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YajR is an Escherichia coli transporter that belongs to the major facilitator superfamily. Unlike most MFS
transporters, YajR contains a carboxyl terminal, cytosolic domain of 67 amino acid residues termed YAM
domain. Although it is speculated that the function of this small soluble domain is to regulate the con-
formational change of the 12-helix transmembrane domain, its precise regulatory role remains unclear.
Here, we report the crystal structure of the YAM domain at 1.07-A resolution, along with its structure
determined using nuclear magnetic resonance. Detailed analysis of the high resolution structure revealed
a symmetrical dimer in which a belt of well-ordered poly-pentagonal water molecules is embedded. A
mutagenesis experiment and a thermal stability assay were used to analyze the putative role of this

dimerization in response to changes in halogen concentration.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

The Escherichia coli transporter YajR (ecYajR) is a member of the
major facilitator superfamily (MFS) of secondary active transport-
ers [1]. Despite initial efforts to elucidate its physiological function,
the precise nature of its substrate remains a mystery. Recently, we
have reported the crystal structure of the full-length ecYajR, and
used it to illustrate the functional roles of its signature motif (motif
A) found in most MFS transporters [2]. Apart from the canonical
12-helix transmembrane (TM) domain of the MFS transporter, ecY-
ajR contains a 67-residue, carboxyl-terminal, cytosolic, soluble
YAM domain. The naming of YAM reflects the fact that the folding
topology and/or sequence homology of this small soluble domain
of YajR is similar to that in arabinose efflux permeases (ArakP) as
well as in the metal binding domain (MBD) of P-type ATPase trans-
porters. While its functional roles during the transport process
remain unknown, the fact that the YAM domain is highly con-
served in all known YajR transporters of a variety of Gram-negative
bacterial species suggest that its role is essential for the proper
functioning of the transporter (Fig. 1A). Importantly, ecYajR exhib-
its high levels of thermal stability, which is independent of the TM
core. Also, the in vitro thermal stability of the purified YAM domain
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increases in response to both increases in pH, and halogen ion con-
centration (see Fig. S6 in Ref. [2]).

During the determination of the crystal structural of the full-
length membrane protein ecYajR which had a medium resolution
(3.15 A), we determined the atomic-resolution crystal structure
of the isolated YAM domain at 1.07 A as well as its nuclear mag-
netic resonance (NMR) structure. We demonstrate that the YAM
domain forms a homodimer in the crystal and possibly in solution
as well. The mutation L38A introduced at the dimer interface
significantly reduced the thermal stability of the YAM domain,
especially at higher concentration of NaCl. These observations
suggest that homo-dimerization of the YAM domain may serve
as a regulatory mechanism for the full length YajR transporter.

2. Methods
2.1. Protein expression, purification and crystallization

The YAM domain (i.e. amino acid residues 388-454 of ecYajR)
protein fused with Hisg-tag was expressed in the E. coli BL21
(DE3). The fusion protein was purified by Ni-NTA affinity chroma-
tography. After removing His6-tag, the protein was further purified
by size-exclusion chromatography. The protein samples for NMR
were concentrated to ~1.5 mM in 50 mM phosphate buffer (pH
6.3) containing 150 mM NaCl, 1 mM DTT, and 1 mM EDTA.

Crystals of YAM domain were obtained by the hanging drop
vapor diffusion method at 16 °C. To get high quality crystals, 1 pl


http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbrc.2014.06.053&domain=pdf
http://dx.doi.org/10.1016/j.bbrc.2014.06.053
mailto:zhangc@ibp.ac.cn
http://dx.doi.org/10.1016/j.bbrc.2014.06.053
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc

