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CHAPTER 25

Role of calcium binding proteins in the control of
cerebellar cell neuronal excitability:

experimental and rnodelins studies

D.  Ga l l l ,  c .  Ro ' ssc l l ,  T .  N ieus2 ,  G .  chc ron , , ,  L .  se ru * i s r . r ,  E .  D 'Anec lo2  a rd
S .N .  Se l r i l h ru r r1 . , ,

t lc Nctrroplt-r 't iologia (ct)60r), Frutrrrt: i t AIrtrt ' t irtc, Lirt it.t,r.; i /t: Lihrt,trt, Bt.rttt i lc.:., R()tr(,(r(,
l j- I 070 l l nt tst ' Ls, Bt,l gi u t tt

t t l 'C t | l t t | t t ru t t t l | |1 t l le t t t l t t r l ' | t . r ' t i t l l r tg . r t tn t l l ' l l t t rn l r t t ' t t I r lg . l . ' { i / t1 r ' ( r . , i / / ' t ' t t f 'P t t r i t t t t t t t | I f . \ I ' | . i t l

]I 'uhttnt|rl irt ' t |,Elt,ttrt lplt.r 'si l l | t,,,, ' ! ' i ! ,,,,!| |,,|Ï,,| ' . ' , ,,,," ' |,,,|,,,,) ' ,,,,,,,,,,

K c 1 ' l v o r d s : c l r | r c t i n i r r ; c a l c i t r t l l ; b i n d i I r g p l . t l t c . i r l ; c c r . c b c l l ; t r g r a I l L r J c c c | l ; e x c t l l l i l i

A l l s t r a c t : C a l c i r - r r l r b i I r t 1 i r r g p r o t c i n s . s t t c I l i L s c a l r e t i r t i n ' a r c i t l l t t n c l a n t l y c x p r c s s c c l

l l c r V o L l S s y s t c l t t b u t t h c i r p h y s i o l o . t i c l r l | t r n c t i c l r l r c t - t a i l l s

ccl ls  which p|o ' " ' ic lc

I t l  t l l c  p r csc l l t  P l l l ) c r ,  wc  t ' c ' " ' i c l v  t l t c  r csu l t s  ob t l i n cc l  r v i t h  t hc  pa t ch  c l an r l - r  r - c co rd i nu  t cc l r n i c l ucs  r p  acL r t c  s l i c c
1 - l I . c 1 l a r . a t i c l t r . T h i s c l l r t a l t l l c l w t t s t o i r r r , e - s t i g a t c t | r c c l . I . c c t o | a n L r l | t t l t l [ i o l l
c l c c t l . t l t . c s 1 l t r t r s i v c t - t c s s o | c c r c b c l I l r r . . i I r i t t l r t l c . c c ] l s a t a l l 1 i l t t l f c

e x ] r i b i t - { l r s t c r . a c t i t l i r p o t c n t r l l l s a r t t l g e n c | l l t c r . e 1 r c t i t i v e s p i k e t l i s c h l r j

l I l j c c t c d C t l | f c l l t S . T h c s e a | t c r . a t i o t l s c l i s l t l - l p e l t I . l , ' " . h c t l 0 . l 5 r n N , 1 o f . t h c c x o g c l l c l L t s | s t c l l ] c i l l l l l

t h c c y t o s o l t c l r c s t o r c t l r c c i t ] c i t t I l r l ] t r f ] t r i n g c a p l r c i t y . F t t r t ] l c l l l c l r c '

t l r a t t l l c t l b s e r . v c d a l t c r l r 1 i c l t l s c l f ' g r l t r l u l c c c l l c x c i t l r b i l i t y c a r t [ r c c x 1 l | l r i n c d y l c 1 c c r c l s c

c l t 1 l a c i t y c l t l r t r r 1 h c a t l s c t l c e o I - c a l r - e t i n i r r . W c s t r e g c s t t h l t t c i t | c i t t t t t l - l i r l i n g

cxc i t ab i l i t y  l t nc l  I l l a y  t hc re l b r c  P I r t y  a  l o l o  i n  t hc  i n l i r l n l i t i on  p roccss i sg  i n  t hc  cc r1 t r - u l  r c r ' ous  sys t cu r .

granLlle

tLtltttrtt l tt ir<

- 
| ) ( ' l)u r l l l t(tr I

In t roduc t ion

CiL lc iun t  requ lu tcs  u  l l l gc  var ic ty  o f  r rcurona l
I i rnc t i c ' rns ,  iuc lud ing  ncL l ro t ransnt i t te r .  r . c lcase,  ion ic
channe l  l te ln rcub i l i t v .  cuz) ,u te  ac t iv i t y ,  anc i  _ucne

' 'Cott 'cslrontl inu lrrrthor' .  - fcl . :  
+ 12 I -5-j5 ( ' .1(17. Irax: , f  l l  2 5-i ,5

- l  l l  l t  F -nr rL i l :  ssch i l l l u , r r  L r lb . lLc .bc

l ) . ) l :  l0  t ( ) t ( r  s01r r -9 -6 l l l ( { l l )13015_x l l l

t r i tnsc t ' i l t t ion .  I  I cncc .  t l t c  c1 '1651- ,11a ca lc i r i l t  copce 1-
t la t i c - rn  l lus t  be  t igh t ly  l c -uu lu tcd .  C '1 , top l1sr1 ie
ca lc i ru l  b inc l ing  pro te i i rs  p l l y  l  key  i .o lc -  in  th is
r -egu lu t ion  lcuc l ing  to  spec i l i c  ac l j t i s tu te  n ts  o l -  ncur t tn l r l
s i -un i t l ing .  A t long thesc- .  c l l r . c ' t in in  i s  the  on ly  c r r l c iun t
b ind iug  l t r r ) te in  knr t r r ,n  to  be  cx l t resscc l  in  cc t .cbe l la t .
g l u n L r l e  c e  I l s  ( R é s i b o i s .  u n c l  I l o g e r . s .  l 9 9 l :  M r r r . i n i .
e t  a l . .  I 9 9 7 )  n ' h e r - c a s  t h e  s t r . u c t u n r l l y  r . e l l t e c l  c l l b i n r i i n

