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A spAK (7086) “ C SPAK (7086) OSR1 (2v3s)

C-term

B 0sR1 (70kw) SubA SubB D osR1 (70kw) SubA + peptide (from 2v3s)

In subunit A of the apo hOSR1 structure
the loop between B1 and 2 has moved

new groove
between pockets

E  7o86-ss g} [ 2]
SPAK (7086) 441 nedyreassCAVNLVLRLRNSRKELND IRFEFTPGRDTADGVSQELFSAGLV 492
OSR1 (2v3s) 432 --=-======- GPI SLVLRLRNSKKELND FTPGR TAEGVSQ ISAG vV 474

OSR1 (70kw) 423 sgsgsqetKIPISLVLRLRNSKKELND F'I‘PGR TAEGVSQ 'ISAG'V 474

Tokw-ss —{ 1 || p2 ] a1 ]
7086-ss | a2 | { B3 | b=

SPAK (7086) 493 DGHDVVIVAANLOKIVDDPKALKTLTFKLASGCDGSEIPDEVKLIGFAQLSVS 545
OSR1 (2v3s) 475 DGRDLVIVAANLOKIVEEPgsnrSVTFKLASGvegsdiPDDGKLIGFAQLSIS 527
OSR1 (70kw) 475 DGRDLVIVAANLOKIVEEPQSNRSVTFKLASGVEGSDIPDDGKLIGFAQLSIS 527
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Values in parentheses are for the outer shell. Note thatSR4 @CT data were processed with STARANI8@shich

processes data anisotropically.
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QJB& P" &I&N"P&

Supporting Table S2 Literature reporting K or 1Cso values by different methods to the RFVC(
motif of either WNK4 or WNK1.
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Supporting Table S3 Kinetic values for waveRAPID binding of the 18-mer peptié to SPAK
and OSR1. Kinetic values for waveRAPID binding of the 18-mer pepti
SEEGKPQLVGRFQVTSSK (analyte) &t 5, 10 and 20 M, to immobilized biotin-OSR1 anc
biotin-SPAK on the Creoptix WAVE (see supplementary Figures 5 and 6 fodeds).Ka =
association rate, kd = dissociation rate, K dissociation rate constant, Rmax = the maxim
signal generated by an interaction between a ligand D analyte inpg/mm
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Supporting Figure S1 SDS PAGE gels of purified of SPAK and OSR1. ASDS PAGE using 16%
Tris Tricine gels of wild type human SPAK CCT, OSR1 CCT, SPAK [L494Adl OSR [L473A] after
final size exclusion. The fractions for each were pooled andeatraded. Concentrated protein was
either cleaved with TEV protease for crystallisation or unclkgwetein was biotinylated with BirA
ligase for binding kinetics. Marker molecular weights are indicatdd. B. Crystal of human SPAK
from Morpheus screen A5 grown at 6;C.
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Supporting Figure S2.Size-exclusion chromatography elution profile of uncleave PAK CCT with

inset showing a 16% SDS-PAGE analysis of the peak®MO is protein markers. Lane 1 is the
concentrated protein after HisTrap purification; Lanes 2 and Iadnarom each of the smaller peaks
preceding the main peak. Lanes 4-12 protein contained in the fractiantheweajor peak. These were
pooled and concentrated for cleavage for crystallography.
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A SPAK(7086) B SPAK(7086) C SPAK(7086) D SPAK(7086)
SubA subB subA secondgaps
' Leu 49 / Pogket™~.
'3 Leu486
"2 1112 \
Glu
le 463
485\ —Phe 47
"1 C-term /
Asp”” primary
N-term 477 pogket
E OSR1(7okw) | FOSR1(7okw) |G OSR1(7okw) |H OSR1(7okw)
subA subB subA ecqnslasp
ofke
Leud? Popke™~
14 Leu468
n 2 \
Glu ~
467 lle 45
"1 C-tern} Phe 452 /
'2;8/ primary
N-term pofket
| OSR1(2v3s) JOSR1(2v3s cfK OSR1(7okw + |L OSR1 +
SubA+B 70kw) subA+Bj| 2vs3) subA peptide

Supporting Figure S3. hSPAK and hOSR1 CCT domains crystadtructures. A,B. The A and B
subunits from the 1.73+ structure of hSPAK1 CCT domain (pdb code: 708&hawn in cartoon. Seven
residues in the primary binding are shown as sticks with yellow carBdnsSurface views of the same
structures. Note the carbons in the loop between the bl and b2 strandkeed differently EF and
GH Equivalent views of the A and B subunits in the 1.62e hOSR1 structBB(code 7okw)l The

