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SUMMARY

The structural basis for alcohol modulation of neuronal pentameric ligand-gated ion channels
(pLGICs) remains elusive. We determined an inhibitory mechanism of alcohol on the pLGIC
Erwinia chrysanthemi (ELIC) through direct binding to the pore. X-ray structures of ELIC co-
crystallized with 2-bromoethanol, in both the absence and presence of agonist, reveal 2-
bromoethanol binding in the pore near T237(6”) and the extracellular domain (ECD) of each
subunit at three different locations. Binding to the ECD does not appear to contribute to the
inhibitory action of 2-bromoethanol and ethanol as indicated by the same functional responses of
wild-type ELIC and mutants. In contrast, the ELIC-a13GABAAR chimera, replacing the ELIC
transmembrane domain (TMD) with the TMD of a1p3GABAAR, is potentiated by 2-
bromoethanol and ethanol. The results suggest a dominant role of the TMD in modulating alcohol
effects. The X-ray structures and functional measurements support a pore-blocking mechanism for
inhibitory action of short chain alcohols.
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Using X-ray crystallography and functional measurements, Chen et al. provide a structural basis
for the pore-blocking mechanism for alcohol inhibition of ELIC, a pentameric ligand-gated ion

channel.
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INTRODUCTION

Chronic and acute effects of alcohol abuse cause huge health and economic burdens. The
development of effective interventions and therapeutic options for alcohol abuse requires
understanding the molecular mechanisms of alcohol action in the central nervous system
(CNS). The complexity of alcohol action, however, has presented a great challenge for
mechanistic investigation. Alcohols act on various proteins by different mechanisms
(Deitrich et al., 1989; Forstera et al., 2016). Pentameric ligandgated ion channels (pLGICs)
in the CNS, which include the inhibitory glycine receptors (GlyRs) and y-aminobutyric acid
type A receptors (GABAARS), and the excitatory serotonin receptors (5HT3Rs) and nicotinic
acetylcholine receptors (NAChRs), are plausible molecular targets of linear alcohols (/-
alcohols). n-Alcohols enhance functions of GlyRs (Mascia et al., 1996a; Perkins et al., 2010)
and most GABAARs (Mihic et al., 1997; Nakahiro et al., 1996), but suppress others such as
a7nAChR and plGABAAR (Cardoso et al., 1999; Covernton and Connolly, 1997; Mihic
and Harris, 1996; Oz et al., 2005; Yu et al., 1996). Functional enhancement or suppression
may depend on the molecular volume of alcohols and the receptor binding sites (Bradley et
al., 1984; Cardoso et al., 1999; Nagata et al., 1996; Rusch et al., 2007; Stevens et al., 2005a;
Stevens et al., 2005b; Wick et al., 1998). The phenomenon of alcohol cutoff (Pringle et al.,
1981) has been observed for loss of righting reflex in tadpoles (Alifimoff et al., 1989) and
also been observed in functional modulation of pLGICs (Dildy-Mayfield et al., 1996;
Mascia et al., 1996a; Wick et al., 1998; Zuo et al., 2001). A-alcohols show an increase in
potency with carbon chain length up until reaching a “cutoff” point, after which alcohol
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potency declines or no longer increases with the increase of molecular size (Alifimoff et al.,
1989; Wick et al., 1998). Different pLGICs may have different cutoff points, but mostly
occur at n > 10 (Dildy-Mayfield et al., 1996; Mascia et al., 1996a; Wick et al., 1998; Zuo et
al., 2001). The cutoff phenomena support the presence of defined alcohol-binding sites.

Discrete alcohol-binding sites have been postulated in all three domains of pLGICs,
including the extracellular (ECD), transmembrane (TMD), and intracellular (ICD) domains.
Specific regions in the ECD, such as loop 2 of GlyRs and GABARs (Crawford et al., 2007;
Mascia et al., 1996b; Perkins et al., 2012; Perkins et al., 2009) or loop D of B3-containing
GABAARs (Wallner et al., 2014), were identified to be responsible for ethanol sensitivity.
Intracellular residues of GlyRs were found to be involved in mediating ethanol effects
through altering interactions with Gy proteins (Qi et al., 2007; Yevenes et al., 2010;
Yevenes et al., 2008). For the TMD, mutagenesis and labeling studies suggested alcohol
allosteric modulation sites outside the pore in a1GlyR (Mascia et al., 2000; Mihic et al.,
1997; Wick et al., 1998; Yamakura et al., 1999; Ye et al., 1998), GABAARS (Jung et al.,
2005; Mascia et al., 2000; Mihic et al., 1997; Wick et al., 1998), and 5SHT3aRs (Hu et al.,
2006). In addition, alcohol binding to the pore residues of nAChRs was documented based
on mutagenesis, photolabeling, and functional measurements (Borghese et al., 2003b;
Forman et al., 1995; Forman and Zhou, 2000; Forman et al., 2007; Pratt et al., 2000; Zhou et
al., 2000).

