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         The  K, Na  and  Cl concentratl'ens  of the  chloroplast  layer and  the

      flowing cytoplasm  of  Nitegta flexilis have  been  determined  by  apply-

      ing an  internal perfusion  technique, which  enabled  us  to avoid  con-

      tamination  of  ions from the cell  sap.  K, Na  and  Cl concentratlons  of

      the  chloroplast  layer are  11e. 26 and  136 mM  and  those of the flowing

      cytoplasm  are  125, 5 and  36 inM  respectively.  The  cell  sap  contains

      80 mM  K, 28 rnM  Na  and  136 mM  CI. Although there  are  sorne  varia-

      tions in these values  among  samples,  the  flowing cytoplasm  is rich  in

      K  and  poor  in Cl and  especially  in Na. The exchange  of  K  and  Na
      across  the tonoplast occurs  fairly easiiy  (half-time, a few  hours), while

      that of  Cl occurs  extremely  slowly  (half-time, a  few days).

   In a  previous  paper  (1> it is reported  that the rnembrane  potential of

IVitella is cemposed  of  the potentials at  cell  wall,  across  plasmalemma  and

tonoplast all  in serles.  Among  these  the  potential across  tonoplast  is about

15 mv  or  less <cytoplasm negative  to vacuole)  (2, 3). The  potential at  the
cell  wall  is almost  zero  in 100 :nM  KCI, but it reaches  as  high as  -90  rnv

against  external  solution  such  as  O.OlmM  KCI  (J). The  only  excitable

membrane  is the plasmalemma  (J). FiNDmy  and  HopE  (3) reported  a  slow

potential  change  across  tonoplast, which  was  observed  only  when  plasma-
lemma  elicited  an  actl'on petential.

   The  exchange  of  the cell  sap  with  some  artificial  solutions  such  as  KCI,
NaCl, LiCl, RbCl,  K2SO,,  KNe,,  Na2SO,  or  NaN03  had  only  minor  influence
on  the  resting  and  action  potentials of  IVitella (4). This  result  appears  to

be contradictory  to an  idea that the resting  pQtential of  Mtella is simply

determined  by  the  ratio  ot  K  concentration  ei  cell  sap  to that  oi  outside

medium  (5) or  that  the  hei･ght of  the  action  potential by  the  ratio  of  Cl
concentration  of  the cell  sap  to that of  external  medium  (6-8).
   It is desirable, therefere,  to determine  exactly  the  ionic compesition  oi

the  cell  wall,  chloreplast  layer, the  layer of  the  fiowing cytoplasm  and  cell

sap  separately.  DAmTy  and  HopE  (9) estimated  the  concentration  of  indif-

fusible anions  in the  cell  wall  to  be O.6 equivalenti'liter.  HoLM-JENsEN et  al.

(10) first measured  the  lonic content  of  the  cytoplasm  of  A7tella sp.  and

 i This  work  was  supported  by  Research  Grants  from  the  Minlstry  of  Education  of  Japan.
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TolyPellopsis. They  iound ne  appreciable  differences in K  and  Na  concen-

tration between cytoplasm  including chlorop}asts  and  cell  sap.  They, how-
ever,  noticed  a  possibility of  the error  caused  by contamination  of  cell  sap

into the  6ytoplasm to be measured,  JYIAcRoBBiE (11, 12) reperted  that  both
K  and  Na  concentrations  in the  fiowing cytoplasm  of  Mtella tmnslucens

are  about  1.5 tiines larger than  that in the  cell  sap,  while  Cl concentratien

is about  one-third  of  that  in the  cell  sap.  On  the  other  hand, the coloroplast

layer contained  about  4-5 times  as  concentrated  K  a,nd Na,  and  about  1.5
times  as  concentrated  Cl as  in the cell  sap.  SpANswicK et  al. (2) obtained

almost  similar  results  on  the fiewing cytoplagm  except  for nruch  lower

value  for Na. 

'

   In th.is report  we  intrcduce another  method  developed with  an  attempt

to avoid  centaminatlon  of  the cell  sap  i･n tlie en-alysis  of  the ionic concen-

tratien of  the cytoplnsm.  The  changes  in ionie conceittratioll  of  the cyto-

plasm  accompanyin.es  artificial  nnedification  of  the  icnic compositien･  of  
'L'he

cell  saD  will  aiso  be described.     i

                     MATERIAL  AND  METHODS

   Internodal cells  of  MtglJa  Sexilis were  used.  througheut  the  exper･  iment.

