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Abstract Structure determination of protein—nucleic acid
complexes remains a challenging task. Here we present a
simple method for generating crystals of a CsrA—nucleic acid
complex, guided entirely by results from nuclear magnetic
resonances spectroscopy (NMR) spectroscopy. Using a con-
struct that lacks thirteen non-essential C-terminal residues,
efficient binding to DNA could be demonstrated. One CsrA
dimer interacts with two DNA oligonucleotides, similar to
previous findings with RNA. Furthermore, the NMR study of
the CsrA-DNA complex was the basis for successfully
homing in on conditions that were suitable for obtaining
crystals of the CsrA—DNA complex. Our results may be useful
for those cases where RNA in protein—nucleic acid complexes
may be replaced by DNA.

Keywords CsrA - NMR spectroscopy -
X-Ray crystallography - Protein—-RNA complex -
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Introduction

Crystallization of RNA—protein complexes is possibly the
least predictable step in any structure determination project
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by X-ray crystallography. Many factors inherently affect
the crystallizability of any complex, including purity of the
components, interaction surface area, conformational het-
erogeneity, and structural dynamics. Despite many
approaches to improve the success rate of obtaining crys-
tals, it is still a daunting task to crystallize a RNA—protein
complex, seemingly much more difficult than crystallizing
other protein complexes. As an alternative, NMR spec-
troscopy has been successfully used to study the interac-
tions between RNA and proteins: not only can NMR
provide the three dimensional architecture of the complex,
it also yields additional information on any conformational
changes that are experienced by either the RNA molecule,
the protein, or both upon binding (Leulliot and Varani
2001; Williamson 2000). Indeed, large changes in confor-
mation are frequently observed in RNA-protein complex
formation. Furthermore, NMR is ideally suited to identify
and characterize structured and unstructured regions in
biological molecules and their inter-conversions: folding
upon binding is generally accepted to play a pivotal role in
protein—nucleic acid interactions. Therefore, even without
the need to obtain well diffraction crystals, determining
solution structures of RNA-protein complexes also
remains extremely challenging.

Here we present an NMR guided method for generating
crystals of the complex between the protein CsrA and its
cognate RNA binding partner. CsrA is a small RNA
binding protein (Romeo 1996; Romeo et al. 1993) that is
involved in regulating various cellular processes either
repressing or activating expression (Yang et al. 1996;
Sabnis et al. 1995; Romeo et al. 1993; Jackson et al. 2002;
Wei et al. 2000, 2001. In E. coli, CsrA’s activity is mod-
ulated by two non-coding RNAs, CsrB (Liu et al. 1997)
and CsrC (Weilbacher et al. 2003) that act by sequestering
multiple CsrA dimers (Romeo 1998, 1996; Liu et al. 1997;
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Gudapaty et al. 2001; Baker et al. 2002). Binding to the
RNA is mediated by the consensus nucleotide sequence of
YANGGANR, containing a conserved GGA triplet at its
center, with Y a pyrimidine nucleotide, R a purine nucle-
otide, and N any nucleotide (Liu et al. 1997; Baker et al.
2002; Dubey et al. 2003; Weilbacher et al. 2003). A
structure of the RsmA homolog of CsrA and its cognate
RNA ligand has been reported (Schubert et al. 2007), but
no structure of a CsrA complex with either CsrB or CsrC is
available. As a first step towards obtaining the crystal
structure of the B. subtilis CsrA in complex with several
different RNA ligands, we generated a different construct
of CsrA in which thirteen non-essential residues were
deleted from the C-terminus. This CsrA protein construct
interacts with DNA, provided that a hairpin is formed, with
the consensus GGA triplet located in the loop. An NMR
sample of the CsrA-DNA complex was used for crystal-
lization screening. Thus, expensive RNA oligonucleotides
could be omitted in the primary large-scale screens for
obtaining suitable crystals of the CsrA-RNA complex.
Using NMR spectroscopy and crystallization screens in this
manner permitted to successfully select conditions that are
suitable for preparing crystals of the CsrA—-DNA complex.
Optimization for improving diffraction quality is in pro-
gress and the conditions will also be helpful to generate
crystals of the complex between CsrA and ligand RNA.

