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Plectin is a high-molecular-weight cytoskeleton-
ssociated protein that was initially identified in in-
ermediate filament (IF)-enriched fractions of rat C6
lioma cells. At the cellular level, plectin has been
ound to associate with IF networks and IF-associated
tructures that are involved in cell–cell and cell–
ubstrate adhesions. IFAP300 is an IF-associated pro-
ein that was initially identified in hamster cells by a
onoclonal antibody directed against a high molecu-

ar weight protein present in IF-enriched cytoskeletal
reparations. Plectin and IFAP300 display similar dis-
ribution patterns within cells as determined by im-
unofluorescence. Based upon this and the finding

hat their biochemical properties are similar, it has
een suggested that they may actually be orthologous
roteins. In this paper we demonstrate that this is the
ase. Cloning and sequencing of most of the hamster
lectin cDNA demonstrates that plectin is found in
amster cells and that its sequence is highly con-
erved between species. Using immunological cross-
eactivity, epitope mapping, and immunoelectron mi-
roscopy, we show that IFAP300 is actually the
amster ortholog of plectin. © 2000 Academic Press

Key Words: cytoskeleton; plectin; intermediate
lament-associated protein.

Plectin is a high-molecular-weight cytoskeleton-
ssociated protein that was initially identified in rat
6-glioma cells (1), but was later shown to be widely
xpressed in different tissues and cell types (2, 3). At
he cellular level, plectin associates with vimentin and
eratin IF networks and structures that are involved

Sequence data from this article have been deposited with the
MBL/GenBank Data Libraries under Accession No. AF260753.
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ell and Molecular Biology, Northwestern University Medical
chool, 303 E. Chicago Avenue, Chicago IL 60657. Fax: (312) 503-
954. E-mail: r-goldman@northwestern.edu.
183
omes and hemidesmosomes (2–6). Cloning and se-
uencing of human and rat plectin cDNAs has demon-
trated that this protein is composed of multiple
tructural and functional domains, including an
mino-terminal actin-binding domain, a central
-helical rod and six highly homologous repeats in the
arboxyl-terminus (7, 8). Using a variety of biochemical
nd molecular techniques it has been shown that plec-
in can bind directly to several cytoskeletal proteins
ther than IF and actin, including a-spectrin, b4 inte-
rin and the microtubule-associated proteins, MAP1
nd MAP2 (9, 10). While the precise nature of the
nteractions between plectin and other cytoskeletal
roteins remains unknown, a putative IF binding do-
ain has been mapped to ;50 amino acids following

he fifth repeat in the carboxyl-tail (10, 11). Recent
enetic analysis of patients suffering from the severe
kin blistering diseases epidermolysis bullosa simplex
EBS)-Ogna and EBS with associated muscular dystro-
hy suggests that plectin plays an essential role in
echanically strengthening cells, probably by linking

F networks either directly or indirectly to cellular
unctional complexes (5, 12–14).

Following its discovery, several findings suggested
hat the 300 kDa IF-associated protein, IFAP300, was
ot plectin. IFAP300 was initially characterized as a
rotein in IF-enriched preparations from the baby
amster kidney fibroblastic cell line, BHK-21 (15, 16).
mmunofluorescence studies using a monoclonal anti-
ody (mAb) directed against this protein co-localized
ith IF in BHK cells before and after colchicine treat-
ent, in spreading cells and co-cycled with IF in an in

itro assembly/disassembly assay (15). Based on simi-
arities in size and immunocytochemical staining pat-
erns, several studies have attempted to determine
hether IFAP300 and plectin are the same or different
roteins. After it became clear that plectin and MAP2
ere not related as originally proposed (1), biochemical
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
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TABLE 1
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tudies using peptide mapping and immunological
ross-reactivity, suggested that IFAP300 and plectin
ere the same (10). However, while polyclonal antibod-

es directed against IFAP300 recognize plectin, mono-
lonal antibodies against IFAP300 do not cross-react
ith rat plectin and monoclonal antibodies against rat
lectin do not cross-react with hamster IFAP300, re-
pectively (17). Moreover, two-dimensional proteolytic
aps of IFAP300 and plectin also indicated that these

roteins were not identical (17).
Based upon these discrepancies, the nature of the

elationship between hamster IFAP300 and plectin
ave remained unclear. In this paper we resolve the
uestion of the relationship between IFAP300 and
lectin. Cloning and sequencing of most of the hamster
lectin cDNA clearly demonstrates that plectin is
ound in hamster cells and that its sequence is highly
onserved between species. Immunoblot analyses of
ecombinant fragments of hamster plectin show that
he IFAP300 monoclonal antibody, 417D, recognizes
amster plectin. Moreover, we have been able to dem-
nstrate that the IFAP300 epitope is located in the
entral part of the rod domain.

