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ABSTRACT: Keratin intermediate filaments are heteropolymers of type I and type II polypeptides that
constitute the bulk of the epithelial cytoskeleton. We microinjected seven keratin monoclonal antibodies
into human epithelial cells, and two of them, only A45-B/B3 and LP3K, caused the formation of keratin
aggregates. The keratin filaments in human epithelial cells were also disrupted by a monovalent A45-B/
B3 Fab fragment, suggesting that the binding of the antibody, rather than cross-linking, collapses the
filaments. Immunoblotting and ELISA experiments suggested that the antibody reacted weakly with
recombinant K8 but did not react with recombinant K18 at all. However, the antibody reactivity increased
substantially when a mixture of the two keratin polypeptides, either recombinant or derived from MCF-7,
was used. The epitopes of 15 monoclonal antibodies recognizing human K8 were characterized by their
reactivity with recombinant fragments of K8. Reactivity of antibody A45-B/B3 with fragments of K8 in
the presence of K18 revealed that the antibody recognizes an epitope in the rod domain of K8, between
residues 313 and 332, on the amino-terminal side of the stutter in helix 2B, which is involved in heterotypic
association. The data suggest that this region of K8 undergoes a conformational change following interaction
with the complementary K18 either to expose the epitope or to increase its affinity for the antibody.
Taken together, the data highlight the role of this epitope in heterotypic association and in filament
stabilization.

The intermediate filaments in epithelia are made of
keratins, a family of highly homologous and chemically
stable structural proteins. In the human genome database,
there are 49 genes for keratins (1); of these, 27 genes are
expressed in soft epithelia [also termed cytokeratins (2)]. A
further 15 are expressed in epidermal appendages, such as
hair and nails, and are often described as trichocyte or “hard”
keratins (3, 4). The remaining seven genes are uncharacter-
ized, and their expression pattern is not known. The entire
keratin family is divided into two groups based on gene
structure, physicochemical characteristics, and mode of
expression; type I keratins are smaller (Mr ) 40-56 kDa)
and acidic (pI) 4-6) and include K9-K21 and Ha1-Ha8,
whereas type II keratins are larger (Mr ) 53-67 kDa) and
basic or neutral (pI) 6-8) and include K1-K8 and Hb1-

Hb6 (2, 5). Keratin filaments are heteropolymers of type I
and type II polypeptides, and at least one member of each
type is required for filament assemblyin ViVo and in Vitro
(6, 7). Expression of different keratin pairs is tissue- and
differentiation-dependent; for example, the keratin K8-K18
pair is expressed in simple and glandular epithelia, and the
K5-K14 pair is expressed in basal keratinocytes of stratified
epithelia (2, 8) and basal cells in glandular epithelia (9).

The secondary structure of intermediate filaments consists
of a central rod domain of 310-350 residues flanked by
N-terminal head and C-terminal tail domains. The rod
domain has fourR-helical segments (1A, 1B, 2A, and 2B),
each with a heptad repeat, (abcdefg)n, where positionsa and
d are generally occupied by apolar residues and the rest are
either ionic or charged (10). Three non-heptad-containing
linkers, L1, L12, and L2, join segments 1A to 1B, 1B to
2A, and 2A to 2B, respectively, thus interrupting the
R-helical continuity at three places within the rod domain.
Another irregularity within segment 2B, called the “stutter”,
appears to have been caused by deletion of three consecutive
residues or insertion of four residues in an otherwise
continuous series of heptad repeats (11). These discontinuities
perhaps provide added flexibility for polypeptide association
during filament assembly, which is an intrinsic feature of
these polypeptides. Polymerization of keratin intermediate
filaments involves heterotypic association between comple-
mentary keratins into elongated dimers, the building blocks
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of mature filaments, in which the rod domains interact in
parallel and in axial register to form polar coiled coils (7,
12). In this arrangement, the hydrophobica andd position
residues alternate along the interaction plane between the
two R-helices in an extended “leucine zipper” configuration,
and are sequestered from the aqueous cytoplasm. Cross-
linking and in Vitro assembly experiments in intermediate
filaments have shown that dimers then associate in an
antiparallel manner in four modes of association, one in
register, two staggered, and one head to tail, into rate-limiting
oligomers (13-16). These oligomers act as nuclei for
polymerization into intermediates before developing into
mature filaments (17, 18). Unlike microfilaments and mi-
crotubules, the assembled filaments are nonpolar, and both
ends are similar, a characteristic that can be attributed to
the antiparallel alignment of polar dimers.

Despite their mechanical stability and extremely low
solubility, there is a large body of data to suggest that
intermediate filaments, including keratins, are dynamic
structures in ViVo. Thus, disruption and reassembly of
intermediate filaments during mitosis (19-21), integration
of keratins expressed from microinjected mRNA (22, 23)
or from transfected plasmids, and disruption of the preexist-
ing keratin network by truncated polypeptide (24, 25) have
all given clues suggesting their dynamic nature. Rapid
exchange of intermediate filament subunits as observed by
microinjection of biotinylated keratins (26, 27), fluorescence
recovery after photobleaching using Xrhodamine-labeled
filament proteins (28, 29), and experiments using fluores-
cence resonance energy transfer (30) support the existence
of an equilibrium between the soluble pool of protein
subunits and the polymerized filaments. This exchange of
subunits perhaps allows the filaments to reorganize in
response to extracellular stimuli, including heat shock and
growth factors (31, 32). Integration of single keratins into
the preexisting network may also suggest the existence of
multiple equilibria for creation of a small pool of single
keratins that are able to form heterotypic complexes with
the microinjected or transfected keratins. The exchange of
keratin oligomers in the soluble pool with keratin filaments
involves high-affinity sites created by the association and
subsequent folding of the polypeptides. These sites can be
identified using synthetic peptides, which not only inhibit
polymerization but also solubilize preformed filaments by
blocking these associationsin Vitro andin ViVo (14, 15, 33-
35).

Monoclonal antibodies with defined specificity and well-
characterized epitopes have also been used for structural
analysis of intermediate filaments (36, 37). Microinjection
of some antibodies disrupts the preexisting keratin filament
network (33, 38-41), suggesting that the antibody binding
regions might be part of the high-affinity association sites
essential for filament stability. In this study, we have
microinjected seven different anti-keratin monoclonal anti-
bodies into epithelial cells in culture and observed extensive
filament disruption caused by two antibodies, LP3K and
A45-B/B3. We then mapped the epitopes of these and eight
other monoclonals to K8 using expressed fragments of the
K8 polypeptide. Epitope analysis showed that LP3K maps
close to the end of coil 2B, a region known to play a vital
role in filament stabilization (33-35, 42, 43). The A45-B/
B3 antibody reacts with the rod domain of K8, but the

reactivity increases with a mixture of keratins K8 and K18.
This antibody can thus distinguish between the K8 in
homodimers and the K8 which is part of the heterotypic
complex with K18. Our data suggest that the region
recognized by the A45-B/B3 antibody undergoes a confor-
mational change following association with K18 and plays
an important role in filament assembly and/or stability.

