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3$69,5J$3& ]5JF& JF$& IB@& YV9ieZ& F",& #$",9%"/*$& ;8E"<J9#,&
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"%3&F\H;M&/:&`P!,(&S%J$#$,J5%2*:&"*JF9>2F&JF$&M(Mk&,J#><J>#$&9E&
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"EE5%5J:&#"%2$3&E#9?&9%$&,J>3:&J9&"%9JF$#&3$6$%35%2&9%&JF$&",,":&
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E#9?&`P!a(&P9J"/*:-&JF5,&Mi8?$#&;LX^&6$6J53$&]",&JF$&,"?$&
6$6J53$&>,$3&5%&"%&HI;&",,":&/:&^5J"#5&$J&"*(.Mj0&
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HWZ.Mb"-&Mb<-&Me-&WN0&>,5%2&HI;&"%3&E*>9#$,<$%<$&69*"#5,"J59%&"*JF9>2F&
?9,J&9E&JF$,$&,J>35$,&$?6*9:$3&UH'8 J"22$3&FHIT!&"%3&F\H;M&
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),J5+5**-& I(& L#92>$*-& y(& h"3<F9>$*-& y(& y(& H<F9JJ-& m(& y$>%$?"5J#$-&
'*)FD($/(#(), $FZ6F-&UU-&abe8aeNf&/Z&4(&1(&@9:3$%-&1(&=F95-&!(&T(&
=F9"J$-& =(& y(& P$*,9%8̀5**5"?,-& T(& L"#F5-& h(& ;(& '97"-& S(& ;(&
'57F9%9+"-&;(&@A9#%,9%-&H(&1(&1"%$-&U(&=9*>,,5-&1(&4$/$*-&;(&B(&
U9#39%-&@(& T(& H$??$7#9J-&T(&I9>A9*-&1(&y(&^"*5?"75-&1(&)(&B$&
L$##"#5-&H(& T(&H"%A"3-&1(&U>J75%-&L(&)(&!"#$J-&y(&;(& '><<5-&y(&;(&
HJ9<752J-&!(&1(&!$66*$#8P9#$>5*-&=(&=(&I9#J$#-&H(&!(&T%"%3-&1(&4(&
`F5J$E9#3-&S(&B(&B"+5,-&H(&@(&B$]"#-&T(&@$JJ5%$**5-&y(&y(&L"3#9],75-&
=(&`(&@$*,F"-& '(&)(&h>%*$:-&;(&B(&P$*,9%-&h(& '#"<FJ?"%-&'(&;(&
=9*$-&1(&I5%,7-&B(&@9<7$%F">$#-&1(&HF$%9:-&I(&^"53:"%"JF"%-&y(&
`(&L9#$?"%-&1(&;",9>*69>#-&L(&'F"?$$?-&h(&z(&T*8HF"F#9>#5-&y(&
;"3F"7# 5,F%"%-& T(& U(& UF"#"+5-& @(& U95*"+-& ;(& I(& 45EJ9%-&'*)FD($
FZ6F-&UNT-&ji 8MNW(&

.MN0&"Z&U(&@$2>?-&h(&D>"%-&!(&'(&!"F*$-&4(&45-&H(&`"%2-&D(&HF5-&@(&)(&
HF?>7*$#-&H(&H(&D"%2-&H(&h(&45%-&H(&4(&T*6$#-&B(&H>%-&=)D&K($FZ6R-&
UX-&Mjbe8Mjebf&/Z&h(&zF"9-&;(&P$69?><$%9-&m(&U"9-&4(&1(&L9*$:-&
H(&`"%2-&U(&@$2>?-&`(&zF>-&^(&1(&I529JJ-&4(&1(&L"*29>,J-&!(&'(&
!"F*$-&H(&H(&D"%2-&H(&h(&45%-&H(&4(&T*6$#-&'(&!(&h5J<F$%,-&H(&h>-&z(&
zF"%2-&B(&H>%-&O,$!(D(H,$L+&&?$3+&Y$R()*H,$FZ6\ -&PM-&bbN8beO(&