ATERIALS AND METHODS

Cloning and sequencing hamster plectin cDNA. Since the full-
ength rat (Accession No. X59601) and human (U53204) plectin
DNA sequences were known, our strategy was to clone the cDNA for
HK-21 (c13) cell plectin using reverse transcriptase-polymerase
hain reactions (RT-PCR). Initially, the 39-terminus of BHK plectin
DNA was amplified from a lgt22A cDNA expression library. This
nvolved the use of a lgt11-2 primer and a primer corresponding to

region of plectin cDNA conserved in both the human and rat
equences. A 2.2 kbp fragment was identified and sequence analysis
howed that it possessed ;85% identity to the 39 end of the published
at plectin sequence. RT-PCR was used to amplify additional plectin
equence upstream of this partial cDNA sequence. BHK mRNA was
solated using the FastTrack 2.0 Kit for Isolation of mRNA (Invitro-
en; Carlsbad, CA) and cDNA was synthesized from ;1 mg of mRNA
sing the SUPERSCRIPT II Reverse Transcriptase System (Life
echnologies). Stepwise PCR amplification of plectin cDNA was per-

Comparison of Trout Plectin Peptides Prepared from

Peptide No. Sequence

Pep1 Trout LQNVQIALDFL
Human LQNVQIALDYL

Pep2 Trout LLFNDVQTLK
Human LLFNDVQTLK

Pep3 Trout YAQDLLTLVEE
Human YLQDLLAWVE

Pep4 Trout YSELMTLTSQY
Human YSELTTLTSQY

Pep5 Trout FFDPNTLDNLT
Human FFDPNTEENL

Note. Sequence letters represent single-letter amino acid code. Bo
184
ormed using anti-sense primers complementary to a region of
nown BHK plectin cDNA and sense primers homologous to a region
f plectin cDNA conserved in both the human and rat sequences.

total of six overlapping PCR fragments were characterized (see
ig. 1).
All PCR fragments were cloned using the TOPO TA Cloning kit

Invitrogen) and sequenced in both directions using BigDye Termi-
ator Cycle Sequencing Ready Reaction mix (PE Applied Biosys-
ems, Foster City, CA) and analyzed using an ABI 377 DNA Analyzer
PE Applied Biosystems).

Expression and immunoblotting of recombinant plectin fragments.
lectin cDNA fragments were subcloned into the prokaryotic expres-
ion vector pGEX-4T (Amersham Pharmacia Biotech; Piscataway,
J). Individual plasmids were then expressed in BL21 (DE3) E. coli
ielding plectin–glutathione-S-transferase fusion proteins. Total
acterial lysates were separated using standard SDS–PAGE gels for
ach of the fusion proteins and transferred onto nitrocellulose mem-
ranes. The membranes were blocked with 5% dry milk. The im-
une reaction was performed with either the monoclonal IFAP300

ntibody 417D or guinea pig serum F3 which was raised against a
eptide derived from a sequence identical in trout and human plectin
Pep2, Table 1). Trout plectin was isolated from high salt/NP-40
esistant fractions of RTG-2 cells by SDS–PAGE on 5% polyacryl-
mide gels and transferred by blotting to PVDF membranes (18).
ragments of the trypsin-digested polypeptides were isolated by
PLC and sequenced as described (19). The synthetic peptide, RLL-
NDVQTLKDGRHC was elongated by five amino acids according to
he human sequence and a C-terminal cysteine for coupling to he-
ocyanin.

Ultrastructural analysis. Immunogold labelling was carried out
or electron microscopy using BHK-21 cytoskeleton preparations as
reviously described (20, 21), with the following exceptions: to opti-
ize 417D antibody staining, cells were lysed in PEM buffer (100
M PIPES, pH 6.9; 1 mM MgCl2; 1 mM EGTA) containing 1% Triton
-100, 4% polyethylene glycol and taxol. Gelsolin treatment was
arried out in the presence of taxol, and the cytoskeletal prepara-
ions were incubated with the primary antibody solution prior to
lutaraldeyhde fixation.