A and B subunits from the 1.70¢ (PDB code 2v3s) structure of OSR1 wittpiide (GRFQVT; orange
carbons Dsticks) are shown superposed. The seven residues lle 450, Rep 459, Val 464, Glu 467,
Leu 468 and Leu 473 are shown as sticks with yellow carlidiritse two subunits from the 1.62¢ hOSR1
structure (PDB code 7okw) are shown superposed on the two subunithér@rniOs structure of OSR1
with a peptideK. The surface of subunit A from the apo 1.62¢ hOSR1 structure is shatm5mer
peptide from subunit A from the 1.70¢ structure of OSR1 with a pegigeerposed (C-terminal Thr is
not seen)L TheN-terminal residuesHEGKPQOLV D yellow carbons) from the 18mer WNK4 peptide
have been modelled on as a polyproline helix occupying the secondary pocketlang pgainst the F
and V motif from th&GRFQV (orange carbons) (see Experimental section for details). TherA8MK4
peptide is EEGKPQLVGRFQVTSSK.
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Supporting Figure S4. Electron density maps of the b-bridge between Asp 53D532)and lle 537
(1537) in hSPAK. A. The final 2fo-fc map (contoured at 1.4sigma) around Asp 532 (D532)eabd87
(1537) from the 1.73+ hSPAK structure. Dotted black lines are hydrogen bimagsinvolving Asp 532
(D532). B. An alternative view at 1.5sigma, showing hydrogen bonds to the sideathfsig 459 (R459)
the C-terminal residue of the firststrand [ 1).
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Supporting Figure S5. A model of a strand exchanged dimer in & 1.73¢

I ()*+1—, (1] |/) 1Ty
M !||#||$%&|( j\ !Il#ll$%&l(
m #$%&
m #$%&
I" #$%& I" #3%&
# "HS%E&H [*%+,-$™.'$#./01#'21314/,''6361#7'%40'('5-$%4&H7
$
di A / NHTTR
" \/“/\/\f/\/ Ld\/\ TN~ r/ \\A" \/A\/
‘ ] S - o N °
o PS3380pb PP EcRBo8 il Sx: 2

hSPAK CCT domain

structure. A. 1.73« structure of hNSPAK1 (pdb code: 7086) is shown as a car&dvunit A is coloured

by temperature factor (blue P cold, yellow b warm, red b hot). SBhigrablo

ured orange. Side-chains

of residue Asp 526 (D526) are shown on each subBnian alternatively refined Odomain swapped®
dimer of the same structure. Side-chains of Cys 525 (C525) are shosatlosubunitC. Average B
factor versus residue number plot with subunit A shown by blue line and s&doyiorange line.
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Supporting Figure S6. Binding of 18mer peptide to SPAK on the WAVE. WaveRAPID
kinetics. Binding was measured for the 18-mer peptide SEEGKPQBEZJMSSK (analyte) at
(A)2!'M, (B)5!'M, (C) 10! M and O) 20! M to immobilized biotin-SPAK. The double
referenced response data (red) are fitted with at@oee binding model (black lines) i
waveControl (see Supplementary Table 3 for derived kinetics values).
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Supporting Figure S7. Binding of 18-mer peptide to OSR1 on the WAVE. WaveRAPID kinetics.
Binding was measured for the 18-mer peptide SEEGKPQLVGRFQVT&s&yte) atA) 2cM, (B) 5
cM, (C) 10cM and O) 20cM to immobilized biotin-OSRX he double-referenced response data (r
were fitted with a onée-one binding (black lines) with a suitable model in waveControl {
Supplementary Table 3 for derived kinetics values).
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Supporting Figure S8 $;" @<=G<=>";@pfN:&<G" &;"/1IH" O-P+!";="&F" QRSB "WaveRAPID
kinetics. Binding was measured for the 18-mer peptide SEEGKPREQVTSSK (analyte) atA) 2

cM, (B) 5¢cM, (C) 10cM and O) 20cM to immobilized biotin-SPAK L491A& he double-reference:
response data (red) could noto be fitted with a suitable modeveControlkBinding is not observec
indicated by the high association and dissociation errors and no Rmapafowmith supplementar
Figure 5- for binding of peptide to wildype SPAK."
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Supporting Figure S9. No binding of 18-mer peptide to OSR1473A on the WAVE. Raw data for
binding of the 18-mer peptide SEEGKPQLVGRFQVTSSK (analyte)Agt X0cM, (B) 20cM, to
immobilized biotin-OSR1 L473/&C) Multicylce kinetics for (5&M, 17cM, 5.5¢cM, 1.8cM, 0.6cM,
0.2cM) 18-mer peptide binding to OSR1 L473A. The double-referenced respoaggestftcould not be
fitted with a onde-one binding with a suitable model in waveCon#BIinding is not observed indicate
by the high association and dissociation errors and no Rmax. Compafeupptementary Figure 6 fo
binding of 18mer peptide to wildype OSR1.
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Supporting Figure S10.Binding of human NKCC1-derived 19mer peptide tohSPAK and hOST1
OSR1 CCT domains on the WAVE. Binding was measured for the 19-mer peptide
LGPTPSQSRFQVDLVSENA (analyte) to immobilized biotin-SPAK) (feptide at 56M and (B) peptide

at 10 M or biotin-OSR (C) peptide at 31 and (D) peptide at 1M using waveRAPID. The double-
referenced response data (red) are fitted with a@pee binding (black lines) with a suitable model in
waveControl. Table summaries of kinetic parameters are shawax,Ra, association rate constaht,
dissociation rate constant; ang Kissociation constant.
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Supporting Figure S11.No binding of the human NKCC1-derived 19-mer peptide mutantto
hSPAK and hOSR1 on the WAVE. Binding was measured for the 19-mer peptide
LGPTPSQAFQVDLVSENA (analyte) to immobilized biotin-SPAK (A) peptide5atM and (B) peptide

at 10 M or biotin-OSR (C) peptide at 31 and (D) peptide at 20M using waveRAPID. There is clearly
no binding of the mutated peptide to either SPAK or OSR.
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