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Abstract

Among the transcription factors, the helix-turn-helix (HTH) GntR family comprised of FadR, HutC,
MocR, YtrA, AraR, and PlmA subfamilies regulates the most varied biological processes. Generally,
proteins belonging to this family contain an N-terminal DNA-binding domain and a C-terminal effector-
binding/oligomerization domain. The members of the YtrA subfamily are much shorter than other
members of this family, with chain lengths of 120–130 residues with about 50 residues located in the
C-terminal domain. Because of this length, the mode of dimerization and the ability to bind effectors by
the C-terminal domain are puzzling. Here, we first report the structure of the transcription factor
CGL2947 from Corynebacterium glutamicum, which belongs to the YtrA family. The monomer is
composed of a DNA-binding domain containing a winged HTH motif in the N terminus and two helices
(a4 and a5) with a fishhook-shaped arrangement in the C terminus. Helices a4 and a5 of two monomers
intertwine together to form a novel homodimer assembly. The effector-accommodating pocket with
2-methyl-2,4-pentanediol (MPD) docked was located, and it was suggested to represent a novel mode
of effector binding. The structures in two crystal forms (MPD-free and -bound in the proposed effector-
binding pocket) were solved. The structural variations have implications regarding how the effector-
induced conformational change modulates DNA affinity for YtrA family members.
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The interactions between trans-acting transcription fac-
tors and cis-acting DNA elements are the key to DNA
transcriptional regulation. By binding or dissociation of a
molecular signal (also called an effector), the transcrip-

tion factor undergoes a conformational change, which
results in either enhanced or weakened protein–DNA
interaction, and this impedes or strengthens transcrip-
tional initiation (Mathews et al. 2000; Torrents et al.
2004; Tootle and Rebay 2005). Several groups of tran-
scription factors have been identified based on conserved
motifs and DNA-binding modes, including helix-turn-
helix (HTH), zinc finger, leucine-zipper, and others (Pabo
and Sauer 1992). Among these groups, the HTH group is
now considered a reference for understanding the general
rules that govern protein–DNA interactions and has
also become a favorite subject of evolutionary studies
(Haydon and Guest 1991; Nguyen and Saier 1995). As a
major subdivision of the HTH group, the HTH GntR
family is comprised of about 270 members distributed
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among the most diverse bacterial groups and regulates the
most varied biological processes (Rigali et al. 2002).
In general, proteins of this family contain two domains,
N-terminal DNA-binding (D-b) domain and C-terminal
effector-binding/oligomerization (E-b/O) domain. The
structures of the D-b domains are well conserved,
whereas those of the E-b/O domains are more variable
and consequently are used to define subfamilies, such as
FadR, HutC, MocR, YtrA, AraR, and PlmA (van Aalten
et al. 2000; Rigali et al. 2002; Lee et al. 2003; Franco
et al. 2006; Gorelik et al. 2006).

As a representative of the YtrA family, the transcrip-
tion factor YtrA contains 130 residues and negatively
regulates the ytrABCDEF operon of Bacillus subtilis
(Yoshida et al. 2000). This operon was deduced to encode
an ATP-binding cassette (ABC) transport system partic-
ipating in acetoin utilization. Bacterial ABC transport
systems, functionally divided as ABC importers and ex-
truders, play important roles in membrane transport (Fath
and Kolter 1993). Most YtrA family members regulate
these ABC transport systems (Rigali et al. 2002). How-

ever, no structure regarding these molecules has yet been
reported. Unlike other members of the HTH GntR family,
proteins belonging to the YtrA family range in length
from 120 to 130 residues, as shown in Figure 1. Exclud-
ing the N-terminal D-b domain, the remainder is about
50 residues forming two a-helices as shown by structure
prediction (Rigali et al. 2002). The modes of dimerization
and effector binding by the two a-helices have yet to be
determined (Yoshida et al. 2000; Rigali et al. 2002).

Corynebacterium glutamicum is a Gram-positive, non-
pathogenic, and fast-growing soil bacterium. It has been used
worldwide for producing not only various amino acids,
including L-glutamic acid and L-lysine, but also additional
substances, such as nucleotides and vitamins. Regulation of
gene expression and metabolic pathways in this bacterium
represents important issues for progressively improving the
yield of amino acid production. Here, we report the structure
of the transcription factor CGL2947 from C. glutamicum,
which consists of 121 residues and belongs to the YtrA
family (Fig. 1). This, the first structure of a member of the
YtrA family, revealed a novel homodimer assembly and

Figure 1. Sequence alignment of YtrA family proteins with CLUSTALW (Thompson et al. 1994). Sequences are numbered according

to CGL2947. The conserved and conserved-changed residues are indicated by heavy and light gray shaded boxes, respectively.

