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Abstract
In recent years, reports have identified that many eukaryotic proteins contain disordered regions
spanning greater than 30 consecutive residues in length. In particular, a number of these intrinsically
disordered regions occur in the cytoplasmic segments of plasma membrane proteins. These
intrinsically disordered regions play important roles in cell signaling events, as they are sites for
protein-protein interactions and phosphorylation. Unfortunately, in many crystallographic studies of
membrane proteins, these domains are removed because they hinder the crystallization process.
Therefore, a purification procedure was developed to enable the biophysical and structural
characterization of these intrinsically disordered regions while still associated with the lipid
environment. The carboxyl-terminal domain from the gap junction protein connexin43 attached to
the 4th transmembrane domain (TM4-Cx43CT) was used as a model system (residues G178-I382).
The purification was optimized for structural analysis by nuclear magnetic resonance (NMR) because
this method is well suited for small membrane proteins and proteins that lack a well-structured three-
dimensional fold. The TM4-Cx43CT was purified to homogeneity with a yield of ~6 mg per liter
from C41(DE3) bacterial cells, reconstituted in the anionic detergent 1-palmitoyl-2-hydroxy-sn-
glycero-3-[phospho-RAC-(1-glycerol)], and analyzed by circular dichroism and NMR to
demonstrate that the TM4-Cx43CT was properly folded into a functional conformation by its ability
to form α-helical structure and associate with a known binding partner, the c-Src SH3 domain,
respectively.

Gap junctions are integral membrane proteins that serve to directly interconnect the cytoplasm
of neighboring cells, allowing the passage of ions, metabolites, and signaling molecules. They
provide a pathway for the propagation and/or amplification of signal transduction cascades
triggered by cytokines, growth factors, and other cell signaling molecules involved in growth
regulation and development. Mammalian gap junction channels are formed by as many as 21
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different connexin proteins (1). Of these, connexin43 (Cx43) is the most abundant connexin
and best characterized isoform in terms of channel gating properties (2–4), phosphorylation
sites (5–7), mechanisms of pH sensitivity (8–11), and overall molecular structure (12). Cx43
is essential for normal cell growth (13), cardiac embryogenesis (14), and glial intercellular
communication (15). The functional importance of Cx43 has been illustrated through the
identification of mutations that are associated with the human disease oculodentodigital
dysplasia (16).

Cx43 is a tetraspan membrane protein with intracellular N- and C-termini. The Cx43 gap
junction structure was initially determined by electron crystallography at 18 Å resolution by
Unwin and Zampighi (17) and later at 7.5 Å resolution by Unger et al. (18). These studies
helped provide the first molecular view towards understanding the architecture of the channel.
While the protein used in the Unger et al. (18) study was able to form functional channels
(19,20), most of the carboxyl terminal domain (CT) was removed (residues 263–382) to
improve the diffraction quality of the two-dimensional crystals (21). Using a soluble version
of the CT domain from Cx43 (Cx43CT; residues 255–382), we identified by nuclear magnetic
resonance (NMR) that the Cx43CT is highly flexible and predominately disordered in structure
(11,22,23). The Cx43CT structure exemplifies many previous observations that highly flexible
or completely unfolded fragments dramatically interfere with the crystallization process (24,
25). Based on the estimation that 41% of human membrane proteins have intrinsically
disordered regions with more than 30 consecutive residues and these residues are preferentially
localized at the cytoplasmic side (26), as well as, intrinsically disordered domains have been
identified as playing an important role in cell signaling events (27), novel protein purification
strategies need to be developed not only to be able to characterize the structure-function
correlates of these intrinsically disordered domains, but to characterize them when attached to
the membrane.

