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   The  plasmalemma  action  potential was  found to be indispensable to the  production

6f the tenoplast  action  potential. In a solution  lacking Ca2+ and  containing  ether

divalent cations  such  as  Ba2+, Mg2+  or  Mn2+,  the  plasmalemma  excited  in IVitella

but did not  in Chara, In ISTitella, however, both the tonoplast  action  potentia] and

EC-coupling  were  abolished  due te depletion of  Ca2+  from  the  externat  medium.  Ca2+

ions iniected into the  cytoplasmic  layer causecl  a  transient  change  in both plasmalemma
and  tonoplast  potentials. These  results  suggest  that a  transient rise  in Ca!+ concentra-

tion durlng excitation  of  the  plasmalemma  may  trlgger the  tenoplast  action  potential.
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    Excitation of  Characeae  cells  has long been a  subject  of  intensive･studies in plant electro-

physiology (Umrath 1930, Sibaoka  l958). The  existence  ef  two  membranes,  the plasmalemma
and  the tonoplast,  in characean  cells  makes  analysis  of  excitability  more  complex  than  in squid

giant axons  which  have on]y  the  plasmalernma. Findlay and  Hope  (1964) and  Findlay (1970)
studied  the  electrical  properties of  the two  membranes  separately  and  found that  both could

generate action  potential on  electrical  stimulation.  The  plasmalemma  action  potential was

always  accompanied  by a  slow  change  ofthe  tonoplast  potential or  the  tonoplast  aqtion  potential.
Kikuyama  and  Tazawa  (1976) demonstrated that  the  tonoplast  action  potential ofMtetlaPulcheUa

strongly  depends  on  the  Cl-  concentration  in the  vacuole,  Although  they  tried to stimulate

two  membranes  separately,  the  action  potential ofthe  tonoplast could  be elicited  only  when  that

of  the plasmalemma  was  generated. These reports  suggest  that  sorne  factor released  from  the

plasmalemma  during its excitation  may  difllJse to the tonoplast  and  induce the action  potential
there.

    Recently, Williamson  and  Ashley (l982) and  Kikuyama  and  Tazawa  (1983) demonstrated
that  the excitation  of  the  plasmalemma  causes  a  transient  increase in the cytoplasmic  Ca2+
concentration,  Thus  Ca2+  seems  to  be the  most  probable  candidate  for the factor inducing  the

tonoplast  action  potential. This possibility was  examined  in this study  by observing  the  role  of

diva]ent cations  on  the  generation of  the  tonoplast  action  potential,

Materialsand  Methods

    Chara cerallina  Klein ex  Wi]d,, em.  R. D. W, (===C. australis  R. Brown)  and  Nitelta axittijbrmis

Imaheri cuttured  in an  air-cond'itioned  room  of  23-250q were  used.

    The  second  or  third internode from the apex  was  visually  identified and  isolated from

   Abbreviations: APW,  artificial  pond water;  EC-coupling,  excitation-cessation  coupling.
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Fig.1-Schematic  diagram  .of the  experimental  setup.

A  cell  5-10mm  in length was  ptaced in a  chamber

in which  APW  was  perfused at  about  I ml  min-i.  A
reference  electrode  (ref) was  placed in the  APW.  Three

glass microeiectrodes  ("i, pt.2, "2) were  inserted into the
cell,  tti and  ue in the  vacuole  and  tt3 in the  cytoplasm.

0nc elcctrode  (s,") was  used  to  apply  an  electrical

stirnulation  through  100 M9  resistor  (R) and  the  others

(pt2, it3) were  used  for leading  E.c, Ec. and  E...

neighboring  cells  then  kept in APW  containing  O.1 mM  each  efKCI,  NaCl  and  CaC12 or  in the
culture  medium  for at  least a  day. The  length ofthe  cells  was  5-10  mm.

