeast galactose metabolism regulatory gene 4
dlfferent_rat tssues (E.”'Ott et al., 1.997.)' I-_|owever, Wh.ethe(GAL4) vectors containing human epithelial plectin (U53204) cDNA
this particular mRNA is translated in vivo into a functional

. L . subclones and full-length cDNA encoding hunwasskeletal muscle
variant of plectin is not known. Although it was known for agctin (J00068), humaycytoplasmic actin (M19283) and humgn

long time that plectin can be colocalized with actin stresgytoplasmic actin (AB004047) are described in Figs 1B and 6.
fibers in focal adhesions (Seifert et al., 1992; Sancheayumbers in subscript correspond to the amino acid residues of
Aparicio et al., 1997), evidence for a direct binding betweeBubclones encoded within the GAL4 activation domain (AD)- or
plectin and actin has only recently been obtained. Sequenbading domain (BD)-fusion proteins. Vectors used were the yeast
analysis reveals an actin-binding domain (ABD) of flhe GAL4(AD) or GAL4(BD) expression vectors pACT2 or pAS2-1,
spectrin type in the N-terminal globular domain of plectinféspectively (Clontech, Palo Alto, CA, USA). The templates used for
(McLean et al., 1996). This ABD is also found in other actin-°CR were cDNAs encoding full-length human actin isoforms, human
binding proteins, such as dystonin, fimbrimactinin and prllectlln cDNA (clone fWIM1+2;2n8uclegt|dles 1-1218, Whlfh contalng .

: - L P the alternative exon 1c, exons 2-8 and almost the complete exon 9 o
dystrophin(for a review, see H.artW'g’ 1994nd is Compose.d epithelial plectin cDNA; a kind gift from Dr E. B. Lanel,3 CRC Cell
of two consecutive calponin homology (CH) domains.

. . . . i . >Structure Group, Department of Anatomy and Physiology, University
Biochemical studies have identified three potential actingt pundee, UK) and human dystrophin cDNA (clone pXJ10,

binding sequences (ABS) within this ABD, termed ABSL1,nycleotides 1-2100, which contains exons 1-14; a kind gift from Drs
ABS2 and ABS3. The ABS1 and ABS3 were first identifiedR. Maatman and J. den Dunnen, Department of Human Genetics,
by NMR studies of dystrophin, which showed that synthetid.eiden University Medical Center, University of Leiden, the
peptides corresponding to these two sequences bind to actitetherlands). EST clones 41909 and 36254, encoding full-length
ABS2 was originally identified in ABP120 @ictyostelium humany-cytoplasmic actin and 611141 and 613287, encoding full-

actin-gelation factor) in which it is required to mediatelength humanB-cytoplasmic actin, were from the IMAGE cDNA
binding to actin (Bresnick et al., 1990). clone collection, obtained from the Resource Center/Primary
In plectin-deficient mouse fibroblasts, an N-terminaIDatabase) of the German Human Genome Project (RZPD, Berlin,
: . , Germany).
fragment of plectin that contains the ABD was found to . , .
degorate actiﬁ stress fibers (Andra et al., 1998). We ha The plectin(1-64)-dystrophin(11-337) chimera was constructed by
" ' Yﬁtroducing Ndd sites at position 192 of the plectin cDNA, and at

shown that the N-terminal fragment of plectin also interactgysition 33 of the dystrophin cDNA using site-directed mutagenesis,
with the cytoplasmic domain of tH&4 integrin subunit and  followed by the insertion of the appropriate cDNA fragments into
that binding of34 to plectin prevents actin from interacting pAS2-1.

with it (Geerts et al., 1999). Furthermore, plectin regulates For use in cell transfection experiments, cDNA fragments encoding
actin dynamics and is involved in the reorganization of thelectin-ssg and plectigs-a3o were isolated from pAS2-1 constructs
actin cytoskeleton in response to activation of small GTPasdsee above) and inserted into pcDNA3HA (Geerts et al., 1999).
(André et al., 1998). A role of plectin in actin dynamics is alsg>imilarly, a cDNA fragment encoding pleciiges was inserted into
suggested by the finding that in plectin-deficient fibroblasts‘,he bacterial maltose binding protein (MBP)-fusion protein expression
as compared to wild-type cells, the reorganization of the acti E?EO? PMAL-C2X (New Englslggelilolags Inc.), forfthgg(oguctl:n OB
cytoskeleton induced by CD95-mediated apoptosis w -fusion proteins, or in p ; a derivative of p -3x (Amra

. . orp. Ltd), for the production of glutathione S-transferase (GST)-
severely impaired (Stegh et al., 2000). The mOIecLJI""1"usion proteins. Th@4 integrin cDNA expression construct used for

mechanism by which plectin regulates actin dynamics remainge experiments in Fig. 5 encodgdA integrin cytoplasmic domain
unclear. from residues 1115-1449 with a single amino acid substitution
The aim of this study was to investigate which domains arR1281wW p4R1281W, which abrogates plectin binding, as previously
involved in the specific interaction of plectin with tfle  described (Geerts et al., 1999).
cytoplasmic actin isoform. To further establish the
multifunctional role of plectin as a cytoskeletal linker protein,Yeast two-hybrid assay
we have investigated whether plectin can also bind the norYeast strainS. cerevisiaePJ69-4A (a gift from Dr P. James,
musculary-cytoplasmic actin and the-skeletal muscle actin. Department of Biomolecular Chemistry, University of Wisconsin,
Whether plectin-ABD can bind G- and/or F-actin was studied/adison, W1, USA), which contains the genetic markers (trp1-901,
using an in vitro binding assay and the effects of plectin-ABD€U2-3, his3-200, gald gal8®, LYS2:GAL1-HIS3, GAL2-
on actin polymerization were investigated by kinetic analysiﬁj%Et%hﬂ"‘;afegilege%S rg‘peo:‘tgftgfgr':égeJgoézﬁbx?jeasvsvﬁ?’ér:trﬁgﬂgqf
a_nd e_IeCtron microscopy. Our.results show that _plectln Call itable for the sensitive detection of protein interactions. The use
cjlmerlze by its ABD, and thqt thls'lleads tothe b.undllng of aCt',Q)f PJ69-4A was essentially as described (Schaapveld et al., 1998;
filaments. Furthermore, we identified dystrophin and dystonigeerts et al., 1999). Equal aliquots of transformed cells were spread
as additional actin-binding proteins that can homodimerize byut on SC-LT plates containing yeast synthetic complete medium
their ABD and show that plectin and dystonin can also formacking leu and trp (vector markers) or on SC-LTHA plates lacking
heterodimers by their ABD. leu, trp, his and ade (vector and interaction markers). Plates were
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incubated at 30°C and growth of colonies was scored after 6 and 18solved by SDS-PAGE. Proteins were visualized by Coomassie
or 12 days. The plating efficiencies on SC-LTHA plates, asBrilliant Blue-staining.