In contrast to the abundant data from mutagenesis and functional measurements, high-
resolution structures of pLGICs showing alcohol binding are scarce (Sauguet et al., 2013). In
this study, we investigated alcohol modulation of ELIC, a prokaryotic pLGIC from Erwinia
chrysanthemi, and found inhibitory effects of alcohols on ELIC similar to those observed on
a7nAChR (Cardoso et al., 1999; Oz et al., 2005; Yu et al., 1996) and pLGABAAR (Mihic
and Harris, 1996; Wick et al., 1998). X-ray structures of ELIC co-crystallized with 2-
bromoethanol (BrEtOH) under resting and desensitized conditions reveal BrEtOH binding to
the pore and to three sites within the ECD for each subunit. Electrophysiological
measurements of ELIC mutants and an ELIC-a1p3GABAAR chimera define a determinant
role of alcohol binding inside the pore for the functional inhibition of ELIC. The study
provides compelling evidence to support an inhibitory mechanism of alcohol through a
direct binding to the pore of pLGICs.

Concentration dependence and cutoff phenomenon of alcohol inhibition of ELIC

The current elicited by the agonist propylamine (PPA) in Xenopus oocytes expressing ELIC
was inhibited in a concentration-dependent manner by ethanol (EtOH) and other r+alcohols
up to r+nonanol (Fig. 1 and Table S1), showing a positive association between the inhibitory
potency and the alkyl chain length of these r-alcohols. The longer chain alcohols 7+decanol
and n-dodecanol, however, do not fit the association. Even at their respective highest soluble
concentrations, /~decanol (~0.3 mM) produces much weaker inhibition than 7-nonanol or 7+
hexanol, while n-dodecanol (~0.02 mM) shows no sign of inhibition of ELIC (Fig. 1b). This
cutoff phenomenon has been observed on other pLGICs (Dildy-Mayfield et al., 1996;
Mascia et al., 1996a; Zuo et al., 2001). BrEtOH, an EtOH analog, also inhibited ELIC with a
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higher potency (Fig. 1b and Table S1), which may result from a slightly larger molecular
size and greater hydrophobicity of BrEtOH than EtOH (Table S1).

Multiple alcohol-binding sites in ELIC

We co-crystalized ELIC with BrEtOH, rather than EtOH, because the anomalous signal from
bromine in BrEtOH is essential to determine binding sites for small molecules with low
binding affinities, such as EtOH (Sauguet et al., 2013). X-ray structures show well-defined
anomalous signals from BrEtOH and structural resolutions up to 3.1 A and 3.4 A in the
presence and absence of the agonist PPA, corresponding to the desensitized and resting
conditions of ELIC, respectively. Table 1 summarizes crystallographic and refinement
parameters. The overlay of the strong Br-specific anomalous difference density maps onto
the Fo-Fc omitted electron density maps show three sets of BrEtOH binding sites in the
ECD (Figs. 2a, b) and one inside the pore near residue T237(6") (Fig. 2c) in both the resting
(Fig. 2a) and desensitized (Fig. 2b) conditions. The 2Fo-F¢ electron density maps show the
refined structures of BrEtOH molecules bound in the ECD (Figs. 2d, 2e) and inside the pore
(Fig. 2f) of ELIC. Note that T237(6") is a highly conserved residue at the 6" pore position
of pLGICs (Fig. S1). All three BrEtOH sites in the ECD belong to intra-subunit binding
pockets. Two are located between loop A and loop E (Fig. 2d), and the third is between loop
G (also called loop 2) and loop F (Fig. 2e). In addition to Van der Waals’ interactions,
hydrogen bonding is also involved in BrEtOH interactions with nearby residues, including
P74 and A75 of loop A, Y102 of loop E, 120 of loop G, and T237(6") of TM2 (Fig. 3).
Contribution of hydrogen bonds to alcohol binding was also observed in previous
crystallographic studies (Olsen et al., 2014; Sauguet et al., 2013; Thode et al., 2008).

