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a b s t r a c t

Connexin 43 (Cx43)-hemichannel activity is controlled by intramolecular interactions between cytoplas-
mic loop and C-terminal tail. We previously identified the last 10 amino acids of the C-terminal tail of
Cx43 as essential for Cx43-hemichannel activity. We developed a cell-permeable peptide covering this
sequence (TAT-Cx43CT). In this study, we examined the critical molecular determinants in TAT-Cx43CT
to restore Cx43-hemichannel activity. Using amino acid substitutions in TAT-Cx43CT, we identified the
two aspartate (Asp378 and Asp379) and two proline (Pro375 and Pro377) residues as critical for TAT-
Cx43CT activity, since TAT-Cx43CTDD/AA and TAT-Cx43CTPP/GG did not overcome the inhibition of Cx43-
hemichannel activity induced by thrombin, micromolar cytoplasmic Ca2+ concentration or truncation
of Cx43 at M239. Consistent with this, we found that biotin-Cx43CTDD/AA was much less efficient than bio-
tin-Cx43CT to bind the purified CL domain of Cx43 in surface plasmon resonance experiments. In conclu-
sion, we postulate that Asp378 and Asp379 in the C-terminal part of Cx43 are essential for loop/tail
interactions in Cx43 hemichannels, while Pro375 and Pro377 may help to properly coordinate the critical
Asp residues.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction channel activity [9,10,18–24]. Using mechanical stimulation (MS)-
Connexins (Cx) control intercellular communication by coordi-
nating multicellular responses in organs, via chemical or electrical
signals [1–3]. Six Cx subunits assemble into a connexon, which can
exist as free, unopposed hemichannels or as head-by-head apposed
hemichannels that form gap junctions [4,5]. While gap junctions
provide a direct signaling pathway between neighboring cells,
hemichannels mediate paracrine signaling, by releasing signaling
molecules like ATP that act on neighboring cells expressing puri-
nergic receptors [4,6,7]. This results in intracellular Ca2+ signals
in neighboring cells, initiating intercellular Ca2+-waves that propa-
gate between several rows of cells [8–12]. Also, cytosolic [Ca2+]
rises in the physiological range (0.5–1 lM) trigger Cx-hemichannel
opening [13–15]. Thus, physiological agonists that trigger intracel-
lular Ca2+ oscillations provoke Cx-hemichannel opening [16]. Cx43
hemichannels also mediate the release of gliotransmitters from
astrocytes in the basal amygdala, establishing fear-memory con-
solidation [17]. Corneal endothelial cells of bovine origin have been
used in our laboratory as a model system for studying Cx43-hemi-
ll rights reserved.
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induced intercellular Ca2+-wave propagation experiments, we
found that (i) Cx43 is the major Cx isoform mediating intercellular
communication [24], and (ii) paracrine signaling via hemichannel-
mediated ATP release accounts for the majority of the cell-to-cell
propagation mechanism of these waves [9,10]. We also found that
thrombin inhibits Cx43-hemichannel-driven intercellular Ca2+-
wave propagation by activating the contractile system [18,22].
The inhibition involved a disturbance of intramolecular interac-
tions between the cytoplasmic loop and C-terminal tail [24], essen-
tial for Cx43-hemichannel activity. Cx43 lacking its C-terminal tail
(Cx43M239) does not display hemichannel activity, while a cell-per-
meable peptide corresponding to the last 10 amino acids (aa) of the
C-terminal tail (TAT-Cx43CT) could restore Cx43M239-hemichannel
activity. Similarly, thrombin-induced inhibition of Cx43-hemi-
channel activity in corneal endothelial cells was completely sup-
pressed by TAT-Cx43CT. Cx43CT was able to directly interact
with the L2 region of the cytoplasmic loop of Cx43. These results
indicated that the last 10 aa of the C-terminal tail of Cx43 are
essential for Cx43-hemichannel opening activity [25]. Yet, the
molecular determinants in Cx43CT responsible for establishing
functional Cx43 hemichannels have not been resolved yet. Here,
we established which aa in the Cx43CT peptide were critical for
Cx43-hemichannel opening.
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2. Materials and methods

2.1. Cell culture

Cultures of primary bovine corneal endothelial cells (BCECs)
from fresh eyes were established as described previously
[9,10,18–24]. HeLa cells ectopically expressing either the full-
length Cx43 or the CT-truncated mutant of Cx43 (Cx43M239) were
established as described previously [24,26].

