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Abstract: OSR1 (oxidative stress-responsive-1) and SPAK (Ste20/Sps1-related proline/alanine-rich
kinase) belong to the GCK-VI subfamily of Ste20 group kinases. OSR1 and SPAK are key regulators
of NKCCs (Na*/K*/2CI~ cotransporters) and activated by WNK family members (with-no-lysine
kinase), mutations of which are known to cause Gordon syndrome, an autosomal dominant form of
inherited hypertension. The crystal structure of OSR1 kinase domain has been solved at 2.25 A.
OSR1 forms a domain-swapped dimer in an inactive conformation, in which P+1 loop and «EF
helix are swapped between dimer-related monomers. Structural alignment with nonswapped Ste20
TAO2 kinase indicates that the integrity of chemical interactions in the kinase domain is well
preserved in the domain-swapped interfaces. The OSR1 kinase domain has now been added to a
growing list of domain-swapped protein kinases recently reported, suggesting that the domain-
swapping event provides an additional layer of complexity in regulating protein kinase activity.
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Introduction

A large emerging group of protein kinases with com-
plex and diverse functions is the Ste20 kinase family,
which was identified as a prototypical mitogen-acti-
vated protein kinase kinase kinase kinase (MAP4K)
involved in the yeast pheromone-induced mating path-
way.' ™3 Ste20 kinases regulate a wide range of funda-
mental cellular processes such as cell cycle, apoptosis,
development, growth, stress responses, cellular volume
sensing, and regulation.*”” Based upon phylogenetic
relationships, Ste20 kinases have been further divided
into the p21-activated kinases (PAKs) and the germinal
center kinases (GCKs). The PAKs bind to GTP-
liganded forms of the Rho family small G proteins Rac
and Cdc42 and regulate cytoskeletal organization and
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cell motility.® The GCKs often function as MAP4Ks
activating c-Jun kinases (JNKs) or p38 MAP kinases
but have been shown to directly phosphorylate ion
transporters.® OSR1 (oxidative stress-responsive-1) and
SPAK (Ste20/Spsi-related proline/alanine-rich kinase)
have been grouped in the GCK-VI subfamily of Ste20
kinases® and share 96% sequence identity in their ki-
nase domains. OSR1 was originally identified and
named because of its sequence similarity to SOK1
(Ste2o/oxidant stress responsive kinase-1)."° OSR1 is
widely expressed but highest in heart and skeletal
muscle.'® The distribution of OSR1 at the organ/tissue
level largely overlaps with SPAK.*7 OSR1 and SPAK
have been suggested to be coupled to cellular events
such as cell differentiation, cytoskeleton rearrange-
ment, cell proliferation, and transformation.®***> In
addition, extensive biochemical and physiological stud-
ies demonstrate that OSR1 and SPAK are also involved
in the regulation of ion homeostasis and volume con-
trol in mammalian cells. For example, during hyperos-
motic stress, OSR1 and SPAK interact with and acti-
vate NKCCi (Na'/K'/2Cl~ Cotransporter-1), a
ubiquitous ion carrier that plays essential roles in epi-
thelial transport, ion homeostasis in the central
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Figure 1. The monomeric structure of OSR1 kinase domain. (A) Organization of OSR1. The upper diagram represents domain
organization of full-length OSR1 kinase. The lower diagram indicates the construct, which was investigated for
crystallographic studies. The Serine/Threonine protein kinase (S/TPK) domain is represented in yellow. (B) The monomeric
structure of OSR1 kinase domain. Note that there are four molecules in asymmetric unit and one subunit was displayed. The

disordered region of activation loop is shown in dotted line.