Internodes oie 4-7 cm  in length we:'e  isoeated from  adjacent  ceils  and  were

maintained  in an  arti･.ficial pond  waterZ  ior several  days be.fore the experi-

rr]ents.  The  composition  of  the simplified  artificl･al pond  water  is O.1mM

KCI+O.2  mM  NaCl+05  mM  CaClz.

   Befor･ e anagysis  of  concentr-  ati･ons  of  K, Na  and  Cl the intemodes were

washed  at  least 3 times  by a  large volume  of  deionized water.  During

this  pr･ecedure free ions which  hacl besn involved in the cell  wall  wer･e  al-

most  completely  washed  away.  It, cannot  be denied 'i'hat
 some  ions a,dhere

tightly  to the  micrestructure  ei  the cel}  wali  and  hardly be washed  away

by  deianized wate;'.  However,  tlre error  wa's  proved  to be negl:,gibly  smail.

fonie conceio.traLeion  of  ceil  saP

   Each  internede w.o,s traR$iej-red  1'nto p. olyethyl,ene  tubes, each  of, which

centained  3 rnl  cf  deionized water,  and  was  cenlrifuged  at  2,300.c for 10

miRutes.  By  tliis proL'edur･e t'i e  iriter:･'iode ",as  kil]ed and  almost  all free

ions inside the cell  leaked cut  into t'he outside  3m!･ of  the deioRi,zed water.

It is possible  to calculate  th.p. ion{c c(mcentration  of  tlie cell/ sap  from the

ionic concelltration  in the3ml  solutign,  ii we  know  the sum  of  the  volumes

ef  the  cytopl･asm  anti1 the vacuole.  The  volume  of  the int'ernode was  cal-

culated  from  outer  diameter and  length of  the  internode. From  th,is the

 2 Composition of  the  standard  artificial pend  water  1,s as  follows: 2,5× le-5  M  KCI+

s × lo-s M  KNo3  +  2× 10-4 M  NaCl +  2.5× le-4M  CaC12 +  2.5× 10-4 M  Ca(Ne3)2  +  le-4  M

MgSO,i.  For  convenience,  the  tap  wat'er  of  Osaka  City  of  which  dissolve6 chlorine

gas  had been removecl  by  passing through  a  column  oi  actlve  carbon  powder,  was  fre-

quently  used  for culturing  the  Nitelgut. The  K, Na, Cl and  Ca  concentrations  weJre

5.2× 10"5 M,  2.8× 10-4M,  3 × 10-5M  and  1.5× 10m4M  respectivel}r.
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volume  of  the cell  wall  was  subtracttecl,  which  was  calculated  from  the
thickne'b's of  the  layer. Since the  ionic concentration  of  the cytcplasm  is
not  much  different from  that of  eel,1 sap  and  the volume  of  the former i･s
only  about  one-tenth  oi  the  lcn.･tter, the  error  involved in this simplified

methed  for determinatien  oi" ionic cen,centrat:,on  ef  cell  sap  is less than  a

few Der  cent.     L

lonic cof2centration  of chloroplast  layp.r -I'･ j7ozving  cvvv"oPlase?z

    After washing  the  intern/,de {n the  deionized water  for several  times
vacuol,e  ef  the  celi  was  perr"used usuaEly  with  isotonic lliann{tGl  (O.3 )g) or
other  isotonic salt  solutions  centaining  culy  forei.v.n ions usually  at  a rate

of  25 ,alite.rs!'min. Tb.e niethod  of  exchange  oi  cell  sap  wit･hoz.'t harm  on  tl'ie

internode has beev. descr･ ibed p. reviously  (13, 4). T- his p, roceclu're  s.eerns  to
be inevitabl'e t'e avoid  centaniinaticn  oi  ions f･:,'om cell  sao..  After ligating
both  ends  of  the pe.r･fusec{ interne･de the  sample  w:.±s  transfert'ed  into a

polyethv. Iene tube･ contalning  3ml  ef  cleionized  w:･.ter  encl  was  centrif"s.ed