compared with the plating efficiency on SC-LT plates was used as Low-speed sedimentation assays were performed as follows. Actin
a measure of the strength of the signal generated by the two-hybnehs polymerized at 2dM for 3 hours at room temperature, then
interaction. Cotransformation efficiencies (on non-selective SC-LTdiluted to 4.5uM in actin polymerization buffer (APB: AGB
plates) for all plasmid combinations were always at leastflidug supplemented with 0.1 volume of IM) containing 2, 1 or |\ of
plasmid DNA, and the difference in cotransformation efficienciesMBP-plectin or MBP alone (control). After a 1 hour incubation at
never varied more than twofold between the various plasmidoom temperature, samples were centrifuged at 148801 minute,
combinations. Expression of the Gal4-fusion proteins was confirmeequal amounts of pellet and supernatant were analyzed by SDS-PAGE
by immunoblotting with the mAbs RK5C1 and C-10 (Santa Cruzand proteins visualized by Coomassie Brilliant Blue-staining.
Biotechnology) directed against the DNA binding domain and the )

transactivation domain of the Gal4 protein, respectivelyActin filament assembly assays and electron microscopy
Cotransformation of yeast PJ69-4A with an empty pAS2-1 and aRor the pyrene-actin assembly assays (Kouyama and Mihashi, 1981),
empty pACT2 vector, with a derived pAS2-plasmid and an emptyan actin polymerization kit was purchased from Cytoskeleton Inc.
pACT2-vector, or with an empty pAS2-vector and a derived pACT2Rabbita-skeletal muscle actin containing 10% (mol/mol) of pyrene-
plasmid, never resulted in the growth of colonies on selective SQabeled actin was used at a final concentration ofuM.

LTHA plates, showing that none of the GAL4-fusion proteinsPolymerization was induced by the addition of 0.1 volume of IM and
encoded by the recombinant plasmids used could by themselvesonitored by change in fluorescence at an excitation wavelength of
cause activation of the His and Ade reporter genes. For pAS365 nm and emission wavelength of 407 nm in a fluorimeter. The
plectim-172and pACT2e skeletal muscle actin, a slight autonomous fluorescence corresponding to 100% of polymerization was measured
activation of the reporter genes was found. This could be repress8é4 hours after the addition of the IM. Light scattering assays were
by the addition of 2 mM of 3-amino-1,2,4-triazole (a His antagonistperformed with unlabeled actin (@) by monitoring changes in OD

A8506, Sigma Chemical Co.) to the medium. at 300 nm upon the addition of the IM. Electron microscopy was
o ) ] ] performed on samples after the actin polymerization was complete,
Purification of recombinant fusion proteins as monitored by light scattering. Samples of the polymerization

The E. coli strain BL21(DE3) (Novagen) was transformed with mixtures were fixed by the addition of 0.05% (v/v) glutaraldehyde,
recombinant plasmids and colonies obtained were used to inoculagpotted on formvar-carbon coated grids, negatively stained with 1%
Luria Bertani medium containing 1Q@/ml ampicillin; cultures were  (w/v) aqueous uranyl acetate and examined at 80 kV with a Philips
grown as previously described (Geerts et al., 1999). Bacteria wef@M 10 electron microscope.
harvested by centrifugation at 4,0§)esuspended in PBS containing ] )
1 mM EDTA and 1% (v/v) Triton X-100, and lysed by sonification. Cell culture, transfection and immunofluorescence
Lysates were cleared by centrifugation for 10 minutes at 1@@d@  MICroscopy
4°C, and the resulting supernatants were incubated with glutathionBat embryo fibroblasts (REF) and COS-7 cells were maintained in
Sepharose 4B beads (Amersham Pharmacia Biotech). Beads wIMEM (Gibco BRL) containing 10% foetal calf serum (FCS) and
affinity-bound proteins were washed three times with PBS containingupplemented with 100 i.u./ml penicillin and 100 U/ml streptomycin.
1% (v/v) Triton X-100, and equilibrated in 50 mM Tris-HCI (pH 8.0). Cells were grown at 3T in a humidified, 5% C&atmosphere. REFs
Bound proteins were eluted in 50 mM Tris-HCI (pH 8.0) containingwere transiently transfected with cDNA constructs using Lipofectin
10 mM reduced glutathione. Recombinant MBP-plectin-ABD fusion-(Gibco BRL) according to the manufacturer’s instructions. COS-7
protein was expressed and purified as described above, except thalls were transfected using DEAE-dextran as previously described
amylose resin (800-21, New England Biolabs) was used for théSchaapveld et al., 1998). Indirect immunofluorescence staining of
affinity purification, and that equilibration and elution of the resin wasransfected REF cells with mouse mAb 12CA5 against the
in 20 mM Tris-HCI (pH 7.4), 1 mM3-mercaptoethanol without or haemaglutinin  (HA)-epitope  (YPYDVPDYA) (Santa Cruz
with 10 mM maltose, respectively. Biotechnology) was performed as described previously (Geerts et al.,

Buffers containing the eluted fusion-proteins were exchanged i6999). Actin filaments were stained with rhodamine-phalloidin from
actin-G buffer (AGB: 2 mM Tris-HCI, pH 8.0, 0.2 mM CaCD.5 Molecular Probes. Immunfluorescence images were taken using a
mM ATP) by dialysis and protein concentration was estimated by theeica confocal laser scanning microscope.
Bradford protein assay (Biorad).