nervous system, and also cell-volume regulation.5%17
More interestingly, OSR1 and SPAK are phosphoryl-
ated and activated by WNK1 (with-no-lysine kinase 1)
and WNK4, mutations of which are known to cause
Gordon syndrome.”®2* Gordon syndrome, also known
as PHAII (pseudohypoaldosteronism type II), is an
autosomal dominant form of inherited hypertension
and hyperkalemia.>® Like other members of the GCK
branch of the Ste20 kinases, OSR1 and SPAK harbor
an N-terminal kinase catalytic domain and two con-
served C-terminal regulatory regions, named PF1 and
PF2 domains [Fig. 1(A)]. OSR1 is a 58-kDa protein of
527 amino acids. OSR1 has a 17-residues insertion
prior to the kinase domain, whereas SPAK contains an
upstream stretch of 74 residues. Previous studies sug-
gest that the PF1 domain, located immediately C-ter-
minal to the catalytic domain, is required for catalytic
activity.'® The PF2 domain, also known as CCT (con-
served carboxy-terminal) domain, is involved in recog-
nizing its substrates as well as its activators. The CCT
domain of OSR1 and SPAK interacts with an RFXV
(Arg-Phe-Xaa-Val) motif present in their substrate
NKCC1 and activators WNK1/WNK4.2%*324 Recently,
the crystal structure of the CCT domain of OSR1 ki-
nase in complex with a peptide containing an RFXV
motif derived from WNK4 was reported, providing the
molecular mechanism by which the CCT domain rec-
ognizes its activators and substrates.”® Despite the
recent progress in biochemical studies of OSR1 and
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SPAK, however, the lack of structural information
about the core kinase domain limits our view of the
elaborate regulatory mechanism. It remains to be
determined how the kinase domains of OSR1 and
SPAK are coupled to their regulatory domains and
what the unique features of their kinase domains are.
Here, we present the crystal structure of human OSR1
kinase domain complexed with MgAMP-PNP, which
revealed a novel mode of dimerization characterized
by domain-swapping of the activation segment as well
as the oEF helix.

Results and Discussion

Structure determination of OSR1 kinase domain
As initial efforts to crystallize recombinant full-length
527-residue human OSR1 were not successful, we
screened shorter constructs for solubility. A construct
encoding residues 1-295 of human OSR1, which
includes the kinase domain and a short N-terminal tail
(OSR1-KD) produced soluble protein. The purified
OSR1-KD was crystallized as a binary complex with
Mg-AMPPNP and yielded diffraction data to 2.25 A re-
solution (see Materials and Methods). OSR1-KD crys-
tallizes in space group P2,2,2, with four polypeptide
chains in the asymmetric unit. The structure was
solved by molecular replacement utilizing the struc-
tures of the checkpoint kinase 1 (Chki; PDB ID 1NVR;
Ref. 26) and the Ste2o TAO2 kinase (TAO2; PDB ID

PROTEIN SCIENCE ‘ VOL 18:304-313 305



Table 1. Crystallographic Data Collection

and Refinement Statistics
OSR1KD-AMP-PNP
complex
Data collection
Wavelength (&) 0.9789
Space group P2,2,2,
Cell dimensions (A)
a 74.2
b 104.4
c 162.7
Resolution (2&) 50—2.25
Unique reflections 59432
Reym (outer shell)® 0.082(0.45)
I/c (outer shell) 23.2(2.9)
Multiplicity (outer shell) 5.5(4.4)
Completeness (%) (outer shell) 98.2(91.9)
Refinement statistics
Resolution (A) 20.74—2.25
Number of reflections in refinement 56330
Rwork/Rfree (%)b 234/267
Rmsd bond length (Z&)C 0.016
Rmsd bond angle (°)¢ 1.665
Average B values (42) 38.6
Ramachandran plot regions (%)
Most favored regions 91.0
Additional allowed regions 7.5
Generously allowed regions 1.4
Disallowed regions 0.0

N Rsym = leavg - I]l/ZI]

P Rivctor = S |F, — F.|/>_F,, where F, and F, are observed
and calculated structure factors, respectively, Rg... was calcu-
lated from a randomly chosen 5% of reflections excluded
from the refinement, and Rpior was calculated from the
remaining 95% of reflections.

¢Rmsd is the root mean square deviation from ideal
geometry.

1U5R; Ref. 27) as N-terminal and C-terminal lobe
search models, respectively. The final refined structure
has a conventional Rgyior Of 0.23 and Rgee 0Of 0.26
with reasonable stereochemistry (Table I). In general,
clear interpretable electron density is observed for the
entire kinase domain, except for the first five residues
from Met1 to Ser5 in the N-terminal lobe and about
10 residues spanning the central part of the activation
loop from Asp176 to Phe186 in the C-terminal lobe.
The four monomers in the asymmetric unit form two
tight dimers. The individual polypeptides are quite
similar, with an average root mean square deviation
(rmsd) of 0.35 A.

