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'I'he

 perrricability pvoperties and  mcc/hanisin  Df  P{ traTisport  is'ere  investigated

ii] purified bcan  Tnitochondria,

1, Purificd bean  niitochondria  are  impcrmeable  to  sma[i  moiccules  and  ions.
Howcvcr,  Pi, ai'senate,  acetaLc  and  formEtte can  enter  thc  osmotically  active  space  of

bean  mitochondria.

2. Nigericin or  the  association  ofvalinon'iycin  ancl  FCC?  cause  mitocho]idi'ial  swelling

in  i$oosmottc  potassium  phosphate.
3, The  SH-blocki"g reagents  mersal},1,  pHMB  and  NEM  inhibit various  mitechondrial

fUnciions dependent on  the  translecation  of  Pi and  arsenate  acre$s  the  
mernbrane.

These inciude the  respiration  stimulated  by ADP,  Ca?++Pi,  and  K++valinomycin
-FPi;

 the swel!ing  in ammoniuin  phosphate  medium  and,  in the presence  ofnigericin,

in potassauin phosphate medium;  the  encrgy-linked  valinomycin-induccd  swelling

and  the  subscquent  CICCP-indvced  shrinking.  The  uncoup]er-stimulated  respiration,

as
 
well

 
as

 
the

 uther  preccsses whcn  acetate  is substituted  for Pi, are  not  infiuenced by
SH  reagcnts.

4. Mersalyl and  pHMB  cause  complete  inhibiLien at  about  20 nmoles/mg  protein,
wherea$,  NE"'T is effhctiN,e  at  about  1 ,umelcimg protein. The  inhibition by  mersa]yl

and  pHMB,  but not  that  by NEM,  is sigmoidal  and  reversed  by 2-mercaptoethanol.
Non-{nhibitory amounts  of  mcrsalyl  protect the P{ transport  from  irreversiblc inhibitien
by NEM,
5.
 We  concluded  that  a  carrier-mediated  transport  system  for ?i {s present in bean

mitochondria,  and  that  some  of  its properties are  simi]ar  to  the  Pi carrier  ol' animal

mitochondria.

    In recent  years, a  great deai of  work  has been carried  out  with  animal  mito-

chondria  to elucidatc  the  mechanism  of  translocation  of  physiologically important
metabolites  across  the  mitochondrial  membrane  (3, 26). Although  thc inner
membrane

 of  animal  mitochondria  appears  to be impermeable  to even  small

mole?ules
 and  ions, specific  carrier-mediated  transport  systems  facililatc the  per-

meatien  of  those metabolites  that  must  enter  or  leave the mitochondria.  Further-
more,  mitochondria  from diflercnt tissues  vary  in their complement  of  carrier

   Abbreviations: BSA,  bos,ine serum  albumines  pHMB,  P-hydroxymercuribenzoate; NEM,
N-cthylmaleimide;

 CICCP,  carbonylcyanide  m-chloro-phenylhydrazonc;  ];CCP, carbonylcyanidie

P-trifiuoromethoxy-phenylhydrazone.
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systems  (3, 7, 14, 261 27, 35, 36), The  question arises  as  to whcther  plant mito-

chondria  contain  specific  transpert  systems  similar  tQ animal  mitochondria.

    The  existence  ofcarrier-mediated  transport  systems  in plant mitochondria  has
been  examined  only  ln a  few preliminary studies  (19, 25, 31, 32). This may  be due

to the diMculty of  preparing plant mitochondria  which  are  intact and  void  of  con-

taminants,  Recently, Douceet al, C6) prepared  highly purified plantmitochondria.

    We  studied  the  permeability properties of  purified bean mitochondria  toward

diflerent molecules  and  ions. Various reactions  involvin.ff the  transport  of  Pi and

a.rscnate  across  the  mitochondria}  membrane  wcre  examined  and  their sensitivity                                                                      '
to SH-blocking rcagcnts  investigated. Evidence indicates the presence ofa  carrier-

mediated  transport  system  which  catalyzes  an  electroneutral  translocation  of  Pi.