.MM0&"Z&D(&45-&4(&45-&y(&X5%-&y(&`>-&m(&B"5-&y(&m>-&@#.&;(#($ FZF6-&US-&
ei 8iaf&/ Z&D(&45-&y(&X5%-&y(&`>-&m(&B"5-&y(&m>-&LD(*-)$!*#.(D$A(-,$
ZD(*),$FZFZ-&BNT-&Ob8ae(&

.MW0&L(&h(&;"E5_5-&T(&1(&z>/$#-&1(&U*9+$#-&=(&;5<F"#3,9%-&H(&L*$?5%2-&
H(&y9+"%9+5<-&T(&y9+"%9+5<-&!(&1(&\{HF">2F%$,,:-&B(&;(&T*$,,5-&
4RL@$R&+,$R(?,$FZ6Z-&T-&eO8Vb(&

.MO0&y(&zF"%2-&1(&S(&h(&@F>5:"%-&'(&zF"%2-&y(&!(&!"#5?:-&z(&`>-&^(&1(&
L5$,*$#-&y(&zF"%2-&h(&h>"%2-&1(&P(&h","%-&T(& )(&H7#n:65$<-&1(&
1><F"-& B(& B>#"%-& `(& h>"%2-& ;(& I"]*"7-& 4(& 1(& L9*$:-& '(& !(&
h5J<F$%,-& 1(& @(& 15%%52F-& H(& 1(& I9*9:"<-& H(& 4(& T*6$#-& @(& y(&
19*:%$">C-&T(&y(&'#$+$*:"%-&!(&'(&!"F*$-&B(&H>%-&m(&B$%2-&'*)FD($
!&JJF#, $FZFZ-&BB-&Vi(&

.Ma0&"Z&!(&D"?"3"-&h(&1(&I"#7-&B(&L(&;52$*-&!(&B5I$J#5**9-&)(&y(&`F"*$%-&
T(& T%5,9]5<n-& 1(& @$5*-& y(& @$#,J*$#-& =(& )(& @#9<7*$F>#,J-&B(& T(&
@>#35<7-&H(&4(&="6*"%-&1(&I(&="66"#$**5-&U(&=F$%-& `(&=F$%-&@(&
B"*$-& 4(& B$%2-& L(& L>-& P(& h"?"?"J,>-& !(& h"#","75-& '(& h$##-& I(&
h9EE?"%%-&X(&D(&h>-&`(&y(&h>"%2-&P(&S3"?"7"%J5-&h(&S?",$-&D(&
S]"75-&1(&y"5%-&y(&y$:",$$*"%-&1(&!"J9-&^(&!(&!">,F57-&B(&!9F*,-&^(&
!>%A"JF99#-&B(&4"H"*"-&y(&4$$-&y(&45>-&D(&4>9-& L(&1"-&;(&19-&H(&
19]/#":-& 1(& 1925-& L(& \,,9*"-& I(& I"%3$:-& H(& y(& I"J$*-& H(&
;"2F"+"%-&@(&H"*$?-&D(&h(&HF"%"39-&U(&1(&'#"7,F$*-&U(&'>#%$#-&
h(&`"7"5-&=(&`"%2-&H(&`$*39%-&y(&@(&`5$*5<75-&m(&m5$-&4(&m>-&D(&S(&
D"25-&!(&D",9,F5?"-&y(&D5%-&B(&D9]$-&y(&h(&zF"%2-&U(&zF$%2-&4(&
19%9+5<F-&'*)FD($!<(J,$L"&+, $FZ6[ -&BT-&ije 8ijif&/ Z&!(&D"?"3"-&
y(&h(&zF"%2-&m(&m5$-&y(&;$5%F"#3J-&T(&X(&m5$-&B(&4"H"*"-&B(&!9F*,-&

