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Supplementary Figure 1. Ahi1–/– analysis for the presence of Jbn protein. (a) W este rn 
b lo tting perfo rm ed on  b ra in  lysa tes from  litte rm ates show  com p le te  lack o f Jbn  p ro te in
(exh ib iting an  approxim ate  m o lecu la r w e igh t o f 125kD a) in  Ahi1–/– sam p les and  decreased 
leve ls  in  Ahi1+/– sam p les ind ica tin g com p le te  loss o f Jbn  in  the  knockou t  and  the  specific ity o f 
the  Jbn  an tibody.  α-tubu lin  is  show n as a  load ing contro l. (b) H & E  sta in ing of postna ta l day 10  
(P 10) k idney sections from  Ahi1+/– and  Ahi1–/– litte rm ates show ing no  c lea r d iffe rences in  
m orpho logy. 
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Supplementary Figure 2
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Supplementary Figure 2.  Jouberin localizes primarily to the basal body in vitro and in
vivo. (a) S ta in ing fo r endogenous Jbn  (green) in  m IM C D s us ing the  Jbn  an tibody revea ls  basa l 
body (a rrow s) and  c ilia ry puncta te  (a rrow heads) s ta in ing.  A ce tyla ted tubu lin  (red ) labe ls  the 
c ilium  w h ile  H oechst s ta in s the  nucleus. (b) G FP -tagged  Jbn  (green) co -loca lizes w ith  
pericen trin  s ta in ing (red ), a  basa l body m arker. A ce tyla ted tubu lin  s ta in ing is  show n in  b lue . (c) 
Jbn  antibody sta in ing (green) in  Ahi1+/+ k idney tubu les a t 2  w eeks o f age  revea ls  basa l bod y 
loca liza tion  (a rrow s) absen t in  the  litte rm ate  Ahi1–/– k idney. (d) Low  m agn ifica tion  im age  of Jbn
an tibody sta in ing  (green) in  2  w eek o ld  k idney revea ling h igh  leve ls  o f express ion  in  the  co rtex 
particu la rly ad jacent to  the m edu lla  w h ich  is  la rge ly absen t in  Ahi1–/– litte rm ate  k idne y. H oechst 
s ta ins the  nucle i (b lue). (e) W este rn  b lo t ana lys is  o f Jbn  express ion  in  m urine  k idney w h ich  
dem onstra tes increasing p ro te in  leve ls  w ith  age . α -tubu lin  is  show n as a  load ing con tro l.  

Nature Medicine: doi:10.1038/nm.2010



Ahi1+/-Ahi1+/- Ahi1-/-Ahi1-/-

Ahi1-/-Ahi1-/- Ahi1-/-Ahi1-/-

5 MONTHS:

Ahi1+/+Ahi1+/+ Ahi1-/-Ahi1-/-

Ahi1-/-Ahi1-/- Ahi1-/-Ahi1-/-

1 YEAR:

Supplementary Figure 3

a

b

Ahi1+/-
5 months

Ahi1-/-
5 months

Ahi1-/-
1 year

*

*

*

*

*

*
*

*

*
*

*
*

*#

#

* *

Ahi1+/-
5 months

Ahi1-/-
5 months

Ahi1-/-
1 year

c

*
#

#
@

d

0

0.005

0.01

0.015

0.02

C
ys

t I
nd

ex

Con Con ConKO KO KO
10-12 wk 5-7 mo 1-1.5 yr

*

Supplementary Figure 3. Ahi1–/– kidneys display the characteristic features of NPHP. (a)
H & E  sta in ing revea ls  early N P H P  pa tho logy in  5  m onth  o ld  Ahi1–/– k idney com pared  to  Ahi1+/–

