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Quantitative
         as  the

Evaluation of  the Weak  Acid Hypothesis

Mechanism  for 2,4-D Absorption
by Corn Root Protoplasts*

             Fumito  KAsAi** and  I)avid It",

1)ePa.t'tmEn?,t o.fBotan.v,  Ufiivt'rsity o.f Cahforiiia, Davis.

                    (]{eceived July 20, 1990)

BAyER

Caklfomia  .9561if. U.S.A.

   The  absorption  of  2.`l-D by  prot.oplasts enzymatically  isolnted from  thc cortex  of  corn

(Zea mays  L.  cv  Pioneer  S377) root  was  investigatecl  in iclation  to  their  extracellular  and

intracellular pH.  

'1'he
 2,4-D absurption  increasc･d as  the  extracellular  pH  (pHO} decrcased.

Thc  ratio  of  the  2,4-D  concentration  inside to outsicle  thc  protoplasts (ci,,/cO) reached  ca.  1.2,

4.0, 10-l2 ancl  30-40 at  pHO  7.5, 6.5. 5.5 and  4.5 respectively,  within  75min  incubation.

At  pHe  3.5 and  2,8, ci/a"  ratio  reached  ca.  90 and  150 respectively  within  15 min,  but  the

absorbed  2,4-D was  rapidly  rcleas ¢ d after  15 min  incubation  due  to the death  of  the  pro-
toplasts. Thc  dctermination of  thc evcra]1  intraccllular pH  {pHi) by  the 5,5-dimethyloxa-

zelidine-2,4-dione  distribution technique  indicated that  the  change  of  the  pHi  as influenccd

by  the pH"  vaTiation  (7.5 to 4.5) was  relatively  small  (6.9 to  6.6), Using  the  measured  pHi,
the  theoreticn,1  ci/cO  ratio  at  cach  pHe  was  estimated  based  on  the ".eak  acld  hypothesis.

Although  the  pHO  dcpcndence  of  the  theoretical oi,/cO roughly  resemblcd  the  observed  tcn-

dency,  the  rr]easured  ciXcO  ratios  at  pH'  6.5 and  7.5 were  significantly  grcater than  their  re-

spective  tl]eoretical maxima.  Tl'hese results  sug.ffest  that  the  absorptien  of  2.4-T) by  proto-

plasts cannot  be  accountecl  for simply  by  the  weak  acid  hypothesig  and  that an  activc

transport is invelved  at  ]cast. at  pHO  6.5 and  7,5.

             INTRODUCTION

  It has  been well  established  that  a  phenoxy
herbicide, 2,4-D, has a  

``symplastic'i

 property
in terms of  absorption  and  translocatien in

plant systems.i-a)  Several lines of  experi-

rnental  evidence  have indicated that 2,4-D is
capable  of  being effectively  absorbed  into
cytoplasm  and  retained  in the symplast.i'S)

If the mechanism  for such  symplastic  mobility

of  2,4-D could  be exactly  clescribed,  the results

wou]d  previde important elues  to elucidate

plant transport systems  as  well  as  to help design
chemical  structures  for new  symplastic  her-
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 Influence ot  Intrace]lular pH  on  vSLbsorption  of

    2,tl-D 1)y Corn  1{oot PTotol)la,sts (I'n,rt 1).

  
**

 Present  address]  Agrochemicals  Development

    and  TechnicaL  Services ])epartnient, Sankyo

    Ce., Ltd., 2-chome, Ginza, Tok>ro 104, Japan.

bicides or  phytohormones. Unfortunately, the
exact  mechanism  of  2,4-D absorption  is still

unclear  in spite  of  extensive  investigations

carricd  out.

  The  weak  acid  hypothesis  (or the  ion trap

theory) has been used  to explain  the sym-

plastic mobility  of  weak  acid  xenobiotics  in-
cluding  2,4-D.3,`,6,T' The  hy･pethesis is briefed
as  follews: The  transport of  weak  acids  across

plasmalemma  occurs  mainly  by  passive diffu-
sion  of  the undissociated  molecules  due  to  their

lipepl]ilicity. Once  insidc the symplast  (the
cytoplasm  or  the sieve  tube), the rnolecules

dissociate into anions  due to the higher pH
of  the syTnplast,  The  hydrophilic anions  are

unable  to diffuse back through  the plasma-
lemma  causing  the anions  to accumulate  with-

in the symplast.