In vitro binding assays

Actin-binding assay The ability of the plectin-ABD to interact with another plectin-ABD
All purified proteins used in this study were clarified by centrifugationwas tested in an in vitro binding assay with radiolabeled proteins.
at 100,000g for 1 hour at 4°C and kept on ice in AGB. Actin Coupled in vitro transcription-translation of 148 of pcDNA3HA-
cosedimentation assays were performed as follows: raktkeletal  plectin-ABDi-339 or pcDNA3HA{34R1281W (negative control) was
muscle actin (2.5M; Cytoskeleton Inc.), premixed or not premixed performed using the TnT rabbit reticulocyte lysate kit (Promega)
with fusion proteins, was allowed to polymerize by the addition of 0.in the presence of 3JS]-methionine/cysteine. Non-incorporated
volume of 1& initiation mix (IM: 2 mM Tris-HCI, pH 8.0, 20 mM radiolabeled amino acids were removed from the in vitro translation
MgClz, 1 M KCI, 5 mM ATP) for 1 hour at room temperature. Actin mixture by gel filtration using a PD10 column (Amersham Inc.).
filaments with bound proteins were pelleted by centrifugation aScintillation counting performed on the purified translation mixtures
100,000g for 1 hour at 20°C. Equal amounts of pellet and supernataribdicated that both proteins were equally labeled, with 9% of the total
were resolved by SDS-PAGE and proteins were visualized bj?S]-methionine/cysteine incorporated. Purified translation mixtures
Coomassie Brilliant Blue-staining. were then tested for binding to MBP-plegtiag or MBP (negative

To test the ability of plectin-ABD to bind monomeric actin, MBP- control) immobilized on amylose-agarose beads. For the binding
plectim-339 bound to amylose resin was equilibrated in AGB. assay, the translation mixtures were diluted in APB containing 2% of
Monomeric actin was mixed with immobilized MBP-plegtiag to heat-inactivated BSA (HI-BSA: BSA heated overnight &t®5and
obtain a final concentration of 2.8/ for actin and 3uM for plectin. incubated for 2 hours at room temperature with 200 pmol of MBP-
The mixture was incubated for 3 hours at room temperature. After fivelectin or MBP immobilized on amylose beads. After incubation,
washes with AGB, samples were boiled in sample buffer andeads were washed 3 times in APB supplemented with 2% (w/v) HI-
appropriate amounts of bound and unbound protein mixture wemSA, then twice in APB. After washing, the beads were boiled in
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sample buffer, proteins were subjected to SDS-PAGE and visualizeaf yeast colonies on selective SC-LTHA plates (see Materials

by autoradiography. . . ~_and Methods). A high plating efficiency was observed when
A puII-_down assay was used to study _plectln-ABD interaction INplectim-z3owas coexpressed in yeast with full-len@thor y-

ma.mmallan Ce”s 48 hOUrS aftel’ j[ransfec“on, COS-7 Ce||S were Iysqutoplasmlc actln’ On_actln from Skeletal muscle' Sh0W|ng

in ice-cold lysis buffer (20 mM Tris-HCI, pH 8.0, 100 mM NaCl, 1% 4t the His and Ade reporter genes were efficiently expressed

(v/v) Nonidet P-40, 1 mM MgG| 1 mM CaCj) supplemented with 5" ros 1t of a strong interaction between plegtisand the

protease inhibitors (1 mM phenylmethylsulfonyl fluoride, fidgml : o . . .
leupeptin and soybean trypsin inhibitor and 0.1 U/ml aprotinin).d'fferent actin isoforms. Plectirgsgcontains unique sequences

Lysates were clarified by centrifugation at 4°C (20 minutes at 15,008at are not part of the plectin-ABD (amino acids 1-65,
g) and diluted five times in buffer A (20 mM Tris-HCI, pH 8.0, 100 €ncoded by exon 1c, and amino acids 302-343, encoded by
mM NaCl). The GST-plectinzsgfusion protein was generated and €xon 9 of plectin). To localize the region within the ABD
immobilized on glutathione-Sepharose beads as described previouglpmain that interacts with actin and to exclude the possibility
(Geerts et al., 1999). The beads were incubated in buffer A containinpat sequences outside of the plectin-ABD are also involved, a
1% (w/v) BSA to block non-specific binding sites. After washing, 750series of plectin deletion constructs were tested. C-terminal
pmoles of GST-plectinso beads were added to the diluted cell {ryncation of amino acids 237-339 does not abolish interaction,
I%/sa:]es and bthed mixtures Werﬁ Ollncubated _%Veén'ght it 4 % ,1] ut in contrast results in a moderate increase in the binding of
Epharose ~beads were washed once with butier A anc MeHe siectin-ABD to all the actin isoforms tested. Further

sedimented through a sucrose cushion (800 mM sucrose in buffer A). X . - .
Finally, beads were boiled in SDS-sample buffer and bead-associat alncatlon extending to the C-terminal end of the first CH

proteins were separated by SDS-PAGE and identified byiomain (residues 173-236) also does not alter binding,

immunoblotting using mAb 12CA5 against HA. showing that the plectin CH2 domain is not necessary for actin
binding (Fig. 1B). In contrast, deletion of the second ABS
completely abolished the interaction of plectin with 3- and

RESULTS y-actin, showing that this region is required for binding+o

o ) ] ] andy-cytoplasmic actin, as well as toskeletal muscle actin.
Identification of plectin sequences required for actin
binding Does plectin-ABD bind to G-actin and F-actin

The ABD of human epithelial plectin, amino acids 65-302, idilaments?
located at the extreme N terminus and is encoded by exons Rkthough plectin decorates actin stress fibers in cultured cells,
8 of thePLEC1gene. The plectin-ABD comprises two 109- suggesting that plectin interacts with polymeric actin, no
residue CH domains, CH1 (position 69-177) and CH2 (185evidence for direct binding has yet been presented. To test
293), respectively, juxtaposed in tandem (Fig. 1A). Based owhether the plectin-ABD mediates direct interactions with
the homology of the plectin-ABD sequence with those of otheactin filaments, copolymerization assays were performed using
actin-binding proteins of the3-spectrin family (Hartwig, purified monomeriai-actin from skeletal muscle and an MBP-
1994), three conserved sites (ABS1-3) are identified within th&ision protein containing the first 339 amino acids of human
plectin-ABD that, in othef3-spectrin family members such plectin. Prior to the induction of polymerization, monomeric
as dystrophin, are known to be involved in actin bindingactin at 2.5uM and MBP-plectin-z39in actin G buffer were
(Fabbrizio et al., 1993; Gimona and Winder, 1999). In plectinpnixed at the molar ratio indicated in Fig. 2A. Actin
the putative ABS1 and ABS2 (residues 72-81 and 144-17@olymerization was induced by the addition of initiation mix
respectively) are both in the CH1 domain, whereas ABS3 (18&nd actin filaments were sedimented by centrifugation. As
198) is the only potential actin interaction site within the CH2shown in Fig. 2A, MBP-plectinzzgwas found associated with
domain. the actin filaments recovered in the pellet. Quantification by
The unequal distribution of the ABS sequences within thecanning densitometry of Coomassie Brilliant Blue-stained
CH1 and CH2 domains and the differences in their sequencgsls revealed that plectin has no influence on the amount of
(Fig. 1A) raise the possibility that these two CH domains havpelleted actin, thus indicating that MBP-plegti#ag neither
different functions. In addition, recent studies indicate that theromotes nor inhibits actin polymerization (not shown and see
single CH domain of the calponin protein is not necessary fdselow). Scatchard analysis revealed that MBP-plegtin
F-actin binding, but that sequences located near the CH domaimds to actin with &g of 0.3uM and a molecular ratio of 1:1
have a role in its interaction with actin (Gimona and Mital,(Fig. 2B). These estimations were made by assuming that the
1998; Corrado et al., 1994). This prompted us to map thplectin molecules that remain in the supernatant were not
plectin sequences involved in actin binding and to gain morassociated with unpolymerized actin: at a low plectin
insight into the roles of the plectin CH and ABS sequences iooncentration (lane 1) less than 5% of plectin is found in the
the interaction with actin. supernatant although it contains unpolymerized actin. Similar
Yeast two-hybrid assays for interactions of plectin with actirexperiments performed with a GST-fusion protein containing
were performed by cotransformation of the yeast strain PJ6%e first 339 amino acids of the plectin N terminus, GST-
4A with pACT2-derived plasmids encoding the transcriptionablectin-zag gave similar results (data not shown).
activation domain (AD) of Gal4 fused to full-length actin, To test whether the plectin-ABD is able to bind monomeric
together with pAS2-1-derived plasmids encoding fusiongs-actin, pull-down assays were performed with MBP-plectin
between the DNA-binding domain (DB) of Gal4 and differentssg bound to amylose-beads in AGB to ensure that actin is not
fragments of the plectin-ABD (Fig. 1B). Expression of thepolymerized to F-actin. While no G-actin was precipitated with
fusion proteins was confirmed by immunoblotting with amylose-agarose beads alone (not shown), a small proportion
anti-Gal4(BD) or anti-Gal4(AD) antibodies (not shown).was recovered using immobilized plegtgag which was
Interactions of plectin with actin were detected by the growtlprevented by the addition of a fivefold excess of soluble MBP-
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A

