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Acid-base  induced ealciupti uptake  by

          spinach  chloroplasts

Ko.TiRo NismDA  an(i  YosHTyuKl  HAy,{sm

Botanicag bistitute., 1;1;culij, of  Science, Kanalatc;a Lr'niz,ersi4v, Kanazateva, Jopan

fRcceivccl ),{arch l2. 1969';

   Calcium  uptake  by  sp{nach  chloroplasts  can  be induced by  the  transition  l'roni an

acidic  to  a  basic medium.  This rcactioii  depends upon,the  pH  diMircncc.  A  differencc
by  4,3 to 4.5 pH  units  showcd  a  maximum  eMciency  fbr calcium  uptakc.  The acid-basc

induced caEcium  uptake  is suscei)tible  to various  inhibitors in a  way  si'rnilar' to  that  of

light-induced calcium  uptake.  The  same  high energy  intcru'Lediate (or state)  produccd

in the  chloroplast  by  this zcid-base  1.ransitien is inferred to  bt/ opcrating  both in calcium
uptake.  and  ATP  formation.

    
rl'herc

 havc  been  s-w-veral investigations on  the  uptake  of  anions  and  cations  by

chloroplasts  under  light (J-5). [I]hcsc investi.crations sug'gesd/ed  that ion uptake  is
a  manifestation  of  the  operation  ef  thLn cncrgy  conscrvatien  mcchanism  l'n the

chlerop]ast,  Receritly, JAGENDoRF a-d  URiBE (6) discovcrcd that chloroplasts,

after  a  rapid  transition  froi'n all ac;idic  to a  basic inediuin,  synthesize  srriali ainounts

ofATP  in the  dark. This fincling was  highiy significant  io the study  ofphotophos-

phorylation, In additi.on,  iuminescence of  chi:oroplasts  "ias  found to be induced

by the  acid-base  transition  (7) when  a  preillumination treatrricnt had bc'¢ n  applicd

to thc  chloroplasts  (8), and  thar  ATPase  activity  x･vas  induced  in chloroplasts  by  the

acid-base  treatrnent  <O, iO).
    Uptake  of  calcium  by chJoroplasts  stimu]atcd  under  ]ig'ht, was  reportted  by
NoBEL  (f"1 . Combining  all tliese previous finclings we  posited that  calcium  uptakc

niay,  be induc/ed by  the  acid-base  traiisition of  tlne chloroplasts,  
ri-his

 was

expcrimenta]1ii:  proved  to be the  case.  In this study  isolated chloroplasts  ",ere

transferred  frorri an  acidic  to  a basic mediurn  (difference, about  4,5 pH  units)  and

the  resulting  calciuTTL  uptake  was  examined.

Material  and  methods

    Chloroplasts }vere  prepared  fi'orn market  spinach  by blending l50 g' ofdeveined
leaves in about  100 ml  ofgrinding  medium  which  consisted  ofO.3  M  sucrose.  After
blendin.cr fbr 3 min  the  brel, was  filtered through.  I2 layers of  gauze  and  centril'uged

tbr 7 min  at  3,OOO xg,  The  supernatant  solution  was  again  centrifuged  fbr 5 min
at  7,8eO×

.a.
 Broken chloroplasts  were  suspended  in a  20 mM  Na,CI s()Iution  and

a]lowecl  to stand  fbr 30 min  in the  dark  befbre use.

    
'i'L,e

 transition  experiinents  were  carried  out  as  foIIc"･vs: O.5 inl  of  ch]oroplast

suspension,  containing  appi'oxirnately  80 ILg chlo}'ophyll  per rnillil,iter, ancl  O.5 ml

   ,"LbbilFJviaticn:  P)"IfX, phenylmercuric  acetate.
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of  an  appropriate  acid  medium  were  taken  up  in a  hypodermic syringe.  Usually
IO mM  succinic  acid,  which  had been neutralized  with  an  appropriate  amount  of

NaOH  to pH  3.8, was  used  as  an  acid  medium.  After 20 sec,  the  acidified

chloroplasts  were  in]'ected into 1.0 ml  of  bufTk]r (0.1 M  Tris-HCI, pH  8.5) containing