Results

AC-CsrA is a superior protein construct than full length
CsrA

We previously investigated full-length B. subtilis CsrA that
contains of 74 residues (White et al. 1996) (Fig. 1a). As can
be deduced from the 2D "H-'"N HSQC spectrum presented
in Fig. 1b, the full-length protein with an additional
N-terminal His-tag contains an unstructured C-terminus, as
judged by the random coil 'Hy, '°N and "*C chemical shift
values for these residues (Wishart et al. 1992). This is also
confirmed by the 'H-'°N het-NOE relaxation data
(Fig. 1c). In order to minimize any detrimental influences
of flexible regions at the N- and C-termini of the protein for
the NMR investigation and crystallization of the protein-
RNA complex, we created a new protein construct in which
13 residues were deleted from the C-terminus. In addition,
the N-terminus was modified by re-cloning into a pET-15b
plasmid. The new construct (designated AC-CsrA) contains
64 amino acids, 61 residues of native protein sequence with
three additional N-terminal residues remaining after
thrombin cleavage of the His-tag. The 2D "H-'N HSQC
spectrum of this protein construct (Fig. 1d) exhibits well
dispersed and narrow resonances, indicative of a native,
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folded structure. Backbone resonance assignments were
carried out based on standard triple resonance NMR data.

AC-CsrA binds to hairpin but not linear DNAs

The SELEX-derived RNA consensus sequence that is
critical for CsrA binding was determined as RUACARG
GAUGU (Dubey et al. 2005). Figure 2a shows the pre-
dicted structure of one such selected high-affinity RNA
ligand with a linear sequence of 5-UAGCACAAGGAUG
UGCAUA-3'. Note that the bolded GGA triplet has been
reported to be pivotal for recognition by the CsrA protein
(Liu et al. 1997; Baker et al. 2002; Dubey et al. 2003;
Weilbacher et al. 2003).

In an attempt to minimize the costs for CsrA—RNA
crystallization trials we tested whether CsrA also recog-
nizes DNA oligonucleotides. The first two DNA oligonu-
cleotides tested were 5-GCACAAGGATGTGC-3
(designated CsrADNAL; Table 1; Fig. 2b) and 5'-GATA
TAAGGAAAAGAG-3' (designated CsrADNAZ2; Table 1;
Fig. 2¢). The first sequence was selected to mimic the high
affinity SELEX-derived RNA ligand, while the second
sequence was created to elucidate whether CsrA may also
recognize a linear nucleic acid, containing the GGA con-
sensus sequence. The 1D 'H spectra of the imino proton
region of these two DNA oligos confirmed that the first
DNA oligo forms a hairpin structure, while the second
oligo is mainly linear, with no imino resonances observable
in the relevant region of the spectrum (even at 7 °C). For
the hairpin oligonucleotide, assignments of the imino res-
onances were completed using the 2D 'H-'H NOESY
spectra, recorded at 7 °C (Fig. 2e).

Titration experiments with CsrA revealed that the pro-
tein only interacts with the hairpin DNA oligonucleotide,
but not the linear one. As shown in Fig. 2f, all imino sig-
nals of the hairpin oligonucleotide were perturbed upon
addition of one molar equivalent of CsrA. Interestingly, we
also did not observe additional imino signals, indicating
that the consensus GGA triplet is not forming additional
hydrogen bonds via their imino groups. In contrast, no
changes in chemical shifts were noted when the linear
DNA oligonucleotide was titrated with the same amount of
protein (data not shown).

Both hairpin structure and the GGA triplet are critical
for recognition by CsrA

In order to further delineate the binding specificity of CsrA,
we changed each base within the consensus GGA triplet
and carried out titration experiments. Four additional
hairpin DNA oligos (5'-CCGCACAAGGATGTGCGG-3/,
5'-CCGCACAAAGATGTGCGG-3', 5'-CCGCACAAGA
ATGTGCGG-3' and 5'-CCGCACAAAAATGTGCGG-3,
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Fig. 1 Amino acid sequence and 2D 'H-'N HSQC spectrum of
B. subtilis CsrA. a Amino acid sequence alignment for several bacterial
CsrA. Completely conserved residues are highlighted in magenta boxes.
The sequence of B. subtilis CsrA is depicted in blue. Sequence identities
with respect to the B. subtilis CsrA sequence are given in brackets. b The
2D 'H-'"N HSQC spectrum of full length CsrA. The spectrum was
recorded on a 0.5 mM protein sample at 27 °C in 50 mM NaPhosphate
buffer, 150 mM NaCl, pH 5.2. The inset at the top shows the side chain
resonance assignments of Gln and Asn, while the lower region mainly