Ltttnil; ,\0,\.



i s  c rc lL rs ivc ly  c rp lesscc l  in  Pu lk in je  ce l l s .  Graur - r le
cc l l s  lo ln t  the  lu rges t  r . rcLr ronu l  popr - r l l t ion  in  the
n'ut nt nru l iu r. t  I t l l i  n. Thc1, proccss in fonnation e-nter- ing
ur to  thc  ccrcbc l l l r  cor tcx  lh lo r , rgh  the  n tossy  f iber .s
( l to .  I9 l i - l )  lnc l  convcy  u ta . jo r  exc i tu to ry  a f fe rence to
Pur . l< in . j c  cc l l s  t l t loL tgh  the  pura l le l  l i bc rs .  The
invo lvcurcn t  r t f '  ce lcbc l lun t  in  n to to r  coor .c l inu t ion
h ls  lonq b t r .n  rc .cogn izec i  a r rd ,  in tc les t ing ly ,  i t  has
rcccn l l y  bccn  s l io rvn  th l t  c l l l e t in in  de f ic icn t  ru iee
(C'r-/  )  n,ele ir l l t l i rcd ir .r  ntotor- coor.cl inatir- l t  tcsts
ruuc l  c l i sp l l ycd  a l tc ra t ions  in  Purk in jc  ce l l  r re r iv i t y
r -cco lc led  in  v ivc ' r  (Sch i l fn tann e t  a l . ,  1999) .  As
c l l l c t in in  i s  no t  cxpresscc l  in  Pr - r r .k in je  cc l l s  the  la t te r
s tL tdy  I l ckcd  c l i lec t  cv ic lence lo r .  in l r ins ic  cercbc l lu r
, : l cc t rophys io log ica l  a l tc - ra t ions  a t  the  ce l lu la r  leve l
d r - rc  to  thc  Cr - / -  i .nu ta t ion .  Th is  i s  par . l i cu la r . l y
rc lcv rLn t  s ince  g lanu le  ce l l s  sho lv  a  c l l c iun- r -c lepende i r t
l csu la t io r . r  on  the i r  in t r ins ic  cxc i t lb i l i t y  (Gabb ian i
c t  l l . .  1 9 9 4 ;  D ' A n g c l o ,  c t  a l . ,  1 9 9 7 ,  l 9 9 t t ,  2 0 0 1 ) ,  s o
th l t  l l t c l l t ion  in  ca lc iun t -bu l lè r ing  is  e rpcc tec l  t c i
a l l cc t  ac t ion  l . ro tcn l ia l  gcncra l iou .  Thus ,  in  ac lc l i t ion
to lclclrcssing a cplcst iol l  sl .rcci l tc to cerebcl lar
physiology. Cr-/- nt iec ntuy sL-t. \e ls u r.uoclel for.
unc le rs t l rnd ing  thc  legu l l r t ion  o f  c :u lc iun t  c lependent
cont lo l  o f  ncu lonu l  exc i tub i l i t y .  In  thc  p fcseu l
chalttcr, r l  c rcvjcw thc cxpcrintcntl l  cvir. lencc shorv-
ing  th l i t  the  e lcc t lo les l - rons ivcncss  o f  g ranLr le  cc l l s
Ironr Ct '- i-  nt ice is l l tcrccl.  F-ulthcr.ntot-e, r,",e prcscr-rt
ru  n l r thcn l r t i ca l  n toc lc l  p lov ic l in t  a  l ink  bc tu , ,ccn  the
obscr r  ec l  u l tenr t ions  in  gnurLr le  cc l l  c lcc t r -o res1- ron-
s ivencss  unc l  thc  c lcc r -cuscc l  cv loso l i c  Ca2 +  bLr f iè r . ing
cup lc i ty  c luc  to  t l te  abscncc  o f  ca l rc t in in .  OLr r  resu l ts
susqcs t  l  c r i t i ca l  t ' o le  lb r  cu l r .c t in in  in  re ru la t ing
qrauu lc  cc l l  e rc i tab i l i t y  auc l  s i r lna l  cod ing  a t  lhe  input
. l l t : ' ù  r r l -  l l t c  e c l e l . c l l t r r t t .

l l  cs u l ts

,4ltcrution o.f' grunulc call intrinsic memhrnnc
t: xt'ituhilit.1,

Rccot ' c l rngs  u ,c re  nurc le  L rs ing  lhe  l te r fo r .a ted  l l i r c l i
l echn ic luc  in  o lc lc r  to  n t in in t i zc  t rn rvantcd  a l te r . r r r ion
o l  thc  e .nc l t r -qenous Cu l  +  bu i le  r ing  c lp lc i t y .  In t r . ins ic
g t ' lu t r t le  cc l l  e icc t r t t t ' cs1- r r rnsrv r .ncss  ç  us  i r t r  cs t i *u l r ted  i1
cu l rcn t  c lunrp  recorc l ings .  T I te  r -cs t inq  l to ten t i l l  6 f
WT r rnc l  C i r - i -  s l iu ru lc  cc l l  uas  no t  s i r :n i f i can t ly