_ABSL 0
Plectin 65 MA— ‘DLYEDLRIH—I\LI SLLEVLSGD BLPREKGRVRFH KLOWQ ALDYL R : I
Dystonin 60 MNDL YEDLRDGHAL I SLLEVLSGD [ILPREKGRVREH RLOWQ ALDYL KR i
Fig. 1. Comparison of the ABD of plectin, ~ »®troenin 11 Y' B o e VA
dystonin and dystrophin and interaction of ; TTABS3
plectin with different isoforms of actin. Heotin 100 TR TR S ﬂu e
(A) Alignment of the N termini of human Dystonin 135 B8 ONPKLTLGLI VT | LHFOl S % . A "ﬁm :
plectin (AAB05427), mouse dystonin Dystrophin 87} rm oo il HICRITS OQTN‘EKI \RESIRIPQINV ‘0
(P11277) and dystrophin (P11532). ‘T
Alignment was performed with the 5 N
CLUSTAL-W program Black boxes, RS PAPRE ROGRLFNA | HRHKFILI DV V$ RLLDPEDVDY [RePDEKS | TYvsSLYDA [
identical amino acids; gray boxes, amino Dystonin 209 : ﬁ@ue ~PDEKSV| TYVSSLYDA
acid 5imi|arity_ The bars above the Dystrophin 163: uuLAL SHRPDL EINS (SATO =KIL L DPEDVDINPDRKS! EVYETSLEeN
sequence indicate the ABS1, ABS2 and :
ABS3 sequences. The CH1 and CH2
domains, identified by sequence Plectin 289 mEE&’
homology among thp-spectrin family of Dystonin 283 i
proteins, are delineated by dotted boxes, ~ PStroPnin 239 L
(B) Two-hybrid interaction between the
N-terminal part of plectin and different
actin isoforms. (Top) Schematic B
representation of the largest N-terminal
construct of plectin (residues 1-339) with CH1 CH2
its ABD used in this study. T 1T 1
(Bottom) Different actin isoformsy- 69 177 185 293
skeletal muscleo(-actin),3-cytoplasmic
(B-actin) andy-cytoplasmic y-actin) actin, ABS1 ABS2 ABS3
were used to determine plating efficiency 72-81 144 - 170 183-198
following cotransformation of yeast host T T E e
strain PJ69-4A with each of the pAS2- 1 65 202 339

plectin subclones listed together with
pACT2-actins. Transformation mixtures i — — . )
were Spread on SC-LT and SC-LTHA 1 128 142 172 181 236 339
plates and grown at 30°C. Plating

efficiency on selective SC-LTHA plates is

expressed as a percentage of plating

efficiency on non-selective SC-LT plates Gal4(BD)-

Gal4(AD) fused to

of the same transformation, thus: ++, Plectin

>50%; +,> 50% (slowly growing fragment (aa) a-actin B-actin y-actin
colonies); , 5-25%+, 0%. ND, not

determined. Plates were scored after 6 and 1-339 ND + +
12 days of growth; slowly growing

colonies could only be scored after 12 1-236 + + =
days of growth. Plating efficiencies of 1-181 ++ ++ ++
<25% always represented slowly growing

colonies. All efficiencies listed represent 1-172 ++ ++ ++
an average of multiple independent 1-142 _ _ _
transformations on at least two separate

occasions. 1-128 - - -

plectin-339 (Fig. 2C). These results show that plectigy  ligand that alters the three-dimensional structure of F-actin

bound weakly but specifically to G-actin. would also affect fluorescence. On the contrary, light scattering

] ) o is influenced by the length and bundling of filaments. Although
Effects mediated by plectin-ABD on the kinetics of probably less reliable than the pyrene-actin assay, this test has
actin polymerization the advantage that unmodified actin is used and that it does not

Using two different assays, pyrene-actin fluorescence and lightly on a conformational change of actin.