The  properties of  this carrier  in bean mitochondria  wcrc  compared  with  those of  the

Pi carrier  in animal  mitochondria,  A  preliminary account  of  part of  this work  has

been reportcd  (51.

                        Materials  and  methods

A4aterials

    Crystallized and  lyophilized bovine serum  albumin  (BSA), cysteine,  sodium

deoxycholate, antimycin  A, Tris (Trizma base), ADP  and  ATP  (sodium salts),

succinic  acid,  t-malic acid,  sodium  pyruvate, valinomycin,  CICCP,  mersalyl

{o-(3-hydroxymercuri-2-metoxypropyl)-carbamoylphenoxyacctate}, pHMB  and

NEM  were  purchased  from Sigrna. Nigericin and  FCCP  were  gifts of  Dr. Lardy

and  Dr. Hcytler (du Pont), respectively.  The  other  chemicals  (analytical grade)
were  obtained  from Merck, Darmstadt.

Proparation ofPurijied mitochondria

    "(itochondria were  isolated frem hypocotyls of  5-day-old etiolated  bean

(Vigna sinensis  cv.  Blue Lake) seedlings,  grown in damp  vermiculite  in a  dark-
controlled  environmental  chamber  at  27± leC and  70%  relative  humidity.

    The  mitochondrial  suspension  was  prepared  using  the  method  described by

Ikurna (24) with  minor  modifications:  fbr tissuc disruption, a  Braun  rnixer  and

a  medium  containing  O.5M mannitol,  e.IO/. BSA,  5mM  Tris-Cl, 0.05%  cysteine

and  1 mM  EDTA  (pH 8.0) were  used;  tbe  washing  medium  contained  O.4M  man-

nitol,  O,1%  BSA  and  5 rmf  Tris-Cl (pH 7.2).
    Purification of  the  mitochondria  was  carried  out  on  a  discontinuous sucrose

gradient according  to  Douce  et  ai.  (6), exccpt  that  5 mM  Tris-CI (pH 7.2) was  used

instead of  10mM  phQsphate buffer. Purified mitochondria  were  suspended  at  a

concentration  of  30-40  mg  proteinlml in a  medium  containing  
'O,4M

 mannitol

and  5 mM  Tris-Cl (pH 7,2),

iW'itochondrial  swetting

    The  ratc  of  mitochondrial  swelling  was  monitored  by recording  the decreasc
in the  absorbance  at  546 nm  with  an  Eppendorf  photometer  model  1101 A･{.

02 aptake

    Oxygen  uptake  was  measured  polaregraphically with  a  Clark electrode
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(Yellow Spring Instrument, Co.) in a  2-ml closed  stirred  cell, using  a  reaction

medium  centaining  e.4M  mannitol,  5 rnM  Tris-Cl (pH 7,4), 5 mM  MgClz  and  1-
2 mg  mitochondrial  protein at  270C. rl"he

 oxygen  concentration  in the  air-saturated
medium  was  taken  as  250"M  (8).
Determination of mitochonth'ial  Pretein             '

    Protein was  determined by the biuret method  (J5) after  bein.cr dissolved with
sodium  deoxycholate, using  BSA  as  standard.

                                Results

Permeabiliip, properiies of'pu?'ijied bean mitodhondria

    The  intactness of  the purified b¢ an  mitochondrial  mernbranc  was  examincd

by studying  the  eflect  of  changing  the  osmolarity  of  the  medium  on  the mito-
chondrial  volume  (2, 37). Fig. IA  shews  that the  reciprocal  of  the  apparent

pptical density (the volumc  of  the  mitochondrial  water)  decreased linearly on
increasing  the  concentration  of  sucrose  in the  medium,  i.e., the mitochondria  were

osmotically  active,  behaving as  osmometers.  The  same  results  were  obtained

using  mannitol,  D-glucose  and  galactose instead of  sucrese,  indicating that all
these sugars,  iike in rat  liver mitochondria  (1), do not  permeate  purified bean
mitochondria.

