1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Biomol NMR Assign. Author manuscript; available in PMC 2018 October 01.

-, HHS Public Access
«

Published in final edited form as:
Biomol NMR Assign. 2017 October ; 11(2): 137-141. doi:10.1007/s12104-017-9735-x.

Chemical Shift Assignments of the Connexin37 Carboxyl
Terminal Domain*

Hanjun Lil, Gaelle Spagnol!, Tasha K. Pontifex?, Janis M. Burt2, and Paul L. Sorgenl#

!Department of Biochemistry and Molecular Biology, University of Nebraska Medical Center,
Omabha, NE 68198

2Department of Physiology, University of Arizona, Tucson, Arizona

Abstract

Connexin37 (Cx37) is a gap junction protein involved in cell-to-cell communication in the
vasculature and other tissues. Cx37 suppresses proliferation of vascular cells involved in tissue
development and repair /n vivo, as well as tumor cells. Global deletion of Cx37 in mice leads to
enhanced vasculogenesis in development, as well as collateralgenesis and angiogenesis in response
to injury, which together support improved tissue remodeling and recovery following ischemic
injury. Here we report the 1H, 15N, and 13C resonance assignments for an important regulatory
domain of Cx37, the carboxyl terminus (CT; C233-V333). The predicted secondary structure of
the Cx37CT domain based on the chemical shifts is that of an intrinsically disordered protein. In
the TH-15N HSQC, N-terminal residues S254-Y259 displayed a second weaker peak and residues
E261-Y266 had significant line broadening. These residues are flanked by prolines (P250, P258,
P260, and P268), suggesting proline c/s-transisomerization. Overall, these assignments will be
useful for identifying the binding sites for intra- and inter-molecular interactions that affect Cx37
channel activity.
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Biological context

Connexins are the integral membrane proteins that comprise gap junction channels. These
channels provide a pathway for direct cytoplasmic exchange of ions and low molecular
weight metabolites (<1 kDa) between adjacent cells. As such, 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, development, and
response to injury and disease. Gap junction channels are formed by the apposition of two
connexons from adjacent cells, where each connexon is formed of six connexin proteins.
Connexins are tetraspan transmembrane domain proteins with intracellular amino- and
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carboxyl-termini. There are 21 different connexin genes in the human genome with
differential spatial-temporal expression throughout the body. In the arterial vasculature, gap
junctions couple the vascular smooth muscle cells (VSMCs), the endothelial cells (ECs), and
also connect ECs to underlying smooth muscle cells via myoendothelial gap junctions
(Haefliger et al., 2004). The major connexins in arterial vessels are connexin45 (Cx45),
connexin43 (Cx43), connexin40 (Cx40), and connexin37 (Cx37). The expression of these
connexins is not uniform and varies with vessel size and vascular territory (for review, see
(Brisset et al., 2009)). The intercellular communication in the vasculature contributes to the
regulation of resistance in different vascular beds according to metabolic needs, and
therefore ultimately participates in the regulation of blood pressure. Pathological conditions,
such as atherosclerosis, diabetes, and hypertension are associated with changes in connexin
regulation and expression (for review, see (Morel, 2014)).

Though there is significant sequence homology among connexins in the transmembrane and
extracellular loops (see Figure 2, (Harris, 2001)), the major divergence in primary structures
occurs in the cytoplasmic loop and carboxyl terminal (CT) domains. The CT plays a role in
the trafficking, localization, and turnover of gap junction channels, as well as the level of
gap junction intercellular communication via numerous post-translational modifications and
protein-protein interactions (Herve, 2007; Laird, 2010; Lampe and Lau, 2004; Thevenin et
al., 2013). The CT is also important for regulating junctional conductance, pH sensitivity,
and voltage sensitivity (Anumonwo et al., 2001; Moreno et al., 2002; Morley et al., 1996;
Revilla et al., 1999). Structural studies from our labs revealed that the CT domain of
connexins is predominately unstructured (Bouvier et al., 2008; Nelson et al., 2013; Sorgen et
al., 2004b; Stauch et al., 2012). Intrinsically disordered domains are now well recognized to
be loci for regulation of protein function because their conformations can readily be
modulated by the local environment, phosphorylation, and by interaction with proteins and
small-molecule binding partners. In the case of membrane proteins, like connexins,
intrinsically disordered domains play an important role in cell signaling events by allowing
many different binding partners with both high specificity and low affinity to rapidly switch
between molecular partners, thus activating alternative signaling pathways (Dunker et al.,
2002). We and others have shown that the connexin CT can bind multiple proteins (>20
known for Cx43), some of which, where tested, modulate channel function (for review see
(Gilleron et al., 2012)).

