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Folding and assembly of TMD 6-related
segments of DMT 1 in trifluoroethanol aqueous
solution
Shuyan Xiao, Chunyu Wang, Jiantao Li and Fei Li∗

Divalent metal-ion transporter 1 (DMT1) belongs to a large class of metal-ion transporters that drive the translocation of a
wide range of divalent metal substrates across membranes toward the cytosol with couple of protons. Two highly conserved
histidines in the sixth transmembrane domain (TMD6) are essential for metal transport activity in DMT1. In the present study,
we determine the high-resolution structures of three 25-residue peptides, corresponding to TMD6 of the wildtype DMT1
(the segment 255–279) and its H267A and H272A mutants, in 30% TFE-d2 aqueous solution by the combined use of circular
dichroism (CD) and NMR spectroscopies. The wildtype peptide forms an ‘α-helix-extended segment-α-helix’ structure with two
helices spanning over Gly258–Ala262 and Met265–Lys277 linked by a hinge at residues Val263–Ile264. The H267A mutation
reduces the hinge to one residue (Ile264), while the H272A mutation extends the flexible region of the central part from Val263
to His267. Diffusion-ordered spectroscopy (DOSY) study demonstrates that all the peptides are self-assembly as trimer in 30%
TFE-d2 aqueous solution. The H272A substitution decreases the intermolecular interaction whereas the H267A substitution
may enhance the intermolecular interaction. The specific structure of the discontinuous helix and the self-assembly feature of
DMT1–TMD6 may be crucial for its biological function. The changes in conformation and intermolecular interaction induced
by histidine substitution may be correlated with the deficiency of DMT1 in metal-ion permeation. Copyright c© 2011 European
Peptide Society and John Wiley & Sons, Ltd.
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Introduction

Divalent metal-ion transporter 1 (DMT1), also known as
Slc11a2/Nramp2/DCT1, is an integral membrane protein expressed
in the plasma membrane, as well as early and late endosomes of
various cellular types [1]. Cloning of DMT1 cDNAs has shown that
alternative splicing and 3′ end processing yield two DMT1 mRNA
variants: one splice form, called as DMT1 (+IRE) mRNA, contains
an iron-responsive element (IRE) in the 3′-UTR and encodes a 561
amino-acid protein; while the other splice form, designated as
DMT1 (−IRE) mRNA, does not contain a classical IRE and encodes
a 568 amino-acid protein [2–4]. DMT1 consists of 12 predicted
transmembrane segments, 2 putative glycosylation sites and 1
consensus transport motif [1,5]. It plays an important role in the
acquisition and recycle of iron in mammalian cells and transports
iron from acidified endosomes into cell cytoplasm [6]. Moreover,
DMT1 is the only iron transporter known to be important for the
uptake of non-heme iron from the diet across the duodenal mu-
cosa and its expression is upregulated by dietary iron deficiency
[7,8]. In addition to iron, DMT1 also transports a variety of other
DMTs, including Cu2+, Mn2+, Co2+, Zn2+, Cd2+, and to a lesser
extent, Ni2+ and Pb2+, but not Ca2+ and Mg2+ [9]. At low extracel-
lular pH (pHo), it functions as a proton/metal symporter with H+
binding preceding Fe2+ binding [9,10]. However, the coupling is
not strict, DMT1 can apparently operate as an H+ uniporter, that is,
an H+ ‘leak’ pathway can proceed uncoupled from divalent cation
transport by a built-in proton slip, which could protect the organ-
ism from too much intake of metal-ions [11]. At neutral or higher
pHo, DMT1 can transport Fe2+ independently of H+, driven by the
electrochemical gradient for Fe2+ alone [12]. It was demonstrated

that the metal-ion transport is also dependent on Cl− or other
small anions (such as NO3

− or SCN−) and the metal-ions may be
cotransported with Cl− [11,13].

Histidine often plays important roles in the function of proteins,
mainly because of the chemical versatility of its imidazole
ring that can either serve as a ligand-binding site donating
imidazole nitrogen lone-pair electrons to the unfilled orbitals
of the metal or mediate pH-dependent interactions in proteins
by reversibly binding a proton within the physiological pH range
[14,15]. Two highly conserved histidines were found in the sixth
transmembrane domain (TMD6) of the Slc11 family and have been
demonstrated to be important for metal and proton uptake and to
facilitate proton-dependent interactions [12,16,17]. Both residues
are mutation sensitive. Separate substitutions at either or both
residues cause loss of function. Surprisingly, inactive His267 and
His272 mutants in DMT1–TMD6 could be significantly activated
by progressively lowering pH [17]. Furthermore, the substitution
of His272 to Ala uncouples Fe2+ transport from H+ flux and
extracellular pH [12].