930
B1 ol
[ ]

A . * - ),
YAM_Ec [MKEEPYVSSLRIE[I|JPADIAAN. EALJKVRLLETE
YAM_Ac |LAQIRYLSSIVLPLIPQVQQV. . NEWTTQLILAIR
YAM_Ct |MKEJPYVSSIRVEIPPEVAAD. ET[LAQRLRETA|
YAM_Eh |MEEJJPYVSSIRVELPEEVQAD. EALKARLLAKA
YAM Pa |MQEPYVSSLRLVILISDAALAV. PTLIEKR[LIKAQP
YAM_Ps [MQVJZPKSKVISLMTKLDS[EEHAQTLASQLVALP
YAM Se |MKEJJPYVSSLRV|EI[PADI|VIAD . DRILKQR|LLAMK]
YAM_Ss |MKDJJLYASNLRIKI|SMLTAQD . SMLEENFLNSQP
YAM Sd |MKEIJPYVSSLRIEI|PANIAAN. EALKVR[LILETE
YAM_Xn |LKQJJPYVSSIRLI[LIPEQ.[L/SNPDILEKN|ILAQT
YAM Ye |MQEWPYVSSLRI|TILISELA[VKD. SA[LIEER|I[RAQP
AraP Cr MQEJJPYVSSLRI|I|LPSSA/IRNSITLERF|IKEQP
AraP Ecl MKEJJRYVISLRV|E/I[PDDV[AIIG. DALKQR|LEATE
AraP Ma MKTJERHWTNLLL/SLERIELJQKFDEFEQE|ILAID

AA A AL AV
[ ] [ ] [ X ]

‘42*

D. Jiang et al./Biochemical and Biophysical Research Communications 450 (2014) 929-935

B2 33 o2
—50 I

KEVLIAEEEHSAFVIIDSK .TNRFEVEQAIRQA. . ..
E[EVVVMPDQQVAMIIAVDKQ AARRDLT|QLFGKEVATI.
S[EAIVVADER[SAMLIIDTKYV . . .[TNRVEIEQRMLGA. . ..
S[EAVVV|PIQEH[SAMVI4IDSK| TNRFE[IEQVVIKGLA. ..
S|SVLIV|PEEK|SAMIJ4IDSK| TSRIPELEALIGSC. . ..
IEATVVRDE|SRSMLI{INDK DQARK[VAGLI|. ......
SEALIVAEEHSAMVI4IDSKY . . .[TNRFEVEQLI|SKG. . ..
IEAIVVPEEQCIMIMADMKY . . .[TNRSELEAIINSR. ...
KEVLIAEEEH . .[TNRFEVEQAIRQA. . ..
KDVVIA[PEE[F . .[TNREQLE|QI V|SSHK. .
TIEAVVVRAER . .[TNRISQLEELVNAT. . ..
T|E VMV VK|T E[K . .[TTRIRQLEQLVNNYSQMY
S[EVLIV|P[EER . .[TNRFEVEQALKA. .. ..
EDVTLHPEEA JLNTDALQN[LIVQYSR. .
AA/AAAAA

A Dimer interface Hydrophobic core

e Multiple conformation

Fig. 1. Conservation of amino acid sequence of the YAM domain. (A) Alignment of amino acid sequences of YajRs from a variety of Gram-negative bacteria. Ec: E. coli YajR; Ac:
Acinetobacter calcoaceticus YajR; Ct: Cronobac terturicensis YajR; Eh: Escherichia hermannii YajR; Pa: Pantoea anantis YajR; Ps: Pseudoalteromonas YajR; Se: Salmonella enteria
YajR; Ss: Serratia symbiotica YajR; Sd: Shigella dysenteriae YajR; Xn: Xenorhabdus nematophila YajR; Ye: Yersinia enterocolitica YajR; Cr: Candidatus Regiellainsecticola AraP; Ecl:
Enterobacter cloacae AraP; and Ma: Methylomicrobium album AraP. Identical residues are colored in white on red background, similar ones in red on white background.
Secondary structural elements of YAM domain from ecYajR are indicated above the sequence alignment. Positions involved in the hydrophobic core are marked with orange
triangles at the bottom, those involved in the dimer interface as blue triangles, and those of multiple conformations as red dots. Sequences were aligned with the program
ClustalX and formatted with ESPript. (B) 3D distribution of conserved residues in the YAM domain. The most conserved regions among YajR transporters are in magenta, and
the least conserved region in cyan. The ‘B-sheet’ surface (left) and the hydrophobic core are more conserved than the ‘a-helix’ surface (right). (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