d i lTcren t  ( -64 .8  *  -5 .5  mV.  / / :  5  \ ' s .  -6 ,5 .9  *  -5 .J  n r \ i .
r r : 8 ,  t " \ S ) .  N e i t h e l  W T  n o r  C r - i -  q r u n u l c  c e l l .
genera tcc l  spontaucous uc t ion  I - ro te  n t ia ls .  Ac t rve  cc t i
n ten tbnrne prope l t ies  t ' c rc  cv l i l l ra tec l  by  n teus t r r . i ; r . r
the  vo l tuge response lvh i le  in jec t ing  s te l ts  { , t
dcpo la l i z ing  cL t r rcu t  o f  inc reas ing  in tcns i t ies  in  t l , , :
g l a n u l c  c e l l  s o u t a .  A b o v e  a  c r i t i c l l  v a l u e  o f  t l r :
in jcc tcc l  cun 'cn t  (4 . .1  +  1 .6  pA fo r  WT,  i i :5  r . r . r .
. + . 9 +  1 . 0  p A  l b r  C r - / - .  r i :  8 ,  N S )  f  l s t  r . e p c r i t r r . :
sp ik ing  rvas  ob ta ined u ' i th  a  th r -csho ld  o f  sp i l i r
p repotcn t ia l  o f  -58 .0  *  2 . - l  mV fo r .  WT gnrnu lc  ce l l : ;
( r i :  5 )  rnc l  o f  - -58 .7  : t  2 .0  mV foL  Cr - / -  gnrnu l t
cc l l s  ( r i :8 ,  N-S) .  Ac t iou  l to ten t iu ls  occr . r r . r . cd  i i t
regr , r la l  t ra ins  showing l i t t le  o l -  no  i l c lap ta t ion  anc i
f l cc l r - rency  inc reascc l  rv i th  the  in tcns i ty  r t f  the  in . jec te r l
curre nt. The lrr. ,el l tge lrccltrency was l t . tcirsufecl ovci
the  rvho lc  c lun t t i c ' rn  t t f  cur r -cn t  in jcc t ion  ( l  s )  rLnc l  rv r rs ;
used to  cons t rL tc t  cur lcn t * l r -ec lucncy  p lo ts  (F ig .  lA)
At  low cur lc r . r t  in lens i t i cs ,  lhe  cur - r .cn t  t -ec lucr rc i ,
p lo ts  rverc  in te rpo la le i l  u ' i th  a  s t r -a igh t  l iue .  As  t l r , r
th lcsho ld  cur rcu l  and the  urax ima l  I r -cc lucucy  vur . r t : : ;
s r rbs tan t ia l l y  t l ' onr  ce l l  to  cc l l ,  the  cvu luu t i r - rn  o f  th , r
s lope fac to l  o l 'Lhe  l inc l r  p l r r t  o f  t l re  cur - ren t  l - r . cc lucncv
plots \ \r l ts t-rsccl as a nttnlal izccl ntcltsurc ol
exc i tab i l i t y .  Us ing  s r " tch  un  ana lys is .  , " r ,c  obser -vcd  , r
s isn i f l can t  iuc reasc  in  thc  s lo l . rc  o f  the  cur rc r i
l rec l r rcncy  p lo ts  ( -1 .8  !0 .2  Hz pA I  fo r  WT,  i i : . t .
a n c l  ( r . 6  J : 0 . 7  H z .  p A - '  f o r  C r - / - ,  r i : 8 ,  / . r < 0 . 0 : . )
ind icu t ing  t l ta t  t l t c  c . \c i t lb i l i t y  o f  Cr - / -  s r . rLnu lc  cc l i , ,
vn 'us  inc rcuscc l .  In  l c lc l i t ion ,  Cr  / -  gnrnLr le  ce l i .
shon 'cc l  a  23 ' l z i ,  c lec rcasc  in  the  lc t ion  po tcn t ia l  h l i l -
u ' i c l th  evu lL ia tec l  u t  the  th rcs l rc i l c l  po lcn t iu l  t i , l t c rc  I r r , l
r cpe l i t i ve  sp ik ing  is  ob ta inec i  (1 .02  +  0 .0 ( r  n rs  lb r -  W i  .
/ r :  -5 ,  and 0 .7 i i  *  0 .06  n ts  fo r -  Cr - / - .  r r :8 ,  7 , l  <  0 .0 : ,  r
Bcs ic les  chrLnse s  obse r r ,cc l  in  Cr  / -  n r ice ,  i t  s l rou ld  l ,  r
no tcd  t l ia t  thc  sp ikc  sha l )g  11nd the  f r -c .c lL rcncy  o f  sp i l . , '
d ischa lge  in  WT n t icc  werc  s in r i lu r  to  thosc  l . cpo l - lL ' , i
p l s ' i o u s l y  ( D ' A n g c i o ,  c t  a l . ,  l g g S ) .  T l t e  r r c t r , , ; ,
po te  n t ia l  unc le  t ' shoot  an tp l i tuc le  wus dcc l te  r  l i , r
Cr - / -  th ln  W' l '  s ranu le  cc l l s ,  and t ) r i s  ch l inge t l i , l
I ro t  rc rc l . r  s ta t i s t i ca l  s i -sn i f i cance ( -4 .0  +  0 .7  n tV  l , , r
W T .  r r : , 5 ,  a n c l  - 6 . 1  +  1 . 7  n . r V  l b r  C r . - / - ,  r :  

'

1 t :0 .2106,  NS) .  
- f  

he  lac t  th l t  rhe  la r tc - r  chan,se  1 l i l , .
to  bc  s ta t i s t i ca l l y  s ign i f i c ln t  p robub ly  r -c l lec ts  t l r , . r
h igher  sens i l i v i t v  o f  th is  i ranrmctc r  tou ' r i rds  ce l l  to  c t l i
va r i l i t i ons  contp l t rcd  to  n to fe  r -o l tus t  ten t l to r - ,  i