scattering, we next investigated whether plectin can modulate Testing the effect of plectin on the rate of actin
the actin polymerization rate by binding to F-actin. In thepolymerization in the pyrene-actin assay revealed that MBP-
pyrene-actin assay the fluorescence signal is directlplectin-3zg increases the rate of actin polymerization in a
proportional to the degree of actin polymerization. Howeverconcentration-dependent manner (Fig. 3A). No differences
as this test relies on the fact that F-actin is more fluorescebetween the steady-state concentrations of F-actin in the
than G-actin because the environment of the labeled residadsence or presence of plectin-ABD were detectable by this
(Cyss74) is different in the G and F-actin molecules, an actilmssay at the concentrations tested (not shown). Thus, the
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plectin-ABD does not alter the degree of actin polymerizationEvidence for a bundling activity mediated by plectin-
which is in agreement with the copolymerization results. AABD dimerization
the pyrene-actin assay measures spontaneous polymerizati@mpss-linking and/or bundling of actin was visualized by
we conclude that the effects of the plectin-ABD on the rate oélectron microscopy of the polymerization mixtures monitored
fluorescence likely result from an increase in the number dfy light scattering. In the absence of plectin, long actin
actin nuclei, which increase the amount of polymerizing actitfilaments were randomly distributed all over the grid with only
and therefore the fluorescence. some of them organized into bundles (Fig. 4A). At a
The light-scattering assays provided evidence that plectiooncentration of 0.pM, MBP-plectin.-33g notably increased
can cross-link actin filaments. In our experimental conditionsthe number of actin bundles (Fig. 4B). These bundles consisted
actin polymerization results in a rapid increase in absorbane# 4-6 actin filaments in juxtaposition and were partially
during the first 5 minutes, followed by a more moderaterganized in a branched network. Due to the presence of
increase, ultimately reaching a plateau (Fig. 3B). When MBPglobular particles, corresponding to the plectin-fusion protein,
plectin-zzgwas used at 0.5 or IM concentration, there was the bundles have a rather rough appearance. The globular
a markedly more rapid increase in the OD rate and the Oparticles were found regularly distributed at 30 nm intervals
values were much higher at steady state, as compared to @leng the filaments. To confirm that plectin indeed induces
control. However, only small differences were found betweeibundling of actin filaments, low-speed sedimentation assays
the results obtained with 0.5 anduM MBP-plectin-zzg ~ were performed using MBP plectissoand MBP alone as a
suggesting that these effects were not the result of a direcontrol. As expected, we found that only small amounts of
effect of MBP-plectin-3z39 on actin polymerization (Fig. 3B). polymerized actin can be precipitated by brief centrifugation
In addition, the results of neither the cosedimentation assaws 14,000g in the presence of @M of MBP (Fig. 5A). By
nor the pyrene-actin assays indicate that MBP-plegtin  contrast, about 90% of the actin was found in the pellet when
increases the amount of polymerized actin. the same experiment was done in the presence of various
The data obtained by light scattering in combination withconcentrations of plectin, indicating that plectin can induce the
the nucleating effect of the plectin-ABD observed using thdormation of large actin complexes. In agreement with the data
pyrene-actin assay led us to assume that MBP-plegidgtan  obtained by light scattering (Fig. 3B), there were no marked
probably bundle actin filaments by cross-linking at least twalifferences in the amount of actin sedimented at the various
actin molecules. plectin concentrations used.

Fig. 2.Biochemical analysis of A C
plectin/actin interactions.

(A) Copolymerization assays were 1 2 3 4 5 6 7 8

performed using bovine-skeletal
muscle actin at 2.6M together with
different concentrations of MBP-
plectin-ABD;-339(lanes 1-8 correspond

UB B UB B

—— — — — ) bl — Plecting

= p—p— - plectin, 5

t0 0.2,0.37,0.5,0.6,1,1.5,1.6 and 2.2

i S —— ——t——"-

UM, respectively). Actin filaments and Pellets o—&
bound proteins were sedimented by
centrifugation and equivalent samples -
of pellets (upper panel) and T T e — e -
1 2 3 4

supernatants (lower panel) were
resolved by SDS-PAGE. (B) Scatchard
plot of plectin binding to actin
filaments (values are means differing
by less than 5% of duplicate
experiments). Scatchard plotting

> S - — —

Supernatants

indicates that plectin binds to B
filamentous actin with an appardft

of 0.3uM and a molecular ratio of 1 bound/free
plectin molecule per actin monomer. plectin 10 -

(C) Pull-down assay of plectin-ABD
339G-actin binding. Immobilized
MBP-plectin-ABD1-339in suspension

(3 uM) was incubated with solubte-
skeletal muscle G-actin (2/BM) in the
absence (lanes 1 and 2) or presence of
a fivefold excess of soluble MBP-
plectin-ABDi-339(lanes 3 and 4). After
incubation, the beads were pelleted by
centrifugation and the supernatants
removed. The beads were then washed
and the proteins eluted by boiling in

= B ok o

T T 1

0 0.2 04 06 08 1

bound plectin / F actin

sample buffer. Equivalent samples of supernatant (unbound (UB) actin, lanes 1 and 3) and bead eluates (bound (B) aatid,4amesQ

analyzed by SDS-PAGE. Proteins were visualized by Coomassie Brilliant Blue staining.
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These results suggest that the N terminus of plectin is ab .
to dimerize and thus induces the formation of actin bundles JhF Lorescerce A
To directly assess the ability of pleatiszg to interact with
the ABD on another plectin molecule, we investigatec

the association of MBP-plectinzg fusion proteins with
radiolabeled plectinzzg (prepared by in vitro transcription/ 70+
translation of pcDNA3-HA plectinzzg see Materials and

Methods). As a control for the specificity of the interaction, the i
MBP-plectin-339 fusion protein was also incubated with a 501 9
radiolabeled fragment of the cytoplasmic domain 34, J
containing a mutation in the second type Il fibronectin repee w0l /
(B4R1281W that abrogates binding to plectin (Geerts et al. 0/
1999). The expression and quality of the in vitro translate: :
proteins was confirmed by SDS-PAGE followed by 10
autoradiography. Binding of MBP alone or MBP-plegctigg
to HA-B4R1281Wwas barely detectable (Fig. 5Bines 1 and
3). There was a weak, but not specific, interaction of MBF OD at300nm

alone with HA-plectin-339 (Fig. 5B, lane 2). In contrast, a (arbitrary units) B
strong signal was obtained when plectigo was incubated 300,
with HA-plectin-339 (Fig. 5B, lane 4), suggesting that the

plectin N terminus can indeed bind to the N terminus on othe
plectin molecules. We subsequently confirmed this interactio /A/”MH
in a pull-down assay using COS-7 cells, transfected with HA e

901

0 10 20 30 Time (min)

tagged plectinzzs Complex formation between the expressec
protein and other plectirsgzg molecules, being presented as ?
GST fusion proteins immobilized on glutathione beads, wa 10045
tested by precipitation, followed by immunoblotting with anti- !
HA antibodies. As shown in Fig. 5C, the HA-tagged plactin
339 fragment was precipitated with GST-plegtiyag but not

with GST alone. As expected, an N-terminal truncation mutar 5 0 2 20
(HA-tagged plectigs-339 was also efficiently precipitated with
GST-plectin-33g confirming that the first 64 amino acids of

F(-:l-?r%tilrr]]alareler:;?itn r?gw:ﬁgn];gr Tengtgzﬁlztl(z:%nbtfg\llvii?n twg Al\\f muscle actin (4iM) containing 10% of pyrene-labeled actin was
FElZBlW frag L 9 . 9 polymerized in the presence of increasing concentrations of MBP-
taggedB4 did not bind to GST-plectinszs EXpression  pjectin-ABDy.330(squares, 0 nM: triangles, 30 nM; diamonds, 150
of the HA-tagged proteins was checked by immunoblottingyv; circles, 300 nM). Actin polymerization was initiated at time 0
with anti-HA antibody. Taken together these results clearlyy the addition of 0.1 volume of Gnitiation mix and fluorescence
show that N-terminal fragments of plectin which contain awas recorded at 407 nm using an excitation wavelength of 365 nm.

