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A New PII Protein Structure Identifies the
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PII proteins of bacteria, archaea, and plants regulate many facets of nitrogen
metabolism. They do so by interacting with their target proteins, which can
be enzymes, transcription factors, or membrane proteins. A key feature of
the ability of PII proteins to sense cellular nitrogen status and to interact
accordingly with their targets is their binding of the key metabolic
intermediate 2-oxoglutarate (2-OG). However, the binding site of this
ligand within PII proteins has been controversial. We have now solved the
X-ray structure, at 1.4 Å resolution, of the Azospirillum brasilense PII protein
GlnZ complexed with MgATP and 2-OG. This structure is in excellent
agreement with previous biochemical data on 2-OG binding to a variety of
PII proteins and shows that 2-oxglutarate binds within the cleft formed
between neighboring subunits of the homotrimer. The 2-oxo acid moiety of
bound 2-OG ligates the boundMg2+ together with three phosphate oxygens
of ATP and the side chain of the T-loop residue Gln39. Our structure is in
stark contrast to an earlier structure of the Methanococcus jannaschii GlnK1
protein in which the authors reported 2-OG binding to the T-loop of that PII
protein. In the light of our new structure, three families of T-loop
conformations, each associated with a distinct effector binding mode and
characterized by a different interaction partner of the ammonium group of
the conserved residue Lys58, emerge as a common structural basis for
effector signal output by PII proteins.

© 2010 Elsevier Ltd. All rights reserved.
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Introduction

PII proteins are involved in the regulation of many
aspects of nitrogen metabolism.1 They can be
regarded as signal integration proteins whose
output is their signal-dependent interaction with
various target proteins that they may activate or
inhibit.2–4 The universally conserved and probably
most ancient signals controlling PII activities are the
effector molecules ATP, ADP, and 2-oxoglutarate (2-
OG). Additionally, many PII proteins are covalently
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modified by enzymes whose activities are regulated
by another key nitrogen metabolite, glutamine. PII
proteins are compact, cylindrically shaped (homo)
trimers composed of 12-kDa to 13-kDa subunits
from which three long exposed loops, the so-called
T-loops, protrude (Fig. 1), as first reported for
Escherichia coli GlnB.5 The T-loops are significantly
conserved in sequence, but as is apparent from the
numerous reported structures of PII proteins, they
are structurally very flexible.3,6 They are vital for PII
interactions with many of their targets and are also
the sites of reversible covalent modification. In
addition to the T-loops, the highly conserved
structure of PII proteins is characterized by three
lateral intersubunit clefts within which two smaller
loops (the B-loops and C-loops) from opposing
subunits contribute to an adenyl-nucleotide binding
pocket where ADP or ATP can bind competitively
(Fig. 1).
d.
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Fig. 1. Cartoon representation of
the GlnZ trimer. The trimer with
bound ATP (magenta), 2-OG
(green), and Mg2+ (blue) is shown
in top view (a) and side view (b).
The T-loop of one protomer (chain
A) is partly disordered. The T-loop
(residues 37–55), B-loop (residues
82–88), and C-loop (residues 102–
105) at one binding site are indicat-
ed by arrows.
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The binding mode of the other key effector
2-OG, which is assumed to be conserved among
all PII proteins, has remained enigmatic and
controversial.3 Here we report a high-resolution
structure of a complex of the PII protein GlnZ from
Azospirillum brasilense complexed with the effectors
ATP and 2-OG. GlnZ and its orthologues are
specifically involved in the regulation of nitrogenase
activity in some nitrogen-fixing bacteria.7,8 The
observed 2-OG binding site is in excellent agreement
with biochemical data, in contrast to a previously
reported binding mode.9 This new structure will
greatly facilitate an understanding of the link
between changes in cellular effector pools and PII
signaling.
Results and Discussion

Crystal structure

Purified GlnZ was crystallized in the presence of
ATP, 2-OG, and Mg2+, and the structure was solved
by molecular replacement using the E. coli GlnK
trimer as search model [Protein Data Bank (PDB) ID
2GNK].10 First electron density maps revealed clear
density for bound MgATP and 2-OG in all three
independent binding sites of the GlnZ trimer (chains
A, B, and C) present in the asymmetric unit.
Refinement using data up to 1.4 Å resolution, as
described in Materials and Methods, led to a final
model with an R-factor of 0.160 (Rfree=0.198) and
excellent stereochemistry (Table 1). The final elec-
tron density at the effector binding site is shown in
Fig. 2. Two of the three T-loops (residues 37–55) of
each trimer are completely ordered (Fig. 1) and are
observed in the same conformations with similar
interactions with neighboring trimers in the crystal
lattice. The third, belonging to chain A, appears
disordered from residues 43 to 52.
The 2-OG binding site

