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FIGURE	  4.6.	  	  Endocytosis	  is	  decreased	  in	  VPA-‐treated	  glioblastoma	  cells.	  Glioblastoma	  

U251	  cells	  were	  grown	  in	  DMEM	  with	  10%	  FBS.	  Serum-‐starved	  cells	  were	  treated	  with	  1	  

mM	  VPA	  and	  the	  endocytic	  marker	  FM4-‐64	  was	  added,	  as	  described	  in	  Materials	  and	  

Methods.	  To	  monitor	  internalization	  and	  uptake	  of	  the	  dye,	  samples	  were	  removed	  at	  

the	  indicated	  times	  following	  addition	  of	  the	  dye.	  All	  images	  were	  taken	  at	  the	  same	  

magnification	  (1000X).	  
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FIGURE	  4.7.	  	  Internalization	  of	  transferrin	  is	  decreased	  in	  VPA-‐treated	  glioblastoma	  

cells.	  	  Glioblastoma	  U251	  cells	  were	  grown	  in	  DMEM	  with	  10%	  FBS.	  	  Serum-‐starved	  cells	  

were	  treated	  with	  1	  mM	  VPA.	  Uptake	  of	  transferrin	  was	  monitored	  at	  the	  indicated	  

times.	  All	  images	  were	  taken	  at	  the	  same	  magnification	  (1000X).	  
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DISCUSSION	  

	  

This	   study	  was	  carried	  out	   to	   identify	  novel	  pathways	  or	  processes	   that	  are	  altered	   in	  

response	  to	  VPA-‐treatment	  and	  may,	  thus,	  underlie	  the	  therapeutic	  effect	  of	  the	  drug.	  

The	  majority	  of	  the	  genes	  identified	  in	  the	  cDNA	  screen	  fell	  into	  three	  major	  categories:	  

ribosomal	   proteins,	   glycolytic	   enzymes,	   and	   proteins	   involved	   in	   vesicular	   trafficking	  

(Table	  4.2).	   I	   focused	  on	   trafficking	  as	  my	  previous	   studies	   showed	   that	  VPA	  perturbs	  

the	  vacuole	  by	  decreasing	  V-‐ATPase	  activity	  and	  perturbing	  PI3,5P2	  	  levels,	  both	  of	  which	  

are	   involved	   in	   endocytic	   trafficking.	   This	   led	   me	   to	   hypothesize	   that	   VPA	   perturbs	  

endocytosis.	   The	   following	   are	   my	   findings:	   1)	   VPA	   decreases	   endocytosis	   in	   yeast;	  

evidence	  suggests	  that	  decreased	  endocytosis	   is	  due	  to	  perturbed	  PI4,5P2	   levels	   in	  the	  

plasma	  membrane.	   	  2)	  Perturbation	  of	  endocytosis	  by	  VPA	  is	  conserved	  in	  mammalian	  

cells.	  	  	  

	  	   The	   observations	   that	   VPA	   causes	   a	   phenotype	   similar	   to	   that	   resulting	   from	  

overexpression	  of	  AKL1,	  which	  perturbs	  endocytic	  trafficking	  (Fig.	  4.1),	  and	  that	  FM4-‐64	  

trafficking	  to	  the	  vacuolar	  membrane	   is	  delayed	   in	  VPA-‐treated	  cells	   (Fig.	  4.2),	  suggest	  

that	   VPA	   delays	   but	   does	   not	   completely	   inhibit	   endocytosis.	   A	   possible	   mechanism	  

whereby	   VPA	   affects	   endocytic	   trafficking	   is	   by	   decreasing	   levels	   of	   PI4,5P2,	   which	  

activates	   and	   stabilizes	   membrane	   proteins	   that	   regulate	   endocytosis	   (DeHart	   et	   al.,	  

2007).	  PI4,5P2-‐dependent	  membrane	  proteins	  anchor	  the	  actin	  cytoskeleton,	  which	  is	  a	  

major	   regulator	   of	   membrane	   trafficking	   in	   yeast,	   and	   also,	   recruit	   other	   proteins	  

required	   for	   the	  endocytic	  process	   (Smythe	  and	  Ayscough,	  2006;	  DeHart	  et	  al.,	  2007).	  
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Temperature-‐sensitive	   mss4	   mutants	   were	   shown	   to	   be	   defective	   in	   receptor	  

internalization	  (Derevieres	  et	  al.,	  2002),	  indicating	  that	  PI4,5P2	  is	  required	  for	  endocytic	  

trafficking.	  	  	  	  

King	   et	   al.	   (2009)	   have	   shown	   that	   the	  presence	  of	   a	   large	  PI4,5P2	   pool	   in	   the	  

plasma	  membranes,	  and	  the	  dynamic	  changes	  associated	  with	  its	  role	  as	  a	  precursor	  for	  

the	   signaling	   molecules	   IP3	   and	   DAG,	   obscure	   detection	   of	   changes	   in	   levels	   of	   this	  

phosphoinositide.	   This	   is	   in	   agreement	   with	   a	   study	   I	   have	   done	   using	   a	   GFP-‐tagged	  

FLARE	  that	  specifically	  binds	  PI4,5P2,	  	  where	  the	  high	  intensity	  of	  fluorescence	  observed	  

did	   not	   reveal	   differences	   in	   PI4,5P2	   levels	   in	   plasma	  membranes	   of	   VPA-‐treated	   and	  

untreated	   cells	   (data	   not	   shown).	   Therefore,	   I	   used	   two	   indirect	   approaches	   to	  

determine	  if	  VPA	  alters	  PI4,5P2	  levels;	  (i)	  visualization	  of	  PI4P,	  the	  precursor	  of	  PI4,5P2,	  

and	  (ii)	  assays	  of	  PI4,5P2-‐dependent	  functions.	  	  

Studies	  by	  Pawolleck	  and	  Williams	  (2009)	  and	  Xu	  et	  al.	   (2007)	  have	  shown	  that	  

VPA	   causes	   a	   decrease	   in	   PI4P	   and	   PI4,5P2,	   an	   effect	   that	   was	   phenocopied	   by	  

attenuation	   of	   phosphoinositide	   signaling	   in	   Dictyostelium.	   Furthermore,	   VPA	   was	  

shown	   to	   decrease	   PI4P	   and	   PI4,5P2	   levels	   	   in	   a	   dose-‐	   and	   time-‐dependent	   manner	  

(Chang	   et	   al.,	   2011).	   These	   reports	   are	   consistent	  with	  my	   finding	   that	   VPA	   causes	   a	  

decrease	   in	   PI4P	   (Fig.	   4.3)	   and	   support	   my	   conclusion	   that	   PI4,5P2	   is	   decreased	   in	  

response	  to	  VPA	  treatment	  of	  yeast	  cells.	  	  

The	   rationale	   for	   the	   second	   approach,	   assay	   of	   PI4,5P2	  -‐dependent	   functions,	  

was	  that	  if	  decreased	  endocytosis	  caused	  by	  VPA	  is	  due	  to	  decreased	  PI4,5P2,	  then	  other	  

processes	  that	  are	  dependent	  on	  PI4,5P2,	   	  would	  be	  disrupted	  in	  the	  presence	  of	  VPA.	  
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Rho1,	  the	  functional	  ortholog	  of	  the	  mammalian	  RhoA	  (Qadota	  et	  al.,	  1994),	   is	  a	  small	  

GTPase	  that	  regulates	  several	  processes,	  including	  actin	  organization,	  CWI,	  and	  β-‐glucan	  

synthesis	  through	  independent	  effectors.	  It	  resides	  in	  the	  plasma	  membrane	  where	  it	  is	  

activated	   and	   stabilized	   by	   binding	   to	   PI4,5P2	   via	   a	   polybasic	   domain	   (Yoshida	   et	   al.,	  

2009).	  mss4	  mutants,	  which	   are	   defective	   in	   PI4,5P2	   production,	   have	  been	   shown	   to	  

display	  defects	  in	  actin	  organization	  and	  CWI	  at	  elevated	  temperatures	  (Desrevieres	  et	  

al.,	  1998),	  thus,	  confirming	  the	  importance	  of	  PI4,5P2	  for	  Rho1	  activity.	  

Three	   processes	   regulated	   by	   Rho1	   were	   perturbed	   in	   response	   to	   VPA.	   This	  

suggests	   that	   VPA	   perturbs	   Rho1	   activity,	   either	   by	   inhibiting	   Rho1	   directly,	   or	   by	  

perturbing	   PI4,5P2	   which	   is	   required	   for	   activation	   and	   stabilization	   of	   Rho1.	   The	  

observation	   that	   inositol	   supplementation	   rescued	   the	   cell	  wall	   defect	   (Fig,	   4.4A)	   and	  

the	   temperature	   sensitivity	   of	   VPA-‐treated	   cells	   (Fig.	   4.4B)	   suggests	   that	   observed	  

perturbations	   caused	   by	   VPA	   are	   inositol	   dependent,	   and	   likely	   due	   to	   a	   decrease	   in	  

PI4,5P2.	  

The	   PKC-‐CWI	   pathway	   protects	   the	   cell	   from	   environmental	   stress	   that	   could	  

damage	   the	   protective	   cell	  wall,	   such	   as	   heat	   stress	   (Kamada	   et	   al.,	   2005)	   and	   hypo-‐

osmotic	   shock	   (Davenport	   et	   al.,	   1995).	   Yeast	   cells	   grown	   in	   I-‐	   medium	   at	   30°C	   and	  

shifted	   to	   39°C	   showed	   increased	   levels	   of	   phosphorylated	   Slt2	   (Fig.	   4.5B),	   which	  

indicates	  activation	  of	  CWI.	  However,	  under	  the	  same	  conditions,	  VPA-‐treated	  cells	  did	  

not	  show	  an	  equivalent	  increase	  in	  P-‐Slt2,	  suggesting	  that	  VPA	  inhibits	  activation	  of	  the	  

CWI	   pathway.	   	   Interestingly,	   heat	   shock	   activates	   the	   PI4P	   5-‐kinase	  Mss4,	   causing	   an	  



	  	  	  	  

	  

121	  

increase	   in	   PI4,5P2	   (Desrivieres	   et	   al.,	   1998;	   Aduhya	   and	   Emr,	   2002).	   It	   has	   been	  

suggested	   that	   this	   increase	   is	   required	   for	   activation	   of	   the	   CWI	   pathway	   at	   high	  

temperatures	  (Levin,	  2011).	  The	  finding	  that	  VPA	  inhibits	  activation	  of	  CWI	  at	  39°C,	  and	  

that	  inositol	  supplementation	  rescues	  this	  effect	  (Fig.	  4.5),	  suggests	  that	  attenuation	  of	  

CWI	  by	  VPA	  is	  due	  to	  perturbed	  synthesis	  of	  PI4,5P2.	  Another	  significance	  of	  this	  result	  is	  

that	  attenuation	  of	  CWI	  signaling	  by	  VPA	  signifies	  that	  VPA	  inhibits	  PKC.	  	  Although	  VPA	  

has	  been	  shown	  to	  inhibit	  mammalian	  PKC	  in	  cell	  extracts	  (Chen	  et	  al.,	  2004),	  the	  effect	  

of	   VPA	   on	   PKC	   in	   yeast	   has	   not	   been	   reported	   before,	   and	  may	   be	   of	   importance	   to	  

regulation	  of	  inositol	  biosynthesis,	  as	  discussed	  in	  Chapter	  3.	  	  

Taken	   together,	   the	   results	   presented	   here	   suggest	   that	   VPA-‐mediated	  

perturbation	   of	   cell	   wall	   biosynthesis,	   the	   CWI	   pathway,	   and	   endocytosis	   are	   due	   to	  

decreased	   PI4,5P2	   synthesis.	   Although	   these	   findings	   are	   indirect,	   two	   different	  

approaches	   support	   the	   conclusion	   that	   the	   decrease	   in	   PI4,5P2	   may	   underlie	   the	  

mechanism	   whereby	   VPA	   causes	   decreased	   endocytosis.	   Nevertheless,	   the	   possibility	  

remains	  that	  other	  mechanisms	  may	  be	  involved	  as	  well	  (Fig.	  4.8).	  

Perturbation	   of	   V-‐ATPase	   and	   PI3,5P2	   by	   VPA	   (Chapter	   3)	   is	   consistent	   with	  

decreased	  endocytosis	  shown	  here.	  V-‐ATPase	  null	  mutants	  have	  a	  markedly	  decreased	  

rate	  of	  endocytosis	  (Perzov	  et	  al.,	  2002).	  It	  is	  possible	  that	  reduced	  V-‐ATPase	  activity	  in	  

response	   to	  VPA	  results	   in	  decreased	   lumenal	  acidification	  of	  vesicles.	  This	  may	  affect	  

membrane	   recruitment	   of	   components	   required	   for	   the	   endocytic	   machinery.	  

Furthermore,	  PI3,5P2	  is	  required	  for	  regulating	  flux	  through	  the	  endocytic	  pathway	  and	  
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for	   sorting	   endocytosed	   cargo	   at	   the	   multivesicular	   body	   (Shaw	   et	   al.,	   2003).	   It	   is	  

possible	   that	   more	   than	   one	   mechanism	   may	   underlie	   perturbation	   of	   endocytosis	  

caused	  by	  VPA.	  

How	  might	  decreased	  endocytosis	   relate	   to	   the	  therapeutic	  effect	  of	  VPA?	  The	  

mechanism	   that	   underlies	   the	   GABAergic	   effect	   caused	   by	   VPA	   is	   a	   subject	   of	  

controversy.	  	  An	  increase	  in	  GABA	  levels	  following	  VPA	  treatment	  has	  been	  observed	  in	  

cultured	   mammalian	   cells,	   human	   plasma,	   and	   rat	   brains	   (MacDonald	   et	   al.,	   1979;	  

Loscher	   and	   Schmidt,	   1980;	   Patsalos	   et	   al.,	   1981).	   The	  mechanism	   that	   underlies	   the	  

increase	  in	  GABA	  levels	  in	  response	  to	  VPA	  is	  not	  known.	  Several	  mechanisms	  have	  been	  

proposed.	   For	   example,	   VPA	   was	   shown	   to	   elevate	   GABA	   levels	   by	   increasing	   the	  

availability	   of	   the	   GABA	   precursor,	   α-‐ketoglutarate,	   through	   the	   inactivation	   of	   α-‐

ketoglutarate	  dehydrogenase	  (Luder	  et	  al,	  1990).	  Decreased	  breakdown	  of	  GABA	  by	  the	  

two	  catabolic	  enzymes,	  GABA	  transaminase	  and	  succinate	  semialdehyde	  dehydrogenase	  

(SSD),	  was	  also	  reported	  (Loscher,	  1993;	  Whittle	  and	  Turner,	  1978).	  Modulation	  of	  the	  

post-‐synaptic	  response	  has	  also	  been	  suggested	  as	  a	  possible	  mechanism	  for	  the	  VPA-‐

induced	  GABAergic	  effect.	  Cunningham	  et	  al.	  (2003)	  showed	  that	  VPA	  prolongs	  the	  post-‐

synaptic	  inhibitory	  response	  by	  binding	  to	  the	  regulatory	  site	  of	  the	  GABA	  receptors	  on	  

the	   postsynaptic	   membrane.	   Thus,	   there	   is	   no	   consensus	   as	   to	   how	   VPA	   elicits	   its	  

GABAergic	  inhibitory	  effect.	  	  

In	   glioblastoma	   cells,	   VPA	  decreased	   the	   incorporation	  of	   FM4-‐64	   into	   vesicles	  	  

(Fig.	  4.	  6).	   	   It	  also	  decreased	   the	   internalization	  and	  recycling	  of	   transferrin	   (Fig.	  4.	  7).	  
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This	  suggests	  that	  VPA	  decreases	  clathrin-‐dependent	  endocytosis,	  the	  same	  mechanism	  

responsible	  for	  internalization	  of	  GABAA	  receptors.	  Therefore,	  it	  is	  tempting	  to	  speculate	  

that	  VPA	  may	  decrease	  internalization	  of	  GABAA	  receptors,	  prolonging	  their	  exposure	  to	  

the	   inhibitory	   effect	   of	   GABA	   present	   in	   the	   synapse.	   	   In	   support	   of	   this	   speculation,	  

phosphorylation	  of	  the	  GABAA	  receptors	  by	  PKC	  and	  GSK-‐β	  is	  required	  for	  internalization	  

and	  trafficking	  of	  these	  receptors	  (Tyagarajan	  et	  al.,	  2011;	  Brandon	  et	  al.,	  2000;	  Clayton	  

et	  al.,	  2010).	  Interestingly,	  both	  kinases	  are	  inhibited	  by	  VPA	  (Chen	  et	  al.,	  1994;	  Chen	  et	  

al.,	  1999;	  Kim	  et	  al.,	  2005),	  suggesting	  that	  inhibition	  of	  PKC	  and	  GSK-‐β	  by	  VPA	  may	  be	  

another	  mechanism	  whereby	  VPA	  inhibits	  endocytosis.	  

In	   conclusion,	   the	   aim	   of	   this	   study	  was	   to	   identify	   cellular	   functions	   that	   are	  

affected	  by	  VPA.	  Here	  I	  show	  that	  VPA	  perturbs	  endocytosis,	  and	  that	  this	  perturbation	  

is	  conserved	  in	  yeast	  and	  human	  cells.	  Decreased	  endocytosis	  by	  VPA	  may	  be	  due	  to:	  1)	  

decreased	   V-‐ATPase	   activity	   and	   PI3,5P2	   levels,	   2)	   decreased	   PI4,5P2	   levels,	   or	   3)	  	  	  

inhibition	  of	  PKC	  and	  GSK-‐β.	  While	  several	  mechanisms	  have	  been	  suggested	  to	  explain	  

the	   GABAergic	   effect	   caused	   by	   VPA,	   none	   have	   addressed	   the	   trafficking	   of	   GABAA	  

receptors.	   I	  propose	  decreased	  endocytosis	  as	  a	  novel	  effect	  of	  VPA	  that	  may	  underlie	  

its	  anticonvulsant	  effect.	  
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FIGURE	  4.8.	  	  Model:	  VPA	  causes	  a	  decrease	  in	  endocytosis.	  VPA	  inhibits	  biosynthesis	  of	  

inositol,	  the	  precursor	  of	  phosphatidylinositol	  (PI)	  required	  for	  the	  synthesis	  of	  the	  two	  

phosphoinositides	  PI3,5P2	  and	  PI4,5P2.	  Two	  mechanisms	  that	  may	  underlie	  the	  decrease	  

in	   endocytosis	   observed	   in	   VPA-‐treated	   yeast	   cells	   are	   perturbation	   of	   PI3,5P2	   which	  

decreases	  V-‐ATPase	   coupling,	   and	  perturbation	  of	   PI4,5P2	   required	   for	   stabilization	  of	  

membrane	  proteins	  that	  regulate	  endocytosis.	  
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CHAPTER	  5	  

	  

FUTURE	  DIRECTIONS	  

	  

The	   studies	   described	   in	   this	   dissertation	   show	   novel	   findings	   pertaining	   to	  

regulation	  of	  inositol	  biosynthesis	  and	  cellular	  consequences	  of	  inositol	  depletion.	  These	  

findings	   will,	   hopefully,	   contribute	   to	   a	   better	   understanding	   of	   the	   therapeutic	  

mechanism	   of	   action	   of	   the	   inositol-‐depleting	   drug,	   VPA.	   Although	   my	   studies	   have	  

answered	  some	  questions	   raised	  by	   those	  who	  embarked	  on	   this	  project	  before	  me,	   I	  

now	  raise	  new	  questions	  based	  on	  the	  work	   I	  have	  done,	  and	  hope	  that	  they	  enthuse	  

future	   students	   to	   continue	  with	   this	   exciting	   project.	   Highlighted	   in	   this	   chapter	   are	  

some	  unanswered	  questions	  that	  require	  continued	  investigation.	  

	  

Kinases	  that	  regulate	  myo	  inositol	  3-‐phosphate	  synthase	  (MIPS):	  	  

The	   inositol	   biosynthesis	  pathway	   is	  highly	   conserved,	   and	   is	   regulated	  at	   the	   level	  of	  

the	   first	   and	   rate-‐limiting	   enzyme,	   MIPS.	   In	   Chapter	   2,	   I	   showed	   that	   MIPS	   is	  

postranslationally	  regulated,	  and	  that	  at	  least	  three	  phosphosites	  that	  are	  conserved	  in	  

yeast	   and	   human	   MIPS	   play	   a	   role	   in	   its	   regulation.	   Phosphosite	   prediction	   analysis	  

showed	   that	   the	   two	   inhibitory	   phosphosites,	   S184	   and	   S374,	   lie	   within	   recognition	  

sequences	  for	  PKA	  and	  PKC,	  respectively,	  while	  S296,	   is	  within	  a	  recognition	  sequence	  

for	   GSK3.	   Preliminary	   experiments	   showed	   that	   both	   PKC	   and	   PKA	   decreased	   MIPS	  

activity	   in	   vitro,	   while	   GSK3	   increased	   activity	   (data	   not	   shown).	   While	   these	   results	  
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seem	  to	  correlate	  with	  the	  predictions,	  further	  experiments	  are	  necessary	  to	  elucidate	  

the	   role	   of	   these	   kinases	   in	   regulating	  MIPS.	   In	   vitro	   experiments	   using	   purified	   and	  

dephosphorylated	   MIPS	   should	   clearly	   show	   the	   effect	   of	   each	   kinase	   on	  

phosphorylation	   and	   activity	   of	  MIPS.	   The	   use	   of	   the	   site	  mutants	   as	   controls	   would	  

greatly	  facilitate	  these	  studies.	  	  

Another	  question	  of	  fundamental	  importance	  to	  the	  mechanism	  of	  VPA	  is,	  which	  

of	  the	  identified	  residues	  (if	  any)	  are	  phosphorylated	  in	  response	  to	  VPA?	  	  MIPS	  purified	  

from	   VPA-‐treated	   cells	   shows	   a	   higher	   level	   of	   phosphorylation	   than	   enzyme	   from	  

untreated	   cells.	   Answering	   this	   question,	   would	   be	   crucial	   to	   demonstrate	   the	  

mechanism	  by	  which	  VPA	  inhibits	  MIPS	  and	  which	  is	  targeted	  by	  VPA.	  Identification	  of	  

the	  kinase	  may	  help	  identify	  upstream	  regulators	  of	  MIPS	  that	  may	  be	  directly	  affected	  

by	  VPA.	  