We previously studied the structures of a 25-residue peptide
with the sequence of Ac-Gln-Ala-Val-Gly-Ile-Val-Gly-Ala-Val-Ile-
Met-Pro-His267-Asn-Met-Tyr-Leu-His272-Ser-Ala-Leu-Val-Lys-Ser-
Arg-NH2, corresponding to the segment 255–279 of DMT1
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(TMD6), and its substituent of alanine for histidine at either posi-
tion 267 (H267A) or 272 (H272A) in SDS micelles. We found that
the DMT1–TMD6 adopts an ‘α-helix-extended segment-α-helix’
structure in which two short α-helical stretches are separated
by a central flexible linker [18]. In the present work, we further
studied the structure of TMD6 peptide in 30% trifluoroethanol
(TFE) aqueous solution using circular dichroism (CD) and NMR
methods to ascertain if the discontinuous structure is an intrinsic
feature of DMT1–TMD6 and if the effects of H267A and H272A
substitutions on the peptide structure are comparative in different
membrane mimics. We also inspected the effects of H267A and
H272A mutations on the peptide structure. Moreover, we probed
the aggregates of the three peptides in the same medium.
Although more helical coils are generated due to the strong
capability of TFE in inducing helical structure, an ‘α-helix-extended
segment-α-helix’ conformation was still observed for the TMD6
peptide in 30% TFE aqueous solution. Similar to the situation
of the peptides in SDS micelles, the H267A mutation makes the
central part of the peptide more rigid, while the H272A mutation
results in the extension of the central flexible segment. The
differences in structures of the peptides lead to their differences
in intermolecular interactions.

Materials and Methods

Materials

The peptides were synthesized by GL Biochem Ltd (Shanghai,
China). The purity of the peptides was estimated by HPLC and mass
spectrometry to be above 95%. Deuterated 2, 2, 2-trifluoroethanol
(TFE-d2; 98%) and D2O (99.8%) were purchased from Cambridge
Isotope Laboratories. All chemicals were used as purchased directly
without further treatment.

CD Spectra

The CD samples were prepared by diluting the stock solution
of peptides, previously dissolved in TFE, with deionized water
to obtain total 500 µl 30% TFE/70% H2O (v/v). The peptide
concentrations were determined as 18.92 µM for WT, 20.18 µM

for H267A and 16.75 µM for H272A using the micro-bicinchoninic
acid (BCA) protein assay reagent kit [19,20]. Far-UV CD spectra
were recorded on a Jasco J-810 spectropolarimeter at room
temperature. All spectra were collected in a 0.5-mm cell over
the wavelength of 260–190 nm with a scan speed of 50 nm/min,
resolution of 0.1 nm, bandwidth of 1.0 nm and response time
of 0.25 s. Three scans were averaged for each spectrum and the
reference spectrum of the respective medium was subtracted. Data
were expressed as molar residue ellipticity [θ ], which is defined as
[θ ] = θ/10 lcn, here θ is the observed ellipticity in millidegrees, c
is the molar concentration of peptide, l is the length of the light
path in centimeters and n is the number of amino-acid residues of
peptide.

NMR Spectroscopy

All NMR spectra were acquired at 298 K on a Bruker Avance
500 MHz spectrometer with a z-gradient coil and 5-mm triple
resonance inverse (TRI) probe. The samples for NMR experiments
were prepared by dissolving certain amounts of peptides in
30% TFE-d2/70% H2O (v/v) mixture directly to obtain desired
peptide concentrations. Two-dimensional nuclear Overhauser

effect spectroscopy (NOESY) experiments were performed using
a mixing time of 200 ms with 32–72 transients. Total correlation
spectroscopy (TOCSY) experiments were performed using mixing
time of 100 and 75 ms with 32 transients. Water suppression
was achieved using the WATERGATE technique. All spectra were
typically acquired with 2048 data points in F2 dimension and
512 data points in F1 dimension. A shifted sine-bell squared
window function in both dimensions was applied before the
Fourier transformation and a baseline correction was conducted
after the Fourier transformation. All spectra were processed using
XWINNMR software (version 3.5) and analyzed using SPARKY [21].
All proton chemical shift values were referenced to TSP [sodium
salt of 3-(trimethylsilyl)-propionate-2,2,3,3-d4].