a'IJ 2,OOOg for 10 rninutes.  Since the  chleroplugt  layer an[1  fiowing cyt-o-

plasm  -,ere  driven in a  f-vxEr niiTiutes  to "the

 ce･ n･trifugal  eiid,  the voluines

of  these two  cytopla,sms  cou,i.d bc metis'.-.irea' under  a  micror.･cope..  Thits' urate
of  centrifug.ati･on  is h' igl] enough  tc ki'11 tthe cytop]asnz  seop.er  or  ILp,ter.
Therc'Fore, almost' aal tree ions ai'e e.T･cpected  te be lost iiz,to tl']e exterr,al

solv.tion.  Ii]he ionic concentrutiorzs  of  these  two  layer･ s  were  ce.lculateCi  frem
the cencentrations  of  ions whic.h  had leaked out  into the 3ml, water.  The
samples  which  showecl  any  defermation of  chl.oroplast  duri=g in'L'ernal per-
fusion were  discarded.

Ibgtic, concenk'ation  of  ch.t'oropS'ast lop,er

    If the vacuole  ei  the  ini/ernocle wa.'-'･} p.erfused wit.'h O.3 bi m.n,nnit.ol  or  liquicl'
paritran rapi{IIy,  i.e. at  a  ra･te  25 pcli,tersisec, alri].ost alS fiowing cytop]asm
"rus  lost' with  the perr"using so]utioR,  erve'.blirig  us  to measure  the ionic cori-

centration  in the  cAhlorepla.=.t  layer wi'ttli the  same  proeedure  described in
the  preceding  pa,rugraph.

fonic concenti'ntien  of .I7owing cyb'op.las]'n

    The  ionic eon･centraiL'ien  of, the  fiow:,ng cyteplasm  c2-/,n be ealculat'L'd  fron'±
that of  chloroplast･  layer +  fioENFing cyte.plasin  and  that of  citloroplast  layer
alone  knowing  the  exact  volumes  of･ the  chloroplas,t  layer anct  the fiowinsr
cytoplasm.

    In other  e･ xperirnents  the Na  ,:･nd  Cl concentratien･s  of  the  flowing cyto-

piayLin were  measured  d:,rectly en  2e samples.  The  cell  ,e.ap of  the  internode
waL.  first exchanged  for l50mM  KNO3+10mbi  Ca(N03)2. Then, the  sample

was･
 
eentrifuged

 at  200g  for 10 mintttes.  The  interBocle was  ligated with

a  strlp  of  silk  tlifead at  the centrifugal  end  where  the  fiowing cytoplasm

was  coaiected  inte a  celumii  a  few  mm  long. It included tiny  vacuoles

containing  only  K, N03  and  Ca. The  pr･ esence  of  these vacuoles,  hewexrer,
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dld not  cause  any  error  in determining Na  and  Cl contents  of  the flowing

cytoplasm.  Three or  four of  these samples,  the  volurnes  of  which  were

measured  under  a  microscope,  were  transferred  quickly into 3ml  of  de-

ionized water  and  crushed  by a  forceps before their Na  and  Cl concentra-

tl,ons were  measured.

    K  and  Na  concentrations  were  determined by  flame photometry  and  Cl

concentration  by colorimetry  which  is a  modified  ScfiALEs and  ScHALEs'

rnethed  (13, 14). A  volurne  of 3ml  was  large enough  to rneasure  the  con-

centrations  of  K, Na  and  Cl. Therefore, the  determination of  K, Na  and

Cl could  be perforrned  on  a  single  internode. The  values  given  in the  fol-

lowing  are  the averages  on  single  internodes. These  are  shown  with  stan-

dard error  of  mean.  The  number  of  the  internodes measured  is added  in

brackets at  the end  of  each  average.

                              RESULTS

Vblstmes of ceU  zvall,  chJoroplast  layer and  offiozving  cytoPlasm

    The thickness  ef  the  cell  wall  of mature  internode is about  10 pt, which

cerresponds  to about  9 per cent  of  total cell  volume  (Table I). The  volumes

of  the ch!orop!ast  layer and  of fiowing cytoplasm  are  about  5 and  3 per cent                                                                .
oi  the  total cell  velume  respectively.  These  values  are  oi  mature  i･nter-

nodes.

                               TABLE  I

  Volttmes of  the celt  tvaU,  chloroptast  tayer a7ecl JZoTving cytoplasm  of  the matztre

                       internode of N!tella fiexllis
  The  average  is shown  with  the  standard  error  of  mean.  Number  in the brackets

  is the  number  of materials  measured.
'-

 
'
 

'
 Thickness  of  the layer 

''Relazive
 yolume  of  the'lgyer

                   (in microns)  (in per 
c.ent)

 . .--.