EXPERIMENTAL PROCEDURES

Materials.The monoclonal antibodies used in this study
and their reported specificities are listed in Table 1. The
antibodies KG8.13 (Sigma) and NCL-5D3 (Novocastra) were
obtained commercially. Other antibodies used in this study
were donated by colleagues as tissue culture supernatants:
TROMA1 from R. Kemler (Department of Molecular
Embryology, Max-Planck Institute of Immunobiology,
Freiburg, Germany), M20 and RCK102 from F. C. S.
Ramaekers (Department of Molecular Cell Biology, Uni-
versity of Maastricht, Maastricht, The Netherlands), C22 and
C43 from J. Kovarik (Masaryk Memorial Cancer Institute,
Brno, Czech Republic), and TS 1, TS 3, and TS 7 from T.
Stigbrand (University of Umeå, Umeå, Sweden). Purified
AE3 and CAM5.2 were provided by M. Klymkowsky
(University of Colorado, Boulder, CO) and by C. Dixon
(Cancer Research UK), respectively. Purified antibody BG2,
raised against bacterialâ-galactosidase, was provided by D.
Lane (Department of Surgery and Molecular Oncology,
University of Dundee). Antibodies A45-B/B3, anti-IFA,
LP3K, and LE41 were obtained by culturing the respective
hybridomas.

Cell Culture.The following epithelial cell lines were used
in this study: MCF-7 and BT20 (human breast cancer cell
lines), HeLa (human cervical adenocarcinoma), TR146
(human oral squamous cell carcinoma), and PtK2 (rat
kangaroo kidney epithelia). All cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) containing

Table 1: Monoclonal Anti-Cytokeratin Antibodies Used in Epitope
Analysis

monoclonal antibody reported specificity

LE41 (73) K8
M20 (74) K8
NCL-5D3 (75) K8
C43 (76) K8
TS 1 (77) K8
C22 (76) K5, K8
TROMA1 (78) K8
CAM5.2 (61) K8, K18, K19a

TS 3 (77) K7, K8
TS 7 (77) K7, K8
LP3K (79) K7, K8
RCK102 (80) K5, K8
A45-B/B3 (54) K1, K2, K5, K8, K18
KG8.13 (81) K1, K5, K6, K7, K8, K10, K18
AE3 (82) K1, K2, K3, K4, K5, K6, K7, K8
RCK105 (83) K7
RCK106 (84) K18
anti-IFA (69) all intermediate filaments

a Although CAM5.2 has been reported to recognize K8, K18, and
K19, subsequent studies suggested that it does not react with K18 and
K19 but recognizes K7 and K8 (62).
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10% (v/v) fetal calf serum (FCS) and maintained at 37°C
in a humidified atmosphere of 5% CO2 and 95% air.
Hybridoma cells producing LP3K, LE41, anti-IFA, and A45-
B/B3 antibodies were also cultured under similar conditions
except that the FCS concentration was 5% (v/v). Ascites fluid
was developed by injecting 6-10× 106 growing hybridomas
in 0.5 mL of PBS into the peritoneum of mice previously
primed with pristane. The ascites fluid was collected from
the peritoneum after approximately 1 week and used for
antibody purification.

Purification of Monoclonal Antibodies.Antibodies were
purified from culture supernatant or from ascites fluid on
an Affi-Prep protein A column (Bio-Rad) as described
previously (44). Briefly, the antibodies were precipitated
using ammonium sulfate, and a concentrated solution was
loaded onto an Affi-Prep protein A column equilibrated with
a high-salt solution. The antibodies of different IgG sub-
classes were eluted from the column in 100 mM citrate buffer
at pH 6.0 for IgG1 (A45-B/B3, LE41, M20, RCK102, and
anti-IFA), pH 5.0 for IgG2a (NCL-5D3 and CAM5.2), and
pH 4.0 for IgG2b (LP3K), immediately neutralized with 1
M Tris base, dialyzed, and stored in aliquots at-20 °C. The
protein A column was regenerated with 50% (v/v) methanol
and washed with 0.5 M sodium hydroxide between runs to
prevent cross contamination. When ascites fluid was used
for antibody purification, the ammonium sulfate precipitation
step was omitted. Sodium chloride and borate concentrations
were adjusted, and purification was carried out as described
previously (44). The monovalent Fab fragment of the A45-
B/B3 monoclonal antibody was prepared by proteolytic
cleavage with papain as described elsewhere (45).

Microinjection.The antibody or monovalent Fab prepara-
tions were first dialyzed extensively against injection buffer
I [114 mM KCl, 14 mM NaCl, 3 mM MgCl2, and 3 mM
Na2HPO4 (pH 7.0)] (46) or II [50 mM NaCl and 10 mM
Tris-HCl (pH 7.6)] and concentrated using a Centricon 10
ultrafiltration device (Millipore) to a protein concentration
of 3-40 mg/mL. The epithelial cells were seeded on plastic
tissue culture dishes (5 cm in diameter) at 5-10% confluence
and were grown for 1-2 days. Just before the experiment,
the cells were washed with DMEM without FCS and the
microinjection was carried out using an inverted microscope
(Zeiss) equipped with a heated stage and long working
distance lenses. The antibody solution was injected into
epithelial cells using a glass microcapillary needle controlled
by a micromanipulator (Eppendorf). During microinjection,
the cells were kept at 37°C in an open atmosphere and the
pH of the medium was maintained with 0.1 M HEPES (pH
7.4). There was no detectable influence on the cell shape
during or after microinjection except the predictable swelling
of membrane, which disappeared after a few hours. The
intercellular contacts also remained unaffected by the mi-

croinjection. The high degree of cell survival (60-70%)
following microinjection also suggested that their ability to
attach remained intact.

Approximately 40-50 cells were injected at a time in a
tissue culture dish, and each set was repeated at least three
times often on different dates to test the reproducibility. Four
different epithelial cell lines (BT20, MCF-7, TR146, and
PtK2) were used for microinjection. Approximately 70% of
the cells which survived the microinjection and remained
attached to the culture dish were identified by staining with
fluorescein isothiocynate (FITC)-labeled goat anti-mouse
antibody.