    The  properties of  ion permeation into mitechondria  can  be studied  using  the
method       described                by Chappell and  Crofts (2). Isoosmotic solutions  of  difierent
salts  lead to swelling  of  mitochonclria  when  both anion  and  cation  can  penetrate
the  mitochondria.  As  illustrated in Fig. IB, in the  prcsence of  NH4+,  Pi and
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 1. 7he osmeiic  Efllect of  changing  the  osmolarity  of

lhe medium  
on

 
mitochondrial

 volume  ria  CO.9 mg  protein) were  suspended

in
 the indicatcd A, ImM  EDTA  aJid  5mM  Tris-Cl

(pH 7.2). Final density at  546 nm  was  read2min

after  addition  mitochondria  in isoosmotic solutions  
Df

various
 sarts.  Purified bean mitochondria  (I mg  protein) added  te the indicated salt  solutions

containing  O.3,zag [[iris-Cl (pH 7.4>, Nlnal volurne2rril,

temperature
 
24eC.

 NH4Cl  or  200 mif  KCI:  curve  2, 130 rmt  potassium  phosphatc;
cu:ve  3, 200 m"f  arnmomum  phosphate; curvc  5, 200 m"f  am-   'monlum

 acetate,
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Fig, 2. opats of valinon!vcin,  FCCP  andnigericin

on  the volume  of the rnitochondeia  suspended  in

isotonic Potassium Pho,whate, Purified bean mito-

chondria  (e.9mg protein) wcre  suspended  in

130 mM  potassium phosphate (pH 7,4) contain-

ing O.3ptg antirnycin  A  and  lmbi  EDTA.
Where indieated, O,5 ,ug

 valinomycin  CVA), 2.5

pm{ FCCP  or  O,35"g  rkigericin  <NIG) was

added.  Final volume2ml,  temperature  240C.

T/t=t･1
/'i

acetate  induced  mitochondria}  swelling,  whcreas  no  swellin.cr  occurred  with  im-

permeable  anions  such  as Cl-  and  (net shown)  Br-  and  I-. N'Vith both Pi and

acetate,  swelling  did not  occur  when  K+  was  stibstituted  for the  permeant  cation

NH4'", Since ammonia  probably enters  the  mitochondria  as  NH4  (2), these

results  indicate that  Pi and  acetate  can  permeate the mitochondria}  mcmbrane

together  with  protons or  in exchange  fbr hydroxyl ions, i.e., in an  electroneutral

manner.

    The  q.uestion of  thc  mechanism  of  Pi permeation in bean mitochendria  can

also  be approached  by examining  the efTect  ofionophorcs  on  mitochondrial  swelling

in isotonic potassium  phosphate  (29). Fig. 2 shows  that  nigericin,  which  catalyzes

a  K+/H ÷ exchange,  or  the  association  of  the  K+-conductor  valinomycin  and  the

H+-conductor  FCCP,  induced swelling  of  the  mitochondria  suspended  in potassium

phosphate, Neither valinomycin  nor  FCCP  had  any  eflbct/  when  addcd  alone.

    Similar resuits  were  obtained  when  the  efflect of  ionophercs was  tested  .in the

prescnce of  potassium salts  of  arsenate,  acetate  and  formate (not shown).  As a

centrast,  isie found (unpublished results)  that  valinomycin  alone  caused  swelling

ofbean  mitochondria  in isotonic KSCN,  indicating that  SCN-  can  permeate through

Table 1 I2filect of' ntersalyl,  PHMB  artd  AIEM  en

salts

     
su$pending

 
mediuiii

 No  ll{hibitor
                            tttt tttttt t

     NH4  phosphate (130 mM)  O.47

     NH4  acetate  <200 m"f)  O. 73

     NH4  arsenate  (130m"{) O.45

     NH4  formate (200 mM)  O. 56

the ste]etlin.eof  bean

Rate  of  swelling

tnitochondeia  in vanous  amn'ionzntm

){eli-a.I-yi.-.