In	   a	   previous	   study,	   Ju	   and	   Greenberg	   (2003)	   showed	   that	   VPA	   causes	   an	  

increase	  in	  the	  transcriptional	  level	  of	  INO1,	  the	  gene	  coding	  for	  MIPS,	  concomitant	  with	  

a	  decrease	  in	  inositol	  biosynthesis.	  This	  indicates	  that	  inositol	  depletion	  does	  not	  result	  

from	  perturbation	   of	   INO1	   transcription.	   The	   current	   study	   shows	   that	   VPA	   increases	  

MIPS	   phosphorylation.	   It	   would	   be	   interesting	   to	   determine	   if	   there	   is	   a	   direct	  

correlation	   between	   increased	   phosphorylation	   and	   decreased	   inositol	   levels	   in	  

response	   to	   VPA.	   What	   is	   the	   time	   frame	   during	   which	   the	   protein	   is	   modified	   by	  

phosphorylation?	   	   These	   studies	   were	   previously	   hindered	   by	   the	   lack	   of	   available	  

antibodies	   that	   detect	   MIPS.	   Now	   that	   the	   phosphosites	   have	   been	   identified,	  

antibodies	  could	  be	  designed	  that	  specifically	  recognize	  phosphorylated	  MIPS.	  
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Regulation	   of	   human	   MIPS	   –	   Surprisingly,	   not	   much	   is	   known	   about	   regulation	   of	  

human	  MIPS.	   In	   Chapter	   2,	   I	   showed	   that	   the	   three	   regulatory	   phosphosites	   initially	  

identified	  in	  yeast	  MIPS,	  are	  conserved	  in	  the	  human	  homolog.	  	  Shaltiel	  et	  al.	  (2004	  and	  

2007)	   showed	   that	  VPA	  decreased	   inositol	  biosynthesis	   in	  human	  prefrontal	   cortex	  by	  

inhibiting	  MIPS.	   Thus,	   it	   is	   likely	   that,	   similar	   to	  what	  we	  observed	   in	   yeast,	   VPA	  may	  

decrease	   human	   MIPS	   activity	   by	   increasing	   its	   phosphorylation.	   Although	   we	   have	  

shown	  that	  VPA	  increases	  the	  phosphorylation	  of	  yeast	  MIPS,	  similar	  experiments	  were	  

not	   done	   with	   the	   human	   enzyme.	   	   It	   is	   particularly	   important	   to	   determine	   if	   the	  

kinases	   PKC	   and	   GSK3	   regulate	   human	   MIPS,	   because	   although	   earlier	   studies	   have	  

shown	  that	  VPA	  inhibits	  mammalian	  PKC	  and	  GSK3	  (Chen	  at	  al.	  1994;	  Chen	  et	  al.,	  1999),	  

no	   connection	   has	   been	  made	   between	   inositol	   depletion	   and	   the	   inhibition	   of	   these	  

two	  enzymes.	  Elucidating	  the	  effect	  of	  PKC	  and	  GSK3	  on	  human	  MIPS	  would	  be	  of	  direct	  

relevance	  to	  the	  mechanism	  by	  which	  VPA	  causes	  inositol	  depletion	  in	  human.	  	  	  	  	  

	  	  

VPA	  as	  a	  tool	  to	  uncover	  regulation	  of	  Fab1:	  	  

In	  Chapter	  3,	  I	  showed	  that	  VPA	  inhibits	  the	  PI3,5P2-‐dependent	  osmotic	  stress	  response.	  

Cells	  respond	  to	  hyperosmotic	  stress	  by	  activating	  two	  pathways	  -‐	   the	  high	  osmolarity	  

glycerol	   (Hog1)	   pathway,	   which	   initiates	   a	   long	   term	   response,	   and	   the	   PI3,5P2-‐

dependent	  immediate,	  short	  term	  response	  (Bonangelino	  et	  al.,	  2002).	  The	  latter	  leads	  

to	   a	   20-‐fold	   increase	   in	   PI3,5P2,	   which	   triggers	   an	   increase	   in	   the	   number	   of	   small	  

vacuoles,	   thereby	   increasing	   total	   vacuole	  membrane	   surface	   area.	   	   	   The	   finding	   that	  

VPA	   blocks	   the	   rapid	   increase	   in	   PI3,5P2	   suggests	   that	   VPA	  may	   perturb	   activation	   of	  
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Fab1,	  the	  kinase	  that	  generates	  PI3,5P2	  from	  PI3P.	  Fab1	  is	  regulated	  by	  two	  activators,	  

Vac7	  and	  Vac14,	  which	  form	  part	  of	  a	  multimeric	  complex	  on	  the	  vacuolar	  membrane.	  

There	  are	  no	  published	  studies	  describing	  how	  these	  two	  activators	  respond	  to	  stress.	  

Are	   they	   activated	   by	   phosphorylation,	   for	   example	   by	   the	   Hog1	   kinase?	   Is	   it	   a	  

coincidence	  that	  both	  pathways	  are	  activated	  at	  the	  same	  time	  in	  response	  to	  osmotic	  

stress?	  Does	  VPA	  perturb	  activation	  of	  Vac7	  and	  Vac14,	  thus	  negatively	  affecting	  Fab1	  

and,	  hence,	  preventing	  an	  increase	  in	  PI3,5P2?	  One	  approach	  to	  address	  these	  questions	  

is	  to	  determine	  if	  the	  Fab1	  pathway	  is	  regulated	  by	  the	  Hog1	  kinase,	  in	  which	  case	  the	  

pathway	   would	   be	   altered	   by	   deleting	   or	   overexpressing	   HOG1.	   	   	   A	   complementary	  

approach	   would	   be	   to	   ascertain	   if	   Vac7	   and	   Vac14	   are	   phosphoproteins,	   and	   if	   VPA	  

affects	  their	  activity	  by	  altering	  phosphorylation	  of	  these	  proteins.	  

While	   the	   HOG1	   stress	   response	   pathway	   has	   been	   extensively	   studied,	   not	  

much	  is	  known	  about	  the	  osmotic	  stress	  response	  that	  depends	  on	  PI3,5P2.	  This	  is	  a	  very	  

promising	  area	  because	  it	  is	  becoming	  increasingly	  evident	  that	  PI3,5P2	  has	  many	  more	  

functions	  than	  previously	  thought	  (Ho,	  2012).	  Answering	  the	  questions	  addressed	  here	  

would	   not	   only	   identify	   the	  mechanism	   by	  which	   VPA	   inhibits	   the	   PI3,5P2-‐dependent	  

response	   to	   osmotic	   stress,	   but	   may	   also	   uncover	   a	   novel	   regulatory	   mechanism	   of	  

PI3,5P2	  synthesis.	  

	  

Does	   VPA	   cause	   temperature	   sensitivity	   as	   a	   consequence	   of	   altered	   plasma	  

membrane	  lipid	  composition?	  
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In	  Chapter	  4,	  I	  showed	  that	  VPA	  inhibits	  growth	  of	  cells	  at	  elevated	  temperatures.	  The	  

response	   of	   Scaccharomyces	   cerevisiae	   to	   heat	   stress	   involves	   two	   phases.	   Initially,	  

growth	   is	   arrested	   for	   about	   an	   hour	   (Shin	   et	   al.,	   1987),	   during	   which	   cells	   gain	  

thermotolerance.	  	  This	  involves	  an	  increase	  in	  trehalose	  accumulation	  and	  activation	  of	  

heat	  shock	  proteins	   (Weimken,	  1990;	  Lindquist	  and	  Craig,	  1988).	   In	   the	  second	  phase,	  

degradation	  of	   trehalose	   takes	   place,	   and	   cells	   resume	  growth	   (Hottiger	   et	   al.,	   1992).	  

The	   heat	   stress	   response	   is	   also	   characterized	   by	   a	   dramatic,	   transient	   increase	   in	  

sphingolipids	  and	  ceramides	  within	  the	  first	  15	  min	  and	  1	  hr,	  respectively	  (Jenkins	  et	  al.,	  

1997;	  Chen	  et	  al.,	  2013).	  In	  two	  separate	  studies,	  Desrevieres	  et	  al.	  (1998)	  and	  Audhya	  

and	   Emr	   (2002)	   showed	   that	   heat	   shock	   causes	   an	   increase	   in	   PI4,5P2,	   which	   is	  

predominantly	  found	  in	  the	  plasma	  membrane.	  Interestingly,	  the	  synthesis	  of	  the	  three	  

lipids,	   sphingolipids,	   ceramides,	   and	  PI4,5P2,	  is	  perturbed	   in	   inositol	   limiting-‐conditions	  

(Henry	  et	  al.,	  2014).	  Thus,	  it	  is	  likely	  that	  thermosensitivity	  caused	  by	  VPA	  may	  be	  due	  to	  

the	  inositol-‐depleting	  effect	  of	  the	  drug.	  	  It	  would	  be	  interesting	  to	  find	  out	  if	  VPA	  alters	  

the	  phospholipid	  content	  of	  cells	  grown	  at	  elevated	  temperature.	   	  For	   this	  purpose,	   it	  

would	  be	  essential	  to	  measure	  the	  lipids	  at	  different	  times	  following	  the	  transfer	  of	  cells	  

to	  a	  high	  growth	  temperature.	  	  

Another	  interesting	  finding	  in	  Chapter	  4	  was	  that	  VPA	  perturbs	  activation	  of	  the	  

CWI	  pathway	  when	  cells	  are	  shifted	  from	  30°C	  to	  39°C	  for	  1	  h.	  	  This	  signaling	  pathway	  is	  

activated	  in	  response	  to	  growth	  at	  elevated	  temperatures	  (Kamada	  et	  al.,	  1995;	  Zarzov	  

et	   al.,	   1996).	  However,	   its	   activation	   is	   detectable	   after	   about	   20	  min	   (Kamada	  et	   al.,	  
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1995),	  suggesting	  that	  CWI	  signaling	  is	  detecting	  a	  secondary	  effect	  of	  exposure	  to	  high	  

temperature	   (Levin,	   2011).	   It	   is	   tempting	   to	   speculate	   that	   one	   or	   more	   of	   the	  

phospholipids	  PI4,5P2,	  sphingolipids,	  or	  ceramides	  may	  constitute	  the	  secondary	  	  effect	  

in	  question,	   and	   that	  perturbation	  of	   these	   lipids	  as	  a	   result	  of	  VPA-‐mediated	   inositol	  

depletion	  leads	  to	  decreased	  activation	  of	  CWI	  signaling.	  Deletion	  mutants	  for	  synthesis	  

of	   each	   of	   the	   phospholipids,	   or	   commercially	   available	   inhibitors	   (Jesch	   et	   al.,	   2010)	  

could	   be	   used	   to	   determine	   if	   any	   of	   these	   phospholipids	   are	   required	   for	   CWI	  

activation.	  

In	   the	   same	   context,	   I	   would	   like	   to	   draw	   attention	   to	   glycosylphosphatidyl	  

inositol	  (GPI)	   lipids,	  which	  are	  synthesized	  from	  PI	  and	  used	  to	  anchor	  several	  cell	  wall	  

proteins	  (Pittet	  and	  Conzelmann,	  2007).	  Surprisingly,	  the	  effect	  of	  VPA	  on	  this	  group	  of	  

inositol-‐lipids	  has	  never	  been	  addressed	  in	  our	  lab.	  It	  would	  be	  interesting	  to	  find	  out	  if	  

levels	  of	  GPI	  are	  altered	  in	  response	  to	  VPA,	  as	  this	  may	  uncover	  new	  cellular	  processes	  

affected	  by	  the	  drug.	  	  

	  

What	  is	  the	  mechanism	  underlying	  decreased	  endocytosis	  in	  response	  to	  VPA?	  

One	  of	  the	  main	  aims	  of	  this	  study	  was	  to	  elucidate	  the	  mechanism	  of	  action	  of	  VPA	  by	  

identifying	   cellular	   processes	   that	   are	   affected	   by	   this	   drug.	   The	   studies	   in	   Chapter	   4	  

show	  that	  VPA	  perturbs	  endocytosis	   in	  both	  yeast	  and	  mammalian	  cells.	  This	   is	  by	  no	  

means	   the	   end	   of	   the	   story.	   I	   hypothesize	   that	   VPA	   potentiates	   the	   inhibitory	   GABA-‐

mediated	  effect	  (Johannessen,	  2000;	  Loscher,	  2002)	  by	  decreasing	  the	  internalization	  of	  

the	   GABAA	   receptors,	   thus	   prolonging	   exposure	   of	   the	   receptors	   to	   GABA.	   The	  



	  	  	  	  

	  

131	  

hypothesis	   is	   supported	   by	   the	   finding	   that	   VPA	   perturbs	   clathrin-‐mediated	  

internalization	  depicted	  by	  Fig.	  4.7	  shown	  in	  Chapter	  4.	  A	  further	  test	  of	  the	  hypothesis	  

would	   be	   to	   determine	   if	   VPA	   perturbs	   the	   internalization	   of	   GABAA	   receptors	   in	  

mammalian	   cells.	   This	   experiment	   is	   challenging	   but	   doable.	   A	   decrease	   in	  

internalization	  of	  the	  receptors	  would	  suggest	  a	  new	  mechanism	  that	  may	  explain	  how	  

VPA	  may	  potentiate	  the	  inhibitory	  effect.	  	  

	  What	   is	   the	   mechanism	   responsible	   for	   the	   VPA-‐mediated	   decrease	   in	  

endocytosis?	   Several	   studies	   have	   shown	   that	   phosphoinositides,	   ceramides,	   and	  

sphingolipids	   play	   a	   role	   in	   regulating	   endocytosis	   by	   recruiting	   proteins,	   acting	   as	  

signaling	  molecules,	  or	  by	  playing	  a	  structural	  role	  (Munn	  et	  al.,	  1999;	  Chen	  et	  al.,	  1995;	  

Zanolari	  et	  al.,	  2000).	  While	  it	   is	  possible	  that	  the	  VPA-‐mediated	  defect	  may	  be	  due	  to	  

altered	  phospholipid	  composition	  of	   the	  plasma	  membrane,	  an	   intriguing	  possibility	   is	  

that	  the	  defect	  may	  be	  due	  to	   inhibition	  of	  the	  kinases	  PKC	  and	  GSK3ß,	  both	  of	  which	  

are	  required	  for	  phosphorylation	  of	  proteins	  essential	  for	  the	  internalization	  step	  of	  the	  

GABA	   receptors	   (Brandon	   et	   al.,	   2000;	   Tyagarajan	   et	   al.,	   2011).	   Interestingly,	   both	  

kinases	  are	  inhibited	  by	  VPA	  (Chen	  et	  al.,	  1994;	  Chen	  et	  al.,	  1999).	  If	  inhibition	  of	  these	  

two	   enzymes	   is	   responsible	   for	   the	   observed	   VPA-‐mediated	   decrease	   in	   endocytosis,	  

this	  would	  uncover	  a	  novel	  effect	  of	  VPA	  that	  has	  not	  been	  identified	  before.	  	  

	  

Is	  there	  cross	  talk	  between	  the	  glycolytic	  and	  inositol	  biosynthetic	  pathways?	  

The	   cDNA	   screen	   discussed	   in	   Chapter	   4	   showed	   that	   overexpression	   of	   any	   of	   ten	  

different	  glycolytic	  enzymes	  caused	  increased	  sensitivity	  to	  VPA	  (Table	  4.2	  and	  Fig.	  5.1).	  
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This	   finding	   raises	   the	   possibility	   that	   accumulation	   of	   glycolytic	   enzymes	   or	   products	  

causes	   sensitivity	   to	   the	   drug.	   Overexpression	   was	   not	   deleterious	   to	   cells	   in	   the	  

absence	  of	  VPA.	  At	  least	  three	  possibilities	  may	  explain	  these	  findings:	  	  

1)	  	  Glycolytic	  intermediates	  negatively	  affect	  a	  process	  already	  compromised	  by	  

VPA.	  For	  example,	  some	  intermediates	  may	  inhibit	  enzymes	  of	  the	  inositol	  biosynthetic	  

pathway,	  causing	  a	  further	  decrease	   in	   inositol	   levels.	   	   In	  support	  of	  this,	   the	  study	  by	  

Shi	  et	  al.	   (2005)	  showed	  that	  dihydroxyacetone	  phosphate	   (DHAP)	  and	  glyceraldehyde	  

3-‐phosphate	  (G-‐3-‐P),	  two	  glycolytic	  intermediates,	  inhibit	  the	  activity	  of	  MIPS.	  Thus,	  it	  is	  

possible	  that	  accumulation	  of	  other	  intermediates	  may	  inhibit	  MIPS	  and	  cause	  a	  further	  

decrease	  in	  inositol	  biosynthesis.	  Inositol	  levels	  could	  be	  quantified	  in	  each	  of	  the	  clones	  

expressing	   the	   glycolytic	   genes	   and	   compared	   to	   levels	   in	  wild-‐type	   cells.	   Clones	   that	  

show	  decreased	  inositol	  levels	  may	  identify	  new	  MIPS	  inhibitors.	  	  

2)	   Glycolysis	   and	   the	   inositol	   biosynthetic	   pathway	   depend	   on	   glucose-‐6-‐

phosphate	   (G-‐6-‐P)	   as	   the	  primary	  precursor.	   Two	  enzymes,	  MIPS	  and	  phosphoglucose	  

isomerase	  (PGI),	  use	  G-‐6-‐P	  as	  a	  substrate.	  MIPS	  converts	  G-‐6-‐P	  to	  inositol	  3-‐P,	  while	  PGI	  

converts	   G-‐6-‐P	   to	   fructose-‐6-‐P	   (Fig.	   5.	   1).	   It	   is	   possible	   that	   overexpressing	   glycolytic	  

enzymes	  shifts	   the	  reaction	   in	   favor	  of	  glycolysis,	  and	  away	  from	   inositol	  biosynthesis,	  

leading	  to	  increased	  sensitivity	  to	  VPA.	  What	  determines	  the	  direction	  of	  the	  reaction?	  	  

It	  is	  tempting	  to	  speculate	  that	  the	  flux	  of	  the	  reaction	  may	  be	  regulated	  by	  a	  metabolic	  

signal,	   for	   example,	   an	   allosteric	   regulator	   that	   responds	   to	   altered	  ATP	   levels.	   In	   the	  

event	  of	  ATP	  shortage,	  the	  regulator	  may	  direct	  the	  flux	  towards	  glycolysis.	  	  
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FIGURE	  5.1	  	  Overexpression	  of	  glycolytic	  enzymes	  increases	  sensitivity	  to	  VPA.	  Shown	  

in	  blue	  are	  the	  genes	  encoding	  the	  glycolytic	  enzymes	  that	  were	  identified	  in	  the	  cDNA	  

screen	  described	  in	  Chapter	  4.	  
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3)	   Some	  glycolytic	  enzymes	  have	  additional	   roles.	   For	  example,	   glyceraldehyde	  

phosphate	   dehydrogenase	   (GAPDH),	   which	   converts	   glyceraldeyde-‐3-‐phosphate	   to	  

glycerate	   1,3-‐bisphosphate	   is	   involved	   in	   several	   non-‐glycolytic	   processes,	   including	  

apoptosis	   (Tarze	  et	  al.,	  2007),	   transcription	  activation,	  ER	  to	  Golgi	   shuttling	   (Tisdale	  et	  

al.,	   2004),	   and	   fast	   axoplasmic	   transport	   (FAT)	   (Zala	   et	   al.,	   2013).	   GAPDH	   provides	  

glycolytic	  energy	  for	  FAT,	  which	  is	  responsible	  for	  vesicular	  transport	  and	  movement	  of	  

organelles,	   including	   synaptic	   vesicles,	   to	   and	   from	   the	   neuron	   cell	   body	   along	   the	  

axoplasm.	   Interruption	   of	   this	   process	   is	   associated	   with	   neurodegenerative	   diseases	  

(Chevalier-‐Larsen	   and	   Holzbaur,	   2006).	   The	   cDNA	   screen	   (Chapter	   4)	   showed	   that	  

overexpression	  of	  triose	  phosphate	  dehydrogenase	  (TDH),	  the	  yeast	  homolog	  of	  GAPDH,	  

confers	   sensitivity	   to	   VPA.	   This	   raises	   the	   possibility	   that	   by	   increasing	   glycolytic	   flux	  

(and	  decreasing	   inositol	   biosynthesis),	  VPA	  may	   increase	  activation	  of	  GAPDH/TDH.	   In	  

neurons,	  this	  would	  increase	  the	  efficiency	  of	  FAT,	  which	  would	  be	  of	  great	  significance	  

if	   FAT	   is	   defective	   in	   neurons	   of	   BD	   patients.	   In	   yeast,	   however,	   the	   only	   two	   known	  

functions	  of	  TDH	  are	  in	  gluconeogenesis	  and	  glycolysis	  (Boucherie	  et	  al.,	  1995).	  Thus,	  a	  

study	   to	   determine	   if	   TDH	  plays	   a	   role	   in	   vesicular	   trafficking	   in	   yeast	  may	   uncover	   a	  

novel	  mechanism	  that	  has	  not	  been	  reported	  previously	  for	  this	  enzyme!	  

	  

Does	  VPA	  perturb	  the	  unfolded	  protein	  response	  (UPR)	  pathway?	  

The	  UPR	  pathway	  is	  generally	  activated	  in	  response	  to	  ER	  stress	  caused	  by	  accumulation	  

of	  misfolded	  protein	   in	   the	  ER	   lumen.	   	  Three	  mechanisms	  help	  alleviate	   the	  ER	  stress,	  

including	   attenuation	   of	   protein	   synthesis,	   targeting	   the	   misfolded	   proteins	   for	  
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degradation,	  and	  properly	  folding	  existing	  proteins	  (Kim	  et	  al.,	  2005).	  Results	  of	  several	  

screens	  for	  VPA	  sensitivity	  indicate	  that	  VPA	  may	  perturb	  the	  UPR	  pathway.	  A	  study	  by	  

Shulin	  Ju	  (2005	  PhD	  dissertation)	  showed	  that	  cells	  exhibit	  increased	  resistance	  to	  VPA	  

in	  response	  to	  overexpression	  of	  Ubi4,	  a	  ubiquitin	  that	  marks	  proteins	  and	  targets	  them	  

for	   selective	   degradation.	   Thus,	   VPA	   may	   perturb	   selective	   degradation	   of	   misfolded	  

proteins.	   In	   Chapter	   4,	   I	   showed	   that	   overexpression	   of	   ribosomal	   proteins	   increases	  

sensitivity	  to	  VPA.	  It	  is	  possible	  that	  an	  increase	  in	  ribosome	  biogenesis	  ensues,	  leading	  

to	  increased	  protein	  synthesis	  and	  accumulation	  of	  misfolded	  proteins.	  It	  is	  also	  possible	  

that	   overexpression	   of	   proteins	   stresses	   cells	   and	   causes	   accumulation	   of	   misfolded	  

proteins.	  Thus,	  perturbation	  of	  the	  UPR	  by	  VPA	  may	  explain	  the	  increased	  sensitivity	  of	  

cells	  when	  proteins	  are	  overexpressed.	  	  

Furthermore,	   ribosomal	   proteins	   have	   extra-‐ribosomal	   functions,	   including	  

regulation	   of	   gene	   expression,	   DNA	   repair,	   DNA	   replication,	   and	   repression	   of	  

translation	  (Warner	  and	  Mclntosh,	  2009;	  Weisberg,	  2008).	  The	  INO1	  gene	  is	  particularly	  

sensitive	  to	  defects	  in	  general	  transcription	  factors	  (Henry	  et	  al.,	  2014).	  It	  is	  possible	  that	  

some	  of	  the	  ribosomal	  proteins	  identified	  in	  the	  screen	  may	  perturb	  the	  transcription	  of	  

INO1	  and,	  thus,	  account	  for	  the	  increased	  sensitivity	  to	  VPA.	  	  