FadR_D_b is the N-terminal D-b domain of FadR, the representative FadR family protein. The black triangles indicate the residues of

FadR_D_b (residues 1–73) that interact with DNA, and the gray triangles indicate the residues of CGL2947 suggested to contact DNA.

The secondary structures (arrows represent b-strands; bars represent a-helices) of CGL2947 and FadR_D_b are drawn on the top and

the bottom of the sequence, respectively.

Structures of transcription factor CGL2947
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effector-binding mode. Furthermore, the crystal structures in
two forms were compared, and the results provided insight
into how YtrA family proteins and other transcription factors
with relatively few residues bind effectors and introduce
conformational changes.

Results

Overall structure of the CGL2947 monomer

The structure of CGL2947 was solved from two forms of
crystal. For Form I, the asymmetric unit contained a
monomer, and a dimer was tightly formed by crystallo-
graphic symmetry. In Form II, four protein molecules
formed two dimers in an asymmetric unit, and the
structures of the four copies were similar, with a total
average RMSD of 0.9 Å for Ca atoms. The two sets of
atomic coordinates have been deposited in the Protein
Data Bank with the identification numbers 2DU9 and
2EK5, respectively.

The final model of CGL2947 for Form I is composed of
one protein molecule of 116 residues, one molecule of
MPD, and 47 water molecules. Because of poor electron
density, the N-terminal residues Met1–Thr2 and C-terminal
residues Leu119–Lys121 could not be built. The overall
structure is composed of a single a/b N-terminal domain
(residues 3–70) and two C-terminal helices (residues 71–
118), as shown in Figure 2A. The N-terminal domain, with
the topological order a1, a2, a3, b1, and b2, contains a
typically prokaryotic winged HTH D-b motif (Huffman and
Brennan 2002). The motif is formed by helices a2, a3, and
their connecting turn, together with the two antiparallel b

strands (b1 and b2) designated as the wing. The arrange-
ment of the two helices (a4 and a5) in the C terminus
resembles a fishhook, with the long helix a4 (29 residues)
forming the shank. Furthermore, there is a bend at Tyr88
in helix a4, which changes the direction of the helix axis
by about 30°.

The N terminus of helix a4 contacts the whole of helix
a1 through side-chain–side-chain interactions. These in-
teractions include salt bridges and hydrophobic interac-
tions, which are formed by the residues in a1 (Lys7, Ser11,
Glu14, Asp15, Ile17, Val18) and a4 (Ala72, Pro73, Ile76,
Arg77, Arg79, Arg80), respectively (Fig. 2A).

D-b domain

A search for structural homologs of the D-b domain of
CGL2947 with Dali (Holm and Sander 1998) identified
several matches (with Z scores $ 5.2), which are primary
transcription factors. The best match is a fatty acid
responsive transcription factor (FadR, PBD 1E2X; Z
score 9.5), which was used to classify a subfamily of
the GntR family (van Aalten et al. 2000). The results of

structural comparison of the DNA-binding domains
between CGL2947 and FadR are shown in Figure 2B.
The HTH motif ranging from Thr31–Val55 (helices a2
and a3) in CGL2947 can be superposed on the corre-
sponding HTH motif residues Glu34–Asp58 in FadR.
For the two winged b-hairpins (Leu58–Val68 of
CGL2947 and Leu61–Val71 of FadR), the lengths are
equal, and the start and end parts can be superposed well
(Figs. 1, 2B). However, the central parts of the two b-
hairpins (the tips of the b-hairpins) differ in conforma-
tion, giving the maximum Ca distance of 3.8 Å between
Lys61 (CGL2947) and Gln64 (FadR). The sequence
alignment based on the structure covers residues Val3–
Gln71 in CGL2947 and residues Ala5–Asn73 in FadR.
Correspondingly, the RMSD of atoms is 1.6 Å.