O. 09O.72O.

 07O.54

Tfiirty "l of  purified bean  mitochondria  (1,2 mg  protein) was  preincubated with  20 pl of  a  solution

containing  O.4M  mannitol,  5 mM  Tris-Cl (pH 7.4) and  mersalyl

(O.16ymoleslmg protein) or  NEM  (2.5pamoleslnig protein). After

were  added  to the  indicated ammoniurn  salts  containing  O.3 psg antimycin  A

Tris-Cl (pH 7.4), 

'Hnal
 volumc  2 ml,  ternperature  240C.

a
 The  rate  of  swelling  is shown  as  AODs4e..,/30  sec  after  the  addition

 
a
 (AODi30 sec)

     
'it75-{i'

 -.-.:f-(E'M-'. .

      0. 08 O. 09

      O. 72 O. 71

      O. 08 O. 09

      O. 55 O. 55

(O.16l`moleslmg protein), p}IMB

  incubation, the  mitochondria

        1m"f  EDTA  and5mM       ,

      o £
'
 the  mitechondria.
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'

Fig. 3. oplect of mersalyl  en  1-matate oy.idotion  of' bea.n mitochendria.  Cenditions are  as  clescribed in
Materials

 
and

 metheds  except  that  10 mM  Pi (Tris salt>  was  also  included  in the reaction  medium,
Where

 
indicated,

 1.1 mg  protein of' purified bean mitochondria,  30 mM  Tris-l-malate, 200 pmt or  1 mM

ADP,
 
20g･g

 
oligomycin,

 7.51sM CiCC?,  O.2timolcs mersalyl  or  5mM  2-rncrcaptoethanol (ME)
was

 added.  Thc  nurnerals  on  the slopes  are  nmo]es  O･.)1rng protein per min.  

'

the
 
membrane

 
in

 
the

 anionic  fbrm, in accerdance  with  its polarizability and  Iipid
solubility  (22).

llLfflect of Sff reagents  on  swelling  in isoosmotic salts

    
Si?ce

 the transport  of  Pi in animal  mitochondria  is inhibited by low  con-

centrations
 of  SH-blocking  reagents  (9, 10, 20, 38), we  investigated the  efllect of

these rcagents  on  the  swelling  of  purified bean mitochondria  in isoosmotic salts  
of

Pi. Table  1 shows  that mersalyi,  pHMB  and  NEM  inhibited mitochondrial  swel-
ling in ammonium  phosphate or  ammonium  arsenate  medium,  On. the  other
hand, the  swelling  in ammonium  acetate  or  ammonium  formate medium  was  

net

NII-Electronic  Mbrary  
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Table  2anionsI2alact of mersalyl  on  the respiration  stimulated  ip calcium  or  valinompcin  in the presence of dZffbrent

Exp, Addition

1

2

NoneADP+Pi

''
 

'-R-a-tUof
 ek'y'gcn uptakea

 (p-moles 02.?}. If.:l mgr1  pr.otcin)..----.."

2,4-Dinitrophcnol
Calcium+?i

Calcium+acetate

Ca!cium-Farsenate

None 180 180

ADPiLPi  490  165

C!CCP  370 367

VaLinomycin  220 210

Valinomycin+Pi'  S30 220

Valinomycin+acetatc  300 300

Vaiinornycin+arscnate 31e 225

 
''lllEEIiUm

 contained  o,4 M  mannitol,  10 mM  KCI, 5 mM  MgC12,  5 mM  Tris-Cl (pH 7-2)
                                1 and  1,2 rngin  Exp. 2). The  mitochondria

                      r 2 min,  either  in the  absence  or  presence of  mersalyl  (O.2
      ,

 before addition  of  4 mM  Tr{s-succinate in Exp. 1 or  8 mM  Tris-l-malate and

        in Exp. 2. 0ne  min  aftcr  addition  of  the respiratory  substrates,  l mM  ADP,

30 pmf 2,4-dinitrephenol, 100 "･i{ CaC12,  10mM  Tris-acetate, 10mM  sodium  aTsenate,

   or  e,5isg valinomycin  was  added  as  indicated. The  final volume  was  2ml, the

 was  27eC. Other  conditions  are  clescribed in Materials and  methods.