Structure Calculation

Three-dimensional structures of the peptides were calculated
with the program CYANA (version 1.0.6) which uses a simulated
annealing combined with molecular dynamics simulation in
torsion angle space [22]. Distance restraints were obtained by
converting NOE peak intensities into distance upper limits.
Structure calculations were initiated from 200 conformers with
random torsion angle values and the 20 structures with the lowest
target functions were further refined by energy minimization with
the AMBER7 program [23] under the force field of Cornell et al.
[24] using a generalized Born solvent model [25]. Evaluation and
visualization of the calculated structures were achieved using the
PROCHECK-NMR [26] and MOLMOL [27] software, respectively.

DOSY Experiment

Diffusion-ordered spectroscopy (DOSY) spectra were obtained
using bipolar pulse pair stimulated echo (BPPSTE) sequence with
WATERGATE for water suppression. The diffusion time (�) of 50 ms
was used. Duration of the pulse-field gradient (δ) was optimized
for each sample in order to obtain the residual signal less than
5% at the maximum gradient strength. The pulse-field gradient
(g) was incremented in 16 steps ranging from 2 to 95% of the
maximum gradient strength in a liner ramp. All measurements
were carried out at 298 K and the data were recorded with 8 scans.

The apparent molecular weights of the peptides were estimated
using a previous method [28] where the viscosity of 1.447 × 10−3

N s m−2 for 30% TFE/70% H2O solution [29], the partial specific
volume of 7.9 × 10−4 m3 kg−1 for solvent molecule (ν1) [30] and
that of 7.6 × 10−4 m3 kg−1 for peptide (ν2) [31] were used.

Results and Discussion

Structure Characterization by CD

The CD spectra of all the three peptides in 30% TFE aqueous
solution display typical α-helical character, two negative minima
near 208 and 222 nm and one positive maximum near 192 nm
(Figure 1). The helicity of the H267A mutant is similar to that of the
WT peptide, while the helicity of the H272A mutant is smaller that
of the WT peptide.

Structure Characterization by NMR

The 2D TOCSY and NOESY NMR spectra of these peptides in 30%
TFE-d2 aqueous solution at 298 K were recorded and analyzed. The
fingerprint region of 2D NOESY spectra with assignment and NOE
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Figure 1. The CD spectra of the WT peptide and H267A and H272A mutants
at room temperature.

connectivities along with the Hα chemical shift index (CSI) [32] for
these peptides are shown in Figure 2.

For the WT peptide, the strong short-range connectivities Hα(i)-
HN(i + 1), HN(i)-HN(i + 1) and Hβ(i)-HN(i + 1) and a large number
of medium-range connectivities Hα(i)-HN(i + 3), Hα(i)-HN(i + 4),
Hα(i)-Hβ(i + 3) and Hα(i)-Hβ(i + 4) from Gly4 to Ser24 are detected
(Figure 2A and B). However, there is a shortage of medium-range
NOE connectivities Hα(i)-HN(i+3) and Hα(i)-Hβ(i+3) around Ile10,
and the CSI values for Val9 and Met11 are +1 rather than 0 or
−1 like other residues, suggesting a possible change in structure
around Ile10 of the peptide. The calculated structure on the basis
of the distance constraints from the NOESY spectrum is in good
agreement with the predictions from the NOE pattern and CSI
criterion. As shown in Figure 3(A), the WT peptide forms a ‘α-
helix-extended segment-α-helix’ conformation in which two short
α-helical segments, spanning from Gly4 to Ala8 (corresponding
to Gly258–Ala262 of DMT1) and Met11 to Lys23 (Met265–Lys277
in DMT1) are separated by a turn composed of residues Val9 and
Ile10 (Val263 and Ile264 in DMT1).