Homodimer assembly

The results of gel filtration experiments indicated that
CGL2947 exists as a homodimer in solution (data not
shown). This was further confirmed from the crystal

Figure 2. (A) Overall structure of the CGL2947 monomer. The protein is

shown in ribbon representation. The residues contacting a1 and a4 are

shown as a stick model in rose, and the bound MPD as a stick model in

cyan, with oxygen and nitrogen atoms in red and blue, respectively. The

figure was drawn using PyMOL (DeLano Scientific LLC, http://pymol.

sourceforge.net). (B) Structural comparison of the D-b domain (residues

3–71) of CGL2947 with that (residues 5–73) of FadR. CGL2947 and

FadR are colored blue and green, respectively.
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structure of Form I: A dimer interaction was generated by
a crystallographic twofold axis. The C-terminal helices
with fishhook shape are intertwined, and consequently a
novel homodimer assembly is formed (Fig. 3). The dimer
contacts are made along the faces of helix a5 and the C-
terminal part of helix a4. The significant inter-monomer
side-chain–side-chain contacts include Phe84-Leu929/
Leu999/Phe1019/Ile1069/Leu1099 (Phe interacting with
the five residues), Tyr88-Glu959, Val89-Leu1109/Val1139,
Leu92-Leu929, Ile93-Leu1109/Val1139, Asp94-Arg1179,
Arg103-Asp1119, and His107-His1079, where the primes
indicate the other monomer (same as below). A hydro-
phobic core was formed through van der Waals inter-
actions and salt bridges made by these residues, burying
;2374 Å2 of accessible surface area. Upon dimerization,
the long helix a4 makes bilateral interactions; the N
terminus shows intermolecular interaction with the D-b
domain, and the C terminus interacts with helices a49 and
a59. The bilateral interactions result in a bend at Tyr88 in
helix a4, allowing contact between the DNA-binding
domain of the monomer itself and the hydrophobic core

of the dimer, which is helpful to fix the compact structure
and provide scaffold support for the two helices (a4 and
a5) in the C terminus. Thus, the structure becomes stable
after dimerization.

The structure of the homodimer resembles a bidentate
rake with the intertwined helices in the center and two
HTH motifs as ended dentations, which putatively wedge
into the major groove of the double-stranded DNA to
make interactions. A conserved residue, Asn41 (Fig. 1), is
located at the turn of HTH motif (a D-b region for a HTH
family). The distance between the two residues Asn41 in
one homodimer is 64 Å, corresponding to about two turns
of the double-stranded DNA. This suggests that the
homodimer would span two turns of the double-stranded
DNA while binding. YtrA, the homolog of CGL2947, was
also shown to exist as a dimer in solution by gel filtration
experiments (Y.-G. Gao, M. Yao, and I. Tanaka, unpubl.).
Moreover, predicted structure showed that YtrA has an
N-terminal D-b domain containing a winged HTH motif
and two C-terminal a-helices (Rigali et al. 2002). The
combination of the sequence alignment (Fig. 1) and the

Figure 3. Ribbon representation of the novel assembly of the homodimer shown from top (A) and side (B). The two structures

generated by a crystallographic twofold axis are colored blue and red, respectively. The distance between the two residues Asn41

(shown in wire model) in the homodimer is 64 Å, shown in the side-view diagram (B).

Structures of transcription factor CGL2947
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conservation of resides involved in dimer formation
(described below) predicts that YtrA has a similar homo-
dimer structure. YtrA negatively regulates the ytrABCDEF
operon, and its binding site overlaps the transcriptional start
site with partial dyad symmetry: �2AGTGTACTAATTG
AAGTAATACACT23 (Yoshida et al. 2000). Interestingly, the
length of this sequence is in accordance with the structural
characterization of the CGL2947 homodimer, further con-
firming the similarity of the homodimer structures of YtrA
and CGL2947.

Family sequence alignment and the putative
effector-binding mode

The sequence alignment for YtrA family members is
shown in Figure 1; the percentages of the conserved and
conserved-changed residues are 8.8% and 16.3%, respec-
tively. There is a large gap at the N terminus (residues 9–
11) due to extra sequence of the homolog from Nocardia
farcinica. The conserved region involved in DNA binding
is located after the gap. The degree of sequence con-
servation of the N-terminal D-b domain is higher than
that of the whole molecule. Moreover, the conserved
residues are mainly distributed in the winged HTH motif
(indicated by the gray triangles). In the C-terminal region
corresponding to a4 and a5 of CGL2947, most of the
conserved/conserved-changed residues, such as Phe84,
Val89, Leu92, Ile93, Phe101, Ile106, and Leu110, are
hydrophobic, which plays a very significant role in dimer
formation through hydrophobic interactions of their side
chains. Furthermore, the residues Glu95 and Arg105,
conserved in charged side chain, are involved in the
formation of side-chain–side-chain contacts (Glu95–
Tyr889, Arg105–Asp819) that may improve stabilization
of the dimer. In addition, the residues Glu14, Ile17,
Val18, Ala72, and Ile76 participating in the contacts of
helices a4 and a1 (Fig. 1) remain relatively highly con-
served among YtrA family proteins.