  There have been, however, two major
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dithculties in quantitative]y evaluating  the

validity  of  this hypothesis, First, the p:resence
of  the cell  wall  or  free space  in plant systems

makes  it difllcult to accurately  determine the
intracellular solute  concentration.  Even  the

extracellular  conditions  to which  the plasma-
lemma  is directly exposed  may  be different
from the bathing buffer if the cell  wall  is
covering  the plasma]emma.  Second, the in-

tracellular pH  (pH`) of  plant cells  must  be
determined  during  the absorption  process. In
fact, although  the pHi is a  key parameter  for

the weal<  acid  1]ypothesi$, few  investigations

have  measured  the pHi along  with  the ab-

sorption  studies.

  In  the  present study,  in order  to overcome

these difficulties, the absorption  ef  2,4-D by
corn  root  protoplasts was  investigated con-

sidering  not  only  the extracelluLar  pH  (pHO)
but  also  thepHi.  The  pHi  of  the protoplasts
was  mcasured  by  the 5,5-dimethyloxazolidine-
2,4-dione (DMO) distribution technique.S'iO)
The  protoplasts were  usecl  to eliminate  the

uncertainties  associated  with  the cell  wall  or

Donnan  phase.ii) Corn  roots  wcre  sclected  as

the source  of  protoplasts since  experimental

evidence  had  suggested  that enzymatically

isolated protoplasts from corn  roots  retain  the

normal  transport properties.i"i`) Using this

system,  we  quantitatively evaluated  the

validity  of  the weak  acid  hypothesis as  the

mechanism  for the absorption  of  2,4-D.

        MATERIALS  AND  METHODS

1. PlantMaterial

  Corn  (Zea mays  L, cv  Pionccr S377) seeds

were  surface-sterilized  in 1%  NaOCI  for 1O min

and  rinsed  with  deionized water.  The  seeds

were  allowed  to germinate  on  germination

paper  saturated  with  O.5 mM  CaS04  at  27 ± 1OC

in the dark. The  seedlings  were  collected  ior

protoplast isolation after  60 hr of  germination,
at  which  time  the primary  roots  of  the seed-

lings were  typically 5 to  8 cm  long.

2. ProtoPlast Jsolation

  Protoplasts were  iselated by  the  proceclures
describea previously,i2't`) with  modifications.

Chopped  cortical  segments  from  the primary
roots  were  cligested with  a  medium  containing

O.6M  mannitol,  1 mM  CaCl2, 2e/. (w!v) Cellu-

za2g  Vnt3ff5fi

lysin (Calbiochem), O.19/. (w!v) Pectinase

(Cooper Biomedical), O.05%  (wlv) BSA

(Sigma, fraction V) and  O.5mM  dithiothreitol

(pH 5.6) for 4hr  in the dark at  27± 1"C with

circular  shaking  (50rpm). The  mixture  was

filtrated through  an  8e-"･m  nylon  filter and  the

filtrate was  centriiuged  (180xg, 6min). The

pellet was  resuspenclecl  in a  suspension  medium

(O.63M mannitol,  O.lmM  CaC12, O.5mM
dithiothreitol, 2.5 mM  Tris-MES, p}I 6.5) and

centrifuged  again.  The  pellet was  suspended

in 12%  (wlv> Ficoll solution  containing  O.63 M
mannitol,  O.1 m}[  CaC12 and  1.25 mM  Tris-MES

(pH 6,5), and  overlaid  with  similar  solutions

ef  8, 5 and  OO,･b' (wlv) Ficoll. The  gradient
was  centrifuged  (360× g, 12 min)  and  the pro-
toplasts were  collected  between the  O and  5%

Ficoll layers. The  proteplasts were  diluted

in a  suspension  mediurn  and  centrifuged  (180
xg,  6min). The  final pellet was  used  for

sub$equent  experiments  by  suspending  it into

an  absorption  medium  (O.63M mannitol,  O.1

mM  CaC12, O.lmM  KCI, 10mM  Tris-MES,

desired pH  from  4,5 to 7,5 depending on  the

pHO  condition),  For experiments  at  pH"<
4.5, the absorption  medium  contained  10mM
citrate-KOH  instead of  Tris-MES, The  pro-
toplast number  was  determined with  a  hema-
cytometer  and  the  protein content  of  proto-

plasts was  determined by  a  modified  Lowry

method,io

3. I'rotoPlast Vol"me  Determination

  The  protoplast volume  was  determined by

the method  described previously,t6) with

modifications.  The  protoplast suspension  (500
to  2000 × 103 protoplasts) was  added  to the

absorption  medium  (pH 6.5) containing  3.II

paCi 
3HzO

 (ICN Radiochemicals, 100 mCi/ml)
and  O.83 paCi 

i`C-mannitol
 (ICN Radiochemi-

cals,  uniformly  labeled, 42 mCilmmol)  to give
a  final velume  of  2,3 ml  in a  lO- ml  Erlenmeyer
flask. After 20 min  incubation in the  dark at