Studies of the soluble Cx43CT indicate that the microenvironment of a soluble polypeptide
versus that of the same sequence in the context of the native protein embedded in a lipid bilayer
may not be the same (23,28). For example, NMR studies indicate that the N-terminus of the
soluble Cx43CT is highly flexible in comparison to the C-terminal domain and this maybe
affecting the binding affinity of molecular partners interactions, whereas its association with
the 4th transmembrane domain would provide the N-terminus with a more rigid and stable
conformation. Also, region G261-N300, which is essential for normal pH gating (29), contains
a region rich in proline residues. Proline-rich sequences commonly form left-handed type II
polyproline helices (30,31), which was not observe in the NMR structure. These differences
can be attributed to the constraints afforded by attachment to the membrane. Therefore, a
purification and reconstitution protocol was developed to enable the biophysical
characterization and structural determination by NMR methods of the CT when attached to the
4th transmembrane domain of Cx43 (TM4-Cx43CT) in detergent micelles. NMR is an ideal
spectroscopic tool to characterize the structure and dynamics of intrinsically disordered
proteins (32,33), unfortunately, size limitations do not support the feasibility of working with
large molecular weight membrane proteins, such as the full-length Cx43. In general, this
methodology will also be useful for the purification and reconstitution of other membrane-
associated intrinsically disordered domains.

Materials and methods
Plasmid construction

DNA encoding the TM4-Cx43CT (G178-I382) was cloned by PCR from a G2A plasmid
containing the Rattus norvegicus Cx43 gene and ligated into the E. coli pET-14b expression
vector (N-terminal 6x His-tag and thrombin cleavage site) (Novagen) using the restriction

Kellezi et al. Page 2

Protein Expr Purif. Author manuscript; available in PMC 2009 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



enzymes Nde1 and Xho1. All constructs were verified by the University of Nebraska Medical
Center’s DNA Sequencing Core Facility.

Protein expression and purification
The E. coli strains BL21(DE3) (Novagen), Rosetta-2(DE3) (Novagen), C41(DE3) (Lucigen,
(34)), and C43(DE3) (Lucigen, (34)) were transformed with the TM4-Cx43CT expression
plasmid (see above) and then inoculated into 1 L of Luria Bertani medium (LB), enriched
minimal media (35), or ISOGRO media (Sigma-Aldrich). Cultures were incubated at 37°C
with continuous agitation. At an optical density of 0.6 at 600 nm, 1.0 mM isopropyl β-D-
thiogalactopyranoside was added, and growth was allowed to proceed for 4 hrs (typical optical
density ~ 1.6). The cells were harvested by centrifugation (1,000 × g for 45 min), washed with
PBS buffer, and stored at −20°C.

Cells were suspended in 1x PBS buffer with a bacterial protease inhibitor cocktail (250 µl/5g
cells; Sigma-Aldrich) and disrupted with three passages through either an Emulsiflex or a
French pressure cell at 15,000 psi. Cell debris was removed by centrifugation (1,000 × g for
30 min) and a pellet containing the inclusion bodies was collected by a high-speed
centrifugation step (25,000 × g for 45 min). The pellet was resuspended in 8 M urea, 1x PBS
(pH 8.0), 1% Triton X-100, and 20 mM imidazole and placed on a rocker at 4°C for ~2 hrs.
The suspension was centrifuged again (25,000 × g for 45 min) and the supernatant was loaded
onto a HisTrap HP affinity chromatography column using an ÄKTA FPLC (GE Healthcare).
The TM4-Cx43CT polypeptides were eluted at 300 mM imidazole using a step gradient of 20,
40, 80, 100, 300, and 500 mM imidazole. Prior to the 300 mM imidazole elution step, four
column volumes of a buffer containing 8 M urea, 1x PBS (pH 8.0), 1% Triton X-100, and 10%
ethanol was used to wash the bound 6x His-tag TM4-Cx43CT. Fractions containing the TM4-
Cx43CT were identified by SDS-PAGE. An estimate of the amount of TM4-Cx43CT after the
HisTrap HP column when compared to BSA on a SDS-PAGE was ~6.0 mg/L of bacterial
culture. The samples were pooled and dialyzed overnight at 4°C using a 10 kDa Slide-A-Lyzer
dialysis cassette (Pierce) against 1 M urea, 1% Triton X-100, 1 mM DTT, and 1 mM EDTA.
The precipitate was collected and centrifuged (300 × g for 5 min), washed once with water,
and resuspended in 500 µL of 20 mM MES buffer (pH 5.8), 100 mM NaCl, and 8% 1-
palmitoyl-2-hydroxy-sn-glycero-3-[phospho-RAC-(1-glycerol)] (LPPG) at 42°C for 30 min.
Previously, we determined that a detergent concentration of 8% and a temperature of 42°C
were the most optimal conditions in terms of producing high quality NMR spectra and
increasing sample lifetimes for membrane proteins (36). All proteins were analyzed by
Coomassie blue stained 15% SDS-PAGE gels.