Members of the HTH GntR family, including FadR,
HutC, MocR, YtrA, AraR, and PlmA subfamilies, typi-
cally consist of an N-terminal D-b domain and C-terminal
E-b/O domain (Rigali et al. 2002). Members of the YtrA
family are generally comprised of 120–130 residues (Fig.
1). Excluding the D-b domain, the average length is about
50 residues forming two a-helices (Rigali et al. 2002).
It is expected that the C-terminal residues are too short
to accommodate effector binding (Yoshida et al. 2000).
Although the structure of CGL2947 was solved in the
absence of effector, an effector-binding mode can be
proposed to unravel this problem. The two monomers of
the CGL2947 protein are intertwined with the two a-
helices in their C termini to form a homodimer, and then
a pocket to accommodate effector binding is formed
(Fig. 4). The side chains of the following residues in

the homodimer are involved in formation of this pocket:
Leu92, Ile93, Ser96, Ile97, Phe101, Thr102, Arg103,
His107, Leu1109, Asp1119, and Ala1149. According to
the sequence alignment, five of these residues are con-
served or conserved-changed, and are mainly hydropho-
bic (Fig. 1). For a homodimer, there are two pockets that
maintain crystallographic symmetry. Two molecules of
MPD in the crystallization buffer are bound in the
pockets, providing indirect support for this prediction
(Fig. 4). In previous studies, the biochemical results
implied that the effector of YtrA may be acetoin
(H3CCOCH(OH)CH3); however, the authors could not
detect the induction of the reporter gene present in the
strain BFS47 by the addition of 5 mM acetoin to DSM
medium (Yoshida et al. 2000). Acetoin is similar in size to
MPD (CH3CH(OH)CH2C(CH3)2OH), which is in agree-
ment with the capacity of the pocket. Hence, the present
structure suggests that YtrA may have the ability to
accommodate acetoin binding and provides support for
the role of acetoin as the effector. Further experiments are
required to determine whether acetoin is the effector,
including varying the acetoin concentration, growth con-
ditions (e.g., medium), reconstruction of reporter gene
plasmid, etc., based on the experiments reported previ-
ously (Yoshida et al. 2000).

Structural variations between the two forms

The structures of transcription factor CGL2947 were
solved in two forms, with the total average RMSD of
Ca atoms being 1.2 Å. For Form I, the MPD in the

Figure 4. The putative pocket to accommodate effector binding. The

bound MPD and the residues involved in pocket formation are shown as a

ball-and-stick model, colored cyan and gray, respectively. The intertwined

helices in homodimer are colored blue (one monomer) and red (another

monomer). The primes indicate helices and residues of the other monomer

(as in Fig. 5).
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crystallization buffer was bound in the pocket, which was
formed through homodimer assembly (Fig. 4). In the case
of Form II, the crystal structure of the apo form was
obtained. To explore the variations in the two D-b
domains between the two forms of homodimers, a
structural comparison was performed by fitting the Ca

of the C termini, as shown in Figure 5. Without MPD
(Form II), residue Arg103 partially occupies the pocket.
Upon binding MPD (Form I), it undergoes a dramatic
conformational change to broaden the pocket. As a result,
residues Leu99, Phe101, and Arg105 are forced to shift
toward helix a49. The shifts of the three residues push
helix a49 through the interactions between them and the
residues of helix a49, leading the N terminus of helix a49

to shift up to 3.9 Å, resulting in motion of the entire D-b
domain. For example, the shift of the tip of the b19–b29

hairpin (a portion of the winged HTH motif) is 9.0 Å (Fig.
5B). Because of the (pseudo) twofold axis relating the

two monomers in the homodimer, the shifts of the two
DNA-binding domains would occur in opposite direc-
tions, which would cause variations in their distance, that
is, for the two forms of homodimer, the distances between
the two residues Asn41 proposed to contact DNA are 64
and 56 Å, respectively (Fig. 5A).