        Douce  et  al,  purified bean  mitochondria  exhibited  a  vcry  strong  control  by

their respiratory  activity  was  very  fast (ff).

No  inhibitor "..--

    190

    520

    472 

'

    408

    396

    385

The  reaction

and  purified bcan  mitochondria  (1.9 ing  protein in Exp.

were  incubated in the  reaction  medium  fo

"molesJmg  protein)
8 inM  sodlum  pyruvate

10mM  Pi,
7,5 ttit CICC?  1temperature

a
 In agreement  with

AD?  and

... 
NYith .lp.e.rsalyl.

       192

       195

       476

       201

       381

       l97

afllected  by  these  SH  reagents.  As  shown  below (Fig. 6) mersalyl,  pHMB  and
                                                             ny -
NEM  also  eflbctively  inhibited bean  mitochondria  swelling  in isoosmotic potassium

phosphate, caused  by the addition  of  nigericin,

filffiict qf Sff reagents  on  re,spiration

    Polaregraphic experiments  using  purified bean mitochondria  cQnfirmed  the

report  of  Hanson  et  al. (J9) that  mersalyl  inhibits the  stimulation  ef  oxygen  uptake

by ADP  but not  that  by the  uncoupling  agents  (Fig. 3, trace  B). Inhibition of  the

Al)P-stimulated respiration  by mersalyl  was  released  by 2-mercaptoethanol (trace
C:) to approximately  the  rate  of  the  control,  indicating that  no  permanent alteratien

was  causcd  by the  SH  reagent,  Oligomycin  abolished  the efll]ct of  2-mercapto-
ethanol  (trace C) er  prevented it when  added  before (trace D). Similar results

were  also  fbund with  10 mM  l-malate plus 10 mM  pyruvate  or  with  5 mM  succinate

as  respiratory  substrates,  and  using  pHMB  instead of  mersalyl,

    In a  i-ride  variety  of  plant mitochondria,  Chen and  Lehninger (4) have shovtTn
that  Ca2+ is not  taken  up  and  does not  stimulate  respiration  unless  a  permeant  amon

is also  present. Table 2 compares  (Exp. 1) the  efl6ct  ofmersalyl  on  thestimulation

ofsuccinate  oxidation  by Ca2+ in the presence ofdifflerent  anions,  The  SH  reagent
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Ilffbct
 of mersalyg  on  the energn,-linked  valinompcin-induced  smoelling.  ?urified bean  mitochondria

(1 mg  protein)  were  suspended  in a  medium  centaining  O,4M  mannitol,  1 mM  EDTA,  10m){  KCI
and

 
5
 rr]M Tris-Cl (p}I 7,4). NVhere indicated, 1OO nmeles  of  the  SH  reagcnt  mersalyl,  30 inM  Tris-

l-malate,
 O,5 ,ug  valinomycin  (VA), 1 mM  Tris-phesphate, 5m"f  Tris-acetate, 7,5 

,uM

 CICCP  and

5nthf
 2-mercaptoethanol (ME) were  added,  Final xrolume  2ml,  temperature  220C,

markedly  inhibited succinate  oxidation  stimulated  by  calcium  ions, when  Pi or

arsenate
 Mras  added  as the  permeant  anion,  On  the  other  hand, when  acetate  was

substituted
 for Pi, stimulation  of  succinate  oxidation  by Ca2+ was  unaflbcted  by

mersalyl.

    
Mitochondrial  respiration  is also  stimulated  by K=' uptake  in the  presence of

valinomycin  and  a  suitable  permeant  anion  (19, 30, 40). The  data in Tabie 2
(Pxp. 2) show  that  mersalyl  abolished  the  increase in Qxygen  uptake  induced  by
Pi or  arsenate,  in the  presence of  valinomycin  and  KT,  but had  no  eflbct  on  the
stimulation  induced by acetate.