NMR experiments
NMR data were acquired at 42°C using a 600 MHz Varian INOVA NMR spectrometer fitted
with a cryo-probe at the University of Nebraska Medical Center’s NMR Shared Resource
Facility. Gradient-enhanced two-dimensional 15N-HSQC experiments (37) were used to
observe all backbone amide resonances in 15N-labeled TM4-Cx43CT. Data were acquired with
1024 complex points in the direct dimension and 256 complex points in the indirect dimension.
Sweep widths were 10,000 Hz in the proton dimension and 2500 Hz in the nitrogen dimension.
NMR spectra were processed using NMRPipe (38) and analyzed using NMRView (39).

Circular dichroism spectroscopy
All circular dichroism (CD) experiments were performed using an AVIV model-2055
spectrophotometer (Lakewood, NJ) fitted with a Peltier temperature control system in a 0.1
mm quartz cuvette. CD spectra were recorded for the TM4-Cx43CT (175 µM) and soluble
Cx43CT (175 µM) in the exact same buffer (including 8% LPPG in the soluble Cx43CT
sample) and temperature described above. Wavelengths were set from 190 to 280 nm. The
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response time (time constant), scan rate, and bandwidth were 1 sec, 50 nm/min, and 1.0 nm,
respectively. Five scans were collected, baseline subtracted, averaged, and smoothed using an
adjacent averaging window of 5. Analysis of the TM4-Cx43CT spectra was performed using
the Provencher and Glockner method in the CD analysis software DICHROWEB
(www.cryst.bbk.ac.uk/cdweb/html/home.html) (40,41). A normalized root mean square
deviation of 0.044 was obtained from comparison of the raw and fitted data.

Results and discussion
Expression and purification of the TM4-Cx43CT

The TM4-Cx43CT was cloned into the pET-14b expression vector with the 6x His-tag at the
N-terminus because previous studies have shown that C-terminal tags interfere with Cx43
molecular partner interactions and cellular distribution (42,43). An illustration of the Cx43
structure identifying the TM4-Cx43CT portion used in this study and the amino acid sequence
of the TM4-Cx43CT construct has been provided in Fig. 1. Expression conditions of the TM4-
Cx43CT were tested using the following four E. coli DE3 strains: BL21, Rosetta-2, C41, and
C43. The C41, C43, and Rosetta-2 strains are derivatives of BL21(DE3) and were utilized for
either their unique ability to express normally toxic membrane proteins (C41 and C43; (34))
or express eukaryotic proteins that contain codons rarely used in E. coli (Rosetta-2).