In the 2D NOESY spectrum of 2 mM H267A mutant in 30% TFE-d2

aqueous solution, we found some cross peaks that are clearly not
attributed to the intramolecular interactions. When we diluted the
sample to the concentration of 0.5 mM, the intermolecular cross-
peaks decreased and the chemical shifts of Hα were less changed.
Therefore, we determined the structure of the H267A mutant at
the concentration of 0.5 mM. The NOESY spectrum demonstrates
numerous medium-range NOEs such as Hα(i)-HN(i + 3), Hα(i)-
HN(i + 4), Hα(i)-Hβ(i + 3) that are diagnostic for an α-helix from
Ile5 to Lys23 (Figure 2C and D). However, the CSI data of Ile5
and Val9–Met11 display an opposite sign from others, implying
a possible change in the structure near Ile10. The structure
calculation reveals two well-defined α-helices from Ile5 to Val9
(Ile259–Val263 in DMT1) and Met11 to Val22 (Met265–Val276 in
DMT1) and a turn at residue Ile10 (Ile264 in DMT1) (Figure 3(B)).

For the peptide H272A mutant, most of the medium-range NOE
connectivities fall within the region spanning from His13 toward
the C-terminus with the CSI values of 0 and −1 (Figure 2E and F).
The calculated structure displays an α-helix in the C-terminal
part (over Asn14–Val22, corresponding to Asn268–Val276 in
DMT1) and a four-residue turn with helical character in the
N-terminal part (over Ile5–Ala8, corresponding to Ile259–Ala262
in DMT1), separated by a flexible linker, as shown in Figure 3(C).
The structural statistics of the ensemble of 20 structures with the

lowest target function for each peptide is summarized in Table 1.
Ramachandran’s analyses on the structures of the three peptides
indicate that the dihedral angles of all residues involved in the
helical spans fall within the allowed regions.

In addition, all proline residues (Pro12) in the three peptides
adopt a transconfiguration, as indicated by the cross peaks
between the δ-protons of the proline residues and theα-protons of
the preceding residues in the NOESY spectra of the three peptides.

Similar to the results in SDS micelles, the TMD6 peptide forms
a discontinuous helix structure in the TFE aqueous solution, the
H267A mutation decreases the flexibility of the linker and the
H272A mutation extends the flexible region of the peptide central
part. However, an obvious difference in structures of the peptides
was observed, i.e. all helix spans of the peptides in the TFE
aqueous solution are longer than those of the peptides in SDS
micelles. The difference in structures of the peptides in the two
media may arise from following reasons. Firstly, TFE is one of
the strongest helix-inducing solvents. Secondly, the peptides in
aqueous TFE are self-assembly, which may be stabilized by more
coiled–coil interactions. Thirdly, TMD6 contains positively charged
histidines. In principle, it is energetically unfavorable to bury these
polar residues into the hydrophobic core of membrane. These
polar residues may move to the surface of SDS micelles in the
absence of interactions with other TMDs, which is unfavorable
for the formation of helix. Though the structures of the peptides
in solution state are not entirely consistent with those in micelle
bound state, the fact that the break of helix is experimentally
detected in two different solvents confirms that the discontinuous
helix structure may be intrinsic to the sequence.

This characteristic structure of ‘α-helix-extended segment-α-
helix’ has been found in many membrane transporter protein
structures and confirmed to be correlated with the transport
function [33–35]. Coupling and translocation of cations and sub-
strates often involve conformational changes in the hydrophobic
interior of the protein. Compared to the α-helix, the extended seg-
ment may undergo conformational changes at lower energetic
cost. Therefore, the ‘α-helix-extended segment-α-helix’ structure
seems to be prevalent in channels and transporters [36]. Different
protein families may share a common transport mechanism where
the extended segment in TMD6 would permit the rapid change in
structure to accommodate the multifunctional nature of DMT1.