`5CaCI2
 (4 pCi  

`5Ca,
 final concentration  of  CaC12, about  10 stM).  The  final pH

was  directly checked  in each  experiment,  and  fbund  to be about  8.3. After 50 sec

of  incubation in the  base medium,  chloroplasts  were  removed  by  a  Millipore
filter (25 mm  diameter, e.8 p  pore size).  Chloroplasts on  the  filter were  washed

twice  with  5 ml of  a  mixture  of  NaCI  (10 mM)  and  succinate  (5 mM)  bufi;:red with

O.05 M  Tris-HCI, pH  8.3. Radioactivity of  the  chloroplasts  was  determined  by  a

thin  window  G-M  counter.  The  chlorophyll  content  was  determined by the  method

of  ARNoN  (IJ). To  minimize  the  efltct  of  light, experiments  were  carried  out  in

dim  lightwith intensities as  low as  possible. Moreover, 10'5M  DCMU  was  added

in the  acid  rnedium.

    All experiments  were  carried  out  at  3"C.

                              Results

I. Calcr'um ziptake induced bvv acid-base  transition

    To  determine the  appropriate  incubation time  in the  acid  medium,  chloroplasts

were  kept for 10, 2e, 40 and  80 sec  in an  acid  medium  and  subsequently  iajected
into a  base medium.  As  shown  in Fig. 1, the  amount  of  calcium  uptake  decreases

with  increasing incubation time.  As the  time  required  fbr the  operation,  20 sec
was  chosen  for acid  incubation in the  foIlowing experiments.  Next, incubation
time  in a  base medium  was  determined. Fig. 2 shows  that  the  duratien  ofincuba-

tion  in the  base medium  has no  significant  efllect on  the uptake  of  caleium,  almost

the  same  arnounts  of  uptake  being observed  for varied  incubation times.  Hence,

50 sec  was  chosen  in the  following cxperiments.
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Fig. 1. Ameunt  of  acid-base  induced uptake  of  calcium  as  a  function of

incubation time in an  acid  medium.  Incubation time  in the base mcdium

was  50 scc,  Acid medium,  pH  3.8; base medium,  pH  8.5,
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Fig. 2. Time  course  of  acid-base  induced calcium

mcdium.  Chloroplasts were  incubated in the  acid

sec,  Other conditions  as  in Fig. I.

uptake  i" a  base
mcdium  fbr 20

    
'1'able

 l shows  typical data for acid-base  induced  calcium  uptake  of  chloroplasts,

foIJowing 20 sec  of  incubation in the  acid  medium  and  a  subsequent  50 sec  of

inc.ubation in the  base mediurn.  About  a  30-35%  increase in uptake  of  calcium

was  obtained  as  compared  with  that  in the  control  sample  incubated at pH's  7.2 and
8.3. The  pH  diflbrence of  1.1 in the control  runs  was  shown  te be ineflbctive in
inducing  any  uptake  (see Fig. 3) l a  finding which  is in harmony  ",ith  experiments

by JAGENDoRF and  URmE  on  ATI'  fbrmation.

2. Calcium aptake as  afanction  ofpH' in the base stnge

    According to JAGENDoRF and  URiBE, yields of  ATP  induced  by an  acid-base

transition  were  aflbcted  by both acid  and  base stage  pH  values.  Hence,  in our

experiments,  calcium  uptake  was  examined  as  a  function of  pH  in the  base stage.

As shown  in Fig, 3, uptake  was  most  pronounced with  the  highcst pH  in the  base
stage,  namely,  8,3 in experiment  I and  8.l in experiment  II, which  correspond  to

pH  diffbrences of4.5  and  4.3 units,  respectively.  Uptake was  markedly  diminished
by decreasing the pH  diflerence and  at  pH  7.2 (pH diffle]rence, 3.4) the  calcium

uptake  was  reduced  to about  114 of  the  highest values  obtained.

                            Table  1

              Acicl-base induced calcium  aptake in spinach chtoroplasts

  Treatment  -.. .... EXP' I-- ... .. .. 
Exp, II

   ... .. --..- --E?m.. .ri-.prn Ex'o increas.e.. cpm-  .d..Epm 9},-'increa'se'
Centrol 4014  3414

                         128I 31 I235 36
Acid-base treatcda  5295 4649

Exp.  I and  Exp. II exemplify  2 parallel runs  under  the same  experimental  conditions.
a
 Acld  medium,  p}{  S.8 for 20 scc;  base medium,  pH  8,5 for 50 sec.
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Fig. 3. E(fect of  pH  difierence on  acid-base  induced calcium  uptake.