B(& D9]$-& B(& @>#35<7-& h(& D9,F5,>$-& h(& `"7"5-& S(& H<F?53J-&y(&
U>%"]"%-& !(& D",9,F5?"-& X(& !(& D>$-& 1(& !"J9-& 1(& 1925-& P(&
S3"?"7"%J5-&P(&!#$3$#-&I(&B#>$<7$,-&I(&I"%3$:-&'(&!"]"%"?5-&`(&
h>"%2-&D(&S(&D"25-&z(&B$%2-&h(&1(&I"#7-&5!=$ !<(J,$L"&+, $FZ6[ -&
BB-& OOOi8OOaef&<Z&!(&D"?"3"-&y(&4$+$**-& '(&D99%-&B(&!9F*,-&B(&
D9]$-&B(&L(&;52$*-&h(&S?",$-&y(&D>"%-&!(&D",9,F5?"-&!(&B5I$J#5**9-&
4(&19%9+5<F-&4(&m>-&1(&zF>-&1(&!"J9-&1(&y"5%-&P(&S3"?"7"%J5-&I(&
'",*5?5-&'(&!"]"%"?5-&K(&T(&T#257"#-&^(&!>%A"JF99#-&m(&m5$-&D(&S(&
D"25-&D(&S]"75-&z(&;9/5%,9%-&h(&1(&I"#7-&O,$R(?,$!<(J, $FZ6\ -&XS-&
VNjj 8VMNV(&

.Mb0&"Z&1(& T(& T*T?#5-& h(& !"3#5-& 4(& y(& T*3$#]5<7-& P(& H(& H5?675%,-& D(&
1$F$**9>-&!<(JR(?!<(J$ FZ6\ -&BT-&eOj8eabf&/Z&)(&!57><F5-&'(&
19#5-& 1(& z$%5:"-& !(& S,9/$-& 1(& S,F52"?58D>","-& H(& L>A55-& h(&
!"2$<F57"-& '(&S,F5F"#"-& '(&15n>,F5?"-&H(&H","75-& )(&H9F"#"-& '(&
;"5-&H(&K<F53"-&O,$5J,$=&.,$'(I<D&+,$FZ6R-&TX-&MbWb8MbOef&<Z&'(&
19#5-& )(& !57><F5-& D(& `"J"%"/$-& H(& L>A55-& 1(& S,F52"?58D>","-& h(&
!"2$<F57"-&)(&H9F"#"-&'(&;"5-&H(&H","75-&H(&K<F53"-&L"&.<(J,$O,$
FZ6K-&UVV-&OOj8Oab(&

.Me0&y(& zF"%2-& !(& H5$]-& '(& 1"<"#J%$:-& !(& 1(& \{HF">2F%$,,:-& B(& ;(&
T*$,,5-&9FJ*#$ R&+,$/(#(), $FZ6R-&TU-&abab8abbi( &

.MV0&L(&^5**"-&y(&U9$/$*-&L(&h(&;"E5_5-&1(&B$"7-&y(&'F",J#>6-&B(&;(&T*$,,5-&
B(&1(&+"%&T"*J$%-&4RL@$A(I, $FZZ\-&N-&iOj8iab( &

.Mi0&D(&45>-&B(&)5,$%/$#2-&>D&)("#$=.",$FZZF-&BB-&MWib8MWjj(&

.Mj0&T(&=(&^5J"#5-&y(&'F",J#>6-&L(&h(&;"E5_5-&1(&B$"7-&P(&T(&19##5<$-&h(&
!(&!"#*,,9%-&B(&;(&T*$,,5-&L"&.<(J,$O,$FZZ[-&PQM-&WWO8WOM(&

.WN0&=(&T(&J(&'":*9#-&H(&`(&T%-&H(&U(&!"%7"%"?"*"2$-&H(&HJ566$<-&H(&
)"#%$,J-&T(&'(&'#5+$35-&y(&z(&D"%2-&h(&15#n"$5-&=(&4(&h>"%2-&1(&h(&
=9//-& >D&.,$'*),$5.*?,$=.",$W,=,5,$FZ6] -&BBV-&OiaN8Oiab(&

.WM0&U(&`5%J$#-&B(&U(&`"J$#?"%-&y(&1(&I"#7F>#,J-&T(&H(&@#$],J$#-&;(&y(&
U5*3$"-&1(&U$#,J$*-&4(&L>$%J$,819%J$#9-&1(&^9**?"#-&'(&15<F$*,8
=*"#7-&S(&B(&D9>%2-&P(&!(& H">J$#-&U(&)+"%,-&5.)*$ !DE-)*++&;D,$1$
=)DF.),$L"&+,$FZ6] -&MU-&ib8jV( &