I l l l ra l re  te  rs  l i kc  the  s ' l< tpc  fac to r  o f  cur r -cn t  l i cqucuc ,
re l l t ionsh i l . r  o r  the  lc l i ( l t  po tcn t i l r l  ha l f in  i c l th .
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Rclationship hctwccrt calrctinin tlcficicnt,y çn1l
ulrcrcd cxcituhility

- fo  
invcs t iea tc  thc  ro lc  o1 'cy toso l i c  Ca2+ buf ic l ing

on in t r i l t s ic  g r -unu le  ce l l  exc i tab i l i t y .  rve  huvc  uscc l
a  n ta { l t cn ta t i ca l  n r r i c lc l .  C lL lc iL rm dynant ics  havc  a
pro founc l  in l luc t rce  on  Ca l  r -ac t i vu tec l  I (+  cur - r .cn l
(1 r< ,  < . , , )  ac t i v l t ion  thcre  by  legu lu l ins  sp ike  d ischargc .
A typ ica l  approac l r  to  invcs t iga te  Ca2 t  c lyn tur ics
( ' l ' raub  aud L l inas ,  1979)  i s  to  n to r le l  Ca l I  anc l  11 i  1 . , ,
anc l  to  adapt  Ca2+ d i lL r t ion  anc l  lenrova l  in  o rc le r  tc r
r t ra tch  the  f i r ing  pa t tcn t .  Th is  approach has
prcv ious ly  becn app l ied  to  cc rebc l lu r  g ranu le  ce l l
n todc l  (Cabb i i rn i  e t  a l . ,  199,1 ;  Ml rcx  unc l  Schut te r .
l99 t i ;  I ) 'Ange lo  c t  a l . .20 t )  l ) .  He. rc ,  in  o lc lc r - to  focus
our uttcuti t tn olt  Ci l l  + clynantics, r. l ,e hale r.eclrrcecl
thc  n r . rn rbc l  o l -  ga t ing  vur iab les  anc l  cur ren ts  invo lvec l
in  ac t ion  po len t i l l  ge  ncnr l io l t .  We har , 'e  a lso  n toc l i l l ec l
1he cc lL r l t ion  gur . ,e rn ing  the  Car+  c l t ,naut ics  1o  ta l (e
rn to  l ccor , rn l  v l l ia t i t tns  in  lhc  conce n tnr t ion  o f  enc lo -

^  l ! ,

_renous C 'u -  '  bLr l l c rs .  As  gnr r tu le  ce l l s  h l rvc  a  coutp i tc t
e l e c t r o t o n i c  s l f u c t u r e  ( S i l v e r  e t  a 1 . .  l 9 9 l ;  D ' A n g e l o
e t  a l . .  1 9 9 i .  1 9 9 5 . 2 0 0 I )  l  s i r r g l e  c o n t p a l t n t e n t  n t o d e l
\ \ 'us  usec l .  Fo l lon , ing  thc  c l l ss icu l  Hoc l_gk i r1  and

lJ Lrxley ( 1952) approach, the n.rcr.ubr-une can bc
cons ic le rcd  as  t  leuky  capuc i to r .  anc l  the  nreu tbrane
potcn t i l l  t l ynar -n ics  a re  g t tver r rcd  by  thc  cur ren I
ba lance ec lua t io r " r :

c,, , '#:  - /5, ,  -  1r v -  /c '"  -  / tL <, (  l )

whcre  C ' , , ,  i s  the  ce l l  ca l tac i tancc ,  1^ - , ,  i s  a  vo l t lgc -
c lcpenc lcn t  Na+ cu l len t ,  1ç -y  i l  dc l l yec l  rcc t i l j e r  K  +

curl 'cut, 11.,,  a hir lh-thrcshoJcl voItagc cicl-rcnclcnt Car'r
cLlf  rcnt, ancl /11 1-,,  a Cit l  + act ivatccl I(  r- cr,rr.r-cnt.
Thcse ion ic  cur rcu ls  hnr ,e  been shor i .n  lo  be  the  cor -e
o f  ac t ion  p t t tcn t i l l  gcncnLt ion  in  cerche l lu r  snLnLr le
c c l l s  ( D ' A n g e l o  c t  u l . .  1 9 9 8 )  u ' h c n  r h e  c x c i r a b l c
responsc  hus  assuntec l  i t s  n l r tu le  pa t tcn t  ( l ) 'Ange lo
e  t  r l . .  1997) .  

- fhe  
in te  lp lav  l rc tu ,een /1 , ,  i l r l c l  /1 i , .1  i s

the  bas ic  n tech l tn is tn  g iv ing  r i se  to  1hc  i l c l i r ) l t

1 ' ro tcn t ia ls  anc l  thc  p rese nce o1-  /1 . , ,  anc l  1ç  6 . , ,  u l lou  s
coL ip l ing  bc tn ,een in t race l l  u lu r  ca lc i  r . rm c1y  nunr ics  unc l
r l c tnbnrne po tcn t i l I  c lynanr ics .  The contp lc te  cxp lcs -
s iou  fo r  the  c l i f lè r 'en t  io r r i c  cur len ts  anc i  a l l  p i t r iu lc le r
va lL tcs  a re  the  s l rn te  as  i t r  G l l l  c t  a l .  (1003) .  Tc t
co t t tp lL - te  the  nroc le l .  the  fo l lou , i t rg  b r r lunce r -c1uut ion



-r_+

g ives  thc  c l 'o lu t ion  r r f '  t l r c  j l . ce  c l l c ium concent r .a t i t t l
( i n  l r M )  i n  u  s u b n r e n r b r l n e  s l r e l l  o l ' t h i c k n e s s  r /  i n  a
ce l l  o1-  sLr r ' l l r ce  a r r -u  .1 .

