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Extracellular signals and cellular response
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Protein
kinase

h/d

Ser
Thr

- alters 3D conformation and activity
- creates or masks interaction motifs

protein X ATP ADP phosphoprotein X
inactive s, active
- EGF _+ .
pSer 89% 85%
pThr 10% 12%
pTyr  0.05% 2%




Reversible protein phosphorylation

Ser
Thr
- Tyr
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Protein kinase= catalytic domain + remaining protein

Abl : A ) 1130 aa

ACK — N a5 CB 1036 aa

(Ackl)
CSK

FAK . 1052 aa

FES
FRK

JAK
(JAK1)

Src

TEC
(Btk)

sk S+

(ZAP70)

A actin binding domain focal adhesion targeting PH | pleckstrin homology
E Btk motif, Zn2+* finger Fes/CIB4 homology domain Lggg  Pproline rich region

CB  Cdc42 binding domain jjn 4-1-protein, ezrin, éy Src homology 2
By S radixin, moesin - re nomotegy

DNA binding motif protein tyrosine kinase Slak] Src homology 3




Structure
of the
catalytic
Kinase
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Catalytic residue Activation loop

ATP binding / /phosphorylation
GXGxXxXG€— DxxxxN APE
E DFG DxxxxG R
| I | IIII IIVI Vv IVIAIVIBIVIIIVIII I IX IX- Xl
Amino- termmal lobe Carboxy -terminal lobe
(ATP binding) (peptide binding and phosphotransfer)

Hanks SK (2003) Genome Biology 4 (5), Article 111



478 ePKs 40 aPKs
conserved eucaryotic domain atypical catalytic domain

50 Pseudo-ePK kinases lacking conserved residues

428 ePKs with known or likely kinase activty

8 subgroups:
TK- 84; CAMK- 66; AGC- 61; CMGC- 61;
STE- 45; TKL- 37; CK1- 11; Other- 63

Hanks SK (2003) Genome Biology 4 (5), Article 111



The human kinome tree:
clustering by sequence
similarity in the kinase
domain led to identification
of different subfamilies

(incl. 60 receptor kinases)

Manning et al. (2002) Science 298, 1912-1934; Hanks (2003) Genome Biol 4: 111
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GxGxxG DxxxxN APE
K E DFG DxxxxG R
I VIl

IIIIIIIIIIVIVIVIAIVIBIVII IIXIX-XI

Amino-terminal lobe = inal lobe
(ATP binding) (peptide binding and phosp

(.

Subdomain | Subdomain Il

typical catalytic lysine
(Subdomain II)

glycine flap
ePK motif: GXGXXGXVXXXXXXXXXXVAIKxxXX
WNK motif: GXGXFKXVXxXXXXXXXXXVANCxxX

\ Distinct catalytic lysine in WNKs
(Subdomain 1)

=P \WNK: With no K (=lysine)

Min et al (2004) Structure 12: 1303-11



Four human WNK genes exist and differ in expression

f. heart

f. skin

f. pancreas

f. sm. intest.
f. spleen
placenta
macrophages
f. liver

f. brain
colon crypt
colon mucosa
f. adrenals

f. colon

liver

WNK1-12p13.3

WNK2-9922.3

WNK3-Xp11.21-23

WNK4-17921.2

* .

Verissimo and Jordan (2001) Oncogene 20



WNK1

WNK?2

WNK3

WNK4

The mammalian WNK subfamily

221-479

2382
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cc kinase cc

195 - 453

2297

kinase
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1743
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kinase

174 - 432

CC

1243

kinase cc

domain Region 1

Catalytic | WNK Homology

WNK Homology WNK Homology I Coiled

Region 2

Region 3 coil

Moniz and Jordan (2010) Cell. Mol. Life Sci. 67



;Axljﬁﬁs TKL The Human

ANKRD3 SgK288

Kinome

v R Sejence 298 (2002)