Structural comparison with apo ELIC (PDB code: 3RQU) (Pan et al., 2012b) revealed an
inward movement of loop C in the BrEtOH-bound ELIC in the presence of the agonist PPA
(PDB code: 55XU). The maximum displacement of loop C is ~1.5 A, measured by Ca
distances in the aligned structures (Fig. S2). The agonist binding is most likely responsible
for the loop C displacement because the BrEtOH-bound ELIC in the absence of agonist
(PDB code: 55XV) did not show such a change (Fig. S2). There is no obvious structural
change in the ECD attributed to BrEtOH binding. In the TMD, small reductions of pore
radius (~0.5 A or less) near 16" and 6” residue positions were observed in the BrEtOH-
bound ELIC with PPA (Fig. S3). Without PPA, the pore radius had negligible change upon
BrEtOH binding (Fig. S3). Overall, there is no significant change induced by BrEtOH
binding.

Alcohol binding to the pore dominates functional inhibition of ELIC

Among the multiple binding sites revealed in the crystal structures, are all of them involved
in functional modulation? Which site is primarily responsible for inhibition of ELIC? To
answer these questions, we made mutations to residues whose side chains contact BrEtOH:
123C and Y102F in the ECD and T237(6")A in the TMD. The functional measurements
showed that the mutations in the ECD yielded minimal impact to EtOH and BrEtOH
modulation of ELIC (Figs. 4a, b). In addition, changing the molecular volume by tagging
123C with 4-(chloromercuri)benzenesulfonic acid (pCMBS) also did not affect EtOH and
BrEtOH modulation (Figs. 4a, b). In contrast, the TMD T237(6")A mutation inside the pore
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significantly weakened inhibition by EtOH and BrEtOH (Fig. 4c). The higher inhibitory
potency of BrEtOH over EtOH may mostly result from the ~10% greater molecular radius of
BrEtOH, which provides better contact with pore residues. The mutation T237(6")A
increases the pore radius by ~10% (Zamyatnin, 1972), thereby eliminating the optimal
contacts of BrEtOH to pore residues and shifting the inhibitory potency of BrEtOH to be
closer to that of EtOH. EtOH, on the other hand, has suboptimal contacts in the first place.
Therefore, the potency reduction of EtOH in the T237(6")A mutant is less profound.

To further establish the role of alcohol binding to the pore in functional inhibition of ELIC,
we measured alcohol modulation of ELIC-a13GABAAR, a chimera that has the ECD of
ELIC and the TMD of a1p3GABAAR (Kinde et al., 2016). Distinctly different from the
inhibitory effect on ELIC, but similar to the potentiating effect on a1p3GABAAR, EtOH
and BrEtOH potentiate ELIC-a1B3GABAAR substantially at low agonist concentration
(EC3) (Fig. 4d). At higher agonist concentration (EC,p), EtOH and BrEtOH still fully inhibit
ELIC, but at the same concentrations neither EtOH nor BrEtOH inhibits ELIC-
alB3GABAAR. In fact, BrEtOH potentiates ELIC-a1B3GABAAR, even at higher agonist
concentrations (Fig. 4e). Clearly, the ELIC-a1B3GABAAR chimera resembles
alp3GABAAR in its functional potentiation by these alcohols, not the inhibitory response
of ELIC. The insensitive inhibitory responses to mutations and the pCMBS labeling in the
ECD set a contrast with the sensitive response to the TMD mutation and functional
potentiation of the ELIC-a1B3GABAAR chimera by EtOH and BrEtOH. The results suggest
that BrEtOH as well as EtOH binding to the pore dominates functional inhibition of ELIC.

DISCUSSION

Accurate determination of EtOH binding sites has proven difficult in the past due to the
small molecular size of EtOH and its low affinity to pLGICs (Sauguet et al., 2013).
Anomalous signals from BrEtOH enabled an unambiguous identification of binding sites in
the X-ray structures of ELIC. A previous crystallographic study of GLIC demonstrated that
all of the BrEtOH binding sites also bind EtOH (Sauguet et al., 2013). Our functional
measurements showed consistent parallel responses of ELIC, ELIC mutants, and ELIC-
alp3GABAAR to both EtOH and BrEtOH. Thus, there is a high likelihood that EtOH binds
to the same BrEtOH sites as shown in ELIC crystal structures.