Cloning and Manipulation of Keratin K8 and K18 cDNAs.
Full-length K8 and K18 cDNAs were subcloned into the
EcoRI site of pUCR1, and the proteins expressed using these
constructs were termed PUC-K8 and PUC-K18, respectively,
as described previously (44, 47). Keratin K8 fragments were
generated by PCR to produce a series of 14 fragments
progressively deleted from the C-terminus. These were
prepared as glutathioneS-transferase (GST) fusion proteins
by subcloning the K8 cDNA fragments, amplified by the
PCR, into pGEX-2TE (44). The forward and reverse oligo-
nucleotides used in the PCR amplification of 10 K8 frag-
ments have been described previously (44). The sequences
of reverse primers used in the preparation of four additional
fragments (K8C∆151, K8C∆161, K8C∆171, and K8C∆417)
are listed in Table 2. The same forward primer with a unique
EcoRI cloning site was employed in all amplifications to
keep the N-terminus sequence identical to the wild-type K8
sequence in all fragments. The reverse primers were con-
structed to introduce a stop codon just after the unique
BamHI site in the sense strand (see Table 2). After a double
digestion withEcoRI and BamHI, all K8 fragments were
ligated into the corresponding sites of pGEX-2TE and
confirmed by sequencing. One of the K8 fragments, K8∆80,
was also subcloned intoEcoRI andBamHI sites of pMap1,
a vector derived from pUR292 (48), to produce aâ-galac-
tosidase fusion protein. The pGEX and pMap constructs were
introduced intoEscherichia colistrain DH5-R (Invitrogen)
or recombination deficient Sure cells (Stratagene), and the
transformants were used for protein expression. All constructs
were named starting with the expression plasmid followed
by K8 and C∆X, whereX was the number of residues deleted
from the C-terminus. The fusion proteins were named
similarly except that the plasmid names were replaced with
GST orâ-gal (see Table 2 and Figure 9).

Expression and Purification of the Fusion Proteins.
Overnight cultures of the recombinant bacteria were diluted
to an optical density of 0.5 at 600 nm. The cultures were
then induced to express the keratin fusion proteins by adding
500 µM isopropyl thio-â-D-galactopyranoside and allowed
to grow for 3 h. The bacteria from 3 mL cultures were

Table 2: Nucleotide Sequences of Primers in Reverse Orientation Used in the PCR Amplification of K8 cDNA Fragments

GST-K8 fragment nucleotide sequence,a from 5′ to 3′ size of the K8 fragments (amino acids)

K8C∆151 ATCTGCGGATCCTTACTCCAGGGAAGCCCTCTG 1-332
K8C∆161 CTGGCCGGATCCTTACTCAATCTCAGCCTGGAG 1-322
K8C∆171 GAGCCGGGATCCTTACCGGTTCATCTCAGAGAT 1-312
K8C∆417 GCTCTGGGATCCTTAAACTGCGGTGATGCC 1-66

a A BamHI restriction site inserted in all reverse primers is underlined. The three nucleotides inserted to introduce a stop codon into the sense
strand (here TTA) are in italics.
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pelleted and suspended in 100µL of 3× SDS sample buffer
[60 mM Tris-HCl (pH 8.0), 300 mM dithiothreitol, 4.5%
SDS, and 30% glycerol], incubated in a boiling water bath
for 10 min, and stored in aliquots at-20 °C. The samples
were diluted 3-fold with water before being run on a 12%
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) gel
and staining with Coomassie brilliant blue. The fusion
proteins were identified by comparing the SDS-PAGE
profile of bacteria containing the constructs with those of
the vector alone.

For immunodetection, the keratin polypeptides separated
on SDS gels were electrophoretically transferred onto
nitrocellulose membranes. The membranes were blocked
with 3-10% (w/v) nonfat milk or 0.5-10% BSA in PBS
for 1 h followed by incubation for 1 h with the primary
antibody diluted 1:5 in expired DMEM and 10% FCS. After
being washed with water for 2 min, the membranes were
incubated with alkaline phosphatase-labeled goat anti-mouse
IgG (DAKO) at a dilution of 1:500 in DMEM and FCS for
1 h. The membranes were washed as described above, and
the bound antibody was detected using a mixture of nitro
blue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate
(NBT/BCIP) as the substrate for alkaline phosphatase (44).

Purification of full-length K8 and K18 from recombinant
bacteria was carried out as described previously (44) except
that gel filtration in the presence of guanidine hydrochloride
was omitted. The chimeric proteinâ-gal-K8∆80 containing
the entire head and rod domains was prepared from
recombinantE. coli. The inclusion bodies were washed twice
in 2 M urea, dissolved in 8 M urea in 20 mM Tris-HCl buffer
(pH 8.0), and cleared by high-speed centrifugation. This
fragment was purified on a single-stranded DNA-agarose
column (Sigma) in 6 M urea (7).

Keratin polypeptides from MCF-7 cells were extracted
following the procedure described previously (44). SDS-
PAGE analysis showed three protein bands corresponding
to 58 (K8), 49 (K18), and 40 kDa (K19).

Enzyme-Linked Immunosorbent Assay (ELISA).Recom-
binant keratins or the detergent insoluble extract of MCF-7
was dissolved in 8 M urea or 4 M guanidinium hydrochlo-
ride, and after the residual insoluble material had been
removed with a high-speed spin, the supernatant was diluted
with 100 mM sodium bicarbonate buffer (pH 9.6) to a final
protein concentration of∼20 µg/mL and a denaturant
concentration of less than 100 mM. This solution was then
used to coat 96-well ELISA plates overnight at 4°C. After
being blocked with 100µg/mL BSA in PBS (BSA/PBS) for
2-3 h at room temperature, the plates were incubated with
primary antibodies serially diluted in BSA/PBS. For com-
petition ELISA assays, the competing antibody (or Fab) was
mixed with the biotinylated antibody and incubated in the
antigen-coated wells. After being washed with 0.05% Tween
20 in PBS, the plates were incubated with peroxidase-
conjugated rabbit anti-mouse IgG. The bound peroxidase
activity was detected witho-phenylenediamine hydrochloride
and hydrogen peroxide, and the color was read at 495 nm in
an ELISA reader. In cases where the monoclonal antibodies
were biotinylated, peroxidase-conjugated streptavidin was
used to detect the bound primary antibody.

Immunofluorescence.Indirect immunofluorescence was
performed using the antibody culture supernatant and a goat
anti-mouse IgG conjugated with FITC or with Texas red

(TR). The cells were washed with PBS and fixed with a
mixture of acetone and methanol (1:1). The incubation with
a primary and FITC or TR-labeled secondary antibody was
carried out as described previously (49). The stained cells
were overlaid with glass cover slips on 90% glycerol in PBS
containing 25 mg/mL 1,4-diazabicyclo(2,2,2)octane as an
antifading agent. The fluorescence was viewed in an immu-
nofluorescence microscope and photographed using TMAX-
3200 film (Kodak).

