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The complex between SOS3 and SOS2 regulatory
domain from Arabidopsis thaliana: cloning,
expression, purification, crystallization and
preliminary X-ray analysis

The salt-tolerance genes SOS3 (salt overly sensitive 3) and SOS2 (salt overly
sensitive 2) regulatory domain of Arabidopsis thaliana were cloned into a
polycistronic plasmid and the protein complex was expressed in Escherichia coli,
allowing purification to homogeneity in three chromatographic steps. Crystals
were grown using vapour-diffusion techniques. The crystals belonged to space
group P2,2,2,, with unit-cell parameters a = 44.14, b = 57.39, ¢ = 141.90 A.

1. Introduction

The plant SOS2 family of protein kinases (CIPKs) and their inter-
acting activators, the SOS3 family of calcium-binding proteins (CBLs;
Guo et al., 2001; Luan et al., 2002) and protein phosphatase type 2C
(Ohta et al., 2003), function together in decoding calcium signals
elicited by various environmental stimuli (Harmon et al, 2000;
Scrase-Field & Knight, 2003). CIPKs have evolved to display discrete
scaffolding modules that organize these signalling proteins into
supramolecular complexes. These arrangements are involved in the
regulation of the activity of the components, increase the specificity of
the signal and sometimes ensure the colocalization of the substrates
and the products at a particular cellular place (Moscat et al., 2006).

Available data suggest a general mechanism in which CBL-CIPK
complexes may regulate the phosphorylation state and the activity of
various ion transporters. In this way, the CBL calcium sensor SOS3
can perceive calcium signals elicited by salt stress. SOS3 physically
interacts with the CIPK SOS2 (Liu & Zhu, 1998) and activates it
(Halfter er al., 2000). SOS2 displays its activity at the plasma
membrane, where the SOS2-SOS3 complex is required for the
phosphorylation and activation of the Na*/H" antiporter SOS1 (Qiu
et al., 2002; Quintero et al., 2002). In addition, it has been shown that
two other CBLs can interact with and activate another CIPK to
phosphorylate the potassium transporter AKT1 so that plants can
adapt to potassium-deficient soils (Xu et al., 2006; Li et al., 2006).
Moreover, the ability of SOS2 to interact with the protein phospha-
tase ABI2 (Ohta et al., 2003) suggests that SOS2-ABI2 and/or other
CIPK-PP2C complexes could act as molecular on-off switches
controlling the phosphorylation state of plant ion transporters.

Although the availability of the structure of SOS3 (Sanchez-
Barrena et al., 2005) has helped to explain some of its features as a
calcium sensor, it did not provide insight into one of its principal
functions, the activation mechanism of CIPKs. The structure of SOS3
complexed with the regulatory domain of SOS2 (Sanchez-Barrena et
al., 2007) provided the structural basis for the regulation of SOS2
kinase activity and binding to protein phosphatase 2C. This data
revealed a molecular mechanism for the kinase activation in which
the calcium sensor SOS3 opens a cavity and binds the SOS2 auto-
inhibitory FISL/NAF motif. The basis for this regulation should be
conserved among the Arabidopsis protein network formed by the
CBL calcium sensors and CIPK family.

In this work, we present the cloning, expression, purification and
crystallization of the complex between SOS3 and the regulatory
domain of SOS2.
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2. Experimental procedures and results
2.1. Genes cloning, proteins expression and purification

The A. thaliana SOS3 C-terminal truncated mutant (SOS3A15)
was constructed by cloning into the pETDuetl plasmid (Novagen).
The PCR fragment amplified with the primers 5-GGAGATATA-
CATATGGGCTGCTCTGTATCGAAGAAG-3 and 5-GCGCCT-
CGAGTTAAACGAAACTTGGAAACGTCC-3' was cloned into
the multiple cloning site 2 (MCS2) betweeen Ndel and Xhol sites.
Subsequently, the DNA fragment encoding the A. thaliana SOS2
regulatory domain (amino acids 304-446; SOS2T1; Guo et al., 2001)
was cloned into the pETDuetl MCS1 (Novagen) between Ncol and
EcoRI sites. This plasmid was transformed into Escherichia coli
BL21-CodonPlus (DE3) (Stratagene) for protein expression.