Time (min)

Fig. 3. Effect of plectin-ABD on actin polymerization. (A)skeletal

complete ABD domain can form dimers. (B) Actin polymerization was monitored by light scattering at 300
nm. Polymerization of M a-skeletal muscle actin in the absence

Identification of the dimerization domain (squares) and presence of varying concentrations of MBP-plectin-

of plectin-ABD ABD, 0.5uM (triangles), 1uM (diamonds) was initiated at time 0 by

the addition of 0.1 volume of ¥QOnitiation mix.

TR ;
' e ) A

The role of the CH domains in actin binding
remains controversial (Gimona and Mital, 197" s
There is stronger homology between the CH1 | A
CH2 domains, respectively, of different ac
binding proteins (Fig. 1A; Van Troys et al., 19
than between CH1 and CH2 of the same prc
supporting the current idea that although CH1
CH2 domains are structurally related, tl
function is most probably distinct (Van Troys
al., 1999). Here, we have found that the (
domain of plectin is necessary for actin binc
(see above), while CH2 is not. Altogether tt
data and the observed bundling mediatec
plectin-plectin interactions prompted us
investigate which part of the plectin N terminu i - ¥ = . B - T
required for this interaction. To this end, fi  Fig 4 Plectin-ABD cross-links F-actin into bundles. Electron microscopy
length and truncated plectin-ABD were tested  examination of polymerized actin mixtures, described in Fig. 3. F-actin alone (A)
yeast two-hybrid assay and the resulting bin or in combination with 0.5M of purified plectin-ABD (B). Note the numerous
activities were compared to the binding obtai  bundles of F-actin in the presence of plectin-ABD. Barp®b

13- 27
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Fig. 5. The plectin-ABD interacts with other plectin-ABD molecules A
in vitro and bundles actin filaments. (A) Low-speed sedimentation S P S P S P S P
assay. Polymeric actin (4M) was incubated with MBP (M) or
MBP-plectin (0.5, 1 or M) for 1 hour at room temperature.
Samples were centrifuged at 14,@pf@r 1 minute and equal
amounts of pellet (P) and supernatant (S) were subjected to SDS- —
PAGE and visualized by Coomassie Blue staining. (B) MBP (lanes 1
and 2) and MBP-plectimnzg(lanes 3 and 4) bound to amylose-
agarose beads were incubated W¥+labeled plectin-ABR.339

(lanes 2 and 4) 34R1281W(janes 1 and 3), obtained by in vitro
translation. After incubation and washing, the beads were boiled in ] uM .2 1 05 2
sample buffer and bound proteins were subjected to SDS-PAGE and protein MBP- plectin 1oy MEP
visualized by autoradiography. Lanes at left sReBvlabeled in ’

vitro-translated plectin-ABR33zoandB4R1281W (C) Lysates of COS-

7 cells, untransfected (lanes 1, 5, 9) or transiently transfected with 5
HA-plectin-ABDz1-339(lanes 2, 6, 10), HA-plectin-AB§3-339(lanes &
3,7, 11) or HAB4R1281W(lanes 4, 8, 12), were incubated with GST B ;‘ &
(lanes 5-8) or GST-plectirzg(lanes 9-12), immobilized on X xz.'Q
glutathione-Sepharose beads. After washing, beads were boiled in N &
sample buffer and associated proteins were visualized by
immunoblotting using anti-HA antibody. Lanes 1-4, total COS-7 cell
lysates probed by immunoblotting with anti-HA antibody to verify

the expression of the HA-tagged proteins. The upper band in lanes 1-
4 and 9-10 corresponds to an unidentified protein that is non-
specifically recognized by anti-HA antibody.

— Actin

g

with B-actin (Fig. 6). We observed that plegtias (as a
Gal4(BD)-fusion protein) interacted with both pleeti#g(as
a Gal4(AD)-fusion) an-actin. In addition, the plectin mutant 1 2 3 4 5 6 7 8 9 10 11 12
in which the 35 N-terminal amino acids had been delete
(plectirgs-339 still bound to other plectin molecules as well as
to B-actin. An N-terminal deletion that removed all 64 amino
acids encoded by exon 1c completely abolished the interactic
with B-actin, without altering the interaction with other plectin
molecules. However, by also deleting residues 65-173 or 6!
284, the binding to other plectigzg molecules was also

abolished. Since plectg3sois able to bind to botB-actin and L Il I !

plectim-33g we tested the effect of C-terminal truncations of COS-7 cell lysates GST GST- plectin 55,
this molecule on these interactions. Removal of the CH:

domain enhances binding feactin but does

not alter binding to plectinzzg wherea: CH1 CH2

deletion of ABS2 abrogates binding to b . 1 |

B-actin and plectinzzs These finding e ABen b 293

indicate that for dimerization at least ¢ J2:8
intact CH1 domain in any protein of t Ga (8D) 1 65
dimer is required. ) AT R U ) . :

To determine whether the plectin C plectin(ag 15 36 65 128 142 173181 284 305 339 plectin, 55, plecting g B-actin

domain alone can support dimerization of

144170 183-198

Gal (AD) fused to

plectin-ABD we performed a similar ye: é:gg’g o N :
two-hybrid analysis using a Gal4(AD)-fusi 36-339 ++ + +
protein containing amino acids 36-181 65-339 + - -
plectin. Consistent with the results descri 173-339 - - -
above we found that plectigis1 interacts igg:ggg - B i i
with plectin.-a39 (Fig. 6) with an efficienc 36-181 ++ H -
similar to that of plectinzsg In contrast t 36-142 - - -

plectini-zzg  plectirge-181 was unable t 5-142
interact with plectigs-339 This latter finding 1-142
suggests that sequences in the regio
residues 36-65 may also contribute to plec