.WW0&U(&`5%J$#-&=(&1(&49/*$:-&H(&1(&I#5%<$-&5.)*$ !DE-)*++&;D,$1$L"&+,$
!DE-)*++&;D,$FZ6K-&XQ-&MWeN8MWVO(&

.WO0&T(&y(&1<=9:-&R()<&?-$R&+,$L"&+,$FZ6\ -&BXSM-&aWM8abO(&

.Wa0&\(& !9+"*$+,75:-& ;(& T(& P5<F9**,-& L(& 49%2-& T(& ="#*9%-&U(& P(&
1>#,F>39+-&5.)*$!DE-)*++&;D,$1$=)DF.),$L"&+,$FZ6] -&MU-&WMb8WWV(&

.Wb0&I(&B(&T3"?,-&I(&^(&TE9%5%$-&U(&@>%79<n5-&^(&@(&=F$%-&S(&`(&B"+5,-&
P(&)<F9*,-&y(&y(&h$"33-&4(&`(&h>%2-&U(&y(&!"6#"*-&;(&`(&U#9,,$8
!>%,J*$+$-&T(&y(&1<=9:-&P(&`(&19#5"#J:-&;(&\$EE%$#-&;(&y(&;$"3-&
B(&=(&;5<F"#3,9%-&y(&H(&;5<F"#3,9%-&'(&=(&'$#]5**52$#-&I(&h(&z]"#J-&
5.)*$!DE-)*++&;D,$1,$L"&+,$!DE-)*++&;D,$FZ6Z-&XX-&WMO8WWM(&

.We0&I(&)?,*$:-&@(&49F7"?6-&`(&U(&H<9JJ-&!(&=9]J"%-&5.)*$!DE-)*++&;D,$
1,$L"&+,$!DE-)*++&;D,$FZ6Z-&XX-&aie8bNM(&

.WV0&=(&^9%#F$5%-&S(&y(&'5<7*$-&=(&L*$%,/>#2-&I(&!$**$#-&`(&I"<59#$7-&T(&
HF"#EE-&U(&@#5<92%$-&5.)*$!DE-)*++&;D,$FZ6] -&MU-&"OeN8"OeN(&

.Wi0&̀(&!"/,<F-&=(&H"%3$#-&L"&I&+EJ(D-$6^]K -&TT-&WbVV8WeOV(&

.Wj0&̀(&U(&'9>]-&=(&@""7?"%-&y(&@*"<7-&'(&T(&J$&@$$7-&)(&!#5$2$#-&;(&
I(&y99,J$%-&U(&^#5$%3-&'F.+(".$ 5."?-$A(-, $FZ6R-&UP-&BOea8Oei(&

.ON0&)( &!#5,,5%$*-&!(&h$%#5<7-&O,$R&+,$L"&+,$FZZ\-&PMT-&VVa8VjV(&

.OM0&P(&y5#"+"%5<F"%>%-&=(&h9%29-&U(&`>-&!(&P92><F5-&!(&\7>:"?"-&
P(&P5,F5%9-&'(&H5*+"-&!<(J L"&! <(J$ FZZR-&X-&MMia8MMiV(&