In	   conclusion,	  VPA	   is	   a	  drug	   that,	   for	   years,	  has	  been	   successfully	  used	   for	   the	  

treatment	  of	  two	  devastating	  illnesses,	  BD	  and	  epilepsy,	  without	  knowing	  how	  it	  elicits	  

its	  therapeutic	  effect.	  It	  is	  very	  likely	  that	  the	  effect	  involves	  more	  than	  one	  mechanism	  

and	   numerous	   targets.	   The	   identification	   of	   novel	   targets	   and	   cell	   processes	   that	   are	  

perturbed	  by	  VPA,	  undoubtedly	  uncovers	  new	   leads	   towards	  potential	  mechanisms	  of	  
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action	  of	   this	   drug.	   These	  mechanisms	  may	  be	   responsible	   for	   the	   therapeutic	   effect,	  

side	  effects,	  or	  may	  even	  shed	  light	  on	  the	  pathophysiology	  of	  a	  disorder	  that	  remains	  

poorly	  understood.	  	  
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And	  a	  final	  thought...	  

	  

During	   my	   work	   on	   this	   project,	   I	   had	   the	   chance	   to	   train	   a	   student	   who	   is	  

afflicted	   with	   bipolar	   disorder.	   	   Needless	   to	   say,	   she	   is	   one	   of	   the	   smartest,	   most	  

thoughtful,	  creative,	  and	  cheerful	  persons	   I	  have	  ever	  met.	   I	  have	  often	  thought	  of	  her	  

during	  my	  work.	  

It	  is	  heart-‐wrenching	  to	  see	  the	  increase	  in	  number	  of	  people	  affected	  by	  mental	  

disorders	  and	  the	  devastating	  consequences	  that	  ensue.	  In	  spite	  of	  all	  the	  advancements	  

that	  are	  generated	  by	  science,	  there	  is	  no	  proper	  cure	  for	  these	  disorders.	  

	  

I	  hope	  that	  my	  work	  contributes	  to	  the	  advancement	  of	  research	  in	  this	  area.	  

For	  all	  future	  students	  working	  on	  the	  bipolar	  project,	  I	  pass	  the	  torch	  to	  you....	  

Good	  luck,	  

Rania	  

	  



	  	  	  	  

	  

138	  

	  	  	  	  	  	  	  	  	  	  	  REFERENCES	  

Ackenheil,	  M.	  (2001).	  Neurotransmitters	  and	  signal	  transduction	  processes	  in	  bipolar	  

affective	  disorders:	  a	  synopsis.	  J	  Affect	  Disord,	  62(1-‐2),	  101-‐111.	  	  

Adhikari,	   J.,	   &	  Majumder,	   A.	   L.	   (1988).	   L-‐myo-‐inositol-‐1-‐phosphate	   synthase	   from	  

mammalian	   brain:	   partial	   purification	   and	   characterisation	   of	   the	   fetal	   and	  

adult	  enzyme.	  Indian	  J	  Biochem	  Biophys,	  25(5),	  408-‐412.	  	  

Agam,	   G.,	   Shamir,	   A.,	   Shaltiel,	   G.,	   &	   Greenberg,	   M.	   L.	   (2002).	   Myo-‐inositol-‐1-‐

phosphate	   (MIP)	   synthase:	   a	   possible	   new	   target	   for	   antibipolar	   drugs.	  

Bipolar	  Disord,	  4	  Suppl	  1,	  15-‐20.	  	  

Akiskal,	  H.	  S.,	  Bourgeois,	  M.	  L.,	  Angst,	  J.,	  Post,	  R.,	  Moller,	  H.,	  &	  Hirschfeld,	  R.	  (2000).	  

Re-‐evaluating	  the	  prevalence	  of	  and	  diagnostic	  composition	  within	  the	  broad	  

clinical	  spectrum	  of	  bipolar	  disorders.	  J	  Affect	  Disord,	  59	  Suppl	  1,	  S5-‐S30.	  	  

Alcazar-‐Roman,	  A.	  R.,	  &	  Wente,	  S.	  R.	  (2008).	  Inositol	  polyphosphates:	  a	  new	  frontier	  

for	  regulating	  gene	  expression.	  Chromosoma,	  117(1),	  1-‐13.	  	  

Andoh,	   T.,	   Hirata,	   Y.,	   &	   Kikuchi,	   A.	   (2000).	   Yeast	   glycogen	   synthase	   kinase	   3	   is	  

involved	   in	   protein	   degradation	   in	   cooperation	   with	   Bul1,	   Bul2,	   and	   Rsp5.	  

Mol	  Cell	  Biol,	  20(18),	  6712-‐6720.	  	  

Angst,	   J.,	  &	  Sellaro,	  R.	   (2000).	  Historical	  perspectives	  and	  natural	  history	  of	  bipolar	  

disorder.	  Biol	  Psychiatry,	  48(6),	  445-‐457.	  	  

Arai,	  H.,	  Pink,	  S.,	  &	  Forgac,	  M.	  (1989).	  Interaction	  of	  anions	  and	  ATP	  with	  the	  coated	  

vesicle	  proton	  pump.	  Biochemistry,	  28(7),	  3075-‐3082.	  	  



	  	  	  	  

	  

139	  

Audhya,	  A.,	  &	  Emr,	  S.	  D.	  (2002).	  Stt4	  PI	  4-‐kinase	  localizes	  to	  the	  plasma	  membrane	  

and	  functions	  in	  the	  Pkc1-‐mediated	  MAP	  kinase	  cascade.	  Dev	  Cell,	  2(5),	  593-‐

605.	  	  

Audhya,	   A.,	   &	   Emr,	   S.	   D.	   (2003).	   Regulation	   of	   PI4,5P2	   synthesis	   by	   nuclear-‐

cytoplasmic	  shuttling	  of	  the	  Mss4	  lipid	  kinase.	  EMBO	  J,	  22(16),	  4223-‐4236.	  	  

Azab,	   A.	   N.,	   &	   Greenberg,	   M.	   L.	   (2007).	   Anticonvulsant	   efficacy	   of	   valproate-‐like	  

carboxylic	   acids:	   a	   potential	   target	   for	   anti-‐bipolar	   therapy.	  Bipolar	   Disord,	  

9(3),	  197-‐205.	  	  

Azab,	   A.	   N.,	   He,	   Q.,	   Ju,	   S.,	   Li,	   G.,	   &	   Greenberg,	   M.	   L.	   (2007).	   Glycogen	   synthase	  

kinase-‐3	  is	  required	  for	  optimal	  de	  novo	  synthesis	  of	  inositol.	  Mol	  Microbiol,	  

63(4),	  1248-‐1258.	  	  

Baars,	   T.	   L.,	   Petri,	   S.,	   Peters,	   C.,	   &	   Mayer,	   A.	   (2007).	   Role	   of	   the	   V-‐ATPase	   in	  

regulation	   of	   the	   vacuolar	   fission-‐fusion	   equilibrium.	  Mol	   Biol	   Cell,	   18(10),	  

3873-‐3882.	  doi:	  10.1091/mbc.E07-‐03-‐0205	  

Bachhawat,	   N.,	   &	   Mande,	   S.	   C.	   (1999).	   Identification	   of	   the	   INO1	   gene	   of	  

Mycobacterium	   tuberculosis	   H37Rv	   reveals	   a	   novel	   class	   of	   inositol-‐1-‐

phosphate	   synthase	   enzyme.	   J	   Mol	   Biol,	   291(3),	   531-‐536.	   doi:	  

10.1006/jmbi.1999.2980	  

Backman,	  S.	  A.,	  Stambolic,	  V.,	  Suzuki,	  A.,	  Haight,	  J.,	  Elia,	  A.,	  Pretorius,	  J.,	  Mak,	  T.	  W.	  

(2001).	  Deletion	  of	  Pten	  in	  mouse	  brain	  causes	  seizures,	  ataxia	  and	  defects	  in	  

soma	   size	   resembling	   Lhermitte-‐Duclos	   disease.	  Nat	  Genet,	   29(4),	   396-‐403.	  

doi:	  10.1038/ng782	  



	  	  	  	  

	  

140	  

Badner,	  J.	  A.,	  &	  Gershon,	  E.	  S.	  (2002).	  Meta-‐analysis	  of	  whole-‐genome	  linkage	  scans	  

of	   bipolar	   disorder	   and	   schizophrenia.	  Mol	   Psychiatry,	   7(4),	   405-‐411.	   doi:	  

10.1038/sj.mp.4001012	  

Baird,	  D.,	  Stefan,	  C.,	  Audhya,	  A.,	  Weys,	  S.,	  &	  Emr,	  S.	  D.	  (2008).	  Assembly	  of	  the	  PtdIns	  

4-‐kinase	  Stt4	  complex	  at	  the	  plasma	  membrane	  requires	  Ypp1	  and	  Efr3.	  J	  Cell	  

Biol,	  183(6),	  1061-‐1074.	  doi:	  10.1083/jcb.200804003	  

Balanza-‐Martinez,	  V.,	  Fries,	  G.	  R.,	  Colpo,	  G.	  D.,	  Silveira,	  P.	  P.,	  Portella,	  A.	  K.,	  Tabares-‐

Seisdedos,	  R.,	  &	  Kapczinski,	  F.	  (2011).	  Therapeutic	  use	  of	  omega-‐3	  fatty	  acids	  

in	   bipolar	   disorder.	   Expert	   Rev	   Neurother,	   11(7),	   1029-‐1047.	   doi:	  

10.1586/ern.11.42	  

Barnett,	   J.	   E.,	   Brice,	   R.	   E.,	   &	   Corina,	   D.	   L.	   (1970).	   A	   colorimetric	   determination	   of	  

inositol	   monophosphates	   as	   an	   assay	   for	   D-‐glucose	   6-‐phosphate-‐1L-‐

myoinositol	  1-‐phosphate	  cyclase.	  Biochem	  J,	  119(2),	  183-‐186.	  	  

Bayer,	  N.,	  Schober,	  D.,	  Prchla,	  E.,	  Murphy,	  R.	  F.,	  Blaas,	  D.,	  &	  Fuchs,	  R.	  (1998).	  Effect	  

of	   bafilomycin	   A1	   and	   nocodazole	   on	   endocytic	   transport	   in	   HeLa	   cells:	  

implications	  for	  viral	  uncoating	  and	  infection.	  J	  Virol,	  72(12),	  9645-‐9655.	  	  

Becker,	   G.	  W.,	   &	   Lester,	   R.	   L.	   (1977).	   Changes	   in	   phospholipids	   of	   Saccharomyces	  

cerevisiae	   associated	   with	   inositol-‐less	   death.	   J	   Biol	   Chem,	   252(23),	   8684-‐

8691.	  	  

Belde,	  P.	  J.,	  Vossen,	  J.	  H.,	  Borst-‐Pauwels,	  G.	  W.,	  &	  Theuvenet,	  A.	  P.	   (1993).	   Inositol	  

1,4,5-‐trisphosphate	   releases	   Ca2+	   from	   vacuolar	   membrane	   vesicles	   of	  

Saccharomyces	  cerevisiae.	  FEBS	  Lett,	  323(1-‐2),	  113-‐118.	  	  



	  	  	  	  

	  

141	  

Belmaker,	  R.	  H.	  (2004).	  Bipolar	  disorder.	  N	  Engl	  J	  Med,	  351(5),	  476-‐486.	  	  

Belmaker,	   R.	   H.,	   &	   Bersudsky,	   Y.	   (2004).	   Bipolar	   disorder:	   Mania	   and	   depression.	  

Discov	  Med,	  4(23),	  239-‐245.	  	  

Belmaker,	   R.	   H.,	  &	   Bersudsky,	   Y.	   (2004).	   Bipolar	   disorder:	   Treatment.	  Discov	  Med,	  

4(24),	  415-‐420.	  	  

Berridge,	   M.	   J.	   (1984).	   Inositol	   trisphosphate	   and	   diacylglycerol	   as	   second	  

messengers.	  Biochem	  J,	  220(2),	  345-‐360.	  	  

Berridge,	  M.	   J.	   (1989).	   Inositol	   1,4,5-‐trisphosphate-‐induced	   calcium	  mobilization	   is	  

localized	  in	  Xenopus	  oocytes.	  Proc	  R	  Soc	  Lond	  B	  Biol	  Sci,	  238(1292),	  235-‐243.	  	  

Berridge,	   M.	   J.,	   &	   Irvine,	   R.	   F.	   (1984).	   Inositol	   trisphosphate,	   a	   novel	   second	  

messenger	  in	  cellular	  signal	  transduction.	  Nature,	  312(5992),	  315-‐321.	  	  

Blaheta,	  R.	  A.,	  &	  Cinatl,	   J.,	   Jr.	   (2002).	  Anti-‐tumor	  mechanisms	  of	  valproate:	  a	  novel	  

role	  for	  an	  old	  drug.	  Med	  Res	  Rev,	  22(5),	  492-‐511.	  doi:	  10.1002/med.10017	  

Blaheta,	   R.	   A.,	   Michaelis,	   M.,	   Driever,	   P.	   H.,	   &	   Cinatl,	   J.,	   Jr.	   (2005).	   Evolving	  

anticancer	   drug	   valproic	   acid:	   insights	   into	   the	   mechanism	   and	   clinical	  

studies.	  Med	  Res	  Rev,	  25(4),	  383-‐397.	  	  

Blaheta,	  R.	  A.,	  Nau,	  H.,	  Michaelis,	  M.,	  &	  Cinatl,	  J.,	  Jr.	  (2002).	  Valproate	  and	  valproate-‐

analogues:	  potent	  tools	  to	  fight	  against	  cancer.	  Curr	  Med	  Chem,	  9(15),	  1417-‐

1433.	  	  

Blair,	   H.	   C.,	   Teitelbaum,	   S.	   L.,	   Ghiselli,	   R.,	   &	   Gluck,	   S.	   (1989).	   Osteoclastic	   bone	  

resorption	   by	   a	   polarized	   vacuolar	   proton	   pump.	   Science,	   245(4920),	   855-‐

857.	  	  



	  	  	  	  

	  

142	  

Bonangelino,	  C.	   J.,	  Nau,	   J.	   J.,	  Duex,	   J.	  E.,	  Brinkman,	  M.,	  Wurmser,	  A.	  E.,	  Gary,	   J.	  D.,	  

Weisman,	   L.	   S.	   (2002).	   Osmotic	   stress-‐induced	   increase	   of	  

phosphatidylinositol	   3,5-‐bisphosphate	   requires	   Vac14p,	   an	   activator	   of	   the	  

lipid	  kinase	  Fab1p.	  J	  Cell	  Biol,	  156(6),	  1015-‐1028.	  	  

Botelho,	   R.	   J.,	   Efe,	   J.	   A.,	   Teis,	   D.,	   &	   Emr,	   S.	   D.	   (2008).	   Assembly	   of	   a	   Fab1	  

phosphoinositide	   kinase	   signaling	   complex	   requires	   the	   Fig4	  

phosphoinositide	  phosphatase.	  Mol	  Biol	  Cell,	  19(10),	  4273-‐4286.	  	  

Boucherie,	  H.,	  Bataille,	  N.,	  Fitch,	   I.	  T.,	  Perrot,	  M.,	  &	  Tuite,	  M.	  F.	   (1995).	  Differential	  

synthesis	   of	   glyceraldehyde-‐3-‐phosphate	   dehydrogenase	   polypeptides	   in	  

stressed	  yeast	  cells.	  FEMS	  Microbiol	  Lett,	  125(2-‐3),	  127-‐133.	  	  

Bowden,	   C.	   L.	   (1995).	   Predictors	   of	   response	   to	   divalproex	   and	   lithium.	   J	   Clin	  

Psychiatry,	  56	  Suppl	  3,	  25-‐30.	  	  

Bowden,	  C.	  L.	  (2003).	  Acute	  and	  maintenance	  treatment	  with	  mood	  stabilizers.	  Int	  J	  

Neuropsychopharmacol,	  6(3),	  269-‐275.	  	  

Bowden,	  C.	  L.	  (2003).	  Valproate.	  Bipolar	  Disord,	  5(3),	  189-‐202.	  	  

Bowden,	  C.	  L.,	  Brugger,	  A.	  M.,	  Swann,	  A.	  C.,	  Calabrese,	  J.	  R.,	  Janicak,	  P.	  G.,	  Petty,	  F.,	  

et	  al.	  (1994).	  Efficacy	  of	  divalproex	  vs	  lithium	  and	  placebo	  in	  the	  treatment	  of	  

mania.	  The	  Depakote	  Mania	  Study	  Group.	  JAMA,	  271(12),	  918-‐924.	  	  

Bowden,	  C.	  L.,	  &	  McElroy,	  S.	  L.	  (1995).	  History	  of	  the	  development	  of	  valproate	  for	  

treatment	  of	  bipolar	  disorder.	  J	  Clin	  Psychiatry,	  56	  Suppl	  3,	  3-‐5.	  	  

Brady,	  R.	  O.,	  Jr.,	  McCarthy,	  J.	  M.,	  Prescot,	  A.	  P.,	  Jensen,	  J.	  E.,	  Cooper,	  A.	  J.,	  Cohen,	  B.	  

M.,	  Ongur,	  D.	   (2013).	  Brain	  gamma-‐aminobutyric	  acid	  (GABA)	  abnormalities	  



	  	  	  	  

	  

143	  

in	  bipolar	  disorder.	  Bipolar	  Disord.	  	  

Brambilla,	   P.,	   Perez,	   J.,	   Barale,	   F.,	   Schettini,	   G.,	   &	   Soares,	   J.	   C.	   (2003).	   GABAergic	  

dysfunction	  in	  mood	  disorders.	  Mol	  Psychiatry,	  8(8),	  721-‐737,	  715.	  	  

Brandon,	  N.	  J.,	  Delmas,	  P.,	  Kittler,	  J.	  T.,	  McDonald,	  B.	  J.,	  Sieghart,	  W.,	  Brown,	  D.	  A.,	  

Moss,	   S.	   J.	   (2000).	   GABAA	   receptor	   phosphorylation	   and	   functional	  

modulation	   in	  cortical	  neurons	  by	  a	  protein	  kinase	  C-‐dependent	  pathway.	   J	  

Biol	  Chem,	  275(49),	  38856-‐38862.	  	  

Breslow,	   D.	   K.,	   &	  Weissman,	   J.	   S.	   (2010).	   Membranes	   in	   balance:	   mechanisms	   of	  

sphingolipid	  homeostasis.	  Mol	  Cell,	  40(2),	  267-‐279.	  	  

Breton,	   S.,	   &	   Brown,	   D.	   (2007).	   New	   insights	   into	   the	   regulation	   of	   V-‐ATPase-‐

dependent	  proton	  secretion.	  Am	  J	  Physiol	  Renal	  Physiol,	  292(1),	  F1-‐10.	  	  

Brown,	  D.,	  Paunescu,	  T.	  G.,	  Breton,	  S.,	  &	  Marshansky,	  V.	  (2009).	  Regulation	  of	  the	  V-‐

ATPase	   in	   kidney	   epithelial	   cells:	   dual	   role	   in	   acid-‐base	   homeostasis	   and	  

vesicle	  trafficking.	  J	  Exp	  Biol,	  212(Pt	  11),	  1762-‐1772.	  	  

Brown,	   N.	   A.,	   Farmer,	   P.	   B.,	   &	   Coakley,	   M.	   (1985).	   Valproic	   acid	   teratogenicity:	  

demonstration	   that	   the	   biochemical	   mechanism	   differs	   from	   that	   of	  

valproate	  hepatotoxicity.	  Biochem	  Soc	  Trans,	  13(1),	  75-‐77.	  	  

Bryant,	   N.	   J.,	   &	   Stevens,	   T.	   H.	   (1998).	   Vacuole	   biogenesis	   in	   Saccharomyces	  

cerevisiae:	   protein	   transport	   pathways	   to	   the	   yeast	   vacuole.	  Microbiol	  Mol	  

Biol	  Rev,	  62(1),	  230-‐247.	  	  

Burd,	   C.	   G.,	   &	   Emr,	   S.	   D.	   (1998).	   Phosphatidylinositol(3)-‐phosphate	   signaling	  

mediated	  by	  specific	  binding	  to	  RING	  FYVE	  domains.	  Mol	  Cell,	  2(1),	  157-‐162.	  	  



	  	  	  	  

	  

144	  

Burton,	   B.	   S.	   (1882).	   On	   the	   propyl	   derivatives	   and	   decomposition	   products	   of	  

ethylacetoacetate.	  Am	  Chem	  J,	  3,	  385-‐395.	  

Burton,	   A.,	   Hu,	   X.,	   &	   Saiardi,	   A.	   (2009).	   Are	   inositol	   pyrophosphates	   signalling	  

molecules?	  J	  Cell	  Physiol,	  220(1),	  8-‐15.	  	  

Cagnac,	  O.,	  Aranda-‐Sicilia,	  M.	  N.,	  Leterrier,	  M.,	  Rodriguez-‐Rosales,	  M.	  P.,	  &	  Venema,	  

K.	  (2010).	  Vacuolar	  cation/H+	  antiporters	  of	  Saccharomyces	  cerevisiae.	  J	  Biol	  

Chem,	  285(44),	  33914-‐33922.	  doi:	  10.1074/jbc.M110.116590	  

Calabresi,	  P.,	  Galletti,	  F.,	  Rossi,	  C.,	  Sarchielli,	  P.,	  &	  Cupini,	  L.	  M.	  (2007).	  Antiepileptic	  

drugs	   in	   migraine:	   from	   clinical	   aspects	   to	   cellular	   mechanisms.	   Trends	  

Pharmacol	  Sci,	  28(4),	  188-‐195.	  doi:	  10.1016/j.tips.2007.02.005	  

Carman,	   G.	   M.,	   &	   Henry,	   S.	   A.	   (1999).	   Phospholipid	   biosynthesis	   in	   the	   yeast	  

Saccharomyces	   cerevisiae	   and	   interrelationship	   with	   other	   metabolic	  

processes.	  Prog	  Lipid	  Res,	  38(5-‐6),	  361-‐399.	  	  

Chadborn,	  N.	  H.,	  Ahmed,	  A.	   I.,	  Holt,	  M.	  R.,	  Prinjha,	  R.,	  Dunn,	  G.	  A.,	   Jones,	  G.	  E.,	  &	  

Eickholt,	   B.	   J.	   (2006).	   PTEN	   couples	   Sema3A	   signalling	   to	   growth	   cone	  

collapse.	  J	  Cell	  Sci,	  119(Pt	  5),	  951-‐957.	  	  

Chan,	  C.	  Y.,	  Prudom,	  C.,	  Raines,	  S.	  M.,	  Charkhzarrin,	  S.,	  Melman,	  S.	  D.,	  De	  Haro,	  L.	  P.,	  

Parra,	  K.	  J.	  (2012).	  Inhibitors	  of	  V-‐ATPase	  proton	  transport	  reveal	  uncoupling	  

functions	  of	  tether	  linking	  cytosolic	  and	  membrane	  domains	  of	  V0	  subunit	  a	  

(Vph1p).	  J	  Biol	  Chem,	  287(13),	  10236-‐10250.	  	  