litte rm ate .  In te rstitia l ce ll in filtra te  (# ) and  fib ros is  a re  p resen t, as w e ll as basem ent m em brane 
abnorm a lities and  tubu la r co llapse (a rrow s). A t one  year, m u ltip le  m icrocysts  and tubu la r 
d ila ta tion  becom e no ticeab le  (*), and  tubu lar basem ent m em brane  d is in tegra tion  and  atrophy
are  s till p resen t as w ell as tubu la r co llapse  (a rrow s) w h ich  a re  no t eviden t in  Ahi1+/+ litte rm ate 
con tro l. (b) H & E  sta in ing a t h igher m agn ifica tion  w h ich  revea ls  p roperties o f in te rs titia l tissue . 
A ga in , tubu le  abnorm alities a re  p resen t (a rrow s) w ith  co llapsed  tubu les and  th ickened  ep ithe lia l 
ce ll w a ll as w e ll as deposits  w ith in  the  tubu le  lum en (@ ). O pen  a rrow heads po in t to  ind ividua l 
in te rs titia l ce lls , w h ich  a re  part o f a  c luste r o f ce ll in filtra te  (# ). (c) M asson ’s  trich rom e fu rthe r 
revea ls  tubu la r abnorm a lities inc lud ing cystic  d ila tion  a t 1  ye ar (*) and  an iline  b lue  positive  
fib ros is  (a rrow heads). T he  la rge  open  structure  vis ib le  in  con tro l and  m utant 5  m onth  sections is 
a  b lood  vesse l w ith  nearby fib ros is . D ashed  line  rep resen ts the  m edu lla ry boundary. (d)
A verage  cyst index from  th ree  H & E  sta ined  sections o f each  k idney and  bo th  k idneys o f a t least 
3  m ice  a t each age . C on tro l (C on , Ahi1+/– o r Ahi1+/+) litte rm ates com pared  w ith  Ahi1 knockou ts
(K O ). *P<0.05 , S tudent’s  t-test. 
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Supplementary Figure 4. Ahi1–/– display urine concentrating defects but normal percent 
ciliated MEFs and renal tubule cells. (a) U rine  specific  gravity m easurem ents in  Ahi1–/– and 
con tro l litte rm ates a t 3  m onths, 5  m onths, and  2  years o f age . R aw  m easurem ents befo re (P re ) 
and  afte r (P ost) dehydra tion  a re  graphed  a t le ft w h ile  the  average  d iffe rence in  specific  gravity is  
graphed  a t righ t. **P<0.001 , S tudent’s  t-test, n=5  m ice  a t 2 1  m onths  o f age . (b) S ta in ing fo r 
ace tyla ted  tubu lin  (red ) revea ls  norm a l c ilia  num ber and  m orpho logy in  Ahi1–/– k idneys
com pared  w ith  litte rm ate  con tro l. Q uan tifica tion  o f a t least 100  ce lls from  various tubu le  reg ions 
per sam p le  revea ls  no  s ign ifican t d iffe rence  in  num ber o f c ilia ted  ce lls  as de te rm ined by ch i-
squared  test. (c) M ouse  em bryon ic  fib rob lasts  (M E Fs) from  Ahi1+/+ and  Ahi1–/– revea l no rm al 
c ilia  num ber and  m orpho logy. Q uantita tion  o f 100  M E F ce lls  revea ls  no  s ign ifican t d iffe rence 
(ch i-squared) in  num ber o f c ilia ted  ce lls . H oechst (b lue ) sta ins nucle i.  
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Supplementary Figure 5
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Supplementary Figure 5. Ahi1–/– kidneys display decreased Wnt activity. (a) X-G a l s ta in ing 
o f Ahi1+/–; Tg+ and  Ahi1–/–;Tg+ k idneys to  satu ra tion revea ls  a  d ram atic  decrease  in  basa l W nt 
activ ity w ith  loss o f Jbn .  (b) β -ga l an tibody sta in ing (red ) in  w ild -type  T opga l nega tive  kidney 
com pared  w ith  T opga l pos itive  k idney dem onstra ting the  specific ity o f the  T opga l reporte r line . 
D ashed  lines ou tline  the  co rtex and  H oechst s ta ins nucle i. Add itiona lly, X -ga l s ta in ing (a t pH
7.7 ) w as done  in  litte rm ates revea ling s im ila r specific ity o f the  reporte r.  (c) β -ga l an tibody 
sta in ing (green) in  an  independent W nt reporte r line , B a tga l, revea ls  s im ila r co rtica l s ta in ing  w ith  
h ighest activ ity p rox im a l to  the  m edu lla . (d) β -ga l (green) positive  tubu les co labe l fo r lo tus lectin  
(LL , red ) w h ich  is  a  p roxim a l tubu le  (PT ) m arker in  Ahi1+/– k idney com pared w ith  Ahi1–/–

