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Summary. Antibodies to the following synthetic peptide,
SALGKLLDKVQAY, were purified by affinity chromatography
and characterized by ELISA and immunoblotting. These anti-
bodies, shown to be specific to the major protein constituent of
isolated rat heart junctions: connexin 43, cross-reacted with a
homologous protein in immunoreplicas of whole heart fractions
of trout, frog, chicken, guinea pig, mouse and rat, suggesting a
phylogenic conservation of connexin 43 in vertebrates. By im-
munoblotting of whole organ fractions it was also demonstrated
that these antibodies cross-reacted with major proteins of M, 32
and 22 kD in rat and mouse liver, of M, 41 kD in rat cerebellum,
of M, 43 kD in uterus, stomach and kidney of rat, of M, 46 and 70
kD in rat lens, suggesting that these proteins share common or
related epitopes with the synthetic peptide and connexin 43.
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Introduction

Gap junctions (GJs) are specialized regions of the
plasma membrane (Revel & Karnovsky, 1967) im-
plicated in metabolic cooperation and electrical
coupling between cells (Gilula, Reeves & Stein-
bach, 1972; Loewenstein, 1981; Pitts & Finbow,
1986). In myocardium, as in smooth muscle, Gls
are responsible for the rapid propagation of action
potentials from cell-to-cell (Dreiffuss, Girardier &
Forssmann, 1966) and since the pioneer works of
Weidman (1952, 1966) the physiology and the regu-
lation of cardiac junctional conductance have been
intensively investigated (Veenstra & Dehaan, 1986;
Imanaga, Kameyama & Irisawa, 1987; Noma &
Tsuboi, 1987; Jongsma et al., 1988).

In liver, the major junctional protein comprises
283 amino acids, in man and rat (Kumar & Gilula,
1986; Paul, 1986), with a real molecular mass of 32
kD. However, this JP behaves anomalously in poly-
acrylamide gels and depending on gel percentage it
can run at either 27-28 kD (Nicholson et al., 1981;

Hertzberg, 1984) or 32 kD (Green et al., 1988). This
hepatic JP is referred to as connexin 32 in agree-
ment with the nomenclature proposed by Bevyer,
Paul and Goodenough (1987). Reconstituted into
lipid bilayers, connexin 32 forms channels with
properties similar to those of intact GJs (Young,
Cohn & Gilula, 1987). Models and hydrophobicity
plots (Paul, 1986; Zimmer et al., 1987) suggest that
this protein has four transmembrane segments and
that both amino and carboxy terminals lie on the
cytoplasmic side. A minor protein of M, 21 kD is
associated connexin 32 (Henderson, Eibl & Weber,
1979; Traub et al., 1982), and its amino-terminal
twenty residues show 45% identity with the se-
quence of connexin 32 (Nicholson, 1987).

Gros, Nicholson and Revel (1983) identified a
polypeptide of M, 28 kD in rat heart GJs, the N-
terminal partial sequence of which shows 30% ho-
mology with the N-terminus sequence of the liver
connexin 32 (Nicholson et al., 1985). Later, Man-
junath, Goings and Page (1985) and Manjunath et al.
(1987) showed that the 28-kD cardiac polypeptide
was in fact a proteolytic product of the native JP
and that both the 28-kD polypeptide and the 44-47
kD native protein had the same N-terminal partial
sequence. Recently, Beyer et al. (1987) sequenced a
composite cDNA coding for the cardiac JP. They
demonstrated that this protein comprises 382 amino
acids with a molecular mass of 43 kD and named it
connexin 43. The predicted sequence is in excellent
agreement with the partial sequence observed in
protein from isolated heart GJs (Nicholson et al.,
1985). Comparisons of the complete predicted se-
quences for connexin 32 and 43 show two regions of
high homology and suggest that both belong to the
same protein family (Beyer et al., 1987).

Several groups have characterized by im-
munoblotting and/or immunofluorescence poly-
clonal or monoclonal antibodies specific for con-
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nexin 32 and the related 21-kD JP (Traub et al.,
1982; Dermietzel et al., 1984; Hertzberg & Skib-
bens, 1984; Paul, 1985, 1986; Janssen-Timmen et
al., 1987; Zervos, Hope & Evans, 1985; Zimmer et
al., 1987). Among these antibodies only two poly-
clonals were reported to cross-react with myocar-
dial GJs. Antibodies characterized by Hertzberg
and Skibbens (1984) cross-reacted with a protein of
M, 28 kD in immunoreplicas of alkaline heart ex-
tracts. Antibodies prepared by Zervos et al. (19853)
were specific for the N-terminal region of connexin
32 and, besides recognizing liver GJs, they also la-
beled a protein of M, 28 kD in isolated heart GJs.