The side chain of residue Arg103 is of particular
importance to trigger the conformational changes.
Although residue Arg103 is less highly conserved, the
residues at or neighboring this position possess similar
side chains (Fig. 1). The side chain–side chain contact
Arg105–Asp81 is also crucial for the structural shift.
Notably, the similar side chain–side chain contacts are
thought to be retained in YtrA family members according
to the sequence alignment. Other residues important to
trigger or transmit the conformational changes include
Ile76, Arg77, Glu78, Arg79, Arg80, Leu99, and Phe101,
most of which are conserved.

Figure 5. Structural comparison of the homodimers in two forms (MPD-bound and -free). By fitting the C terminus (Ca 89–115), the

homodimer structures in Form I (MPD-bound) and Form II (MPD-free) crystals were superposed, with Form I and Form II shown in

gray and pink, respectively. (A) Overall view of the homodimer structures in two forms. (B) Enlarged view showing the detailed

structural variations for the D-b domain. The important residues for conformational changes are shown as ball-and-stick models and

are colored gray and pink for Form I and Form II, respectively. The bound MPD is shown as a ball-and-stick model with carbon atoms

colored cyan. All oxygen and nitrogen atoms in ball-and-stick models are colored red and blue, respectively.

Structures of transcription factor CGL2947
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Discussion

D-b mode

On the basis of the interactions of FadR–DNA complex
(van Aalten et al. 2001; Xu et al. 2001), the residues
contacting the DNA are marked by black triangles in
Figure 1. As the D-b domains of CGL2947 and FadR can
be superposed well (Fig. 3), it is likely that CGL2947
contacts DNA in a manner similar to that adopted by
FadR. As the FadR–D-b mode, CGL2947 may make
interactions with DNA in four distinct regions that
possess highly conserved residues among members of
the YtrA family, indicted by the gray triangles in Figure
1. The four regions are the N terminus (Pro4–Tyr6), the
start of helix a2 (Ser30–Glu33), the turn (between a2 and
a3) and the helix a3 (Ile40–Arg46), and the winged b1–
b2 (Lys60–Met66). Helix a3, designated the recognition
helix of the HTH motif, enters into the major groove of
the DNA helix to make interactions that are critical for
specificity (Huffman and Brennan 2002). In the case of
CGL2947, the residues from the turn (between a2 and
a3) and the tip of helix a3 seem to contribute a great deal
to specific recognition. To discuss further details regard-
ing the contacts of CGL2947 with DNA and the dimer-
binding model, it will be necessary to solve the structure
of the CGL2947–DNA complex.

Implications for effector-induced conformational changes

Although MPD is not the effector for the protein
CGL2947, the structural variations between MPD-bound
and -free forms provide implications for how the effector-
induced conformational changes regulate the affinity for
DNA (Fig. 5). The effector binding to the homodimer
would have an influence on the pocket and the dimer
interface and trigger the shift of helix a4, resulting in a
shift of the entire D-b domain. Consequently, the relative
positions of the two D-b domains in the homodimer also
change (Fig. 5). Such changes modulate the affinity of
the homodimer for DNA. The crystal packings in the two
forms are distinct, which may have some synergistic
effects on the structural variations, and thus the afore-
mentioned conformational changes induced by MPD
are plausible. Moreover, the transmission mechanism
employed by FadR supports this prediction. For FadR,
the effector-induced conformational changes were trans-
mitted from a4 to the winged HTH rigid body (van Aalten
et al. 2001). Interestingly, both proteins have very similar
D-b domains. In addition, the allosteric effects, triggered
by IPTG for LacI (Bell and Lewis 2000) and by guanine
for PurR (Schumacher et al. 1995) also support the results
of our structural analysis regarding the conformational
changes that are conducted in the dimer interface. In the

cases of both LacI and PurR, effectors binding to the
pockets at the junction of two C-subdomains influence
the dimer interface, leading to the orientations of D-b
domains, which affect their affinity for DNA.

In summary, the protein–D-b region, dimer interface,
and pocket formation are mediated by residues that are
highly conserved within the YtrA family, which implies
that members of this family share common modes of
DNA binding, homodimer assembly, effector binding, and
transmission of conformational changes. The structures of
CGL2947 in two crystal forms (MPD bound and free)
provide implications concerning these modes, especially
dimerization and effector binding by the C-terminal
domain with only two a-helices.