Chang,	   H.	   J.,	   Jones,	   E.	   W.,	   &	   Henry,	   S.	   A.	   (2002).	   Role	   of	   the	   unfolded	   protein	  

response	  pathway	  in	  regulation	  of	  INO1	  and	  in	  the	  sec14	  bypass	  mechanism	  



	  	  	  	  

	  

145	  

in	  Saccharomyces	  cerevisiae.	  Genetics,	  162(1),	  29-‐43.	  	  

Chang,	   P.,	   Orabi,	   B.,	   Deranieh,	   R.	   M.,	   Dham,	   M.,	   Hoeller,	   O.,	   Shimshoni,	   J.	   A.,	  

Williams,	  R.	  S.	  (2012).	  The	  antiepileptic	  drug	  valproic	  acid	  and	  other	  medium-‐

chain	   fatty	   acids	   acutely	   reduce	   phosphoinositide	   levels	   independently	   of	  

inositol	  in	  Dictyostelium.	  Dis	  Model	  Mech,	  5(1),	  115-‐124.	  	  

Chang,	  Y.	  F.,	  Martin,	  S.	  S.,	  Baldwin,	  E.	  P.,	  &	  Carman,	  G.	  M.	  (2007).	  Phosphorylation	  of	  

human	  CTP	  synthetase	  1	  by	  protein	  kinase	  C:	   identification	  of	  Ser(462)	  and	  

Thr(455)	   as	   major	   sites	   of	   phosphorylation.	   J	   Biol	   Chem,	   282(24),	   17613-‐

17622.	  	  

Chen,	  C.	  S.,	  Rosenwald,	  A.	  G.,	  &	  Pagano,	  R.	  E.	   (1995).	  Ceramide	  as	  a	  modulator	  of	  

endocytosis.	  J	  Biol	  Chem,	  270(22),	  13291-‐13297.	  	  

Chen,	  G.,	  Huang,	  L.	  D.,	  Jiang,	  Y.	  M.,	  &	  Manji,	  H.	  K.	  (1999).	  The	  mood-‐stabilizing	  agent	  

valproate	   inhibits	   the	   activity	   of	   glycogen	   synthase	   kinase-‐3.	   J	   Neurochem,	  

72(3),	  1327-‐1330.	  	  

Chen,	  G.,	  Manji,	  H.	  K.,	  Hawver,	  D.	  B.,	  Wright,	  C.	  B.,	  &	  Potter,	  W.	  Z.	   (1994).	  Chronic	  

sodium	  valproate	  selectively	  decreases	  protein	  kinase	  C	  alpha	  and	  epsilon	  in	  

vitro.	  J	  Neurochem,	  63(6),	  2361-‐2364.	  	  

Chen,	  L.,	  Zhou,	  C.,	  Yang,	  H.,	  &	  Roberts,	  M.	  F.	  (2000).	   Inositol-‐1-‐phosphate	  synthase	  

from	   Archaeoglobus	   fulgidus	   is	   a	   class	   II	   aldolase.	   Biochemistry,	   39(40),	  

12415-‐12423.	  	  

Chen,	  P.	  W.,	  Fonseca,	  L.	  L.,	  Hannun,	  Y.	  A.,	  &	  Voit,	  E.	  O.	  (2013).	  Coordination	  of	  rapid	  

sphingolipid	   responses	   to	   heat	   stress	   in	   yeast.	   PLoS	   Comput	   Biol,	   9(5),	  



	  	  	  	  

	  

146	  

e1003078.	  	  

Chevalier-‐Larsen,	   E.,	   &	   Holzbaur,	   E.	   L.	   (2006).	   Axonal	   transport	   and	  

neurodegenerative	  disease.	  Biochim	  Biophys	  Acta,	  1762(11-‐12),	  1094-‐1108.	  	  

Choi,	   H.	   S.,	   Han,	   G.	   S.,	   &	   Carman,	   G.	   M.	   (2010).	   Phosphorylation	   of	   yeast	  

phosphatidylserine	  synthase	  by	  protein	  kinase	  A:	  identification	  of	  Ser46	  and	  

Ser47	  as	  major	  sites	  of	  phosphorylation.	  J	  Biol	  Chem,	  285(15),	  11526-‐11536.	  	  

Choi,	  H.	  S.,	  Su,	  W.	  M.,	  Morgan,	  J.	  M.,	  Han,	  G.	  S.,	  Xu,	  Z.,	  Karanasios,	  E.,	  	  Carman,	  G.	  M.	  

(2011).	   Phosphorylation	   of	   phosphatidate	   phosphatase	   regulates	   its	  

membrane	   association	   and	   physiological	   functions	   in	   Saccharomyces	  

cerevisiae:	   identification	   of	   SER(602),	   THR(723),	   AND	   SER(744)	   as	   the	   sites	  

phosphorylated	   by	   CDC28	   (CDK1)-‐encoded	   cyclin-‐dependent	   kinase.	   J	   Biol	  

Chem,	  286(2),	  1486-‐1498.	  	  

Chou,	  W.	  H.,	  Wang,	  D.,	  McMahon,	  T.,	  Qi,	  Z.	  H.,	  Song,	  M.,	  Zhang,	  C.,	  Messing,	  R.	  O.	  

(2010).	  GABAA	  receptor	   trafficking	   is	   regulated	  by	  protein	  kinase	  C(epsilon)	  

and	  the	  N-‐ethylmaleimide-‐sensitive	  factor.	  J	  Neurosci,	  30(42),	  13955-‐13965.	  	  

Chow,	   C.	   Y.,	   Landers,	   J.	   E.,	   Bergren,	   S.	   K.,	   Sapp,	   P.	   C.,	   Grant,	   A.	   E.,	   Jones,	   J.	   M.,	  

.Meisler,	   M.	   H.	   (2009).	   Deleterious	   variants	   of	   FIG4,	   a	   phosphoinositide	  

phosphatase,	  in	  patients	  with	  ALS.	  Am	  J	  Hum	  Genet,	  84(1),	  85-‐88.	  d	  

Clayton,	  E.	  L.,	  Sue,	  N.,	  Smillie,	  K.	  J.,	  O'Leary,	  T.,	  Bache,	  N.,	  Cheung,	  G.,	  Cousin,	  M.	  A.	  

(2010).	  Dynamin	  I	  phosphorylation	  by	  GSK3	  controls	  activity-‐dependent	  bulk	  

endocytosis	   of	   synaptic	   vesicles.	  Nat	  Neurosci,	   13(7),	   845-‐851.	   Clement,	   S.,	  

Krause,	  U.,	  Desmedt,	  F.,	  Tanti,	   J.	  F.,	  Behrends,	   J.,	  Pesesse,	  X.,	  Schurmans,	  S.	  



	  	  	  	  

	  

147	  

(2001).	   The	   lipid	   phosphatase	   SHIP2	   controls	   insulin	   sensitivity.	   Nature,	  

409(6816),	  92-‐97.	  	  

Cohen,	  P.	  (2000).	  The	  regulation	  of	  protein	  function	  by	  multisite	  phosphorylation-‐-‐a	  

25	  year	  update.	  Trends	  Biochem	  Sci,	  25(12),	  596-‐601.	  	  

Cooke,	  F.	  T.,	  Dove,	  S.	  K.,	  McEwen,	  R.	  K.,	  Painter,	  G.,	  Holmes,	  A.	  B.,	  Hall,	  M.	  N.,	  Parker,	  

P.	   J.	   (1998).	   The	   stress-‐activated	   phosphatidylinositol	   3-‐phosphate	   5-‐kinase	  

Fab1p	  is	  essential	  for	  vacuole	  function	  in	  S.	  cerevisiae.	  Curr	  Biol,	  8(22),	  1219-‐

1222.	  	  

Cox,	   J.	   S.,	   Chapman,	   R.	   E.,	   &	   Walter,	   P.	   (1997).	   The	   unfolded	   protein	   response	  

coordinates	   the	   production	   of	   endoplasmic	   reticulum	   protein	   and	  

endoplasmic	  reticulum	  membrane.	  Mol	  Biol	  Cell,	  8(9),	  1805-‐1814.	  	  

Cox,	   J.	   S.,	   &	   Walter,	   P.	   (1996).	   A	   novel	   mechanism	   for	   regulating	   activity	   of	   a	  

transcription	  factor	  that	  controls	  the	  unfolded	  protein	  response.	  Cell,	  87(3),	  

391-‐404.	  	  

Culbertson,	   M.	   R.,	   &	   Henry,	   S.	   A.	   (1975).	   Inositol-‐requiring	   mutants	   of	  

Saccharomyces	  cerevisiae.	  Genetics,	  80(1),	  23-‐40.	  	  

Cunningham,	   M.	   O.,	   Woodhall,	   G.	   L.,	   &	   Jones,	   R.	   S.	   (2003).	   Valproate	   modifies	  

spontaneous	   excitation	   and	   inhibition	   at	   cortical	   synapses	   in	   vitro.	  

Neuropharmacology,	  45(7),	  907-‐917.	  	  

Czapinski,	   P.,	   Blaszczyk,	   B.,	   &	   Czuczwar,	   S.	   J.	   (2005).	   Mechanisms	   of	   action	   of	  

antiepileptic	  drugs.	  Curr	  Top	  Med	  Chem,	  5(1),	  3-‐14.	  	  

D'Angelo,	  G.,	  Vicinanza,	  M.,	  Di	  Campli,	  A.,	  &	  De	  Matteis,	  M.	  A.	  (2008).	  The	  multiple	  



	  	  	  	  

	  

148	  

roles	  of	  PtdIns(4)P	  -‐-‐	  not	  just	  the	  precursor	  of	  PtdIns(4,5)P2.	  J	  Cell	  Sci,	  121(Pt	  

12),	  1955-‐1963.	  	  

Dager,	   S.	   R.,	   Friedman,	   S.	   D.,	   Parow,	   A.,	   Demopulos,	   C.,	   Stoll,	   A.	   L.,	   Lyoo,	   I.	   K.,	  

.Renshaw,	   P.	   F.	   (2004).	   Brain	   metabolic	   alterations	   in	   medication-‐free	  

patients	  with	  bipolar	  disorder.	  Arch	  Gen	  Psychiatry,	  61(5),	  450-‐458.	  	  

Davenport,	  K.	  R.,	   Sohaskey,	  M.,	  Kamada,	  Y.,	   Levin,	  D.	  E.,	  &	  Gustin,	  M.	  C.	   (1995).	  A	  

second	  osmosensing	  signal	   transduction	  pathway	   in	  yeast.	  Hypotonic	   shock	  

activates	   the	   PKC1	   protein	   kinase-‐regulated	   cell	   integrity	   pathway.	   J	   Biol	  

Chem,	  270(50),	  30157-‐30161.	  	  

De	  Camilli,	  P.,	  Emr,	  S.	  D.,	  McPherson,	  P.	  S.,	  &	  Novick,	  P.	  (1996).	  Phosphoinositides	  as	  

regulators	  in	  membrane	  traffic.	  Science,	  271(5255),	  1533-‐1539.	  	  

de	  Nobel,	  H.,	  Ruiz,	  C.,	  Martin,	  H.,	  Morris,	  W.,	  Brul,	  S.,	  Molina,	  M.,	  &	  Klis,	  F.	  M.	  (2000).	  

Cell	   wall	   perturbation	   in	   yeast	   results	   in	   dual	   phosphorylation	   of	   the	  

Slt2/Mpk1	   MAP	   kinase	   and	   in	   an	   Slt2-‐mediated	   increase	   in	   FKS2-‐lacZ	  

expression,	  glucanase	  resistance	  and	  thermotolerance.	  Microbiology,	  146	  (	  Pt	  

9),	  2121-‐2132.	  	  

de	  Ruijter,	  A.	   J.,	  van	  Gennip,	  A.	  H.,	  Caron,	  H.	  N.,	  Kemp,	  S.,	  &	  van	  Kuilenburg,	  A.	  B.	  

(2003).	  Histone	  deacetylases	  (HDACs):	  characterization	  of	  the	  classical	  HDAC	  

family.	  Biochem	  J,	  370(Pt	  3),	  737-‐749.	  	  

De	   Sarno,	   P.,	   Li,	   X.,	  &	   Jope,	   R.	   S.	   (2002).	   Regulation	   of	   Akt	   and	   glycogen	   synthase	  

kinase-‐3	   beta	   phosphorylation	   by	   sodium	   valproate	   and	   lithium.	  

Neuropharmacology,	  43(7),	  1158-‐1164.	  	  



	  	  	  	  

	  

149	  

Dean-‐Johnson,	  M.,	  &	  Henry,	   S.	  A.	   (1989).	  Biosynthesis	  of	   inositol	   in	   yeast.	  Primary	  

structure	   of	   myo-‐inositol-‐1-‐phosphate	   synthase	   (EC	   5.5.1.4)	   and	   functional	  

analysis	   of	   its	   structural	   gene,	   the	   INO1	   locus.	   J	   Biol	   Chem,	   264(2),	   1274-‐

1283.	  	  

deHart,	   A.	   K.,	   Schnell,	   J.	   D.,	   Allen,	   D.	   A.,	   Tsai,	   J.	   Y.,	   &	   Hicke,	   L.	   (2003).	   Receptor	  

internalization	   in	   yeast	   requires	   the	   Tor2-‐Rho1	   signaling	   pathway.	  Mol	   Biol	  

Cell,	  14(11),	  4676-‐4684.	  	  

Deranieh,	   R.	   M.,	   &	   Greenberg,	   M.	   L.	   (2009).	   Cellular	   consequences	   of	   inositol	  

depletion.	  Biochem	  Soc	  Trans,	  37(Pt	  5),	  1099-‐1103.	  doi:	  10.1042/BST0371099	  

Deranieh,	  R.	  M.,	  Greenberg,	  M.	  L.,	  Le	  Calvez,	  P.	  B.,	  Mooney,	  M.	  C.,	  &	  Migaud,	  M.	  E.	  

(2012).	   Probing	   myo-‐inositol	   1-‐phosphate	   synthase	   with	   multisubstrate	  

adducts.	  Org	  Biomol	  Chem,	  10(48),	  9601-‐9619.	  	  

Deranieh,	  R.	  M.,	  He,	  Q.,	   Caruso,	   J.	  A.,	  &	  Greenberg,	  M.	   L.	   (2013).	   Phosphorylation	  

regulates	  myo-‐inositol-‐3-‐phosphate	  synthase:	  a	  novel	  regulatory	  mechanism	  

of	  inositol	  biosynthesis.	  J	  Biol	  Chem,	  288(37),	  26822-‐26833.	  	  

Desrivieres,	  S.,	  Cooke,	  F.	  T.,	  Morales-‐Johansson,	  H.,	  Parker,	  P.	  J.,	  &	  Hall,	  M.	  N.	  (2002).	  

Calmodulin	  controls	  organization	  of	   the	  actin	  cytoskeleton	  via	   regulation	  of	  

phosphatidylinositol	   (4,5)-‐bisphosphate	   synthesis	   in	   Saccharomyces	  

cerevisiae.	  Biochem	  J,	  366(Pt	  3),	  945-‐951.	  	  

Desrivieres,	   S.,	   Cooke,	   F.	   T.,	   Parker,	   P.	   J.,	   &	   Hall,	   M.	   N.	   (1998).	   MSS4,	   a	  

phosphatidylinositol-‐4-‐phosphate	   5-‐kinase	   required	   for	   organization	   of	   the	  

actin	  cytoskeleton	  in	  Saccharomyces	  cerevisiae.	  J	  Biol	  Chem,	  273(25),	  15787-‐



	  	  	  	  

	  

150	  

15793.	  	  

DeWald,	   D.	   B.	   (2002).	   Phosphoinositide	   signaling:	   vac	   to	   the	   future	   in	   fab1	   kinase	  

regulation.	  Curr	  Biol,	  12(14),	  R491-‐492.	  	  

Di	  Daniel,	  E.,	  Cheng,	  L.,	  Maycox,	  P.	  R.,	  &	  Mudge,	  A.	  W.	  (2006).	  The	  common	  inositol-‐

reversible	   effect	   of	   mood	   stabilizers	   on	   neurons	   does	   not	   involve	   GSK3	  

inhibition,	   myo-‐inositol-‐1-‐phosphate	   synthase	   or	   the	   sodium-‐dependent	  

myo-‐inositol	  transporters.	  Mol	  Cell	  Neurosci,	  32(1-‐2),	  27-‐36.	  	  

Di	  Giovanni,	   J.,	  Boudkkazi,	  S.,	  Mochida,	  S.,	  Bialowas,	  A.,	  Samari,	  N.,	   Leveque,	  C.,	  El	  

Far,	  O.	  (2010).	  V-‐ATPase	  membrane	  sector	  associates	  with	  synaptobrevin	  to	  

modulate	  neurotransmitter	  release.	  Neuron,	  67(2),	  268-‐279.	  	  

Di	   Paolo,	   G.,	   &	   De	   Camilli,	   P.	   (2006).	   Phosphoinositides	   in	   cell	   regulation	   and	  

membrane	  dynamics.	  Nature,	  443(7112),	  651-‐657.	  	  

Doering,	  T.	  L.,	  &	  Schekman,	  R.	  (1996).	  GPI	  anchor	  attachment	  is	  required	  for	  Gas1p	  

transport	  from	  the	  endoplasmic	  reticulum	  in	  COP	  II	  vesicles.	  EMBO	  J,	  15(1),	  

182-‐191.	  	  

Donahue,	   T.	   F.,	   &	   Henry,	   S.	   A.	   (1981).	   myo-‐Inositol-‐1-‐phosphate	   synthase.	  

Characteristics	   of	   the	   enzyme	   and	   identification	   of	   its	   structural	   gene	   in	  

yeast.	  J	  Biol	  Chem,	  256(13),	  7077-‐7085.	  	  

Dove,	  S.	  K.,	  McEwen,	  R.	  K.,	  Mayes,	  A.,	  Hughes,	  D.	  C.,	  Beggs,	   J.	  D.,	  &	  Michell,	  R.	  H.	  

(2002).	  Vac14	  controls	  PtdIns(3,5)P(2)	  synthesis	  and	  Fab1-‐dependent	  protein	  

trafficking	  to	  the	  multivesicular	  body.	  Curr	  Biol,	  12(11),	  885-‐893.	  	  

Dove,	  S.	  K.,	  Piper,	  R.	  C.,	  McEwen,	  R.	  K.,	  Yu,	  J.	  W.,	  King,	  M.	  C.,	  Hughes,	  D.	  C.,	  Lemmon,	  



	  	  	  	  

	  

151	  

M.	  A.	  (2004).	  Svp1p	  defines	  a	  family	  of	  phosphatidylinositol	  3,5-‐bisphosphate	  

effectors.	  EMBO	  J,	  23(9),	  1922-‐1933.	  	  

Dowler,	   S.,	   Montalvo,	   L.,	   Cantrell,	   D.,	   Morrice,	   N.,	   &	   Alessi,	   D.	   R.	   (2000).	  

Phosphoinositide	   3-‐kinase-‐dependent	   phosphorylation	   of	   the	   dual	   adaptor	  

for	   phosphotyrosine	   and	   3-‐phosphoinositides	   by	   the	   Src	   family	   of	   tyrosine	  

kinase.	  Biochem	  J,	  349(Pt	  2),	  605-‐610.	  	  

Drgonova,	   J.,	   Drgon,	   T.,	   Tanaka,	   K.,	   Kollar,	   R.,	   Chen,	   G.	   C.,	   Ford,	   R.	   A.,	   Cabib,	   E.	  

(1996).	  Rho1p,	  a	  yeast	  protein	  at	  the	  interface	  between	  cell	  polarization	  and	  

morphogenesis.	  Science,	  272(5259),	  277-‐279.	  	  

Duex,	   J.	   E.,	   Tang,	   F.,	   &	   Weisman,	   L.	   S.	   (2006).	   The	   Vac14p-‐Fig4p	   complex	   acts	  

independently	   of	   Vac7p	   and	   couples	   PI3,5P2	   synthesis	   and	   turnover.	   J	   Cell	  

Biol,	  172(5),	  693-‐704.	  	  

Efe,	   J.	  A.,	   Botelho,	  R.	   J.,	  &	  Emr,	   S.	  D.	   (2005).	   The	   Fab1	  phosphatidylinositol	   kinase	  

pathway	  in	  the	  regulation	  of	  vacuole	  morphology.	  Curr	  Opin	  Cell	  Biol,	  17(4),	  

402-‐408.	  	  

Efe,	  J.	  A.,	  Botelho,	  R.	  J.,	  &	  Emr,	  S.	  D.	  (2007).	  Atg18	  regulates	  organelle	  morphology	  

and	   Fab1	   kinase	   activity	   independent	   of	   its	   membrane	   recruitment	   by	  

phosphatidylinositol	  3,5-‐bisphosphate.	  Mol	  Biol	  Cell,	  18(11),	  4232-‐4244.	  	  

El	   Far,	   O.,	   &	   Seagar,	   M.	   (2011).	   A	   role	   for	   V-‐ATPase	   subunits	   in	   synaptic	   vesicle	  

fusion?	  J	  Neurochem,	  117(4),	  603-‐612.	  	  

El	  Far,	  O.,	  &	  Seagar,	  M.	  (2011).	  [SNARE,	  V-‐ATPase	  and	  neurotransmission].	  Med	  Sci	  

(Paris),	  27(1),	  28-‐31.	  doi:	  10.1051/medsci/201127128	  



	  	  	  	  

	  

152	  

Falkenburger,	   B.	   H.,	   Jensen,	   J.	   B.,	   Dickson,	   E.	   J.,	   Suh,	   B.	   C.,	   &	   Hille,	   B.	   (2010).	  

Phosphoinositides:	   lipid	   regulators	   of	  membrane	   proteins.	   J	   Physiol,	   588(Pt	  

17),	  3179-‐3185.	  	  

Garcia-‐Perez,	  A.,	  &	  Burg,	  M.	  B.	   (1991).	   Role	  of	   organic	   osmolytes	   in	   adaptation	  of	  

renal	  cells	  to	  high	  osmolality.	  J	  Membr	  Biol,	  119(1),	  1-‐13.	  	  

Gary,	  J.	  D.,	  Sato,	  T.	  K.,	  Stefan,	  C.	  J.,	  Bonangelino,	  C.	  J.,	  Weisman,	  L.	  S.,	  &	  Emr,	  S.	  D.	  

(2002).	   Regulation	   of	   Fab1	   phosphatidylinositol	   3-‐phosphate	   5-‐kinase	  

pathway	   by	   Vac7	   protein	   and	   Fig4,	   a	   polyphosphoinositide	   phosphatase	  

family	  member.	  Mol	  Biol	  Cell,	  13(4),	  1238-‐1251.	  	  

Gary,	   J.	  D.,	  Wurmser,	  A.	  E.,	  Bonangelino,	  C.	   J.,	  Weisman,	  L.	  S.,	  &	  Emr,	  S.	  D.	   (1998).	  

Fab1p	   is	   essential	   for	   PtdIns(3)P	   5-‐kinase	   activity	   and	   the	   maintenance	   of	  

vacuolar	  size	  and	  membrane	  homeostasis.	  J	  Cell	  Biol,	  143(1),	  65-‐79.	  	  