Structural information of the Cx43CT, Cx40CT, and Cx45CT domains has advanced our
understanding of gap junction regulation via protein-protein interactions, phosphorylation
induced structural changes, and channel regulation. However, to date, no high resolution
structural information exists for the Cx37CT. Here, we report the sequence-specific
assignments for the Cx37CT domain. These assignments will be useful for mapping the
binding sites for potential molecular partners, including inter- and intra-molecular connexin
domains.

Methods and experiments

The recombinant Mus musculus Cx37CT (residues C233-V333) was subcloned into the
pGEX-KT and pET-14b bacterial expression vectors according to standard protocol.
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Expression and purification of the 15N-13C-labeled Cx37CT was achieved following a
previously published protocol (Kieken et al., 2010). Briefly, the pGEX-KT vector containing
the Cx37CT was transformed in £. coli BL21(DE3) bacterial strain and grown in M9
minimum medium supplemented with 15N-ammonium chloride and 13C-glucose. After
induction with IPTG (1 mM) at a cell density of 0.6 (OD at 600 nm), cells were grown for
an additional 4 hours, pelleted, and lysed in 1x PBS lysis buffer using an EmulsiFlex-C3
homogenizer. After incubating the GST-tag Cx37CT with glutathione resin, non-specific
binding proteins were removed by sequential washes with 2x PBS and 1x PBS in presence
of 2mM DTT, at pH 6.0. The GST-tag was subsequently cleaved overnight at 4°C by
incubation with thrombin (7 units per liter of culture). The Cx37CT was then subjected to
cation exchange chromatography for further purification (HiTrap SP HP column; Elution
with an increasing gradient of sodium chloride in 1x PBS at pH 7.0 in presence of 2 mM
DTT) using an AKTA FPLC. Fractions containing the Cx37CT were pooled and dialyzed
against 1x PBS, 2 mM DTT, at pH 6.0 overnight before concentrating the protein using a 3
kDa Amicon® Ultra centrifugal filter. Final NMR sample contained 650 uM of 15N-13C-
isotopically labeled Cx37CT protein in 1x PBS, 4% D,0, 2 mM DTT, at pH 5.8.

NMR data were acquired at 7°C using a Bruker Avance-111 HD 600 MHz spectrometer
outfitted with a z-axis PFG “inverse” triple-resonance cold probe. HNCACB,
CBCA(CO)NH, HNCO, and HN(CA)CO 3D experiments were collected to carry out the
backbone sequential assignment while the 3D 15N-TOCSYHSQC, 15N-NOESYHSQC, 13¢C-
HCCH-TOCSY, and 13C- NOESYHSQC experiments were used to assign the chemical
shifts of the side chain atoms. All spectra were processed using Bruker Topspin 3.2, and
analyzed with NMRView (Johnson, 2004) after transfer through NMRPipe (Delaglio et al.,
1995).