Cell wall
 

'
 

'8.3e
±O.22 <10) 

'
 6.87 ± O.21 (10) July, 

'64

                10.56± O.54 (9) 8.62±Q,20 (9) July, 
,63

                10,QO± O.32  (10) 9.00.1 0,30 (10) July, 
'63

Chloroplast  layer 5.84±, e.24  (16) Oct.,
 

'64

                                         5.13±-O.78 (5) July, '64

                                         4.63± O.23 (IQ) Dec., 
'64

                                         6.12± O.55 (5) July, '64

Flowlng  cytoplasm  3.18± O.86 (5) July, 
'64

                                                             July, 
'64

                                         3.33± O,50 (5)

fonic concentration  of cell  smp

    K, Na  and  Cl concentrations  of  the  cell  sap  of  mature  internode are

                                                          varied  more                                                    values
about  80, 28 and  136 mM  respectively  (Table II). These

or'less  among  samples  of  different culture  condition,  age  and  season.

fonic concentration  of chlorqPlast  layer +  jZozving c"'tQPIasm
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                   TABLE  II

   Jenic conce･ntrations  of  cett  sap  of  Nitella fiexilis
                          tttt ttt ttttttt-     t tttttt-

511

''
 

'K
 dr'l,)' 

'

                      Na  (m ]･ vP  
CI

 (rn M)

gJtl'2i 4.2 (6) 
'-

 2s.6'-1i-s.1 (6) 134.o±･ 2,6 (3)'-'  oci',';64

92.3.1 3.3 (5) 26,4± 4.1 (5) 131.0±18,5 (5) July, '64

72.8±  3,6 (4) 45.1=1 2.1 (4) Oct.  
'64

94.5± 14.6 (5) 42.1± 7,4 (5) Oct.  
'64

71.5±, 4.7 (IQ) 31.9± 2,1 (10) Oct,, ,62

82,5trr 4,3 (10) 12,1±O.9 (10) 14'7.0,/, 6.0 (5) June, '63

68.2±, IO.5 (3) 15.4=A L7  C3) 126.5±  9.6 C3) Oet.  
'63

'8'b.3
± 1.73 (43) 27.5±

-e,7 (43) 135.5± 2.3 (16) Averages  of  whele                                                            .
               ..... ."t.  ... .....-expenme.n.F.s

    K,  Na  and  Cl conccmt･  rations  ef  t'nes'e layers are  119, 13 and  82 mM  re-

spectively  ([l]able III). The  ionic concentrations  in the  ehlorop]ast  layer

and  in the flowing cytoplnsm  e"o not  involve ions tl.ghtly bound to the
structture  eft.he  cytoplasm,  which  could  be extracted  only  by Ctrastl･c methods

such  as  treating  wit･h  strong  acids.

                              TABLE  III

        lonilc concenC7'aSio･ns  of  chloropuZast  layer + fl-otvi;ng cytoplas7n  cf

                             Nl'tella fiexilis
"'
 

''i<
 (mM.).-1.1" Na  (mM) 

''
 . -ci  (m]o .'-L'JJ  

-

 81,6 ±  4.9(8)  6.7± 5.4･(8) 87.0 ± 3.9 (8) July, '64

152.e± 16.0(10) 14.7± 2.3(10) 78.5,i:5,6 (10) Jul,y, 
'64

!1-Oi9.t/. 7･3(4)  
20.S=;

 
1.3(4)

 .78.:.6-;.3z6 (4) July, 
'64

11.s.s± 3.g(22) 12.9=i lJl(22) gi.6=i 2.4 (22) Averages of  whole                                                             '
'' '-  .--m."9.i.?.9.r}m. 

ent.s.

fbitie concentration  of  cklo;"oplasf,  layer

    K, Na  and  Cl concentration･s  of  the  chlorop:･as.t  Iayer cf  mature  inter-
node  are  abeut  110, 26 and  136mM  respectivegy  (Table IV). These values

are  p.robably  of  free :,ons 1'n the  chloroplasts.