E/Vbct of SH  reagents  otz ene7g2-linked  valinompcin-indueed  swetliizg

    Fig. 4 (traces A  and  B) shows  that mersalyl  inhibited the  energy-linked
va!inomycin-induced

 swelling  of  bean mitochendria  when  Pi was  the  permeant
anion,  but no  efflect  was  observed  when  acetate  was  used  instead of  Pi. In the
experiment

 illustrated in trace  C of  Fig. 4, the mitochondria  were  first swollen  by
the  energy-linked  K+  uptake  in the  presence ofva]inomycin  and  Pi. When  CICCP
was  added,  a  fast contraction  occurred.  However, if mersalyl  was  added  before
CICCP,  the shrinking  (i.e., the  eMux  of  Pi and  K+) was  abolished.  Addition of

2-mercaptoethanol Ctrace D) to mitochondria  incubated with  mersalyl,  valinomycin
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E'f'r,aee,/G

   CIC'X:P
   l' .q'n)

iFKI x.roagent
               c/o=Lrol

                   pUX･tB

           n,,.rsalyl,

Fig. 5. su  reagent-i"deced  swelling  duritag CIC(]P-

stimutated  A7P  lpcfreipsis. ?urified  bean  mite-

chondria  (1 mg  protein) were  suspended  in a

medium  similar  to that  reported  in Fig. 4.

W'here indicated, 2 rrlhi ATP,  7.5paM CICC?,

100  nmoles  mersalyl  or  500 nmoles  pHMB  wcre

addcd,  Final volume2ml,  temperature  24:C.

    i

   o  :,L.fi....L--.LL-J-.L-ww  ,
    O z 4 6 Smin

and  Pi, in the presence of  a  respiratory  substrate,  released  the  mersalyl  inhibition
of  both the valinomycin-induced  swelling  and  the  CiCCP-induced shrinking,

Simirar results  were  found using  O.1 mM  pHMB  instead of  mersalyl,  and  arsenate

instead of  Pi (not shown).  NE]FvT (l mM)  also  inhibited the  ener.cry-linked  valino-

mycin-induced  swcl}ing  whcn  Pi or  arsenate  x･vas the pcrmeant anion.  In this case,

however, further addition  of  2-mercaptoethanol did not  release  the inhibition.

SH  reagent-indeiced  ste'elliag  cinring  CtCCP-stimulated ATP  nj,db'olysis
    Another  way  ot'  testing the  efllect of  SH  reagents  en  the  Pi transport  across

the mitochondrial  membrane  is to  
.crenerate

 Pi in the  matrix  by the  uncoupler-

stimulated  ATP  hydrolysis. Thus, if the  eMux  of  Pi is inhibited under  these

conditions,  Pi builds up  in the  matrix  altd  the mitochondria  swell  (16, 39). Fig. 5

shows  that  the  addition  of  mersalyl  or  pHMB  to bean mitochondria,  incubated
with  CICCP  and  ATP,  caused  mitochondrial  swelling.

7"itration of Pi-dopendent mitoohondrial  sweUiug  igeith  LYI  reagents

    Fig. 6A  shows  the  eflhct  ofincreasing  concentrations  ofmersalyl  on  the energy-

linked valinomycin-induced  swelling  and  on  the  nigericin-induced  swelling  in

potassium phosphate  medium,  Inhibition of  the  two  Pi-dependent  processes by

any  given mersalyl  concentration  was  similar.  With both systems,  mersalyi  had

virtually  no  eflbct  at  a  concentration  of 3 nmoleslrng  protein. Above  this con-

centration,  it exerted  its inhibitory efi'ect giving halfimaximal  inhibition at  about