In our structure, ATP and 2-OG both bind to GlnZ
by participating in the coordination of an Mg2+ ion
(Figs. 2 and 3). Three of the oxygen ligands are
provided by the α-phosphate, β-phosphate, and
γ-phosphate of ATP, and two of the oxygen ligands
are provided by the 2-oxo acid moiety of 2-OG
whose 5-carboxy group is involved in a salt bridge
with Lys58. The sixth ligand, completing the nearly
perfect octahedral Mg2+ coordination, is provided
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Table 1. Data collection and refinement statistics

Data collection
Space group C2221
Cell dimensions a, b, c (Å) 64.98, 87.95, 116.88
Resolution (Å) 47.7–1.30 (1.40–1.30)a

Rmerge
b 0.078 (0.576)a

I/σI 15.3 (2.8)a

Completeness (%) 98.0 (96.5)a

Number of unique/measured reflections 80,692/585,432
Redundancy 7.3 (7.0)a

Refinement
Resolution (Å) 20.0–1.4
Number of reflections 65,019
Rwork/Rfree

c 0.160/0.198
Number of atoms 2991
Protein 2487
Ligand/ion 178
Water 321
Average B-factors (Å2)
All 21.3
Protein (chains ABC) 19.6
Ligand/ion (chains ABC) 20.6
Water 35.0
r.m.s.d.d

Bond lengths (Å) 0.006
Bond angles (°) 0.90
Ramachandran statistics
Outliers (%) 0.0
Favored (%) 99.1
a The values in parentheses refer to statistics in the highest-

resolution bin.
b Rmerge=∑hkl∑i|Ii(hkl)− 〈I(hkl)〉|/∑hkl∑iIi(hkl), where Ii(hkl) is

the intensity of an observation and 〈I(hkl)〉 is the mean value for its
unique reflection; summations are over all reflections.

c Rwork/Rfree=∑h(Fo(h)−Fc(h))/∑hFo(h), where Fo and Fc are
the observed and calculated structure factor amplitudes,
respectively. Rfree was calculated with 5% of the data excluded
from the refinement.

d r.m.s.d. from ideal values.
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by the carboxamide oxygen of the Gln39 side chain.
The carboxylate oxygen coordinating the Mg2+ also
makes a hydrogen bond to the main-chain NH of
Gln39, while the other oxygen of this carboxylate
makes two further hydrogen bonds to the main-
chain NH groups of T-loop residues 37 and 41
(Fig. 3). These 2-OG main-chain interactions help to
stabilize the unique conformation of T-loop residues
37–41. In addition to these ionic and hydrogen-
bonding interactions, there are hydrophobic inter-
actions of the two methylene groups of 2-OG with
the side chains of Thr43, Leu56, and Ile86, as well as
with the α-carbon of Gly87. The conformation of
bound MgATP and its interactions with the protein,
except for those with T-loop residues, are very
similar to those observed inMethanococcus jannaschii
GlnK1 (MjGlnK1)9 and in the complex of Arabidopsis
thalianaPIIwithN-acetylglutamate kinase (NAGK).11

However, the observed binding mode of 2-OG with
its participation in Mg2+ coordination is completely
different from the 2-OG binding reported for
MjGlnK1,9 which we will discuss later.
We are confident that the 2-OG binding interac-

tions observed in GlnZwill essentially be the same in
other PII proteins, as the arrangement observed here
provides straightforward structural explanations for
a number of biochemical data with different PII
proteins. First, direct effector molecule binding
studies have shown a strong synergistic binding of
ATP and 2-OG for several PII proteins.

3,4,12 Second,
studies on PII complexes with different Amt
targets,9,13–15 with NtrB,16 and with NifL17 have
shown a requirement for ATP, 2-OG, and Mg2+ (or
Mn2+) in combination for effective complex dissoci-
ation or association. Third, the stereochemically
precise recognition of the 2-oxo acid moiety makes
biological sense. Fourth, the direct involvement of
two highly conserved residues, Gln39 and Lys58,18