                              TABLE  IV

           Jonic concentTatio･ns  of  chlDroplast  eayer of  Nl'tella flexilis
                         t t ttttttt tt tttttttt

   K(rnMi--------......Na  (rnM) ci (m'Mi 
'-'

 

'-

tos.6± sl7 (s) 12.1=i 3.2 
'(s'5'"

 

-'i23.2
± s.3(s5'' bc"tl, '64

117.0±  5' .7 (10) 35.e±, 4.2 (10) 161.5-,, 14.6(9)  July, '64

 84.3 ±  3.3 (5) 24.0 ±, 4･.1 (5) 119.0±.18,5(5) July, '64

12LO ± 13.5 (6) 23.8±..6.1 (6) 122.0± 14,6(6) July, '64

110.1± 2.5 (26) 25.9± 2.0 (26) 135.9± 6.IC25i"  A"b'rages oi  whole                                                             ,
                                                         experlmentst ttt -t-tttttt
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Ibnic concentration  of  flozving cytoplasm

    K  concentration  of  the  fiewing cytop]asm  is calculated  from  the data
in Tables III and  IV  as  93-132m}i  (1 and  2  in Table  V>, whieh  is mcre  or

less ]arger than  that  of  the cell  sap  (cf. Table  II). 0n  tlie other  
inand,

 the

cencentrations  ol  Na  and  Cl are  certuinlv  much  lowcr  than  these ei  the

cell sap,  though  these  values  va'ry  considErably  among  samples  (1-4 in Table

                                TABLE  V

           fo?e71c concentrqt･ions  of jZotviscg c･ytoplasm  of  Nite]la ffexilis

   c'alculations 

''"'"-
 K(rnM)  

-"
 Na(Ti{ll)- cl(m]c) 

"'

   Chlereplast ]ayer+
     fiewing cy'Lopl･asm  llO=[ 7.3(4) 20,8±, 1.3(4) 78.6uli3.6(4) July, 20, '64

   Chloreplast layer 121± :,3.5<6) 23,8± 6.1(6) 122.0±, 14-,6(6) July, 20, '64

1) Flowingcytopl'asm  93.0 16.1. 12.0

   Chloroplast layer+
     fiewing cytoplasm

   Cl'.loropAast Iayer

2) Flewing cytoplasm

Flowing cyteplasm

118 (22)
110 (26)
13212s'

12,9 (22)
25,9 (26)
(-7)

 81.6 C22) Averages  of  the  vo,ues

136 (26) listed in Tables  m  and

 (-2) IV.

2,8 2.0 Avergges

   Chloropl'ast layer-1-

     flowing cyteplasrn

   Chloroplast layer
e) Flowi]g cyteplasfn

 5,7± 1,6(4) 45,Oti 4.1(4)

16,5± 9,5(3) 59.1-± 3.3(3)
 2,9 21.1

  of

Feb.Feb.

1) and  2)

18, '6518,

 
,65

ChlDroplast ]ayer +
 fiowing cytoplasm

Chloroplast layer

14.2±i 4.8(3) 51,8 ± 2.7(3)

11.9± 2,2(2) 65.5 ± le.4(2)

4)Flowing  cytoplasm 18.2 38.0

   Flewing  cytopiasrn  28.2

Direct measurements

5) Flowing  cytoplasrT;

     (cell sap  perfused  with  KN03)  4.9 ± 1.5(9) 35.9t, 9.1(9) Feb. 20, 
'65

6) F]owing  cytoplasm

     (cell sap  unperfused)  g.9± O,2(6) 95.2± 13,1.(6) Feb. ?9.!.'65
J) The  ;nternodes  were  taken  from  one  batch. .

2) The  averages  are  on  the  internodes of  different batch and  date. The  negative

   values  oi  Na and  Cl concentrations  are,  thereiore,  artificial  ones.  These  sheuld  be

   regarded  as  some  $mall  positive values.

3), 4), 5) and  6) The  ayerages  are  en  the  internodes from ti e same  batch. In order

   to increase the aceuracy  of  measurements  3-4 samples  were  immersedi  ift the  de-

   ionized water  in ene  test tube. See  text  for the  details.

  1-4 are  calculated  Erom the concenL'rations  in Vne chloroplast  layer and  those  in

chleroplast  layer +  fiowing cytoplasm.  s are  the  average  of  the  direct measurements

on  the  fiowing cytoplasm  of  the  internode whose  cell  sap  was  perfused  primarily  wlth

150 mMKN03  +  IOmMCa(N03)2,  6 are  the average  of  the direct measurements  on  the

flewSng cytoplasm  of the nermal  internode.

Averages

Feb.  18,

FE?.
 