Architecture of the monomeric OSR1

kinase domain

The crystal structure of monomeric OSR1-KD displays
the canonical bilobal protein kinase fold [Fig. 1(B)].
The N-terminal lobe has the five-stranded antiparallel
B-sheet (B1—PB5) and oC. The N-terminal extension
possesses 17 residues, visible starting at residue 6, and
packs between B2 and B5 at the top of the protein. A
single-turn helix corresponding to aB of protein kinase

306 PROTEINSCIENCE.ORG

A (PKA)® is present between and p3 and oC. The C-
terminal lobe possesses the standard helices aD, oFE,
oF, oG, aH, and oI, as well as a short seven-residue
helix oJ. Compared with TAO2, OSR1 has a seven-resi-
due insertion between oD and oFE (Ala109 to Seriis)
that elongates oD one turn, and a second six-residue
insertion in the linker between oG and oH (Gly250 to
Glu 255) that lacks secondary structure. These two
inserts form close contacts with each other. The activa-
tion segment that houses the activating phosphoryla-
tion site (Thr185) adopts a unique structure. At its N-
terminus, a two-turn helix forms between Gly166 and
Gly174. Residues Asp176 to Thri85 are disordered.
Then the P+1 recognition site loop and oEF helix sur-
prisingly extend away from the kinase core. The crys-
tals formed in the presence of AMPPNP, which is
bound in the canonical nucleotide binding site
between the two lobes, contacting the glycine-rich
phosphate binding loop (GXGXFG). Despite the pres-
ence of AMPPNP, the OSR1-KD adopts a clearly inac-
tive conformation, according to several structural
cues. Most apparent, a hallmark ion pair of active ki-
nases between a conserved lysine in strand f3
(Lys46) and a conserved glutamate in helix C (Glu63)
(“K-E ion pair”)**3° is not formed, as discussed later
[Fig. 1(B)].

OSR1 kinase is a domain-swapped dimer

Domain swapping is a process for making dimers of
proteins by exchanging identical structural elements,
while maintaining chemical interactions observed in
monomeric forms.3' OSR1-KD forms dimers in which
the P+1 recognition loop and oEF (Phe186 to Gly203)
is domain-swapped (Fig. 2). The hinge points for the
domain swap are Gly174 at the C-terminus of oAL in
the activation segment and Gly203 [Fig. 1(B)]. Tyr204,
which is a conserved residue involved in phosphate
binding (TAO2 crystal structure), occupies its normal
position. Residues in the activation segment from
Gly174 to Val187 (including Asn180 to Thr185 that are
missing in the electron density) are involved by cross-
ing between the two subunits of the dimer. The elec-
tron density over the intersubunit region is very clear
from Phe186 to Asp209, justifying the domain-swap
interpretation (see Fig. 3). In addition, the omit map
over the central part of intersubunit region ranging
from Met198 to Gly203 was generated by simulated
annealing refinement with program Phenix and was in
full agreement with the OSR1 kinase structure (see
Supp. Info. Figs. A and B).3* Also, a structural align-
ment of dimeric OSR1-KD with TAO2 revealed that
P+1 loop and oEF helix derived from the adjacent
molecule overlays with the corresponding residues
TAO2 (rmsd = 0.18) and makes the same chemical
interactions, thus satisfying the definition of domain
swapping (see Fig. 4). Two interactions are particularly
striking. One concerns a buried ion pair between the
glutamate in the conserved APE sequence at the

Domain-Swapped STE20 OSR1 Kinase
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Figure 2. The structure of domain-swapped OSR1 kinase domain dimer. Front view of domain-swapped dimer. One subunit
is represented in blue and the other dimer-related subunit is in yellow. The left model is rendered in cartoon and the right

model represents surface diagram of domain-swapped dimer.

beginning of oEF, and a conserved arginine between
aH and oL.?3 In OSR1-KD, this ion pair is in the do-
main-swapped interface with Arg279 forming an ion
pair with Glu196’ (' denotes opposite subunit) [Fig.
5(A)]. The second is a cation-n interaction between
Lys148 Ne and Trp192’ [Fig. 5(B)]. A tabulation of cat-
ion-r interactions®* has revealed that they are present
more often in domain-swapped interfaces (95%) than
in other interfaces (80%),%° although the reason for
this is unclear.