Whatever the reasons are, no antibody has been
shown to be specific for heart connexin 43. To fur-
ther investigate cardiac GJs, we decided to raise
and characterize antibodies capable of recognizing
this cardiac JP. This paper reports the characteriza-
tion of polyclonal antibodies raised to the peptide
SALGKLLDKVQAY, the sequence of which is
included in the N-terminal region of connexin 43
{(Nicholson et al., 1985; Beyer et al., 1987). The
results show that these antibodies specifically rec-
ognize rat heart connexin 43 and cross-react with
homologous proteins present in heart of different
vertebrate species and in a variety of organs. A pre-
liminary report describing the preparation and char-
acterization of these antipeptide antibodies has al-
ready appeared (Roustiau et al., 1986).

Materials and Methods

PREPARATION OF RAT HEART GAP JUNCTIONS

Cardiac GJs were isolated as described by Manjunath et al.
(1984) and Manjunath and Page (1986) under three conditions: (i)
without protease inhibitors; (ii) with 1 mm phenylmethylsulfonyl
fluoride (PMSF); (iii) with 1 mm PMSF and 0.1 M iodoacetamide
(IAA), until the Sarkosyl step, included. The alkylating agent
1AA added to the buffers to block free thiols and prevent artifac-
tual oxidation or thiol/disulphide exchange (Freedman, 1984).

SDS PoLYACRYLAMIDE GEL ELECTROPHORESIS
(SDS-PAGE)

The Laemmli discontinuous buffer system (Laemmli, 1970) was
used with 4.5% stacking gels and 12.5% separating gels. Gap
junction pellets were solubilized for 30 min at room temperature
in sample buffer made of 62.5 mum Tris HCI (pH 6.8), 40 mM 2-
mercaptoethanol, 2% sodium dodecyl sulfate (SDS), and 10%
glycerol. Free sulfhydryl groups were then alkylated for 30 min
at room temperature by addition of the same volume of sample
buffer in which 2-mercaptoethanol was replaced by 120 mum of N-
ethylmaleimide. In some experiments 2-mercaptoethanol was
omitted in the sample buffer. Molecular weights were estimated
by reference to standard proteins (Bio Rad). Gels were stained
with Coomassie Brilliant blue R-250 (Fairbanks, Steck & Wal-
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lach, 1971). The amounts of protein in the gel bands, after
Coomassie-blue staining, were quantified by measuring the area
of the peaks obtained by means of a Vernon PHIS densitometer
scan and by comparing them to the mean area of the peaks gener-
ated by known quantities of stained molecular weight markers.

ELECTRON MICROSCOPY

Negative Staining

Small aliquots of junctional fraction were negatively stained with
phosphotungstic acid as described by Gros et al. (1983).

Thin Sectioning

Pellets of isolated junctions were fixed and stained ‘‘en bloc™
with uranyl acetate as described by Gros et al. (1983) before
being dehydrated in alcohol and embedded in Araldite. Ultrathin
sections were stained with uranyl acetate and lead citrate.

SYNTHESIS OF PEPTIDE AND PURIFICATION
OF ANTIPEPTIDE ANTIBODIES

Peptide Synthesis

The peptide SALGKLLDKVQAY was synthesized in solid
phase according to Merrifield (1963). The purity, controlled by
high pressure liquid chromatography, was more than 87%.

Immunization of Rabbits

The synthetic peptide was coupled to bovine serum albumin
(BSA) by means of bis-diazobenzidine as described by Briand,
Muller and Van Regenmortel (1986). Coupling results in 5 to 7
molecules of peptide per molecule of BSA, as calculated from
amino-acid analyses of peptide-BSA complexes and BSA
(Briand et al., 1986). Two mg of peptide conjugate dissolved in
0.5 ml of PBS and emulsified with an equal volume of Complete
Freund’s adjuvant were injected in the popliteal lymph nodes of
New Zealand rabbits (Sigel, Sinha & Van der Laan, 1983). Rab-
bits were boosted every month with 1 mg of peptide conjugate in
1 ml PBS emulsified with an equal volume of incomplete
Freund’s adjuvant. Fifteen days after every boosting, rabbits
were bled from ear arteries. Immune sera were preserved at
—80°C with 0.02% NaN,, and 1% Zymophren (Specia Rhéne-
Poulenc).