7 nmoleslmg  protein. A  sigmoidal  type  of  inhibition by  mersalyl  has also  been

fbund when  Pi-dependent  mitochondrial  functions were  studied  in rat  liver mito-

chondria  (JJ, I3, 28, 34),

    Titration of  Pi-dependent  mitochondrial  swelling  with  mersalyl  was  compared

with  that  obtained  in the  presence ofpHMB  (Fig. 6B) or  NEM  (Fig. 6C). pHMB
was  approximately  as  effective  as mersalyl  and  its curve  of  inhibition was  also

sigmoidal.  The  other  SH  reagent,  NEM,  on  the  other  hand, inhibited the  Pi-

dependent  swelling  in an  hyperbolic way  and  a  much  higher concentration  was

required  for ha}fimaxima}  inhibition (about 350  Rmoles!mg  protein).
    As  recently  fbund  by  Fonyo  in rat  liver mitechondria  (13), Fig. 7 shows  that

non-inhibitory  amounts  of  mersalyl  protected the  Pi transport  from  irreversible

inhibition by  NEM.  In this experiment,  the  valinemycin-induced  swelling  was

used  to assay  Pi transport,  Trace  B demonstrates that  the  inhibition of  Pi uptake
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by NEM  was  not  reversed  by 2-mercaptoethanol. However,  when  a  non-inhibitory

amount  of  mersalyl  (3.8 nmolesfmg  protein) was  added  to the  reaction  mixture

before a  large excess  ofNEM,  Pi-dependent swelling  occurred,  provided  2-mercapto-

ethanol  removed  mersalyJ  and  the unreacted  NEM  (trace C). The  addition  of

2-mercaptoethanol, in the  absence  ofPi,  did not  cause  swelling  (not shown).  These

data indicate that  non-inhibitory  amounts  ofmersaly!  react  with  SH-groups,  which

are  able  to elicit  Pi transport  activity  when  they  are  liberated and  the  rest  of  the

SH-groups  are  irreversibly blocked by NEM.

                              Discussion

    The  data of  Fig. 1 demonstrate that  Cl" and  K+  cannot  enter  the  osmotically

active  space  ofpurified  bean mitochondria.  Thus, these  mitochondria  do not  swell

in KCI,  and  even  in NH4Cl,  potassium acetate  and  potassium phosphate, These
results  are  in contrast  with  the  passive swelling  in KC,l, K  acetate  and  K  phosphate,
which  has been observed  in plant mitochondria  (see 17, 18, 40 fbrrefs.). Coneeivably
the  reported  differences in ion permeability properties between plant and  anirnal

mitochondria  may  reflect  membrane  damage  suffbred  during isolation by a  great

preportion of  plant mitochondria  (33). Our findings indicate that rnitochondria

carefUIIy  prepared  and  purified from bean hypocotyls, are  impermeable  not  only

to Cl-, K+,  Br-  and  I- ions, but also  to small  uncharged  molecules  such  as  several

monesaccharides  and  disaccharides, as already  shown  in rat  Iiver mitochondria  (I).
    Among  the anions  tested, Pi, arsenate,  acetate  and  forrnate are  able  to enter

the  mitochondria.  Our  data show  that  they  permeate the membrane  of  bean

mitochondria  in an  electroneutral  manner  as  undissociated  acids  or  in the  ionized

state  in exchange  for OH-.  The  foIIowing evidence  supports  this:

a)  Mitochondria  swcll  in ammonium  salts. In this case,  the  free diffusion of

NH3  into the  matrix  creates  a  pH  gradient across  the  mernbrane,  alkaline  inside,

which  allows  influx of  the  above-mentioned  anions  in exchange  for OH"  (or together
with  }I+).

b) Valinomycin, which  catalyzes  an  electrogenic  translocation  of  K'F' (21), does

not  cause  swelling  of  mitochondria  suspended  in potassium salts.  This rules  eut

the  possibility of  an  electrogenic  translocation  of  Pi, arsenate,  acetate  and  formate.

c) The  requirement  for swelling  in K+  salts of  high permeability for both K+

and  H+  can  be accounted  for by an  electroneutral  transport  of  acid$  according  te

the  follewing scheme:

                Pi-+H+  
-"

 HPI  e-.  I{Pi -
 H++Pi-

                     A 1 ,

                     rk' ----  
-
 
-
 
---iie

 k+
                                    li
                       t t:

                     Kt---  
-tfr-----------K+

In this scheme,  the permeation  of  Pi together  with  H+  is represented  for the  sake

of  convenience  and  dees not  imply that  an  exchange  of  Pi with  OH-  cannot  occur.