in 2-OG binding explains why E. coli GlnB-Q39E is
strongly impaired in 2-OG binding19 and why Q39E
and K58A of Rhodospirillum rubrum GlnJ, an A.
brasilense GlnZ orthologue, are insensitive to the
presence of (MnATP+2-OG) with regard to their
target interactions.15 The additional negative charge
of Q39E may disfavor its ligation to the Mg2+ site as
Fig. 2. Electron density at the 2-
OG binding site. Stereo view of the
final electron density (2mFo−DFc
map, contoured at 1.6σ) at the
MgATP–2-OG binding site illustrat-
ing near-atomic resolution. The side
chains of residues Q39 and K58 and
a tightly bound water molecule W1
forming hydrogen bonds (broken
lines) complement the binding
interactions. For clarity, the rest of
the protein that forms many more
contacts with the shown effector
molecules is not shown. The same
arrangement is observed in all three
crystallographically independent
binding sites.
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Fig. 3. The 2-OG binding site. 2-OG and ATP are shown in green stick representation, Mg2+ is shown as a cyan sphere,
and its coordination is shown with black broken lines. Selected GlnZ residues and main-chain atoms are shown in
magenta and gray sticks, respectively, and selected hydrogen bonds are indicated with red broken lines. GlnZ protomers
are shown in gray and pale yellow cartoon representation.
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ATP and 2-OG already provide excess negative
charge. Furthermore, Q39E may also stabilize
particular T-loop conformations, thereby influencing
particular target interactions. Very recently, it has
been shown that mutants I86T and I86N of a
Synechococcus elongatus PII protein are insensitive to
2-OG but still bindATP and, based on these results, a
direct interaction of the side chain of I86 with 2-OG,
as observed here, has been postulated.20

The 2-OG binding mode reported for MjGlnK19 at
the apex of a compactly folded T-loop is character-
ized by hydrogen-bonding interactions with main-
chain and side-chain donors/acceptors of residues
52–54 and by stacking interactions with the con-
served Tyr51 side chain (PDB ID 2J9E). The argu-
ments as towhy this structure is unlikely to represent
a physiologically relevant interaction between 2-OG
and MjGlnK1, or any other PII proteins, are as
follows. First, the 2-OG binding site might be
expected to involve highly conserved PII residues.
In our structure, Gln39, Lys58, and Gly87 all satisfy
this criterion (Fig. 4), but this is not so for the Asp54
contact in MjGlnK1.18 Indeed, the low crystallization
pH of 4.6 used in those studies9 may have been
important in permitting the formation of a hydrogen
bond between theMjGlnK1-Asp54 side chain and the
5-carboxy group of 2-OG. Second, a T-loop deletion
mutant Δ47–53 of E. coli GlnB shows no impaired 2-
OGbinding.19 Third, in PDB ID 2J9E, the 2-oxo group
points to solvent and is not recognized by the protein,
which is unexpected for specificity reasons. More-
over, glutamate and glutamine can be modeled very
well into this binding site with similarly good or even
better interactions. This is in conflict with data for E.
coliGlnB, where glutamate is shown to be 103-fold to
104-fold less effective than 2-OG both in target
activation and in competition with 2-OG binding,
while glutamine is essentially ineffective.16 Fourth,
nearly all eubacterial PII proteins align with their C-
terminus at residue 112, which could suggest a
structurally defined role of the C-terminal carboxyl-
ate group. In our structure, the C-terminal carboxyl-
ate is hydrogen bonded to the adenine base of ATP
and fits into the extended interaction network around
the Mg2+ site. However, in the engineered MjGlnK1
protein, which carries a C-terminal tag (Leu-Glu-
His6), this structure is precluded, and three to five of
the extra C-terminal residues are seen to form
multiple interactions with the folded T-loop.
As recently reported,21 2-OG also regulates the

interaction of A. thaliana PII with the biotin carboxyl
carrier subunit of chloroplast, acetyl-CoA carboxyl-
ase (ACCase). This heteromeric enzyme is involved
in the first steps of lipid biosynthesis, and the
authors propose that plant PII contributes to the fine-
tuning of chloroplastic carbon flow to several

image of Fig. 3


Fig. 4. Alignment of PII amino acid sequences for A. brasilenseGlnZ, R. rubrumGlnJ, E. coliGlnB and GlnK, S. elongatus
PII, M. jannaschii GlnK1, and A. thaliana PII. The numbering above the alignment refers to the six bacterial sequences.
N-terminal and C-terminal extensions in A. thaliana PII have been omitted. The positions of the B-loops, C-loops, and
T-loops are indicated above the alignment, and the residues identified in the GlnZ structure as contributing to the 2-OG
binding site are identified by asterisks below the alignment.
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metabolic pathways. ACCase activity is inhibited by
PII in the presence of MgATP. The inhibition results
from PII binding to the biotin carboxyl carrier
subunit and can be released by 2-OG, with 50%
recovery being achieved at ∼0.1 mM 2-OG, which is
within the physiological range. Interestingly, oxalo-
acetate and pyruvate were also shown to relieve PII
inhibition of ACCase, but this effect was only
reported at a concentration of 5 mM, and titration
of these metabolites was not reported.21 Oxaloace-
tate and pyruvate are both involved in acetyl-CoA
synthesis and thus might conceivably act as effector
molecules for plant PII proteins.
These in vitro experiments and others with E. coli