Exp,I  and  Exp. II exemplify  2 parallel runs  under  the sarne  experi-

mental  conditions.  pH  of  the acid  stage,  3.8,

3. Deca.y of the energetic  .state at the base sta.ae as  measured  bj; calcium  mptake

   Decay  of  the  energetic  state  produced  in chloroplasts  by the  acid-base  treatment

was  fbllowed using  the  methed  devised by JAGENDoRF and  UiuBE  in their study  of

ATP  fbrmation. Calcium was  introduced at  various  periods after  the  transfer  of

chloroplasts  into the  base rnedium.  
'I'hc

 uptake  of  calcium  was  measured  as  usual.

iNs  shown  in Fig. 4, the  capacity  for calcium  uptake  was  highest immediately  after

chloroplasts  were,  transferred  to the  base medium,  and  it sharply  diminished

thereafter, After SO ,sec, the  eflect  o(' the acid-base  treatment was  not  detecta.ble.
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Fig. 4･. Decay  ef  acid-base  induced capacity  for calcium  uptake  in the

base stage,･45Ca  was･added  O, 10 and  30 scc  aftev  chloroplasts  had

been transferred  to the  base Jnedium.  Other  conditions  as  in Flg. I.
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4. Effiic.ts qf reagents

    1'iable 2 shows  that  calcium  uptake  undcr  investigation is inl)ibited by the

uncoupiers  of  photophosphorylaiion, in-ciuding NH4Cl,  PMA  and  atebrin.  Among

the  uncouplers  tested, atebri"  w･as  the  m.ost  cflbc[ive  in inhibiting calcium  uptake,

IVhen ibLDP  with  2 rnM  of  ]y([gCl2 ancl  phosl:hate -,as  added  to the base medium,
calcium  uptake  ",as  reduced  by 40-609,,6 (Table B). These facts indicate that  there

is a  competition  betw¢ en  calcium  uptake  and  ATP  fbr-r.nmtion concerning  the

t'onsumption  of  the  high energy  intermediate (.or state)  preduced  by the  acid-hase

tT'eatlr]cllt,

5. Efacts ofoiganic acids

    URiBE  and  JAGE-NDoRF (12) shovt,'ed  various  efiects  of  varieus  ]tinds of  org,anic

acids  as  the  acid  medium  for the  induction of  ATP  l'ormation. In this experiment

                               Table  2

....r-. .-. ..L..LE. t7!ZEt,t-s 1(.i.Pho-top-ltoL!-Plte..t.vl.a.Ei.or't 
tincotiplers

 
on

 
a{ie.le.ase

 ind-i.c.e.d.f..alfi,fet .uptafi'e
                          Exp, I Exp. TI
  Ullcouplersadded 

----
 

--
 

-･----                                          ..........-.-

  ...  . ....-...(."t-o-n.g.I,y}-i/flJ .{l 
cpiii  9,i, efcott[r'5'i'  C:onc (mM) zul)rr,.11.11'ifll'6'ti-c-o'niF6]

  Nonc  -  591 100 --- 721 IOO

  NH,Cl  2 290 49 -  L  -

  PMA  O. 05 502 85 L  -  -

  Atebrin -  -  -  O.5 51 8

AciUlfied 6A'i6roplasts werc  transfi,rFe.cilllt'o't7ase  meffiKa5il'-iLs-)  containing  e5'c'A'lnicoupler.

                            Table  3

       opcls 
((

 
t.he

 Presenoe .cfii.d..E/{b.s'ence of .dDP-e.tt.  
acid-base

 
induced

 
calcium

 
uptake

                       Control +ADP
          Exp.                                             E7o of  control
                       (ti cp]-)  (A cpin)

            I' 
"-iitli7"-'T''

 go2"  63,1 
'-'-"'

            2 1064 1120  105,3

            3 596 274 45.9

            4 590 280 47.5

   Acidified  chioropla.sts  wctre  transferred  into a  basc mcdiuin  (pH 8,5>
eonta{ning  ADP  (4 mM),  rvIgC12 (2 rnM)  and  NazHP04  (2 Tn}t).