Although the three peptides have similar structures, there are
some minor differences. The H267A mutant folds as a long helix
with a short and more rigid break in the central part of the structure,
while the H272A mutant contains a longer and more flexible central
segment consisting of five residues that separates the helices. It is
likely that the discontinuous structural nature of this TMD and the
length of the extended segment in the central part is crucial for
DMT1 folding into the functional form. Given change in structure
due to histidine mutation, the TMD may be unable to undergo
conformation change as well as the WT peptide does, leading to
the loss of activity. Different effects of the two mutations on the
structure of the peptide can be explained as follows. There may
be certain interactions between backbone atom(s) of His267 and
sidechain atom(s) of His272, which favors helix formation. Because
H267A substitution does not change the backbone atom(s), the
interaction between the two residues can remain. Furthermore,
the residue Ala has more helical propensity than His, thus, the
structure near position 267 in the H267A peptide has more helical
nature than in the WT peptide. However, H272A changes the
property of the sidechain of this position, disabling the interaction
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(A) (B)

(C) (D)

(E) (F)

Figure 2. Hα-HN region of 2D NOESY spectra and the NOE connectivities as well as CSI criteria for 2 mM WT peptide (A and B), H267A (C and D) and
H272A (E and F) mutants at 298 K.

between the two histidines and thus decreasing helical nature in
the proximity of position 267 of the H272A peptide.

Aggregate of the Peptides

Two-dimensional DOSY was used to estimate the aggre-
gate number of the peptides in TFE-d2 aqueous solution.
Nearly identical diffusion coefficients were obtained for the
three peptides. The data are 1.019 × 10−10 m2 s−1 for the
WT peptide, 1.000 × 10−10 m2 s−1 for the H267A mutant and

1.016 × 10−10 m2 s−1 for the H272A mutant, corresponding to
the molecular weights of 6.91, 7.31 and 6.96 kDa, respectively.
Therefore, a trimer is assumed for each peptide studied. Diluting
the peptide samples from 2 to 0.5 mM (even to 0.25 mM) had little
effect on the diffusion coefficients.

We further compare the chemical shifts of Hα and HN of the
peptides at the concentration of 2 and 0.5 mM (Figure 4). The
Hα chemical shifts of all the three peptides and HN chemical
shifts of the WT peptide and H267A mutant are less changed
after dilution. However, the dilution results in a remarkable

wileyonlinelibrary.com/journal/jpepsci Copyright c© 2011 European Peptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2011; 17: 505–511
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(A)

(C)

(B)

Figure 3. Ensemble of 20 structures with the lowest target functions and ribbon representation for WT peptide (A), H267A mutant (B) and H272A mutant
(C, the fitting for the helices in the N-terminal and the C-terminal regions is displayed, respectively) at 298 K.

Table 1. Structural statistics of the peptides at 298 K

Peptide WT H267A H272A

Average target functions (Å2) 0.36 ± 0.04 0.20 ± 0.01 0.02 ± 0.01

Number of non-redundant distance restraints 252 232 199

Intraresidual (|i − j| = 0) 89 91 91

Sequential (|i − j| = 1) 87 73 62

Medium (|i − j| ≤ 4) 71 63 40

Long range (|i − j| > 4) 5 5 6

Average sum of distance restraint violations (Å) 2.4 ± 0.2 1.5 ± 0.1 0.1 ± 0.1

Average maximum distance restraint violation (Å) 0.21 ± 0.04 0.18 ± 0.03 0.07 ± 0.04

Average sum of torsion angle restraint violations (◦) 0.9 ± 0.7 0.0 ± 0.0 0.0 ± 0.0

Average maximum of torsion angle restraint violation (◦) 0.82 ± 0.70 0.0 ± 0.0 0.0 ± 0.0

AMBER energy (kcal mol−1) −822.0 ± 0.6 −815.2 ± 0.5 −818.1 ± 0.5

R.m.s. deviation from the mean structure (Å)

All residues

Backbone heavy atoms 1.47 ± 0.55 1.99 ± 0.69 3.38 ± 1.23

All heavy atoms 2.36 ± 0.62 2.71 ± 0.69 4.36 ± 1.33

Well-defined residuesa

Backbone heavy atoms 0.32 ± 0.19(N) 0.13 ± 0.05(N) 0.51 ± 0.33(N)

0.27 ± 0.11(C) 0.42 ± 0.30(C) 0.34 ± 0.14(C)

All heavy atoms 0.54 ± 0.21(N) 0.68 ± 0.28(N) 0.98 ± 0.40(N)

0.99 ± 0.22(C) 0.98 ± 0.34(C) 1.22 ± 0.30(C)

Ramachandran plot statistics (at each helical span)

Residues in most favored region (%) 85.3 88.7 88.3

Residues in additionally allowed region (%) 14.7 11.3 11.2

Residues in generously allowed region (%) 0.0 0.0 0.4

Residues in disallowed region (%) 0.0 0.0 0.0

a The well-defined residues are 4–8 (N) and 11–23 (C) for WT peptide, 5–9 (N) and 11–22 (C) for H267A mutant and 5–8 (N) and 14–22 (C) for H272A
mutant. The ‘N’ and ‘C’ here represent the N-terminal and C-terminal, respectively. The concentration of the H267A peptide is 0.5 mM and those of
other peptides are 2 mM.