The microinjected cells were also processed for immun-
ofluorescence as described above except that the incubation
step with the primary antibody was omitted and instead the
cells were directly treated with FITC-labeled goat anti-mouse
antibody (39). This allowed unambiguous identification of
a bright green injected cell in a field of uninjected controls.
To compare the injected cells with the uninjected controls
in the same dish, the cells were stained for double immun-
ofluorescence with a second keratin antibody (LE41, RCK106,
or RCK105) and then counterstained with TR-labeled goat
anti-mouse antibody (Figures 1 and 5).

Other Methods.Amplification of K8 cDNA fragments was
carried out by PCR using the high-fidelity thermostable Pwo
DNA polymerase fromPyrococcus woesei(Roche) as
described previously (44). DNA constructs were sequenced
using the Big Dye sequencing reaction kit and analyzed on
an ABI Prism 377 sequencer (Applied Biosystems). Routine
purification of DNA fragments, their phosphorylation and
ligation, was carried out using standard procedures (50). The
protein concentration of an IgG solution was determined at
280 nm using anE1% of 13.75. The protein concentration in
dilute keratin solutions was determined using the dye binding
Bradford assay (51). Biotinylation of affinity-purified anti-
bodies was carried out using biotinN-hydroxysuccinimide
as described elsewhere (45).

All gel pictures and immunofluorescence slides were
scanned and assembled on a PowerMac using Photoshop
version 7.

FIGURE 1: Microinjection of A45-B/B3 into MCF-7 cells. MCF-7
cells were plated at 5-10% confluence at least 24 h before
microinjection. Affinity-purified A45-B/B3 (7 mg/mL) in injection
buffer I was microinjected using a microcapillary needle as
described above. The cells were fixed in a mixture of methanol
and acetone (1:1) and stained with FITC-labeled goat anti-mouse
antibody. The cells were further incubated with RCK106, an anti-
K18 antibody, washed, and counterstained with TR-labeled goat
anti-mouse antibody. The cells were visualized under a fluorescence
microscope: (A and C) FITC and (B and D) TR. The pattern of
filament disruption in panels A and B is different from that in panels
C and D.
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RESULTS

Disruption of Keratin Filaments by Microinjection of A45-
B/B3.Microinjection of 8-10 mg/mL A45-B/B3 into MCF-7
cells produced punctate (globular) staining when the cells
were examined 16 h later with FITC-labeled goat anti-mouse
antibody (Figure 1A,B). These aggregates could be coun-

terstained with RCK106, specific for K18, or LE41, specific
for K8, and TR-labeled goat anti-mouse antibody. In some
cells, the filaments collapsed and formed a large aggregate
on one side of the nucleus (Figure 1C,D). The collapse of
keratin filaments was apparent at∼3 mg/mL, the lowest
concentration used in this study. In BT20 and HeLa, both
simple epithelial cell lines, and TR146, a keratinocyte cell
line, we observed extensive filament disruption similar to
that seen in MCF-7 cells (Figure 2). The filament disruption
was independent of the keratin antibody used for counter-
staining. For example, similar patterns were observed
whether injected HeLa cells were counterstained with
RCK106 (anti-K18) or RCK105 (anti-K7) (not shown).

We microinjected seven other antibodies into MCF-7 cells,
and of these, only one other, LP3K, was also able to disrupt
filaments (Figure 3C). We observed no filament collapse
following microinjection of NCL-5D3 (Figure 3A,D), but
the filaments appeared to be thin and showed a loss of
bundling of keratin filaments, similar to results observed on
microinjection of LE41 (39). Increasing the antibody con-
centrations from 5 to 40 mg/mL, using injection buffer I or
II, or increasing the time of incubation after microinjection
from 2 to 24 h did not change the staining pattern.
Microinjection of other antibodies, including LE41, AE3,
CAM5.2, RCK102, and M20, in epithelial cell lines, includ-
ing BT20, PtK2, or MCF-7, produced minor changes in
filament organization without complete disruption (Figure
3).

The specificity of the effect of the anti-keratin antibody
was investigated by microinjection of BG2, an antibody
raised against bacterialâ-galactosidase. This antibody pro-
duced only a diffuse staining throughout the cytoplasm with
no specific staining of keratin filaments (not shown).

Binding of A45-B/B3 Was Sufficient for Filament Disrup-
tion. To show that the filament disruption was only due to
binding of A45-B/B3 rather than cross-linking of filaments
by the bivalent antibody, we prepared a monovalent Fab
fragment. This fragment was prepared by papain digestion

FIGURE 2: Microinjection of A45-B/B3 into epithelial cells. Three
epithelial cell lines, (A) HeLa, (B) TR146, and (C) BT20, were
plated at 5-10% confluence 24 h before microinjection of 6 mg/
mL affinity-purified A45-B/B3. Cells were left to recover overnight
at 37°C before being fixed in a mixture of acetone and methanol
(1:1), stained with FITC-labeled goat anti-mouse antibody, and
visualized by fluorescence microscopy.

FIGURE 3: Microinjection of anti-keratin antibodies into MCF-7 cells. All antibodies used for microinjection were affinity-purified on a
protein A column and equilibrated with injection buffer I. MCF-7 cells were seeded at 5-10% confluence at least 16 h before microinjection
of a 10 mg/mL solution. After injection, the cells were left to recover overnight before being fixed in a mixture of acetone and methanol
(1:1). The cells were stained with FITC-labeled goat anti-mouse antibody and visualized by immunofluorescence microscopy (A-C and
E-G). In some cases, the cells were then counterstained with LE41 and after washing counterstained with TR-labeled goat anti-mouse
antibody (D): (A and D) NCL-5D3, (B) LE41, (C) LP3K, (E) RCK102, (F) CAM5.2, and (G) M20.
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and purified on protein G and protein A columns (Figure
4A). The Fab was characterized by a competitive ELISA
with biotinylated A45-B/B3 for binding to MCF-7 keratins
(Figure 4B). A45-B/B3 also reacts with K1 and K5 (see

Table 1), and immunostaining of the human epidermis and
BT20 cells with the Fab fragment was indistinguishable from
that observed with the intact A45-B/B3 (Figure 4C,D).

Approximately 18 h after microinjection of the Fab into
MCF-7, keratin filaments could not be detected with the
FITC-labeled goat anti-mouse antibody; instead, large glob-
ules were seen throughout the cytoplasm (Figure 5A). These
aggregates were also visible in phase contrast images of the
microinjected cells (compare panels A and C of Figure 5).
Counterstaining the cells with RCK106 followed by TR-
labeled anti-mouse antibody produced an identical globular
pattern (compare panels A and B of Figure 4). Similar
observations were made when Fab was microinjected into
BT20 cells (Figure 4D-F).