Purification of Antipeptide Antibodies

The immune sera were incubated overnight at 4°C with cyanogen
bromide-activated Sepharose 4B (Pharmacia S.A.) coupled to
BSA. The resulting immune sera, extensively dialyzed (4°C)
against a buffer made of 28 mmM Tris, 35 mm NaCl 0.02% NaN;
(pH 8.8), were applied to a Trisacryl M-DEAE (IBF) column.
IgGs were eluted using the previous dialysis buffer and then
incubated overnight at 4°C with AH-Sepharose 4B (Pharmacia
S.A.) coupled to the synthetic peptide by means of I-ethyl-3-(3
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dimethyl-aminopropyl) carbodiimide-HCl (EDC). The next day
the gel was poured into a 1 ml disposable plastic syringe, washed
with 25 mmM Tris containing 0.5 M NaCl (pH 8.8), and PBS and
then eluted with 0.1 M HCl-glycine (pH 2.5). One-ml fractions,
collected on ice, were neutralized with 1 M Tris base. Antipep-
tide IgGs were extensively dialyzed against PBS, diluted 1:2
with glycerol and stored at —20°C.

ELISA TECHNIQUE

The Enzyme-Linked Immunosorbent Assay (ELISA) was used
to test either pre-immune or immune sera (diluted 1:100 to
1:10,000) or fractions eluted from the affinity column. The anti-
gen was either the synthetic peptide (2 ug/ml in 50 mm Na,CO;;
pH 9.6) or isolated GJs (2 ug/ml of JP in 50 mM Na,CO; buffer,
pH 9.6). The procedure used was described in detail by Johnson
and Thorpe (1982) and Sas et al. (1985). All solutions used con-
tained 0.02% NaNj;.

IMMUNOBLOTTING TECHNIQUE

Electrophoresis and Electrotransfer

GlJs were isolated and electrophoresed as described above. Rat
intercalated discs were prepared according to Green and Severs
(1983) in the presence of 0.1 mm PMSF. Whole organ fractions
were prepared as described by Paul (1985). Organs were
plunged, immediately after dissection, in Freon 22 cooled with
liquid nitrogen, pulverized with a pestle under liquid nitrogen
and then freeze dried. Protein content of the fractions was deter-
mined according to Lowry et al. (1951). 100 to 130 ug of protein
were dissolved in sample buffer (62.5 mm Tris-HCL, pH 6.8;
20% SDS, 5% 2-mercaptoethanol; 10 mm EDTA; 5% glycerol;
with or without 1 mm PMSF), sonicated, heated for 5 min at 95°C
and loaded on gels. After electrophoresis, transfers onto nitro-
cellulose sheets (0.22 pum, Schleicher & Schiiell) were performed
at constant voltage (25 V) for 15 hr as described by Towbin,
Staehelin, and Gordon (1979) except for the following points: the
electrode buffer contained 0.02% SDS and the gels were soaked
for 15 min in electrode buffer transfer.

Immunoreactions

Nitrocellulose sheets were incubated first for 8 hr at 4°C with the
saturation solution (BLOTTO) made of 40 mm Tris (pH 7.5),
0.1% Tween 20 and 4% nonfat dry milk (Johnson et al., 1984),
then overnight at 4°C with affinity-purified antipeptide IgGs (15
ug/mb) in BLOTTO. After four washes in BLOTTO, replicas
were incubated for 1 hr, at room temperature, with biotinylated-
goat antirabbit F(ab"); (Jackson Immunoresearch Laboratories)
diluted 1:1,000 in BLOTTO, then washed again four times in
BLOTTO and incubated for 1 hr at room temperature with
peroxidase-labeled streptavidin (Jackson Immunoresearch Lab-
oratories) (Gesdon, Ternynck & Avrameas, 1979; Clark, Tani &
Damjanov, 1986) diluted 1:2,500 in BLOTTO containing 0.5 M
NaCl. Replicas were washed three times in 40 mM Tris (pH 7.5),
0.1% Tween 20, 0.5 M NaCl and three more times in 40 mM Tris
(pH 7.5), 0.5 M NaCl. Peroxidase activity was detected with a
substrate solution made of 0.015% H,0,, 0.05% 4-chloronaphtol,
16.5% methanol, 40 mm Tris (pH 7.5), 0.5 M NaCl.
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Inhibition Experiments