27± 10C with  circular  shaking  (50rpm), 200

pa1 of  the mixture  was  placed  on  top of  a  70-xz･1
layer of  1,0421gXml  silicone  oil vgThich  was

layered on  top of  50 pt1 of  an  osmoticum  layer

(O,78 M  mannitol,  O.1 mM  CaCI2, O.l mM  KCI,

1 mM  Tris-MES,  pH  6.5) in a  400-pt1 microfuge

tube, The  microfuge  tube  was  centrifuged

with  a  Beckman  Micrefuge  11 (6800xg, 30
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sec>  to separate  protoplasts from the radio-

active  medium  by pel]eting them  through  the
silicone  oil laycr. Immediately after  the

centrifugation,  the microfuge  tube  was  frozen
in dry ice-acetone. The  tip of  the tube  was

cut  off at  the silicone  oil  layer and  placcd in
10ml  of  scintillation  fluid (0.26g POPOP,
13.16g PPO,  131.6g naphthalene,  632ml
absolute  ethanol,  1000  ml  l,4-dioxane, 1000  ml

toluene),  and  the radioactivity  "ras  determined
with  a  liquid scintillation  spectrometer  (Beck-
man,  LS-9800).

  The  protoplast volume  and  the  occulndecl

xJclume  were  determined  assuming  that 
3H20

can  Ireely diffuse through  membranes  of  the

preteplasts while  
i4C-mannitol

 cannot.

4. Procedtt･re for Z4-D  Absoagbtion

  The  absorption  of  2,4-D was  initiated by
adding  the suspension centaining  1200  to
1300× 103 protoplasts to the absorption

medium  conthining  O.22 psCi of  2,4-dichloro-

phenoxy[2-i`C]acetic  acid  (i`C-2,4-Ii Anier-
sham,  55 mCi/mmol)  to give a  final volume  of

2.3ml  {n a  10-ml Erlenmeyer  fiask. The
concentration  of  2,4-D in the  absorption

medium  was  adjusted  to 2 ptM by adding  non-

radioactive  2,4-D prior to tlie addition  of  the

protoplast suspension.  The  absorption  mix-

ture was  incubated  in the dark at  27± 10C
with  circular  shaking  (50rpm), Periodical].v,
an  aliquot  (200 pt･1) of  the incubation mixture

was  sampled  and  the 
i`C

 radioactivity  ab-

sorbed  by  the pretoplasts was  determined  by
the same  microfuge-separation  teehnique  de-

scribed  in the volume  determination procedure,

5. Determination  qfpHri
  The  pHi of  corn  root  protop]asts was

determined  by  the D)･IO distribution tech-
nique.HiO)  The  suspens'ion  containing  500  to
60e × IeS protoplasts was  added  to the absorp-

tion medium  to give a  final volume  of  1 ml

in a  10-ml Erlenmeyer flask. The  suspension

mixturc  was  incul)ated in thc dark at  27± 10C
with  circular  shaking  <50rpm>. After in-
cubating  for 30 min,  O.15 I`Ci of  5,5-dimethyl-
oxazolidine-2[i`C],4-dione  (i`C-DMO, New
England  Nuclear, 43.2 mCi/mmel)  in le pt1 of

absolute  ethano]  was  added  to the suspension

and  the incubation was  cuntinued  for another
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15min,  The  net  accumulation  of  DMO  by
the protoplasts was  determined  by  the same

microfuge-separation  technique  described in
the velume  determjnation procedure. The

pHi was  caleulated  from the  following equa-
 'tlon:S-le)

  pHi=6.30

        - Iog [ IID-) rv]VIoO. ]].i {1 ± 1ocpH"-6 
3o)}-

 I]

                                   (1)
where  [DMO]i and  ]DMO]O are  the DMO  con-

centrations  inside and  outside  the proteplasts,
respectively.