,1Cr r  I  l ,  I

, ; : / - l t î - f l ç . c r l  t : t

r i .hc le  t l re  c l in tc t rs ion lcss  l l t ra j le tc r  /  re l t r . csents  the
cr r l c iunr  L ru f le r ing  c lpac i ty  o f  the  cy toso l  ins ic le  thc
subnrcn tb la r re  she l l  dL te  to  the  l t r .eser rce  o l  f t rs t
ca lc iun . r  b inc l ing  l . r lo tc ins  (b inc l ing  is  l rssumcd to  t l c
i n s t l n t a n c o u s ) .  I n  p a t - t i c u l u r ,  c a l r c t i n i n  i s  a  f a s t
calciLtrtr [rr i l ler,  the nteur.r fr-ec l i let inte lbr a Caz+ ion
in  i " r l csencc  o f  a  phys io los icu l  cor rcen l r .a t iou  o f  the
pro te  in  bc ing  o l ' the  orc le r  o l 'n t i c r .oscconc ls  (Ec lmonc ls
e t  a l . ,  2000) ,  th r .ce  t t rc le  rs  o1 .  n ragn i tuc le  las te r .  than the
t i rue  sca le  o f  the  cvo lu t ion  o l '  the  r , ,a r iab lcs  o f  the
sys tcn l .  The rc fo re  any  u l te  r -a t io t r  in  the  c l l r .e t in in  le  vc l
cor rcs l - ronc ls  to  a  n toc l i { i c l l i on  o l . l  Morcover ,  as  th is
prrnuncter cun be seen as thc r.at io ol . f i .ce Cdl+
concer r t l r r t ion  lo  hor r r r t l  Ca l+  c r tnccn t r .a t ion  (Chay
and I tc izc r ,  l9 l i3 ,  Gu l l  c t  u l . .  1999;  ( i l l l  anc l  Susa,
1999) ,  a  c lcc rc l rse  in  cy toso l i c  Car  +  bu l le r . ing  c l I l c i1y
c lue  lo  thc  ubscncc  o f -  ca l rc t in in  cun l re  n i im ic l<ec l  by
l u  i u c r c l s c  i n  t h e  v a l u e  o l ' / .  I n  t h e  a b s c n c e  o f c l i i t a
1br  ce  t ' cbc l la r  { r '1n  u le  ce l l s ,  the  l l r t rc r i ca l  yu lues  uscc l
here  lb r  the  cy toso l i c  Car+  bLr lTcr . ing  capac i ty  ( in  the
or -c lc r  o1 '0 .01)have bccn sc t  in  ugr .cc -n tcn t  r i i th  vu l r . rcs
repo l tcc l  lb r  o lhcr  ncur .onu l  t1 ,1 tes  (T l tsL tur r  luc l
K a t a l ' a n t a ,  1 9 9 - j ;  $ 1 u c 6 k e l ,  1 9 9 . 1 ;  H e  l , t c h e '  e  r  u t . .
199( r ) ,  u , i th  thc  no tab le  excc l . t t i t tn  o l -  cc r .cbc l l l r .
I ) l i l k in - je  ce l l s  wh ich  shorv  a  c l i l c iunr  t r inc l ing  r .a r ro
run  orc le r  o l  n l iq r r i tu r l c  h i_ghc l .  (F - ic r ro  auc l  L luno,
1996) .  Thc  1 l t rau te te r  pç , ,  c lcscr ibes  Ca l r -  ren tova l
co l res l . rouc l ing  to  c l i l IL rs io r . r .  ac t io t . r  o l  ion ic  I run tps ,
and slotv trr-r1lcrs. ( ' l lc iLrut dt,nuntics u,cr.e acluptcd
to  f  ie ld  Ca l+  t r . lns icn ts  iu  the  pM r .unge,  s i rn i la r .  to
thosc  rcpor tcc l  f ron t  Gabb iun i  c t  i r l .  (1994) .  . fh is

nroc le l  shoLr ld  be  scen as  a  n r in in ra l  moc lc l  n l lo t , ing  us
1o c lL ra l i t lL t i r rc ly  r - rndcrs tanc l  the  in t i r l c t  o f  var i l t io l t s
in  c1 ' toso l i c  Car+  br - r l le r ing  cap lc i ty  on  the  c lec t r .o_
lcspons ivcncss  o f  a t r  exc i tub lc  cc l l .  Nevcr . thc- less ,
par ln tc tc r  va lucs  i rave  been ch t tsen  in  o t .c lc r  to
lc l r roc iuce  the  r .c lcvant  as l tcc ts  o l ' the  ccrcbe j la r
g t ' l t t tu le  ce j l  c lcc t ro t -ùs1rons i i  cnc .s .  In  ou t .  n tode l ,
cu lc i r rn t  bLr l )e r ing  cu l l t c i t y .  c l r rc  to  the  ac l ion  o l - l .as t
cu lc iu r t r  bLr f l c r .s .  i s  t . c l t rcsentcc l  by  thc  c l i r t rens ion lcss

l . ra l ln te te r . /  e i r , . ing  thc  ru t io  o f  . / i t , c  f .a l  +  concent r .e_
t io r r  to  hor r t t r l  C 'n ]  +  conccnt r .u t ion  (Chuy anc l  I (e izc r - ,
1 9 8 3 ;  G a l l  e t  a l . .  1 9 9 9 ;  G a l l  u n c l  S u s a ,  1 9 9 9 ) .
A  c iecrease in  cy toso l i c  Ca l  I  bu l Ie r ing  cap lc i ty  c lL re
to  the  ubscnce o l  ca l rc t in in  can be  s in tu la tc .<1  by  ur . r
inc reuse in  the  vu lue  o f  l .  