GlnB, which indicated that oxaloacetate and gluta-
mate could potentially bind GlnB, albeit with much
lower affinities than 2-OG,16 raise the possibility
that 2-OG might not be the only physiologically
relevant effector of PII proteins. The binding of other
effectors to the 2-OG site, as defined here, appears
structurally plausible for oxaloacetate or pyruvate,
which both share the 2-oxo acid moiety with 2-OG.
However, lower binding affinities would be
expected in agreement with the relatively high
concentrations required for their in vitro effects. As
stated previously, with E. coli GlnB, glutamate was
103-fold to 104-fold less effective than 2-OG.16 The
inferred strongly reduced binding appears plausible
as (i) the α-amino group of glutamate, substituting
for the 2-oxo group of 2-OG, would almost certainly
have to be deprotonated, and (ii) as indicated by
modeling, the octahedral Mg2+ coordination would
become significantly distorted.

T-loop conformations and target interactions

The mechanism by which effector molecule
binding to PII proteins regulates their interaction
with target proteins is not understood in detail.
However, a plausible hypothesis has been that their
binding changes the conformational energy land-
scape of T-loops, which are known to be the key
determinants of target interactions.3 The 2-OG
binding mode observed in this structure not only
extends these observations but also allows the
definition of key determinants of functional T-loop
conformations. Even with MgATP and 2-OG bound,
the tip of the T-loop appears to retain conforma-
tional flexibility. However, all three crystallograph-
ically independent copies showwell-defined density
and the same conformation up to residue 41 and
after residue 54, characterized by a conserved main-
chain hydrogen bond between residues 40 and 54
(Fig. 3). The conformation of the N-terminal and C-
terminal T-loop residues enabling this intraloop
main-chain interaction is seen in no other known
PII structure and appears uniquely related to the
MgATP+2-OG form.
Superposition of the GlnZ structure with PII

structures involved in complexes with target pro-
teins, namely AmtB and NAGK, suggests that
interactions of the conserved Lys58 side chain
characterize distinct families of functionally impor-
tant T-loop conformations. In our new structure,
its ammonium group forms a salt bridge with the
5-carboxy group of 2-OG (Figs. 3 and 5) together
with a hydrogen bond to the main-chain carbonyl
oxygen of the B-loop residue Gly87, with this latter
interaction being observed in nearly all PII struc-
tures. In the E. coli GlnK–AmtB complex, where
ADP rather than ATP is bound to GlnK,22 the place
of the 2-OG 5-carboxy group is taken by the
carboxamide group of Gln39 (Fig. 5). However,
in the PII–NAGK complexes of S. elongatus23 and
A. thaliana,11 the place of 2-OG is taken by the
carboxylate group of Glu44 or the homologous
Glu55, respectively (Fig. 5). Moreover, in the
A. thaliana complex, which has MgATP bound to
PII, the main-chain carbonyl oxygen of Gly48 (Gly37
in GlnZ) is coordinated to Mg2+ and occupies the
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Fig. 5. Comparison of three
functionally important T-loop con-
formations. K58 interacts with 2-
OG, Q39, or E44 depending on
effector molecule binding. (i) GlnZ
(gray) with bound 2-OG (green)
and MgATP (magenta/gray); (ii)
E. coli GlnK (yellow) bound to
ADP (not shown) in its complex
with AmtB (PDB ID 2NUU); and
(iii) the S. elongatus PII protein
(cyan) in its complex with NAGK
(PDB ID 2V5H), which is likely to
have MgATP bound in vivo. In the
A. thaliana PII–NAGK complex
(PDB ID 2RD5), which has MgATP
bound to PII, the same intramolec-
ular salt bridge is observed between
Glu55 and Lys70. Note the diverg-
ing T-loops after strand β2 (Q39 of
PDB ID 2V5H lies outside the
image).
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position of the coordinating carboxyl oxygen of 2-
OG. Although bound MgATP appears not to be
mandatory for S. elongatus PII binding to NAGK
in vitro,23 its Gly37 is very similarly positioned in the
complex. Comparison of the various interactions of
Lys58 observed in each of these structures suggests
that 2-OG binding is incompatible with T-loop
conformations that engage Lys58 in interactions
with T-loop residues.
In addition to ATP and 2-OG, it has recently