    Three glass micropipette  electredes  fi11ed with  3 M  KCI  connected  to Ag-AgCl  wire  were

inserted into the  cell  (Fig, 1), The  first one  (ta) inserted into the  vacuole  was  used  to apply  an

electric current  to the cell, The  pulse generator was  made  a  constant  current  source  by inserting
100 M9  resistor  (R) between  za and  the  output  ofthe  generator. The  second  one  ("2) also  in
the  vacuole  was  used  to  lead the  vacuolqr.potential  (Eve) which  was  measured  against  the

reference  electrode  (ref) in the extracellular  solution.  The  reference  electrode  was  constructed

with  a  polyethylene tubing  filled with  2%  agar-APW  connected  to the Ag-AgCl  wire  via  3 M
KCI. The  third  electrode  (pa3) inserted into the cytoplasm  was  used  to measure  the potential
diflbrence across  the  plasmalemma  (Ec,), The  tonoplast  potential (Evc) was  obtained  by
subtracting  Ece from  Eyo :

Evc=Evo-Eco･

    Since a  local circuit  current  should  occur  during excitation,  records  of  action  potentials
obtained  by  this method  would  include some  distortiens, Fer example,  the  transient  change  of

E., in the  negative  direction in Fig. 3 may  be accounted  for by the  local circuit  current.

    The  extraceliular  solution'  used  was  mainly  APW,  To  study  the  effl]ct of  Ca+ on  excitation,

CaC12  in APW  was  replaced  with  other  chloride  salts ofdivalent  cations.  When  O.1 mM  CaC12
originally  contained  in APW  was  replaced,  lbr example  with  5. mM'  BaC12, the solution  was  ex-

pressed as  5Ba-APW.  The  extracellUlar  solution  was  continuously  perfused throughout  the

experiment  at  the  rate  of1  ml  min-i.

    Ions were  iniected into the  cytoplasm  as  described by Kikuyama  and  Tazawa  (1982). A
cell  was  made  inexcitable by immersing it in IOmM  KCI  solution,  A  micropipette  electrode

fi11ed with  l M  CaC12 was  inserted into the  cytoplasmic  layen Ca2+ or  Cl- was  iiijected
iontophoretically by making  the  electrode  anodal  or  cathodal,  When  K+  or  Mg2+  was  iniected,
the micropipette  electrode  filled with  1 M  KCI  or  MgC12  was  used,  The  current  for the  injection
was  maintained  fbr 1sec,･

    Experiments  were  carried  out  at  room  temperature  18-25eC,

Results

    On  electrical  stimulation  of  C. coraUina,  both plasmalemma  and  tonoplast  elicited  action

potentials in the positive direLtion (Fig. 2a). The  maximum  changes  of  Ev., E,, and  E., were

171, 157 and  24 mV,  respectively.  In N. axiltijbrmis  (Fig. 2b), however, on  excitation  Evc
shifted  in the  negative  direction which  was  opposite  to that  in Chara (Fig. 2a, Findlay and  Hope
1964), N. PutcheUa (Kikuyama and  Tazawa  1976) or.IVitellopsis  obtusa  (Findlay 1970), The
maximum  change  in Ev., E.. and  Ev. was  70, 71 and  -20  mV,  respectively,

    In the  case  shown  in Fig, 1, the applied  electric  current  should  pass through  the plasmalemma
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Fig. 2 Action potentials of  C. cerallina  (a) and  IV. axiUijbrmis  (b) in APW.  a, On  electric  stimulatien,  E..,
E,, and  E,. changed  to the  positive direction. The  maximum  changes  of  E.,, Ec. and  E.c were  l71, 157 and

24 mV,  respectively.  b. On  stimulation  E.,  and  E,.  changed  to the  positive direction  but E.c did te the negative

one,  The  maximum  changes  ofE..,  Ec. and  E.c were  70, 71 and  
-20

 mV,  respectively.

and  the  tonoplast.  Te  stimulate  the plasmalemma  alone,  Kikuyama  and  Tazawa  (1976) placed
a  current-iajecting  electrode  in the  cytoplasm,  In the  present study,  an  attempt.was  made  to

stimulate  only  the  plasmalemma.  It was  chemically  stimulated  by  chariging  the bathing
solution  from  APW  to  10 mM  KCI.  When  this was  done, E..  in  ( 7iara showed  a  gradual de-

polarization fbllowed by an  action  potential and  finally reached  a  steady  potential which  was

significantly  more  positive than  E,. in APW  (Fig, 3). The  tonoplast  action  potential and  the

instantaneous cessation  of  cytoplasmic  streaming  (EC-coupling) was  also  observed  as  was  the

case  with  induction  by electric  stimulation  (cf Shimrnen  et al. 1984,) though  the tonoplast  action
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Fig. 3 Chemically  induced  action  potential  of  C. coraltina.  On  exchanging  thc  bathing medium  from  APW  to

10 mM  KCL,  the  plasmalemma  depolarized, generated an  action  potential and  finally reached  a  more  depolarized

potcntial. The  plasmalemma  action  potential was  fo11ewed by  a  tonoplast  action  potential  of  much  Ionger  cluration

than  that  elicited  by  electric  stimulation.

