
Aldosterone	  regulates	  NCC	  indirectly,	  via	  plasma	  potassium	  

Supplemental	  Figures	  and	  Methods	  

Andrew	   S.	   Terker1,	   Bethzaida	   Yarbrough1,	   Mohammed	   Z.	   Ferdaus1,	   Rebecca	   A.	  

Lazelle1,	   Kayla	   J.	   Erspamer1,	   Nicholas	   P.	   Meermeier1,	   Hae	   J.	   Park1,	   James	   A.	  

McCormick1,	  Chao-‐Ling	  Yang1,2,	  and	  David	  H.	  Ellison1,2	  

1. Division	   of	   Nephrology	   &	   Hypertension,	   Department	   of	   Medicine,	   Oregon	  

Health	  &	  Science	  University,	  Portland,	  OR,	  97239,	  USA	  	  

2. VA	  Portland	  Health	  Care	  System,	  Portland,	  OR	  97239,	  USA	  

	  	  

David	  H.	  Ellison,	  M.D.	  

Division	  of	  Nephrology	  &	  Hypertension,	  CH12R	  

Oregon	  Health	  &	  Science	  University	  

3181	  SW	  Sam	  Jackson	  Park	  Road	  

Portland,	  OR	  97239	  

Phone	  503	  494-‐4465	  

Fax:	  503	  494-‐5330	  

Email:	  ellisond@ohsu.edu	  

	   	  



Full	  Methods	  

Animals	  

All	  studies	  were	  approved	  by	  Oregon	  Health	  and	  Science	  University’s	  Animal	  

Care	  and	  Usage	  Committee	  (Protocol	  IS3286).	  Kidney-‐specific	  MR	  knockout	  (KS	  MR-‐

/-‐)	  mice	  were	  generated	   through	  use	  of	   the	  Pax8-‐rtTA/LC1	  system1	  as	  our	   lab	  has	  

previously	  reported2.	  Double	  transgenic	  Pax8-‐rtTA/LC1	  mice	  were	  bred	  with	  mice	  

homozygous	   for	   the	   MR	   allele	   in	   which	   exon	   3	   is	   floxed3	   to	   obtain	   MRfl/+/Pax8-‐

rtTA/LC1.	  These	  mice	  were	  then	  interbred	  to	  obtain	  MRfl/fl/Pax8-‐rtTA/LC1	  animals.	  

To	  induce	  Cre-‐mediated	  recombination	  of	  the	  MR	  gene,	  MRfl/fl/Pax8-‐rtTA/LC1	  mice	  

were	   treated	  with	   2mg/ml	   doxycycline	   hyclate	   in	   5%	   sucrose	   drinking	  water	   for	  

two	  weeks.	  Control	  animals	  were	  genetically	  identical,	  but	  treated	  with	  only	  sucrose	  

water	   for	   the	   two-‐week	  period.	  For	   some	  experiments,	   animals	   lacking	  one	  of	   the	  

transgenes	   were	   included	   treated	   with	   only	   sucrose	   water	   and	   used	   as	   controls.	  

Following	  treatment,	  all	  animals	  were	  returned	  to	  regular	  drinking	  water	  for	  at	  least	  

two	  weeks	  before	  use.	  All	  mice	  used	  for	  experiments	  were	  12-‐24	  weeks	  old.	  	  

	  

PCR	  Genotyping	  

Genomic	  DNA	  extracts	  were	  prepared	  from	  tail	  snips	  by	  heating	  overnight	  at	  

55°C	  in	  300µL	  digestion	  solution	  containing	  5mM	  EDTA,	  200mM	  NaCl,	  100mM	  Tris	  

(pH	  8.0),	  0.2%	  SDS	  and	  0.4	  mg/ml	  Proteinase	  K.	  The	  following	  day,	  supernatant	  was	  

transferred	   to	   a	   new	   tube	   and	   1mL	   100%	   ethanol	   was	   added	   followed	   by	  

centrifugation	   at	   16,000xg	   for	   30	   min	   at	   room	   temperature.	   Supernatant	   was	  

poured	  off	  and	  1mL	  70%	  ethanol	  was	  added	  followed	  by	  centrifugation	  at	  16,000xg	  



for	  20	  min	  at	   room	  temperature.	   Supernatant	  was	  poured	  off	   and	  DNA	  pellet	  was	  

immediately	  resuspended	  in	  300µL	  Tris-‐EDTA	  buffer	  (pH	  7.5).	  Residual	  ethanol	  was	  

evaporated	  at	  55°C	  for	  2hr	  before	  DNA	  was	  used	  for	  PCR.	  DNA	  was	  stored	  at	  -‐20°C.	  

	   Primers	   used	   to	   detect	   presence	   of	   Pax8-‐rtTA	   and	   LC1	   transgenes	   were	  

reported	   previously4.	   Primers	   used	   to	   detect	   presence	   of	   floxed	   or	   wild-‐type	  MR	  

allele	   were:	   5’-‐CTGGAGATCTGAACTCCAGGCT-‐3’,	   5’-‐TAGAAACACTTC	  

GTAAAGTAGAGCT-‐3’,	  and	  5’-‐CCTAGAGTTCCTGAGCTGCTGA-‐3’.	  