                RESULTS

1. ProtoPlast Characteri£ ation

  The  protoplast yields were  300  to  700 × 103

pretoplastslg fresh weight  cortical  tissue,
resembling  thos'e rep{}rted  previously.i:'i`) The
isolated protoplasts accumulated  neutral  red

dve in the vacuole  and  fluorescein diacetate
dYe  in the cytoplasm,  indieating their intact-
ness  (Fig. 1), The  intactness of  the  proto-
plasts shown  in Fig. 1 was  essential  for 2,4-D
absorption  studies  as  will  be describcd later.
Approximately 10S protoplasts contained  ca.

800tet･g protein. The  protoplast volume  and

the occluded  volume  were  linearlv correlated

to  the  protein content,  and  were  6.86 lel and

O,78 Itl/100 Idg protein, respectively  (Fig. 2),
These  values  were  used  for exact  calculation  of

intracellularsoluteconcentration. Fromthcse
values,  the average  diameter  of  the protoplasts
is calculated  to be 47.16 tt･m, which  is in goocl
agreement  with  the microscopic  observation

(Fig, IA).

2. Absorption of 2,4-D by ProtoPlasts
  The  absorption  of  2,4-D by  the protoplasts
was  measured  under  wide  pH  variations,  The

pHO  markedly  affected  2,4-]) absorption  (Figs.
3 and  4), The  absorption  increascd as  the
pHO  decreased. The  ratio  of  the 2,4-D con-

centration  inside to outside  the protoplasts
(c`/cU) reached  ca.  1.2, 4.0, 10-12 and  30-40
at  pHO  7.5, 6.5, 5.5 and  4.5 respectively  within

75min  incubation (Fig. 3). At pHD  3,5 and

2.8, the  cLfcO ratio  reached  ca.  90 and  150 re-

spectively  within  15min, but the once  ab-

sorbed  2,4-D was  rapidly  released  frorn the
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     Fig.1  Light

      (A} Bright  field

     The  diamctcrs  of  typicnl

     cumulated  in the  large

     treatment  of  fluorescein

     protoplasts accumulate

     magnification.

     higher  than  large central

            micrographs  of  corn  ront  protoplasts.

              observAtion  with  the  tTeatment  of  neutral  red  aye. Bar  represents  50  ltm,
                      protoplasts are  approximately  50 s-m,  and  ncutral  Ted  dye  is ac-

                     central  vacuole.  (B) Refiectcd fluorescence observation  with  the

                     diacetate. Bar  represents  200 pm.  Most  of  the population  of  the

                    fluorescein, indicating their intactness, (C> Same  as  (B) except  for

              Bar  represents  50 pstn. The  thin  layer of  cytoplasm  accumulatcs  fluorescein

                      vacuole,  and  transvacuolar  strands  and  nuclcus  (a bright spot  at

the  centcr  of  the protoplast) can  be  seeri.
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Fig.2  L(elationship  between  protcin  contcnt

and  protoplast  voluine,

Closed  and  opcn  symbols  rcpresent  protoplast
volume  and  occluded  volume,  Tespectively.

Different shapcs  ef  symbols  represent  different

isolation  dates.  In this  and  the  subsequent

figures, data  points and  error  bars represcnt  thc

mean+.  SD,  and  pomts  without  error  bars had

thc SD  srnaller  than  symbols  used,
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              TiME  (min)
Liig..4 Effect  oE  lo"r pHO  {4.5 to 2.8) on  2,4-D

accumulation  by  corn  root  pretoplasts,

.th
   7.0±
va=n

 6.sat<"D"

 6.6]1"o<[

   E.4Fl

6.2/

lr
+  CONTRCL

-o-
 2,4-D 2p"ri

pretoplasts after  l5-min  incubation (Fig, 4),
The  microscopic  observation  using  fluorescein

diacetate dye indicated that  the release  of the
once  absorbcd  2,4-]) shown  in Fig. 4 was  a

function of  the death ef  the protoplasts, sug-

gesting that the 2,4-D absorption  process is not

a  purely  physical process but  at  least requires

cell  intactness.

o
J" -

3, PHtofProtoPtasts
  The  pHi of  the protc)plasts was  stable  at

approximately  6.7 to 6.8 during  the 60-min
incubation at  pH"  6.5, and  the treatment  with

2 paM 2,4-D did not  affect  the pHt  throughout

the incubation  time  (Fig, 5), The  change  of

the pHt  as  influenced by  the pHe  variation

(7.5 to 4,5) was  relatively  small  (6.9 to 6,6),
indicating that  the  cells  are  able  to mamtam

their pHi within  a  small  range  even  under

wide  pHO  variations  (Fig. 6). The  presence of

2pi  2,4-D did not  afiect  the pHT  and  pHo
relationship  as  shown  in Fig. 6.