For these experiments, the protocol was the same as that previ-
ously described but antipeptide IgGs, diluted in BLOTTO, were
preincubated for 15 hr at 4°C, before use, with various concen-
trations of either the peptide SALGKLLDKVQAY (0.03 to 6
pM) or the unrelated peptide RIDPANGNTKYDPKFQC (0.03
to 200 uM) (a gift from Drs. Mazza and Moinier, Centre d’Im-
munologie de Marseille-Luminy). After immunolabeling, nitro-
cellulose strips were soaked in xylene (Seshi, 1986) to make them
transparent, and the optical density of labeled bands was deter-
mined using a Vernon PHIS densitometer scan.

All solutions used for immunoreaction and inhibition exper-
iments contained 0.02% merthiolate (Fluka).

Results

ISOLATION AND ANALYSES OF MYOCARDIAL
GAP JUNCTIONS

Figure 1A is a micrograph of a thin section in a final
pellet of GJs isolated in the presence of 1 mm PMSF
and 0.1 M IAA. The junctional nature of double
layered membranes is confirmed by observations at
higher magnification (Fig. 1B) and by negative stain-
ing (Fig. 1C). Analysis of micrographs shows very
little contamination of the final pellet (Fig. 1A4).
Only GJs isolated in the presence of 1 mmM PMSF
conserved on their cytoplasmic surfaces a fuzzy
layer as described by Manjunath et al. (1984, 1985).
Electron-microscopy analysis of GlJs isolated with-
out inhibitor gives results identical to those previ-
ously reported (Gros et al., 1983; Manjunath et al.,
1984, 1985).

SDS-PAGE analyses of isolated GJs are illus-
trated in Figs. 24 and 3b. Fractions of GJs isolated
without PMSF contain a single protein of M, 28 kD
or M, 50 kD (dimer of the 28-kD protein) according
to whether analyses are performed under reducing
or nonreducing conditions, respectively. Fractions
of GJs isolated in the presence of 1 mm PMSF, with
or without 0.1 M IAA, contain a single protein of M,
43 kD which is connexin 43. These results are in
agreement with those previously published by Gros
et al. (1983), Manjunath et al. (1984, 1985, 1987),
and Manjunath and Page (1986).

PURIFICATION AND CHARACTERIZATION OF
ANTIPEPTIDE ANTIBODIES

By ELISA tests pre-immune sera (diluted 1 : 100 to
1:10,000) fail to bind to either the synthetic peptide
or isolated GJ fractions. On the other hand, these
same tests show that immune sera IgGs eluted from
the affinity column with HCl-glycine contain anti-
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Fig. 1. Heart gap junctions isolated in the presence of 1 mm PMSF and 0.1 M IAA. (A) In thin sections, the final pellet of the isolation
protocol is seen to be composed of gap junctions (circle) and of a very few single membranes (arrows); x25,000. (B) At higher
magnification the paired membranes of the junctions are seen to be separated by a 2-3 nm “‘gap.”” The presence of connexons spanning
the extracellular space between membranes is suggested by the periodic densities visible in the ““gap’” where the plane of section is
appropriate (arrow); xX105,000. (C) Isolated junction negatively stained reveals a lattice of closely packed connexons. The hexagonal
symmetry of the lattice can be recognized in some region of the junction (circles); x 150,000
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Fig. 2. Characterization of the affinity-purified antipeptide anti-
bodies by immunoblotting. (4) Analysis by SDS-PAGE and
Coomassie-Blue staining of isolated heart gap junctions and BSA
(lane f). All the samples were reduced before analysis except
that of lane ¢, which is unreduced. Lane a: standard proteins
(mol wt in kD are indicated on the left). Lane b: heart gap junc-
tions isolated without PMSF or IAA (no inh.) Lane c: as in b but
the sample was neither reduced, nor alkylated before loading in
the gel (no inkh.). Lanes d and e: duplicates of heart GJs isolated
in the presence of | mM PMSF (PMSF). Identical results are
obtained with GJs isolated in the presence of PMSF and IAA
(see Fig. 4, lanes b and ¢). Lane 2 BSA (1 ug of BSA was located
in the gel). (B) Immunoreplicas of the previous gels. Positions of
molecular weight standards are indicated by head arrows. Arrow
shows the top of replicas. All the nitrocellulose replicas, except
that of lane j, were treated with antipeptide antibodies. Replica j
was treated with pre-immune serum. Pre-immune serum fails to
label GJs (lanes e and j). Antipeptide antibodies fail to detect
BSA (lanes fand k)