J. Pept. Sci. 2011; 17: 505–511 Copyright c© 2011 European Peptide Society and John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jpepsci
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up-field shift of HN resonance of His13 (His267 in protein) and
an evident down-field shift of HN resonance of Met11 (Met265 in
protein) for the H272A mutant (Figure 4(B)). This implies that HN
proton of His13 may be involved in intermolecular interaction with
backbone nitrogen atom of Met11 through H-bond. Dissociation
of aggregate after dilution could result in breaking of H-bond and
thus an up-field shift of His13 HN proton and a down-field shift
of Met11 HN proton. In addition, larger down-field shifts of HN
protons for Ala18, Leu21 and Val22 (Ala272, Leu275 and Val276 in
protein) were also observed for the H272A mutant (Figure 4(B)).
The residues Ala18, Leu21 and Val22 are within helical region of
the peptide H272A and face the same side of helix. Given that the
peptide aggregates by forming helix bundle and these residues are
embedded in a polar interior of the helix bundle, the dissociation
of the helix bundle would lead to the HN protons of these residues
more exposed to solvent, while other residues experience similar
environments before and after dissociation. The change in the
environmental polarity of HN protons, especially the additional
interaction of F atoms of TFE and/or oxygen atoms of water
molecules with HN protons of the residues Ala18, Leu21 and Val22
after dilution might cause the down-field shift of these residues.
The intermolecular interactions of the WT peptide and H267A
mutant are strong and the dissociation of the aggregate with
dilution is neglectable, while the association of the H272A mutant
is weaker and dilution may lead to the dissociation of considerable
aggregate. Because the chemical shifts present in NMR spectra
are the weighted average of those of monomer and trimer, the
dissociation of aggregate with dilution for the H272A mutant may
result in the change in the HN resonances. Despite dissociation, the
trimeric aggregates are still the predominant states for the three
peptides, as shown by their unchanged diffusion coefficients in
the two sample concentrations. On the other hand, the strength of
intermolecular interactions of the WT peptide and H267A mutant
may be also different. The intermolecular interaction of the H267A
mutant may be stronger than those of the WT peptide, since a
number of cross peaks belonging to intermolecular interactions
are observed in the 2D NOESY spectrum of 0.5 and 2 mM H267A
mutant in 30% TFE-d2 aqueous solution.

Self-assembly occurs widely in ion channels which are correlated
with transport function [37–39]. Isolated peptides, containing
central parts of the pore region, can form a small and artificial
ion channel like the integral protein even in membrane mimics
environment [40,41]. The previous study using patch clamp
measurements demonstrated that TMD6 was able to form
multistate ion channels in the presence of manganese as a
physiological substrate of MntH (homolog of DMT1) while the
H211A mutant (corresponding to H267A in DMT1) almost loss the
ion channel activity [42,43]. Based on the self-assembly data, we
hypothesize that the trimerization of the wildtype peptide may
be significantly implicated in the divalent cation transport of the
integral membrane protein DMT1. The H267A or H272A mutant
can also aggregate as trimer in 30% TFE aqueous solution, but the
stability of the aggregate changes, which may lead to a change
in the size of pore and thus hinder the permeation of divalent
metal-ions.

Conclusion

All the three peptides adopt a discontinuous helix structure. The
breaking part of the helix structure involves about one to two
residues near Ile10 for the WT peptide and H267A mutant and

(A)

(B)

Figure 4. The chemical shifts of Hα (A) and HN (B) of 0.5 mM peptides
relative to those of 2 mM peptides at 298 K.

five residues spanning Val9–His13 for H272A mutant. All peptides
aggregate into trimer, however, the strength of intermolecular
interactions is different, stronger for the H267A mutant and weaker
for the H272A mutant. The specific structure and aggregate of
TMD6 may play a pivotal role in cation binding and transport.
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