' fhe  
t lbserved tL l tc r .u t rons  in

C.-/- r 'nicc cun be nt inrickccl by a lour._f ir lcl  dc-crcusc
in  the  cy toso l i c  Ca l - ts  bLr l le r ing  cup lc i l y .  r -u is rng  thc
ac t io r r  po ten t ia l  f r -cc iucncy  l l .onr  _55.  I  Hz  (  /  :  0 . ( ) l )  to
105.1  Hz ( / :0 .01)  in  gooc l  lg rccn tcn t  r . i , i l h  rhc
c.rpclrntentul ciata (Fig. I  IJ).  The I inear. slol.rc incr.eirse
ir.r  current f lccprency plols lr .onr 3.0 I lz pA-r lctr / :
0 .01  to  5 .2  Hz pA- r  fo r  / :  0 .0 .1  i s  a lso  c losc  to  the
exper in ten ta I  r , l l ues .  The ac t ion  po tcn t ia I  I t l I f -_ r i . , i c l th
unclclgoes a l lnÂ decr.casc when./ is incrcased fr.onr
0 .01  to  0 .0 '1 .  Th is  ac t io l t  po te l t t ia l  shor . tcn ing  r .c l l cc ts
lr lnore pronouncecl uct ivat iotr ctf  1ç_6.,,  dLre to [rster
Ca2 *  c ly r rumics  tak ing  p lace  w,hen the  cy toso l i c  Ca l  +

buffering capacity is dccreascd. This greater 1ç 1.,,
ac t i v l r t ion  l l so  l cads  to  a  28% increuse in  the  ac t ron
potcnti tr l  unclershoot. Tlrcre fore t lre mocJcl susgests
thu t  fas te  r  Ca2- ts  c l l ,nan t ics  cuu l i r l l y  exp la in  t l rc
iuc leused cxc i tab i l i t y  o t rse  n ,cc l  in  Cr_ i  _  ln tce
thrc lugh inc t 'e i t sed  ac t iva t i r - rn  o f  Cur  f  -uc t i vu tcc l  K+
cur rcn t .  S in r i l l r .  r -csu l ts  1F ig .  2 )  * ,e r .e  ob ta inec l  r i , i th
nro le  contp lex  n todc ls  by  Mlcx  unc l  Schut tc r .  (199g)
rund by  D 'Ange lo  c t  a l .  (200 I )  r ro t l i f i cd  to  inc lL rde
Ca2 +  dynunt ics  l s  c lescr ibec l  by  l iq .  (2 ) .  Th is
c lcurons t la tcs  tha t  the  n todr r la t ion  o f  in t r . i t rs ic  e . rc t_
tab i l i t y  by  cn lc iL rn t  bu l le r ing  pr .opcr t i cs  i s  a  robus t
ef lèct irncl cloes not dcpcncl strorruly on clctui lccl
assu t lp t ions  unc lc r - l f ing  the  d i l l -e rcn t  thcor .e t i ca l
n roc lc ls .  I t  i s  in tpor ten t  to  no tc  tha t  a  chan_qe in  the
dynanr ics  l c lc l ing  to  the  ac t iva t ion  o l -  1ç  -1 . , ,  i s  nccdcc l
to  ob ta i r . r  h r ' l te re .xc i labr l i t y  in  thc  r loc le l .  A  s i rnp ic
l l c re i l se  in  thc  n l rx in l r l  concJ t rc lancc  c luc-  to  Cat r  _
lc t i vn tec l  K  +  chunne ls  ( .cx .  c , , )  leuc ls  to  thc  op l . ros i t r -
c' f fcct.  lo,"t ,cr ing Lhe spike frcqLrcncy (not shori,n.1.

GABA-.4 untugortist picroto.rin c.un urttttusk
incrcascd c.rcituhilitl, in Cr- I !!ranulc c.clls

Glunu lc 'ce l l s  u le  cxc i tec l  by  e lu lan ta le rg ic  n tossy  l ibe t
svnapses  und inh ib i ted  by  G,A.L3Aer .g ic  Go l -u i  cc l l
synr rpses .  Wi rhr tu t  GAI I ; \ -A  recc l ) to r  i r . rh ib i ro r .s
to r . r i c  g lunu le  cc i l  inh i l r i t ion  is  obscn.ed  ( ,A . rn l rn r ,
et lLl . ,  200t)).  Ther.efot.e, l 'c i t iLve character. izccl th
e lcc t lo lcs l tons ivencss  o f  cc rc i re  l la r  g r .anu lc  cc - l l s  in  th , -
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I i i g .  2 .  D l l èc t  o1 ' r  r cduc t i on  o l ' t hc  C 'u ]+  bL r l l è r i ng  cup rLe i t v  on
1)cr luency plots Ibr  threc gr lnLr lc cel l  nroclc ls wi th u cvtosol ic  ( 'a l  I

l i n c ) .  A ) l  n t o r l c l s  shou ' s  a  s i n t i l u r  i nc l casc  i n  e r c l l l b i l i t y  u ,hcn  t he

picrotoxin 25 pM
i1i ri:;liif'rij.ir i:,!:r'il ;..i,i'i:ri,:'; i)iL.l;r.:, rl'r.,:t ",l ,rii ll:j

WT

Cr-l-

M
20 mvl

500 ms

I ; i -s .  - -1.  ( i . , \BÂ-A blockut ic  b1,  p icrotor in indirccs spontuneoLrs
I i l i ng  i n  C r - /  - u l unu l c  cc l l s .  I n  t hc  p r - c . scncc  o f ' 25  pN I
p i c r - o to r i u ,  spou l r neous  e l cc t r i ca l  ac t i v i t y  i s  secn  i n  C r ' - / -
g r l nL r l c  cc l l s  bu t  no l  i n  t t  i Jd  t 1 ' pc  g r l nu l c  cc l l s  (W ' f  ) .