Fig. 4 Action potentials as  rcvcalcd  by  Ec. and  E.. of  C. coraUina.  a. Tonoplast action  potential  and  EC-
coupling  were  clearly  observcd  in 5Sr-APW  as  in APW.  b, When  the  cel1was  keptin 5Sr-APW  for 16 h, thc  tonoplast

action  potential  became  very  small  while  the  EC-coupling  was  ebserved.  c. Tonoplast action  potential was  recovered

in 5Ca-APW.
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Fig.  5 Action potentials as  revcaled  by E.. and  E., of  C, corallina,  a.  After rcplacing  APW  with  5Ba-APW,  the

action  potentialsof plasmalemma  (E,.) and  tonoplast  (E.,) changecl  to  prolonged  ones.  EC-coupling  was  observed.

b. On  a  second  stimulation  in 5Ba-APW,  no  excitation  waij  observed,  c. Excitabi]itjes o{' both plasmalemma  and

tonoplast  were  recovered  in 5Ca-APW.  EC-coupling was  also  recovered.

potential lasted longer with  KCI  stimulation  than  with  electrical  stimulation.  This  was  also

observed  in AJ. axitlijbrmis.

    As Ca2+  is known  to  play an  important role  in generating action  potential (Barry 1969,
Williamson  and  Ashley 1982), the  action  potentials of  plasrnalemma  and  tonoplast  and  the

EC-coupling  were  studied  in media  lacking Ca2+  but containing  ether  divalent cations.  In
5Sr-APW,  Chara cells generated action  potentials at both  the plasmalemma  and  the  tonop]ast

(Fig. 4a). Cells kept in 5Sr-APW  tbr 16 h generated the  tonoplast  action  potential though  it was
very  small  (Fig, 4b), If the  bathing medium  was  changed  from  5Sr-APW  to 5Ca-APW,  the

tonoplast  action  potential was  restored  (Fig, 4c), In all cases,  EC-coupling  was  clearly  observed.

In Fig. 5, Ca2+ in APW  was  replaced  with  Ba2" fbr thara, After the bathing solution  had been
changed  from  APW  to  5Ba-APW,  long-lasting action  potentials were  observed  at  both the

plasrnalemma and  the  toneplast  with  the  first stimulation.  The  EC-coupling  was  observed  as

in APW  (Fig. 5a). After  this,  no  excitation  was  observed  in 5Ba-APW  at  both  membranes,

and  the  cytoplasmic  streaming  showed  no  significant  change  on  electrical  stimulation  (Fig. 5b).
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Fig. 6 AcLion potentials as  revealed  by  E.. and  E.. of  N. axillijbrmis  in 5Ba-APW.  a.  In APSNi,  both plasma-

lemma  and  tonoplast  became  cxcited.  b. On  the  first stimulation  in 5Ba-APW,  both membranes  became  cxcited

though  the  durations of  action  potentials  becarne longer. EC-coupling  was  not  observed.  c. On  a  second  sLimula-

tion,  only  the  plasmalemma  action  potential took  place, A  small  change  in E.c was  assumed  to'be a  reflection  of  the

local circu{t  current,  not  the  tonoplast  action  potential. ECcoupling  was  not  ob3erved.  d. Tonoplast action

potential  and  EC-coupling were  restorecl  in 5Ca-APW.
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The  excitability  and  the EC-coupling  was  also  restored  completely  in 5Ca-APW  (Fig. 5c).

Excitations of  Chara in 5Mg-APW  and  5Mn-APW  were  essentially  the  same  as  that  in 5Ba-APW.

    As  mentioned  above,  Chara cells lost their excitability  with  time  in solutions  lacking Ca2+

but containing  Ba2+, Mg2+  or  Mn2+.  On  the other  hand, IVitella cells  could  repeatedly  elicit  an

action  potential in 5Ba-APW  or  20 Mg-APW,  though  its shape  changed  to a  rectangular  one  and

the EC-coupling  was  abolished  (Barry 1969). To  study  the toneplast  action  potential in

solutions  with  various  divalcnt cations,  ?V. axi"ijbrmis  was  more  suitable  than  C. coraltina  because

the former cells  maintain  their excitabilities  in such  solutions,  As shown  in Fig. 2b, the  tonoplast

action  potential in IV. axiUijbrmis  was  a  change  in the  negative  direction in Ev,.