Fig. 6. Mapping of the binding site in the N-terminal part of plectin that is involved in
dimerization. Plating efficiency following cotransformation of yeast host strain PJ69-

ABD binding. Alternatively, these sequen:
may be required to position the CH1 don
at a sufficient distance from the Gal4 moi

4A with one of each of the pAS2-plectin subclones listed together with pACT2-
plectim-33g pACT2-plectines-1810r pACT2{3 cytoplasmic actin are shown. Details are
as for Fig. 1B.
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to make binding possible in yeast. In agreement with the resul 5

obtained with plectinzsg we found that deletion of ABS2 Gad (AD) fusions é‘°

(plectin-142, plectirs-142, plectirgs-149 completely abolished o &
plectirgs-18rbinding activity. PR (\Mf” o
Can other ABDs mediate homo- and Gal4 (DB) fusions @ o ¥ @
heterodimerization?
Based on the strong homology in sequences between the AB Plectin s t+ A - -
of the B-spectrin family members, we speculate that ABDs Dystonin-2, sz oo - -
other than those of plectin may homodimerize and eve DYy - - 7

p y Plectin_g5/Dystrophn ;1.3 — — + ++

heterodimerize. This assumption was tested by yeast tw

hybri.d assays using Gal4.'fUSion pr_oteins Com‘.”‘ining the NFi . 7. Yeast two-hybrid analysis of the interactions between the
terminal ABDs of dystrophin, dystonin and plectin. We foundAIgD of plectin, dygtonin andydystrophin. Plating efficiency

that plectin-33g binds to other plectingsg molecules and to  fojiowing cotransformation of yeast host strain PJ69-4A with the
dystonin-2.336 with similar efficiencies (Fig. 7). By contrast, pAs2- and pACT2-plectin, dystonin and dystrophin subclones listed
there was no binding between plegtigoand dystrophinssz  are shown. Details are as for Fig. 1B.

or between dystoniniZszs and dystrophinzzz. Dystonin-2.-

33scan bind to other dystonint2ssmolecules but this binding

appeared to be weaker than that with plecsis Binding of  possible to conclude that the first 64 amino acid residues,
dystrophin-ss7to other dystrophinzszmolecules proved to be which do not form part of the conserved ABD, are
very weak and was barely detectable. Since in the Gal4-fusiamnecessary for actin binding. To address this question, rat
protein, the dystrophin-ABD, which starts at residue 10, i&mbryo fibroblasts (REFs) were transfected with HA-tagged
located closely to the Gal4 protein, interaction between two gflectin N terminus with or without the first 64 amino acid
these fusion proteins via their dystrophin-ABDs may not beesidues (HA-plectinzsgand HA-plectims-33g respectively).
possible because of steric hindrance by the Gal4-moiety. Wkransfected cells were stained with HA-specific antibodies to
therefore tested whether the efficiency of intermoleculadetect the HA-tagged protein and rhodamine-phalloidin for
binding between two dystrophin-ABDs could be made possiblgtaining F-actin. Examination by confocal microscopy reveals
by increasing the size of the linker region between the ABBhat both plectin mutants produce similar intracellular
and the Gal4-moiety. To achieve this, we created a chimeriocalization patterns with a predominant staining along actin
protein in which the first 65 residues of plectin separated thilaments and in focal contacts (Fig. 8A,B). These latter
Gal4-moiety and the dystrophin-ABD. Testing this chimericfindings clearly demonstrate that the first 64 amino acid of the
protein in the yeast two-hybrid assay indeed revealed efficieM terminus of the epithelial variant of plectin are not required
intermolecular binding of the chimeric proteins and afor supporting direct and/or indirect binding of plectin to actin.
somewhat reduced binding of it to dystrophigz There were

however, still no interactions with either plegtgzg or

dystonin-2-33e DISCUSSION
The 64 amino acids encoded by exon 1c are Although plectin contains an ABD that is highly homologous
dispensable for actin binding in cells to that of other proteins of tHe-spectrin family, its function

All our experimental data strongly suggest
that the ABD of plectin is sufficient

support binding to actin filaments. Howe\
we have found that the Gal4 or GST moie
fused to the plectin N terminus at amino ¢
residue 65 abrogate actin binding (see a
and unpublished results), presume
because of a steric hindrance of crucial ar
acid residues by the tag. Therefore, it was

Fig. 8. Codistribution of F-actin and plectin N
terminus protein fragments in transfected cells.
Rat embryo fibroblasts were transiently
transfected with HA-tagged plectigzg (A-C) or
HA-tagged plectiss-339(D-F). The cells were
fixed, permeabilized and processed for double
labeling using rhodamine-phalloidin to visualize
F-actin (A,D) and anti-HA antibodies, followed b
FITC-conjugated secondary antibodies to detect
the HA-tagged proteins (B,E). Images were
obtained using a Leica confocal microscope.
(C,F) Composite images. Colocalization appeard
as yellow. Bar, 1(um.