.OW0&|(& !"#J"*-& L(& T%3#$,-& 1(& I(& 4"5-& ;(& P$F?$-& !(& =9JJ5$#-&=05=$
1"-.&%,$FZF6-&WaVWbbbWWMMNMOiWV(&

.OO0&1(&T(&T*"?#5-&1(&y$$+$,-&D(&1$F$**9>-&L"&.<(J,$L"&I<E-,$A(-,$
!&JJF#, &FZ6^-&VBT-&OOi8OaO(&&
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#$%&'()*+& ,(-. &/0#1234456& , (78 &/90:; 34456&
$!<<=>'?!(@&A(B='*& C9D&E&$!>F(@)&G!HI?&0(B='*& C9J&E&$!>F(@)&G!HI?&0(B='*&
K>L*M*@H?I& N"O,.P-& N"O,OQN&
:*A(MB?!(@&=>@H*& JQ"JQ&&3&;",D&/;",OP&&3&;",D6& QQ",3;".P&/;",.J 3;".P6&
0R>'*&H=(BR& #&P; &P; &P; & 4P&
S@!?&'*MM& DO".;&QN"QQ&;ND"-N&ON&ON&ON& ,N"; , &JO"JP&Q."JJ&ON&OO"JJ&ON&
5(?>M&=*<M*'?!(@A& PODJQN&/P-D;;6& ;DPNQ-&/.JDP6&
S@!TB*&=*<M*'?!(@A& PPJ-P&/P;.-6& ;ON.P&/OQJ6&
UBM?!RM!'!?V& ;D";&/;P"-6& ."O&/.",6&
4(FRM*?*@*AA&/W6& OO".D&/O,"--6& ,-".&/;,"O6&/&ARI*=!'>M&6&&&&&&&&

O;"Q&/JO"P6&/&*MM!RA(!)>M&6&
U*>@&CXA!HF>/C6& ."-D&/N"JD6& ;N"N&/;"J6&
K!MA(@&%3<>'?(=& PQ"-D& P;"NJ&
:3F*=H*& N"PQQD&/D"O,J6& N";;J&/;"PJ.6&
:3F*>A& N"P.Q,&/J";DO6& N";PD&/;"DQP6&
:3R!F& N"N,DN-&/;";Q6& N"NJ,&/N"Q;O6&
44;XP& N"OO,&/N"P-;6& N"OOO&/N".PJ6&
:*<M*'?!(@A&BA*)&!@&=*<!@*F*@?& PPJNN&/P;.Q6& ;ONQ-&/D.N6&
:*<M*'?!(@A&BA*)&<(=&:3<=**& ;;NN&/;N.6& ODN&/;J6&
:38(=7& N";O.Q&/N"D,O;6& N";-JN&/N"DN;.6&
:3<=**& N"PJNN&/N"D-PN6& N"P;.Q&/N"PO.-6&
44/8(=76& N"OQN&/N".P;6& N"O.,&/N"-;N6&
44/<=**6& N"OQ-&/N"Q;,6& N"O;D&&
YBFZ*=&(<&@(@3IV)=(H*@&>?(FA& ;OD,& ;,DD&
&&F>'=(F(M*'BM*A& ;,PO& ;QDP&
&&M!H>@)A& J& P;&
&&A(ML*@?& PNJ& ;-N &
#=(?*!@&=*A!)B*A& ;O; & ;OJ&
:U0/Z(@)A6& N"N;,& N"NN.&
:U0/>@HM*A6& ;"JJ& N"--&
:>F>'I>@)=>@&<>L(=*)&/W6& O,"DD& O-"OQ&
:>F>'I>@)=>@&>MM(8*)&/W6& P";J& ;"NQ&
:>F>'I>@)=>@&(B?M!*=A&/W6& N"QD& N"NN&
:(?>F*=&(B?M!*=A&/W6& J"P;& P"JN&
4M>AIA'(=*& -"D.& N"O.&
1L*=>H*&%3<>'?(=& DJ"JN& PQ",;&
&&F>'=(F(M*'BM*A& DD"Q-& PJ"QQ&
&&M!H>@)A& Q;".O& J."ND&
&&A(ML*@?& J;"NJ& DD"PJ&

Values in parentheses are for the outer shell. Note that the OSR1-CCT data were processed with STARANISO,[1] which 
processes data anisotropically. 
 