designated as CsrADNA3, CsrADNA4, CsrADNAS and
CsrADNAG6 were investigated (Table 1). In order to assess
the interaction for crystallization screening purposes, we

contains resonances for the flexible C-terminal residues of CsrA.
¢ Steady state "H-">N heteronuclear NOEs of full length CsrA. Spectral
overlap is indicated by the absence of a bar (E10), and very weak
resonances (K45 and E46) are also omitted. Note that the P37 residue
does not possess an amide resonances. d The 2D 'H-'N HSQC
spectrum of AC-CsrA. The spectrum was recorded on an ~ 1.0 mM
protein sample at 25 °C in 20 mM NaAcetate (pH 5.0), 20 mM NaCl,
3 mM NaNj3, and 90/10 % H,O/D,O

performed titrations by monitoring the 2D "H-""N HSQC
spectrum of CsrA and followed resonances that were
affected by the addition of DNA oligonucleotides.
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Fig. 2 Sequence, secondary structure, and 1D 'H spectra of
CsraDNA1 and CsrADNA?2 oligonucleotides. a Consensus sequence
(5'-UAGCACAAGGAUGUGCAUA-3') and the predicted secondary
structure of a selected high-affinity RNA ligand based on SELEX
result. b, ¢ Sequences and secondary structures of CsrADNAI and
CsrADNA2 oligonucleotidess. Note, both DNA oligonucleotides
contain the consensus GGA triple in the middle of the sequences.
d 1D 'H NMR spectra of the imino region of CsrtADNAI (red) and
CsrADNA2 (blue) at 25 °C in 20 mM NaAcetate (pH 5.0), 20 mM
NaCl, 3 mM NaN3, and 90/10 % H,O/D,0. The absence of imino
resonances for the CsrADNA2 oligonucleotide indicates that this

Figure 3 displays superpositions of the 2D 'H-'°N
HSQC spectra of '°N-labeled AC-CsrA dimer in the
absence (colored in black) and the presence of ~2.50 fold
molar excess the DNA hairpin oligonuclotide (different
colors are used for the different oligos). Note that titrations
experiments were carried out in order to determine the
stoichiometry between protein and DNA. As can easily be
appreciated, the majority of CsrA resonances are affected
by the CsrADNA3 oligo (colored in red, Fig. 3a). This
demonstrates that CsrA interacts tightly and specifically
with CsrADNA3, with one CsrA dimer binding to two
molecules of DNA. No perturbations of the CsrA spectra
were observed when CsrADNAA4 (colored in blue, Fig. 3b),
CsrADNAS (colored in green, Fig. 3c) or CsrADNAG6
(colored in magenta, Fig. 3d) were added to the protein
sample, indicating that no interaction between CsrA and

@ Springer

molecule is without stable secondary structure. e The expanded imino
region of the 2D 'H-'"H NOESY spectrum of CsrADNAI at 7 °C
used for the assignment of the resonances. Every resonance has been
assigned, except that for G1 that could not be detected, possibly due
to fraying at the ends of the hairpin. f The 1D 'H spectra of
CsraDNAL in the absence (red) and the presence (blue) of one molar
equivalent of AC-CsrA, recorded at 25 °C in 20 mM NaAcetate (pH
5.0), 20 mM NaCl, 3 mM NaNj3, and 90/10 % H,O/D,0. Note, all
imino resonances experience chemical shift perturbations, confirming
that AC-CsrA interacts with the majority of the stem-loop structure

any of these three oligonucleotides occurs. Given the above
titration results, it is evident that CsrA binding requires
both the consensus GGA triplet and a hairpin structure in
the oligonucleotide for binding.