   ADP  was  cxcluded  in the conttel,

                      Tabte  4

   opec-t.f. of. 
tler.(g.tts.

 g/ifaLb-,.x.;･gicma.cllds...en...a.El,fldr-bt.se 
in4`ge.d.mc:iciumLtl･f.k..f...--m

      Acid conc  (rnM) 
'i5ff2

 ,UpFlllS, 
1<e

    ttt ttttt tt --ttttttt-tt ttttt tt                tttttt-ttttt tttt ttttttttttttt-tt t tt t                                  t t ttt t tt ttttttttt-t- -ttt-tttt

    Succinic                        2,5 789

    Malic 2.5 440

    Glutamic                        2.5 289

Acid rn6b-ium  pll 3.8; base mcdium  p-i"g.5. 
''-'""'---'----'
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the eflects  of  organic  acids  including succinic  acid,  malic  and  glutamic acids  on

calcium  uptake  were  exarnined.  Table  4 shows  that  uptake  was  highest when

succinic  acid  was  used.  Malic  acid  was  less eflective  and  glutamic  least. The
order  of  eflectiveness  of  these  organic  acids  is similar  to that  observed  by  URiBE

and  JAGENDoRF in their experiments  of  ATP  fbrmation.

Discussion

    That  calcium  ion is absorbed  by  the  chloroplasts  was  first suggested  by NismDA
and  KosHii  (13) from  the  results  of  their measurement  of  the  eptical  density changes
in chloroplasts  suspended  in CaC12 solution  in the  dark. DiLLEy  and  VERNoN  (4),
NoBEL  and  PAcKER  (5) and  NoBEL  (1) have shown  that  the  uptake  of  calcium  is
accelerated  by Iight, also  that  uptake  is inhibited by uncouplers  and  energy  transfer

inhibitors, Thus,  we  inferred that  the uptake  of  calcium  has an  intimate relation
to the  high energy  intermediate (or state)  produced  in the  chloroplasts,

    The  experiments  reported  here show  that  the  uptake  of  calcium  by chloroplasts

in the  dark  can  be  accelerated  by the  acid-base  transition, The  conditions  necessary

to induce the uptake  ofcalcium  are  similar  to those  required  for acid-base  induced

ATP  synthesis,  These start  out  with  the absolute  rcquirement  for a  transition lforn

an  acidic  (pH 3.8) to a  basic (pH 8.3) environment.  The  respenses  ofthe  2 reactions
toward  varieus  substances  also  bear similarities.  An  addition  ofNH4Cl,  PMA  and

atebrin  inhibits both the  uptake  ofcalcium  and  ATP  formation. Moreover, grades
of  efll]ctiveness  of  various  organic  acids  used  as the  acid  medium  are  also  similar  in
both cases.  That  the  phosphorylating system,  i.e., ADP  with  Mg  and  phosphate,
affbcts  calcium  uptakc  is highly interesting. This  suggests  that  the  uptake  ofcalcium

induced by the acid-base  transition  competes  with  phosphorylation for available

energy.

    The  amount  of  acid-base  induced calcium  uptake  obtained  in the  present
experiments  was  around  O.8 mpmolesfmg  chiorophyll  under  the  most  favorable
conditiolls.  This value  is rather  low  as  compared  with  that  for Iight-induced calcium

uptake  as  investigated by  NoBEL  (1). He  obtained  values  mostly  higher than

2 ml-moles/mg  chlorophyll  and  even  values  as  high as 16 mptmoles/mg  chlorophyll

when  sulfhydryl  reagents  were  added  to  the  reaction  mixture.  JAGENDoRF and

URiBE  obtained  ATP  formation around  lOO-200  mpamoleslmg  chlorophyll  by  the

acid-base  treatment.  This is also  much  higher in eMciency  than  the  calcium  uptake

obtained  in this study  using  the sarne  treatment  of  chloroplasts.

   Thanks  are  due to  Messrs.  TAMAi and  HosmNA  for many  helpfu1 discussions.
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