litte rm ate .  A rrow s po in t to  the  subse t o f p roxim a l tubu les w h ich  a re  co -positive  fo r β -ga l w h ile  
a rrow heads po in t to  those  w h ich  do  no t express β -ga l.  D esp ite  the  loss o f β -ga l express ion  in  
Ahi1–/–, p roxim a l tubu les a re  s till abundan t.  H oechst (b lue ) m arks nucle i. 
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Supplementary Figure 6
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Supplementary Figure 6. Jbn overexpression potentiates the response to Wnt 
conditioned media. (a) 293T  ce lls  trea ted  w ith  W nt3A  cond itioned  m ed ia  (W 3A -C M ) exh ib it a  
4 .6 -fo ld  induction  of luc ife rase  response  us ing the  T opflash  W nt reporte r. T h is  response  w as 
po ten tia ted by approxim ate ly 5 .5 -fo ld  w ith  Jbn  overexpress ion .  *P<0.05 , S tuden t’s  t-test, n=12 
from  four exp erim ents.  V a lues w ere  norm a lized  fo r p ro te in  concentra tion  and expressed  as a  
ra tio  to  the  untrea ted  vecto r cond ition . (b) N 2A  ce lls  transfected  w ith  3  d iffe ren t s iR N A  
o ligonucleo tides exh ib it decreased  Jbn  p ro te in  leve ls  com pared  w ith  nega tive  con tro l s i R N A  
transfected .  s iR N A  1  and  s iR N A  3  show  the  m ost robust decreases.  
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Supplementary Figure 7
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Supplementary Figure 7. Jouberin facilitates nuclear translocation of β-catenin (a) β -
ca ten in  loca liza tion  in  a  s ing le  z -section  th rough  the p lane  of the nucleus in  293T  ce lls  revea ls  a
sub tle  increase in  nuclear leve ls  o f β -caten in  (red ) in  ce lls  overexpress ing Jbn -G FP  (green , 
a rrow s). N ucle i a re  labe led  w ith  H oechst (b lue ) and  a re  outlined  by a  dashed  line . Jbn -G FP  is 
no t v is ib le  a t the  cen trosom e s ince  it is  ou t o f the  p lane  of focus.  (b) β -ca ten in  (red ) and  lo tus 
lectin  (green) costa in ing revea ls  nuclear loca liza tion  o f β -caten in  in  a  subse t o f lo tus lectin  
positive  p roxim a l tubu les  (a rrow s). A rrow heads po in t to  tubu les nega tive  fo r lo tus lectin  w h ich  
exh ib it cytoso lic  and m em brane  β -ca ten in  loca liza tion . (c) Im m unosta in ing fo r Jbn  (red ) in  
k idney ep ithe lium  w h ich  dem onstra tes prim arily cytoso lic  and  basa l body (a rrow heads) 
loca liza tion  a t the  base  of ace tyl-tubu lin  (green) positive  c ilia .  S om e nuclear puncta te  s ta in ing  is  
v is ib le  as w e ll (a rrow s). H oechst (b lue ) labe ls  nucle i.  