Gaspar,	  M.	  L.,	  Aregullin,	  M.	  A.,	  Jesch,	  S.	  A.,	  &	  Henry,	  S.	  A.	  (2006).	  Inositol	  induces	  a	  

profound	   alteration	   in	   the	   pattern	   and	   rate	   of	   synthesis	   and	   turnover	   of	  

membrane	   lipids	   in	  Saccharomyces	  cerevisiae.	   J	  Biol	  Chem,	  281(32),	  22773-‐

22785.	  	  

Geiger,	   J.	   H.,	   &	   Jin,	   X.	   (2006).	   The	   structure	   and	   mechanism	   of	   myo-‐inositol-‐1-‐

phosphate	  synthase.	  Subcell	  Biochem,	  39,	  157-‐180.	  	  

Gerra,	   G.,	   Monti,	   D.,	   Panerai,	   A.	   E.,	   Sacerdote,	   P.,	   Anderlini,	   R.,	   Avanzini,	   P.,	  

Franceschi,	  C.	  (2003).	  Long-‐term	  immune-‐endocrine	  effects	  of	  bereavement:	  

relationships	  with	  anxiety	  levels	  and	  mood.	  Psychiatry	  Res,	  121(2),	  145-‐158.	  	  

Gerrard,	   J.	  M.,	  Hildes,	   E.,	   Atkinson,	   E.	   A.,	  &	  Greenberg,	  A.	  H.	   (1987).	  Activation	  of	  



	  	  	  	  

	  

153	  

inositol	   cycle	   in	   large	   granular	   lymphocyte	   leukemia	   RNK	   following	   contact	  

with	   an	   NK-‐sensitive	   tumor.	   Adv	   Prostaglandin	   Thromboxane	   Leukot	   Res,	  

17A,	  573-‐576.	  	  

Glahn,	  D.	  C.,	  Bearden,	  C.	  E.,	  Niendam,	  T.	  A.,	  &	  Escamilla,	  M.	  A.	  (2004).	  The	  feasibility	  

of	   neuropsychological	   endophenotypes	   in	   the	   search	   for	   genes	   associated	  

with	  bipolar	  affective	  disorder.	  Bipolar	  Disord,	  6(3),	  171-‐182.	  	  

Greenberg,	   M.	   L.,	   &	   Lopes,	   J.	   M.	   (1996).	   Genetic	   regulation	   of	   phospholipid	  

biosynthesis	  in	  Saccharomyces	  cerevisiae.	  Microbiol	  Rev,	  60(1),	  1-‐20.	  	  

Grimes,	   C.	   A.,	   &	   Jope,	   R.	   S.	   (2001).	   The	   multifaceted	   roles	   of	   glycogen	   synthase	  

kinase	  3beta	  in	  cellular	  signaling.	  Prog	  Neurobiol,	  65(4),	  391-‐426.	  	  

Guan,	  G.,	  Dai,	  P.,	  &	  Shechter,	  I.	  (2003).	  cDNA	  cloning	  and	  gene	  expression	  analysis	  of	  

human	   myo-‐inositol	   1-‐phosphate	   synthase.	   Arch	   Biochem	   Biophys,	   417(2),	  

251-‐259.	  	  

Gurunathan,	   S.,	   Marash,	   M.,	   Weinberger,	   A.,	   &	   Gerst,	   J.	   E.	   (2002).	   t-‐SNARE	  

phosphorylation	   regulates	   endocytosis	   in	   yeast.	  Mol	   Biol	   Cell,	   13(5),	   1594-‐

1607.	  	  

Gurvich,	   N.,	   Tsygankova,	   O.	   M.,	   Meinkoth,	   J.	   L.,	   &	   Klein,	   P.	   S.	   (2004).	   Histone	  

deacetylase	   is	   a	   target	   of	   valproic	   acid-‐mediated	   cellular	   differentiation.	  

Cancer	  Res,	  64(3),	  1079-‐1086.	  	  

Hall,	  A.	  C.,	  Brennan,	  A.,	  Goold,	  R.	  G.,	  Cleverley,	  K.,	  Lucas,	  F.	  R.,	  Gordon-‐Weeks,	  P.	  R.,	  

&	   Salinas,	   P.	   C.	   (2002).	   Valproate	   regulates	   GSK-‐3-‐mediated	   axonal	  

remodeling	   and	   synapsin	   I	   clustering	   in	   developing	   neurons.	   Mol	   Cell	  



	  	  	  	  

	  

154	  

Neurosci,	  20(2),	  257-‐270.	  	  

Hallcher,	  L.	  M.,	  &	  Sherman,	  W.	  R.	  (1980).	  The	  effects	  of	  lithium	  ion	  and	  other	  agents	  

on	  the	  activity	  of	  myo-‐inositol-‐1-‐phosphatase	  from	  bovine	  brain.	  J	  Biol	  Chem,	  

255(22),	  10896-‐10901.	  	  

Hama,	   H.,	   Schnieders,	   E.	   A.,	   Thorner,	   J.,	   Takemoto,	   J.	   Y.,	   &	   DeWald,	   D.	   B.	   (1999).	  

Direct	   involvement	   of	   phosphatidylinositol	   4-‐phosphate	   in	   secretion	   in	   the	  

yeast	  Saccharomyces	  cerevisiae.	  J	  Biol	  Chem,	  274(48),	  34294-‐34300.	  	  

Hamakawa,	  H.,	  Murashita,	   J.,	  Yamada,	  N.,	   Inubushi,	  T.,	  Kato,	  N.,	  &	  Kato,	  T.	   (2004).	  

Reduced	   intracellular	  pH	   in	   the	  basal	  ganglia	  and	  whole	  brain	  measured	  by	  

31P-‐MRS	  in	  bipolar	  disorder.	  Psychiatry	  Clin	  Neurosci,	  58(1),	  82-‐88.	  	  

Han,	   B.	   K.,	   &	   Emr,	   S.	   D.	   (2013).	   The	   phosphatidylinositol	   3,5-‐bisphosphate	  

(PI(3,5)P2)-‐dependent	   Tup1	   conversion	   (PIPTC)	   regulates	   metabolic	  

reprogramming	   from	   glycolysis	   to	   gluconeogenesis.	   J	   Biol	   Chem,	   288(28),	  

20633-‐20645.	  	  

Hanson,	  B.	  A.,	  &	   Lester,	  R.	   L.	   (1980).	   Effects	  of	   inositol	   starvation	  on	  phospholipid	  

and	  glycan	  syntheses	  in	  Saccharomyces	  cerevisiae.	  J	  Bacteriol,	  142(1),	  79-‐89.	  	  

Hanson,	   B.	   A.,	   &	   Lester,	   R.	   L.	   (1980).	   The	   extraction	   of	   inositol-‐containing	  

phospholipids	   and	   phosphatidylcholine	   from	   Saccharomyces	   cerevisiae	   and	  

Neurospora	  crassa.	  J	  Lipid	  Res,	  21(3),	  309-‐315.	  	  

Hao,	  Y.,	  Creson,	  T.,	  Zhang,	  L.,	  Li,	  P.,	  Du,	  F.,	  Yuan,	  P.,	  Chen,	  G.	  (2004).	  Mood	  stabilizer	  

valproate	   promotes	   ERK	   pathway-‐dependent	   cortical	   neuronal	   growth	   and	  

neurogenesis.	  J	  Neurosci,	  24(29),	  6590-‐6599.	  	  



	  	  	  	  

	  

155	  

Harada,	  M.,	  Sakisaka,	  S.,	  Yoshitake,	  M.,	  Kin,	  M.,	  Ohishi,	  M.,	  Shakado,	  S.,	  Tanikawa,	  K.	  

(1996).	   Bafilomycin	   A1,	   a	   specific	   inhibitor	   of	   vacuolar-‐type	   H(+)-‐ATPases,	  

inhibits	  the	  receptor-‐mediated	  endocytosis	  of	  asialoglycoproteins	  in	  isolated	  

rat	  hepatocytes.	  J	  Hepatol,	  24(5),	  594-‐603.	  	  

Hell,	  J.	  W.,	  Maycox,	  P.	  R.,	  Stadler,	  H.,	  &	  Jahn,	  R.	  (1988).	  Uptake	  of	  GABA	  by	  rat	  brain	  

synaptic	  vesicles	  isolated	  by	  a	  new	  procedure.	  EMBO	  J,	  7(10),	  3023-‐3029.	  	  

Henkel,	  A.	  W.,	  Lubke,	  J.,	  &	  Betz,	  W.	  J.	  (1996).	  FM1-‐43	  dye	  ultrastructural	  localization	  

in	   and	   release	   from	   frog	  motor	   nerve	   terminals.	  Proc	  Natl	   Acad	   Sci	   U	   S	   A,	  

93(5),	  1918-‐1923.	  	  

Henkel,	   A.	  W.,	   Simpson,	   L.	   L.,	   Ridge,	   R.	  M.,	   &	   Betz,	  W.	   J.	   (1996).	   Synaptic	   vesicle	  

movements	   monitored	   by	   fluorescence	   recovery	   after	   photobleaching	   in	  

nerve	  terminals	  stained	  with	  FM1-‐43.	  J	  Neurosci,	  16(12),	  3960-‐3967.	  	  

Henry,	   S.	   A.,	   Atkinson,	   K.	   D.,	   Kolat,	   A.	   I.,	   &	   Culbertson,	  M.	   R.	   (1977).	   Growth	   and	  

metabolism	  of	  inositol-‐starved	  Saccharomyces	  cerevisiae.	  J	  Bacteriol,	  130(1),	  

472-‐484.	  	  

Henry,	  S.	  A.,	  Kohlwein,	  S.	  D.,	  &	  Carman,	  G.	  M.	  (2012).	  Metabolism	  and	  regulation	  of	  

glycerolipids	   in	   the	   yeast	   Saccharomyces	   cerevisiae.	  Genetics,	   190(2),	   317-‐

349.	  doi:	  10.1534/genetics.111.130286	  

Herman,	  P.	  K.,	  &	  Emr,	  S.	  D.	   (1990).	  Characterization	  of	  VPS34,	  a	  gene	   required	   for	  

vacuolar	   protein	   sorting	   and	   vacuole	   segregation	   in	   Saccharomyces	  

cerevisiae.	  Mol	  Cell	  Biol,	  10(12),	  6742-‐6754.	  	  

Hetman,	   M.,	   Cavanaugh,	   J.	   E.,	   Kimelman,	   D.,	   &	   Xia,	   Z.	   (2000).	   Role	   of	   glycogen	  



	  	  	  	  

	  

156	  

synthase	  kinase-‐3beta	  in	  neuronal	  apoptosis	  induced	  by	  trophic	  withdrawal.	  J	  

Neurosci,	  20(7),	  2567-‐2574.	  	  

Higgs,	   B.	  W.,	   Elashoff,	  M.,	   Richman,	   S.,	  &	   Barci,	   B.	   (2006).	   An	   online	   database	   for	  

brain	  disease	  research.	  BMC	  Genomics,	  7,	  70.	  doi:	  10.1186/1471-‐2164-‐7-‐70	  

Ho,	   C.	   Y.,	   Alghamdi,	   T.	   A.,	   &	   Botelho,	   R.	   J.	   (2012).	   Phosphatidylinositol-‐3,5-‐

bisphosphate:	  no	  longer	  the	  poor	  PIP2.	  Traffic,	  13(1),	  1-‐8.	  	  

Homma,	  K.,	  Terui,	  S.,	  Minemura,	  M.,	  Qadota,	  H.,	  Anraku,	  Y.,	  Kanaho,	  Y.,	  &	  Ohya,	  Y.	  

(1998).	   Phosphatidylinositol-‐4-‐phosphate	   5-‐kinase	   localized	   on	   the	   plasma	  

membrane	   is	   essential	   for	   yeast	   cell	  morphogenesis.	   J	   Biol	   Chem,	   273(25),	  

15779-‐15786.	  	  

Hori,	   H.,	   Yamamoto,	   N.,	   Teraishi,	   T.,	   Ota,	   M.,	   Fujii,	   T.,	   Sasayama,	   D.,	   Kunugi,	   H.	  

(2014).	   Cognitive	   effects	   of	   the	   ANK3	   risk	   variants	   in	   patients	   with	   bipolar	  

disorder	  and	  healthy	  individuals.	  J	  Affect	  Disord,	  158,	  90-‐96.	  	  

Hottiger,	   T.,	   De	   Virgilio,	   C.,	   Bell,	   W.,	   Boller,	   T.,	   &	   Wiemken,	   A.	   (1992).	   The	   70-‐

kilodalton	   heat-‐shock	   proteins	   of	   the	   SSA	   subfamily	   negatively	   modulate	  

heat-‐shock-‐induced	   accumulation	   of	   trehalose	   and	   promote	   recovery	   from	  

heat	   stress	   in	   the	   yeast,	   Saccharomyces	   cerevisiae.	   Eur	   J	   Biochem,	   210(1),	  

125-‐132.	  	  

Imbrici,	   P.,	   Camerino,	   D.	   C.,	   &	   Tricarico,	   D.	   (2013).	   Major	   channels	   involved	   in	  

neuropsychiatric	  disorders	  and	  therapeutic	  perspectives.	  Front	  Genet,	  4,	  76.	  	  

Ito,	  H.,	  Fukuda,	  Y.,	  Murata,	  K.,	  &	  Kimura,	  A.	   (1983).	  Transformation	  of	   intact	  yeast	  

cells	  treated	  with	  alkali	  cations.	  J	  Bacteriol,	  153(1),	  163-‐168.	  	  



	  	  	  	  

	  

157	  

Jacob,	  T.	  C.,	  Moss,	  S.	  J.,	  &	  Jurd,	  R.	  (2008).	  GABA(A)	  receptor	  trafficking	  and	  its	  role	  in	  

the	  dynamic	  modulation	  of	  neuronal	  inhibition.	  Nat	  Rev	  Neurosci,	  9(5),	  331-‐

343.	  	  

Jan,	  W.	   C.,	   Yang,	   S.	   Y.,	   Chuang,	   L.	   C.,	   Lu,	   R.	   B.,	   Lu,	  M.	   K.,	   Sun,	   H.	   S.,	   &	   Kuo,	   P.	   H.	  

(2014).	   Exploring	   the	   associations	   between	   genetic	   variants	   in	   genes	  

encoding	  for	  subunits	  of	  calcium	  channel	  and	  subtypes	  of	  bipolar	  disorder.	  J	  

Affect	  Disord,	  157,	  80-‐86.	  	  

Janmey,	  P.	  A.,	  &	  Lindberg,	  U.	  (2004).	  Cytoskeletal	  regulation:	  rich	   in	   lipids.	  Nat	  Rev	  

Mol	  Cell	  Biol,	  5(8),	  658-‐666.	  	  

Jean,	   S.,	   &	   Kiger,	   A.	   A.	   (2012).	   Coordination	   between	   RAB	   GTPase	   and	  

phosphoinositide	  regulation	  and	  functions.	  Nat	  Rev	  Mol	  Cell	  Biol,	  13(7),	  463-‐

470.	  	  

Jenkins,	   G.	   M.,	   Richards,	   A.,	   Wahl,	   T.,	   Mao,	   C.,	   Obeid,	   L.,	   &	   Hannun,	   Y.	   (1997).	  

Involvement	   of	   yeast	   sphingolipids	   in	   the	   heat	   stress	   response	   of	  

Saccharomyces	  cerevisiae.	  J	  Biol	  Chem,	  272(51),	  32566-‐32572.	  	  

Jesch,	   S.	   A.,	   Gaspar,	   M.	   L.,	   Stefan,	   C.	   J.,	   Aregullin,	   M.	   A.,	   &	   Henry,	   S.	   A.	   (2010).	  

Interruption	   of	   inositol	   sphingolipid	   synthesis	   triggers	   Stt4p-‐dependent	  

protein	  kinase	  C	  signaling.	  J	  Biol	  Chem,	  285(53),	  41947-‐41960.	  	  

Jesch,	  S.	  A.,	  Liu,	  P.,	  Zhao,	  X.,	  Wells,	  M.	  T.,	  &	  Henry,	  S.	  A.	  (2006).	  Multiple	  endoplasmic	  

reticulum-‐to-‐nucleus	   signaling	   pathways	   coordinate	   phospholipid	  

metabolism	   with	   gene	   expression	   by	   distinct	   mechanisms.	   J	   Biol	   Chem,	  

281(33),	  24070-‐24083.	  	  



	  	  	  	  

	  

158	  

Jesch,	   S.	   A.,	   Zhao,	   X.,	   Wells,	   M.	   T.,	   &	   Henry,	   S.	   A.	   (2005).	   Genome-‐wide	   analysis	  

reveals	   inositol,	   not	   choline,	   as	   the	   major	   effector	   of	   Ino2p-‐Ino4p	   and	  

unfolded	   protein	   response	   target	   gene	   expression	   in	   yeast.	   J	   Biol	   Chem,	  

280(10),	  9106-‐9118.	  	  

Jin,	  X.,	   Foley,	  K.	  M.,	  &	  Geiger,	   J.	  H.	   (2004).	   The	   structure	  of	   the	  1L-‐myo-‐inositol-‐1-‐

phosphate	   synthase-‐NAD+-‐2-‐deoxy-‐D-‐glucitol	   6-‐(E)-‐vinylhomophosphonate	  

complex	  demands	  a	  revision	  of	  the	  enzyme	  mechanism.	  J	  Biol	  Chem,	  279(14),	  

13889-‐13895.	  	  

Jin,	   X.,	   &	   Geiger,	   J.	   H.	   (2003).	   Structures	   of	   NAD(+)-‐	   and	   NADH-‐bound	   1-‐l-‐myo-‐

inositol	   1-‐phosphate	   synthase.	  Acta	   Crystallogr	   D	   Biol	   Crystallogr,	   59(Pt	   7),	  

1154-‐1164.	  	  

Johannessen,	   C.	   U.	   (2000).	   Mechanisms	   of	   action	   of	   valproate:	   a	   commentatory.	  

Neurochem	  Int,	  37(2-‐3),	  103-‐110.	  	  

Johnson,	  L.	  N.,	  &	  Barford,	  D.	  (1993).	  The	  effects	  of	  phosphorylation	  on	  the	  structure	  

and	  function	  of	  proteins.	  Annu	  Rev	  Biophys	  Biomol	  Struct,	  22,	  199-‐232.	  	  

Jonathan	   Ryves,	  W.,	   Dalton,	   E.	   C.,	   Harwood,	   A.	   J.,	   &	  Williams,	   R.	   S.	   (2005).	   GSK-‐3	  

activity	   in	  neocortical	  cells	   is	   inhibited	  by	   lithium	  but	  not	  carbamazepine	  or	  

valproic	  acid.	  Bipolar	  Disord,	  7(3),	  260-‐265.	  	  

Ju,	  S.,	  &	  Greenberg,	  M.	  L.	  (2003).	  Valproate	  disrupts	  regulation	  of	  inositol	  responsive	  

genes	   and	   alters	   regulation	   of	   phospholipid	   biosynthesis.	   Mol	   Microbiol,	  

49(6),	  1595-‐1603.	  	  

Ju,	  S.,	  Shaltiel,	  G.,	  Shamir,	  A.,	  Agam,	  G.,	  &	  Greenberg,	  M.	  L.	  (2004).	  Human	  1-‐D-‐myo-‐



	  	  	  	  

	  

159	  

inositol-‐3-‐phosphate	   synthase	   is	   functional	   in	   yeast.	   J	   Biol	   Chem,	   279(21),	  

21759-‐21765.	  	  

Ju,	   S.	   (2004).	   The	   effects	   of	   valproate	   on	   inositol	   metabolism	   in	   Saccharomyces	  

cerevisiae.	  Ph.D.	  dissertation,	  Detroit,	  Wayne	  State	  University.	  

Kamada,	   Y.,	   Fujioka,	   Y.,	   Suzuki,	   N.	   N.,	   Inagaki,	   F.,	   Wullschleger,	   S.,	   Loewith,	   R.,	  	  

Ohsumi,	   Y.	   (2005).	   Tor2	   directly	   phosphorylates	   the	   AGC	   kinase	   Ypk2	   to	  

regulate	  actin	  polarization.	  Mol	  Cell	  Biol,	  25(16),	  7239-‐7248.	  	  

Kane,	  P.	  M.	  (1995).	  Disassembly	  and	  reassembly	  of	  the	  yeast	  vacuolar	  H(+)-‐ATPase	  in	  

vivo.	  J	  Biol	  Chem,	  270(28),	  17025-‐17032.	  	  

Kane,	  P.	  M.	  (2006).	  The	  where,	  when,	  and	  how	  of	  organelle	  acidification	  by	  the	  yeast	  

vacuolar	  H+-‐ATPase.	  Microbiol	  Mol	  Biol	  Rev,	  70(1),	  177-‐191.	  	  

Kane,	  P.	  M.	  (2007).	  The	  long	  physiological	  reach	  of	  the	  yeast	  vacuolar	  H+-‐ATPase.	  J	  

Bioenerg	  Biomembr,	  39(5-‐6),	  415-‐421.	  	  

Kane,	  P.	  M.	  (2012).	  Targeting	  reversible	  disassembly	  as	  a	  mechanism	  of	  controlling	  

V-‐ATPase	  activity.	  Curr	  Protein	  Pept	  Sci,	  13(2),	  117-‐123.	  	  

Kane,	  P.	  M.,	  Kuehn,	  M.	  C.,	  Howald-‐Stevenson,	   I.,	  &	  Stevens,	  T.	  H.	  (1992).	  Assembly	  

and	   targeting	   of	   peripheral	   and	   integral	   membrane	   subunits	   of	   the	   yeast	  

vacuolar	  H(+)-‐ATPase.	  J	  Biol	  Chem,	  267(1),	  447-‐454.	  	  

Kartner,	  N.,	  Yao,	  Y.,	  Li,	  K.,	  Crasto,	  G.	  J.,	  Datti,	  A.,	  &	  Manolson,	  M.	  F.	  (2010).	  Inhibition	  

of	   osteoclast	   bone	   resorption	   by	   disrupting	   vacuolar	   H+-‐ATPase	   a3-‐B2	  

subunit	  interaction.	  J	  Biol	  Chem,	  285(48),	  37476-‐37490.	  	  

Kato,	   T.,	   &	   Kato,	   N.	   (2000).	  Mitochondrial	   dysfunction	   in	   bipolar	   disorder.	  Bipolar	  



	  	  	  	  

	  

160	  

Disord,	  2(3	  Pt	  1),	  180-‐190.	  	  

Khurana,	  V.,	  &	  Lindquist,	  S.	  (2010).	  Modelling	  neurodegeneration	  in	  Saccharomyces	  

cerevisiae:	  why	  cook	  with	  baker's	  yeast?	  Nat	  Rev	  Neurosci,	  11(6),	  436-‐449.	  	  