To demonstrate that binding of A45-B/B3 to keratin
filaments was necessary for filament disruption, we micro-
injected the Fab into PtK2 cells, which express the marsupial
homologue of human K8, K18, and K19. Although we
observed filament disruption in PtK2 by microinjection of
LE61 as reported previously (39, 52), microinjection of A45-
B/B3 or its Fab fragment did not disrupt keratin filaments
in this cell line (not shown). This was due to poor binding
of the antibody or its Fab to keratin filaments, since A45-
B/B3 stained filaments only weakly in this cell line (not
shown). Taken together, the data suggest that binding of
antibody was essential for filament disruption.

FIGURE 4: Purification and characterization of A45-B/B3 Fab. (A)
SDS profile of fractions at various stages of the Fab purification.
Thirty-five milligrams of purified A45-B/B3 in 20 mL of 100 mM
sodium acetate buffer (pH 5.5) containing 1 mM EDTA and 15
mM cysteine was treated with 175µg of papain for 7 h at 37°C.
The reaction was terminated by incubating the mixture with 78
mg of iodoacetamide for 2 h. The reaction mixture was applied to
a 2 mL protein G column equilibrated in 100 mM Tris-HCl buffer
(pH 8.0). The bound protein was eluted with 0.1 M HCl and, after
neutralization, eluted through a 2 mLprotein A column in high-
salt buffer (44), and the flow through containing Fab was collected.
Samples equivalent to 8µg of protein were analyzed via 12% SDS-
PAGE and visualized with Coomassie brilliant blue: lane 1,
undigested A45-B/B3; lane 2, A45-B/B3 digested with papain; lane
3, flow-through from the protein G column; lane 4, protein eluted
from the protein G column; lane 5, flow-through from the protein
A column; lane 6, protein eluted from the protein A column; and
lane M, molecular mass standards myosin (Mr ) 200 000 Da),
phosphorylase (Mr ) 96 000 Da), bovine serum albumin (Mr )
68 000 Da), ovalbumin (Mr ) 45 000 Da), carbonic anhydrase (Mr
) 29 000 Da),â-lactalbumin (Mr ) 18 000 Da), and lysozyme (Mr
) 14 000 Da). The absence of heavy (H) and light (L) chains in
lane 1 and the presence of a single 43-44 kDa band in lanes 4 and
5 indicated a lack of disulfide bond reduction during SDS sample
preparation as described previously (45). A faint protein band with
anMr of 54 kDa denoted with an asterisk was eluted from protein
G (lane 4) but was removed on the protein A column (lanes 5 and
6). The identity of the high-molecular mass band close to the origin
in lanes 4 and 5 was not known, but it was not undigested IgG as
it was not retained on the protein A column. (B) Competitive
inhibition of A45-B/B3 binding to MCF-7 keratins by LE41 (9)
and the A45-B/B3 Fab (b). Keratins extracted from MCF-7 cells
were adsorbed on an ELISA plate and incubated with a mixture of
biotinylated A45-B/B3 (0.5µg) and various amounts of either LE41
or A45-B/B3 Fab for 4 h, and the bound biotinylated antibody was
detected using peroxidase-labeled streptavidin as described in
Experimental Procedures. LE41 does not compete with the A45-
B/B3 Fab fragment because its epitope is located closer to the head
domain (see Figure 11A). The reactivity of A45-B/B3 Fab with
(C) an unfixed frozen section of human skin and (D) keratin
filaments in BT20 cells was tested by immunofluorescence using
FITC-conjugated secondary antibody; no difference in reactivity
was detected.

FIGURE 5: Microinjection of A45-B/B3 Fab. Affinity-purified A45-
B/B3 Fab (4.5 mg/mL) in buffer I was microinjected into MCF-7
cells (A-C) and BT20 Cells (D-F) as described in the Experi-
mental Procedures. After 18 h, the cells were fixed in methanol
and acetone (1:1) and stained with FITC-labeled goat anti-mouse
antibody. The cells were further incubated with RCK106 and after
washing counterstained with TR-labeled goat anti-mouse antibody
and visualized under a fluorescence microscope. (A and D) FITC-
stained cells to show A45-B/B3 Fab. (B and E) TR-labeled cells
to show all keratin. (C and F) Keratin aggregates are visible as
dark bodies in the cytoplasm by phase contrast microscopy. The
letter N marks the location of nuclei of control cells in panels A
and D.
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Time Course of A45-B/B3-Induced Keratin Filament
Disruption.To evaluate the time course of filament disrup-
tion, we microinjected 4-6 mg/mL Fab into MCF-7 cells,
fixed the cells at different time intervals, and stained the cells
with FITC-labeled goat anti-mouse antibody. Two and five
minutes after microinjection, the Fab stained keratin filaments
with no obvious sign of filament collapse. However, at 10
min the keratin filaments had begun to reorganize; at 15 min
complete disruption was achieved with keratin aggregates
spread throughout the cytoplasm, and the pattern remained
unchanged until 24 h, the latest time point that was examined
(Figure 6).

A45-B/B3 Shows Higher Affinity for Keratin Complex than
for Recombinant K8.Although A45-B/B3 reacted strongly
with keratins as determined by immunofluorescence in tissue
sections and cultured cells, it showed only weak reactivity
with recombinant K8 and no reactivity with K18 on Western
blots. In fact, it was necessary to limit the membrane
blocking to only 0.5-1% BSA in PBS to detect binding to
K8, as more stringent blocking with 5-10% nonfat milk
abrogated any binding (not shown). This prompted us to
compare the antibody binding toâ-gal-K8∆80, a K8 frag-
ment containing the head and rod domains with the MCF-7
keratins (including K8, K18, and K19). Binding of four
biotinylated antibodies (A45-B/B3, CAM5.2, RCK102, and
LP3K) to the recombinantâ-gal-K8∆80 and to MCF-7
keratins was assessed with an ELISA as described in
Experimental Procedures. The binding of LP3K and CAM5.2
to the recombinant fragment was almost identical to their
binding to MCF-7 keratins (Figure 7). However, RCK102
exhibited a more than 6-fold increase in the level of binding
to the MCF-7 extract compared with that for theâ-gal-
K8∆80 fragment, and the level of binding of A45-B/B3 to
the MCF-7 extract was more than 13-fold higher than that
for the K8 fragment. This indicated that RCK102 and A45-
B/B3 both had higher affinity for keratin complexes than
for the individual K8.