    On  rep!acement  ofAPW  with  5Ba-APW,  the  action  potential measured  as  Ev., which  is

close  to E.. (Fig. 2b),changedits shape  froma  normal  (Fig. 6a) to rectangular  one  (Fig, 6b, c).

The tonoplast  action  potential was  significant  on  the first action  potential in 5Ba-APW  (Fig. 6b).

After this, it did not  take  place during excitation  ofthe  plasmalemma  though  there  was  a  srnall

change  in Ev, which  may  refiect  a  local circuit  current.  No  EC-coupling was  observed.  Both

the tonop]ast  action  potential and  EC-coupling were  completely  recovered  in 5Ca-APW  (Fig. 6d).

As  was  the case  in Chara, observations  in 20Mg-APW  and  5Mn-APW  were  cssentially  the  same

as in 5Ba-APW,  ･

    Since the replacement  of  Ca2+ with  divalent cations  such  as  Ba2+, Mg2+  or  Mn2+  resulted  in

depletion ofthe  tonoplast  action  potential, Ca2+ is assumed  to play  an  essential  role  in the genera-
tion of  an  action  potential at the  tonoplast.  To  test this assumption,  ion iajections were  carried

eut.  Since the cell  was  immersed  in 10 mM  KCI  as  shown  in Materials and  Methods,  Ec. was

significant]y  less negative  than  in APW.  When  Ca2+  was  irijected into the Chara cytoplasm,  both

Ec. and  E., changed  transientlyin  the positivc dircctien (Fig. 7a). Irijectign of  Ca2+ into Alitetla

cytoplasm  also  caused  changes  in Eco ancl  Ev, which  were  positive and  negative,  respectively

(Fig. 8a, b, d). These  directional changes  in E.. and  Evc are  the same  as  those  of  the  action

potentials (cfi Fig. 2), Iajection ofCl-  CFig. 7b, Fig. 8c), K+  (Fig. 7c) or  Mg2+  (Fig. 7d) did not

show  any  effect  on  potentials of  both membranes  except  the  electrotonic  eflbct  of  the  iajection

current,  Since it was  very  diMcult to estimate  where  the injected ion was  distributed as  pointed
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Fig.  7 Efflect of  ions irljected iontophoretically into the cytoplasm  of  C. coraUina,  a.  Ca2+  causcd  changes  in the

rncmbrane  potentials of  plasmalemma  (Ec,) and  tonoplast  (E.,), Directions of  changes  were  the  same  as  those

during an  excitation.  Cl- (b), K+  (c) and  Mg2+  (d) showed  no  effbct  on  membrane  potentials cxcept  the electrotonic

responses  (b,c,d). The  amplitude  of  the electric  currcnt  used  for ion irljection was  about  O.8, 1.2, 2.5 and  O.9 ptA for
a,  b, cand  d, respectively.  Figures  in parentheses  show  values  ofE,.  or  E., (mV) before ion injection,

Fig.8  Effbct ofions  iiijected into the cytop]asm  of  IV, exiUijbrmis.  Ec. and  E., responded  to iniected Ca2+

{a, b, d) and  changed  directions as  under  excitation,  though  they  d{d not  respond  to  Cl- except  by e]ectrotenic

responses  <c). The  amplitude  of  thc electric  current  used  for ion irijection was  about  O,5, 1, 2 and  1 stA for a. b, c

and  d, rcspective]y.  Figures {n parentheses show  values  ofEc,  or  E.c (mV) before {on irijection.
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Fig. 9 Action potential  of  N. axittijbrmis,  In contrast
to Fig. Ib, not  only  E,, and  Ec. but also  E.c changed

to a  positive direction. The  maximum  changes  of  E..,

Eco ancl  Evc wcre  108, 104 and  13 mV,  respectively.

eut  by Kikuyama  and  Tazawa  (1982), changes  in cytop]asmic  ion concentration  were

calculated,

    Further study  of  the  tonopla$t  actien  potential of  IV. axillijbrmis  showed  that  it was  in

positive direction (Fig. 9). The  maximum  changes  of  Ev., Ec, and  Evc were  108, 104
13 mV,  respectively.