  The  pH'  determincd by  the DMO  distribu-

tion technique  is for ``overall

 intracellular pH''
since  the technique  has no  spatial  resolution

of  subcellular  compartments.S'iO)  However,

although  one  cannot  determine  cytoplasmic

pH  (pHe'L) and  vacuolar  pH  (pH'aC) from  the

pHi, one  can  estimate  the pH"Ft and  pH'nc
which  give the observed  pH'  from  the follow-

ing relationship.S,g)

Fi'g..5 ThepHi

incubation  time  at  pH"  6,5 with  and  -,ithout  2,4-
D  treatment.

The  incubation  conditions  were  identical to that

for the  2,4-D  absorption  studies,  For  the  2,4-D

treatmcnt,  2 ps"f of  the  non-radiolabeled  2,4-D
was  added  prior to the jncubation.

15 30  45  6D  75

     TIME (min>

   of  corn  root  protol)lasts during

.-. 7,O'Ti9=a

 6.Scrs]

 6,6di2[E

 6.4lel

"'t//-

                           i
 6.2
      4.5 5.5 6.5 7,5

             EXTERNALpH  (pHO)

Fig.6  Effect of  pHO  on  the  pHi  of  corn  root

protoplasts.

Closed  and  open  syrnbols  represent  the data

rneasured  in the  abscnce  and  the presence, re-

spectively.  of  2 tLM of  nonradioactive  2,4-D. The

incubation  conditioiis  were  idc/ntical to that for

the  2,4-D  absorption  studies.

     10vHi=Veyt10pHCYt'+VvaclopHY`LC (2)
           (JJeyt+IITac=1)
where  VCY` and  VFa" are  the relative  volu]-es  of

cytoplasm  and  vacuole  respectively.  It is

important to note  that Eq.  (2) is not  a  general
principle but  a  valid  equation  when  pHi  is
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-
 
¢
ik:'`,e.Xpi-?(8e>l

[fecyt=lo(pH"Y`-pffu), ko=IO(pllO-pKa), ip=gFE/Rl']
wherc  P.  and  P. are  the permeability  coeM-･

cients  of  the mo}ecu}e  (the undissociated  iorm)

and  the anion  (the dissociated form) of  the

weak  acid  respectively,  pKa  is the dissociation
constant  of  the weak  acid, and  2, 1;, E, R  and

T  are  thc charge  number  of  the ion, the

Faraday constant,  the plasmalemma  potential,
the gas constant  and  the absolute  temperature,
respectively.  Compared  with  the plasma-
lemma  potential (E>, the tonoplast potential is

generally very  low  and  has  been  assumed  to

be negljgible,`,T)  Tl'ierefore, adopting  tlie prin-
ciple  of  Eq. (4) to the ratie  of  vaeuolar  to
cytoplasmic  concentration  (cT"c/ccyt) gives

       cvac H  (1.tk.V"ae>(Prpf.P.+k"'L)
                                   (5)
       cCi: 

-
 (1 -httYt)(P.11]).+kV"C)

            [k}aa=lo(pllyac-pNfi)]
       (t' Iimit e!{1 -exp  (ip)} -  -  1)
           v-÷o

where  P.fP,, is assumed  to be common  to

plasmalemma  and  tonoplast.  Considering  the
relative  volumes  of  cytoplasm  (V"Yt> and

vacuele  (VY"C), the  accumulation  ratio  insidc to
outside  the cell  (c`!cO) can  be  calculated  by

  ct/co =  Veyt(ceyL/co) +Vyuc(ceFtlco) (cvaclcclt) ( 6 )

 168  H*k'  ze* ft !-its ee 16 ts

measured  by  the DMO  mcthod.B,')  Assurning
that cytoplasm  and  vacuole  occupy  100/6 and