bodies that bind specifically to the synthetic peptide
and to the fractions of GJs isolated in the presence
of 1 mMm PMSF or without inhibitor. Antipeptide
antibodies-containing fractions were pooled and
further tested by immunoblotting. The 28-kD junc-
tional polypeptide, its S0-kD dimer and the 43-kD
native protein, are all immunolabeled after transfer
onto nitrocellulose replicas as shown in Fig. 2B.
Pre-immune serum fails to detect electroblotted
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Fig. 3. Immunoblotting of cardiac fractions. Lanes «, b, d and f:
Coomassie-blue stained gels of standard proteins in a; gap junc-
tions isolated in the presence of 1 mM PMSF and 0.1 MIAA in b;
intercalated discs isolated according to Green and Severs (1983)
in ¢; whole heart fraction in d. Lanes ¢, ¢ and g: immunoreplicas
of samples shown in lanes &, d and f, respectively. Lane h:
control experiment. Immunoreplica of total heart fraction, un-
treated with antipeptide antibodies, but revealed according to the
described protocol as other replicas

junctional polypeptides (Fig. 2B); purified antipep-
tide antibodies fail to label electroblotted BSA (Fig.
2B) or actin (1 pg loaded in the gel: not shown).
Inhibition experiments with electro-blotted 28-kD
junctional polypeptide show that immunodetec-
tion of this polypeptide is inhibited by 50% when
antipeptide antibodies are pre-incubated with 1 um
of synthetic peptide before use. Preincubation
with 200 uMm of an unrelated synthetic peptide
(RIDPANGNTKYDPKFQC) fails to inhibit im-
munolabeling.

IMMUNODETECTION OF GAP JUNCTIONAL
PROTEIN IN RAT INTERCALATED DISCS AND
WHOLE HEART FRACTIONS

Antipeptide IgGs were used for immunodetection of
gap junctional protein onto replicas of intercalated
discs and whole heart fractions (Fig. 3). In both
cases a protein of M, 43 kD is labeled. A protein of
M, 41 kD 1is also usually detected on intercalated
discs replicas. When the incubation step with anti-
peptide antibodies is omitted no labeling is seen
(Fig. 3, lane /). In parallel experiments, preimmune
and immune sera were submitted to the different
steps of purification described in Materials and
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Fig. 4. Immunoblotting of whole heart fractions of various verte-
brate species. Whole heart fractions were prepared as described
in Materials and Methods. Protein content of the fractions was
determined according to Lowry et al. (1951). One hundred pg of
each fraction were submitted to SDS-PAGE and electroblotted
onto nitrocellulose. Replicas were incubated with affinity-puri-
fied antipeptide IgGs and revealed according to the described
protocol. Positions of the molecular weight standards are indi-
cated on the left (arrowheads). Arrow shows the top of replicas.
Lanes a, b, ¢, d, e and f correspond to nitrocellulose replicas of
whole heart fractions of trout, frog, chicken, guinea pig, mouse
and rat (reference), respectively

Methods. In both cases, fractions collected after
clution with 0.1 M HCl-glycine were diluted to 1:5
and 1:10 and tested by immunoblotting. While
eluates coming from immune serum label a protein
of M, 43 kD, eluates from pre-immune serum fail to
detect any band.

The immunoblotting technique used for rat
heart was applied to whole heart fractions of trout,
frog, chicken, guinea pig and mouse. For all those
vertebrate species, the labeling of the M, 43 kD pro-
tein is conserved (Fig. 4). Omission of the incuba-
tion step with antipeptide antibodies leads to an ab-
sence of labeling onto replicas.