Our combined structural and functional data support a direct pore-blocking mechanism for
alcohol inhibition. BrEtOH occupies the 6” position of the pore in both the resting and
desensitized states. Interestingly, the recent crystallographic and functional investigations of
isoflurane action on ELIC (Chen et al., 2015) show that isoflurane also inhibits ELIC
through binding to the pore at two different sites, comprised of residues at the 6" and 13’
positions (Chen et al., 2015). These crystal structures suggest that alcohols and anesthetics
may inhibit ELIC through the same pore-blocking mechanism (Chen et al., 2015).

The pore-blocking mechanism for inhibitory action of long- and short-chain alcohols has
been proposed for nAChRs (Borghese et al., 2003b; Forman et al., 1995; Forman and Zhou,
2000; Forman et al., 2007; Pratt et al., 2000; Zhou et al., 2000). At physiological
concentrations, /+alcohols from propanol through decanol inhibit muscle nAChRs (Forman
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and Miller, 1989). Ethanol does not inhibit wild-type muscle nAChRs, but hydrophobic
mutations in the 10" position of the pore greatly increased sensitivity to ethanol inhibition
(Forman and Zhou, 2000). Photolabeling of 3-azioctanol to 7orpedo nAChRs identified a
major binding site in the 20" position at the extracellular end of the pore (Pratt et al., 2000).
Different ralcohols may interact with different portions of the pore. The shorter chain EtOH
was predicted to bind more deeply within the pore (Zhou et al., 2000). A recent mutagenesis
study on plGABAAR suggested an inhibitory binding site of EtOH at the 6" position in the
pore (Borghese et al., 2016). Our structural and functional studies support a mechanism of
alcohol inhibition through binding within the pore and provide atomic structures of BrEtOH
binding to the 6" position of ELIC.

It has been suggested that alcohol action may involve binding to multiple sites, with some
sites even leading to opposing functional consequences (Borghese et al., 2003a; Howard et
al., 2011). Our crystal structures reveal several BrEtOH-binding sites in the ECD in addition
to the 6" position in the pore, but we did not observe any opposing functional effects from
the ECD sites in ELIC. If the ECD sites were involved in potentiation, mutation of these
sites should reduce the potentiation effects and give a net gain of alcohol inhibition. The fact
that the mutations did not alter alcohol modulation suggests that the ECD sites have no
functional impact. We conclude that not every binding site has functional impact. The same
conclusion was also obtained from our previous study of propofol binding and modulation
of ELIC (Kinde et al., 2016).

In the case of BrEtOH binding, we did not and probably should not expect to observe
profound structural changes. BrEtOH generates inhibitory effects and should promote a
closed structure, like the structure of apo ELIC, even in the presence of agonist. Insensitive
structural responses to binding of small ligand molecules were also observed previously in
ELIC and other pLGICs (Chen et al., 2015; Hibbs and Gouaux, 2011; Nury et al., 2011; Pan
et al., 2012a; Sauguet et al., 2013), presumably due to low affinities of binding molecules
and crystallization conditions that damped intrinsic structural flexibility accompanying
functional changes upon binding of small molecules, such as BrEtOH.

Pore blocking is the dominant mechanism in EtOH inhibition of ELIC, but may not
necessarily be a dominant mechanism for inhibitory modulations by other alcohols and
anesthetics. For example, propofol was found to inhibit ELIC through a common TMD
intra-subunit binding pocket (Kinde et al., 2016), which is shared by several anesthetics in
GLIC and nAChR (Chiara et al., 2003; Chiara et al., 2014; Chiara et al., 2009; Hamouda et
al., 2011; Jayakar et al., 2013; Nury et al., 2011).

EtOH binding to the ECD does not yield measureable impact to the function of ELIC, but
may produce functional consequences in other pLGICs. An early study using the
a7nAChR-5HT3R chimera suggested that EtOH binding to the ECD of a7nAChR was
responsible for a7nAChR inhibition (Yu et al., 1996). Interestingly, sequence alignment
(Fig. S1) shows that ELIC and a7nAChR as well as plGABAAR are likely to have the same
binding sites for ethanol because they share homologous or identical residues in the binding
sites shown in the ELIC crystal structures (Fig. 2). Of course, the size of each pocket affects
alcohol binding and subsequent functional consequences. Unfortunately, neither a7nAChR
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nor pPLGABAAR presently have crystal structures to allow for comparisons with ELIC. The
study reported here provides a valuable structural basis for the dissection of alcohol
inhibition of pLGICs with atomic resolutions.