The expression profile for the 6x His-tagged TM4-Cx43CT construct is displayed in Fig. 2A.
Interestingly, only the C41(DE3) bacterial strain was capable of expressing the TM4-Cx43CT.
The estimated molecular weight for the TM4-Cx43CT construct is 24.9 kDa and this was
confirmed by western blot analysis (Fig. 2B). Additionally, the western blot contained a small
amount of TM4-Cx43CT dimers (see * in Fig. 2B). This is consistent with previous studies
which have demonstrated that the Cx43CT domain has the ability to dimerize (44). Next, we
identified the optimal temperature and IPTG concentration for expression of the TM4-Cx43CT
(Fig. 3). While a small amount of expression was evident at 16°C, and none at 25°C and 30°
C, the only temperature capable of supporting enhanced expression was 37°C. Additionally,
decreasing the levels of IPTG at 37°C correlated with a decrease in expression of the TM4-
Cx43CT. Using the optimized expression conditions (i.e. E. coli C41(DE3) strain, 1 mM IPTG,
at 37°C), the growth and expression of the TM4-Cx43CT in different minimal media that are
necessary for NMR structural determination was tested (Fig. 4). Both the bacterial growth
curves (Fig. 4A) and expression levels (Fig. 4B) indicate that the amount of TM4-Cx43CT
obtained from the different minimal media is the same as the LB medium. This demonstrates
the feasibility of performing NMR structural studies with purified TM4-Cx43CT. Next, the 6x
His-tagged TM4-Cx43CT was purified as outlined in the ‘Materials and methods’ section. Fig.
5A illustrates the progression of the TM4-Cx43CT purification prior to the affinity
chromatography step and Fig. 5B demonstrates the ability to purify the TM4-Cx43CT to
homogeneity using the HisTrap HP affinity chromatography column. Western blot analysis
confirmed the presence of the TM4-Cx43CT construct (Fig. 5C). Table 1 summarizes the
results of the purification.

As might be expected, along the road towards purifying the TM4-Cx43CT, attempts to improve
the purification scheme were made with little success. We felt it would be of general interest
to mention some of these ‘dead-end’ avenues as they may save other researcher’s time and
money, but more importantly they may provide ideas for future improvements when purifying
membrane bound intrinsically disordered regions. Here are a few examples: 1) we expressed
the TM4-Cx43CT with a 10x His-tag (pET expression vector 19b, Novagen) under the
assumption the 10x His-tag would have greater affinity for the HisTrap HP affinity
chromatography column than the 6x His-tag, however, the protein expression was significantly
reduced (>2-fold) in the C41(DE3) bacterial cells and the binding affinity for the HisTrap HP
column was comparable to the 6x His-tag TM4-Cx43CT (data not shown), 2) the presence of
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the protease inhibitor cocktail was important because the disordered structure of the Cx43CT
domain was highly susceptible to enzymatic cleavage, 3) all attempts to wash the inclusion
bodies to remove contaminating proteins had little or no effect (e.g. high salt and/or pH, 1%
Triton X-100), and 4) the use of Talon resin (Co2+) did not improve the affinity or purity of
the TM4-Cx43CT as compared to the HisTrap HP resin (Ni2+).

Reconstitution of the TM4-Cx43CT in detergent micelles
Initially, dialysis was used in an attempt to remove the 8 M urea from the 1x PBS buffer (buffer
condition from the final HisTrap HP affinity chromatography step), however, decreasing the
urea concentration resulted in precipitation of the TM4-Cx43CT. Therefore, we optimized the
precipitation process while screening the detergent solubility of the TM4-Cx43CT precipitate.
As summarized in Table 2, different buffer solutions used for dialysis against the TM4-Cx43CT
caused precipitation of the TM4-Cx43CT, however, the precipitations were not all the same
in terms of size and texture. For example, a large fluffy white precipitation was observed when
the urea concentration was lowered to 1 M and the PBS buffer was removed from the dialysis
buffer, while dialysis of the TM4-Cx43CT against a buffer containing no urea and no PBS
caused the precipitation to be much smaller and grainier in appearance. The precipitated TM4-
Cx43CT was solubilized in a buffer solution containing 8% detergent and 20 mM MES with
50 mM NaCl (pH 5.8) because previous studies have shown this combination to provide
optimal resolution and sensitivity for NMR magnets with cryoprobes [36,(45). Detergents
examined included Triton X-100, n-octyl-β-D-glucopyranoside (βOG), n-dodecyl-β-D-
maltoside, or 1-palmitoyl-2-hydroxy-snglycero-3-[phospho-RAC-(1-glycerol)] (LPPG) and
were chosen to sample different head groups, overall net charge, and chain length. Interestingly,
the only detergent able to solubilize the TM4-Cx43CT was LPPG and the only precipitate
capable of being dissolved was the fluffy white precipitation from the dialysis buffer containing
1 M urea and no PBS. Solubility tests of other membrane proteins have also identified LPPG
as a superior detergent in terms of membrane protein solubility, NMR spectral quality, and
sample stability (36).