CROSS-REACTIVITIES OF AFFINITY-PURIFIED
ANTIPEPTIDE ANTIBODY

A variety of rat and mouse organs, liver, kidney,
stomach, cerebellum, uterus and lens, were elec-
troblotted onto nitrocellulose replicas and submit-
ted to immunodetection (Fig. 5). Antipeptide IgGs
cross-react with proteins of M, 32 and 22 kD in rat
and mouse liver (the labeling of the 22-kD protein
being always weaker in rat than in mouse), with a
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Fig. 5. Immunoblotting of whole fractions of various organs.
Whole fractions of various organs were prepared as described in
Materials and Methods. Protein content of the fractions was de-
termined according to Lowry et al. (1951). 100 to 130 ug of each
fraction were submitted to SDS-PAGE and electroblotted onto
nitrocellulose. Replicas were incubated with affinity-purified
antipeptides IgGs and revealed according to the described proto-
col. Positions of the molecular weight standards are indicated on
the left (arrowheads). Arrow shows the top of replicas. Lanes a,
b,c,d, e, f, g, and h correspond to immunoreplicas of the follow-
ing whole fractions: rat liver, mouse liver, rat uterus, rat Kidney,
rat stomach, rat heart (reference), rat cerebellum and rat lens,
respectively. Homologous major proteins are detected at 32 and
22 kD in rat and mouse liver, at 43 kD in rat uterus, stomach and
kidney, at 41 kD in rat cerebellum and at 46 and 70 kD in rat lens

major protein of M, 43 kD in uterus, kidney and
stomach from rat and with a protein of M, 41 kD in
rat cerebellum. In rat lens the major labeled protein
has a M, of 46 kD but another band, of variable
intensity and sometimes poorly defined, is also de-
tected at about 70 kD. Specificity of the cross-reac-
tions was demonstrated by the absence of labeling
when the incubation step with antipeptide antibody
is omitted.

Discussion

According to Hopp and Woods (1981), hydrophilic
regions of proteins are antigenic. Using the predic-
tions formulated by the previous authors, antibod-
ies were raised against the synthetic peptide
SALGKLLDKVQAY, the sequence of which cor-
responds to the most hydrophilic part of the N-ter-
minal region of connexin 43 (Beyer et al., 1987).
The equivalent region of the heart 28-kD junctional
polypeptide, which is a degradation product of con-
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nexin 43, also contains this sequence (Nicholson et
al., 1985; Manjunath et al., 1987). ELISA tests
showed that affinity-purified antipeptide antibodies
bind to one or several proteins present in fractions
of isolated cardiac GJs. Immunoblotting experi-
ments carried out with isolated GJs more precisely
demonstrated that antibodies specifically recog-
nized the junctional polypeptide of M, 28 kD (and
its 50-kD dimer) and connexin 43. When the im-
munolabeling technique was applied to nitrocellu-
lose replicas of intercalated discs or whole rat heart
a band of M, 43 kD was labeled which is thought to
be the main constituent of cardiac GJs, i.e., con-
nexin 43. However, several studies have shown that
antisera against peptides may cross-react with other
proteins related or unrelated to the protein under
investigation (Walter & Doolittle, 1983). Thus, the
presence in the heart homogenates of nonjunctional
proteins showing common or related epitopes with
connexin 43 cannot be excluded, but the results ob-
tained with a variety of organs, in particular with
the liver, are quite consistent with the findings of
other authors (see the discussion following) and
make this possibility rather unlikely. In intercalated
disc replicas a band of M, 41 kD was usually de-
tected. This band, which was not seen in whole
heart replicas, most likely corresponds to a degra-
dation product of the 43-kD protein.

Comparative analysis of immunoreplicas of
whole heart extracts from trout, frog, chicken,
mouse, guinea pig and rat showed that antipeptide
antibodies label a protein of M, 43 kD in all hearts
investigated. Thus hearts of several vertebrate
classes, including mammals, birds, amphibians and
fishes, all contain 43-kD proteins sharing epitopes
with the peptide SALGKLLDKVQAY. Although
the identity of these proteins with cardiac connexin
43 has to be considered with certain reservations
(see above), the hypothesis of a phylogenic conser-
vation of connexin 43 in vertebrate heart is reason-
able. A similar situation was found in liver by Hertz-
berg and Skibbens (1984) who showed that protein
immunologically related to rat liver connexin 32
was present in liver homogenates of several verte-
brate species. The phylogenic conservation of this
JP was confirmed later by the comparison of amino-
acid sequences of connexin 32 from man and rat
(Kumar & Gilula, 1986), sequences which differ by
only four residues.