Kim,	  A.	   J.,	   Shi,	   Y.,	   Austin,	   R.	   C.,	  &	  Werstuck,	  G.	  H.	   (2005).	   Valproate	   protects	   cells	  

from	   ER	   stress-‐induced	   lipid	   accumulation	   and	   apoptosis	   by	   inhibiting	  

glycogen	  synthase	  kinase-‐3.	  J	  Cell	  Sci,	  118(Pt	  1),	  89-‐99.	  	  

King,	  J.	  S.,	  Teo,	  R.,	  Ryves,	  J.,	  Reddy,	  J.	  V.,	  Peters,	  O.,	  Orabi,	  B.,	  Harwood,	  A.	  J.	  (2009).	  

The	  mood	   stabiliser	   lithium	   suppresses	  PIP3	   signalling	   in	  Dictyostelium	  and	  

human	  cells.	  Dis	  Model	  Mech,	  2(5-‐6),	  306-‐312.	  	  

Kittler,	   J.	   T.,	   Delmas,	   P.,	   Jovanovic,	   J.	   N.,	   Brown,	   D.	   A.,	   Smart,	   T.	   G.,	  &	  Moss,	   S.	   J.	  

(2000).	  Constitutive	  endocytosis	  of	  GABAA	  receptors	  by	  an	  association	  with	  

the	   adaptin	   AP2	   complex	   modulates	   inhibitory	   synaptic	   currents	   in	  

hippocampal	  neurons.	  J	  Neurosci,	  20(21),	  7972-‐7977.	  	  

Kittler,	   J.	   T.,	  Wang,	   J.,	  Connolly,	  C.	  N.,	  Vicini,	   S.,	   Smart,	   T.	  G.,	  &	  Moss,	   S.	   J.	   (2000).	  

Analysis	   of	   GABAA	   receptor	   assembly	   in	   mammalian	   cell	   lines	   and	  

hippocampal	   neurons	   using	   gamma	   2	   subunit	   green	   fluorescent	   protein	  

chimeras.	  Mol	  Cell	  Neurosci,	  16(4),	  440-‐452.	  	  

Knable,	  M.	   B.,	   Barci,	   B.	  M.,	  Webster,	  M.	   J.,	  Meador-‐Woodruff,	   J.,	   Torrey,	   E.	   F.,	   &	  

Stanley	  Neuropathology,	  Consortium.	  (2004).	  Molecular	  abnormalities	  of	  the	  

hippocampus	   in	   severe	   psychiatric	   illness:	   postmortem	   findings	   from	   the	  

Stanley	  Neuropathology	  Consortium.	  Mol	  Psychiatry,	  9(6),	  609-‐620,	  544.	  	  

Kniewel,	  R.,	  Buglino,	   J.	  A.,	  Shen,	  V.,	  Chadha,	  T.,	  Beckwith,	  A.,	  &	  Lima,	  C.	  D.	   (2002).	  



	  	  	  	  

	  

161	  

Structural	   analysis	   of	   Saccharomyces	   cerevisiae	   myo-‐inositol	   phosphate	  

synthase.	  J	  Struct	  Funct	  Genomics,	  2(3),	  129-‐134.	  	  

Konradi,	   C.,	   Eaton,	   M.,	   MacDonald,	   M.	   L.,	   Walsh,	   J.,	   Benes,	   F.	   M.,	   &	   Heckers,	   S.	  

(2004).	  Molecular	  evidence	  for	  mitochondrial	  dysfunction	  in	  bipolar	  disorder.	  

Arch	  Gen	  Psychiatry,	  61(3),	  300-‐308.	  	  

Kotoulas,	   A.,	   Kokotas,	   H.,	   Kopsidas,	   K.,	   Droutsas,	   K.,	   Grigoriadou,	  M.,	   Bajrami,	   H.,	  

Petersen,	  M.	  B.	  (2011).	  A	  novel	  PIKFYVE	  mutation	  in	  fleck	  corneal	  dystrophy.	  

Mol	  Vis,	  17,	  2776-‐2781.	  	  

Kuendgen,	  A.,	  &	  Gattermann,	  N.	  (2007).	  Valproic	  acid	  for	  the	  treatment	  of	  myeloid	  

malignancies.	  Cancer,	  110(5),	  943-‐954.	  	  

Lambert,	  P.	  A.,	  Carraz,	  G.,	  Borselli,	  S.,	  &	  Carbel,	  S.	  (1966).	  [Neuropsychotropic	  action	  

of	   a	   new	   anti-‐epileptic	   agent:	   depamide].	  Ann	  Med	   Psychol	   (Paris),	   124(5),	  

707-‐710.	  	  

Laporte,	  J.,	  Hu,	  L.	  J.,	  Kretz,	  C.,	  Mandel,	  J.	  L.,	  Kioschis,	  P.,	  Coy,	  J.	  F.,Dahl,	  N.	  (1996).	  A	  

gene	   mutated	   in	   X-‐linked	   myotubular	   myopathy	   defines	   a	   new	   putative	  

tyrosine	  phosphatase	  family	  conserved	  in	  yeast.	  Nat	  Genet,	  13(2),	  175-‐182.	  	  

Le	   Roy,	   C.,	   &	   Wrana,	   J.	   L.	   (2005).	   Clathrin-‐	   and	   non-‐clathrin-‐mediated	   endocytic	  

regulation	  of	  cell	  signalling.	  Nat	  Rev	  Mol	  Cell	  Biol,	  6(2),	  112-‐126.	  	  

Lehrman,	  G.,	  Hogue,	  I.	  B.,	  Palmer,	  S.,	  Jennings,	  C.,	  Spina,	  C.	  A.,	  Wiegand,	  A.,	  Margolis,	  

D.	  M.	  (2005).	  Depletion	  of	   latent	  HIV-‐1	   infection	   in	  vivo:	  a	  proof-‐of-‐concept	  

study.	  Lancet,	  366(9485),	  549-‐555.	  	  

Lenk,	  G.	  M.,	  Ferguson,	  C.	  J.,	  Chow,	  C.	  Y.,	  Jin,	  N.,	  Jones,	  J.	  M.,	  Grant,	  A.	  E.,Meisler,	  M.	  



	  	  	  	  

	  

162	  

H.	   (2011).	   Pathogenic	   mechanism	   of	   the	   FIG4	   mutation	   responsible	   for	  

Charcot-‐Marie-‐Tooth	  disease	  CMT4J.	  PLoS	  Genet,	  7(6),	  e1002104.	  	  

Lennkh,	  C.,	  &	  Simhandl,	  C.	   (2000).	  Current	  aspects	  of	  valproate	   in	  bipolar	  disorder.	  

Int	  Clin	  Psychopharmacol,	  15(1),	  1-‐11.	  	  

Levin,	  D.	   E.	   (2011).	  Regulation	  of	   cell	  wall	   biogenesis	   in	   Saccharomyces	   cerevisiae:	  

the	  cell	  wall	  integrity	  signaling	  pathway.	  Genetics,	  189(4),	  1145-‐1175.	  	  

Lewis,	  L.	  (2000).	  A	  consumer	  perspective	  concerning	  the	  diagnosis	  and	  treatment	  of	  

bipolar	  disorder.	  Biol	  Psychiatry,	  48(6),	  442-‐444.	  	  

Li,	  R.,	  &	  El-‐Mallakh,	  R.	  S.	  (2004).	  Differential	  response	  of	  bipolar	  and	  normal	  control	  

lymphoblastoid	   cell	   sodium	  pump	   to	  ethacrynic	   acid.	   J	  Affect	  Disord,	   80(1),	  

11-‐17.	  	  

Li,	   S.	   C.,	   Diakov,	   T.	   T.,	   Xu,	   T.,	   Tarsio,	   M.,	   Zhu,	   W.,	   Couoh-‐Cardel,	   S.,	   Kane,	   P.	   M.	  

(2014).	   The	   signaling	   lipid	  PI(3,5)P2	   stabilizes	  V1-‐Vo	   sector	   interactions	  and	  

activates	  the	  V-‐ATPase.	  Mol	  Biol	  Cell.	  	  

Li,	   S.	   C.,	   &	   Kane,	   P.	   M.	   (2009).	   The	   yeast	   lysosome-‐like	   vacuole:	   endpoint	   and	  

crossroads.	  Biochim	  Biophys	  Acta,	  1793(4),	  650-‐663.	  	  

Li,	   X.,	   Bijur,	   G.	   N.,	   &	   Jope,	   R.	   S.	   (2002).	   Glycogen	   synthase	   kinase-‐3beta,	   mood	  

stabilizers,	  and	  neuroprotection.	  Bipolar	  Disord,	  4(2),	  137-‐144.	  	  

Lindquist,	   S.,	   &	   Craig,	   E.	   A.	   (1988).	   The	   heat-‐shock	   proteins.	  Annu	   Rev	   Genet,	   22,	  

631-‐677	  

Liu,	   H.,	   Krizek,	   J.,	   &	   Bretscher,	   A.	   (1992).	   Construction	   of	   a	   GAL1-‐regulated	   yeast	  

cDNA	   expression	   library	   and	   its	   application	   to	   the	   identification	   of	   genes	  



	  	  	  	  

	  

163	  

whose	  overexpression	  causes	  lethality	  in	  yeast.	  Genetics,	  132(3),	  665-‐673.	  	  

Liu,	  M.,	  Tarsio,	  M.,	  Charsky,	  C.	  M.,	  &	  Kane,	  P.	  M.	   (2005).	   Structural	  and	   functional	  

separation	  of	  the	  N-‐	  and	  C-‐terminal	  domains	  of	  the	  yeast	  V-‐ATPase	  subunit	  

H.	  J	  Biol	  Chem,	  280(44),	  36978-‐36985.	  	  

Loewus,	  M.	  W.,	  &	  Loewus,	  F.	  (1971).	  The	  Isolation	  and	  Characterization	  of	  d-‐Glucose	  

6-‐Phosphate	   Cycloaldolase	   (NAD-‐Dependent)	   from	   Acer	   pseudoplatanus	   L.	  

Cell	  Cultures:	  Its	  Occurrence	  in	  Plants.	  Plant	  Physiol,	  48(3),	  255-‐260.	  	  

Lohia,	  A.,	  Hait,	  N.	  C.,	  &	  Majumder,	  A.	  L.	  (1999).	  L-‐myo-‐Inositol	  1-‐phosphate	  synthase	  

from	  Entamoeba	  histolytica.	  Mol	  Biochem	  Parasitol,	  98(1),	  67-‐79.	  	  

Loscher,	  W.	   (1993).	   In	  vivo	  administration	  of	  valproate	   reduces	   the	  nerve	   terminal	  

(synaptosomal)	  activity	  of	  GABA	  aminotransferase	   in	  discrete	  brain	  areas	  of	  

rats.	  Neurosci	  Lett,	  160(2),	  177-‐180.	  	  

Loscher,	  W.	   (1993).	   Effects	   of	   the	   antiepileptic	   drug	   valproate	   on	  metabolism	   and	  

function	   of	   inhibitory	   and	   excitatory	   amino	   acids	   in	   the	   brain.	  Neurochem	  

Res,	  18(4),	  485-‐502.	  	  

Loscher,	  W.	  (1999).	  Valproate:	  a	  reappraisal	  of	  its	  pharmacodynamic	  properties	  and	  

mechanisms	  of	  action.	  Prog	  Neurobiol,	  58(1),	  31-‐59.	  	  

Loscher,	   W.	   (2002).	   Basic	   pharmacology	   of	   valproate:	   a	   review	   after	   35	   years	   of	  

clinical	  use	  for	  the	  treatment	  of	  epilepsy.	  CNS	  Drugs,	  16(10),	  669-‐694.	  	  

Loscher,	   W.,	   &	   Schmidt,	   D.	   (1980).	   Increase	   of	   human	   plasma	   GABA	   by	   sodium	  

valproate.	  Epilepsia,	  21(6),	  611-‐615.	  	  

Lotscher,	  H.	  R.,	  deJong,	  C.,	  &	  Capaldi,	  R.	  A.	  (1984).	   Interconversion	  of	  high	  and	  low	  



	  	  	  	  

	  

164	  

adenosinetriphosphatase	   activity	   forms	   of	   Escherichia	   coli	   F1	   by	   the	  

detergent	  lauryldimethylamine	  oxide.	  Biochemistry,	  23(18),	  4140-‐4143.	  	  

Lowe,	   M.	   (2005).	   Structure	   and	   function	   of	   the	   Lowe	   syndrome	   protein	   OCRL1.	  

Traffic,	  6(9),	  711-‐719.	  	  

Lowry,	   O.	   H.,	   Rosebrough,	   N.	   J.,	   Farr,	   A.	   L.,	   &	   Randall,	   R.	   J.	   (1951).	   Protein	  

measurement	  with	  the	  Folin	  phenol	  reagent.	  J	  Biol	  Chem,	  193(1),	  265-‐275.	  	  

Loy,	   R.,	   &	   Tariot,	   P.	   N.	   (2002).	   Neuroprotective	   properties	   of	   valproate:	   potential	  

benefit	  for	  AD	  and	  tauopathies.	  J	  Mol	  Neurosci,	  19(3),	  303-‐307.	  	  

Luder,	  A.	  S.,	  Parks,	  J.	  K.,	  Frerman,	  F.,	  &	  Parker,	  W.	  D.,	  Jr.	  (1990).	  Inactivation	  of	  beef	  

brain	   alpha-‐ketoglutarate	   dehydrogenase	   complex	   by	   valproic	   acid	   and	  

valproic	   acid	   metabolites.	   Possible	   mechanism	   of	   anticonvulsant	   and	   toxic	  

actions.	  J	  Clin	  Invest,	  86(5),	  1574-‐1581.	  	  

MacDonald,	   R.	   L.,	   &	   Barker,	   J.	   L.	   (1979).	   Enhancement	   of	   GABA-‐mediated	  

postsynaptic	   inhibition	   in	   cultured	   mammalian	   spinal	   cord	   neurons:	   a	  

common	  mode	  of	  anticonvulsant	  action.	  Brain	  Res,	  167(2),	  323-‐336.	  	  

Macdonald,	   R.	   L.,	   &	   Bergey,	   G.	   K.	   (1979).	   Valproic	   acid	   augments	   GABA-‐mediated	  

postsynaptic	   inhibition	   in	   cultured	   mammalian	   neurons.	   Brain	   Res,	   170(3),	  

558-‐562.	  	  

Macritchie,	  K.,	  Geddes,	  J.	  R.,	  Scott,	  J.,	  Haslam,	  D.,	  de	  Lima,	  M.,	  &	  Goodwin,	  G.	  (2003).	  

Valproate	   for	   acute	  mood	  episodes	   in	  bipolar	  disorder.	  Cochrane	  Database	  

Syst	  Rev(1),	  CD004052.	  	  

Maeda,	  T.,	  &	  Eisenberg,	  F.,	  Jr.	  (1980).	  Purification,	  structure,	  and	  catalytic	  properties	  



	  	  	  	  

	  

165	  

of	  L-‐myo-‐inositol-‐1-‐phosphate	  synthase	  from	  rat	  testis.	  J	  Biol	  Chem,	  255(18),	  

8458-‐8464.	  	  

Majumder,	   A.	   L.,	   Chatterjee,	   A.,	   Ghosh	   Dastidar,	   K.,	   &	   Majee,	   M.	   (2003).	  

Diversification	   and	   evolution	   of	   L-‐myo-‐inositol	   1-‐phosphate	   synthase.	   FEBS	  

Lett,	  553(1-‐2),	  3-‐10.	  	  

Makrantoni,	  V.,	  Dennison,	  P.,	  Stark,	  M.	  J.,	  &	  Coote,	  P.	  J.	  (2007).	  A	  novel	  role	  for	  the	  

yeast	   protein	   kinase	  Dbf2p	   in	   vacuolar	   H+-‐ATPase	   function	   and	   sorbic	   acid	  

stress	  tolerance.	  Microbiology,	  153(Pt	  12),	  4016-‐4026.	  	  

Manji,	   H.	   K.,	   Moore,	   G.	   J.,	   &	   Chen,	   G.	   (2001).	   Bipolar	   disorder:	   leads	   from	   the	  

molecular	   and	   cellular	   mechanisms	   of	   action	   of	   mood	   stabilizers.	   Br	   J	  

Psychiatry	  Suppl,	  41,	  s107-‐119.	  	  

Manolson,	  M.	   F.,	  Wu,	   B.,	   Proteau,	   D.,	   Taillon,	   B.	   E.,	   Roberts,	   B.	   T.,	   Hoyt,	  M.	   A.,	  &	  

Jones,	   E.	   W.	   (1994).	   STV1	   gene	   encodes	   functional	   homologue	   of	   95-‐kDa	  

yeast	   vacuolar	   H(+)-‐ATPase	   subunit	   Vph1p.	   J	   Biol	   Chem,	   269(19),	   14064-‐

14074.	  	  

Marion,	   E.,	   Kaisaki,	   P.	   J.,	   Pouillon,	   V.,	   Gueydan,	   C.,	   Levy,	   J.	   C.,	   Bodson,	   A.,	  

.Schurmans,	   S.	   (2002).	   The	   gene	   INPPL1,	   encoding	   the	   lipid	   phosphatase	  

SHIP2,	   is	   a	   candidate	   for	   type	   2	   diabetes	   in	   rat	   and	  man.	  Diabetes,	   51(7),	  

2012-‐2017.	  	  

Martin,	   E.	   D.,	   &	   Pozo,	   M.	   A.	   (2004).	   Valproate	   reduced	   synaptic	   activity	   increase	  

induced	  by	  4-‐aminopyridine	  at	  the	  hippocampal	  CA3-‐CA1	  synapse.	  Epilepsia,	  

45(5),	  436-‐440.	  	  



	  	  	  	  

	  

166	  

Martin,	   E.	   D.,	   &	   Pozo,	   M.	   A.	   (2004).	   Valproate	   reduced	   excitatory	   postsynaptic	  

currents	  in	  hippocampal	  CA1	  pyramidal	  neurons.	  Neuropharmacology,	  46(4),	  

555-‐561.	  	  

Martin-‐Pena,	   A.,	   Acebes,	   A.,	   Rodriguez,	   J.	   R.,	   Sorribes,	   A.,	   de	   Polavieja,	   G.	   G.,	  

Fernandez-‐Funez,	   P.,	   &	   Ferrus,	   A.	   (2006).	   Age-‐independent	   synaptogenesis	  

by	  phosphoinositide	  3	  kinase.	  J	  Neurosci,	  26(40),	  10199-‐10208.	  	  

Mazur,	   P.,	   &	   Baginsky,	   W.	   (1996).	   In	   vitro	   activity	   of	   1,3-‐beta-‐D-‐glucan	   synthase	  

requires	  the	  GTP-‐binding	  protein	  Rho1.	  J	  Biol	  Chem,	  271(24),	  14604-‐14609.	  	  

McLaurin,	   J.,	   Franklin,	   T.,	   Chakrabartty,	   A.,	   &	   Fraser,	   P.	   E.	   (1998).	  

Phosphatidylinositol	   and	   inositol	   involvement	   in	   Alzheimer	   amyloid-‐beta	  

fibril	  growth	  and	  arrest.	  J	  Mol	  Biol,	  278(1),	  183-‐194.	  	  

Medina,	  M.,	  &	  Wandosell,	   F.	   (2011).	  Deconstructing	  GSK-‐3:	  The	  Fine	  Regulation	  of	  

Its	  Activity.	  Int	  J	  Alzheimers	  Dis,	  2011,	  479249.	  	  

Mellor,	   H.,	   &	   Parker,	   P.	   J.	   (1998).	   The	   extended	   protein	   kinase	   C	   superfamily.	  

Biochem	  J,	  332	  (	  Pt	  2),	  281-‐292.	  	  

Merikangas,	  K.	  R.,	  Chakravarti,	  A.,	  Moldin,	  S.	  O.,	  Araj,	  H.,	  Blangero,	  J.	  C.,	  Burmeister,	  

M.,	   Takahashi,	   J.	   S.	   (2002).	   Future	   of	   genetics	   of	  mood	   disorders	   research.	  

Biol	  Psychiatry,	  52(6),	  457-‐477.	  	  

Merikangas,	  K.	  R.,	  Jin,	  R.,	  He,	  J.	  P.,	  Kessler,	  R.	  C.,	  Lee,	  S.,	  Sampson,	  N.	  A.,	  Zarkov,	  Z.	  

(2011).	  Prevalence	  and	  correlates	  of	  bipolar	  spectrum	  disorder	   in	  the	  world	  

mental	  health	  survey	  initiative.	  Arch	  Gen	  Psychiatry,	  68(3),	  241-‐251.	  	  

Meunier,	   H.,	   Carraz,	   G.,	   Neunier,	   Y.,	   Eymard,	   P.,	   &	   Aimard,	   M.	   (1963).	  



	  	  	  	  

	  

167	  

[Pharmacodynamic	   properties	   of	   N-‐dipropylacetic	   acid].	   Therapie,	   18,	   435-‐

438.	  	  

Michaelis,	  M.,	  Michaelis,	  U.	  R.,	  Fleming,	  I.,	  Suhan,	  T.,	  Cinatl,	  J.,	  Blaheta,	  R.	  A.,	  Cinatl,	  

J.,	   Jr.	   (2004).	   Valproic	   acid	   inhibits	   angiogenesis	   in	   vitro	   and	   in	   vivo.	  Mol	  

Pharmacol,	  65(3),	  520-‐527.	  	  

Michell,	  R.	  H.	  (2013).	   Inositol	   lipids:	  from	  an	  archaeal	  origin	  to	  phosphatidylinositol	  

3,5-‐bisphosphate	  faults	  in	  human	  disease.	  FEBS	  J,	  280(24),	  6281-‐6294.	  	  

Michell,	  R.	  H.,	  Heath,	  V.	  L.,	  Lemmon,	  M.	  A.,	  &	  Dove,	  S.	  K.	  (2006).	  Phosphatidylinositol	  

3,5-‐bisphosphate:	   metabolism	   and	   cellular	   functions.	   Trends	   Biochem	   Sci,	  

31(1),	  52-‐63.	  	  

Mikoshiba,	  K.,	  Furuichi,	  T.,	  Miyawaki,	  A.,	  Yoshikawa,	  S.,	  Nakagawa,	  T.,	  Yamada,	  N.,	  et	  

al.	  (1993).	  Inositol	  trisphosphate	  receptor	  and	  Ca2+	  signalling.	  Philos	  Trans	  R	  

Soc	  Lond	  B	  Biol	  Sci,	  340(1293),	  345-‐349.	  	  

Miyatake,	  M.,	  Kuno,	  T.,	  Kita,	  A.,	  Katsura,	  K.,	  Takegawa,	  K.,	  Uno,	  S.,	  Sugiura,	  R.	  (2007).	  

Valproic	   acid	   affects	   membrane	   trafficking	   and	   cell-‐wall	   integrity	   in	   fission	  

yeast.	  Genetics,	  175(4),	  1695-‐1705.	  	  

Mora,	  A.,	  Komander,	  D.,	  van	  Aalten,	  D.	  M.,	  &	  Alessi,	  D.	  R.	  (2004).	  PDK1,	  the	  master	  

regulator	  of	  AGC	  kinase	  signal	  transduction.	  Semin	  Cell	  Dev	  Biol,	  15(2),	  161-‐

170.	  	  