20 ml aliquots of overnight cultures were subcultured into 2000 ml
fresh 2xTY medium (16 g Bacto Tryptone, 10 g yeast extract, 5 g
NaCl per litre of solution) plus ampicillin (50 ug ml™") and chlor-
amphenicol (34 pg ml™") and allowed to grow to Agg = 0.8 at 310 K.
Overnight protein expression was then induced with 0.3 mM
isopropyl B-p-thiogalactoside at 289 K. Cells were harvested by
centrifugation (20 min, 3200g).

The cell pellet was then resuspended in buffer 1 (20 mM Tris—HCl
pH 8.0, 50 mM NaCl, 5 mM dithiothreitol, 5 mM CaCl,, 0.05% NaN3;)

0.1 cm
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Figure 3
(a) SOS3A15-SOS2T1 crystals grown in 20%(w/v) PEG 4000, 0.1 M Tris-HCI pH

8.5, 0.2 M lithium sulfate. (b) Effect of ethylene glycol and guanidine-HCl on the
crystals used in the study.

and cells were disrupted using a French press. After centrifugation
(30 min, 47 800g) at 277 K, the clear supernatant was filtered
(0.45 pm pore diameter; Millipore) and applied onto an ion-exchange
HiTrap Q FF column (5 ml; GE Healthcare) equilibrated with
buffer 1. The flowthrough fraction was then applied onto a Resource-
S cation-exchange column (Amersham Biosciences Ltd, UK) equi-
librated with buffer 1. A salt gradient was applied from 0.05 to 0.5 M
NacCl and the SOS2-SOS3 complex was eluted at 125 mM NaCl. The
protein sample was concentrated to 1 ml using a Centriprep YM-10
centrifugal filter device (Amicon). A final polishing step was per-
formed using a HilL.oad 16/60 Superdex200 gel-filtration column (GE
Healthcare) equilibrated with 20 mM Tris-HCl pH 8.0, 125 mM
NaCl, 5 mM dithiothreitol, 5 mM CacCl,, 0.05% NaNj. The purifica-
tion steps were monitored by SDS-PAGE (see Fig. 1). The fractions
corresponding to the major peak eluted from the gel-filtration
chromatography were pooled and used for crystallization experi-
ments (see Fig. 2). SDS-PAGE analysis of these fractions indicated
that they correspond to the complex formed by SOS3A15 and
SOS2T1.

The protein complex was concentrated to a final concentration
of 10 mg ml™* with a 10 kDa cutoff protein concentrator (YM-10,
Amicon). The final protein concentration was determined
spectrophotometrically using a molar absorption coefficient of
20460 M cm™! at 280 nm. The sample was aliquoted and immedi-
ately frozen at 253 K. The final sample purity was examined by
SDS-PAGE (Fig. 1).

The SOS3 full-length (Ishitani et al., 2000) and SOS2T1 (Guo et al.,
2001) proteins were first coexpressed and purified following the
protocol described above. However, this protocol yielded partially
proteolyzed SOS3. The use of protease cocktails did not overcome
this problem. Mass-spectrometric analysis showed the existence of
two SOS3 species, the full-length SOS3 and a 15-amino-acid
C-terminally truncated form (SOS3A15). Thus, it was decided to
clone and express the truncated SOS3 protein in order to avoid
heterogeneity in crystallization experiments.