OSR1-KD is in an inactive conformer
With numerous structures of active and inactive ki-
nases available, structural cues have been identified as

hallmarks of active kinases. The N-terminal lobe K-E
ion pair noted above is one.**3° Lys46 in B3 and
Glu63 in helix aC are separated by about 12 A
[Fig. 1(B)]. Moreover, helix oC is displaced outward by
a helix, oAL, formed of activation loop sequences
(Val167 to Gly174). Similar mechanisms of inactivation
occur in CDK2, WNKi1, and in MEK1/2.293%37 In
OSR1, both Lys46 and Glu63 are well-pinned down in
alternative interactions. Ly46 forms an ion pair with
Asp164 (in the DFG motif). Glu63 forms an ion pair
with Argi45, which is in the catalytic loop (conserved
RD motif) that binds phosphothreonine in active ki-
nases. Second, in active kinases, the activation loop or
activation segment contains a B-strand, B9, which

Figure 3. Electron density of intersubunit region in OSR1 kinase domain. Electron density from residues (V201 to D209)
spanning intersubunit region between oEF and oF helices.

Lee et al.

PROTEIN SCIENCE ‘ VOL 18:304-313 307



© OSR1 Monomer A
O OSR1 Monomer B
Q@ TAO2

Figure 4. Structural alignment of TAO2 with OSR1 domain-swapped dimer. Non-swapped Ste20 TAO2 kinase (PDB:1U5R)

was aligned with one subunit of domain-swapped dimer of OSR1.

forms a pB-ribbon with strand B6—P9 ribbon.3874°
These residues are formed into oAL in OSR1 [Fig.
1(B)]. This helix is shared with CDK2, MEK1/2, and
WNKai. A third hallmark of active kinases is the pres-
ence of a hydrogen bonding network in the active site
between two conserved residues in the catalytic loop,
Asp151 [TAO2 numbering as in Fig. 6(A)] and Lys153,
and Thr185 in the P+1 loop at the C-terminus of acti-
vation loop, thereby forming the “D-K-T catalytic
triad”27:2%4 [(Fig. 6(A)]. The lysine residue (Lys148 in
OSR1) is the same as that forming the cation-r inter-

action discussed earlier. In OSR1-KD, the P+1 loop is
derived from the opposite subunit of the domain-
swapped dimer, Thr189’ has weak electron density and
is displaced from its expected active position, and the
D-K-T catalytic triad is not formed [Fig. 6(B)]. This
mechanism of inactivation occurs in a very large num-
ber of kinases in the CMGC and STE groups of ki-
nases.*' In addition, a formation of hydrophobic spine
characteristic of active protein kinase is disrupted
(over Tyr78, Met67, Phe165, and Hisi44), with DFG
Phe165 flipping out of the active site.4>43

@® Monomer A
O Monomer B

Figure 5. Domain-swapped interface in OSR1 kinase domain. (A) Intersubunit interface between oEF and oF. Polar interaction
between R279 and E196' is represented in red dotted line. Each subunit is rendered in blue and yellow. (B) Intersubunit
cation-r interaction between E219 and W192. E219 is from oF and W219 is from P+1 loop of the other subunit.
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Figure 6. D-K-T catalytic triad in TAO2 and OSR1. (A) D-K-T catalytic triad in TAO2 kinase. (B) D-K-T catalytic triad in

domain-swapped OSR1 kinase.

Comparison of OSR1 with other
domain-swapped kinases

Recently, CHK2 and DAPK3 in the CAMK group, and
SLK, LOK, and STK10 in the STE group have been
reported to be domain-swapped (referred to by
authors as “activation segment exchange”).***> There
are similarities and differences between OSR1 and the
other domain swapped kinases. In Figure 7, OSR is
compared with SLK (PDB; 2JFL). The hinges for the
domain swap are similar but not identical. In OSR1,

Catalytic loop 4
A

P+1 loop

oD

the first hinge is at the C-terminus of oAL (in the acti-
vation loop) [Fig. 7(A)]. In SLK, strand B9 is formed
in the activation segment, and the hinge directly fol-
lows it [Fig. 7(B)]. The orientations of the domain-
swapped segment are different in each dimer, giving
rise to slightly different subunit orientations.*> The
most obvious difference between OSR1 and the SLK is
oAL, rather than strand 9. Thus, OSR1 appears more
“structurally inactive” than SLK. OSR1 is five residues
longer here, which may explain the ability to form