18,

  of  3)

 
'65

 
'65

E'A'd ,>

NII-Electronic  Mbrary  
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V). It is des'irable lzo confirin  this situa/ticn  by  gneasu.ring  the  ienic concen-
trations  clirectly  on  the  fiowin,g cyt'ott}ld-sm. ActuaH':,i the rneasurementts  were

done  cn  the  cells  ys,hiL'h wer･efttli  oi" the fiowing cytopl,asni  t,,nd had  no

central  vacuo]e.  AccorcliLng to this n'ietthod  Na  and  Cl concentratiolls  are

about  5m)f and  35mM  :,'cspectively  oR  the  ce11  primariiy  pe:,"fi-ised with

l50mM  KN02 ÷  10mll{ Ca(NOu)2  {5 in T, able  V) fii,x:--. 
'7
 n:tM  and  95 rn}i  en  the

unpe:.fused  cells  (6 in Ta"b.ie V). It is v･ery  iikely thr."[ the  lar.qer values  of

the Na  and  espee.ialil･>･･ oi' Cl, cencentrat･iens  li.t,ied in (6) are  caused  by the
contamipation  of  tZ/ie natura-l  cell  sap.  T,･ l}erefoi'e, it cun  be concluded  that

the  fiowing ･'.H.yi/ople,srr; contt'iins  only  a･bout  cn.?-seventh  Na  and  one-iourth

Cl ef  the cell  s;?,p,

fonbic conce?･tL"ratiopa. of  cytol.blas.-n of ii-ater?-?,ode-.s leaz)ilr'2g ai'J-ificial ceJ'l smp

   The  cell  sap  of  normal  interRede '･bv.o,s exch,p/.pg.re･."1･ /for an  aftifici:-il cell

sttp  eontaining  150m){NaN03  +  lgmM  Ca{NO,]>E. At't,er th-.A' exchz.nge  the
s.ttmple  was  kept in :,.5m}i NaNC)3･+ O.lir･mf Ca(Ne:)z for hours. The  g.,naly-

sis  ef  K, Na  and  Cl cont･ents  of  chl,oraplasLL  
'1,ayer'

 ･l- floxving cytoplasm  were

made  cn  thib" material  by  applying'  the  .'･':tt,me pracedure  {iescribed  in the

foregoing. 1[`he results  are  ts'hown  in Tabl･e VI, Referr:,ng to Table III it

                            TABLE  VI

    Iontrc e･ofnce･r.trat'ions ef  ehe ett'ito･roplag･t  tesye･}' -1- Sot-'ifz,･", e.y#opl.as'in  of  Nitel･la

                   in'v'effinodie h･av･ing' rr,.ftdricifce  cell s･rzp

tt --t  t           -  -..tt. .......... -......

  Artificial Per/i9d pf 
''

 

'-

                       K  (mi･f)             mcubatlon                                   Na  (mM)                                               Cl (mM)  cell  s!Ln
       

-
 (hr)  ..-ttt.tt. .                  tttt --  tttttt

1.50 m?,'X NaN03+  

'-
 

''"

 10 mM  Ca(N03)2  2-4 21.7±, 3.5(11) 76,6 1,8.2(11,) 118.5± 10.5(11.) Oct.  
'64

150 mM  NaCl +

.-1.9Ll,/}.]･i Ca91.?.".. 3-5 32 ± 5' .6(4.) 140 ,i/S.8(4)  oct., 
'63

is ob' vious  that during  2-d･ ITLours ineubation pep//uf'cl K  contei.]t  in the  cyto-

p]asm  decreased marl<edly  and  Na  ･L",ontent increased eorrc,spencl{n.[.Tly,  while

Cl content  did iaot, (lecrease appreciab!y.  The  resu.lt  shows  that an  equi-

valent  amouiit'  of  K  has been exchanged  for Na  acros's  tonoplast  fairly
easi･ly.  On  the  ctlvier hand, onl>r  m{ner  amGunt  of  Cl was  excl':･an,g,ed for
N03  in the  vacuole  during a  few  hours pgi'iodi.. This r.ituaLLion  was  con-

firi"ned by anothe.r  experiment  using  15em},,i NaCl":/CrnMCaCl2 (Tab' le VI)
for artificial  ccll  sap.  It is expected  that･ the  half time  rr'or t･.he exchange

of  CE ac:  oss  tofieplast was  of, tli.e crder.  o/tL days,

                           DISCUSSION

   The  concen'L'ration  of  K  in ti'ie Exter･nal  med;･ttm  of  Aif.et'les i]te:,'node is
much  .q.malle.r than  tliose ef  Na, Ca  and  Cl. However,  the  internode ac-

cunnttlates much  iens in the  cell  sap  in such  a rnanner  as  th.e concentrutl'ons
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of  K  and  Cl are  much  larger than  those of  Na  or  Ca. The  sum  of  the  con-

centrations  of  K, Na  and  Cl of  the  cell  sap  is generally  slightly  less than

the  osmotic  value  of  the internede  measured  in sucrose  equivalent.  This
may  be due te the  exlstence  of  some  other  inorgapic and  organic  ions which

have not  been measured  here.