/9::;(&<=>"4?@A'"/+B&&$>?>&'(MM*'?!(@&>@)&=*<!@*F*@?&A?>?!A?!'A"&
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3'C'('=D' " *;=E&(9D&" 8'&F;G " H. "I?=G"5*JK"LF'('"
<=G<D?&'GM"

[!?>=!&*?&>M"&PNN.\P]& ^05390:;&445&/JPO3
QP,6&
&
^05390:; &GJD,1&

%!>'(=*_&
!FF(Z!M!A*)&
Z!(?!@VM>?*)&:`a[&
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Supporting Table S2. Literature reporting KD or IC50 values by different methods to the RFVQ 
motif of either WNK4 or WNK1. 
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Supporting Table S3. Kinetic values for waveRAPID binding of the 18-mer peptide to SPAK 
and OSR1. Kinetic values for waveRAPID binding of the 18-mer peptide 
SEEGKPQLVGRFQVTSSK (analyte) at 2, 5, 10 and 20 ! M, to immobilized biotin-OSR1 and 
biotin-SPAK on the Creoptix WAVE (see supplementary Figures 5 and 6 for raw data). Ka = 
association rate, kd = dissociation rate, KD = dissociation rate constant, Rmax = the maximum 
signal generated by an interaction between a ligand Ð analyte in pg/mm2. 
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Supporting Figure S1. SDS PAGE gels of purified of SPAK and OSR1. A. SDS PAGE using 16% 
Tris Tricine gels of wild type human SPAK CCT, OSR1 CCT, SPAK [L491A] and OSR [L473A] after 
final size exclusion. The fractions for each were pooled and concentrated.  Concentrated protein was 
either cleaved with TEV protease for crystallisation or uncleaved protein was biotinylated with BirA 
ligase for binding kinetics. Marker molecular weights are indicated in kD. B. Crystal of human SPAK 
from Morpheus screen A5 grown at 6¡C. 
 
 



 
    

15 
 

 
 