P+1 loop

aEF ;

o VR <

SLK

Figure 7. Activation segment in OSR1 and SLK. (A) Activation segment and its neighboring region in OSR1. B9 strand is
converted into oAL in domain-swapped OSR1 kinase domain. (B) Activation segment and its neighboring region in SLK. In the
doubly phosphorylated SLK (PDB: 2JFL), 9 strand is intact and interacts with 6 in its sheet formation.
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DAPK3 KLIPFGIAHKIE------ AGNEFKNIFGTPEFVAPEIVNY-----
Swapped | OSR1  QIADFGNSAFLATGGDITRNKWRKTHVGTPCHMAPEVME-———QV
SLK KLADFGPSAKNT----- RTIQRRDSEIGTPYWMAPEVVMCETSKD
STK10 RLADFGNSAKNL-----KTLOKRDSHIGTPYWMAPEVVMCETMKD
Non. |PRK4  KLSDFGFCAQVS------ VKGRTWTLV?fﬁfﬁﬁﬁﬁﬁi?S——R———
Swapped | PAKl  KLIDFGFCAQIT-----PEQSKRSTMVGTPYWMAPEVYT--R---
TAO2  KLGDFGEAS--------- IMAPANSFVGTPYWMAPEVIL--AMDE

STE20 signature sequence

[————— Activation Segment mmm—

Figure 8. Sequence alignment of activation segments in swapped and nonswapped protein kinases. The sequences of
activation segments from swapped and nonswapped protein kinases were aligned. The activation segment encompasses
DFG Mg binding motif, B9 strand, activation loop followed by P+1 loop, oEF helix. Only among the domain-swapped Ste20
kinases, conserved residues are found in activation loop, although their function is not clear.

oAL. On the other hand, SLK, as well as the other do-
main-swapped kinases**> do not form the D-K-T cata-
Iytic triad discussed earlier. Thus, we conclude all of
the kinases listed above are also “structurally inactive.”
SLK and the others make many of the same domain-
swapped contacts as does OSR1, especially the buried
ion pair discussed earlier.

Sequence alignment in our hands did not give any
clear answer concerning what these proteins have in
common that allows them to display domain swapping
(see Fig. 8). The domain-swapped kinases have the
cation-n interaction (between Lys148 and Trp192’).
However, this interaction occurs in all Ste2o kinases,
even those that are not swapped. The activation loops,
on the other hand, do contain greater similarity to
each other. The known domain-swapped Ste20 kinases
share the same VSA sequence from strand P9, even
OSR1 which has no strand B9. The sequence RXXF is
also conserved. The phenylalanine is visible in OSR1
and stabilizes the P+1 loop. In SLK, although not in
OSR1-KD, the arginine is visible and forms a buried
ion-dipole interaction with an asparagine in the oppo-
site subunit. However, it is really unclear what role
this might have for triggering the domain swap event.

Discussion

What is the function of the domain swapping in these
kinases? The idea that has been put forward most
strongly is that the organization may allow for trans-
autophosphorylation.*> This may well be the case. In
OSR1, the available data show that kinase dead OSR1
is not phosphorylated by wild-type WNK1.>° This
result supports the idea that trans-autophosphoryla-
tion is occurring. On the other hand, the kinase activ-
ity of WNK1 is required in cells and in vitro for its
activation of OSR1, casting some doubt on the auto-
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phosphorylation scheme.”® OSR1 requires sequences
outside the kinase domain for activity and its activa-
tion,"® and thus clearly there are events occurring that
cannot be garnered from knowledge of the kinase do-
main alone. We are intrigued by the added layers of
control potentially conferred by the dimers. The
dimers are inactive. Apparently, conformational
changes induced by interactions of substrate at remote
sites are required to induce an active conformation.
This assures that only the correct substrates will be
phosphorylated, assuring pathway specificity. Further,
the phosphorylation sites are trapped in the dimer
interface, where they are inaccessible for “processing,”
either by kinases or phosphatases. As discussed earlier,
WNK1 and WNK4, which phosphorylate OSR1, con-
tains a docking motif similar to OSR1 substrates, and
thus likely also bind to the remote PF2 domains.*
Interactions with the correct processing enzymes, as
with substrates, are likely to induce long range confor-
mational changes that release these phosphorylation
sites from the interface. Substrate or processing
enzyme docking induced conformational changes
occur in MAPKs*® and in MAP2Ks (Min et al., submit-
ted for publication). We look forward to more struc-
tures of larger fragments and complexes of OSR1 to
truly understand its regulation at a molecular level.