concentrated protein of 10 mg/ml was mixed with 1 pl crystalliza-
tion solution containing 0.1 M HEPES (pH 7.5), 50 mM CdSO,, and
1.0 M sodium acetate. Crystals were cryo-protected with mother
liquor supplemented with 20% (v/v) glycerol and flash-cooled in
liquid nitrogen. For iodine-derivative, native crystals were soaked
in the mother liquor supplemented with 300 mM Nal or KI for 1-
2 min.

2.2. Data collection and determination

Diffraction data for the ‘native’ YAM crystal were collected up to
1.2 A resolution at the 17U beamline of the Shanghai Synchrotron
Radiation Facility (SSRF). The highest resolution data set (up to
1.0 A) was collected at the 17A beamline of the Photon Factory syn-
chrotron facility (KEK, Japan). lodine-derivative anomalous data

were collected at the 41XU beamline of SPring-8 synchrotron facil-
ity (Japan). All data were processed with the program HKL2000 [3].

Initial phases were calculated with the program Phenix.autosol
[4] using cadmium anomalous signals of the 1.2-A data. A nearly
complete model (Val7-Ala67) was automatically built with Phe-
nix.autobuild. After several cycles of geometry-restrained positional
and B-factor refinement with Phenix.refine, Ry dropped to 24.9%
(Riree 27.1%). Then refinement was carried out using the 1.07 A res-
olution data, and Ry« further dropped to 18.3% (Rgee 19.7%) after
refinement. Model validation was carried out using the Molprobity
utility [5].

All NMR spectra were acquired at 303 K on an Agilent DD2 600
spectrometer. Backbone and nonaromatic, nonexchangeable side
chain resonance assignments of YAM domain were achieved by
standard heteronuclear correlation experiments using '°N/!3C-
labeled samples and confirmed by a 3D '°N-seperated NOESY
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experiment using '°N-labeled samples [6]. Aromatic side chains
were assigned by 'H 2D NMR experiment using unlabeled samples
in D,0. Inter-proton distance restraints were derived from 2D
'H-NOESY, 3D '°N-seperated NOESY, and 3D !3C-seperated NOESY
spectra. Hydrogen bonding and backbone dihedral angle restraints
were generated as described earlier [7]. Structures were calculated
using program CNS [8].

2.3. Thermofluor assay

A detailed protocol of the thermofluor analysis was described
previously [2]. Briefly, thermofluor analysis performed with a qPCR
instrument, Bio-Rad CFX96 (BioRad, US). Sypro Orange dye
(Invitrogen, US) was used as the fluorescence probe. The volume
of each sample was 20 pl, and the final concentration of the protein
was 0.3 pg/ul. The qPCR instrument was programmed to increase
temperature from 25 to 95 °C at a rate of 1 °C/min. Melting tem-
perature, Tm, was estimated to be the temperature corresponding
to the minimum of the first derivative of the denaturation curve.

3. Results
3.1. Overall crystal structure

The YAM domain of ecYajR consists of 67 a.a residues. It is
highly acidic, with a pl value of 4.75. In an earlier report, we per-
formed thermo-denaturation studies on purified recombinant
YAM domain [2]. Our results showed that the YAM domain has a
melting temperature (Tm) of about 75 °C, and it indicated that its
thermal stability increased with rising concentrations of halogen
ions, not however, with increasing levels of Na*/K" cations.

