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Figure	  S1.	  	  Na+	  Regulation	  in	  Saponin-‐Isolated	  P.	  falciparum	  Trophozoites,	  Related	  to	  Figure	  1	  

(A)	  Localisation	  of	  SBFI	  fluorescence	  in	  a	  wet-‐mount	  preparation	  of	  saponin-‐isolated	  trophozoites	  
observed	  using	  epifluorescence	  microscopy	  (FView	  II	  digital	  camera	  mounted	  on	  an	  Olympus	  IX81	  
inverted	  epifluorescence	  microscope	  fitted	  with	  a	  100x	  (1.4	  NA)	  objective	  lens	  and	  DAPI	  filter	  cube	  
(340-‐380	  nm	  excitation,	  425	  nm	  long	  pass	  emission)).	  The	  left	  panel	  is	  the	  fluorescence	  image	  and	  
the	  right	  panel	  is	  the	  fluorescence	  image	  superimposed	  on	  the	  brightfield	  image.	  Image	  analysis	  was	  
performed	  using	  NIH	  ImageJ	  (version	  1.40;	  http://rsb.info.nih.gov/ij/).	  Fluorescence	  was	  observed	  
from	  the	  parasite	  cytoplasm,	  but	  absent	  from	  the	  erythrocyte	  ghost	  and	  digestive	  vacuole	  (DV)	  
compartments.	  The	  scale	  bar	  is	  ~3	  μm.	  

(B)	  Representative	  calibration	  traces	  for	  SBFI-‐loaded	  parasites	  equilibrated	  to	  varying	  [Na+]i	  using	  a	  
combination	  of	  the	  ionophores	  nigericin	  (5	  μM),	  gramicidin	  (2.5	  μM)	  and	  monensin	  (5	  μM).	  
Calibration	  solutions,	  containing	  0,	  10,	  20,	  50	  or	  130	  mM	  Na+,	  were	  generated	  by	  mixing	  solutions	  
containing	  80	  mM	  Na+/K+	  gluconate	  and	  50	  mM	  NaCl/KCl	  (thereby	  ensuring	  [Cl-‐]o	  ≈	  [Cl-‐]i	  (Henry	  et	  al.,	  
2010)),	  1	  mM	  MgCl2,	  20	  mM	  glucose	  and	  25	  mM	  HEPES).	  A	  five-‐point	  calibration	  was	  performed	  for	  
every	  experiment,	  and	  a	  hyperbolic	  standard	  curve	  was	  generated	  as	  described	  previously	  (Diarra	  et	  
al.,	  2001;	  Grynkiewicz	  et	  al.,	  1985).	  The	  curves	  are	  representative	  of	  those	  obtained	  in	  at	  least	  five	  
independent	  experiments.	  

(C)	  Representative	  calibration	  curves	  showing	  the	  relationship	  between	  fluorescence	  ratio	  and	  [Na+]i	  
at	  three	  different	  pH	  values:	  6.0,	  7.3	  and	  8.0.	  The	  data	  obtained	  at	  each	  pH	  were	  fit	  to	  a	  hyperbolic	  
function	  (R2	  >	  0.95)	  which	  was	  used	  subsequently	  to	  convert	  the	  measured	  fluorescence	  ratio	  to	  
[Na+]i	  using	  the	  methods	  described	  by	  Diarra	  and	  colleagues	  (Diarra	  et	  al.,	  2001).	  The	  curves	  are	  
representative	  of	  those	  obtained	  in	  at	  least	  five	  independent	  experiments.	  

(D)	  Effect	  of	  removal	  of	  extracellular	  Na+	  on	  [Na+]i.	  Extracellular	  Na+	  was	  replaced	  with	  choline+	  at	  
the	  timepoint	  indicated	  by	  the	  closed	  triangle.	  The	  extracellular	  Na+	  concentration	  over	  the	  course	  
of	  the	  experiment	  is	  shown	  above	  the	  trace.	  The	  trace	  is	  representative	  of	  that	  obtained	  in	  at	  least	  
three	  independent	  cell	  preparations.	  	  

(E)	  Effect	  of	  increasing	  extracellular	  [Na+]	  on	  [Na+]i.	  Extracellular	  [Na+]	  ([Na+]o)	  was	  increased	  (above	  
the	  value	  of	  125	  mM	  in	  standard	  saline)	  by	  the	  addition	  of	  75	  mM	  NaCl	  at	  the	  timepoint	  indicated	  by	  
the	  closed	  triangle	  (black	  trace).	  Isosmotic	  quantities	  of	  either	  choline	  chloride	  (grey	  trace)	  or	  
sucrose	  (red	  trace)	  were	  added	  to	  separate	  cell	  aliquots	  to	  allow	  an	  assessment	  of	  the	  extent	  to	  
which	  [Na+]i	  increased	  as	  a	  result	  of	  osmotic	  shrinkage	  of	  the	  parasite.	  The	  traces	  are	  representative	  
of	  those	  obtained	  in	  at	  least	  five	  independent	  cell	  preparations.	  	  