p f cscnce  o l ' t he  GABA-A  r cccp to l  b l ocke r  p i c ro to \ i n

(25  p i l ' l ) .  l n  t hese  conc l i t i o r . r s ,  l ve  f bun t l  r ha t  s i x  ou t  o f

sevcu  C r - i -  gn ruu le  ce l l s  sho rved  s l t on taneoL l s

elcct r ica l  act iv i ty  (F ig.  3) .  bnt  no sLtch uct iv i ty  was

f  rcsent  in  WT gfanule cel ls  ( r i  -  5 .  / r  < 0.05,  F ischer 's
test ) .  In  ac l t l i t ion.  un i r rcrease in the in t r instc exc i ta-
b i l i ty  n ' ls  a lso observccl  s ince thc s lope of  the cLi r rent
1-r 'ec1ur-ncv p lots  t i 'as s i_uni l ic ln t ly  h igh in  ntLr tunt  nt ice

l t 5

-  f=0 .O1 (Ga l l  e t  a1 . ,2003)
-  -  '  f=0 .04  (Ga l l  e t  a1 . ,2003)
- -  f=0 .01  (Maex and De Schut te r ,  1998)
-  -  '  f=0 .04  (Maex and De Schut te r ,  1998)
__ f=0 .01  (D 'Ange lo  e t  a l . ,  2001)
-  -  -  f=0 .04  (D 'Ange lo  e t  a l . ,  2001)

3 0

thc int r i r rs ic exci t lb i l i ty  in d i lTelcnt  q l i lnulc cel l  ntot le ls.  C'Lrr . rcnt
bul lcr ing c lpuci t l '  pal l rnetcr . f  of  0.0 |  (sol ic l  l incs)  : int l  ( ) .0.1 (c l rLshed
cl lc iur t  bcl ' lcr ing cupaci ty is  dccrcusccl .

(3 .4  +  0 .6  Hz pA 
' i  

fo r  Wl - .  r :6 .  anc l  7  .3  I1 .0  l l t .
pA I  fo r  Cr - / - .  t r :5 ,  p  <  0 .0 -5) .  In tc res t ing ly ,
the el ' lècts were not cletectecl when the l 'ncusurc \, \ , iLS
lepe a tcc l  iu  thc  p resence o f  l0  pM b icucr . r l l i nc
rure thobromide u 'h ich  is  a lso  a  GABA-A [ r lockcr
(F ig .  a ) .  Th is  can t re  exp la inec l  by  thc  I Ic t  tha t
b icucu l l inc  mc l l iob lon t ic le  a lso  r . rc ts  as  a  b lockc l  o f
Ca2+-clcpcnclcr-rt  K + channels (Seutin ancl . fohnst-rr-r.
1999) .  Thcse rcsu l ts ,  thc rc fo re ,  rc in l 'o rce  thc  idca
tha t  th is  cur rcn t  i s  inc lecc l  n tcc l i l t i ng  the  e f Ïèc t
o f  a l l c led  Car+  bL i f i c r ins  eapac i ty  on  g l rLnLr le  cc l l
exc i tab i l i t y .

Discussion

ln this re\ ' ie \ \ , .  u,c havc shttr, i 'n that the abscncc of
ca l rc t in in  inc lcascs  cc lcbe l la l  gnrur i le  cc l l  cxc i t lb i l i t l ,
r . l ' i thoLr t  a I tc r ing  l tass ivc  e lcc t r i ca l  n reu tbnrne propcr -
t i cs .  In  l c lc i i t ion , ' " r 'e  have used a  n ta thcn ta t i cu l  n todc l
in  o r -c le  r  to  exant ine  n  hc ther  the  obse lved u l te  ru t i ( )us
o l '  Cr - i  -  cer -ebc l lu r  g lu t ru lc  ce l l  e lcc t lo respons l \  L - -
ness  cou lc l  be  l inkec l  to  the  dec leased Car  t  bLr l )è r ing
c lpac i ty  c le te ln r incd  by  the  abscncc  o f  ca l l c t in in .  We
challenge'cl r .r ' r th a clecre asecl c1, ' tosol ic Car' f  bul lcl ing
c lpac i ty ,  the  nroc le l  cur rec t ly  p led ic ts  a l l  the  ch lngcs
tn  Ct ' - . -  gnu. t t r le  cc l l  e lcc t ro lcspons iveness  th l l t  a rc
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s tas is ,  Ca l  +  -b inc l ing  1 . r r -o le ins  cou lc l  l t lay  an  uc t ivc
ro le  i r r  n toc lu la t ing  ue  Lr r .on l l  in t r . ins ic  c .xc i tab i l i t y  unc l
there l i t re  ncurona l  p las t i c i t y .  A l thoLrgh in lb r .nu t ron
s lo r i lge  rs  usLurJ ly  bc l ie r ,ed  to  be  n tec l iu tcd  by  Iong_
tcn l  r t roc l i l i ca t ions  in  the  s t rength  o f  s l ,nup l rc
1r 'ansnt iss ion  uc t iv i t y -c lcpcnc lcn t  c l t rngcs  in  thc
n c u l o n a l  i n t l i n s i c  c x c i t i L b i l i t y  l l s o  t a k c  p l t r c c .  c a u s r n ! i
fo ln . rs  c t l -  nonsvnu l " r t i c  p las t i c i t y .  Such uc t i r  iL1 ,
dc-pcnc len t  chungcs  in  in t r i i t s ic  exc i tab i l i t y  huv ,e  bcc l r
shot i ,n  to  occur  i r - r  cer .cbc l la r  g r l rnu le  cc l l s  (Arn l rno
e t  a l . ,  2000)  an t l  ne  urous  o f  the  c leep cer .ebc l la r .  r t r rc lc i
(A izenn l tn  lnd  L inc lcn ,  1000) .  I t  u ,oLr lc l  bc  in tc r .cs t in ; r
to  knorv  . , r .hc thcr  i l c l i l i t1 , -dç1 lc1 tdcn t  n toc l i f l c lL t ions  i : I
t h c  l o c a l j z a t i o n  o r -  i n  t l r e  l e v e  I  o l ' c r p r c s s i o n  o l ' C a l
b in t l i r rg  1 - r lo te ius  a re  invo lvec l .  Whcr .eus  e_ \p t .css l ( r j l
ch lnges  i t re  s t i l l  con l r .overs ia l  (sce  re r . . ie rv  b1
B a i n t b l i d g e  e  t  a l .  ( 1 9 9 1 ) ) ,  c h u n s c s  i n  r h c  l o c u l i z l r i o r i
o l -  c l i l re t in in  l ra t 'e  becn sho i l  n  to  r l ccur  in  ncur r ) r1 : ,
(Hack  e t  rL l . ,  1000) .