Crystallization trials of CsrA—-DNA complex

Based on the results of the NMR titrations, we succeeded to
prepare a solution of CsrA—CsrADNA3 complex in which
all protein is completely bound by DNA. This sample was
subsequently used for crystallization screening using over
400 different precipitant conditions. The protein concen-
tration in the complex after the final addition of DNA is
~7 mg/mL. As shown in Fig. 4, two different conditions
yielded crystals of the CsrA-DNA complex. The first
condition generated individual cube-like crystals, while the
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Table 1 DNA oligonucleotides used in this study

Name Sequence Shape Figure
CsrADNAI1 GGCACA AGGA TGTGCC Hairpin A(,
Terer >
Cu Ga_: rl:GII I 10 Ag Gs
CsrADNA2 GATATA AGGA AAAGAG Linear GE A_: ']'; A4 '[‘5 A(, A? GS Gg AI(}AH AIZ A]; GH AIS Glﬁ
CsrADNA3 CCGGCACA AGGA TGTGCCGG Hairpin As
C,C.G CACA S
1
GG, C G Ty, G T,y G
1
CsrADNA4 CCGGCACA AAGA TGTGCCGG Hairpin A
CiC.G: C, A;s Cs A, Ay
I U A R R
GudrC G 0. G 1. A, 10
CsrADNAS CCGGCACA AGAA TGTGCCGG Hairpin A i
CI C: G_; C4 As Cg. Aﬂ. G9
[
GmGwle GliTM G|_:T|: A ]
1"
CsrADNAG6 CCGGCACA AAAA TGTGCCGG Hairpin A

C| Cl G_: C4 A_=. Ch A'.' A"
NN
(JIH(JI'.‘(’M(]I:"TI-I ("IJT

second condition generated clusters of thin needles. Both
types of crystals were tested for diffraction, and at present
resolution up to ~4 A is observed, most likely due to high
solvent content and un-optimized cryo conditions. There-
fore, optimization strategies are clearly necessary for
improving the diffraction quality for these CsrA-DNA
crystals. Although the NMR titration experiments represent
additional steps prior to crystallization trials, they clearly
enabled us to isolate a suitable complex in obtaining
crystals.

Discussion

The structures of E. coli (Gutierrez et al. 2005) and
P. aeruginosa (Rife et al. 2005) CsrA as well as of the
Y. enterocolitica homolog, RsmA (Heeb et al. 2006) were
previously determined by either NMR spectroscopy or
X-ray crystallography. Interestingly, all structures exhibit
domain swapping via an exchange of the first B strand
between the two monomers. In addition, a structure of the
complex between RsmA and its cognate RNA ligand is

also available (Schubert et al. 2007). In the latter, two
molecules of RNA are bound per molecule of RmsA. In our
pursuit to obtain crystallographic structures of B. subtilis
CsrA complexed with several different RNA ligands, we
devised an alternative method to the commonly used
crystallization matrix screening: we employed NMR
spectroscopy to discover suitable crystallization conditions.
Based on our NMR results, we established that (1) a stem-
loop structure with the consensus GGA triplet in the loop
are essential for tight and specific binding by CsrA and (2)
that one CsrA dimer binds to two molecules of nucleic
acid, similar to what is seen in the RsmA/RNA crystal
structure (Schubert et al. 2007). As a preliminary step, we
have recently carried out titration experiments between
AC-CsrA and an RNA oligonucleotide (5'-rCrCrGrGrCrA
rCrArArGrGrA-rUrGrUrGrCrCrGrG-3/, termed as CsrAR
NA3; the RNA equivalent of CsrADNA3). As shown in
Fig. 4c, AC-CsrA indeed binds to CstARNA3 as demon-
strated by chemical shift perturbation of CsrA resonances.
In addition, we also confirmed the interaction by moni-
toring chemical shift perturbation of the RNA imino proton
resonances (inset in Fig. 4c). As for the DNA, the binding
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Fig. 3 Chemical shift perturbations observed in titrations of AC-
CsrA with various DNA hairpins. (a)—(d) Superpositions of 2D
"H-">N spectra of nucleotide-free AC-CsrA (black) and bound AC-
CsrA in the presence of ~2.5 molar equivalents of CsrADNA3 (red)
(a), in the presence of ~2.5 molar equivalents of CstADNA4 (blue)
(b), in the presence of ~ 2.5 molar equivalents of CsrtADNAS (green)
(b), and in the presence of ~2.5 molar equivalents of CsrADNA6
(magenta) (d). Note, all spectra were recorded at a protein