909/6 respectively  oE  the cell  volume,`,B)  sub-

stitution  of  these volumes  and  tlie measured

pHi  (e,g. 6,70) into Eq. (2) results  in
        '

     lowe=o.1 × }opHc-vt+e.g× lopHvac (3)
By  using  Eq. (3), if a  typical pHYaa is assumed
to be 5.5,i7' pHC't is calculated  to be 7,67,
These  values  of  pH"Y` (7,67) and  pHvae (5.5) are

similar  to those of  other  plant cells  reported

previously.8]g,ts,lg)

               DISCUSSION

  According to the quantitative expression  of

the weak  acid  hypothesis,`,T) the ratio  of

cytoplasmic  to outside  conccntratien  (ccy`/cc')
at  the  diffusion equilibrium  can  be described
as:

  ,fiyt (1+fe"Y`)I 
Pi.i

 
-
 1-[?Iigp

O

 (gs) ]
                                   (4)

ec2;I･ [･IZJJt3e5H

  By  Ecls. (4), (5) and  (6), wc  calculated  the

tlieoretical accumulations  of  2,4-D by  the

protoplasts at  pHO  4.5, 5.5, 6.5 and  7.5 (Table
1) assuming  a  wide  range  of  P,.IP. ratios  from
1× 10t to infinity (oo), because the P./Pa
ratio  of  2,4-D has not  been  determined pre-
cisely  and  has been only  indirectly estimated

to be  1.l× 103 or  5.tlx10`.`,20) The  L,Teyt and

VT"O were  taken  to be O.1 and  O.9 respective-

ly,`:") ancl  the pHC't was  calculated  by  sub-

stituting  the measured  pHi  (Fig. 6) into Eq,

(2) assuming  pHT"C==5.5.i7) The  plasmalemma
potential (E) was  taken  to be -120mV.`,7)

The  absolute  temperature  was  300 K  (27eC).
Other constants  used  for tbe  ealulation$  were

R=8.3143J/mol/K,2i'  F=9.649 × 10dJ!mol/
V,2i) and  pKa==2,96.20)
  In Table  1, the measured  values  oi  ttie 2,4-D
accumulation  by the pretoplasts at  each  pH"
condition  are shown  together to be compared
with  the  theoretical vallles. The  comparison

  Table l Thcoretical 2,4-D  accumulations  cs-

  timated  by  weak  acid  hypothesis  in comparison

 Nstith  ineasured  values.

Theoretical 2,4-D  accumulations

         (ci/cO)e)

PmtP.  ratioa)

  assumed 4.5pllO
 conditions

 5.5  6.5 7.5

i'k iot1

× 1021
× lo31

× 1041
× los1

× loe1
× 10T1

× los

 oo

6.61
  pHi:b)
6.60  6.716.90

 O.07

 O.49
 2.01

 7 e243
 8105
 312S
 4124
 9125,1

 O.02O.06

 O21

 O,80

 4 4610.6l2.412

 612.6

O.OlO.OlO

 02O
 08O,481

 311.591.62I.62

O.OlO
 OIO.OlO.OlO.05O.I8O.24O.25O

 25

]'Ieasured
 i,alues

 (citicU)d)
30--4010-124.0 1.2

")  I'.  an'd--J'.  rcpr ¢ sent  the  permeabilitlr coefilci-

   cnts  of  undissociatcd  2,4-D inolccu]e  and  dis-

   sociated  2,,1-D anion,  respectively.

b)
 

'i'he
 pHi cktta  ",crc  taken  froni  Fig.  6.

e)
 [E'he theorctical 2,4-D accuniulations  (t'[lcO)

   were  ealculated  by  Eqs.  (4), {5) and  (6}.
d)

 The  ineasurccl  values  (cilc") were  taken  from

   Fig. 3.
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    of  the values  prcsents two  important  indica-
    tlons.

      First, in terms  of  a  qualitative comparison,

    the observed  effect  of  pll`' on  2,4-D aceumula-

    tion is similar  to the theoretically expected

    accumulation  from  the weak  acid  hypothesis,

    whcre  a  Iower pHO  gives a  higher cit'cO, X･Vhen

    the I'.,i'I'. ratio  is to be  1 × 10k or  larger, some

    of  thc thcoretical values  are  similar  to the

    observed  ones  at  pHO  4.5 and  5.5, This sug-

   gests that  thc mechanism  of  the weal<  acid

    hypothesis  may  be  partl}, involved  in 2,4-D

    absorption,  provided that the P./P.  ratio  of

    2,4-D is at  least l ×  105.