Moriyama,	   Y.,	   Maeda,	   M.,	   &	   Futai,	   M.	   (1990).	   Energy	   coupling	   of	   L-‐glutamate	  

transport	   and	   vacuolar	   H(+)-‐ATPase	   in	   brain	   synaptic	   vesicles.	   J	   Biochem,	  

108(4),	  689-‐693.	  	  



	  	  	  	  

	  

168	  

Moriyama,	   Y.,	   Tsai,	   H.	   L.,	   &	   Futai,	   M.	   (1993).	   Energy-‐dependent	   accumulation	   of	  

neuron	   blockers	   causes	   selective	   inhibition	   of	   neurotransmitter	   uptake	   by	  

brain	  synaptic	  vesicles.	  Arch	  Biochem	  Biophys,	  305(2),	  278-‐281.	  	  

Munn,	   A.	   L.,	   Heese-‐Peck,	   A.,	   Stevenson,	   B.	   J.,	   Pichler,	   H.,	   &	   Riezman,	   H.	   (1999).	  

Specific	  sterols	  required	  for	  the	   internalization	  step	  of	  endocytosis	   in	  yeast.	  

Mol	  Biol	  Cell,	  10(11),	  3943-‐3957.	  	  

Nahorski,	   S.	   R.,	   Ragan,	   C.	   I.,	   &	   Challiss,	   R.	   A.	   (1991).	   Lithium	   and	   the	  

phosphoinositide	   cycle:	   an	   example	   of	   uncompetitive	   inhibition	   and	   its	  

pharmacological	  consequences.	  Trends	  Pharmacol	  Sci,	  12(8),	  297-‐303.	  	  

Nakase,	   M.,	   Tani,	   M.,	   Morita,	   T.,	   Kitamoto,	   H.	   K.,	   Kashiwazaki,	   J.,	   Nakamura,	   T.,	  

Takegawa,	   K.	   (2010).	   Mannosylinositol	   phosphorylceramide	   is	   a	   major	  

sphingolipid	   component	   and	   is	   required	   for	   proper	   localization	   of	   plasma-‐

membrane	   proteins	   in	   Schizosaccharomyces	   pombe.	   J	   Cell	   Sci,	   123(Pt	   9),	  

1578-‐1587.	  	  

Nalivaeva,	  N.	  N.,	  Belyaev,	  N.	  D.,	  &	  Turner,	  A.	  J.	  (2009).	  Sodium	  valproate:	  an	  old	  drug	  

with	  new	  roles.	  Trends	  Pharmacol	  Sci,	  30(10),	  509-‐514.	  	  

Neelon,	  K.,	  Roberts,	  M.	  F.,	  &	  Stec,	  B.	  (2011).	  Crystal	  structure	  of	  a	  trapped	  catalytic	  

intermediate	   suggests	   that	   forced	   atomic	   proximity	   drives	   the	   catalysis	   of	  

mIPS.	  Biophys	  J,	  101(11),	  2816-‐2824.	  	  

Nicholson,	  G.,	  Lenk,	  G.	  M.,	  Reddel,	  S.	  W.,	  Grant,	  A.	  E.,	  Towne,	  C.	  F.,	  Ferguson,	  C.	  J.,	  

Meisler,	  M.	   H.	   (2011).	   Distinctive	   genetic	   and	   clinical	   features	   of	   CMT4J:	   a	  

severe	  neuropathy	  caused	  by	  mutations	  in	  the	  PI(3,5)P(2)	  phosphatase	  FIG4.	  



	  	  	  	  

	  

169	  

Brain,	  134(Pt	  7),	  1959-‐1971.	  	  

Nishi,	   T.,	   &	   Forgac,	  M.	   (2002).	   The	   vacuolar	   (H+)-‐ATPases-‐-‐nature's	  most	   versatile	  

proton	  pumps.	  Nat	  Rev	  Mol	  Cell	  Biol,	  3(2),	  94-‐103.	  	  

Norman,	  R.	  A.,	  McAlister,	  M.	  S.,	  Murray-‐Rust,	  J.,	  Movahedzadeh,	  F.,	  Stoker,	  N.	  G.,	  &	  

McDonald,	   N.	  Q.	   (2002).	   Crystal	   structure	   of	   inositol	   1-‐phosphate	   synthase	  

from	   Mycobacterium	   tuberculosis,	   a	   key	   enzyme	   in	   phosphatidylinositol	  

synthesis.	  Structure,	  10(3),	  393-‐402.	  	  

Nunez,	   L.	   R.,	   &	   Henry,	   S.	   A.	   (2006).	   Regulation	   of	   1D-‐myo-‐inositol-‐3-‐phosphate	  

synthase	  in	  yeast.	  Subcell	  Biochem,	  39,	  135-‐156.	  	  

Nunez,	  L.	  R.,	  Jesch,	  S.	  A.,	  Gaspar,	  M.	  L.,	  Almaguer,	  C.,	  Villa-‐Garcia,	  M.,	  Ruiz-‐Noriega,	  

M.,	  	  Henry,	  S.	  A.	  (2008).	  Cell	  wall	  integrity	  MAPK	  pathway	  is	  essential	  for	  lipid	  

homeostasis.	  J	  Biol	  Chem,	  283(49),	  34204-‐34217.	  	  

O'Donnell,	   T.,	   Rotzinger,	   S.,	   Nakashima,	   T.	   T.,	   Hanstock,	   C.	   C.,	   Ulrich,	   M.,	   &	  

Silverstone,	  P.	  H.	  (2000).	  Chronic	  lithium	  and	  sodium	  valproate	  both	  decrease	  

the	  concentration	  of	  myo-‐inositol	  and	  increase	  the	  concentration	  of	  inositol	  

monophosphates	  in	  rat	  brain.	  Brain	  Res,	  880(1-‐2),	  84-‐91.	  	  

Odorizzi,	   G.,	   Babst,	   M.,	   &	   Emr,	   S.	   D.	   (2000).	   Phosphoinositide	   signaling	   and	   the	  

regulation	  of	  membrane	  trafficking	  in	  yeast.	  Trends	  Biochem	  Sci,	  25(5),	  229-‐

235.	  	  

Oliveira,	   A.	   P.,	   Ludwig,	   C.,	   Picotti,	   P.,	   Kogadeeva,	   M.,	   Aebersold,	   R.,	   &	   Sauer,	   U.	  

(2012).	  Regulation	  of	  yeast	  central	  metabolism	  by	  enzyme	  phosphorylation.	  

Mol	  Syst	  Biol,	  8,	  623.	  	  



	  	  	  	  

	  

170	  

Oluwatosin,	  Y.	  E.,	  &	  Kane,	  P.	  M.	   (1998).	  Mutations	   in	   the	  yeast	  KEX2	  gene	  cause	  a	  

Vma(-‐)-‐like	  phenotype:	  a	  possible	  role	  for	  the	  Kex2	  endoprotease	  in	  vacuolar	  

acidification.	  Mol	  Cell	  Biol,	  18(3),	  1534-‐1543.	  	  

Orij,	  R.,	  Postmus,	  J.,	  Ter	  Beek,	  A.,	  Brul,	  S.,	  &	  Smits,	  G.	  J.	  (2009).	  In	  vivo	  measurement	  

of	   cytosolic	   and	   mitochondrial	   pH	   using	   a	   pH-‐sensitive	   GFP	   derivative	   in	  

Saccharomyces	   cerevisiae	   reveals	   a	   relation	   between	   intracellular	   pH	   and	  

growth.	  Microbiology,	  155(Pt	  1),	  268-‐278.	  	  

Patsalos,	  P.	  N.,	  &	   Lascelles,	  P.	   T.	   (1981).	  Changes	   in	   regional	  brain	   levels	  of	   amino	  

acid	   putative	   neurotransmitters	   after	   prolonged	   treatment	   with	   the	  

anticonvulsant	  drugs	  diphenylhydantoin,	  phenobarbitone,	  sodium	  valproate,	  

ethosuximide,	  and	  sulthiame	  in	  the	  rat.	  J	  Neurochem,	  36(2),	  688-‐695.	  	  

Pawolleck,	   N.,	   &	   Williams,	   R.	   S.	   (2009).	   Quantifying	   in	   vivo	   phosphoinositide	  

turnover	   in	   chemotactically	   competent	   Dictyostelium	   cells.	   Methods	   Mol	  

Biol,	  571,	  283-‐290.	  	  

Perucca,	   E.	   (2002).	   Pharmacological	   and	   therapeutic	   properties	   of	   valproate:	   a	  

summary	  after	  35	  years	  of	  clinical	  experience.	  CNS	  Drugs,	  16(10),	  695-‐714.	  	  

Perzov,	  N.,	  Padler-‐Karavani,	  V.,	  Nelson,	  H.,	  &	  Nelson,	  N.	  (2002).	  Characterization	  of	  

yeast	   V-‐ATPase	   mutants	   lacking	   Vph1p	   or	   Stv1p	   and	   the	   effect	   on	  

endocytosis.	  J	  Exp	  Biol,	  205(Pt	  9),	  1209-‐1219.	  	  

Phelan,	   J.	  P.,	  Millson,	  S.	  H.,	  Parker,	  P.	   J.,	  Piper,	  P.	  W.,	  &	  Cooke,	  F.	  T.	   (2006).	  Fab1p	  

and	  AP-‐1	  are	  required	  for	  trafficking	  of	  endogenously	  ubiquitylated	  cargoes	  

to	  the	  vacuole	  lumen	  in	  S.	  cerevisiae.	  J	  Cell	  Sci,	  119(Pt	  20),	  4225-‐4234.	  	  



	  	  	  	  

	  

171	  

Phiel,	  C.	  J.,	  Zhang,	  F.,	  Huang,	  E.	  Y.,	  Guenther,	  M.	  G.,	  Lazar,	  M.	  A.,	  &	  Klein,	  P.	  S.	  (2001).	  

Histone	   deacetylase	   is	   a	   direct	   target	   of	   valproic	   acid,	   a	   potent	  

anticonvulsant,	  mood	  stabilizer,	  and	  teratogen.	  J	  Biol	  Chem,	  276(39),	  36734-‐

36741.	  	  

Pittet,	  M.,	  &	  Conzelmann,	  A.	  (2007).	  Biosynthesis	  and	  function	  of	  GPI	  proteins	  in	  the	  

yeast	  Saccharomyces	  cerevisiae.	  Biochim	  Biophys	  Acta,	  1771(3),	  405-‐420.	  	  

Poea-‐Guyon,	   S.,	   Ammar,	   M.	   R.,	   Erard,	   M.,	   Amar,	   M.,	   Moreau,	   A.	   W.,	   Fossier,	   P.,	  

Morel,	  N.	  (2013).	  The	  V-‐ATPase	  membrane	  domain	  is	  a	  sensor	  of	  granular	  pH	  

that	  controls	  the	  exocytotic	  machinery.	  J	  Cell	  Biol,	  203(2),	  283-‐298.	  	  

Powell-‐Jackson,	  P.	  R.,	  Tredger,	  J.	  M.,	  &	  Williams,	  R.	  (1984).	  Hepatotoxicity	  to	  sodium	  

valproate:	  a	  review.	  Gut,	  25(6),	  673-‐681.	  	  

Qadota,	  H.,	  Python,	  C.	  P.,	   Inoue,	  S.	  B.,	  Arisawa,	  M.,	  Anraku,	  Y.,	   Zheng,	  Y.,	  Ohya,	  Y.	  

(1996).	   Identification	  of	  yeast	  Rho1p	  GTPase	  as	  a	  regulatory	  subunit	  of	  1,3-‐

beta-‐glucan	  synthase.	  Science,	  272(5259),	  279-‐281.	  	  

Rajkowska,	  G.	   (2002).	   Cell	   pathology	   in	   bipolar	   disorder.	  Bipolar	  Disord,	   4(2),	   105-‐

116.	  	  

Rando,	   O.	   J.,	   Chi,	   T.	   H.,	   &	   Crabtree,	   G.	   R.	   (2003).	   Second	   messenger	   control	   of	  

chromatin	  remodeling.	  Nat	  Struct	  Biol,	  10(2),	  81-‐83.	  	  

Recchi,	  C.,	  &	  Chavrier,	  P.	  (2006).	  V-‐ATPase:	  a	  potential	  pH	  sensor.	  Nat	  Cell	  Biol,	  8(2),	  

107-‐109.	  	  

Regenold,	  W.	  T.,	  Phatak,	  P.,	  Marano,	  C.	  M.,	  Sassan,	  A.,	  Conley,	  R.	  R.,	  &	  Kling,	  M.	  A.	  

(2009).	   Elevated	   cerebrospinal	   fluid	   lactate	   concentrations	   in	   patients	  with	  



	  	  	  	  

	  

172	  

bipolar	   disorder	   and	   schizophrenia:	   implications	   for	   the	   mitochondrial	  

dysfunction	  hypothesis.	  Biol	  Psychiatry,	  65(6),	  489-‐494.	  	  

Rieder,	   S.	   E.,	   Banta,	   L.	   M.,	   Kohrer,	   K.,	   McCaffery,	   J.	   M.,	   &	   Emr,	   S.	   D.	   (1996).	  

Multilamellar	   endosome-‐like	   compartment	   accumulates	   in	   the	   yeast	   vps28	  

vacuolar	  protein	  sorting	  mutant.	  Mol	  Biol	  Cell,	  7(6),	  985-‐999.	  	  

Roberts,	  C.	  J.,	  Raymond,	  C.	  K.,	  Yamashiro,	  C.	  T.,	  &	  Stevens,	  T.	  H.	  (1991).	  Methods	  for	  

studying	  the	  yeast	  vacuole.	  Methods	  Enzymol,	  194,	  644-‐661.	  	  

Rudolph,	   U.,	   &	   Mohler,	   H.	   (2004).	   Analysis	   of	   GABAA	   receptor	   function	   and	  

dissection	  of	   the	  pharmacology	  of	  benzodiazepines	  and	  general	  anesthetics	  

through	  mouse	  genetics.	  Annu	  Rev	  Pharmacol	  Toxicol,	  44,	  475-‐498.	  	  

Sanacora,	  G.,	  &	  Saricicek,	  A.	  (2007).	  GABAergic	  contributions	  to	  the	  pathophysiology	  

of	   depression	   and	   the	   mechanism	   of	   antidepressant	   action.	   CNS	   Neurol	  

Disord	  Drug	  Targets,	  6(2),	  127-‐140.	  	  

Sawaya,	  M.	   C.,	   Horton,	   R.	  W.,	   &	  Meldrum,	   B.	   S.	   (1975).	   Effects	   of	   anticonvulsant	  

drugs	  on	  the	  cerebral	  enzymes	  metabolizing	  GABA.	  Epilepsia,	  16(4),	  649-‐655.	  	  

Sbrissa,	  D.,	  Ikonomov,	  O.	  C.,	  Fu,	  Z.,	  Ijuin,	  T.,	  Gruenberg,	  J.,	  Takenawa,	  T.,	  &	  Shisheva,	  

A.	   (2007).	  Core	  protein	  machinery	   for	  mammalian	  phosphatidylinositol	   3,5-‐

bisphosphate	   synthesis	   and	   turnover	   that	   regulates	   the	   progression	   of	  

endosomal	   transport.	   Novel	   Sac	   phosphatase	   joins	   the	   ArPIKfyve-‐PIKfyve	  

complex.	  J	  Biol	  Chem,	  282(33),	  23878-‐23891.	  	  

Sbrissa,	  D.,	  Ikonomov,	  O.	  C.,	  &	  Shisheva,	  A.	  (1999).	  PIKfyve,	  a	  mammalian	  ortholog	  of	  

yeast	  Fab1p	  lipid	  kinase,	  synthesizes	  5-‐phosphoinositides.	  Effect	  of	   insulin.	  J	  



	  	  	  	  

	  

173	  

Biol	  Chem,	  274(31),	  21589-‐21597.	  	  

Schuldiner,	   S.,	   Shirvan,	   A.,	   &	   Linial,	   M.	   (1995).	   Vesicular	   neurotransmitter	  

transporters:	  from	  bacteria	  to	  humans.	  Physiol	  Rev,	  75(2),	  369-‐392.	  	  

Seelan,	   R.	   S.,	   Lakshmanan,	   J.,	   Casanova,	   M.	   F.,	   &	   Parthasarathy,	   R.	   N.	   (2009).	  

Identification	   of	   myo-‐inositol-‐3-‐phosphate	   synthase	   isoforms:	  

characterization,	   expression,	   and	   putative	   role	   of	   a	   16-‐kDa	   gamma(c)	  

isoform.	  J	  Biol	  Chem,	  284(14),	  9443-‐9457.	  	  

Seeley,	   E.	   S.,	   Kato,	   M.,	   Margolis,	   N.,	   Wickner,	   W.,	   &	   Eitzen,	   G.	   (2002).	   Genomic	  

analysis	  of	  homotypic	  vacuole	  fusion.	  Mol	  Biol	  Cell,	  13(3),	  782-‐794.	  	  

Shaltiel,	   G.,	   Mark,	   S.,	   Kofman,	   O.,	   Belmaker,	   R.	   H.,	   &	   Agam,	   G.	   (2007).	   Effect	   of	  

valproate	   derivatives	   on	   human	   brain	   myo-‐inositol-‐1-‐phosphate	   (MIP)	  

synthase	   activity	   and	   amphetamine-‐induced	   rearing.	  Pharmacol	   Rep,	   59(4),	  

402-‐407.	  	  

Shaltiel,	  G.,	  Shamir,	  A.,	  Shapiro,	  J.,	  Ding,	  D.,	  Dalton,	  E.,	  Bialer,	  M.,	  	  Agam,	  G.	  (2004).	  

Valproate	  decreases	  inositol	  biosynthesis.	  Biol	  Psychiatry,	  56(11),	  868-‐874.	  	  

Shaw,	   J.	   D.,	   Hama,	   H.,	   Sohrabi,	   F.,	   DeWald,	   D.	   B.,	   &	   Wendland,	   B.	   (2003).	  

PtdIns(3,5)P2	   is	   required	   for	   delivery	   of	   endocytic	   cargo	   into	   the	  

multivesicular	  body.	  Traffic,	  4(7),	  479-‐490.	  	  

Shen,	   X.,	   Xiao,	   H.,	   Ranallo,	   R.,	   Wu,	   W.	   H.,	   &	   Wu,	   C.	   (2003).	   Modulation	   of	   ATP-‐

dependent	   chromatin-‐remodeling	   complexes	   by	   inositol	   polyphosphates.	  

Science,	  299(5603),	  112-‐114.	  	  

Shi,	  J.,	  Badner,	  J.	  A.,	  Hattori,	  E.,	  Potash,	  J.	  B.,	  Willour,	  V.	  L.,	  McMahon,	  F.	  J.,	  .	  .	  .	  Liu,	  C.	  



	  	  	  	  

	  

174	  

(2008).	   Neurotransmission	   and	   bipolar	   disorder:	   a	   systematic	   family-‐based	  

association	  study.	  Am	  J	  Med	  Genet	  B	  Neuropsychiatr	  Genet,	  147B(7),	  1270-‐

1277.	  	  

Shi,	  Y.	  (2005).	  New	  insights	  into	  the	  molecular	  targets	  of	  lithium	  and	  valproate.	  Ph.D.	  

dissertation,	  Detroit,	  Wayne	  State	  University.	  	  

Shi,	  Y.,	  Vaden,	  D.	  L.,	  Ju,	  S.,	  Ding,	  D.,	  Geiger,	  J.	  H.,	  &	  Greenberg,	  M.	  L.	  (2005).	  Genetic	  

perturbation	   of	   glycolysis	   results	   in	   inhibition	   of	   de	   novo	   inositol	  

biosynthesis.	  J	  Biol	  Chem,	  280(51),	  41805-‐41810.	  	  

Shiah,	   I.	   S.,	   &	   Yatham,	   L.	   N.	   (2000).	   Serotonin	   in	  mania	   and	   in	   the	  mechanism	   of	  

action	  of	  mood	   stabilizers:	   a	   review	  of	   clinical	   studies.	  Bipolar	  Disord,	   2(2),	  

77-‐92.	  	  

Shimohama,	  S.,	  Tanino,	  H.,	  Sumida,	  Y.,	  Tsuda,	  J.,	  &	  Fujimoto,	  S.	  (1998).	  Alteration	  of	  

myo-‐inositol	  monophosphatase	   in	  Alzheimer's	  disease	  brains.	  Neurosci	  Lett,	  

245(3),	  159-‐162.	  	  

Shin,	   D.	   Y.,	   Matsumoto,	   K.,	   Iida,	   H.,	   Uno,	   I.,	   &	   Ishikawa,	   T.	   (1987).	   Heat	   shock	  

response	   of	   Saccharomyces	   cerevisiae	   mutants	   altered	   in	   cyclic	   AMP-‐

dependent	  protein	  phosphorylation.	  Mol	  Cell	  Biol,	  7(1),	  244-‐250.	  	  

Simonsen,	   A.,	   Wurmser,	   A.	   E.,	   Emr,	   S.	   D.,	   &	   Stenmark,	   H.	   (2001).	   The	   role	   of	  

phosphoinositides	   in	   membrane	   transport.	   Curr	   Opin	   Cell	   Biol,	   13(4),	   485-‐

492.	  	  

Smythe,	   E.,	   &	   Ayscough,	   K.	   R.	   (2006).	   Actin	   regulation	   in	   endocytosis.	   J	   Cell	   Sci,	  

119(Pt	  22),	  4589-‐4598.	  	  



	  	  	  	  

	  

175	  

Soares,	  J.	  C.,	  &	  Mann,	  J.	  J.	  (1997).	  The	  functional	  neuroanatomy	  of	  mood	  disorders.	  J	  

Psychiatr	  Res,	  31(4),	  393-‐432.	  	  

Soares,	   J.	   C.,	   &	   Mann,	   J.	   J.	   (1997).	   The	   anatomy	   of	   mood	   disorders-‐-‐review	   of	  

structural	  neuroimaging	  studies.	  Biol	  Psychiatry,	  41(1),	  86-‐106.	  	  

Stefan,	  C.	  J.,	  Audhya,	  A.,	  and	  Emr,	  S.	  D.	  (2002).	  The	  yeast	  synaptojanin-‐like	  proteins	  

control	  the	  cellular	  distribution	  of	  phosphatidylinositol	  (4,5)-‐bisphosphate.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  Mol	  Biol	  Cell,	  13(2),	  542-‐557.	  

Steger,	   D.	   J.,	   Haswell,	   E.	   S.,	   Miller,	   A.	   L.,	   Wente,	   S.	   R.,	   &	   O'Shea,	   E.	   K.	   (2003).	  

Regulation	   of	   chromatin	   remodeling	   by	   inositol	   polyphosphates.	   Science,	  

299(5603),	  114-‐116.	  	  

Stein,	  A.	  J.,	  &	  Geiger,	  J.	  H.	  (2002).	  The	  crystal	  structure	  and	  mechanism	  of	  1-‐L-‐myo-‐

inositol-‐	  1-‐phosphate	  synthase.	  J	  Biol	  Chem,	  277(11),	  9484-‐9491.	  	  