EXPERIMENTAL PROCEDURES

ELIC was expressed, purified, and crystallized as reported previously (Chen et al., 2015;
Kinde et al., 2015; Pan et al., 2012b). ELIC was concentrated to 5 ~ 6 mg/ml for
crystallization after BrEtOH (100 mM) or PPA (5 mM) was mixed with ELIC for at least 30
minutes. Crystallization was at 4°C using the sitting-drop plate (Hampton Research). All
chemicals were purchased from Sigma-Aldrich (St. Louis, MO).

Crystals were harvested in liquid nitrogen after cryo-protection with up to 20% glycerol.
The X-ray diffraction data were collected on beamline 12-2 at the Stanford Synchrotron
Radiation Lightsource (SSRL). The data were indexed, integrated, and scaled with the XDS
program (Kabsch, 2010). The published ELIC structure (PDB code: 3RQU) was used for the
structure determination of BrEtOH-bound ELIC. The binding sites of BrEtOH were
determined based on the bromine-specific (0.9195 A) anomalous difference map. Torsional
non-crystallographic symmetry (NCS) restraints were applied to all subunits in the
asymmetric unit. The final structures were analyzed using Phenix (Adams et al., 2010) and
MolProbility (Davis et al., 2004), and the graphics were prepared using PyMol (DeLano,
2002).

Functional measurements of Xenopus laevis oocytes expressing ELIC, its mutants, and the
ELIC-GABAAR chimeras and the data analysis were performed as reported previously
(Kinde et al., 2016; Kinde et al., 2015; Pan et al., 2012a; Pan et al., 2012b; Tillman et al.,
2013; Tillman et al., 2014; Wells et al., 2015). All the procedures involving Xenopus laevis
oocytes were approved by the University of Pittsburgh Institutional Animal Care and Use
Committee.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

n-Alcohols, including 2-bromoethanol (BrEtOH), inhibit the function
of ELIC.

Crystal structures show BrEtOH binding sites in the pore and the ECD
of ELIC.

BrEtOH binding to the pore at the 6" position dominates its inhibitory
action.
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Figure 1. Inhibition of ELIC by n-alcohols
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(a) Representative current traces of Xenopus laevis oocytes expressing ELIC, showing
ethanol inhibition of the current elicited by the agonist propylamine (PPA). The horizontal
and vertical scale bars represent 1 pA and 30 sec, respectively. (b) Concentration-dependent
inhibition of ELIC by r-alcohols. All data were normalized to the current at ECyq in the
absence of alcohols and fit to the Hill equation (solid lines, n = 6). The best-fit ICg values
for ethanol (), 2-bromoethanol (x), 7propanol (O), n-butanol (A), n-hexanol (O), and 7+
nonanol (4p) are reported in the main text as the mean + SEM. Error bars less than the

symbols sizes are not visible.

Structure. Author manuscript; available in PMC 2018 January 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Chen et al.

Figure 2. Crystal structures of ELIC showing 2-bromoethanol (BrEtOH) binding sites
Top views of BrEtOH binding to ELIC in (a) the resting and (b) desensitized states. (c) Side

view of BrEtOH binding to ELIC in the desensitized state. The Fo-Fc omitted electron
density maps (green) are contoured at 3.0 o. The anomalous difference electron maps
(magenta) are contoured at (a) 4.0 o and (b) 5.0 o for the resting and desensitized ELIC,
respectively. (d)-(f) 2Fo-F¢ electron density maps (light blue, contoured at 1.0 o) of ELIC
in a desensitized state showing: (d) two BrEtOH molecules bound to a pocket in the ECD
lined by loop A and loop E; (e) the third BrEtOH in the ECD bound to a pocket between
loop G and loop F; and (f) a bottom view of BrEtOH bound to the pore near T237(6").
Residues within 4 A of BrEtOH molecules are shown as sticks. The maps from (a) to (f) all
have a carve distance of 2.0 A from BrEtOH molecules.

Structure. Author manuscript; available in PMC 2018 January 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Chen et al.