    The  K  conten".･' in the  ffowing cytoplasm  of  the  normal  internode is of

the  same  order  as  or  slightly  higher  than  that  in the cell  sap,  while  the

Na  and  Cl contents  are  only  a  fraction of  the  latter. Although the  Aritegla
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Fig. 1. Concentrations  of K, Na  and  Cl in artificial

pond  water,  chloroplast  layer, fiowing cytoplasm  and

in cell  sap  are  shown  in dlagram. The  cencentra-

tlons  in the  cell  wall  phase  were  not  measured  here

and,  therefore, expressed  with  dashed  lines in the

figure..t
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 internede used  here contains  a fairly small  ameunt  of  Na  in the cell  $aD,                                 ' i

 comparing  with  the results  reported  previously  (J5, 10, 6>, (.hur result  indi-
 cates  that Na  concentration  of the fiowing cytoplasm  is very  small  like
 many  animal  cells  (16). SpANswicK and  NViLLiAMs (2) alse  found a  less Na
 content  in the  fiow{ngcytoplasm than  in the cell  san  on  Alitegla transla･tcens.
 However, accorcling  to them  rnore  or  less lars,er amount  of. Cl (65 mM)  is
 containecl  in the  fiowing cytoplasm.  T. hey measured  the Na  and  Cl contents

 directly on  the  endoplasm  whi.ch  was  collected  frorn the centriiuged  cell.

 It is likely that  the  endoplasm  thus  centrifuged  involved many  tinSJ dis-
 persed  vacuoles  which  were  rich  in Cl. According  to our  result  the Na

 and  CI concentrations  on  the unperfused  cclls  are  certainly  larger than  those
oi  the  cells  primarily  perfused  with  solutien  containing  only  foreign ions.

    The  srnali  coiicentratioii  diffCerence in K  between  the  fiowing cytBplasm
and  the cell  sap  is in favor of  the  s/mall  petential  diffei,ence aL".ross  the
tonoplast (2, 3, 8), if the  potent;'al is assumed  to be a K-potential. Accord-
ing to SpANswicK an,d  WmmAMs  {2) K  concentration  of the flowing cyteplasm
is slightly  higher  than  that of  tlne cell  sap  and  this result  is in accord  with

the tonoplast  potential  (i.e., 10rfiv> measurecl  blv them  and  by  FiNDi.Ay and
HepE  (.3) en  Aijtte.la. translzfcens The  sum  of  the concentraticns  of  K  and

Na  in the  flowing cyteplasm.  :,s much  larger the cQncentration  of  Ci, in-
dicating that the electroneutral;.ty  is ma;Lntained  largely by  organic  anienF.

in the eyt'oplasm.

    Na  and  especially  Cl concentrations  in the  chloropl･ast  layer are  Iarger
than  these  in the fiowing cyteplasm.  Such a  large content  of  Cl in the
chloroplast  layer see!ns  to indicate an  active  role  ot  the  chloroplast  in ac-

cumulat'iyig  Cl with  Na  andi'or K  in the  cell.  With  car.eful  observationsby

a  phase contrast  microscope  with  oil irnmersion objective  it was  feund
that  the  chlorol)last  layer consists  of  many  Iines of  chloroplasts  surrounded
by  th{n film of  gel jacket and  thin strands  connecting  the  chloroplasts  (17-
19) and  that  mitochendria  ef  irregular shape  attached  to the inside of

the  cell  wal,1  (19). Many･ tiny  partieles were  observed  to rnove  wi'th  or-

dinary, cyteplas!nic  flow or  somewhat  irregularly at the same  depth as  the
chloroplasts.  The  thicl{ness oi  the  so-called  plasmagel  layer seems  to be
less than  1pt. Chioroplast of  about  6pa in lon.a axis  of  a flat elli･psoid  cer-

tainly  occupi'es  a rnajor  volume  of  this layer. Anyway,  it was  not  intended
here to deeide whether  the ion con ¢ entration  of  this layer is mostly  of

chloroplast  or  not.