    As found in animal  mitochondria  (9, 10, 20, 38), the  transport  ofPi  and  arsenate

in purified bean mitochondria  is inhibited by  SH-blocking  reagents.  Thus mersalyl,
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pHMB  and  NEM  inhibit various  mitochondrial  functions dependent on  the  trans-
location of  Pi across  the  membrane.  That  the point of  inhibition is the  specific

transport  of  Pi is supported  by the  observation  that all processes in which  acetate

can  be used  instead of  Pi are  not  aflt]cted  by SH  reagents.  Furthermore,  the
uncoupler-stimulated  respiration  which  is not  dependent on  the entry  of  Pi into
the mitochendria,  is not  inhibited by  the  thiol reagents,  in contrast  to the respiration
stimulated  by ADP,  Ca2++Pi,  K++valinomycin-l-Pi.  Note  that  the presence
of  an  uncoupler  per se  does not  abolish  the eflect  of  the  SH  reagents  on  the  Pi
transport. Thus, these reagents  inhibit the CICCP-induced shrinking  of  mito-

chondria  previeusly swollen  by the  energy-linked  Kt  uptake,  in the  presence ot'

valinomycin  and  Pi, and  vice  versa  cause  mitochondrial  swelling  during CICCP-
stimulated  ATP  hydrolysis.

    The  sensitivity  to SH  reagents  is the  main  indication that  the  Pi transport  is
a  carrier-mediated  process. As in animal  mitochondria,  arsenate  seems  to be a

substrate  for this carrier,  since  its transport  is sensitive  to the  same  SH  reagents.

Several properties of  the  inhibition by SH  reagents  of  the  Pi transport  in bean
mitochondria  are  similar  to those  observed  in rat  liver mitochondria:  a) The
inhibitery eflect  of  mersalyl  and  pHMB  is revemsed  by  2-mercaptoethanol, whereas
that  of  NEM  is not,  b) Pi transport  in bean  mitochondria  is inhibited almost

completely  by about  20 nmoles!rng  protein mersalyl  and  pHMB.  This value  com-

pares well  with  the  observations  with  rat  liver mitochondria  (9, 11, J3, 28, 34).
e) The  curve  representing  inhibition as  a  function of  the concentration  efmersalyl

and  pHMB  is sigmoidal.  d) Low,  non-inhibitory  amounts  of  mersalyl  react  with

SH-groups  of  the  Pi carrier.  The  transport  system  for Pi in bean mitochondria

is, however, diflerent frem that  ofanimal  mitochondria  with  respect  to its inhibition
by NEM.  Thus, NEM  completely  inhibits Pi transport  in bean  mitochondria

only  at  a  concentratien  of  about  1 pamole!mg protein, whereas  15-60 nmoleslmg

protein cause  total inhibition in rat  liver mitochondria  (12, 13, 20, 23, 28). Further-
more,  the dependence of  the  inhibition on  NEM  concentration  is not  sigmoidal

in bean mitochondria,  in contrast  to that  observed  in rat  liver mitochondria  (23,
28). According to Fonyo (13), the  sigmoidal  dependence  of  the inhibition of  Pi
transport  on  the concentration  of  SH  reagents  in liver mitochondria  may  be
aceounted  for by  the presence of  two  functionally equivalent  SH  groups per unit

of  Pi carrier  with  largely diflbrent aMnities  for the  inhibitors. Possibly, in bean
mitochondria,  the  proposed  two  SH  groups on  the  Pi carricr  have lower and  ap-

proximately equal  aMnity  for NEM.

   This investigation was  supportcd  by  a  research  contract  between  the  
``Consiglio
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