2.2. Peptides

All synthetic peptides (>90% pure) were obtained from Thermo
Fisher Scientific (Ulm, Germany; Table 1). TAT peptides were used
at 100 lM incubated with the cells for 30 min at room temperature
(RT).

2.3. Imaging of intercellular Ca2+-wave propagation

Intercellular Ca2+-wave propagation was assayed in Fluo4-
loaded (10 lM for 30 min at 37 �C) BCEC as described previously
[9,10,18–24]. TAT peptides (100 lM) were present in the bath
solution during Fluo-4 loading. After washing the cells, the dye
was excited at 488 nm, and its fluorescence emission was collected
at 530 nm. Spatial changes in [Ca2+]i following point mechanical
stimulation (MS) were measured with the confocal microscope
(LSM510, Zeiss) using a 40X objective (Air, 1.2 N.A.). A point MS,
applied to a single cell, consisted of an acute deformation of the cell
by briefly touching less than 1% percent of the surface area of its
cell membrane with a glass micropipette (tip diameter < 1 lm)
coupled to a piezoelectric crystal (Piezo device P-280, Amplifier-
E463; PI Polytech, Karlsruhe, Germany) mounted on a micro-
manipulator, as described previously [9,10,18–24]. Polygonal re-
gions of interest (ROIs) were drawn to define the borders of each
cell. Fluorescence was averaged over the area of each ROI. Normal-
ized fluorescence (NF) was then obtained by dividing the fluores-
cence by the average fluorescence before MS. We quantified the
propagation of the intercellular Ca2+ wave by measuring the total
surface area of responsive cells (active area, AA) with NF P 1.1,
using imaging software (LSM Image 4.2; Zeiss).

2.4. ATP release

ATP release from BCEC was measured via a luciferin–luciferase
system [18,20]. One hundred microliter samples were taken from
the 500 ll bathing solution covering the cells and transferred to
a custom-built photon counting set-up to measure the lumines-
cence as described previously [9,10]. Briefly, photons emitted as
a result of the oxidation of luciferin in the presence of ATP and
O2 and catalyzed by luciferase were detected by a photon counting
photomultiplier tube (H7360-01; Hamamatsu Photonics, Ham-
amatsu, Japan). Voltage pulses from the photomultiplier module
Table 1
Overview of the sequence of different TAT-fused peptides used in this study.

Name Sequence

TAT-Cx43CT TAT-SRPRPDDLEI
TAT-Cx43CTDD/AA TAT-SRPRPAALEI
TAT-Cx43CTPP/GG TAT-SRGRGDDLEI
TAT-Cx43CTRR/AA TAT-SAPAPDDLEI
TAT-Cx43CT reverse TAT-SIELDDPRPR
Biotin-Cx43CT Biotin-RQPKLWFPNRRKPWKKRPRPDDLEI
Biotin-Cx43CT reverse Biotin-RQPKIWFPNRRKPWKKIELDDPRPR
Biotin-Cx43CTDD/AA

Biotin-RQPKIWFPNRRKPWKKRPRPAALEI
Biotin-Cx43CTDD/AA reverse Biotin-RQPKIWFPNRRKPWKKIELAAPRPR
were counted with a high-speed counter (PCI-6602; National
Instruments, Austin, Texas, USA). Dark count of the photomulti-
plier tube was <80 counts/s.

ATP release from HeLa cells, ectopically expressing either Cx43
or Cx43M239, was triggered by A23187 and measured via a lucif-
erin-luciferase system [13]. Cellular ATP release was accumulated
over the period of trigger exposure (5 min). Baseline measure-
ments were performed on separate cultures using standard
HBSS-HEPES. ATP release was normalized to the signal obtained
in the absence of the trigger and is expressed as fold increase.

2.5. Expression and purification of the CL domain

The CL domain of human Cx43 (aa 100–154) was cloned in the
pGEX6p2 vector, yielding GST-CL with a PreScission-protease-
cleavage site between GST and CL. GST-CL was purified from E. coli
BL21(DE3) cells induced with 0.5 mM IPTG. The bacterial pellet
was resuspended in cold lysis solution (20 mM Tris/HCl, pH 7.5,
500 mM NaCl, 1% Triton-X-100) containing protease inhibitors
and cells were lysed by sonication. After removal of the cell debris
by centrifugation, the soluble protein fraction was incubated with
Glutathione-Sepharose 4B for 2 h at 4 �C. The beads were collected
and washed three times with PBS and incubated with PreScission
protease (GE Healthcare Life Sciences) in cleavage buffer (50 mM
Tris–HCl, pH 7.0, 150 mM NaCl, 1 mM EDTA, 1 mM dithiothreitol)
at 4 �C for 6 h. The protein was dialyzed against 1X DPBS without
CaCl2 and MgCl2 (Gibco�, Life Technologies) using 2 kDa MWCO
dialyzing cassette (Slide-A-Lyzer�, Thermo Fisher Scientific).