HGK/zC1
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Verissimo aﬁd Jordan (2001) Oncégene 20



GENE
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clft WWNEL

g9

dm CET71TT
ce Cdel2.1

WIEL
WINEKZ
WIE3
WINE 4
WIEL
WINEZ
WINE3
W4
WIE L
WIEZ
WIS
WINE 4
WIED
WIE 6
WINET
WINES
WINE9
WIEL
WINEL

WINEL

Invariant

N-terminal lobe C-terminal lobe
(ATP-blinding) (Substr?te binding)

LKFDIELErEsFETE Y KeLTE TWwvETRS
LKFDIELEREAFETEYKGLETE TWVE]
LEKFDIEIERESFETEYRGLBTDTTVER
LKFDIEIERESFETEYKGLTE TTVE]
LKFDIE L ErEsFETEY K LBTE TWwvETENS
LEFDIELEREAFETEYKGLETE TWVEIES
LKFDIEIGRESFETEYRGLBTDTTVER
GRYNEV LEKEAS[TEYRAE.EYEGIEMNQVK
GRYDEILGKEASHTE Y RAFBE TEGTEJIENOVE
GRYKEV LEHEAFEEg Y RAFBOLECTEFERINOVE
GRFAEILEREAMETE Y KATREK LG IEFEESOVE
GRFREV LEHEAMETE Y KAFBOV LEME BN OVE
IRYKEV IGKEAFETE Y KAFEEY DG IEFRGNOVR
IRYEEV IEKEASETEE KGEEV DG IEFRGNOVE
IRYDDVLEREAFETHY KAFREV DG IEFEGNLY S
GRYNEV LEHESSETH Y RGEBE YOG TEFRGNOVE

LKFDIEIERESFETEYKG LB TE TTVETENE
LKFDIEIEREsFATE Y K LB TE TTVETENS
LKFDIEIERESFETHYRGLBTDTTVE
LKFDIEIERESFETEY KGN TDTTVE]
FRYDKEVERESFETE Y RGLBTL TGV PN

LEFDEE LEBRESFETHF RGLIETE TGVAMCELQ

GG KV D VAW

GENEID

65125
65268
65267
65266
232341
75607
279561
69847
819651
821810
823984
835947
824326
821406
341339
834204
832881
116477
451739
477728
427925
40391
177743

Verissimo and Jordan
(2001) Oncogene 20

WNK signature sequence



478 ePKs 40 aPKs
conserved eucaryotic domain atypical catalytic domain

50 Pseudo-ePK kinases lacking conserved residues

428 ePKs with known or likely kinase activty

8 subgroups:
TK- 84; CAMK- 66; AGC- 61; CMGC- 61;
STE- 45; TKL- 37; CK1- 11;/Other- 63

WNK subfamily

Hanks SK (2003) Genome Biology 4 (5), Article 111



typical catalytic lysine
(Subdomain II)

Small lobe

glycine flap
GXGCXXGCXVxxxXxXXXXXXXVAIKxxXX
GXGXFEKXVxxxXXXXXXXVAWCxxX

\ Distinct catalytic lysine in WNKs
ol (Subdomain N

WNKT1 crystal structure
(Min et al., 2004, Structure 12)

Large lobe
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Human Hypertension Caused by
Mutations in WNK Kinases

Frederick H. Wilson,” Sandra Disse-Nicodéme,2*

Keith A. Choate,’™ Kazuhiko Ishikawa,’* Carol Nelson-Williams,’
Isabelle Desitter,2 Murat Gunel,’ David V. Milford,?
Graham W. Lipkin,* Jean-Michel Achard,® Morgan P. Feely,®
Bertrand Dussol,” Yvon Berland,” Robert ). Unwin,?