Structural analysis of the TM4-Cx43CT in detergent micelles
A typical NMR experiment (e.g. CBCA(CO)NH) for structural determination requires
approximately 2–3 days time and in upwards of 10 different experiments need to be performed
(for review see (46)). Therefore, an important parameter that needs to be determined for a new
NMR sample, especially one in a lipid environment, is the stability of the signal. Towards this
end, the area under the amide proton region in a 1D 1H spectrum as a function of time was
used as an indicator of sample stability. The results indicate that the TM4-Cx43CT has a half-
life of ~3 weeks in the LPPG micelles (data not shown). Next, 2D 15N-HSQC spectra were
used to evaluate the sample properties of the TM4-Cx43CT in the LPPG micelles. The 15N-
HSQC is a two dimensional NMR experiment in which each amino acid (except proline) gives
one signal (or chemical shift) that corresponds to the N–H amide group. These chemical shifts
are sensitive to the chemical environment, and even small changes in structure and/or dynamics
can change the chemical shift of an amino acid. Fig. 6A shows that the TM4-Cx43CT is pure
and contains a single conformation as indicated by the number of Trp (one, red circle) and Gly
(fourteen, eleven from the TM4-Cx43CT and three from the linker, blue circle) residues in
the 15N-HSQC spectrum exactly matching the number of these residues found in the TM4-
Cx43CT sequence and the total expected number of amide peaks are accounted for in the
spectrum. The TM4-Cx43CT spectrum was then compared in the same buffer and at the same
temperature with a spectrum from a soluble version of the Cx43CT without the TM4 domain
(residues S255-I382) (Fig. 6B). Overlap of the TM4-Cx43CT (black) and the soluble Cx43CT
(red) spectra indicate that addition of the TM4 region downfield shifted those residues ascribed
to the Cx43CT domain. Although the TM4-Cx43CT has not been assigned, the additional peaks
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in the TM4-Cx43CT spectrum are expected to be the result of the EL2 and TM4 residues (see
Figure 1).

To determine if the Cx43CT portion of the TM4-Cx43CT has properly folded into a functional
conformation, we tested the ability of the Cx43CT domain to associate with a known binding
partner, the c-Src SH3 domain (28,47). Notice that a number of the resonance peaks obtained
from TM4-Cx43CT alone (in black) did not overlap with those obtained in the presence of the
c-Src SH3 domain (in red) in Fig. 7A. Shifts (red not over black) indicate a TM4-Cx43CT/
SH3 association and a significant change in the TM4-Cx43CT conformation. The shifting of
the TM4-Cx43CT residues in the presence of the SH3 domain indicates exchange between the
free and fully bound states of TM4-Cx43CT is fast on the chemical shift timescale. When the
same experiment was performed with a soluble version of the Cx43CT (residues S255-I382)
without the TM4 domain, residues broadened beyond detection in the presence of the SH3
domain (exchange is intermediate on the chemical shift timescale) [28], suggesting the SH3
domain has a tighter binding affinity for the soluble Cx43CT.