Stork,	   C.,	   &	   Renshaw,	   P.	   F.	   (2005).	  Mitochondrial	   dysfunction	   in	   bipolar	   disorder:	  

evidence	   from	  magnetic	   resonance	   spectroscopy	   research.	  Mol	   Psychiatry,	  

10(10),	  900-‐919.	  	  

Strahl,	   T.,	   &	   Thorner,	   J.	   (2007).	   Synthesis	   and	   function	   of	   membrane	  

phosphoinositides	   in	   budding	   yeast,	   Saccharomyces	   cerevisiae.	   Biochim	  

Biophys	  Acta,	  1771(3),	  353-‐404.	  	  

Takahashi,	  T.,	  Furuchi,	  T.,	  &	  Naganuma,	  A.	  (2006).	  Endocytic	  Ark/Prk	  kinases	  play	  a	  

critical	   role	   in	   adriamycin	   resistance	   in	   both	   yeast	   and	   mammalian	   cells.	  

Cancer	  Res,	  66(24),	  11932-‐11937.	  	  

Takenawa,	  T.,	  &	   Itoh,	  T.	   (2001).	  Phosphoinositides,	  key	  molecules	   for	   regulation	  of	  



	  	  	  	  

	  

176	  

actin	   cytoskeletal	   organization	   and	   membrane	   traffic	   from	   the	   plasma	  

membrane.	  Biochim	  Biophys	  Acta,	  1533(3),	  190-‐206.	  	  

Tariot,	   P.	   N.,	   Loy,	   R.,	   Ryan,	   J.	   M.,	   Porsteinsson,	   A.,	   &	   Ismail,	   S.	   (2002).	   Mood	  

stabilizers	   in	   Alzheimer's	   disease:	   symptomatic	   and	   neuroprotective	  

rationales.	  Adv	  Drug	  Deliv	  Rev,	  54(12),	  1567-‐1577.	  	  

Tarze,	  A.,	  Deniaud,	  A.,	  Le	  Bras,	  M.,	  Maillier,	  E.,	  Molle,	  D.,	  Larochette,	  N.,	  .	  .	  .	  Brenner,	  

C.	   (2007).	   GAPDH,	   a	   novel	   regulator	   of	   the	   pro-‐apoptotic	   mitochondrial	  

membrane	  permeabilization.	  Oncogene,	  26(18),	  2606-‐2620.	  	  

Taylor,	  G.	   S.,	  Maehama,	  T.,	  &	  Dixon,	   J.	   E.	   (2000).	  Myotubularin,	   a	  protein	   tyrosine	  

phosphatase	  mutated	   in	  myotubular	  myopathy,	   dephosphorylates	   the	   lipid	  

second	  messenger,	  phosphatidylinositol	  3-‐phosphate.	  Proc	  Natl	  Acad	  Sci	  U	  S	  

A,	  97(16),	  8910-‐8915.	  	  

Teo,	   R.,	   King,	   J.,	   Dalton,	   E.,	   Ryves,	   J.,	   Williams,	   R.	   S.,	   &	   Harwood,	   A.	   J.	   (2009).	  

PtdIns(3,4,5)P(3)	   and	   inositol	   depletion	   as	   a	   cellular	   target	   of	   mood	  

stabilizers.	  Biochem	  Soc	  Trans,	  37(Pt	  5),	  1110-‐1114.	  	  

Terbach,	   N.,	   &	  Williams,	   R.	   S.	   (2009).	   Structure-‐function	   studies	   for	   the	   panacea,	  

valproic	  acid.	  Biochem	  Soc	  Trans,	  37(Pt	  5),	  1126-‐1132.	  	  

Tisdale,	   E.	   J.,	   Kelly,	   C.,	   &	   Artalejo,	   C.	   R.	   (2004).	   Glyceraldehyde-‐3-‐phosphate	  

dehydrogenase	   interacts	   with	   Rab2	   and	   plays	   an	   essential	   role	   in	  

endoplasmic	  reticulum	  to	  Golgi	  transport	  exclusive	  of	  its	  glycolytic	  activity.	  J	  

Biol	  Chem,	  279(52),	  54046-‐54052.	  	  

Tokuoka,	   S.	  M.,	   Saiardi,	   A.,	   &	   Nurrish,	   S.	   J.	   (2008).	   The	  mood	   stabilizer	   valproate	  



	  	  	  	  

	  

177	  

inhibits	  both	  inositol-‐	  and	  diacylglycerol-‐signaling	  pathways	  in	  Caenorhabditis	  

elegans.	  Mol	  Biol	  Cell,	  19(5),	  2241-‐2250.	  doi:	  10.1091/mbc.E07-‐09-‐0982	  

Tyagarajan,	   S.	   K.,	   &	   Fritschy,	   J.	   M.	   (2010).	   GABA(A)	   receptors,	   gephyrin	   and	  

homeostatic	  synaptic	  plasticity.	  J	  Physiol,	  588(Pt	  1),	  101-‐106.	  	  

Tyagarajan,	  S.	  K.,	  Ghosh,	  H.,	  Yevenes,	  G.	  E.,	  Nikonenko,	  I.,	  Ebeling,	  C.,	  Schwerdel,	  C.,	  

Fritschy,	   J.	   M.	   (2011).	   Regulation	   of	   GABAergic	   synapse	   formation	   and	  

plasticity	   by	   GSK3beta-‐dependent	   phosphorylation	   of	   gephyrin.	   Proc	   Natl	  

Acad	  Sci	  U	  S	  A,	  108(1),	  379-‐384.	  	  

Vaden,	  D.	  L.,	  Ding,	  D.,	  Peterson,	  B.,	  &	  Greenberg,	  M.	  L.	  (2001).	  Lithium	  and	  valproate	  

decrease	   inositol	  mass	  and	   increase	  expression	  of	  the	  yeast	   INO1	  and	  INO2	  

genes	  for	  inositol	  biosynthesis.	  J	  Biol	  Chem,	  276(18),	  15466-‐15471.	  	  

Van	   Lint,	  C.,	   Emiliani,	   S.,	  &	  Verdin,	   E.	   (1996).	   The	  expression	  of	  a	   small	   fraction	  of	  

cellular	  genes	  is	  changed	  in	  response	  to	  histone	  hyperacetylation.	  Gene	  Expr,	  

5(4-‐5),	  245-‐253.	  	  

Van	  Rooijen,	  L.	  A.,	  Vadnal,	  R.,	  Dobard,	  P.,	  &	  Bazan,	  N.	  G.	  (1986).	  Enhanced	  inositide	  

turnover	   in	   brain	   during	   bicuculline-‐induced	   status	   epilepticus.	   Biochem	  

Biophys	  Res	  Commun,	  136(2),	  827-‐834.	  	  

Vida,	  T.	  A.,	  &	  Emr,	  S.	  D.	  (1995).	  A	  new	  vital	  stain	  for	  visualizing	  vacuolar	  membrane	  

dynamics	  and	  endocytosis	  in	  yeast.	  J	  Cell	  Biol,	  128(5),	  779-‐792.	  	  

Villa-‐Garcia,	  M.	   J.,	  Choi,	  M.	  S.,	  Hinz,	  F.	   I.,	  Gaspar,	  M.	  L.,	   Jesch,	  S.	  A.,	  &	  Henry,	  S.	  A.	  

(2011).	   Genome-‐wide	   screen	   for	   inositol	   auxotrophy	   in	   Saccharomyces	  

cerevisiae	  implicates	  lipid	  metabolism	  in	  stress	  response	  signaling.	  Mol	  Genet	  



	  	  	  	  

	  

178	  

Genomics,	  285(2),	  125-‐149.	  	  

Warner,	  J.	  R.,	  &	  McIntosh,	  K.	  B.	  (2009).	  How	  common	  are	  extraribosomal	  functions	  

of	  ribosomal	  proteins?	  Mol	  Cell,	  34(1),	  3-‐11.	  	  

Weisberg,	   R.	   A.	   (2008).	   Transcription	   by	   moonlight:	   structural	   basis	   of	   an	  

extraribosomal	  activity	  of	  ribosomal	  protein	  S10.	  Mol	  Cell,	  32(6),	  747-‐748.	  	  

Weisman,	  L.	  S.	  (2003).	  Yeast	  vacuole	  inheritance	  and	  dynamics.	  Annu	  Rev	  Genet,	  37,	  

435-‐460.	  	  

Werstuck,	  G.	  H.,	  Kim,	  A.	  J.,	  Brenstrum,	  T.,	  Ohnmacht,	  S.	  A.,	  Panna,	  E.,	  &	  Capretta,	  A.	  

(2004).	  Examining	  the	  correlations	  between	  GSK-‐3	   inhibitory	  properties	  and	  

anti-‐convulsant	   efficacy	   of	   valproate	   and	   valproate-‐related	   compounds.	  

Bioorg	  Med	  Chem	  Lett,	  14(22),	  5465-‐5467.	  	  

White,	  M.	   J.,	  Hirsch,	   J.	   P.,	  &	  Henry,	   S.	  A.	   (1991).	   The	  OPI1	  gene	  of	   Saccharomyces	  

cerevisiae,	   a	   negative	   regulator	   of	   phospholipid	   biosynthesis,	   encodes	   a	  

protein	   containing	   polyglutamine	   tracts	   and	   a	   leucine	   zipper.	   J	   Biol	   Chem,	  

266(2),	  863-‐872.	  	  

White,	  M.	  J.,	  Lopes,	  J.	  M.,	  &	  Henry,	  S.	  A.	  (1991).	  Inositol	  metabolism	  in	  yeasts.	  Adv	  

Microb	  Physiol,	  32,	  1-‐51.	  	  

Whittle,	  S.	  R.,	  &	  Turner,	  A.	  J.	  (1978).	  Effects	  of	  the	  anticonvulsant	  sodium	  valproate	  

on	   gamma-‐aminobutyrate	   and	   aldehyde	   metabolism	   in	   ox	   brain.	   J	  

Neurochem,	  31(6),	  1453-‐1459.	  	  

Wiemken,	   A.	   (1990).	   Trehalose	   in	   yeast,	   stress	   protectant	   rather	   than	   reserve	  

carbohydrate.	  Antonie	  Van	  Leeuwenhoek,	  58(3),	  209-‐217.	  	  



	  	  	  	  

	  

179	  

Williams,	   R.	   S.,	   Cheng,	   L.,	   Mudge,	   A.	   W.,	   &	   Harwood,	   A.	   J.	   (2002).	   A	   common	  

mechanism	   of	   action	   for	   three	   mood-‐stabilizing	   drugs.	   Nature,	   417(6886),	  

292-‐295.	  	  

Winterer,	   G.	   (2003).	   Valproate	   and	   GABAergic	   system	   effects.	  

Neuropsychopharmacology,	  28(11),	  2050-‐2051.	  	  

Xu,	  X.,	  Muller-‐Taubenberger,	  A.,	  Adley,	  K.	  E.,	  Pawolleck,	  N.,	  Lee,	  V.	  W.,	  Wiedemann,	  

C.,	  .	  .	  .	  Williams,	  R.	  S.	  (2007).	  Attenuation	  of	  phospholipid	  signaling	  provides	  a	  

novel	  mechanism	  for	  the	  action	  of	  valproic	  acid.	  Eukaryot	  Cell,	  6(6),	  899-‐906.	  	  

Yamamoto,	   A.,	   DeWald,	   D.	   B.,	   Boronenkov,	   I.	   V.,	   Anderson,	   R.	   A.,	   Emr,	   S.	   D.,	   &	  

Koshland,	  D.	   (1995).	  Novel	   PI(4)P	   5-‐kinase	   homologue,	   Fab1p,	   essential	   for	  

normal	   vacuole	   function	   and	  morphology	   in	   yeast.	  Mol	  Biol	   Cell,	   6(5),	   525-‐

539.	  	  

Ye,	  C.,	  Bandara,	  W.	  M.,	  &	  Greenberg,	  M.	  L.	  (2013).	  Regulation	  of	  inositol	  metabolism	  

is	   fine-‐tuned	  by	   inositol	  pyrophosphates	   in	  Saccharomyces	  cerevisiae.	   J	  Biol	  

Chem,	  288(34),	  24898-‐24908.	  	  

Yildirim,	  E.,	  Zhang,	  Z.,	  Uz,	  T.,	  Chen,	  C.	  Q.,	  Manev,	  R.,	  &	  Manev,	  H.	  (2003).	  Valproate	  

administration	   to	   mice	   increases	   histone	   acetylation	   and	   5-‐lipoxygenase	  

content	  in	  the	  hippocampus.	  Neurosci	  Lett,	  345(2),	  141-‐143.	  	  

Yoshida,	  S.,	  Yamamura,	  S.,	  Ohoyama,	  K.,	  Nakagawa,	  M.,	  Motomura,	  E.,	  Kaneko,	  S.,	  &	  

Okada,	  M.	  (2010).	  Effects	  of	  valproate	  on	  neurotransmission	  associated	  with	  

ryanodine	  receptors.	  Neurosci	  Res,	  68(4),	  322-‐328.	  	  

Yuan,	  P.	  X.,	  Huang,	  L.	  D.,	  Jiang,	  Y.	  M.,	  Gutkind,	  J.	  S.,	  Manji,	  H.	  K.,	  &	  Chen,	  G.	  (2001).	  



	  	  	  	  

	  

180	  

The	  mood	  stabilizer	  valproic	  acid	  activates	  mitogen-‐activated	  protein	  kinases	  

and	  promotes	  neurite	  growth.	  J	  Biol	  Chem,	  276(34),	  31674-‐31683.	  	  

Zala,	  D.,	  Hinckelmann,	  M.	  V.,	  Yu,	  H.,	  Lyra	  da	  Cunha,	  M.	  M.,	  Liot,	  G.,	  Cordelieres,	  F.	  P.,	  

Saudou,	   F.	   (2013).	   Vesicular	   glycolysis	   provides	   on-‐board	   energy	   for	   fast	  

axonal	  transport.	  Cell,	  152(3),	  479-‐491.	  	  

Zanolari,	  B.,	  Friant,	  S.,	  Funato,	  K.,	  Sutterlin,	  C.,	  Stevenson,	  B.	  J.,	  &	  Riezman,	  H.	  (2000).	  

Sphingoid	   base	   synthesis	   requirement	   for	   endocytosis	   in	   Saccharomyces	  

cerevisiae.	  EMBO	  J,	  19(12),	  2824-‐2833.	  	  

Zarzov,	  P.,	  Mazzoni,	  C.,	  &	  Mann,	  C.	  (1996).	  The	  SLT2(MPK1)	  MAP	  kinase	  is	  activated	  

during	  periods	  of	  polarized	  cell	  growth	  in	  yeast.	  EMBO	  J,	  15(1),	  83-‐91.	  	  

Zhang,	   L.,	   Ma,	   N.,	   Liu,	   Q.,	   &	   Ma,	   Y.	   (2013).	   Genome-‐wide	   screening	   for	   genes	  

associated	   with	   valproic	   acid	   sensitivity	   in	   fission	   yeast.	   PLoS	   One,	   8(7),	  

e68738.	  	  

Zhang,	  Z.,	  Nguyen,	  K.	  T.,	  Barrett,	  E.	  F.,	  &	  David,	  G.	  (2010).	  Vesicular	  ATPase	  inserted	  

into	   the	   plasma	   membrane	   of	   motor	   terminals	   by	   exocytosis	   alkalinizes	  

cytosolic	  pH	  and	  facilitates	  endocytosis.	  Neuron,	  68(6),	  1097-‐1108.	  	  

Zieger,	  M.,	   &	  Mayer,	   A.	   (2012).	   Yeast	   vacuoles	   fragment	   in	   an	   asymmetrical	   two-‐

phase	  process	  with	  distinct	  protein	  requirements.	  Mol	  Biol	  Cell,	  23(17),	  3438-‐

3449.	  	  

	  

	  

	  



	  	  	  	  

	  

181	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ABSTRACT	  

REGULATION	  OF	  INOSITOL	  BIOSYNTHESIS	  AND	  CELLULAR	  CONSEQUENCES	  OF	  
INOSITOL	  DEPLETION:	  IMPLICATIONS	  FOR	  THE	  MECHANISM	  OF	  ACTION	  OF	  

VALPROATE	  
	  
by	  

RANIA	  M.	  DERANIEH	  

August	  2014	  

Advisor:	  	  	  	  	  	  	  Dr.	  Miriam	  L.	  Greenberg	  

Major:	  	  	  	  	  	  	  	  	  	  Biological	  Sciences	  

Degree:	  	  	  	  	  	  	  	  Doctor	  of	  Philosophy	  

Inositol	   is	  a	  six-‐carbon	  cyclitol	   that	   is	  ubiquitous	   in	  biological	   systems.	   It	   is	  a	  

precursor	  for	  the	  synthesis	  of	  numerous	  biologically	  important	  compounds,	  including	  

inositol	   phosphates	   and	   phosphoinositides	   that	   are	   essential	   for	   cell	   function	   and	  

viability.	   Inositol	   compounds	   play	   a	   role	   in	   membrane	   formation,	   gene	   regulation,	  

signaling,	   regulation	   of	   ion	   channels,	   and	   membrane	   trafficking.	   	   Furthermore,	  

inositol	  regulates	  hundreds	  of	  genes,	   including	  those	  involved	  in	  the	  biosynthesis	  of	  

inositol	   and	   phospholipids.	  While	   transcriptional	   regulation	   of	   inositol	   biosynthesis	  

has	   been	   extensively	   studied	   and	   well	   characterized,	   regulation	   of	   inositol	  

biosynthesis	  at	  the	  enzymatic	  level	  has	  not	  been	  addressed.	  The	  current	  study	  shows	  

that	  myo-‐inositol	  3-‐phosphate	  synthase	   (MIPS),	   the	  enzyme	  that	  catalyzes	   the	  rate-‐

limiting	  step	  in	  inositol	  biosynthesis,	  is	  a	  phosphoprotein.	  Mass	  spectrometry	  analysis	  

identified	  five	  phosphosites,	  three	  of	  which	  are	  conserved	  in	  yeast	  and	  human	  MIPS.	  

Analysis	   of	   phosphorylation-‐deficient	   and	   phosphomimetic	   site-‐mutants	   of	   both	  
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yeast	  and	  human	  MIPS	  indicated	  that	  the	  three	  conserved	  sites	  affect	  MIPS	  activity.	  

Two	  of	  the	  phosphosites	  are	  inhibitory,	  and	  one	  is	  critical	  for	  activity.	  	  

Previous	  studies	  have	  shown	  that	  valproate	  (VPA),	  a	  branched	  chain	  fatty	  acid	  

that	  has	  been	  successfully	  used	  for	   the	  treatment	  of	  bipolar	  disorder,	  epilepsy,	  and	  

migraine,	  causes	   inositol	  depletion	  by	   inhibiting	  MIPS	   in	  vivo	  but	  not	   in	  vitro,	  which	  

suggests	   that	   inhibition	   is	   indirect.	   	   Elimination	   of	   the	   two	   inhibitory	   phosphosites	  

caused	   an	   increase	   in	   MIPS	   activity,	   conferred	   a	   growth	   advantage,	   and	   partially	  

rescued	   sensitivity	   to	   VPA,	   suggesting	   that	   VPA-‐mediated	   inositol	   depletion	   may	  

result	  from	  phosphorylation	  of	  MIPS.	  	  

Decreased	   IP3	  signaling	  caused	  by	   Inositol	  depletion	  has	  been	  proposed	  as	  a	  

mechanism	   that	   underlies	   the	   therapeutic	   effect	   of	   VPA.	   However,	   no	   direct	  

correlation	   between	   altered	   IP3	   signaling	   and	   the	   therapeutic	   effect	   has	   been	  

established.	  Because	  of	  the	  versatility	  of	  inositol	  compounds,	  inositol	  depletion	  may	  

have	  more	   far-‐reaching	   consequences	   that	  may	  account	   for	   the	  effect	  of	  VPA.	  This	  

study	  showed	  that	   inositol	  depletion	  caused	  by	  VPA	  or	  by	  starvation	  of	   ino1Δ	   cells,	  

which	   cannot	   synthesize	   inositol,	   perturbs	   vacuolar	   structure,	   decreases	   vacuolar	  

ATPase	  (V-‐ATPase)	  proton	  pumping,	  and	  causes	  partial	  un-‐coupling	  of	  the	  V-‐ATPase.	  

These	   perturbations	   were	   rescued	   by	   inositol	   supplementation.	   Furthermore,	   VPA	  

compromised	  the	  synthesis	  of	  PI3,5P2,	  which	  	   is	  necessary	  for	  stabilization	  of	  the	  V-‐

ATPase	  complex.	  Osmotic	  stress,	  known	  to	  increase	  PI3,5P2	  levels,	  did	  not	  rescue	  the	  

compromised	  PI3,5P2	  levels,	  nor	  did	  it	  induce	  vacuolar	  fragmentation	  in	  VPA-‐treated	  
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cells,	   suggesting	   that	   perturbation	   of	   the	   V-‐ATPase	   is	   a	   consequence	   of	   altered	  

PI3,5P2	  homeostasis	  under	   inositol-‐limiting	  conditions.	  These	   findings	   identify	  novel	  

consequences	  of	  inositol	  depletion	  and	  provide	  evidence	  for	  a	  previously	  unidentified	  

link	  between	  inositol	  levels	  and	  the	  V-‐ATPase.	  

To	  identify	  novel	  pathways	  and	  processes	  that	  are	  altered	  in	  response	  to	  VPA,	  

a	   yeast	   cDNA	   library	  was	   screened	   for	   genes	   that	   increase	   sensitivity	   to	  VPA	  when	  

overexpressed.	   	   One	   of	   the	   major	   categories	   identified	   was	   endocytic	   trafficking	  

genes,	  which	  led	  to	  the	  hypothesis	  that	  VPA	  perturbs	  endocytosis.	  The	  study	  showed	  

that	  VPA	  perturbs	  endocytosis	   in	  yeast	  and	  human	  cells.	  Evidence	  showed	   that	   the	  

likely	   mechanism	   underlying	   decreased	   endocytosis	   by	   VPA	   is	   decreased	   PI4,5P2	  

levels.	  	  

Taken	  together,	  my	  studies	  led	  to	  three	  major	  novel	  findings.	  First,	  I	  identified	  

a	  regulatory	  mechanism	  of	  inositol	  biosynthesis	  characterized	  by	  phosphorylation	  of	  

the	   rate-‐limiting	   enzyme	   myo-‐inositol	   3-‐phosphate	   synthase	   (MIPS).	   Second,	   I	  

demonstrated	   that	   the	   highly	   conserved	   vacuolar	   ATPase	   (V-‐ATPase)	   is	   a	   target	   of	  

VPA.	   Third,	   my	   studies	   indicated	   that	   VPA-‐mediated	   inositol	   depletion	   perturbs	  

endocytosis	   in	   both	   yeast	   and	   mammalian	   cells.	   These	   findings	   suggest	   new	  

mechanisms	  that	  may	  underlie	  the	  therapeutic	  action	  of	  VPA,	  and	  identify	  potential	  

targets	  that	  may	  be	  used	  for	  the	  development	  of	  more	  effective	  and	  safer	  drugs.	  
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