2.6. Surface plasmon resonance (SPR) experiments using biotin-
Cx43CT

All binding experiments were performed using Biacore T200
instrument (GE Healthcare). Equal amounts (about 1300 resonance
units) of >95% pure biotinylated peptides were immobilized on
each flow cell of a streptavidin-coated sensor chip (Sensor Chip
SA, Biacore Inc., Uppsala, Sweden) using HEPES buffer (in mM: 10
HEPES, 1 EDTA, 100 NaCl) with 0.005% polysorbate-20 (Tween-
20) at pH 7.4. The Cx43CT peptide sequence (underlined aa) was
fused to Biotin via a linker sequence (Table 1). Measurements with
different [CL] as analyte were done in HEPES buffer (in mM: 10
HEPES, 100 NaCl, pH 7.4) at a flow rate of 30 ll/min in random or-
der (injection volume 120 ll). Bound protein was removed by
injection of 10 ll regeneration buffer (50 mM NaOH, 1 M NaCl) at
10 ll/min. Background signals obtained from the reference flow
cell, containing the reversed biotinylated peptide, were subtracted
to generate response curves.

2.7. Statistical analysis

All values represent mean ± S.E.M. For statistical analyses, each
treatment was compared to its respective control, and significance
was determined using a 1-way ANOVA. Differences were consid-
ered significant at P < 0.05. ‘‘N’’ indicates the number of days of
experiments, while ‘‘n’’ represents the total number of indepen-
dent experiments (the number of mechanically stimulated cells).
3. Results

3.1. Asp and Pro residues are essential for TAT-Cx43CT to prevent
thrombin-inhibition of intercellular Ca2+-waves in BCEC

MS results in the initiation and propagation of an intercellular
Ca2+ wave in BCEC (Fig. 1A). The active area of the intercellular
Ca2+ wave, corresponding to the maximal area covered by the



C. D’hondt et al. / Biochemical and Biophysical Research Communications 432 (2013) 707–712 709
spreading of the Ca2+ wave, was quantified and normalized as a
percentage of the area under control conditions (Fig. 1B). Treat-
ment with thrombin led to a prominent inhibition of the active
area (N = 5, n = 50) (Fig. 1). TAT-Cx43CT alleviated the inhibition
of the active area by thrombin (N = 5, n = 50) (Fig. 1). Next, we as-
sessed the activity of TAT-Cx43CT, in which we substituted the two
Aspartate residues with two Alanine residues (TAT-Cx43CTDD/AA),
the two Proline residues with two Glycine residues (TAT-
Cx43CTPP/GG), or the two Arginine residues with two Alanine resi-
dues (TAT-Cx43CTRR/AA) (Fig. 1). Importantly, TAT-Cx43CTRR/AA

was equally potent in suppressing the thrombin-induced inhibi-
tion of the active area as TAT-Cx43CT (N = 5, n = 50) (Fig. 1). How-
Fig. 1. Effect of thrombin on MS-induced intercellular Ca2+-wave propagation in control
(A) Representative pseudocolored fluo-4 fluorescence Ca2+ images during and after MS i
The first image shows the fluorescence intensities before stimulation. The white arrow in
area reached (black line). Note that some cells have already recovered from the Ca2+ cha
Cx43CTDD/AA and TAT-CX43CTPP/GG, overcome thrombin-induced inhibition of Cx43-hem
The normalized active area of MS-induced intercellular Ca2+-wave propagation upon MS
were performed in control conditions or after exposure to TAT-Cx43CT, TAT-Cx43CTD

(p < 0.001) inhibition compared to control condition. ˆ indicates that TAT-Cx43CT and TA
the Ca2+ wave propagation (comparision of black bars).
ever, TAT-Cx43CTDD/AA and TAT-Cx43CTPP/GG did not alleviate this
inhibition (N = 5, n = 50) (Fig. 1). This indicates that the two Aspa-
rate and two Proline residues are essential for maintaining func-
tional Cx43 hemichannels under conditions of enhanced
contractility, while the Arg residues are dispensable.