Page 15

Figure 3. Molecular interactions between ELIC and 2-bromoethanol (BrEtOH)
(a) Two BrEtOH molecules in the ECD interact with the surrounding residues and form

hydrogen bonds with the backbone carbonyl oxygen of P74 and A75, and the hydroxyl
group of Y102. (b) BrEtOH in the ECD forms a hydrogen bond with the carbonyl oxygen of
120. (c) BrEtOH in the pore forms hydrogen bonds with the side chain of T237. All labeled
residues are within 4 A of BrEtOH molecules.
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Figure 4. Alcohol binding to the pore determines functional inhibition of ELIC
(a) A representative trace of ethanol (EtOH) inhibition of the 123C/Y102F ELIC mutant,

showing that labeling 4-chloromercuribenzenesulfonic acid (p)CMBS) to 123C in the ECD
binding pocket reduced the agonist-elicited current, but did not change EtOH modulation as
quantified in (b). 10 mM DTT recovered the normal response to agonist activation by
removing the pCMBS labeling. The vertical and horizontal scale bar represents 1 uA and 60
s, respectively. (b) Neither the ECD mutations nor pCMBS labeling affects the inhibition of
ELIC by EtOH and 2-bromoethanol (BrEtOH). EtOH inhibition of ELIC (¢, IC5¢ = 52.1
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+ 1.5 mM), 123C/Y102F in the absence of pCMBS labeling (B, ICsg = 48.6 £ 2.0 mM), and
in the presence of pCMBS labeling (m, IC5g = 56.2 £ 2.5 mM); BrEtOH inhibition of ELIC
(@, IC50 = 11.5 + 0.4 mM), 123C/Y102F in the absence of pCMBS labeling (V, ICsq =
10.1 + 0.8 mM), and in the presence of pCMBS labeling (&, 1Cso = 10.4 = 2.0 mM). (c) The
TMD T237(6")A mutation alters the channel response to both EtOH and BrEtOH. EtOH
inhibition of ELIC (+) and T237(6")A (O, 1Csq = 93.4 + 6.0 mM), BrEtOH inhibition of
ELIC (@) and the T237(6")A (<, ICs = 70.9 + 3.6 mM). The data were normalized to the
current at ECyq in the absence of EtOH or BrEtOH and fit to the Hill equation (solid lines, n
> 6). (d) Representative traces obtained at a low agonist concentration (EC3) showing EtOH
(left traces) or BrEtOH (right traces) inhibition of ELIC and potentiation of ELIC-
alp3GABAAR. (e) At ECyo, EtOH (left traces) or BrEtOH (right traces) strongly inhibit
ELIC. EtOH shows no inhibition of ELIC-a1B3GABAAR, while BrEtOH still shows some
potentiation. The vertical and horizontal scale bars in (d, e) represent 30 nA and 60 s,
respectively.

Structure. Author manuscript; available in PMC 2018 January 03.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Chenetal.

Table 1

Data collection and refinement statistics.

ELIC-BrEtOH-PPA2

ELIC- BrEtOH2

Data collection

Space group P2, P2,
Cell dimensions

a,b,c(A) 105.9, 266.8, 111.1 105.7, 266.9, 111.4

a, By () 90, 107.1, 90 90, 106.9, 90
Wavelength (A) 0.9195 0.9195
Resolution (&) 39.61-3.10 (3.15-3.10)  39.63-3.40 (3.47-3.40)
Rpim (%) 3.1(81.0) 7.2(95.2)
Rmerge (%) 18.4 46.7
CCyp 0.999 (0.600) 0.998 (0.424)
<llo> 19.0 (1.2) 12.2 (1.1)
No. reflections 3881779 (195188) 3480330 (167577)
Completeness (%) 99.9 (99.5) 99.9 (99.8)
Redundancy 36.5(37.4) 43.1(36.9)
Wilson B factors (A2) 115.9 104.3
Anomalous (A) 55 6.3
Refinement
Resolution (A) 30-3.10 30-3.40
No. reflections 210329 159600
Ruwork 0.1996 0.2150
Riree 0.2387 0.2588
No. atoms

Protein 25160 25160

Solvent 125 130

BreEtOH 128 128

PPA 40 -
B-factors (A?)

Proteins 118.1 117.4

Solvent 152.2 146.6

BreEtOH 131.2 129.1

PPA 102.3 -
R.m.s deviations

Bond lengths (A) 0.006 0.003

Bond angles (°) 1.328 0.842
PDB code 5SXU 5SXV

a . .
merged from 2 datasets with anomalous scaling.
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