The YAM domain was crystallized in the presence of NaCl and
CdSO,4, at pH 7.5. In the following description of the isolated
YAM domain, we refer to the full length ecYajR amino acid residues
388-454 as residue numbers 1-67. In the refined model, three res-
idues from leftover of a thrombin cleavage are labeled as —3 to —1.
The crystal of YAM domain diffracted X-ray up to 1.07-A resolu-
tion. The space group is C222,. There is one protein molecule per
crystallographic asymmetric unit, with 47% solvent content
(Vm=2.4A3/Da) [9]. The average B factor of the YAM domain is
28.9 A The overall structure of the YAM domain is similar to that
reported for the full length ecYajR crystal structure (Protein Data
Bank (PDB) ID: 3WDO) with a root mean square (r.m.s.) deviation
of 0.59 A for 62 Co-atom pairs. Ten residues were refined with
multiple conformations. Statistics of the data collection and refine-
ment of the crystal structure are summarized in Table S1.

As described in the previously published report of the full-
length YajR structure [2], the YAM domain possesses a modified
version of the so-called ferredoxin fold [10] and has dimensions
of 22 x 25 x 37 A (Fig. 1B). While ferredoxin folds usually have
a BaPPaB secondary structure pattern, the last p-strand is missing
in the YAM domain. The remaining three p-strands form one anti-
parallel B-sheet, with the two a-helices located on one side of the
sheet. As shown in Fig. 1B, we refer to the two surfaces of the mol-
ecule as B-sheet surface and o-helix surface. In general, the amino
acid residues of the B-sheet are more conserved than those in other
parts of the protein molecule (Fig. 1B). We therefore predicted that
the modified ferredoxin fold of the YAM domain is conserved in all
YajR transporters.

3.2. Dimerization

In the crystal packing, there is one twofold symmetrical pro-
tein-protein interaction (related by the dyad axis along the crystal-
lographic a axis). The interface is located between the B-sheet

surfaces from two neighboring YAM molecules. With solvent mol-
ecules excluded, this interface buries a total of 1700 A2 of solvent
accessible surface (SAS), while other crystal packings involve bur-
ied interfaces of less than 500 A2 According to analysis of pro-
tein-protein interfaces of crystal structures present in the Protein
Data Bank, such a large protein-protein interface of 1700 A? is
likely to be of biological significance [11]. This dimer interface
was not identified in the full length YajR crystal structure, instead
the formation of trimers was observed. However, in this trimer, the
YAM domains only participate in loose packing of the YajR crystal
structure. Correspondingly, the average B-factor of the YAM
domain was rather high (107 A2), which is significantly higher than
that of the TM domain (59 A2). In the current YAM crystal struc-
ture, most of the dimer interface is formed by polar interactions,
including inter-molecular salt-bridge bonds, e.g. Glu36 (highly
conserved as shown in Fig. 1A) - Lys49’ (absolutely conserved)
and Glu42 (conserved) — Argl11’ (conserved), and main-chain car-
bonyl atoms of both Glu42 and Glu43 with the side chain of
Glu43’ (conserved). The only hydrophobic interaction in the inter-
face is formed by side chains of Leu38 (conserved as hydrophobic
residues) and Tyr47 (absolutely conserved) from the two neighbor-
ing protomers. In addition, among YajR transporters from different
species, there are only four absolutely conserved residues (Fig. 1A).
Three of them are located within the BaBpa core, namely Gly33
(which is required for the structure or folding of the protomer),
Tyr47, and Lys49. The latter two are located in the dimer interface,
and Lys49 participates in the inter-molecular salt-bridge bonds.
Therefore, the dimer interface of the YAM domain appears to be
conserved among YajR proteins. Together, these data suggest that
under certain conditions, the observed dimer in the crystal struc-
ture may also exist in solution.

The N-terminal peptides (i.e. residues 4-6) of the dyad-symme-
try related YAM domains run anti parallel to each other but did not
form a B-sheet. Individual superposition of the full-length ecYajR
crystal structure to both protomers of the YAM dimer results in
structural collision between the TM domain of one molecule and
YAM domain of the other. It suggests that the YAM domain
observed in the full length ecYajR has to move relative to the TM
core of YajR, if a YAM dimer similar to that observed in the current
structure is to be formed in the context of full length YajR.