To test if the TM4 portion of the TM4-Cx43CT construct is properly folded, circular dichroism
was used to evaluate if the secondary structure was α-helix as previously reported (12,48). The
far-ultraviolet spectrum for the TM4-Cx43CT showed the minima characteristic of α-helices
at 221 and 207 nm (Fig. 7B). The TM4-Cx43CT was then compared to the soluble version of
the Cx43CT (residues S255-I382). Clearly, the soluble Cx43CT has little α-helical content in
comparison to the TM4-Cx43CT, suggesting the α-helical signal is arising from the residues
in the TM4 domain. This observation is consistent with previously published gap junction
structures that the transmembrane domains from the connexin proteins are α-helical in structure
(12,48,49). The α-helical content for the TM4-Cx43CT was determined to be 46% (see Material
and Methods section). However, the predicted length of the TM4 is approximately 20 amino
acids or 10% of the total number of amino acids. This suggests the α-helices extend out from
the TM4 into the solution. Interestingly, the TM4-Cx43CT construct does contain a significant
amount of the 2nd extracellular loop (see Fig. 1, EL2). Previous studies by Foote et al. (50)
proposed a model by which the connexin extracellular domains (EL1 and EL2) form two
concentric β-barrels. However, our CD data suggests there may be α-helices in these domains
that are not resolvable at the resolution from the current electron crystallographic structures
(12,49). Future structural studies will address the direction (i.e. towards EL2 or the CT) and
length of the α-helix extending from the lipid environment.

In the present study, we have demonstrated that the Cx43CT domain attached to the 4th

transmembrane domain can be purified in a properly folded conformation. In addition to
enabling further characterization of this important Cx43 regulatory domain, purified TM4-
Cx43CT will help address an important question; does the biophysical and structural
characteristics of a soluble domain from a membrane protein have the same properties as when
attached to the membrane. Additionally, the purification protocol developed for the TM4-
Cx43CT will be of general use towards the better understanding of other membrane-associated
intrinsically disordered domains.
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Fig. 1.
Model of the TM4-Cx43CT construct. A) Schematic diagram of full length Cx43. The black
coloring represents the TM4-Cx43CT portion. The abbreviations are as follows: NT, N-
terminus; CL, cytoplasmic loop; CT, C-terminus; EL1 and EL2, extracellular loops 1 and 2;
1–4, transmembrane segments 1–4. B) Amino acid sequence of the TM4-Cx43CT construct.
The EL2 (line), TM4 (bold), and the CT (arrow) domains have been labeled. The asterisk
denotes that the study used to determine the Cx43CT residues affected by the c-Src SH3 domain
used a soluble version of the Cx43CT without the TM4 domain (28).
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Fig. 2.
Electrophoretic profile of total cellular proteins obtained from E. coli DE3 strains BL21,
Rosetta-2, C41, and C43 (labeled above each lane) expressing TM4-Cx43CT after IPTG
induction for 4 hrs (panel A, lanes 3, 5, 7, and 9). Lanes 2, 4, 6 and 8 are controls (no IPTG).
Lane 1 contains the protein molecular weight marker. B) The presence of the TM4-Cx43CT
polypeptide was confirmed by western blot analysis using a Zymed Laboratories Inc.
polyclonal anti-Cx43CT antibody. The blots correspond to lanes 6 and 7 from panel A. The
arrows represent the location of the TM4-Cx43CT monomer. The asterisk represents TM4-
Cx43CT dimers.
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Fig. 3.
Electrophoretic profile of total cellular proteins obtained from the E. coli strain C41(DE3)
expressing the TM4-Cx43CT at different temperatures (labeled above each lane) and IPTG
concentrations 4 hrs after induction. Lane 2 is the control (no IPTG). Lanes 3, 5, 7, and 9 were
induced with a final IPTG concentration of 0.5 mM and lanes 4, 6, 8, and 10 were induced with
a final IPTG concentration of 1.0 mM. Lane 1 contains the protein molecular weight marker.
The arrow represents the location of the TM4-Cx43CT.