(F)	  Dependence	  of	  [Na+]i	  on	  [Na+]o	  as	  [Na+]o	  was	  increased	  above	  125	  mM.	  [Na+]i	  was	  determined	  10	  
min	  after	  the	  increase	  in	  [Na+]o.	  At	  each	  [Na+]o,	  the	  increase	  in	  [Na+]i	  measured	  following	  the	  addition	  
of	  an	  equimolar	  concentration	  choline	  chloride	  was	  subtracted	  from	  that	  measured	  following	  
addition	  of	  NaCl,	  in	  order	  to	  correct	  for	  the	  increase	  in	  concentration	  arising	  from	  osmotic	  shrinkage	  
of	  the	  parasite	  and	  to	  provide,	  thereby,	  an	  estimate	  of	  the	  magnitude	  of	  the	  ‘shrinkage-‐
independent’	  increase	  in	  [Na+]i.	  Where	  not	  shown	  the	  error	  bars	  lie	  within	  the	  data	  point.	  The	  line	  
was	  drawn	  using	  a	  sigmoidal	  curve	  fitted	  to	  the	  data	  (R2	  =	  0.98).	  Each	  data	  point	  is	  averaged	  from	  
between	  three	  and	  five	  independent	  experiments	  (mean	  ±	  S.E.M.).	  

(G)(H)	  Effect	  of	  the	  antimalarials	  (G)	  chloroquine	  (10	  μM)	  and	  (H)	  artemisinin	  (10	  μM)	  on	  [Na+]i.	  The	  
drugs	  were	  added	  at	  the	  time-‐point	  indicated	  by	  the	  closed	  triangle.	  The	  traces	  shown	  are,	  in	  each	  
case,	  representative	  of	  those	  obtained	  from	  at	  least	  three	  independent	  cell	  preparations.	  

(I)	  Effect	  of	  glucose	  removal	  (and	  hence	  ATP	  depletion)	  on	  [Na+]i.	  The	  parasites	  were	  washed	  and	  
then	  resuspended	  in	  glucose-‐free	  saline	  at	  the	  point	  indicated	  by	  the	  closed	  triangle.	  The	  trace	  is	  
representative	  of	  those	  obtained	  in	  four	  independent	  experiments.	  
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Figure	  S2.	  	  Effects	  of	  Spiroindolones	  and	  Other	  Inhibitors	  on	  Ion	  Regulation	  in	  Saponin-‐Isolated	  P.	  
falciparum	  Trophozoites,	  Related	  to	  Figure	  2	  

(A)	  Concentration-‐dependent	  disruption	  of	  [Na+]i	  regulation	  in	  SBFI-‐loaded,	  saponin-‐isolated	  P.	  
falciparum	  trophozoites	  by	  the	  spiroindolone	  NITD246.	  The	  spiroindolone	  was	  added	  at	  the	  start	  of	  
each	  trace.	  The	  traces	  shown	  are	  representative	  of	  those	  obtained	  from	  at	  least	  three	  independent	  
cell	  preparations.	  

(B)	  Lack	  of	  effect	  of	  the	  spiroindolones	  on	  ATP	  levels	  in	  saponin-‐isolated	  parasites.	  	  Intracellular	  
[ATP]	  was	  determined	  using	  the	  firefly	  luciferase	  assay	  and	  results	  were	  standardised	  to	  the	  resting	  
cytosolic	  [ATP]	  under	  glucose-‐containing,	  inhibitor-‐free	  conditions	  (unchanged	  across	  the	  
timecourse;	  data	  not	  shown).	  Inhibitors	  (�	  NITD246;	  �	  NITD247;	  q	  NITD138;	  r	  NITD139)	  were	  
added	  at	  time-‐zero.	  The	  data	  are	  averaged	  from	  three	  independent	  experiments	  (mean	  ±	  S.E.M.).	  
For	  clarity,	  error	  bars	  are	  shown	  for	  the	  NITD246	  series	  only,	  and	  where	  not	  shown	  error	  bars	  lie	  
within	  the	  symbol.	  The	  dashed	  reference	  line	  indicates	  100	  %	  ATP	  (control	  levels).	  

(C)	  Effect	  on	  pHi	  of	  the	  addition	  of	  orthovanadate	  (100	  µM,	  at	  the	  point	  indicated	  by	  the	  closed	  
triangle)	  followed	  by	  the	  addition	  of	  concanamycin	  A	  (75	  nM,	  at	  the	  point	  indicated	  by	  the	  open	  
triangle)	  to	  BCECF-‐loaded	  parasites	  suspended	  in	  either	  standard	  saline	  (black	  trace)	  or	  Na+-‐free	  
solution	  (in	  which	  Na+	  was	  replaced	  with	  an	  equimolar	  concentration	  of	  choline+;	  grey	  trace).	  The	  
addition	  of	  orthovanadate	  induced	  an	  alkalinisation	  in	  the	  presence,	  but	  not	  in	  the	  absence,	  of	  
extracellular	  Na+.	  On	  addition	  of	  the	  V-‐type	  H+-‐ATPase	  inhibitor	  concanamycin	  A	  to	  parasites	  in	  Na+-‐
containing	  medium	  that	  had	  undergone	  an	  NITD246-‐induced	  alkalinisation	  there	  was	  an	  immediate	  
reversal	  of	  the	  alkalinisation,	  with	  pHi	  decreasing	  to	  below	  its	  normal	  resting	  value	  and	  approaching	  
pHo.	  The	  traces	  shown	  are	  representative	  of	  those	  obtained	  from	  at	  least	  three	  independent	  cell	  
preparations.	  

(D)(E)	  Effect	  of	  (D)	  cyclopiazonic	  acid	  (40	  μM)	  and	  (E)	  thapsigargin	  (2	  μM)	  on	  [Na+]i	  in	  SBFI-‐loaded,	  
saponin-‐isolated	  P.	  falciparum	  trophozoites.	  Addition	  of	  each	  inhibitor	  is	  indicated	  by	  a	  closed	  
triangle.	  The	  traces	  shown	  are	  representative	  of	  those	  obtained	  from	  at	  least	  three	  independent	  cell	  
preparations.	  
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