To verify the biological relevance of the dimer, we introduced
the point mutation L38A. Thermal stability analysis of the L38A
variant showed reduced thermal stability compared to WT, espe-
cially at higher concentrations of NaCl (Fig. 2). Since Leu38 would
be solvent-exposed in the protomer, the mutation is unlikely to
disrupt the overall structure of YAM in its monomeric form.
Therefore, we interpret the observed loss of thermal stability of
the L38A variant as a result of dissociation of the dimer.

3.3. NMR structure and backbone dynamics of the YAM domain

The YAM domain structure was also studied using an NMR
spectroscopic approach. The solution structure of the YAM domain
determined by NMR spectroscopy is represented in backbone
superposition in Fig. 3A, and the NMR data used for structure cal-
culation are summarized in Table S2. The NMR structure of the
YAM domain is similar to that determined by crystal structure
analysis. The r.m.s. deviation between the crystal structure and
the NMR structure (i.e. the model of lowest free energy) is 1.77 A
(for 60 Ca-atom pairs). Structural differences mainly include struc-
tural shifts in the N-terminal peptide, the B1-a1 loop, and o2
regions. To investigate whether the solution structure also forms
a dimer, we calculated the inter-molecular contact of protons
within 5 A from the potential interface and searched the NOESY
spectra for any featured NOEs. No inter-molecular NOE was
identified under the experimental condition. To characterize the
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Fig. 2. The effect of L38A mutation on YAM thermal stability. (A) Stereo view of Leu38 in the dimer interface. 2Fo-Fc electron density map was contoured at 2.0 . (B)
Thermal denature curves of WT YAM (left) and the L38A variant (right). Melting temperatures (Tm) of the WT were 69.5, 73.0, 77.7, and 83.3 °C for [NaCl] of 0.1, 0.25, 0.5, and
1.0 M, respectively. The Tm values of the L38A variant were 62.7 and 52.0 °C for [NaCl] of 0.1 and 0.25 M, respectively, and could not be determined for higher NaCl

concentrations.

plasticity of the YAM domain, we measured the backbone relaxa-
tion data. Not surprisingly, the heteronuclear NOE showed a uni-
form value of 0.77+0.08s~! (ranging from 0.57 to 0.95s7 1),
implying that the entire domain is rigid with little internal motion
in the pico- to nano-second timescale (Fig. 3B upper panel). The
longitudinal relaxation rates were also fairly constant throughout
the sequence, with an average value of 1.86+0.62s ! (ranging
from 1.51 to 2.80s™ ') (Fig. 3B lower panel). Only a few residues
located within loop regions experienced some degree of internal
mobility, as was apparent from the higher R; and lower NOE values
(Fig. 3B). In contrast, some of the residues showed unexpected
higher relaxation rates (middle panel of Fig. 3B), implying the
occurrence of conformational exchanges between these residues
on a micro- to milli-second timescale. Together, the overall NMR
solution structure of the YAM domain appears to be similar to that
of the protomer observed in the crystal structure.

3.4. Water networks

In the dimer interface of the crystal structure of YAM, there is a
water channel formed between the two B-sheets. Water molecules
form a curved poly-pentagonal belt that passes through this chan-
nel that contains 8 water rings (Fig. 4). The two end rings are six-
membered rings, with an oxygen atom coming from the carboxyl
side chain of Glu41, and the rest six fused rings are pentagonal.
Similar poly-pentagonal water belts have been studied by inor-
ganic chemists, both theoretically and experimentally [12]. The
water belt forms multiple hydrogen bonds with the main-chain
polar atoms that are located in a groove of the B-sheet (at Leul10,

Val48, and Val37). Extensive poly-pentagonal water networks in
protein structures were first observed in the crystal structure of
crambin (PDB ID: 1CRN; 0.945-A resolution), a 46-residue seed
storage protein [13]. Recently, poly-pentagonal water networks
were reported in the crystal structure of Maxi, a helix-bundle anti-
freeze protein from winter flounder (Pseudopleuronectes americ-
anus) (PDB ID: 4KE2; 1.8 A) [14]. In Maxi, the poly-pentagonal
water networks also interact primarily with the main-chain polar
atoms of the peptides.