      Second, in tcrms  of  a  strictly  quantitative
    comparison,  the theoretically expected  values

    did net  cempletely  agree  with  the observed

    data. In Table 1, the citfc" ratio  theoretically

   becomes  maximal  when  P./P.  is assumed  to

   be infinite (oo) at  eithcr  pH"  condition,  Thus,

    the  2,4-D accumulation  (ci/c") cannot  cxceed

    1,62 and  O.25 at  pH"  6.5 and  7.5 respectively,

    as  long as  only  the weak  acid  hypothesis

    operates  2,4-D absorl)tion,  The  observed  2,4-

    D  accumulations  at  pH"  6.5 and  7.5, however,

   were  4.0 and  1,2 respectively,  which  are

   significantly  greater than  their respective

    theoretical maxima.  It is clear  that the weak

    acid  hypothesis  alone  does not  explain  the

    observed  absorption  of  2,4-D by  protoplasts,
    and  some  additional  mechanism(s)  must

    be involved at  least at  pH"6,5  and  7.5.

    This  mechanism  should  be an  active  transport

    process because the observed  absorption  of

    2,4-D exceeded  the passive diffusion equilib-

    rium  expected  from the weak  acid  h.vpothesis.

   The  active  component  might  1)e a  carrier-

    mediated  transport by  the proposed  auxin

    carrier.22)  In the following paper, we  will

    repvrt  on  further study  on  the active  com-

    I]Onent.

      In conclusion,  the  present rcsults  suggcsted

    that the mecbanism  of  the weak  acid  hypo-

    thesis may  bc partly involved  but it alone

    cannot  explain  2,4-D absorption  by  proto-

    plasts and  that an  active  process must  be

    invulved at  least at  pH"  6.5 and  7.5,
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　　　　 　　　　　 要　 　　 　約

　 トウモ ロ コ シ根 プ ロ トプ ラ ス トの 2
，
4−D 吸収機

　構 に お け る 弱酸仮説の 定量 的評 価
＊

　　　　 　　　　　　　　　河西史人，David　E ．　Bayer

　 トウ モ ロ コ シ 根皮 層 よ り酵素的 に 単離 され た プ ロ ト プ

ラ ス トの 2，4−D 吸収 を 細胞 内外 の pH と 関 連 し て 検 討

し た ．2 ，4 ・D 吸収 は 細 胞 外 pH （pH
°
）の 低 下 と と も に 増

大 した ．プ ロ トプ ラ ス ト外部 に 対す る 内 部 の 2 ，4・D 濃

度 比 （cVc
“
）は pHq 　7，5

，
6．5

，
5，5

，
4．5 に お い て 75 分

以内 の 培養 で お の お の 約 1．2 ，4．0
，

10〜12
，
30〜40 に

達 した ．pH
°3．5，2．8 に お い て は 15 分以 内に cL ！c

°

比 が

＊ ト ウ モ ロ コ シ 根 プ ロ トプ ラ ス トの 2，4−D 吸収 に 及 ぼ

　す細胞 内 pH の 影 響 （第 1 報）

お の お の 約 90，150 に 達 し た が ， 吸 収 され た 2，4・D は

そ の 後 プ ロ トプ ラ ス トの 死 に よ り速 や か に 放 出された．

5， 5一ジ メ チ ル オ キ サ ゾ リ ジ ン ー2， 4一ジ オ ン 分配 法 に よ

る 細 胞 内 pH （pHi ）測 定 の 結 果，　 pHD 変化 （7．5〜4．5）

に よ る pHi 変化 は 比較的小 さか っ た （6．9−−6．6）．こ れ ら

の pHi 測定値を 用 い て 各 pH
’
に お け る 理 論的 clfc

°
比

を弱酸仮説 に 基 づ い て 推定 した ，pH
°

変化に 対す る 理 論

値の 傾向 は 大 まか に は 実 測値 の 傾向 を 反 映 し た が ， pH
°

6，5 お よ び 7．5 に お け る ci！c
°

比 実 測 値 は お の お の の 理

論的最大値を 顕著 に 上 回っ て い た ．こ れ ら の 結 果は ．プ

ロ トプ ラ ス トに よ る 2，4−D 吸 収 が 単に 弱酸仮説の み で

は 説 明 され えず，少な くと も pH
°6．5 お よ び 7．5 に おい

て は 能動的な輸送の関与 して い る こ とを 示唆する．
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