not

theand

Discussion

    Findlay and  Hope  (1964) and  Findlay (1970) observed  that  the  tonoplast  action  potential
was  closely  linked te  that  of  the  plasmalemma  in the  sense  that  the  action  potential could  not  be
initiated at  the tonoplast  alone.  Findlay (1970) suggested  two  possibilities to explain  the  close

linkage of  action  potentials at  both membranes.  The  first one  was  that  both have  the  same

current  threshold  fbr an  action  potential. The  second  one  was  that  the flux ofa  particularion
into or  out  ofthe  cytoplasm,  resulting  from  the start  ofthe  plasmalemma  action  potential, causes

achangein  the  tonoplast  threshold  suMcient  to initiate an  action  potential. He  suggested  that

the latter possibility is more  Iikely. Kikuyama  and  Tazawa  (1976) inserted a  current-iniecting

microelectrode  into the cytoplasm  of  IVitella and  tried  to separately  stimulate  the plasmalemma
and  the  tonoplast.  The  action  potential at  the  tonoplast  was  always  asseciated  with  that  at  the

plasrnalemma. They  also  claimed  that  an  electrical  coupling  exits  between the plasmalemma
and  the  tonoplast.  The  chemical  stimulation  triggered  action  potentials not  enly  at  the

plasmalemma  but also  at  the tonoplast  (Fig. 3) . This result  also  agrees  with  suggestions  proposed
by the above  investigators,

    When  Characeae cells  become  excited,  the  cytoplasmic  streaming  stops  instantly (EC-
coupling).  Since the streaming  is inhibited by an  increase in the cytoplasmic  Ca2+ concentration

(Williamson l975, Kikuyama  and  Tazawa  1982, Teminaga  et  al, 1983), EC-coupling  may

reflectatransientincreaseinthisconcentration.  AbolishmentofEC-couplinginCa2+freeAPW,
such  as  5Ba-APW,  supports  the  abeve  assumption.  Williamsen and  Ashley (1982) reported  that

EC-coupling  was  observed'only  when  the concentratien  ofintracellular  free CaZ+ increased.

    Using  tonoplast-free  Chara cells  loaded with  aequorin,  Kikuyama  and  Tazawa  (1983) found
two  phases oflight  emission  composed  ofan  initial rapid  rise  and  a  subsequent  s]ow  rise.  They
also  found that  the  light emission  decreases with  repeated  stirnulation  of  short  intervals but
recovers  its original  strength  after  a  longer pause, From  these facts they  assumed  that  the  rapid

initial rise  oflight  erbission  reflects  a  Ca2+  release  from  the  plasmalemma  which  may  be charged

again  with  Ca2+ from  the  external  medium.  In IVitellopsis obtusa  Lunevskeyet al. (1983) analyzed

electric  eurrent  flowing across  the  plasmalemma  and  tonoplast  by clamping  the voltage  on  each

membrane  separately  and  obtained  results  supporting  the  hypothesis that  Ca2+ ions entering  the
cytoplasm  from  both the external  medium  and  the  vacuole  activates  the  Cl--channel of  the

membranes.  Kataev  et al. (i984) demonstrated  activation  ofinward  transient  current,  probably
the Cl- current  across  the  p]asmalemma, by Ca2+ in tonoplast-free  IVitettopsis cells. The  Cl=

permeability of  the tonoplast  increases during its excitation  (Findlay and  Hope  l964, Kikuyama

ts
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 and  Tazawa  1976). Thus the CIL-channel activation  by Ca2+ is assumed  to be responsible  fbr

 generating the tonoplast action  potential, Actiyation of  Cl--channels by divalent cations  other

 than  Ca2+ was  studied  in Niteltopsis by Lunevskey  et al (1983), Sr2+ is a  good substitute  for

 Ca2+  but Mg2+,  Ba2+  and  Mn2+  are  much  less eflbctive  than  Ca2+, The  same  result  was  obtained

 in the present study  (Fig, 5, 6), On  the other  hand, Mimura  and  Tazawa  (1983) found that  in

 tonoplast-free  Niterlqpsis ce]ls  an  increase in intracellular Ca2+  to 5 psM depolarized the plasma-

 lemma  potential to alrnost  zero  and  decreased the resistance  to 1!10 the  original  value.  They

 found  no  detectable CIL eMux  during the  increase in intracellular Ca2+  and  concluded  that  Cl--

 channel  activatign  is not  always  essential  for membrane  depolarization,

     Replacement  of  Ca2'+ with  other  divalent cations  such  as  Ba2'+, Mg2+  and  Mn2+  caused  a

 loss efexcitability  in Chara or  inhibited the tonoplast  action  potential and  EC-coupling in Mtelta.