Since the thermal stability of the YAM domain increases with
halogen ion concentration [2], we soaked our crystals with sodium
iodide in an attempt to identify halogen binding site(s). Within this
iodide-soaked crystal (1.5-A resolution), we identified 14 sites
(>4 o) of iodide ions in an anomalous difference Fourier map. All
of these sites occupied positions nearly identical to those of some
‘water’ molecules in the native crystal. In particular, electron
density peaks were found at positions near the center of the
poly-pentagonal belt (i.e. near the crystallography dyad axis)
(Fig. 4C). Therefore, it can be assumed that in the native crystal,
some of these sites were occupied by chloride ions that originated
from the crystallization buffer. Although many iodide sites
appeared to be clustered together, they may not be occupied
simultaneously. This argument is based on the fact that iodide ions
carry negative charges, and ions carrying the same charges would
not form close contacts with each other, unless these charges were
delocalized. In fact, the occupancies of all iodide ions observed in
our refined crystal structure were about 0.5 or lower. Since the
poly-pentagonal belt is located at the conserved dimer interface,
doping of the water belt with halogen ions may influence the
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Fig. 3. Solution structure of YAM domain and backbone dynamics data derived from NMR spectroscopy. (A) Stereo view of backbone superposition of the 20 lowest-free
energy structures of the YAM domain. Helix regions are shown in red, sheet regions in blue, while other parts are indicated in black. The N- and C-termini is labeled N and C
respectively. (B) Backbone dynamics data vs. residue number showing heteronuclear NOE (upper panel), transverse relaxation rate (middle panel) and longitudinal relaxation
rate. The dashed line in each panel represents the average value of that specific data. (For interpretation of the references to color in this figure legend, the reader is referred to

the web version of this article.)

process of dimerization, thus providing a putative explanation to
the effect of halogen concentration on the thermal stability of
the YAM domain [2]. Compared to WT, the L38A mutation showed
the opposite effect of halogen ions on protein stability (Fig. 2B).
One possible explanation would be that the dimerization, and
therefore the formation of the water belt, did not occur in this
mutant.

3.5. Homologous structures

As mentioned above, the folding topology of the YAM domain is
similar to that of the N-terminal MBD domain of P1-type ATPase, a
heavy metal transporter (PDB ID: 3DXS; 1.7 A) [10]. Although it is
postulated that this MBD domain regulates the transport of its sub-
strates (e.g. metal cations), the precise details of the regulatory
mechanisms involved are currently unclear. The crystal structure
of the MBD domain can be superimposed to YAM with a 0.79 A
rmsd (for 56 Co-atom pairs) (Fig. S1), which is surprisingly small
for a pair of proteins that share a rather low sequence homology
(12% identity, 25% consensus). The canonical Bappop sequence of
secondary elements in ferredoxin-like domains forms a hairpin rib-
bon (i.e. Bap x2) before it folds further into a right-hand helical

structure, in which the four B-strands form an antiparallel B-sheet.
Therefore, this type of domain may exhibit a simple folding
dynamics, and therefore be evolutionarily favored to perform a
variety of simple functions such as binding ions. The hydrophobic
core is conserved and very important for the stability of this Bofw
Ba folding, and a single point mutation in this core may result in
unfolding of the domain [15]. Moreover, the MBD domain does not
form a symmetrical dimer in its crystal structure. The copper bind-
ing site of the MBD, located in the region between p1 and a1, is not
conserved in the YAM domain of YajR. In contrast, there is one fully
occupied cadmium site in the YAM crystal (Fig. S1), which was
used to determine the initial phases of the crystal structure. In par-
ticular, a cadmium cation (with an occupancy of 1.0 and a B-factor
of 18.3 A?) binds to the side chain of His44 in the loop between p2
and B3. Thus, although the YAM domain of YajR shares the same
folding topology with the MBD domain of P1-type ATPase, they
may be involved in different regulatory mechanisms.