Haim Mayan,® David B. Simon," Zvi Farfel,” Xavier Jeunemaitre,?
Richard P. Lifton™

The Gordon syndrome

e or pseudo-hypo-aldosteronism type Il (PHA II)
* hypertensiont, salt retention?, potassium secretion|

e familial disease, autosomal dominant
e sermline mutations in the WNK1 or WNK4 genes



Mutations in the WNK1 and WNK4 genes cause

Gordon syndrome (familial hypertension)
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The role of nephron segments in sodium
retention




Rare genetic diseases affecting the renal
regulation of blood pressure

Low BP High 8P
Gitelman Gordon syndrome
syndrome
: Basolateral
Apical WNKLA K
Juee SPAK Na, K-ATP.
Na‘ av . ase
Distal g : ‘ E,
convoluted cl 4
tubule
ROMK

Low BP Thick High BP
Kidney Bartter syndrome type 1 ascending Liddle syndrome

limb ollecting duct KI_\

Apicol X Basolateral
NKCC2 ENaC (42
Nt 819 Na, K-ATPase
2¢1 Na*'—E3-> Na, K-ATPase
i Na®
ROMK .
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http://www.unckidneycenter.org/kidneyhe

<t K
althlibrary/glomerulardisease.html L/

Chen & Coffman (2012) Canadian Journal of Cardiology




Regulation of renal NCC sodium/chloride co-
transport by phosphorylation

L LA LV 2 S S
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DCT= distal cortical tubule;
regulates ~5% of total
sodium resorption




Molecular regulation of sodium retention
and potassium excretion in the kidney

Loop
] diuretics

DCTVTAL excretion K+ cch

reabsorption
Na+

retention Na+

NEDD4-2

Ring et al
Rozansky

2222222

Plasmo
membranae

Vascular
Volume

MR

receptor expression
cytosol nucleus /




The role of nephron segments in sodium
retention

Hypertension

Hyperkalemia



Experimental evidence for WNK-regulated ion transport

Channel Activity Effect WNK activity
NCC Na* Cl- cotransporter surface dependent
NKCC Na*/K*/2Cl- cotransporters activity dependent
KCC K*/Cl- cotransporters activity dependent
CFTR Cl- channel surface iIndependent
SLC26A9| CI/HCO3 exchanger surface iIndependent
ENaC epithelial Na* channel surface Independent
ROMK K* channel surface iIndependent
TRPV Ca* channels surface dependent

Xenopus oocyte assays



How do WNK kinases affect
expression at the cell surface??

— Identify Interacting proteins

(co-immunoprecipitation/MassSpec)

WNK1

TBC1DA4




Co-iImmunoprecipitation
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Endogenous WNK1 co-immunoprecipitates with TBC1D4
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TBC domain* 1 family member 4/AS160 (Akt substrate of 160 kDa)
*TBC (Tre-2, Bub2p, and Cdc16p) domain

1 s318 S587642 ST e
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PTB PTB CBD (Rab-GAP
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Rab-mediated
vesicle traffic
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Insulin regulates blood glucose levels
Insulin through adipocytes and muscle cells

Insulin
receptor

I I I
PIP2 PIP3 PIP3
N __/
@rs) — (pixk Po*‘ PDKf
/

51 . Ast60n O
GAP protein {B 6(3 TBCIDA 9:

More active Less active
GLUT4

e —ED /.
Less active More active
storage

vesicle ﬂ

Modificado de: Sakamoto and Holman (2008) Am J Physiol Endocrinol Metab 295:29-37

Glucose

GLUT4
vesicle



WNK1 also phosphorylates TBC1D4 in vitro

Kinase

Assay
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WNK1 increases surface levels of GLUT1
(the constitutive glucose transporter of most cell types)
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WNK1 mobilizes Rab8A
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Model for the regulation of GLUT1 surface expression

GLUT1 ﬁa
/ kIJ plasma membrane\

! B
active @
Rab8A

Rab8A-

WNK1
\ 7 TBC1D4 &

storage
compartment

TBC1D4

Implication: GLUT1 is overexpressed by many tumour cells

Mendes et al. (2010) J Biol Chem 285, 39117-39126



