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- alters 3D conformation and activity 

- creates or masks interaction motifs 
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pSer     89% 85% 

pThr     10% 12% 
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Protein kinase= catalytic domain + remaining protein 
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518  

protein kinase genes 

478 ePKs 

conserved eucaryotic domain 

40 aPKs 

atypical catalytic domain 

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 

50 Pseudo-ePK kinases lacking conserved residues 



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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GXGXXGXVxxxxxxxxxxVAIKxxx 

GXGXFKXVxxxxxxxxxxVAWCxxx 

glycine flap 

Distinct catalytic lysine in WNKs 

(Subdomain I)  

typical catalytic lysine 

(Subdomain II) 

ePK motif: 

WNK motif: 

Subdomain I Subdomain II 

WNK: With no K (=lysine) 
Min et al (2004) Structure 12: 1303-11 

 



Four human WNK genes exist and differ in expression 

Veríssimo and Jordan (2001) Oncogene 20 

WNK1-12p13.3 

WNK2-9q22.3 

WNK3-Xp11.21-23 

WNK4-17q21.2 
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The mammalian WNK subfamily 

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



The Human  

Kinome 
Science 298 (2002) 

Veríssimo and Jordan (2001) Oncogene 20 



I II III IV V VIA VIB VII VIII IX X XI

N-terminal lobe

(ATP-binding)

C-terminal lobe

(Substrate binding)

Invariant                                 G G  K V    D      VAW             WNK signature sequence       

Verissimo and Jordan 

(2001) Oncogene 20 



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

518  

protein kinase genes 

478 ePKs 

conserved eucaryotic domain 

40 aPKs 

atypical catalytic domain 

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 

50 Pseudo-ePK kinases lacking conserved residues 

WNK subfamily 



WNK1 crystal structure 
(Min et al., 2004, Structure 12) 

ATP cleft 

Small lobe 

Large lobe 

GXGXXGXVxxxxxxxxxxVAIKxxx

GXGXFKXVxxxxxxxxxxVAWCxxx

glycine flap

Distinct catalytic lysine in WNKs

(Subdomain I) 
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(Subdomain I) 
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(Subdomain I) 
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(Subdomain II)



The Gordon syndrome 

• or pseudo-hypo-aldosteronism type II  (PHA II) 

• hypertension↑, salt retention↑, potassium secretion↓ 

• familial disease, autosomal dominant  

• germline mutations in the WNK1 or WNK4 genes 
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Mutations in the WNK1 and WNK4 genes cause 

Gordon syndrome (familial hypertension) 



The role of nephron segments in sodium 

retention 



Rare genetic diseases affecting the renal 

regulation of blood pressure 

Chen & Coffman (2012) Canadian Journal of Cardiology 

http://www.unckidneycenter.org/kidneyhe

althlibrary/glomerulardisease.html 

Kidney 
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Molecular regulation of sodium retention 

and potassium excretion in the kidney 

Gene 

expression 

nucleus 

Plasmo  

membranae 

cytosol 

reabsorption 

Na+ 

MR 

receptor 

ENaC 

Na+ 
NEDD4-2 

WNK4 

ROMK 

K+ 

excretion K+ 

NKCC2 

2Cl
- Na+, 

K+ 

NCC 

Cl
-
 Na+ 

DCT TAL 
retention Na+ 

P P P P 

P P 

SGK1 

P P 
S1190 

AT1R WNK4 
? 

Vascular 

Volume  

CCD 

Loop 

diuretics  

T243 

Renin 

SPAK - Ring  et al. (2007) PNAS 104, 4025–4029 

- Rozansky et al. (2009) J Clin Invest 119, 2601–2612.  

no DCC 



The role of nephron segments in sodium 
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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 independent 

SLC26A9  Cl-/HCO3- exchanger surface independent 

ENaC epithelial Na+ channel surface independent 

ROMK K+ channel surface independent 

TRPV  Ca+ channels surface dependent 
Xenopus oocyte assays 



How do WNK kinases affect  

expression at the cell surface?? 

WNK1 

 

TBC1D4 

identify interacting proteins 
(co-immunoprecipitation/MassSpec) 



Co-immunoprecipitation 
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Endogenous WNK1 co-immunoprecipitates with TBC1D4 



TBC domain* 1 family member 4/AS160 (Akt substrate of 160 kDa) 
* TBC (Tre-2, Bub2p, and Cdc16p) domain 
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storage  
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Modificado de: Sakamoto and Holman (2008) Am J Physiol Endocrinol Metab 295:29-37 

Insulin regulates blood glucose levels 

through adipocytes and muscle cells 

GAP protein 

Glucose 

4 4 
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WNK1 also phosphorylates TBC1D4 in vitro 
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WNK1 increases surface levels of GLUT1 
 (the constitutive glucose transporter of most cell types) 
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WB: 

a-GLUT1 

a-TfR1 
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WB: 

WNK1 mobilizes Rab8A 

Myc-WNK1 

siCtrl + + - - - 

WNK1 - + + - - 

siRab8A - - + - + 

siTBC1D4 - - - + + 

Rab8A 

WNK1 

 

TBC1D4 

 

Rab 



WNK1 

active 

Rab8A 

WNK1 
TBC1D4 

1
4
-3

-3
 

P 

storage 

compartment 

TBC1D4 

GLUT1 

plasma membrane 

G
L

U
T

1
 

Model for the regulation of GLUT1 surface expression 
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Implication: GLUT1 is overexpressed by many tumour cells 

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