been recognized that ADP also significantly affects
PII target interactions and their associated acti-
vities.15,22,24 These observations have led to the
suggestion that PII proteins may sense cellular
adenylate charge through the ATP/ADP ratio.12,14,15
From a structural perspective, it is conceivable that
each of the three binding sites of a trimer could be
occupied by ADP, MgATP, or MgATP+2-OG.
Based on existing structural information, we believe
that these three functionally important effector
binding modes are characterized by mutually
exclusive interactions of Lys58 with Gln39, Glu44,
or the 2-OG 5-carboxy group, respectively. Thus, for
each of these three binding modes, the conforma-
tional space of the engaged T-loop is constrained in
a very specific way, thereby significantly influencing
the interaction of a PII protein with its targets
according to the particular effectors that are bound.
For each such effector binding mode, the residual
conformational flexibility of the T-loop, particularly
at its tip, would still permit a range of conformations
to occur in complexes with different targets. We
cannot exclude, however, that in some cases target
interactions may override the interactions of Lys58
with Gln39 or Glu44 in the ADP-bound and MgATP-
bound states, respectively. It is perhaps important to
note that both the GlnK–AmtB complex and the PII–
NAGK complex have a 3:3 PII/target stoichiometry.
Structures have yet to be determined for a PII
complex that has a different stoichiometry. Never-
theless, the discussed conformational constraints
should also apply to such complexes, which in vivo
should all have effector molecules bound to PII.

Negative cooperativity between effectors

The synergistic binding of ATP and 2-OG is a
common feature of PII proteins. However, in E. coli
GlnB, it appears limited to the first site of the trimer,
and increasing negative cooperativity is observed
for occupation of additional sites.12 This has been
proposed to be important for the regulation of its
targets ATase and NRII (NtrB),4,12,25 which discrim-
inate 2-OG/PII stoichiometries of 1:3 and 3:3,
respectively. Whether such negative cooperativity
is a characteristic property of PII proteins in general
is not known. In the case of Azotobacter vinelandii, it
is at best weak;17 for the S. elongatus PII protein,

20 it
is considerably smaller than for E. coli GlnB. At
present, we have no information on whether anti-
cooperative behavior is relevant to the biological
function of GlnZ. The fully ligated trimer structure
observed here shows no significant differences
between the three crystallographically independent
binding sites and gives no information on how the
structure could be perturbed in a putative 1:3
complex. Resolving the structural basis of negative
cooperativity will need additional biochemical and
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structural data for PII members that display this
property very strongly.
In conclusion, the resolution of the 2-OG binding

sites, within the lateral clefts of the PII homotrimer
and in close proximity to the site of ATP/ADP
binding, brings considerable clarity to how these
three effector molecules can interact to influence the
conformation of PII and, most specifically, of the T-
loops. This information should now provide an
excellent platform for future studies both of the
structures of novel PII complexes and of the links
between cellular physiology and the signal transduc-
tion activities of these remarkably versatile proteins.
Materials and Methods

Protein and DNA

GlnZ from A. brasilense was expressed in E. coli BL21
(DE3) cells carrying pMSA426 at 37 °C overnight. The
protein was purified using a heparin column, as described
previously,14 followed by an additional gel-filtration step
(Superdex 200) in a buffer containing 50 mM Hepes
(pH 7.5) and 0.1 M NaCl (buffer A). GlnZ peak fractions
were concentrated to 8 mg/ml for crystallization using
ultrafiltration. Protein purity was assessed by SDS-PAGE,
and molecular mass was confirmed by electrospray
ionization mass spectrometry analysis.