3.2. Asp and Pro residues are essential for TAT-Cx43CT to overcome
thrombin-inhibition of Cx43-hemichannel-mediated ATP release

In order to study if TAT-Cx43CTDD/AA and TAT-Cx43CTPP/GG

could also overcome the thrombin-induced inhibition of
Cx43-hemichannel-mediated ATP release associated with the
condition and after exposure to TAT-Cx43CT or TAT-Cx43CTDD/AA in confluent BCEC.
n control condition and after exposure to TAT-Cx43CT or TAT-Cx43CTDD/AA in BCEC.

the second image identifies the MS cell. The third image shows the maximal active
nge associated with the wave. (B) TAT-Cx43CT and TAT-Cx43CTRR/AA, but not TAT-

ichannel-driven MS-induced intercellular Ca2+-wave propagation in confluent BCEC.
in untreated conditions or after thrombin-treatment is shown. These experiments

D/AA, TAT-CX43CTPP/GG or TAT-Cx43CTRR/AA (N = 5, n = 50). � indicates a significant
T-Cx43CTRR/AA significantly (p < 0.001) alleviate the thrombin-induced inhibition of
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intercellular Ca2+ wave, we measured ATP levels in medium sam-
ples taken after initiation of the wave by MS using a bio-lumines-
cent approach. A typical response (in counts) is shown in Fig. 2A
(N = 5, n = 10). In order to investigate the exact effect of thrombin
on Cx43-hemichannel-mediated ATP release after MS, we first
measured the MS-induced ATP-release in a certain condition and
afterwards we treated the same cells in the same chambered slide
for 5 min with thrombin (2 U/ml). Then we applied again a
mechanical stimulus and measured the ATP levels in the medium.
By following this procedure, we are able to exactly compare the
MS-induced ATP-release before and after thrombin treatment in
each condition. The same procedure was applied for all conditions
(i.e., control, TAT-Cx43CT, TAT-Cx43CTDD/AA, TAT-CX43CTRR/AA and
TAT-Cx43CTPP/GG). Thrombin (2 U/ml for 5 min) markedly reduced
ATP release upon MS (N = 5, n = 10) as described previously [18,20]
and TAT-Cx43CT suppressed this inhibition. We further tested the
effectiveness of TAT-Cx43CTDD/AA, TAT-CX43CTRR/AA and TAT-
Cx43CTPP/GG to suppress the thrombin-inhibition of ATP release
following MS (Fig. 2B). TAT-Cx43CTRR/AA was equally potent in alle-
viating the thrombin-inhibition of ATP release following MS as
TAT-Cx43CT, while TAT-Cx43CTDD/AA and TAT-Cx43CTPP/GG were
ineffective in overcoming this thrombin-induced inhibition
(N = 5, n = 10).

3.3. Asp and Pro residues are essential for TAT-Cx43CT to overcome
high intracellular [Ca2+]-induced inhibition of Cx43-hemichannel
activity

Intracellular [Ca2+] has a bimodal effect on Cx43-hemichannel
activity, with [Ca2+] elevation up to 500 nM peak amplitude
triggering ATP release while higher [Ca2+] inhibit ATP release
[13–15,24,27]. Previously, we used the Ca2+ ionophore, A23187,
to induce intracellular [Ca2+] elevations in a controlled manner.
Both in C6 glioma and HeLa cells that are ectopically expressing
Cx43, 2 lM A23187 triggered cytosolic [Ca2+] elevations in the
500 nM range, whereas 10 lM A23187 triggered cytosolic [Ca2+]
elevations in 1 lM range [14,24]. Here, we used HeLa cells ectopi-
cally expressing Cx43 and triggered intracellular increases in [Ca2+]
by using the Ca2+ ionophore A23187: 0.1 lM A23187 was unable to
provoke ATP release, 2 lM A23187 provoked ATP release and
10 lM A23187 inhibited ATP release (Fig. 3A). TAT-Cx43CT com-
pletely abolished this inhibition of ATP release by 10 lM A23187
(Fig. 3A). TAT-Cx43CTRR/AA too alleviated the inhibition of Cx43
hemichannel-mediated ATP release, while TAT-Cx43CTDD/AA and
TAT-Cx43CTPP/GG were not able to overcome the high intracellular
Fig. 2. Effect of TAT-Cx43CT, TAT-Cx43CTRR/AA, TAT-Cx43CTDD/AA and TAT-Cx43CTPP/GG on
counts under baseline (no stimulation) and after MS (control condition) were quantified
induced intercellular Ca2+-wave assessed by luciferin–luciferase bioluminescence. Norm
bars) BCEC, either in control conditions (N = 5, n = 10) or in conditions pre-treated with TA
shown. � indicates a significant (p < 0.001) inhibition compared to the untreated cond
(p < 0.001) alleviate the thrombin-induced inhibition of ATP release (comparision of bla
[Ca2+] inhibition. Similar findings were obtained with the reversed
sequence of Cx43CT.
3.4. Asp and Pro residues are essential for TAT-Cx43CT to restore the
activity of Cx43M239 hemichannels