To demonstrate that the level of binding of A45-B/B3 to
keratin K8 increases when it forms a complex with K18,

we compared binding of the biotinylated A45-B/B3 with
individual PUC-K8, PUC-K18, and a mixture of the two
polypeptides with an ELISA. No reactivity of A45-B/B3 with
PUC-K18 was detected in this assay, but the antibody
exhibited significant binding to PUC-K8 (Figure 8). How-
ever, the level of antibody binding increased by more than
2-fold when a mixture of the two polypeptides was used in
the ELISA. This observation again indicated clearly that

FIGURE 6: Time course of filament disruption in MCF-7 cells by
A45-B/B3 Fab. MCF-7 cells were grown for at least 24 h in normal
medium and transferred into HEPES-containing medium just before
microinjection. Affinity-purified A45-B/B3 Fab (4.5 mg/mL) in
injection buffer I was microinjected into MCF-7 cells, fixed with
acetone and methanol (1:1) at different time intervals, and stained
with FITC-labeled goat anti-mouse antibody. The cells were
visualized in a fluorescence microscope: (A) 2 min, (B) 5 min,
(C) 10 min, (D) 15 min, (E) 8 h, and (F) 16 h.

FIGURE 7: Binding of antibodies toâgal-K8∆80 and MCF-7 keratin
complexes. (A) Recombinantâgal-K8∆80 or (B) keratin complexes
isolated from MCF-7 cells were adsorbed to ELISA plates and
incubated with biotinylated CAM5.2 (1), A45-B/B3 (9), RCK102
(b), and LP3K (2) in BSA/PBS overnight at 4°C. The bound
antibodies were quantified using peroxidase-labeled streptavidin as
described in Experimental Procedures. Error bars were deleted for
the sake of clarity, but the maximum variation in reactivity was
within 10%.

FIGURE 8: Binding of keratin polypeptides and their complexes
with A45-B/B3. Samples of purified PUC-K18 (9), PUC-K8 (b),
and an equimolar mixture (2) of the two polypeptides were
adsorbed on ELISA plates. The wells were then incubated with
different concentrations of biotinylated A45-B/B3, and the bound
antibody was detected as described in Experimental Procedures.

Conformation of K8 during Heterotypic Association Biochemistry, Vol. 43, No. 5, 20041289



the antibody had a higher affinity for the K8-K18 complex
than for individual polypeptides.

Epitope Analysis of A45-B/B3. Fourteen K8 fragments
deleted progressively from the C-terminus were prepared by
subcloning cDNA fragments into pGEX-2TE (see Figure 9)
(44). Induction with 0.5 mM IPTG expressed these fragments
as GST fusion proteins, which were detected by SDS-PAGE
as the only major protein band in their respective bacterial
lysate (Figure 10A). Predictably, the molecular mass of the
fusion proteins was consistent with the size of the K8 inserts
cloned in the pGEX. These fragments were used to determine
the reactivity of different antibodies by Western blotting. To
show that these fusion proteins contained K8 fragments, we
probed the fusion proteins with LE41, an antibody with its
epitope located closer to the head domain (residues 71-75)
(53) that would react with most fragments. Consistent with
this prediction, we observed reactivity of LE41 with 13 of
the 14 K8 fragments (Figure 10B).

As mentioned above for the full-length K8, weak reactivity
of A45-B/B3 with K8 fragments was observed only when
the nitrocellulose membrane was blocked with 0.5% BSA
and 0.5% Tween 20 in PBS. Blocking with 10% BSA or
with 5-10% nonfat milk did not allow any reaction with
the antibody (not shown). However, preincubation of the K8
fragments with a solution of PUC-K18 stimulated A45-B/
B3 binding such that it could be detected even after the
membrane was blocked with nonfat milk (Figure 10C). The
smallest fragment of K8 reacting strongly with A45-B/B3
was K8C∆151; the reactivity was reduced with K8C∆161,
and no reactivity was observed with K8C∆171. Thus, the
epitope of the antibody was located between residues 313
and 332, a stretch of 20 amino acids. However, as∼20-
30% of the immunoreactivity was retained in K8C∆161, the
high-affinity core epitope for surviving blotting was most
likely located between residues 313 and 322.

To demonstrate that A45-B/B3 was reacting with the K8
polypeptide in the heterotypic complex, we incubated the

K8 fragments bound to nitrocellulose with a solution of
purified PUC-K18 and probed the membrane with RCK106,
a K18 specific antibody. The smallest fragment that ef-
fectively captured K18 and produced a strong antibody
binding signal was K8C∆250, containing the head, coil 1A,
linker L1, and coil 1B, which is∼100 residues shorter than
the smallest fragment that reacts with A45-B/B3 (see Figures
9 and 10). If A45-B/B3 were reacting with monomeric K18,
then its reactivity profile would have been the same as that
of RCK106, i.e., limited by the presence of K18 only (Figure
10C,D). This observation taken together with our ELISA data
(Figure 8), therefore, strongly suggests that A45B/B3 does
not react with a target on K18.

Using the same fragments, epitopes of a number of other
anti-K8 monoclonal antibodies were similarly mapped. The
binding results are shown in Figure 9. All the epitopes were
located in the rod domain of the molecule except for the
previously identified LE41 epitope (53). Seven of the
monoclonal antibodies (CAM5.2, TROMA1, M20, NCL-
5D3, RCK102, TS 1, and C22) recognized the same region,
located between residues 353 and 367. The LP3K epitope
was located close to the anti-IFA in the helix termination
region. Besides reacting strongly with K8C∆80, LP3K also
exhibited significant reactivity with K8C∆100, suggesting
that the core epitope might lie between residues 368 and
383 but depends on sequences downstream (residues 384-
403) for optimal folding to create a better fit epitope.