stoichiometry between AC-CsrA and the RNA oligo is 1:2
(CsrA dimer:RNA oligo), confirming previous observation
by Schubert and colleagues (Schubert et al. 2007). Taken
together, our NMR studies clearly provided major infor-
mation for obtaining crystals between CsrA and RNA in
the future: First, we were able to identify unstructured,
flexible regions in the protein that, in the past, prohibited
crystallization, thereby guiding us in the creation of new
constructs that promote easy crystallization of this rela-
tively small protein. Second, it was possible to replace
expensive RNA oligonucleotides with less expensive DNA
oligonucleotides, in the initial studies aimed at delineating
the RNA binding specify of CsrA using NMR. While this
strategy may not be applicable for all RNA binding pro-
teins, it is an easy and cost-effective way, provided that
DNA oligonucleotides of equivalent sequence and sec-
ondary structural characteristics are employed in such
studies. Third, our NMR titration results also guided us
towards optimal conditions for complex formation, result-
ing in obtaining crystals. As a result of our extensive NMR
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concentration of ~14 mg/mL in 20 mM NaAcetate (pH 5.0),
20 mM NaCl, 3 mM NaN3, and 90/10 % H,0O/D,0O at 25 °C and
titrations experiments were carried out in order to determine the
stoichiometry between protein and DNA. It is evident that AC-CsrA
interacts only with CsrADNA3 (a) as indicated by perturbation of
almost all signals of the protein. Note, that based on the titration
results, binding is in slow exchange on the chemical shift scale and
that the stoichiometry of CsrA dimer:DNA is 1:2

screening, we have now obtained preliminary crystals of
the CsrA-DNA complex. Starting from these conditions
we currently are extending our crystallization screening to
CsrA-RNA complexes.

Materials and methods
Expression and purification of AC-CsrA

The gene encoding AC-CsrA was amplified using the full
length CsrA gene in the pET-16b vector (Novagen) as a
template. Primers for the polymerase chain reaction (PCR)
reaction were 5'-CCCAAACATATGCTAGTTTTATCG
CGGAAAATAAACGAAGCGATTC-3' and 5-GGGTT
TCTCGAGTTATAACGCTGCTGCACGGTTATTTTCT

TCC-3' as forward and reverse primers, respectively. The
amplified product was then cloned into the pET-15b
expression vector (Novagen), using Ndel and Xhol
restriction sites at the 5’ and 3’ ends, respectively. This
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Fig. 4 Crystallization results for the CsrA-DNA complex and
formation of the CsrA—-RNA complex. Crystals of the AC-CsrA-
CsrADNA3 complex, obtained in 1.0 mM spermine, 20 mM magne-
sium chloride, 1.0 mM cobalt(Ill)hexaammine chloride, 0.05 M
sodium cacodylate (pH 7.0) and 15 % ethanol (a) and in 0.2 M
sodium acetate trihydrate (pH 4.6) and 2.0 M ammonium sulphate
(b). (¢) Superposition of 2D 'H-1°N spectra of RNA-free (black) and
RNA-bound AC-CsrA in the presence of ~2.0 molar equivalents of

procedure generates an N-terminal His-tagged AC-CsrA
with 3 additional residues (Gly-Ser-His) at the N-terminus
after thrombin cleavage.

For protein expression, E. coli Rosetta2 (DE3) cells
(Novagen) were transformed with pET-15b-AC-CsrA
vector. Cells were initially grown at 37 °C, induced with
1 mM IPTG, and grown for ~18 h at 16 °C for protein
expression. Isotopic labeling was carried out by growing
the cultures in modified M9 minimal media, supplemented
with '’N-labeled NH,Cl/"*C-glucose or with '*N-labeled
NH,CI/**C-labeled glucose as the sole nitrogen and/or
carbon sources, respectively.

The over-expressed his-tagged AC-CsrA protein was
isolated using a three-step standard purification procedure.
After sonification of the cells the cell debris was removed
by centrifugation and the supernatant was filtered through
a 0.45 pm filter and loaded onto a Ni*" affinity column
(GE Healthcare). The protein was eluted using a linear
gradient of imidazole (20-500 mM), followed by

"H (ppm)