Materials and Methods

Recombinant protein expression and purification

Recombinant CGL2947 protein with a C-terminal His-tag was
expressed in Escherichia coli strain B834 (DE3) by addition of
1 mM IPTG to LB broth (298 K) at OD600 (optical density) 0.6.
After induction for about 20 h, the cells were harvested and
resuspended in buffer A (50 mM Na-Pi at pH 8.0, 0.5 M NaCl),
then disrupted with a French press. The CGL2947 protein was
captured with a HiTrap chelating HP column (Amersham
Biosciences Inc.) and eluted with a linear gradient of 0.0–0.5
M imidazole in buffer A. The fractions containing the target
protein were sequentially purified with HiLoad 26/60 Superdex
75 pg (Amersham Biosciences) chromatography with buffer A
as the eluent. The target peak was collected and dialyzed
overnight against 10 mM CAPS-NaOH at pH 10.2, 0.2 M NaCl.
Finally, the CGL2947 protein was concentrated to 4.8 mg/mL.
For production of selenomethionine-substituted CGL2947 (Se-
Met CGL2947), cells were cultured in minimal medium con-
taining Se-Met. The procedure for purification of Se-Met
CGL2947 was the same as that of the native protein.

Crystallization and data collection

The sitting-drop method was used to perform crystal screening
with crystallization screening kits. Each drop consisted of 1 mL
of sample and 1 mL of reservoir solution, and was equilibrated
against 100 mL of reservoir solution at 293 K. Initial crystals
were obtained with Mem Fac (No. 40, 0.1 M Tris-HCl at pH 8.5,
12% MPD, 0.1 M Li2SO4) and Wizard I (No. 23, 0.1 M
Imidazole-HCl at pH 8.0, 15% ethanol, 0.2 M MgCl2) screening
kits, with the approximate shapes of a rhombohedra (Form I)
and a cube (Form II), respectively. Further optimization was
performed to improve the quality of crystals using the hanging-
drop method for Se-Met CGL2947. The drop contained 1.5 mL
of sample and 1.5 mL of reservoir solution, equilibrated against
1 mL of reservoir solution. Large crystals were obtained under
both conditions.

X-ray diffraction data were collected at BL41XU of SPring-8
(Hyogo, Japan). A single crystal was mounted in a loop and
flash-cooled under a stream of nitrogen gas after soaking in
mother liquor containing 20% glycerol. The two types of crystal
belonged to the P41212 and C2221 space groups, respectively,
with different unit cell parameters (see Table 1). A MAD data

Gao et al.
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set diffracted to 2.28 Å and single-wavelength data diffracted
to 2.2 Å were collected, corresponding to Form I and Form II
crystals, respectively. All data were processed using an
HKL2000 package (Otwinowski and Minor 1997) with data
statistics shown in Table 1.

Structure solution and refinement

The asymmetric units contain one (Form I) and four (Form II)
protein molecules, corresponding to solvent contents of 58.0%
and 52.0%, respectively. Using MAD data collected from Form I
crystals, one selenium site was located, and phase calculations
were carried out using the program SOLVE/RESOLVE
(Terwilliger and Berendzen 1999; Terwilliger 2003). The initial
model was built automatically to 53.8%. The model building
and refinement were performed semi-automatically using
LAFIRE with CNS (Yao et al. 2006). Several iterations of
LAFIRE running improved the crystal structure with an R factor
of 30.6% at the resolution range 20.0–2.28 Å. On the basis of
the results of a manual check, the MPD contained in the
crystallization solution was located according to the correspond-

ing maps of both 2Fo – Fc and Fo – Fc. Then, the model was
refined and water molecules were located using the program
CNS (Brünger et al. 1998), finally giving R/R-free factor to
26.3/28.6. The final model was examined using PROCHECK
(Laskowski et al. 1993): 93.4% of the residues lie in the most
favored regions, with the remaining 6.6% assigned to the
additionally allowed regions. The final refinement statistics
for the structure are listed in Table 2.

For the Form II crystals, no structure solutions were found by
molecular replacement using the solved structure (Form I) as a
search model. A MAD data set diffracted to 2.9 Å was collected
again (data not shown), and the initial structure was solved.
Once the model was built, refinement and water location were
performed using the single-wavelength data at 2.2 Å resolution
(as for Form I). The corresponding refinement statistics are
shown in Table 2.
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