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Fig. 4.
Growth and expression profile of the TM4-Cx43CT in minimal media necessary for NMR
structural studies. Growth curves (panel A) and electrophoretic profile of total cellular proteins
(panel B) obtained from the E. coli strain C41(DE3) expressing the TM4-Cx43CT in different
minimal media. The lanes in the SDS-PAGE gel correspond to cells grown in the following
media: lane 3, ISOGRO, lane 4, 15N minimal media, lane 5, 15N13C minimal media, lane 6,
Luria broth (LB), and lane 7, unlabeled minimal media. All minimal media were made as
outlined in (35). Lane 1 contains the protein molecular weight marker. Lane 2 is the control,
uninduced (no IPTG) cells grown in LB. The arrow represents the location of the TM4-
Cx43CT.
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Fig. 5.
SDS-PAGE analysis of the recombinant TM4-Cx43CT purification. A) TM4-Cx43CT
purification prior to the affinity chromatography step; lane 1, protein molecular weight marker;
lane 2, total cell lysate; lane 3, supernatant after 25,000 × g for 45 min spin; lane 4, pellet
(inclusion bodies) after 25,000 × g for 45 min spin; lane 5, pellet solubilized in buffer containing
8 M urea. B) Purification of the TM4-Cx43CT by the HisTrap HP affinity chromatography
column using an ÄKTA FPLC; lane 1, protein molecular weight marker; lane 2, sample before
loading (solubilized in buffer containing 8 M urea; same as in panel A, lane 5); lane 3, flow
through; lane 4, 40 mM imidazole wash; lane 5, 80 mM imidazole wash; lane 6, 100 mM
imidazole wash; lane 7, 100 mM imidazole wash with 10% ethanol; lane 8, 300 mM imidazole
wash; and lane 9, 500 mM imidazole wash. C) The presence of the TM4-Cx43CT polypeptide
was confirmed by western blot analysis using the Zymed Laboratories Inc. polyclonal anti-
Cx43CT antibody. The arrows and asterisk represent the location of the TM4-Cx43CT
monomers and dimers, respectively.
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Fig. 6.
Demonstrating the feasibility of solving the TM4-Cx43CT structure. (A) 15N-HSQC of the
TM4-Cx43CT domain in LPPG detergent micelles. Highlighted are the 14 Gly residues (blue
circle) and 1 Trp side chain (red circle). (B) The control 15N-HSQC, TM4-Cx43CT alone
(black), has been overlapped with a spectrum obtained from a soluble version of the Cx43CT
without the TM4 domain (red).
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Fig. 7.
Demonstrating both the TM4 (panel A) and Cx43CT (panel B) domains from the TM4-Cx43CT
polypeptide are in a properly folded conformation. (A) The control 15N-HSQC, TM4-Cx43CT
alone (black), has been overlapped with a spectrum obtained when the TM4-Cx43CT and c-
Src SH3 domain were present at a 1:3 molar ratio (red). (B) Circular dichroism spectra of the
TM4-Cx43CT and a soluble version of the Cx43CT without the TM4 domain. The spectra are
represented as mean residue ellipticity. The TM4-Cx43CT and the soluble Cx43CT are labeled
in the panel.
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Table I
Purification of the TM4-Cx43CTa

Step Total Protein (mg) TM4-Cx43CT (mg) Purification factor Yield (%)

Cell lysate 1,200b 59.2 1 100
Inclusion bodyc 67.8 29.5 8 50
After Ni-NTA 30.7 29.2 19 99
After Dialysis 25.3 24.8 20 85

a
Cells from 4 L culture broth were used in this preparation.

b
Total protein of cell lysate includes both soluble and insoluble protein.

c
This corresponds to the 8 M urea dissolved inclusion body obtained from 4 L cell culture.
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Table II
Precipitation of the TM4-Cx43CT

Buffer Solutiona Results

1 M urea, 1x PBSb no precipitation
0.1 M urea, 1x PBS cloudy supernate
8 M urea, no PBS no precipitation
1 M urea, no PBS fluffy precipitation
no urea, no PBS small and grainy precipitation

a
All buffers contained 1% Triton X-100, 1 mM DTT, and 1 mM EDTA.

b
If the TM4-Cx43CT was further dialyzed for 12 hrs against 0.75, 0.5, 0.25, and then 0.1 M urea in 1x PBS, precipitation started to form at 0.75 M urea

and continued until reaching a maximal precipitation at 0.1 M urea.
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