ESULTS AND DISCUSSION

The IF-associated protein, IFAP300, originally iso-
ated from BHK-21 cells (15, 16) has been defined al-

ost exclusively by the monoclonal antibody 417D,
hich does not cross react with the originally identified

-Preparations of RTG-2 Cells with Human Sequence

Location of human peptide
(aa#) Identity

Globular N-terminus 92%
127–138

Globular N-terminus 100%
478–487

Globular N-terminus 73%
551–561

a-Helical rod 92%
1350–1362

Globular C-terminus 84%
4117–4128

etters denote differences in amino acid sequence.
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ory and others have previously shown that hamster
FAP300 and rat plectin, purified using identical pro-
ocols, have unique and shared epitopes and that pep-
ide maps of 125I-labeled proteins from C6-glioma and
HK-21 cells are similar (10, 17). These observations
uggest that IFAP300 and plectin may be closely re-
ated or even orthologous proteins. Previous attempts
o shed light on the nature of the relationship between
hese two proteins were focused on cloning the hamster
DNA which encodes the 417D monoclonal antibody
pitope from lgt11 cDNA expression libraries. This
nitial effort was unsuccessful and likely reflected the
imits of cloning large cDNAs using lambda expression
ibraries (17). The cDNA for rat plectin is ;15 kbp (8).

In this study, we reasoned that since plectin is a
ingle copy gene in human and rat genomes, and we
ave found that the 417D antibody does not react with
ther types of plakins (data not shown), we next tried
o determine whether the 417D mAb recognizes ham-
ter plectin. This involved cloning BHK-21 plectin
DNAs using RT-PCR, expressing them in a prokary-
tic expression system and then determining whether
he 417D antibody recognized any of the expressed
roteins. Using this approach, we have cloned a large
artial cDNA that encodes hamster plectin. This cDNA
s 14,618 base pairs long and starts at nucleotide 643
ith respect to the rat C6 plectin cDNA sequence (Fig.
A; Accession No. AF260753). Comparisons of this
amster sequence with the known full-length rat and
uman plectin cDNA sequences confirm that the ham-
ter sequence is plectin and that its sequence is highly
onserved between species. At the nucleotide level,
amster plectin cDNA is ;91% and ;87% identical to
at and human plectin, respectively (not shown). Anal-
sis of the longest uninterrupted open reading frame in
he hamster plectin cDNA shows that it encodes a
rotein at least 4474 amino acids long. Remarkably,
omparisons of the hamster primary amino acid se-
uence shows ;96% and ;93% identity to rat and
uman plectin, respectively (not shown). These results
emonstrate that plectin is highly conserved between
pecies.
In order to determine specifically whether the 417D

ntibody recognizes plectin, fragments of hamster plec-
in were expressed as fusion proteins in prokaryotic
ells. Immunoblot analyses of these plectin peptides
ere carried out to determine whether this antibody

ecognizes hamster plectin. The resulting data show
hat this antibody recognizes an epitope in the central
-helical domain of plectin (Fig. 1B and 1C). Alignment
f the homologous hamster, human and rat plectin
equences shows that this epitope lies within the pu-
ative rod domain. Since the rod domain is highly con-
erved, this result surprised us because the monoclonal
ntibody 417D recognizes hamster IFAP300 and hu-
an plectin (not shown), but not rat plectin (17). How-
185
ver, the alignment of the specific amino acids contain-
ng the 417D epitope shows that differences in the
rimary sequences of hamster, human and rat plectin
ould explain the lack of cross-reactivity (Fig. 2). Even
hough this region shares a high degree of identity,
4% for human and 96% for rat, 5 out of the 178
esidues within the epitope domain differ in rat plectin,
ut are conserved in hamster and human plectin. In
ddition, since 2 residues in this hamster sequence,
ositions 1 and 174, have been expressed in overlap-
ing clones that were not recognized by 417D, the three
esidues remaining may be essential in determining
he IFAP300 epitope. Indeed, it has been shown for a