Crystallization and data collection

Initial screening for crystals was performed using a
Phoenix nanoliter-drop-dispensing robot with three com-
mercial screens fromNextal (the Classics, JCSQ+, and PEG
suites) and 200-nl drop sizes for protein and precipitant
solutions. Protein solutions containing 10 mM MgCl2 and
different effector molecule concentrations (0.1/0.5, 0.5/
0.1, 0.2/0.2, and 5/5 mM ATP and 2-OG, respectively)
were prepared for crystallization. Crystals were observed
under a number of similar conditions with different ATP/
2-OG concentrations, typically in the pH range 6.5–7.5,
and using different polyethylene glycols for precipitation.
The crystal used for structure determination was grown
by mixing a protein solution containing 8 mg/ml
GlnZ,10 mM MgCl2, 0.1 mM ATP, and 0.5 mM 2-OG in
buffer A with a precipitant solution containing 0.1 M 4-
morpholineethanesulfonic acid (Mes; pH 6.5) and 40%
(wt/vol) polyethylene glycol 200.
Diffraction screening and data collection for crystals

mounted on cryoloops (directly from the crystallization
drops) and frozen in a cold nitrogen gas stream at 100 K
were carried out at beamline X10SA (PXII) of the Swiss
Light Source at the Paul Scherrer Institut (Villigen,
Switzerland). All crystals examined belonged to the
same crystal form with diffraction up to 1.3 Å resolution
in the best cases. Diffraction data (λ=1.0000 Å) were
collected using a rotation angle of 0.5° per image on a
MarCCD225 detector. Several data sets were collected and
processed using XDS†.27 XDS indexing indicated space
group C2221 in all cases, and processing in this space
group yielded very good symmetry R-factors. The data
†http://xds.mpimf-heidelberg.mpg.de/html_doc/
XDS.html
were further evaluated using phenix.xtriage,28 and possi-
ble twinning was indicated by a value of 5.3 for the
multivariate Z-score L-test, as well by the intensity
statistics for acentric reflections (with Wilson ratio and
moments about halfway between the ideal value for
twinned data and the ideal value for untwinned data).
Processing the data in lower–symmetry monoclinic space
groups, however, did not significantly lower the symme-
try R-factors.

Structure solution and refinement

We solved the structure in space group C2221 by
molecular replacement using the program Phaser29 with
the E. coli GlnK trimer as search model (PDB ID 2GNK).
The initial model was corrected and improved in several
rounds using automated restrained refinement with the
program PHENIX30 and interactive modeling with Coot.31

ATP and 2-OG, coordinated to a Mg2+, were identified in
the first electron density map based on molecular
replacement phases and were included in the model. The
long T-loop (residues 37–55, found to be disordered in
many PII protein crystal structures) was found to be well
defined in chains B and C, but partly disordered in chain A
(residues 44–52). In subsequent rounds of refinement and
interactivemodeling, we identified one surface-boundMes
buffer molecule, a pentacoordinated Mg2+ hydrate, (indi-
cated by about 2. 1-Å distances between the central atom
and its nearest-neighbor atoms and located on the
intersection between a 2-fold axis along b and the
noncrystallographic 3-fold), three short segments of
polyethylene glycol chains and bound water molecules.
Where clearly indicated by difference electron density,
double conformations were chosen for a small number of
residues. Anisotropic atomic displacement parameters
were introduced for the protein and the bound MgATP,
2-OG, andMes ligands.At the final stage, riding hydrogens
(for protein residues, 2-OG, and Mes), as implemented in
PHENIX, contributed to the calculated structure factors.
The final R-factors were 0.162/0.198 for Rwork and Rfree,
respectively, and refinement statistics are listed in Table 1.
The final model was analyzed using the program

MolProbity.32 Ramachandran statistics show no outliers
(Table 1). Figures 1, 2, 3, and 5 were prepared using
PyMOL.33
In view of the high resolution and the very good quality

of the data, the final R-factors appear somewhat high. As
the intensity statistics (phenix.xtriage) had indicated
possible twinning, we explored pseudo-merohedral twin-
ning in three possible monoclinic space groups (noniso-
morphic subgroups C211, C121, and C1121 of C2221). In all
cases, the twin fraction refined to 0.50, Rwork and Rfree
improved quite substantially, and the two trimers retained
essentially the same structure apart from some side-chain
conformations of surface residues. The uncertainty about
the twinning axis strongly indicated that the model of a
twinned monoclinic crystal was unlikely to be correct. We
suspect that further improvement of the orthorhombic
refinement statistics is prevented by some unknown
pathology of this crystal form. It is, however, a minor
and largely technical issue and does not affect the
structural model in a significant way.

PDB accession number

Coordinates and structure factors of the A. brasilense
GlnZ complex with MgATP and 2-OG have been
deposited under PDB ID 3MHY.

http://xds.mpimf-heidelberg.mpg.de/html_doc/XDS.html
http://xds.mpimf-heidelberg.mpg.de/html_doc/XDS.html
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