Nature Medicine: doi:10.1038/nm.2010



Supplementary Figure 8
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Supplementary Figure 8. NLS regions of Jbn are required for its Wnt function.  (a)
S chem atic  rep resen tation  o f Jbn  w ith  N LS  sequences outlined.  M uta ted  lys ine  res idues a re 
h igh ligh ted  in  red  in  N LS  reg ions.  C C  =  co iled -co il, W D 40 =  seven  W D 40 repea t reg ion, and 
S H 3 =  S H 3 b ind ing dom a in . (b) 293T  w ho le  ce ll lysa tes transfected w ith  N LS  m utan t constructs 
d isp lay com parab le  express ion  leve ls  to  w ild -type  as assayed  by w este rn  b lo tting fo r G FP .  α -
tubu lin  is  show n as a  load ing con tro l.  (c) Loca liza tion  o f N LS  m utan t E G FP constructs  (green) 
in  m IM C D  ce lls .  N ucleus (H oechst, b lue ) is  ou tlined  by a  dashe d line . (d) Luc ife rase  reporte r 
activ ity in  293T  ce lls  transfected  w ith  D vl-1  revea ls  a  decrease  in  po ten tia tion  by N LS  m utants 
com pared to  w ild -type  Jbn . *P<0.05 , **P<0.01 , n=3  from  th ree  separa te  experim ents, S tuden t’s 
t-test. Va lues a re  re la tive  to  em pty vecto r contro l and w ere  norm a lized  fo r co -transfected  β -G a l. 
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Supplementary Figure 9
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Supplementary Figure 9. Pathology immediately following injury in Ahi1-/- and Ahi1+/- kidney. (a) H & E  
s ta in ing  o f in ju red  k idneys  fo llow ing un ila te ra l IR I in  Ahi1–/– and  Ahi1+/– litte rm ates  aged  5  m onths . S igns  o f in ju ry 
such as  vacuo liza tion  and  ce ll s lough ing  (a rrow s) a re  v is ib le  in  bo th  contro l and m utant in ju red k idneys . T he Ahi1–/– 
k idney add itiona lly exh ib its  the  typ ica l early m an ifes ta tions  o f N P H P  w ith  som e tubu la r abnorm alities  (a rrow heads). 
(b) β -ga lac tos idase lum inescence re la tive  to  to ta l p ro te in  concentra tion  from  w ho le  k idney lysa tes  o f a  pa ir o f 
Ahi1+/+ and Ahi1–/– litte rm ates  aged 3  m onths  sub jec ted  to  IR I revea ling  overa ll decreased W nt ac tiv ity even in  the  
un in ju red  Ahi1–/– k idney a t th is  early age prio r to  N P H P  d isease  onset, and abroga ted W nt upregu la tion  fo llow ing  
in ju ry com pared  w ith  Ahi1+/+ k idne y lysa te . 
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Supplementary Methods 

Mouse line generation. We generated Ahi1+/– mice using homologous recombination 

(manuscript in preparation) and crossed them to TOPGAL+ mice1 (JAX) to generate Ahi1+/–; 

TOPGAL+ mice.  F1 generation was then crossed to Ahi1+/– mice to generate Ahi1–/–; TOPGAL+ 

and Ahi1+/–; TOPGAL+ mice.  We genotyped mice using primers for Ahi1 and LacZ on tail DNA.  

We performed X-Gal staining using a previously published protocol2 and maintaining a pH 7.7–

8.0 to minimize endogenous activity3,4.  Mouse work was carried out in compliance with 

Institutional Animal Care and Use Committee approved protocols. 

 

Kidney injury. We performed kidney injury by either intraperitoneal injection of 20mg kg–1 body 

weight of cisplatin5 or an equal volume/weight ratio of saline or by unilateral IRI similar to 

previously described6.  Briefly, mice were anesthetized and the left kidney was exposed and 

subjected to vascular clamping for 30 min followed by removal of the clamp.  The right kidney 

was left uninjured and animals were then sutured and allowed to recover.  

 

Nuclear fractionation.  We performed nuclear fractionation according to a previously published 

protocol7, and nuclear coimmunoprecipitation was performed using rabbit antibody to GFP 

(Genetex) from nuclear extracts similarly prepared.  

 

Transfection and luciferase assay.  For transient transfections of 293T, mIMCD, Cos7, and 

N2A cells, we used Lipofectamine 2000 (Invitrogen) according to the manufacturer’s protocol.  

For luciferase assays, we grew 293T cells and N2A cells in 12-well plates and transfected with 

600 ng Topflash, 120 ng βGal, and 650 ng of Jbn-GFP expression plasmid or empty vector (GFP 

was mutated at Y66G to disrupt fluorescence using QuikChange mutagenesis).  We co-

transfected cells with 650 ng Dvl-1 expression plasmid, 650 ng β-CateninΔN, or treated with 

Wnt3a conditioned media (WCM) to stimulate the Wnt pathway.  We obtained Wnt3A conditioned 

media from stably transfected L cells with Wnt3A expression vector and used as described8.  

Control media was from untransfected L cells. For experiments involving siRNA, we cotransfected 
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2.5pmol siRNA with half the above DNA amounts using Lipofectamine 2000 according to the 

manufacturer allowing for >80% transfection efficiency.  48 h following transfection, cells were 

serum starved for 16 h or treated with WCM diluted 3:1 in serum free media.  We performed the 

luciferase assay according to a previously published protocol9 and β-galactosidase activity was 

measured using the Tropix Galacto-light Plus kit (Applied Biosystems, T1007). 
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