Cx43M239-based hemichannels fail to release ATP in response to
cytosolic [Ca2+] elevation to �500 nM with 2 lM A23187, a condi-
tion known to activate Cx43 hemichannels composed of WT Cx43
[24] (Fig. 3B). Adding TAT-Cx43CT restored the impaired response
of Cx43M239 hemichannels (Fig. 3B). We further examined the
mutant versions of TAT-Cx43CT in their ability to restore
Cx43M239-hemichannel activity (Fig. 3B). Similar to our previous
experiments, TAT-Cx43CTRR/AA was equally potent as TAT-Cx43CT,
while TAT-Cx43CTDD/AA and TAT-Cx43CTPP/GG did not restore
Cx43M239-hemichannel activity.
3.5. Biotin-Cx43CTDD/AA fails to bind the CL domain of Cx43

Recently, we identified a cluster of nine positively charged aa in
the CL domain as being sufficient for interaction with the C-termi-
nal tail of Cx43 [15]. Therefore, we examined whether the two
Aspartate residues in Cx43CT were critical for loop/tail interactions
using SPR using the purified CL domain (Fig. 4A). We immobilized
biotin-Cx43CT, biotin-Cx43CTDD/AA and biotin-Cx43CT reverse pep-
tides to a streptavidin-coated sensor chip and applied different [CL]
(Fig. 4B and C). The signal obtained using biotin-Cx43CT reverse
was used as a reference channel and was subtracted from the sig-
nals obtained with biotin-Cx43CT (Fig. 4B) and biotin-Cx43CTDD/AA

(Fig. 4C). Consistent with our previous reports [15,24], purified CL
specifically bound to biotin-Cx43CT in a concentration-dependent
manner (Fig. 4B). Importantly, binding of purified CL to biotin-
Cx43CTDD/AA was compromised (Fig. 4C). We plotted the data from
three independent runs and fitted the data using a Boltzmann
function (Fig. 4D). Although we were unable to reach saturation
values for this dose response curve, based on the fitted curve we
estimate an EC50 in the range of 7–10 lM. In contrast, the binding
of the purified CL domain to biotin-Cx43CTDD/AA was only evident
at high concentration and was much lower than the binding to bio-
tin-Cx43CT. The negative values in the SPR sensorgrams indicate
that the CL domain displayed higher binding to the reverse se-
quence than to Biotin-Cx43CTDD/AA. These data indicate that the
two Asp residues in the Cx43CT peptide are critical for loop/tail
interactions.
the thrombin-induced inhibition of ATP release in BCEC. (A) Mean number of light
(N = 5, n = 10). (B) Quantitative measurement of ATP release associated with the MS-
alized ATP release after MS of untreated (white bars) and thrombin-treated (black
T-Cx43CT, TAT-Cx43CTDD/AA, TAT-Cx43CTPP/GG or TAT-Cx43CTRR/AA (N = 5, n = 10), is

ition (white bars). ˆ indicates that TAT-Cx43CT and TAT-Cx43CTRR/AA significantly
ck bars).