2.2. Crystallization

Preliminary crystallization conditions were established using
JBScreen Classic Kit 1-10 (Jena Biosciences) with the hanging-drop
vapour-diffusion method at 293 K. Drops containing equal volumes
(1 ul) of protein (10 mgml™") and reservoir solution were equili-
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Figure 2

Gel-filtration chromatography of SOS3A15-SOS2T1. The line shows the
absorbance recorded at 280 nm.
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brated against 500 pl reservoir solution. Condition No. B5 [20% (w/v)
PEG 4000, 0.1 M Tris—=HCl pH 8.5, 0.2 M lithium sulfate] from
JBScreen Classic Kit 2 (PEG 4000-based; Jena Biosciences) produced
needle-like crystals in 5 d (see Fig. 3a). Various additives were tested
around these conditions (Hampton Reseach). Rod-shaped crystal
clusters (see Fig. 3b) were grown from drops containing 10.0 mg ml™"
SOS3A15-SOS2T1 complex, reservoir solution [20%(w/v) PEG
4000, 0.1 M Tris—-HCI pH 7.5, 0.2 M lithium sulfate, 3% (v/v) ethylene
glycol] and 1 M guanidine-HCl in a 1:1:0.5 ratio.

2.3. Data collection and analysis

Crystals were mounted in a fibre loop and cryoprotected by two
quick soaks: first in reservoir solution containing 15% (w/v) glycerol
and then in reservoir solution containing 25% (w/v) glycerol. Crystals
were then flash-frozen at 100 K in a nitrogen steam. Diffraction data
were collected on a CCD detector using the ID29 beamline at the
ESRF Grenoble synchrotron-radiation source. The crystal-to-
detector distance was set to 300 mm, with Ag = 1° and 1.3 s exposure
per image. The maximum resolution reached was 2.0 A. Diffraction
data were processed and scaled using MOSFLM (Leslie, 1987) and
SCALA from the CCP4 package (Collaborative Computational
Project, Number 4, 1994). A summary of the data-collection statistics
taken from Sanchez-Barrena ef al. (2007) is given in Table 1.

3. Results and discussion

The DNA fragments corresponding to the C-terminal truncated
protein SOS3 and the SOS2 regulatory domain from A. thaliana (Guo
et al., 2001) were cloned into the same plasmid. The complex was
coexpressed and purified to homogeneity using a three-step proce-
dure: two ion-exchange chromatography steps followed by gel
filtration. The first two steps were aimed to capture the complex from
the soluble fraction after cell disruption. To achieve this, we took
advantage of the fact that the SOS3A15-SOS2T1 complex binds to a
cation-exchange column at pH 8 while most of the E. coli proteome
flows through the column at this pH. Subsequent gel-filtration chro-
matography was used as a polishing step and to test the complex
formation. SDS-PAGE analysis after this step showed that the
complex had been formed and that it was about 95% pure (see Fig. 1).

Single crystals of the SOS3A15-SOS2T1 complex were obtained
using hanging-drop vapour-diffusion techniques at 293 K. A high-
resolution data set was collected. The statistics for this data set are
shown in Table 1. The space group was orthorhombic P2,2,2,, with
unit-cell parameters a = 44.14, b = 57.39, ¢ = 141.90 A.

Molecular-replacement calculations with the program AMoRe
(Navaza, 1994) using the coordinates of the SOS3-Ca®" complex
(PDB code 1vlg; Sanchez-Barrena et al., 2005) as the search model
yielded a correct solution. The resulting electron-density map was
good enough as to model the SOS3 moiety of the complex. Starting
with this preliminary model, most of the residues of SOS2T1 could be
traced automatically using ARP/WARP (Perrakis et al, 1997,
Sanchez-Barrena et al., 2007).

MJS-B was supported by a FPU studentship from Ministerio de
Educacién, Cultura y Deporte and a Postgraduate I3P Fellowship

Table 1
Data-collection and processing statistics of orthorhombic crystals of the SOS3A15-
SOS2T1 salt-tolerance complex.

Values in parentheses are for the highest resolution shell.

Space group P2,2,2,

Unit-cell parameters (A) a=44.14,b = 57.39,
c =141.90

Resolution limits (A) 70.9-2.00 (2.05-2.00)

Unique reflections 23719

Completeness (%) 99.3 (92.7)

Multiplicity 44 (3.5)

Ruerget (%) 0.06 (0.35)

V&) 9.7 (2.6)

Solvent content} (%) 63.6

T Rumerge = Dot Mt — Se) 1/ Do - & Solvent-content calculations considering the
existence of a SOS3A15-SOS2T1 heterodimer in the asymmetric unit.
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