DISCUSSION

In this study, we have identified a region corresponding
to residues 313-332 in the rod domain of human keratin
K8 that is recognized by the A45-B/B3 monoclonal antibody,
and we show that it plays a role in the stabilization of the
keratin cytoskeleton. This antibody was originally raised in
1983 against keratin proteins present in MCF-7 cells and
has been reported to react with K1/K2, K5, K8, and K18

FIGURE 9: Schematic representation of K8 deletion fragments. The secondary structure of K8 with a centralR-helix-rich rod domain
flanked by nonhelical head and tail domains is shown at the top. The rod domain contains fourR-helical subdomains, 1A, 1B, 2A, and 2B
(shown in boxes), interspaced by linkers L1, L12, and L2. The 14 fragments were prepared by cloning K8 cDNA fragments with selected
PCR primers as described in Experimental Procedures. The deletion mutants are described as K8C∆X, whereX is the number of amino
acids omitted from the carboxy terminus of K8. The reactivity of different fragments with antibodies LE41, A45-B/B3 RCK106, KG8.13,
AE3, C43, NCL-5D3, M20, TROMA1, CAM5.2, C22, TS 2, TS 4, TS 7, and LP3K is shown at the left; for RCK106 (to K18) and for
A45-B/B3, the reactivity was measured by incubating the blots with PUC-K18 before treating them with the antibodies. The reactivity with
RCK106 therefore reflects the ability of the K8 fragments to “capture” the K18 fusion protein: (++) strong reactivity, (+) weak reactivity,
and (-) no reactivity.
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(54). This antibody has been widely used in the identification
of tumor cells in bone marrow smears from patients with
breast (55), lung (56), esophagus (57), colon (58), and brain
(59) cancers. A commercial kit (EPIMET) from Micromet
AG (Munich, Germany) uses this antibody in carcinoma cell
detection. Another carcinoma cell enrichment and detection
kit from Miltenyi Biotec (Gladbach, Germany) employs
CAM5.2, whose epitope has been characterized in this study.
Defining specificities of such important reagents will have
implications for understanding the basis for their selective
reactivities with tumor cells. A45-B/B3 has been reported
to react with K18 as determined by surface plasmon
resonance, competitive ELISA, and immunoblotting assays
(60). However, in our hands, A45-B/B3 reacted weakly with
K8, reacted stronger with K8 and K18, and gave no specific
reaction with either GST-K18 or PUC-K18. While the origin
of this discrepancy between our results and those reported
by others is not known, the improved antibody binding to
K8 when K18 is present suggests that the preparations of
K18 used in earlier studies might have been contaminated

with K8 polypeptides. This premise is supported by the
observation that A45-B/B3 was one of the very few antibod-
ies tested in the earlier study to have reacted better with K8-
K18 and K8-K19 complexes than with the individual
keratins (60). Type I and type II keratin partners have very
high affinity for each other, and it is notoriously difficult to
completely separate them, which has led to misleading results
in antibody characterization, e.g., CAM5.2 (61), which does
not in fact react with K18 and K19 (62).

Previous studies have reported two different patterns of
keratin aggregation induced by antibodies: (i) perinuclear
coiling of filaments and (ii) keratin aggregation into globules
(40, 41). With A45-B/B3, we observed only keratin ag-
gregates in 90% of injected cells, but occasionally perinuclear
filament collapse was seen, with either the antibody or the
Fab (see Figures 1, 5, and 6). These experiments were carried
out over a period of a year or more with highly reproducible
results, supporting the idea that this keratin disruption effect
is specific to the antibody. The extent of antibody-induced
disruption in different cell types was independent of the

FIGURE 10: Western blotting of GST-K8 deletion fragments with antibodies. The 14 truncated K8 GST fusion protein fragments separated
on a SDS gel and either visualized by Coomassie blue staining (A) or transferred onto nitrocellulose and reacted with LE41 followed by
alkaline phosphatase-labeled goat anti-mouse antibody and visualized by NBT/BCIP reaction as described in Experimental Procedures (B).
The GST-K8 fragments bound to a nitrocellulose membrane were incubated with a 20µg/mL PUC-K18 (recombinant full-length K18
protein) solution in 4 M urea for 1 h and after washing with PBS reacted either with A45-B/B3 (C) or with RCK106 (D). The blots were
developed as described for panel B: lane 1, GST-K8; lane 2, GST-K8C∆80; lane 3, GST-K8C∆100; lane 4, GST-K8C∆116; lane 5,
GST-K8C∆131; lane 6, GST-K8C∆141; lane 7, GST-K8C∆151; lane 8, GST-K8C∆161; lane 9, GST-K8C∆171; lane 10, GST-K8C∆184;
lane 11, GST-K8C∆218; lane 12, GST-K8C∆250; lane 13, GST-K8C∆354; lane 14, GST-K8C∆398; lane 15, GST-K8C∆417; and lane
16, GST.
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number of keratins expressed; for example, HeLa and TR146
that expressed many more keratins than MCF-7 and BT20
(8) showed equally extensive disruption. The specificity of
the reaction was shown by the fact that five of seven
antibodies did not produce keratin aggregates. The induction
of collapse of keratin filaments by the Fab fragment
suggested that direct antibody binding, rather than cross-
linking, causes the filament disruption. Furthermore, in PtK2
cells, where keratin filaments were only weakly stained with
A45B/B3 (perhaps reflecting structural differences between
the marsupial keratins and their human homologues), no
collapse of filaments was induced by microinjection of this
antibody. Taken together, these observations suggested that
filament disruption required perturbation of molecular in-
teractions in keratin filaments.

Previously, we have shown that monoclonal antibodies
LE61 and LE65, which disrupt filaments (39, 52), recognize
complexes of K8 and K18 (44, 47). However, there is a clear
distinction between the LE61 and LE65 and A45-B/B3
epitopes, as LE61 and LE65 do not react alone but only react
when the two polypeptides are associated together (44, 47).
It was therefore impossible to predict the contribution of
individual polypeptides to reconstitution of the epitope.
However, A45-B/B3 reacts with K8, albeit weakly, in ELISA
and immunoblotting experiments. The dramatic increase in
reactivity with a mixture of K8 and K18 suggests that a
conformational change in K8, induced by interaction with
K18, either makes the epitope more accessible or increases
its affinity for the antibody. The antibody does not react
directly with K18 in any of the assays used here (see Figures
8 and 10). The reactivity of A45-B/B3 was even greater with
native keratins (extracted from MCF-7 cells) than with a
mixture of PUC-K8 and PUC-K18, which could indicate the
affinity of the antibody for a site of post-translational
modification, absent in the recombinant keratins. Alterna-
tively, the presence of K19 in MCF-7 cells would produce
K8-K19 heterodimers, which may generate a higher-affinity
epitope than K8-K18 dimers, resulting in an overall increase
in the level of antibody binding. Further experiments using
other keratins are required for a definitive explanation for
this observation.

Several conformation specific keratin antibodies have been
described in the literature, some reacting only under certain
physiological conditions. Antibody KG8.13 only sees keratin
filaments during mitosis (63), whereas others react with the
pathological state; for example, AE1 and COU-1 react with
neoplastic but not with normal cells (64, 65), and M30 reacts
with only K18 in the course of apoptosis (66). The ability
of A45-B/B3 and RCK102 to identify the altered conforma-
tion of K8 in the heterotypic complex with K18 is unique,
and a similar antibody has not been described. However, the
inability of RCK102 to disrupt keratin filaments clearly
distinguishes this antibody from A45-B/B3. Epitope analysis
shows that the A45-B/B3 epitope is clearly distinct from the
other K8 epitopes targeted by the antibodies examined here.
This is consistent with these antibodies being unable to
disrupt keratin filaments. Most of the epitopes that have been
identified were located in coil 2B, which is consistent with
the published observations (60); however, the locations of
TS 7 and TS 1 epitopes are clearly different. Except for
LE41, which was used as positive control, the rest of the
epitopes have not been characterized before. Of the 14

antibodies that were mapped, seven were located between
residues 353 and 367, suggesting that this is an immun-
odominant region (see Figure 11A).