ln  conc l t rs ion ,  ca l rc l jn in  c le l i c iency  inc r .e r rscs  th i :
in t l ins ic  e rc i tab i l i t y  o f  cc lebe l lu r .  snrnr r l c  ce l l s .
The increascd granu le  cc l l  e lcc l ro r .espons ivc l tcs r
n l ty  cxp l l in  thc  e lcc t r -o l thys ic t log ic i i l  unc l  bchr r r , ro r .u I
i t l t c ra t ions  obsc lvec l  in  I ' i r .o  on  u le r - t  Cr - i -  n t iuc .
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I . i c ' 4 ' N o c l t l t n g c i t r t h c i n 1 r - i n s i c c r c i t l l b i I i 1 y c r f t h c g i - a t t r r l e c c J l i r l 1 . l l - c s c n c c

lc l i t tn  p t i ten t iu ls  cout l t i r rec l  lo  wT ( r l  -  5 ) .

obscrvcd  expcr - in ten lu l l y .  Or - r r -  n toc le l  shou ld  no t  be
scc l . r  us  a  contp lcx  r t rodc l  o l -  t l te  g ranu le  cc l l  l i ke  thc
one pro l . roscc l  by  D 'Ange lo  c t  a l .  (200 1)  [ ru t  n t ther  l s
iLrr ubslnrct ntut lcl  focLrsing olt  a spcci l ic cel l  pr.opcr.t1,,
c l toso l i c  Car  l  b r r l lè r ing .  

' l -he  
pur . l )ose  o f  th is  n tode l

i s  to  c lcn tous t r i l te  the '  bas ic  n tc -chun isn t  l ink in , t
l l t c l l t i o t r  o f  t h c  i n t r i n s j c  c x c i t l L b i l i t v  i n  C r _ / _  r n i c c
t o  a l t c l u t i o n s  i n  t h c  c y t r t s o l i c  C a l - f  b u l l e r i n g
ci l i l lct ly. 

- l 'hus. 
on a br.oltclcr 1rer-s1-lect ive. thc

conc lus i r - rns  c l ra r r 'n  l l .onr  t t r t r  s in tu la t ions  c lu r  bc
rupp l icd  to  r t thc - r  ncuror ra l  t vpes  l t rov ic lec l  th l t  thc
i rcc l l tn isn ts  o f  exc i tub i l i t y  l t . c  essent ia l l y  the  sante
as  rn  cerebe l lu r  gnruu lc  cc l l s  un t l  t iu t t  the  conductance
o 1 ' t l r c  C ' l r + - a c t i v l t c c l  K +  u h r L n u e l s  i s  s L r l T c i e n t  t o
obt r r in  l  s t rong cou l . r l in_u  be tu ,cen cxc i tub i l i t y  anc l
( . 'u -  '  c lynar .n ics  c lu r . ing  the  sp i l<e  ge  nera l ion .  Wher .eas
i r  i s  ge  ncnr l  knor i ie i lge  th l t  inc r .eas ins  Car  +
lLc t i v r r led  I (  F  cur ren t  s lo r i , s  r lo r . r ,n  the  f i r rng  ra te ,
l l s tc r  Ca l  *  t l ynanr ics  th r -oL tg [  rcc luced Ca]  *

bu1)èring hus lhe o1.r1-rosite effect. The ntoclcl sus_scsts
th tL t  th is  i s  c lL re  to  c l i rec t  eo ; t r - t r l  . f  / ç  1 , ,  b1 ,  11 l . , -C ;a .  t

t * r ' s ie '1 ,  s1- recc l i r ru -up  sp ikc  repo l i r r - i z l r t io r t  * .he '  the
c l l c i r - in t  bLr11èr ing  c l l t l c i t y  i s  c lcc r .cusec l .  In  t l t i s  v rcw.
in  ldc l i t ion  lo  t l te i l  ob l ious  t .o le  in  Ca: r -  honteo_

(n=7)  (n=5) (n=7\



i nd ica t ing  t i te  c r i l i c l l  r .o le  o l '  g r .an l r le  cc l l s  r r . r  the
in fo rn l r t io r - r  p r -occss ing  in  thc  cerebe l lu f  cor icx .
On a br.olcler- per.spcctivc. we sug-sest that ntoclu-
l l t ion  o f  ne  uronu l  cxc i t lb i l i t y  by  Ca2 +  b in<1 i t rg
pr . tc i ' s  c . . l c l  p l .y  a  f ,uc t io 'u r  ro re  i ,  t r rc  cont r .o l
o l '  in lonnut ion  coc l ing  anc l  s ton tge  in  thc  ccn t t .a l
l t c rvous  sys tc ln .
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