	  

Animal	  diets	  and	  measurement	  of	  food	  consumption	  

For	  Na+	  deprivation	  studies,	  a	  Na+-‐deficient	  diet	  (0.01-‐0.02%	  Na+,	  0.8%	  K+,	  Harlan	  

Laboratories	  TD.	  90228)	  was	  used.	  For	  custom	  diets,	  a	  gel	  diet	  was	  prepared	  from	  

38.4% powder diet, 61.4% water, and 0.15% agar. 	  The	  Na+-‐deficient	  diet	  was	  

supplemented	  with	  NaCl	  (0.49%	  NaCl)	  to	  prepare	  the	  normal	  salt	  control	  diet.	  For	  

K+	  loading	  studies,	  a	  K+-‐deficient	  diet	  (15-‐30	  ppm	  K+,	  Harlan	  Laboratories	  

TD.88239)	  was	  supplemented	  with	  KCl	  to	  prepare	  normal	  (1%	  K+)	  and	  high	  K+	  (5%	  

K+)	  diets.	  For	  studies	  using	  the	  diet	  deficient	  in	  both	  Na+	  and	  K+	  (Harlan	  

Laboratories	  TD.08168),	  control	  groups	  were	  fed	  the	  Na+-‐deficient	  diet.	  Food	  

consumption	  was	  determined	  by	  tracking	  the	  dry	  weight	  of	  food	  present	  in	  cages	  of	  

individually	  housed	  mice.	   

Blood	  pressure	  measurement	  

Blood	  pressure	  was	  measured	  by	  radiotelemetry	  using	  PA-‐C10	  transmitters	  

(Data	  Sciences	  Inc.)	  implanted	  in	  the	  left	  carotid	  arteries	  of	  study	  mice	  as	  previously	  

reported4.	   	   Animals	  were	   allowed	   at	   least	   7	   days	   to	   recover	   from	   surgery	   before	  



measurements	  were	  recorded	  every	  10	  minutes.	  Two-‐hour	  averages	  were	  used	   to	  

calculate	  mean	  arterial	  pressures	  (MAP).	  	  

	  

Metabolic	  cage	  studies	  

Animals	  were	  acclimated	  to	  metabolic	  cages	  (Hatteras	  Instruments)	  for	  two	  

days	   prior	   to	   urine	   collection.	   Animals	  were	   fed	   a	   gel	   diet	  with	   indicated	  mineral	  

content	   (Harlan	   Laboratories,	   see	   Animal	   diets	   and	   measurement	   of	   food	  

consumption	  section)	  and	  urine	  was	  collected	  under	  water-‐saturated	  light	  mineral	  

oil	  every	  24	  hours.	  Urine	  Na+	  and	  K+	  content	  were	  determined	  by	  flame	  photometry.	  	  	  

	  

Blood	  collection	  and	  electrolyte	  measurements	  

Whole	  blood	  was	  collected	  via	  cardiac	  puncture	  under	  anesthesia.	  Blood	  was	  

immediately	   transferred	   into	   heparinized	   tubes,	   80µL	   of	  which	  was	   loaded	   into	   a	  

Chem8+	  cartridge	  for	  electrolyte	  measurement	  by	  i-‐STAT	  analyzer	  (Abbot	  Point	  of	  

Care	   Inc).	   The	   remaining	   blood	   volume	   was	   centrifuged	   at	   2,000xg	   for	   5	   min	   at	  

room	  temperature.	  Plasma	  was	  removed	  and	  stored	  at	  -‐20°C.	  	  

	  

Kidney	  Western	  blot	  

Kidneys	  were	   removed,	   snap	   frozen	   in	   liquid	  nitrogen,	   and	   stored	   at	   -‐80°C	  

until	  homogenization.	  Using	  a	  Potter	  Homogenizer,	  they	  were	  homogenized	  in	  cold	  

homogenization	   buffer	   containing	   protease	   and	   phosphatase	   inhibitors	   as	  

previously	  reported2.	  Homogenate	  was	  centrifuged	  at	  6,000xg	  for	  15	  min	  at	  4°C	  and	  

supernatant	  was	   transferred	   to	  a	  new	   tube.	  Following	   total	  protein	  quantification,	  



protein	   was	   separated	   on	   either	   a	   4-‐12%	   Bis-‐tris	   or	   3-‐8%	   Tris-‐acetate	   gel	  

(Invitrogen)	   and	   transferred	   overnight	   to	   a	   PVDF	  membrane,	   which	  was	   blocked	  

with	  5%	  nonfatmilk	  in	  PBS-‐Tween	  for	  one	  hour	  followed	  by	  a	  one-‐hour	  incubation	  

with	   primary	   antibody.	   Membranes	   were	   then	   washed,	   incubated	   with	   an	   HRP-‐

coupled	  secondary	  antibody	  (1:5,000,	  Invitrogen),	  washed	  again,	  and	  imaged	  using	  

a	  Western	  Lightning	  kit	   (Perkin	  Elmer).	  Densitometry	  was	  performed	  with	   ImageJ	  

(http://rsbweb.nih.gov/ij/)	  and	  all	  data	  has	  been	  normalized	  to	  actin.	  