Supporting Figure S2. Size-exclusion chromatography elution profile of uncleaved SPAK CCT with 
inset showing a 16% SDS-PAGE analysis of the peaks. ÔMÕ is protein markers.  Lane 1 is the 
concentrated protein after HisTrap purification; Lanes 2 and 3 a fraction from each of the smaller peaks 
preceding the main peak. Lanes 4-12 protein contained in the fractions over the major peak. These were 
pooled and concentrated for cleavage for crystallography.  
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Supporting Figure S3. hSPAK and hOSR1 CCT domains crystal structures. A,B. The A and B 
subunits from the 1.73• structure of hSPAK1 CCT domain (pdb code: 7o86) are shown in cartoon. Seven 
residues in the primary binding are shown as sticks with yellow carbons. C,D. Surface views of the same 
structures. Note the carbons in the loop between the b1 and b2 strands are colored differently. EF and 
GH  Equivalent views of the A and B subunits in the 1.62• hOSR1 structure (PDB code 7okw). I The  
A and B subunits from the 1.70• (PDB code 2v3s) structure of OSR1 with a peptide (GRFQVT; orange 
carbons Ðsticks) are shown superposed. The seven residues Ile 450, Phe 452, Asp 459, Val 464, Glu 467, 
Leu 468 and Leu 473 are shown as sticks with yellow carbons. J The two subunits from the 1.62• hOSR1 
structure (PDB code 7okw) are shown superposed on the two subunits from the 1.70•  structure of OSR1 
with a peptide. K. The surface of subunit A from the apo 1.62• hOSR1 structure is shown with 5mer 
peptide from subunit A from the 1.70•  structure of OSR1 with a peptide superposed (C-terminal Thr is 
not seen). L The N-terminal residues (EEGKPQLV Ð yellow carbons) from the 18mer WNK4 peptide 
have been modelled on as a polyproline helix occupying the secondary pocket and packing against the F 
and V motif from the GRFQV  (orange carbons) (see Experimental section for details). The 18mer WNK4 
peptide is SEEGKPQLVGRFQVTSSK. 
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Supporting Figure S4. Electron density maps of the b-bridge between Asp 532 (D532) and Ile 537 
(I537) in hSPAK. A. The final 2fo-fc map (contoured at 1.4sigma) around Asp 532 (D532) and Ile 537 
(I537) from the 1.73• hSPAK structure. Dotted black lines are hydrogen bonds from involving Asp 532 
(D532). B. An alternative view at 1.5sigma, showing hydrogen bonds to the side-chain of Arg 459 (R459), 
the C-terminal residue of the first ! -strand (! 1). 
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Supporting Figure S5. A model of a strand exchanged dimer in the 1.73• hSPAK CCT domain 
structure. A. 1.73• structure of hSPAK1 (pdb code: 7o86) is shown as a cartoon. Subunit A is coloured 
by temperature factor (blue Ð cold, yellow Ð warm, red Ð hot). Subunit B is coloured orange. Side-chains 
of residue Asp 526 (D526) are shown on each subunit. B. An alternatively refined Ôdomain swappedÕ 
dimer of the same structure. Side-chains of Cys 525 (C525) are shown on each subunit. C. Average B 
factor versus residue number plot with subunit A shown by blue line and subunit B by orange line.  
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Supporting Figure S6. Binding of 18-mer peptide to SPAK  on the WAVE. WaveRAPID 
kinetics. Binding was measured for the 18-mer peptide SEEGKPQLVGRFQVTSSK (analyte) at 
(A) 2 ! M, (B) 5 ! M, (C) 10 ! M and (D) 20 ! M to immobilized biotin-SPAK.  The double-
referenced response data (red) are fitted with a one-to-one binding model (black lines) in 
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 SEEGKPQLVGRFQVTSSK (analyte) at (A) 2 cM, (B) 5 
cM, (C) 10 cM and (D) 20 cM to immobilized biotin-OSR1.&The double-referenced response data (red) 
were fitted with a one-to-one binding (black lines) with a suitable model in waveControl (see 
Supplementary Table 3 for derived kinetics values). 
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Supporting Figure S8.  $;"@<=G<=>" ;C"+N%)'(" :':&<G'"&;" /1!H"O-P+!" ;="&F'"Q!RSB "WaveRAPID 
kinetics. Binding was measured for the 18-mer peptide SEEGKPQLVGRFQVTSSK (analyte) at (A) 2 
cM, (B) 5 cM, (C) 10 cM and (D) 20 cM to immobilized biotin-SPAK L491A.&The double-referenced 
response data (red) could noto be fitted with a suitable model in waveControl.& Binding is not observed 
indicated by the high association and dissociation errors and no Rmax. Compare with supplementary 
Figure 5 - for binding of peptide to wild-type SPAK. "
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Supporting Figure S9. No binding of 18-mer peptide to OSR1 L473A on the WAVE. Raw data for 
binding of the 18-mer peptide SEEGKPQLVGRFQVTSSK (analyte) at (A) 10cM, (B) 20cM, to 
immobilized biotin-OSR1 L473A.&(C) Multicylce kinetics for (50 cM, 17 cM, 5.5 cM, 1.8 cM, 0.6 cM, 
0.2 cM) 18-mer peptide binding to OSR1 L473A. The double-referenced response data (red) could not be 
fi tted with a one-to-one binding with a suitable model in waveControl.& Binding is not observed indicated 
by the high association and dissociation errors and no Rmax. Compare with Supplementary Figure 6 for 
binding of 18-mer peptide to wild-type OSR1.   
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Supporting Figure S10. Binding of human NKCC1-derived 19-mer peptide to hSPAK and hOST1 
OSR1  CCT domains on the WAVE. Binding was measured for the 19-mer peptide 
LGPTPSQSRFQVDLVSENA (analyte) to immobilized biotin-SPAK (A) peptide at 5! M and (B) peptide 
at 10! M or biotin-OSR (C) peptide at 5! M and (D) peptide at 10! M using waveRAPID.  The double-
referenced response data (red) are fitted with a one-to-one binding (black lines) with a suitable model in 
waveControl. Table summaries of kinetic parameters are shown: Rmax, ka, association rate constant; kd, 
dissociation rate constant; and KD dissociation constant. 
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Supporting Figure S11. No binding of the human NKCC1-derived 19-mer peptide mutant to 
hSPAK and hOSR1 on the WAVE. Binding was measured for the 19-mer peptide 
LGPTPSQSAFQVDLVSENA (analyte) to immobilized biotin-SPAK (A) peptide at 5! M and (B) peptide 
at 10! M or biotin-OSR (C) peptide at 5! M and (D) peptide at 10! M using waveRAPID.  There is clearly 
no binding of the mutated peptide to either SPAK or OSR. 
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