FIG. 1. Monoclonal IFAP300 antibody 417D recognizes the plec-
in rod domain. (A) Diagrammatic representation of plectin protein
tructure and the extent to which the hamster cDNA has been
loned. Hamster plectin cDNA was assembled from five RT-PCR
roducts containing protein coding regions, while the 39-
ntranslated region was PCR amplified from a lgt22A cDNA expres-
ion library. PCR products labeled N, R1, and R2 represent regions
ncoding plectin recognized by plectin or IFAP300 antibodies. (B)
mmunoblot analysis of plectin fragments expressed in E. coli show-
ng that a guinea pig serum raised against a highly conserved 15-
mino-acid-long plectin peptide in the amino-terminal domain also
ecognizes a recombinant amino-terminal hamster plectin fragment.
he IFAP300 mAb 417D recognizes an epitope in the recombinant
lectin fragment labeled R1. (C) Expression of smaller pieces of the
od domain narrowed the 417D epitope to a region of 178 amino acids
n the center of the a-helical rod domain labeled R2. GN, globular
mino-terminal domain; Rod, a-helical coiled-coil structure; GC,
lobular carboxyl-terminal domain. (1) and (2) indicate whether
17D reacts or does not react with the plectin fragment encoded by
he respective PCR product. U, uninduced protein expression; I,
rotein expression induced with 1 mM IPTG. CL, whole BHK-21 cell
ysate. Molecular weight standards for blots, from top to bottom, 208,
27, 85, 45, and 32.8 kDa.
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onoclonal antibody (3B4) raised against bovine vi-
entin, that a single amino acid difference in the pri-
ary sequence of mouse and human protein, within

he epitope, caused the non-reactivity of that antibody
ith mouse vimentin (22).
Immunoblot analysis of recombinant hamster plec-

in fragments with a peptide antibody directed against
highly conserved sequence found in the amino-

erminus of trout plectin also recognized the amino-
erminal domain of hamster plectin (Fig. 1B). More-
ver, immunoprecipitation of plectin from BHK-21 IF
reparations with 417D revealed a protein of an ap-
arent molecular weight of 300,000 that was recog-
ized with a guinea pig serum generated against re-
ombinant C-terminal repeat six of human plectin
data not shown; for antibodies see (23)). This confirms
hat the hamster expresses plectin and that the recom-
inant proteins expressed were plectin, and not a
losely related protein. Together, the demonstration
hat BHK-21 cells have mRNA encoding plectin and

FIG. 3. Plectin side arms on intermediate filaments. Electron
icroscopy of actin-depleted BHK-21 cytoskeletons shows that IF
ave a millipede-like appearance. Immunogold-labeling (arrow-
eads) shows that the monoclonal antibody 417D recognizes the side
rms that project away from an IF (arrow). Scale bar, 100 nm.

FIG. 2. Alignment of the smallest hamster plectin fragment (R
lectin shows that the primary structure of the rod domain is highly
cid differences with respect to the hamster sequence. Only five ami
n the rat plectin sequence. These differences in the primary amino
amster and human, but not rat C6 glioma cell plectin.
186
hat the 417D antibody recognizes an expressed do-
ain of plectin, confirms that IFAP300 is plectin.
In order to lend further support to this conclusion, an

ltrastructural analysis was carried out to determine
hether the 417D monoclonal antibody recognizes typ-

cal plectin-type structures in BHK cell cytoskeletal
reparations. Ultrastructural studies of cells treated to
educe their actin content demonstrate that vimentin
F have a millipede-like appearance with the “legs”
ppearing to interconnect IF with microtubules, the
ctin-based cytoskeleton and possibly membrane com-
onents (21). These legs or projections contain plectin
s determined by immunogold labeling with monoclo-
al antibodies (21). Similarly, labeling actin-depleted
HK cell cytoskeletal preparations shows that the
17D monoclonal antibody also recognizes the legs pro-
ecting from IF (Fig. 3). The position of the gold parti-
les, at the middle of these projections, provides fur-
her proof that the epitope for this antibody lies in the
entral region of the projection. These observations
onfirm that the antigen recognized by the 417D anti-
ody is plectin and that the epitope recognized by the
ntibody lies in the central portion of the molecule.
his localization of the 417D epitope in the central
ortion of the plectin crossbridges corresponds closely
o the location of another plectin rod-specific monoclo-
al antibody (21).
In summary, this study demonstrates by immuno-

ogical crossreactivity, cloning and sequencing of the
DNA and immunoelectron microscopy denotes that
FAP300 is plectin.
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