Heterodimer formation is the first step on the path to
filament assembly (7, 12, 67). Conformational changes that
take place when keratin polypeptides associate into dimers
and tetramers are largely unknown, although several indirect
lines of evidence suggest that these changes are substantial.
We have shown evidence that residues 313-332 in K8 adopt
a different conformation on the transition from monomers
or homodimers to heterodimers, as detected by binding of
the A45-B/B3 antibody. The proteolytic instability of single
keratins, as opposed to complementary pairs of keratins, also
provides basic evidence for structural changes during het-
erotypic association (6, 68). Furthermore, filament assembly
using electron microscopy has shown formation of soluble
unit-length filaments (ULFs) by association of tetramers.
These ULFs, which are much thicker than normal filaments,
associate longitudinally into loosely packed filaments and
thereafter undergo compaction to reduce their thickness to
10 nm (18). This process clearly involves structural changes
in individual subunits, consistent with the observation
described here.

By comparing the target region sequence recognized by
A45-B/B3 (Figure 11A) with others type II keratins and
considering where these residues would lie in a dimeric
R-helix (Figure 11B), one can see that the residues most
likely contributing to the shared epitope are Arg, Arg, Glu,
and Gln (residues in thea andd positions of the heptad repeat
would be inaccessible to antibody in a dimer). These residues
are not consecutive in the primary sequence but lie in a patch
on the outside of the helical coil, within five turns of the
helix (turns 1-3 and 5) in heptad positionsf, c, g, andg,
respectively. Thus, in a more relaxed configuration (in the
monomeric or homodimeric form), the antibody may extend
only over the Arg-Arg-Glu sequence, while if the K8 is
packed in a tighter helix (as when combined with K18 in a
dimer), the Gln might be brought sufficiently close to also
contribute to a higher-affinity binding site. Circular dichroism
spectroscopy suggested that mixing K8 and K18 produced
a synergistic increase inR-helicity (unpublished results, R.
A. Quinlan, personal communication) which would agree
with our observations.

Disruption of keratin and vimentin filaments by the anti-
IFA monoclonal antibody (69) is well-documented in the
literature (46, 70), and its epitope is located at the end of
coil 2B (71, 72), a critical region in filament assembly as
indicated by several studies (33, 34, 42). The proximity of
the LP3K epitope to that of anti-IFA would perhaps explain
filament disruption by this antibody. The disruptive potential
of A45-B/B3 suggests that its epitope should also lie in a
site of association required for maintenance of stable
filaments. Cross-linking data for keratin oligomers and
filaments suggest stabilization of this region in keratins by
extensive intermolecular interactions (14-16) which are
likely to be influenced by antibody binding. A dynamic
equilibrium between keratin filaments and a soluble pool of
keratin intermediates has been demonstrated using micro-
injection of exogenous keratins (26-28) and by transfection
of keratin cDNA constructs (24, 25). It is, therefore,
conceivable that binding of A45-B/B3 to a site vital for
filament stabilization could lead to steric hindrance of the
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K8/K18 interaction and could shift the equilibrium toward
dissociation, thereby destabilizing the entire cytoskeleton.

Whether the antibody-induced filament disruption involves
dissociation into soluble intermediates or into keratin-

FIGURE 11: Localization of antibody epitopes on keratin K8. (A) The secondary structure of K8 is the same as depicted in Figure 9. The
location of single keratin epitopes is given in boxes below, and the conformation-sensitive A45-B/B3 epitope is shown above. The numbers
on the boxes signify the amino acids in the primary sequence defining the boundaries of the epitope region. Asterisks denote previously
published work which indicates that the LE41 epitope is located between residues 71 and 75 (53) and that the anti-IFA epitope involves
the last 10 amino acids of the rod domain (42). (B) Amino acid sequence across the A45-B/B3-recognized region as it appears in type II
keratins 1-8, including the last residue of the previous fragment as this may be unfolded at an artificially free end of the truncated fragment.
The “start” number identifies the position of the first residue in the overall keratin sequence (initiating methionine at position 1). Asterisks
mark residues that are identical in all the keratins. Boxes indicate the residues most likely to contribute to the shared epitope;Pos(below)
gives their respective heptad repeat positions froma to g (see panel C). (C) The packing of the seven-residue repeat through fewer than two
helical turns, typical of proteins forming coiled coils, is shown end-on on the left. Positionsa andd are occupied by hydrophobic or bulky
residues and become sequestered at the interface between the two dimerizing polypeptides (as a leucine zipper); thus,a andd residues are
unlikely to be accessible to antibody. A visualization of six turns (three heptads) is shown in a side view on the right. The four candidate
residues, Arg, Arg, Glu, and Gln in positionsf, c, g, andg over five turns (RREQ, shaded), would lie in a patch on the outer surface of the
K8 R-helix. Dimerization with K18 may tighten the helix pitch to bring the four residues into a configuration of better fit for antibody
binding.
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antibody aggregates is not clear. The fact that the aggregates
remained in the cytoplasm for at least 24 h suggests that
keratin polypeptides do not recycle into filaments after
aggregation with the antibody (Figure 12).

In conclusion, we have shown that a 20-residue region in
the rod domain of human keratin K8 is specifically recog-
nized by A45-B/B3 and that the affinity of the antibody for
this site increases significantly following dimerization with
K18. This was observed using recombinant as well as
naturally expressed keratins from MCF-7 cells. A number
of other antibodies that were tested did not show significant
differences in reactivity between the recombinant K8 and
the MCF-7 keratins. The A45-B/B3 epitope is unique and
does not overlap with 15 other antibody epitopes examined
in this study. Microinjection of A45-B/B3 and its monovalent
Fab fragment disrupted keratin filaments in several different
epithelial cell lines, and this was not observed with other
antibodies. Taken together, the data suggest that the A45-
B/B3 epitope on human K8 is an important site for
heterotypic association that probably undergoes a confor-
mational change following interaction with keratin K18.
Binding of the A45-B/B3 antibody or its Fab fragment to
this site appears to influence the association-dissociation
equilibrium and destabilize the cytoskeleton.
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