F-actin
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as a structural actin-binding protein has not yet been wethe CH2 could potentially modulate the interaction of the
established. In many cell types plectin is generally found eithgylectin-ABD with actin.
concentrated in hemidesmosomes or associated with the thredn cosedimentation assays, we found that plectin binds to
cytoskeletal filament systems (Wiche and Baker, 1982; Wichactin with an apparerdq of 0.3 uM and in a molecular ratio
et al., 1983; Hermann and Wiche, 1987; Errante et al., 1994f 1:1. These properties are similar to those of other actin-
Foisner et al., 1994; Bohn et al., 1996; Svitkina et al., 199&inding proteins containing the conserved ABD such as
Rezniczek et al., 1998; André et al., 1998; Nievers et al., 1998ystrophin,a-actinin and dystonin (for a review, see Hartwig,
Geerts et al., 1999). This protein has been found to b&94). In addition, in vitro experiments have shown that the
colocalized with actin in focal contacts or along stress fiberglectin-ABD does not modify the amount of polymerized actin,
but hardly with cortical actin, suggesting that plectin-actinsuggesting that the plectin-ABD does not prevent
interactions are tightly regulated or that plectin binds tgoolymerization of G-actin into F-actin. Consistent with this
specific actin isoforms enriched in these structures (for &inding, pull-down assays, performed with immobilized
review, see Herman, 1993). Our findings with the yeast twoplectin-ABD, demonstrate that plectin hardly binds to G-actin.
hybrid assay indicate that plectin is able to bind to various actifihese data are in apparent contrast to those obtained by André
isoforms:a-skeletal muscle3-cytoplasmic ang-cytoplasmic et al. (André et al., 1998vho showed that the plectin-ABD
actin. Nevertheless, since actin isoforms differ primarily inbinds to monomeric actin using ELISA assays. These authors
their N terminus and since in the yeast two-hybrid experimenteported aKq of 0.32uM, the same as we established for F-
the actin isoforms are assayed when fused at their N terminastin. The discordance concerning the binding of plectin to G-
with the Gal4(AD) moiety, we cannot formally rule out thatactin is probably because Andra and coworkers used a buffer
there are minor differences in the interaction of plectin withcontaining 2 mM Mg*, with ionic conditions that favor the
the various actin isoforms that were not detected using thifermation of F-actin. Thus, like otheB-spectrin family
method. members (i.ea-actinin, dystrophin), plectin appears to bind to
The actin-binding site in the plectin-ABD is contained F-actin with a much higher affinity than to G-actin. Although
within the first CH domain, since truncation at either the Nthe yeast two-hybrid assays are normally based on interactions
terminal (Fig. 6) or the C-terminal end of CH1 (Fig. 1B)between two monomeric Gal4-fusion proteins, oligomerization
abolished the binding of plectin to the different actin isoformsof one of the two partners has ocassionally been observed when
Our yeast two-hybrid assays clearly show that residues 148ther cytoskeleton proteins were studied (Meng et al., 1996)
172, comprising the ABS2, are required for mediating bindinguggesting that short F-actin structures can probably be
to all the actin isoforms tested. Recently, analyses of the threassembled in the yeast nucleus, thereby providing an
dimensional structure of fimbrin ang-spectrin ABDs appropriate ligand for Gal4-plectin-ABD.
suggested that the major actin-binding site is localized in the The proteins of thg-spectrin family are well-established
last a-helix of CH1, corresponding to a sequence containingctin cross-linkers. This property is attributed to protein
amino acid residues of the ABS2 (Banuelos et al., 1998fimerization mediated by their rod domain. However, recent
Dystrophin, another member of tiffespectrin family, also crystallographic studies showed that in a crystal the ABDs of
binds to actin by a conserved ABD. However, in this latter casetrophin and dystrophin are organized in a dimer (Keep et al.,
binding requires both the ABS1 and the ABS2 (Fabbrizio e1999; Norwood et al., 2000), which suggests that the ABD
al., 1993; Corrado et al., 1994). The crystal structure of the fireff these proteins can also participate in the process of
CH domain of humai-spectrin (MMDB Id: 8495) (Carugo dimerization. Consistent with these findings, we demonstrate
et al., 1997) indicates that the ficsshelix containing the ABS1 that the ABD of plectin is able to form dimers and thereby to
is located in close proximity to the lasthelix, which contains  bundle actin filaments in vitro. In addition, using pyrene-actin
the ABS2. Thus, amino acid residues located in the ABSassays, we show that the plectin-ABD increases the rate of
might also participate in actin binding. The observed inabilityactin polymerization and reduces the lag phase, probably by
of the complete plectin-ABD fragment to interact with actinnucleating actin filaments. We assume that this nucleation of
(this study and unpublished observations) might be due tactin filaments by the plectin-ABD is also mediated by its
steric hindrance of the ABS2 resulting from the fusion todimerization, which might stabilize actin oligomers or even
Gal4(BD) and GST. The same mechanism might account fanduce their formation. However, we cannot exclude that the
the different results obtained by yeast two-hybrid and celplectin-ABD modulates actin polymerization by increasing the
transfection experiments regarding the involvement of residugsate of monomer addition to barbed ends or by severing actin
36-65 of plectin in actin-binding. Indeed, we found that fusiorfilaments, thereby creating new barbed ends. By employing the
proteins (Gal4 or GST) containing pleegfrszgwere unable to yeast two-hybrid system we have mapped the dimerization
bind actin in yeast two-hybrid and in vitro interaction assaysdomain of the plectin-ABD in the CH1 domain. Thus, the
However, the colocalization of actin and plegiigssidentified  dimerization of the plectin-ABD is different from that of the
in transfected REF cells strongly suggests that the first 6dtrophin-ABD, since the dimerization of the latter is thought
amino acid residues are not necessary for actin binding.  to be mediated by CH1-CH2 interaction (Keep et al., 1999).
The results of our study indicate that the plectin CH2 domaitnexpectedly, we found that the ABS2 is required for both
is not critically implicated in the binding to actin. However, it actin binding and for plectin-plectin interaction. Nevertheless,
appears to have a regulatory function on actin binding since ithe residues involved in binding are probably different, since
partial or complete removal increases plectin-actin binding. Ithe plectin-AB¥s-339construct can associate with the plectin-
is possible that the partial inhibition mediated by the CH2ABD1.339 but lacks actin-binding properties. These
domain results from hindrance of sequences involved iobservations suggest that dimerization of the plectin-ABD does
plectin-actin interactions and thus proteins that interact witmot prevent actin binding, which is supported by our
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cosedimentation assays showing that at low concentrations, 8aatman and J. den Dunnen for the human dystrophin clone pXJ10.
of the plectin-ABDs are bound to F-actin. Also, if plectin Thanks are also due to Dr N. Demaurex in whose laboratory the
dimerization inhibited actin binding, then actin-plectin experiments with the fluorimeter were carried out. This work was

interaction would not have been detected by either the yea&fPported by grants from the Dutch Cancer Society (NKI 95-979 and

_ ; P T et idinq NKI 96-1305 to A.S.), the Biomedical and Health program
w1y o inviro bindng assays. The ditnct bvdng o, 035, 1, 8% 05, PSS e, P
9 P y P ullosa Research Association (DEBRA Foundation, Crowthorne,

binding .S'te and a dlmerlzathn site Ioca_ted on opposite s.'deéK) and a ‘Bourse de formation a I'étranger’ (INSERM 1998 to L.F).

of the first plectin CH domain. Supporting this assumption,

Correia et al. (Correia et al., 1999) have shown that the CH1

of fimbrin mediates interactions with actin and vimentin. UsingREFERENCES

three-dimensional reconstruction a model was proposed by _ )

these authors in which actin and vimentin binding sites aré”dfgiv'f/-_,r'}-aszman;é;;-vTB'tt”‘tfﬂdR_-v SthOF?,V, S-}F?Sst',eh R, F;fOPSt' F-t, |
H H H H . H an Iche, . . largeted Inactuvaton or plecun reveals essenta

Ioca.ted "?‘t two QppOSIte SId.eS In the_ CHl domam.Of f'.mb.”n' function in maintaining the integrity of skin, muscle, and heart

Besides its role in the bundling of actin filaments, dimerization cytoarchitectureGenes Devi1, 3143-3156.
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