	  

Perfusion	  fixation	  and	  immunofluorescence	  imaging	  

Kidneys	  were	  fixed	  in	  vivo	  by	  retrograde	  abdominal	  aortic	  perfusion	  with	  3%	  

PFA5.	  5µm	  sections	  were	  washed	  in	  PBS,	   incubated	  in	  0.5%	  Triton-‐X	  in	  PBS	  for	  30	  

minutes,	   and	   blocked	   in	   5%	   nonfat	   milk	   in	   PBS	   for	   30	   min.	   Sections	   were	   then	  

incubated	  overnight	  in	  primary	  antibody	  at	  4°C.	  The	  next	  day,	  sections	  were	  washed	  

in	  PBS,	   incubated	  in	  Cy-‐3-‐coupled	  secondary	  antibody	  (Invitrogen),	  and	  embedded	  

in	   elvanol	   mounting	   medium.	   Sections	   were	   imaged	   on	   an	   AXIO	   Imager	   M2	  

microscope	  (Zeiss).	  	  

	  

Antibodies	  

The	   total	   NCC6,	   pNCC-‐T537,	   α-‐,	   β-‐,	   and	   γ-‐ENaC	   antibodies	   have	   all	   been	  

previously	   reported8.	   Commercial	   antibodies	   were	   used	   to	   detect	   SGK1	   (Cell	  

Signaling)	  and	  actin	  (Abcam).	  	  

	  



Aldosterone	  infusion	  and	  plasma	  concentration	  measurement	  

Aldosterone	  was	   infused	   at	   a	   concentration	   of	   240	   ug/kg/d	   for	   7	   days	   via	  

osmotic	  minipump	  (Alzet).	  Pumps	  were	  primed	  overnight	  in	  a	  0.9%	  NaCl	  solution	  at	  

37°C	   prior	   to	   implantation.	   Plasma	   aldosterone	   concentration	   was	   measured	   by	  

ELISA	  (IBL	  America).	  Sham	  group	  underwent	  surgery,	  but	  had	  no	  pump	  implanted.	  

	  

Fludrocortisone	  and	  amiloride	  studies	  

	   Animals	  were	  treated	  with	  fludrocortisone	  (17	  mg/L),	  amiloride	  (50	  mg/L),	  

or	  both	  via	  drinking	  water	  for	  5-‐7	  days	  before	  sacrifice.	  	  

	  

Statistics	  

The	  null	  hypothesis	  was	  tested	  using	  unpaired	  t	  tests,	  two-‐way	  ANOVA,	  two-‐

way	  ANOVA	  for	  repeated	  measures,	  and	  appropriate	  post-‐hoc	  tests	  as	  indicated	  in	  

the	  figure	  legends	  and	  text.	  	  	  
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Supplemental Figure 1

Semi quantitative RT PCR of mineralocorticoid receptor from kidney of mice following 
doxycycline treatment.  



Prostasin αENaC

Control

Supplemental Figure 2

Serial cryostat kidney sections illustrating the striking co-localization between prostasin (left panel) and 
αENaC (right panel).  Arrows show some typical tubule pro�les that appear to express both proteins.  There 
is some additional staining for prostasin in other nephron segments (identi�ed by asterisks).
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Supplemental Figure 3

Comparison of plasma chloride and carbon dioxide, and hematocrit in control and MR knockout mice, when 
consuming a normal salt (NS) and low salt  (LS) diet.   
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High K+ intake increased the total abundance and the cleaved/uncleaved ratio of both α and γENaC in control animals, but had no effect on these parameters in knockouts. The interaction of diet and genotype was significant.
The high K+ diet did not affect βENaC to a statistically significant degree in either genotype. High K+ intake reduced total NCC and pNCC abundance in both genotypes and the interaction of diet and genotype was signi�cant for both. 
Two-way ANOVA was used with Tukey’s post-hoc test. p<0.05 was judged to be signi�cant. n=4 (control NK), 4 (knockout NK), 5 (control HK), and 6 (knockout HK). 

E�ects of high potassium intake in control and MR knockout mice. Panel a shows western blot of ENaC. Panels b-d quantify the results in panel a. Panel e shows western blot of NCC. The results are quanti�ed in panels f and g.
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Supplemental Figure 5

Results of treatment with �udrocortisone and amiloride, 
to prevent the change in plasma potassium concentration.
Plasma K concentration is shown in the top panel.  Western 
blot of phosphorylated NCC is shown below. 