Materials and Methods

Cloning, protein expression, and purification

The kinase domain of human OSR1 (residuesi—295)
was cloned into a pHisParallel vector containing an N-
terminal Hiss tag and TEV protease cleavage site.*”
Transformed Rosetta 2 (DE3) cells (Novagen) were
grown in Luria-Bertani medium containing 100 ug/mL
ampicillin overnight at 37°C. Twenty milliliters of
starter culture was used to inoculate 1 L of LB medium

Domain-Swapped STE20 OSR1 Kinase



containing 3% ethanol.*® Cells were grown 37°C to an
ODgoo of 0.7-0.8, then induced with 1 mM isopropyl-
thio-galactopyranoside (IPTG), and grown for 16 h at
30°C. Cells were harvested by centrifugation and
stored at —80°C. Cell pellets were resuspended in lysis
buffer [s0 mM Tris-HCl (pH 8.0), 300 mM NaCl,
10 mM imidazole] containing protease inhibitors. Fol-
lowing lysis by sonication, material was sedimented at
35,0009 for 1 h. The supernatant was loaded onto a
fast-chelating Sepharose column precharged with
0.1 mM NiSO, and the target protein was eluted with
250 mM imidazole. The eluted fractions containing
the human OSR1 kinase domain (residues1i—295) were
pooled and digested by TEV protease at 16°C overnight
to remove N-terminal Hiss tag. The reaction mixture
was then loaded unto Ni-NTA agarose (Qiagen) to
remove the Hisg tag and the undigested OSR1. The
protein was applied to MonoQ-HR5/5 column (Amer-
sham Pharmacia) and then Superdex 75 16/60 for fur-
ther purification. By gel filtration, the OSR1 ran as a
monomer, eluting at 65 mL. The purified protein was
then exchanged to storage buffer (20 mM Tris pH 8.0,
50 mM NaCl, and 2 mM DTT) and concentrated to a
final concentration of 10 mg/mL.

Crystallization and data collection

Initial crystallization trials of human OSR1-KD (resi-
dues1—295) utilized Crystal Screen I & II (Hampton
Research, CA) and other Kkits, using the hanging-drop
vapor diffusion method with 10 mg/mL OSR1-KD in
storage buffer, at 16°C. Crystallization trials were also
conducted with nucleotide analogs. Following exten-
sive optimization trials, successful condition was then
replicated using PEG3350. Crystals were grown by
mixing 1.5 pL of protein solution with 1.5 pL of well
solution containing 20% (w/v) PEG 3350, 200 mM
tri-Lithium citrate tetrahydrate, only in the presence
of AMP-PNP. Prior to crystallization, 1 mM AMP-PNP
and 5 mM MgCl, were added to purified protein solu-
tion at low protein concentration (2 mg/mL) and the
mixture was then concentrated to 12 mg/mL. Crystals
appeared about 3 days after setup and grew to dimen-
sions 50 x 60 x 300 in 7 days. Crystals were cryopro-
tected prior to low-temperature data collection, by
transferring them stepwise into a stabilizing solution
containing 25% glycerol, 23% (w/v) PEG 3350,
200 mM tri-Lithium citrate tetrahydrate. Crystals were
flash frozen by immersion in liquid isopropanol. Dif-
fraction data to 2.25 A sets were collected for the
OSR1 kinase domain/AMP-PNP binary complex at
APS beamline 19BM from a single crystal at 100 K.
Diffraction data were indexed, integrated, and scaled
using HKL2000 programs.4®

Structure determination and refinement
Crystals of human OSR1 kinase domain (residues 1—
295) complexed with AMP-PNP belong to space group

Lee et al.

P2,2,2,, with 4 molecules per asymmetric unit. The
structure of the human OSR1 kinase domain was
solved by molecular replacement with the program
Phaser.>®>' For the molecular replacement, the check-
point kinase Chk1 (PDB code: 1INVR) and Ste20 TAO2
kinase (PDB code: 1U5R) were utilized as search mod-
els for N-terminal lobe and C-terminal lobe of OSR1
kinase domain, respectively. Density modification
combined with solvent flattening and NCS averaging
in the CCP4 package produced clear and interpretable
map.®® Iterative cycles of rigid-body refinement and
restrained refinement with translation-liberation-screw
(TLS) using the program REFMAC5%® were intervened
by manual rebuilding of the model utilizing program
Coot.>*

Coordinates for the structure of OSR1 kinase do-
main (1—295) have been deposited in the Protein Data
Bank under accession code 3DAK.
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