Fig. 3. (A) TAT-CX43CT and TAT-Cx43CTRR/AA, but not TAT-Cx43CTDD/AA and TAT-Cx43CTPP/GG, alleviate high cytosolic [Ca2+]-induced inhibition of Cx43-hemichannel-
mediated ATP release in Cx43-expressing HeLa cells. ATP release triggered from Cx43-expressing HeLa cells in response to 0.1 lM, 2 lM and 10 lM A23187 in untreated
conditions or in response to 10 lM A23187 in cells pre-treated with TAT-Cx43CT, TAT-Cx43CTDD/AA, TAT-Cx43PP/GG or TAT-Cx43CTRR/AA. TAT-Cx43CT REV (TAT-Cx43CT
reverse) represents the reversed sequence of Cx43CT fused to TAT. Values were obtained from six independent stimulations and show ATP release as fold induction of
baseline values. (B) TAT-Cx43CT and TAT-Cx43CTRR/AA, but not TAT-Cx43CTDD/AA and TAT-Cx43CTPP/GG, are able to restore the activity of non-functional Cx43M239

hemichannels. ATP release triggered from Cx43M239-expressing HeLa in response to 2 lM A23187 in untreated conditions or pre-treated with TAT-Cx43CT, TAT-Cx43CTDD/AA,
TAT-Cx43CTPP/GG or TAT-Cx43CTRR/AA. Values were obtained from six independent stimulations and show ATP release as fold induction of baseline values.

A B

C D
B
B

Fig. 4. The purified CL domain of Cx43 binds to biotin-Cx43 CT, but not to biotin-Cx43 CTDD/AA, in SPR experiments. (A) A representative GelCode Blue-stained 4–12% Bis-Tris
NUPAGE gel run in MES-SDS buffer showing the quality of the purified CL domain of Cx43 after glutathione-Sepharose 4B purification and PreScission protease cleavage. The
arrow indicates the purified CL domain. (B and C) Typical sensorgrams in response units (RU) as function of time (seconds) representing the binding of purified CL domain
(ranging from 0.5 lM to 25 lM) to biotin-Cx43CT peptide (B; black) or biotin-Cx43CTDD/AA peptide (C; red) immobilized to streptavidin-coated sensor chips. The arrows
indicate the start of the association phase (first arrow) and the dissociation phase (second arrow). (D) Quantitative analysis of the binding of the CL domain to either biotin-
Cx43CT (black) or biotin-Cx43CTDD/AA (red) based on the maximal RU values during the association phase. Values were obtained from reverse peptide-corrected sensorgrams
of three independent experiments and are plotted as mean ± S.E.M. (For interpretation of color in this figure, the reader is referred to the web version of this article.)
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4. Discussion

The last 10 aa sequence of the C-terminal tail of Cx43 (provided
as TAT-Cx43CT) was identified as a domain that is essential for
Cx43-hemichannel activity [24]. Using altered versions of TAT-
Cx43CT, we identified two Asp and two Pro residues as the essen-
tial molecular determinants in controlling Cx43-hemichannel
opening, while the two Arg residues were dispensable.
The seminal work of Delmar and co-workers on Cx43 gap junc-
tions revealed a ‘‘ball-and chain’’ model for Cx43-gap junction gat-
ing [28–33]. The pH-dependent binding of the C-terminal tail to
the L2 region of the cytoplasmic loop of Cx43 closes Cx43 gap junc-
tions during acidification [33]. Similar interactions were found in
Cx43 hemichannels but with a distinct outcome [24]. Indeed, intra-
molecular loop/tail interactions seemed required for obtaining
functional Cx43 hemichannels. Removal of the C-terminal tail from
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Cx43 (Cx43M239) resulted in non-functional hemichannels, while
TAT-Cx43CT restored the activity of these non-functional
Cx43M239-based hemichannels.

Here, we identified four aa as being critical, two Asp and two
Pro residues. This correlates well with a study of Sorgen, identify-
ing the residues in the C-terminal tail affected by the presence of
CL in an NMR study [33]. We propose that the two Asp residues di-
rectly mediate the loop/tail interactions essential for establishing
functional Cx43 hemichannels, while the two Pro residues likely
are essential for the structural organization of the two Asp resi-
dues. This fits with our recent findings showing that a positively
charged cluster of nine aa (the nonapeptide Gap19) is sufficient
to bind the C-terminal tail of Cx43 [15]. In addition to intramolec-
ular interactions with Cx43 CL domains, the C-terminal-most 10–
12 aa of Cx43 are significant in mediating stable interactions with
ZO-1 [34]. In turn, the Cx43CT-ZO-1 interaction is key to regulating
the transition of connexons into gap junction channels [35,36].
Ongoing studies will determine whether this short CT sequence
of Cx43 has further as yet unidentified interactions that depend
on its conspicuous sequence of prolines and charged amino acid
residues. In any case, for the direct regulation of Cx43 hemichan-
nels by loop/tail interactions, Asp378 and Asp379 together with
Pro375 and Pro377 seem to be crucial for rendering Cx43 hemi-
channels in an activatable state.
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