To aid in the unequivocal assignment of some of the amino acid chemical shifts, the £. coli
DL 39 strain (auxotroph for Phe, Tyr, Asp, Leu, lle, and Val; (LeMaster and Richards, 1988))
was transformed with a pET-14b vector containing the Cx37CT. Selective amino acid
labeling was achieved by growing the cells in a non-labeled M9 minimum media
supplemented with each of the auxotroph amino acids (150 mg/L of Phe, 90 mg/L of Tyr,
400 mg/L of Asp, 200 mg/L of Leu, 200 mg/L of lle, and 200 mg/L of Val; (Mourtsis et al.,
2014)) until reaching an optical density of 0.6 at 600 nm, and supplementing with

either 15N-Tyr, 15N-Phe, or 15N-Val, as well as the other auxotroph unlabeled amino acids
when adding IPTG (same amount as described above). Cells were grown for an additional
12 hours at room temperature, pelleted, and lysed in 1x PBS buffer using an EmulsiFlex-C3
homogenizer. Unexpectedly, the Cx37CT protein expressed by the DL39 cells was found in
the inclusion bodies. Purification was achieved following a protocol similar to that described
in (Kellezi et al., 2008). Briefly, the inclusion bodies containing the 6x His-tag Cx37CT
were solubilized overnight at 4 °C in a buffer containing 1x PBS (pH 8.0), 6 M urea, 1%
Triton X-100, and 2 mM B-mercaptoethanol, and loaded onto a HisTrap HP column for
purification by affinity chromatography. After loading, buffer was exchanged to eliminate
the Triton X-100 before eluting with increasing amount of imidazole. Fractions containing
the Cx37CT were pooled and dialyzed against 1x PBS, 2 mM DTT, at pH 6.0. After
concentration through a 3 kDa Amicon® Ultra centrifugal filter, the final NMR samples
contained 50 pM of the 15N-specifically labeled amino acid Cx37CT protein in 1x PBS, 4%
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D,0, 2 mM DTT, at pH 5.8. 2D 15N-HSQC experiments were collected to identify the
specific cross peaks.

Assignments and data deposition

Data collection of the Cx37CT domain was performed in 1x PBS (pH 5.8), as previously
collected for the Cx43, Cx40, and Cx45CT domains (Bouvier et al., 2007; Kopanic and
Sorgen, 2013; Sorgen et al., 2004a). Assignments were made for all of the 1H, 15N, and 13C
backbone resonances and 92% of the side chain resonances (BioMag ResBank database,
accession number 26921). Figure 1 shows the H-15N HSQC spectrum and assignments for
the Cx37CT domain. The low chemical shift dispersion in the 1H-15N HSQC spectrum
indicates the Cx37CT is predominately unfolded. Chemical shift index predictions of
secondary structure (Figure 2; (Wishart and Sykes, 1994)) and the lack of medium- and
long-range NOE connectivities observed in the 1H-1°N NOESY-HSQC and 1H-13C-NOESY
spectra (data not shown) are consistent with the prediction of an intrinsically disordered
structure for the Cx37CT. Also in the 1H-1°N HSQC, N-terminal residues S254-Y 259
displayed a second weaker peak and residues E261-Y 266 had significant line broadening.
These residues are flanked by prolines (P250, P258, P260, and P268), suggesting proline
cis-transisomerization. Consistent with this observation, the online program CISPEPpred
(sunflower.kuicr.kyoto-u.ac.jp/~sjn/cispep) predicted this Cx37CT region can undergo cis-
trans proline isomerization. This observation is similar, both in the location on the CT and
the number of prolines involved, to what was observed for the Cx45CT domain (Kopanic
and Sorgen, 2013). A potential novel role for cis-trans proline isomerization in the regulation
of gap junction intercellular communication may be to modulate protein-protein interactions
(69). Assignment of the Cx37CT domain will be useful for characterizing the effects of
phosphorylation and protein-protein interactions on the Cx37CT structure; this information
can provide novel mechanistic insight into the regulation of Cx37 gap junction intercellular
communication.
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Figurel.

1H-15N HSQC spectrum of the Cx37 carboxyl terminal domain in 1x PBS (pH 5.8).
Assignments for the backbone amide groups are labeled with numbering corresponding to
the full-length mouse Cx37 protein. Asterisks (*) indicate residues potentially affected by
cis-trans proline isomerization.
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Figure 2.
Chemical shift index values for Cx37 carboxyl terminal domain residues. Threshold

deviations from random coil 1HN, 13Ca, 13C, and 13CO chemical shifts were plotted for
each residue (Wishart Database as a reference).
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