In both rat and mouse whole liver extracts, anti-
peptide antibodies cross-reacted with two proteins
of M, 32 and 22 kDa which are thought to be the two
JPs identified in liver. The mobility of the labeled
bands in gels is in agreement with the recent investi-
gations of Green et al. (1988) and Nicholson et al.
(1987). The staining of the 22-kDa component is al-
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ways weaker in rat than in mouse, and this is con-
sistent with the fact that this protein makes up less
than 10% of rat liver junctional fractions but as
much as 35% in mouse liver GJs (Nicholson et al.,
1987). Comparison of published data show that the
peptide used to elicit antibodies and the equivalent
sequences of liver JPs share four (with connexin 32)
and three (with the 21-kD JP) identical aminoacids.
This raises the question of whether the presence of
these three or four common amino acids may ex-
plain the cross-reactives observed. Antigenic epi-
topes are usually regarded as at least six amino
acids in length, but recent work suggests a different
interpretation of characteristics of epitopes. Thus,
some residues in an epitope can be replaced by any
of the 19 amino acids without impairing antigenic
activity, whereas others cannot be substituted at all
(Geysen, Meloen & Barteling, 1984; Getzoff et al.,
1987). Not every residue in a so-called continuous
epitope is in contact with the antibody and the lin-
ear peptide is, in fact, antigenically discontinuous.
A similar situation might explain the recognition of
the putative two liver JPs by the antipeptide anti-
bodies used in the present investigation,

By immunoreplicas analyses of lens, binding of
antipeptide antibodies was shown to be specific for
two polypeptides of M, 46 and 70 kD. A protein of
M, 70 kD, associated with GJs isolated from lens,
was identified by Kistler, Kirkland and Bullivant
(1985), and immunolocalization experiments have
confirmed its junctional nature (Gruitjers et al.,
1987). More recently, Kistler, Christie and Bulli-
vant (1988) have demonstrated that the amino-ter-
minal sequence of this JP shows 50% homology
with connexin 43, but no homology with MIP 26, a
lens membrane protein the junctional nature of
which is still a matter of controversy (Bok, Doksta-
der & Horwitz, 1982; Fitzgerald, Bok & Horwitz,
1983; Paul & Goodenough, 1983; Sas et al., 1985;
Revel & Yancey, 1985). The antigenic peptide
SALGKLLDKVQAY and the equivalent sequence
of the lens JP share seven identical amino acids, a
situation which might explain the recognition of this
protein by the antipeptide antibodies. Paul and
Goodenough (1987) have sequenced to 1.6-kb lens
c¢DNA which hybridizes by Northern analysis to a
single 3.0-kb message. Preliminary studies showed
that the predicted amino-acid sequence for the pro-
tein coded by this cDNA has regions of ‘‘highly
conserved structure shared with both hepatic and
myocardial gap junctions,’’ but the molecular mass
of this protein has not vet been published. The
results presented in this paper, which showed that
connexin 43 and lens protein(s) share similar anti-
genic epitopes, are in agreement with the work of
Kistler et al. (1988) and Paul and Goodenough
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(1987), but several questions remain unanswered: is
the 46-kD lens protein a degradation product of the
70-kD JP or is the 70 kD JP an aggregation product
of the 46-kD protein or are the 46 and 70 kD pro-
teins homologous proteins coded by two different
genes?

Binding of antipeptide antibodies was also dem-
onstrated to be specific for one major polypeptide of
M. 43 kD in uterus, stomach and kidney and of M,
41 kD in cerebellum. These results show that pro-
teins with similar antigenic epitopes and related to
the peptide SALGKLLDKVQAY and connexin 43
are widely distributed among vertebrate organs.
Does this suggest that the labeled proteins represent
JPs? There is not conclusive evidence to support
this assumption, more especially as little is known
about the JPs of the organs investigated. However,
the results of hybridization experiments of either
liver connexin 32 ¢cDNA or heart connexin 43
c¢DNA to RNA extracted from brain, kidney, stom-
ach and uterus suggest homologies between JPs of
these organs (Paul, 1986; Beyer et al., 1987). Sucha
hypothesis has been previously expressed on the
basis of cross-reactions observed between anti-liver
GJ antibodies and heart, uterus, stomach, kidney
and brain extracts (Hertzberg & Skibbens, 1984;
Dermietzel et al., 1984; Zervos et al., 1985). In
these latter studies the M, of the labeled proteins
was reported to be 26-28 kD, i.e., a M, much lower
than that observed in the present investigation (41—
43 kD). The discrepancy between these resuits and
ours could be explained either by an uncontrolled
proteolytic degradation of organ extracts or by the
presence of more than one homologous protein,
both in organ extracts and whole organ fractions.
Which of these propositions is valid is not known at
present.
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