    The  K, Na  a/nd  Cl concentratiens  of. each  pha'se are  shown  diagram-
matically  in Fig, 1. It is worthy  to note  that  the  concentration  prefiles of

Na  and  Cl are  almost  in parallel. Now,  by using  these  values  of  ionic
         i
concentr･  ations  the equilibriuin  potentials  of  K'(Ei{), Na  

"{ENa>
 aTict Cl- (Ec,)

in the chloroprast  layer, flowing cytoplasm  and  vacuole  can  be calculated,

theresults of  which  are  shown  in Fig. 2. The  iull line in the  Chloroplast
Layer  is the equilibrium  potential  ef  iens calculated  on  an  assumption  that
the ionic concentration  of  the layer is the same  as  that of  the  flowing cyto-

'



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  of  PlantPhysiologists

516 U. KIsHIMOTO  AND  M.  TAzAwA Vol.6  (1965)

plasm.  However, if the  ionic concentration  of  the chloroplast  layer mea-

sured  is assumed  to be of  an  uniform  distribution in the  layer, the

equilibrium  potential  is different frem  above,  the  result  of  which  is shown

vvith  dotted lines in Fig. 2. Heavy  dashed  dot lines (E) are  the petentials

actually  measured  (1).
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t. Fig. 2. Equilibrium  potentials for K+(Ek),  Na+

(ENii) and  Cl-(Eci)  of  chloreplast  layer, fiowing
cytoplasm  and  cell  sap  against  external  medium

(O.1 mM  KCI+O.2  mM  NaCl+O.5  rnMCaC12)･  Thgse
                        NERNST's                      ofare  calculated  on  the                 basis                                equatlon

for diffusion petential by  using  the  ionic concen-

trations in each  phase  which  are  shewn  inFig.  1.
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    Accerd:,ng to these  figures K'  :,s almost  in electrechemical  equilibrium

 in each  phase. A  jump in Ek(8mv>  across  the  tonoplast  is of the same

order  as  that  actually  measured  by SpANswicK and  XYiLLiAM <2> and  Fi)"DLAy
and  HopE  (3). Electrochemically the equilibrium  potential 

'for
 Na'  in each

phase  is less negative  comparlng  with  the  potenL'ial actually  measured,

which  impli'es an  over-ail  tendency  of  Na+  movement  towards  the  vacuole.

The  concentration  profile ef  Na"  in Fig. I suggests  the  exister]ce  of  some

active  process which  may  exclude  the  Na"  of  the  fiowin.cr cytoplasm  beth in
the  direction to extternai  medium  and  to vacuele.  Th;.s result  is in accord

with  that  previously  reported  by S?ANsw'icK and  MJ'iLLiAMs (2) on  IVitella
transluceqs. en  NiteiloPsis obtusa  MA ¢ RoBBiE  and  DAiNTy (20) and  on  Aijafella
translucens MAcRoBBiE  (11) supposed  the  location of  active  exclusion  of  Na"
at  the plasmalernma.

    With  regard  to Cl- the  equilibrium  potentials  are  all positive  values,

which  implies an  over-all  tendency  of  Cl- to meve  towards  external  inedium.

The  concentratien  profile of  Cl- in Fig. 1 suggests  the existence  of  some

active  process  which  dr{ves Cl- tewards  cell  interior both at  the  plasmalem-
ma  and  at  tlie tonoplast.  M,tcReBBiE  and  DAmTy  (20) reported  on  Alftellqpsis
obtztsa,  a  brackish  water  Characeae, that the s:,te of  the active  Cl-infiux
lecates only  at  the tonoplast. On  the other  hand, on  Ml'elga lranslucens, a

fresh water.  species,  iX'IAcRoBBiE (12) and  SpANswicK and  WiLLiAMs (2) obtained
the  results  indicat'ing the location ef  active  Cl-infiux at' the  plasmalemma.
According  to the latter authors  Cl- is in equilibrjum  across  the tonoplast.
On  the  other  hand, TvG,rcRoBBiE clid not  deny a possibility  of  the existence

of  active  Cl-infiux at  the  tonoplast.

   The  authors  wish  to express  their  gratitude to Prof, N.  KAmyA  for valuable  dis-
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