 The  occurrence  of  action  potentials on  both membranes  by the  first stimulation  in 5Ba-APW

  (Fig, 5, 7) may  be caused  by Ca2+ ions which  are  pre-loaded in the  plasmalemma  in APW  and

 releasedonstimulation(KikuyamaandTazawa1983).  Sincetheplasmalemmacouldnotebtain

  Ca2+ from 5Ba-APW,  the Chara cells  would  become inexcitable. On  the other  hand, IViteUa

 cells could  elicit  the  plasmalemma  action  potential in 5Ba-APW  though  the tonoplast action

 potential and  the EC-coupling  were  abolished.  Ba2+  ions can  thus  replace  Ca2+ for the plasma-
  lemma  excitation  in Mtelta but not  for inducing  the tonoplast  action  potential and  stopping  the

  streaming.  Sr2+ ion, on  the  other  hancl, caused  both plasmalemma  and  tonoplast action  potent-

  ials and  the streaming  cessation.  This indicates that  Sr2+ is a  good  substitute  for Ca2+  on  action

  potentials and  the EC-coupling  of  Chara (cf Barry 1969, Hayama  and  Tazawa  l980).

      The  important role  of  Ca2+ in inducing the tonoplast  action  potential was  demonstrated

  directly by irijecting Ca2+  into the cytoplasmic  laycr (Fig. 7, 8). E,. changed  to a  depolarizing

  direction which  agrees  with  the results  ofMimura  and  Tazawa  (1983) in which  the plasmalemma

  potential of tenoplast-free Nitellopsis cell depelarized upon  increases ofintracellular  Ca2+. The

  direction ofthe  change  in Ev. agreed  with  that  in the  norrnal  action  potentials of  C, coratlina  and

  N. axiltijbrmis  in APW  (Fig. 2). The  result  rnay  indicate that  Ca2+  activates  ion channels  at  the

  tonoplast,  In Chara, the ion channel  may  be the  Cl--channels as  suggested  by Lunevskey  et  al.

  (1983). On  the  other  hand, the  tonoplast  action  potential in N. axitlijbrmis  cannot  be accounted

  fbr by openings  of  Cl--channels. If this does occur,  E,. should  change  te a  more  positive

  directiQn since  the  Clr concentration  in the  cytoplasm  is much  lower than  that  in the vacuole  in

,
 many  Characeae cells  (Tazawa et  al,  1974). If the  negative-direction  change  of  Evc during

  excitation  of  Ar. axiltijbrmis  can  be explained  by activation  ofion  channels  in the tonoplast,  the

  ion may  be Ca2+. The  Ca2+  concentration  in the  vacuole  was  19 mM  for Chara (Moriyasu et  al.

  1984) and  that  in the  cytoplasm  was  O.22 uM  for Chara and  1.1 paM for IVitetla (Williamson and

  Ashley 1982).  Assuming  that  these values  are  acceptable  for IV. axiltijbrmis,.  the  equilibrium

  potential for Ca2'+ across  the  tonoplast  was  calculated  to be about  
-120

 mV  (vacuole negative)

  A  recent  study  on  IV, axitlijZ)rmis showed  that  the  tonoplast  action  potential was  a  positive direc-

  tional  one  (Fig, 9) as  in.other Characeae  cells  studied  so  far (Findlay 1970, Findlay and  Hope

  l964, Kikuyama  and  Tazawa  1976). In such  cells  the  tonoplast  action  potential may  be

  accounted  for by the  opening  ofCI--channels.  Ifthe tonoplast  potential is controlled  by both the

  Ca2+- and  the  Cl--channel and  the degrees of  activation  of  both channels  change  with  some

  factor such  as culture  condition,  the  clirection oftonoplast  action  potential may  be accounted  for.

  The  Cl;channel 
,of

 the plasmalemma  which  is operating  in normal  cells  was  completely  in-

  activated  by making  C;hara or  Mtellopsis cells  to tonoplast-free  (Kikuyama et al. 1984). In Chara

  or  IViteltopsis the  inactivation of  Cl'-channel  of  the  plasmalemma  is induGed  artificially  but it

  may  be possible that  in the  tonoplast  one  of  two  kinds ofion  channels  becomes inactive with  cul-

  ture  conditions  or  so,
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