3.6. Possible regulation mechanism

The YAM domain is conserved in all known YajR transporters of
Gram-negative bacteria. As an MFS transporter, YajR contains two
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Fig. 4. Poly-pentagonal water rings observed in the crystal structure. (A) Ribbon representation of the symmetrical dimer of the YAM domain. The belt of poly-pentagonal
water rings is included. (B) Schematic diagram of the poly-pentagonal ‘water’ belt. The dyad axis is depicted as a diamond, iodide ion-doped positions as blue dots, and polar
atoms from Glu41 as red dots. Neighboring residues that contribute backbone carbonyl oxygen atoms to form hydrogen bonds with the water belt are labeled. (C) lodide ions
doped into the water rings. 2Fo-Fc map of the native crystal is contoured at 1.0 o and colored in blue. Anomalous differential Fourier map of the iodide soaked crystal is
contoured at 3.0 ¢ and colored in gold. Solvent molecules from the refined crystal structure are superimposed, with iodine in purple and water in red. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)

TM domains (N- and C-domains), each consisting of six TM helices
[2]. These two domains are related to each other by a pseudo-dyad
symmetry. The relative movements of the two domains result in
two major conformations, namely inward-facing and outward-fac-
ing, allowing the substrate to be transported across the membrane.
The degree of conservation of the YAM domain suggests that it has
an important regulatory role to play in YajR transporter function,
though the precise nature of the YajR substrate remains to be
determined. One possible mechanism of how the YAM domain
might regulate YajR transport can be proposed as follows: In the
ecYajR structure, the cytosolic YAM domain and the TM core are
linked by a flexible loop (i.e. residues 388-393 of ecYajR). The C-
domain of YajR contains a so-called A-like motif in a loop between
TM helices 8 and 9 (referred to as motif A®*~%), which contains a
signature acidic residue (i.e. Glu272 in ecYajR) [2]. The main func-
tion of this motif is postulated to be the stabilization of the out-
ward conformation through an inter-domain, charge-dipole
interaction between the acidic residue of motif A®*~° and the N-ter-
minal end of TM5, as observed in the YajR crystal structure.
Because of its electrostatic nature, this interaction is sensitive to
change of the electrostatic field. The YAM domain is highly nega-
tively charged (pl: 4.75). Therefore, when the YAM domain is in
close proximity to the TM C-domain, it may stabilize the inter-
domain interaction associated with motif A®-°, Dimerization of
the YAM domain would then pull the YAM domain away from
the TM C-domain, thus reducing the stability of the outward
conformation of YajR. Therefore, by manipulating dimerization of
the YAM domain (e.g. in response to changes of halogen concentra-
tion), the transport activity of YajR can be regulated through
the interaction between the YAM domain and motif-A®-®,

Interestingly, three YajR transporters from Gram-positive bacteria
(Betaproteobacteria bacterium, Buchnera aphidicola, and Wiggles-
worthia glossinidia) that do not possess a YAM domain also lack
the motif A®°, suggesting a functional relationship between the
two. Identifying the actual substrate for YajR would constitute a
major step towards verifying this hypothesis.

4. Protein Data Bank accession number

The diffraction data and refined coordinates of the crystal struc-
tures of YAM domain have been deposited into PDB. The accession
codes are 4Q2L for the native crystal and 4Q2M for the iodine
soaked one, respectively. Those of the NMR structures of the
YAM domain have also been deposited. The accession code is 2RU9.
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