RNA oligonucleotide (CsrARNA3; in green). Spectra were recorded
at a protein concentration of 0.1 mM in 20 mM NaAcetate (pH 5.0),
20 mM NaCl, 3 mM NaNs3, and 90/10 % H,O/D,0 at 35 °C. In the
inset, the 1D 'H spectra of 0.1 mM CsrARNA3 in the absence (red)
and the presence (blue) of excess AC-CsrA are provided. The 1D
spectra were recorded at 35 °C with the RNA dissolved in 20 mM
NaAcetate (pH 5.0), 20 mM NaCl, 3 mM NaNj3, and 90/10 % H,O/
D,O

thrombin digestion and dialysis in 20 mM Tris—HCI
buffer (pH 8.0) and 100 mM NaCl. After cleavage, the
protein was subjected to gel filtration using Superdex75
(GE Healthcare) in 20 mM Tris—HCI buffer (pH 8.0),
100 mM NaCl, 1 mM DTT, 0.02 % NaNj;. The final
purification involved another step of ion exchange chro-
matography on a SP(HP) column (GE Healthcare) using a
linear gradient of NaCl (0-1,000 mM) for elution. Frac-
tions containing pure protein were collected and concen-
trated by ultrafiltration using centriprep devices (MW cut-
off 3 kDa—Millipore) up to ~ 14 mg/mL with simulta-
neous buffer exchange to 20 mM NaAcetate, 3 mM
NaN3, 90/10 % H,O/D,0 (pH 5.0) for both crystallization
and NMR studies. The dimeric state of the protein was
assessed by size-exclusion chromatography in conjunction
with in-line multi-angle light scattering and refractive
index detection. Note that the measurement for protein
concentration was based on the calculated molar extinc-
tion coefficient of 1,280 M~' cm™' (Expasy).
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DNA and RNA preparation

All DNA and RNA oligonucleotides were purchased from
Integrated DNA Technology (USA). Each oligonucleotide
was treated carefully to encourage stem-loop formation in
its monomeric state by incubation at 90 °C for 2 min and
rapid cooling by plunging into ice. The molecular masses
and quaternary state of the DNA oligos were confirmed by
size-exclusion chromatography in conjunction with in-line
multi-angle light scattering and refractive index detection.

Nuclear magnetic resonances spectroscopy

3D HNCACB and CBCA(CO)NH spectra (Bax and
Grzesiek 1993) were recorded for complete backbone
chemical shift assignment of apo AC-CsrA at 25 °C on a
Bruker AVANCESO00 spectrometer, equipped with a 5 mm
triple-resonance, z-axis gradient cryoprobe. The protein
spectra were recorded on a '’C/'°N-labeled sample
(~1.0 mM) in 20 mM NaAcetate, 20 mM NaCl, 3 mM
NaN3, 90/10 % H,O/D,0O (pH 5.0). All spectra were pro-
cessed with NMRPipe (Delaglio et al. 1995) and analyzed
using NMRView (Johnson and Blevins 1994).

Titration experiments were used to monitor chemical shift
perturbation of protein resonances upon addition of DNA
oligonucleotides using '°N-labeled samples (14 mg/mL).
2D '"H-'""N HSQC spectra after each addition were recorded
at 25 °C on a Bruker AVANCEG600 spectrometer, equipped
with a5 mm triple-resonance, z-axis gradient cryoprobe. For
monitoring the chemical shift perturbation of the DNA imino
resonances, 1D 'H spectra of the oligonucleotides using
watergate sequence for water suppression (Piotto et al. 1992)
were recorded in the absence and presence of protein. For
titrations of CsrA with the RNA oligo, 2D '"H-""N HSQC
spectra were recorded on 0.1 mM '°N-labeled dimer in the
presence of 0, 0.1 and 0.2 mM of RNA. In addition, 1D 'H
spectra of the RNA were recorded in the absence and pres-
ence of protein to map the chemical shift perturbation on the
RNA imino resonances.

Crystallization of the AC-CsrA-CsrADNA3 complex

Crystallization trials of the CsrA-DNA complex were
carried out by sitting drop vapor diffusion at 4 °C using the
NMR titration sample of AC-CsrA and CsrADNA3, in
which the protein was saturated with ~2.5 molar fold of
DNA. Crystallization drops consisted of 2 pL protein and
2 pL of reservoir solutions. Crystals were obtained either
in 1.0 mM spermine, 20 mM magnesium chloride, 1.0 mM
cobalt(Ill)hexaammine chloride, 0.05 M sodium cacodyl-
ate (pH 7.0) and 15 % ethanol, or in 0.2 M sodium acetate
trihydrate (pH 4.6) and 2.0 M ammonium sulphate after
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~2-3 weeks. Optimization for improving the diffraction
quality of the crystals is currently in process.
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