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Sumnmiiary. Absorption isothernms for chloride and rubidium ionls have been deter-
mined through a wide concentration range for nonvacuolate root tips, and for vacuolate
subapical sections of corn root. In the range 0 to 0.5 mm, chloride absorption is
hlyperbolic with concentration in both tips and proximal sections. At high concentrations.
I to 50 milM, a second multiple-hyperbolic isotherm for chloride is noted in vacuolate
tissue, while the isotherm for nonvacuolate tips rises exponentially. A linear to
exponentially rising isotherm is taken to signify diffusive permeation.

The same distinction between tip and subapical tissue characterizes Rb absorption.
Rb uptake is indifferent to the nature of the counterion at all concentrations in the
tip, while the counterion exerts a predictable influence on Rb absorption in proximal
tissue. The effect of a poorly absorbable anion on Rb uptake is greater in the high
concentration range. Evidence is presented for the metabolic n,ature of ion transport
into nonvacuolate root tips. Verification is offered that ion uptake is mediated by
dual mechanisms, and the thesis is developed that the high-affinity (low K.) system
mediates ion passage through the plasma membrane while the low-affinity (high K,)
system implements transport through the tonoplast.

In the usual range of concentrations employed
experimentally, isotherms for ion uptake by plant
tissues have been found to be hyperbolic. The latter
observation has led to the concept of carrier-mediated
transport (10, 33), which concept has subsequently
been extensively and fruitfully explored (3, 10, 11,
12,13,14). Until relatively recently, however, salt
absorption studies have been performed predominantly
at concentrations from 1 to 50 mm, a range which
may be considered unnaturally high in relation to
the concentration of soil solutions (5, 11; see Dis-
cussion). Following the discovery by Epstein and
Hagen (10) that 2 distinct transport systems may
be involved in the absorption of a given ion, the
relative contribution of each depending on the coni-
centration, Hagen and Hopkins (14) defined 2 sys-
tems for phosphate absorption by barley roots which
differed in their affinity for phosphate by some 3
orders of magnitude, while Fried and Noggle (13)
reported a similar duality respecting the absorption
of Na, K, Rb and Sr. In recent years Epstein and
his coworkers have examined dual absorption mech-
anisms in depth for both cations (11,12) and anions
(8). For each of the major ions there is a high-
affinity, low K, system (svstenm 1). saturated at
approximately 0.1 niAi, and a low affinity, high KR

1 Present address: Faculty of Agriculture, Tohoku
University, Sendai, Japan.

systeem (system 2), which operates maximally at
concentrations from 100 to 500 times the latter.
Although at high concentrations the absorption iso-
thermii has subsequently been shown to be multiple
(8, 11, 12), the principal distinction remains that
between the low K. and the first high K, system.
and in this connection it remains useful to speak of
a dual isotherm or dual mechanism (11).

A dual isotherm for the absorption of a giveln
ion points to more than one transport system, and
raises the question of the location of each system.
\\here 2 demonstrable systems exist, they may be
thought to operate in parallel at the same membrane,
or may be considered to function consecutively in
the passage of an ion through the plasma membrane
and tonoplast respectively. In the latter instance it
follows that to be separately observable, the high-
affinity system must be at the plasma membrane, and
the low affinity system at the tonoplast. It further
follows that at high concentrations, i.e. at concen-
trations in excess of those which saturate system 1,
ion passage through the plasma membrane must
exceed that mediated by the high-affinity system,
the absorption isotherm in the high range thereby
reflecting ion movement from the cytoplasm into
the vacuole. Evidence to be presented suggests that
in the range of system 2, ion movement through the
plasma membrane by diffusion is rapid enough to
fulfill the requirement, i.e. not to be rate-limiting.
To the extent that a correction is made for the
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conltribution of systemn 1 in the estimation of the
contribution of system 2 to the total, the systems
are taclitly considered in parallel, albeit they mliay be
thought to deliver ions to separate comiipartmiients
(11). If -the systems are in fact in series, and if
the cvtoplasm is filled rapidly comnlpared with the
vacuole, as is to be expected (27, 29), steady-state
uptake in the high range will describe solely the
rate of ion movement into the vacuiole, anid the con-

tri1bution of systenm 2 nieed niot, andl indee(l slhouild
not, be correcte(l for the activity of systemii 1.

In the following study, predominantly nonvacuo-
late corn root tijps are compared with vacuolate sub-
apical, or proximal. root sections wvith respect to
the absorption isotherms for botlh chlori(le anid
ruti(liulii. On the assumiiption that the low K, sys-

temll miiediates ion passage across the plasmiia memii-
b)rane, wvhile the high Ks system implements transport
across the tonioplast, absorption in root tips, which
lack a vacuole and tonoplast, may be expected to
presellt a predict.ably different isotherm from that
evinced by vacuolate proximiial sections wlhenl uptake
is examlinied throuigl2a wide concentration range.

V-acuolation is niot sharply delineated in develop-
ing rioots. Handlev et al. (15) indicate that the
first 1.8 nmm of corn-root tips are free of visible
vactioles, while Browln and( Cartwriglht consider that
the cells of the ap)ical 1.5 imm are 68 % nonvacuiolate
(6). Electroni miiicroscopic studies reveal that miiiniute
vacuioIles are in the mllakinig just a few cells behinid
the root apex (36). Although this study seeks to
compare vacuiolate with nonvacuolate cells, it is
recoglliize( that experimentally the distinctionl calilnot
l)e absolute, anid that furthermilore subapical cells
(liffer- frolmi vacuiolate cells for reasons which trans-
cenid vacuiolation (6, 17). Thus, the validity of the
orkinig hypothesis will to a considerable (legree

(lel)cnd oni the resuilts, and it can be sai(l tilat l)re-

(lictioils ar-c miiet.

Materials and Methods

II vbrid starchy corn (Zca mnays), Hy 2/07, fromll
Illiinois Foundationi Seeds, Incorporated, was soaked
and germinated as previouslv described (7) in 0.5

MAI CaSO4. Freshly harvested primary roots of
3-day-old seedlings, 9 to 10 cm long, were rinsed
writh distilled water for 1 hour and cut into tip anid
proximal sections. Tips comprised the apical 2 mm.ii,
while 13 mmm proximal sections were taken between
2 and 15 mmn from the apex. For each absorption
measurement about 0.2 g tissue was placed in 500 nl
of appropriate salt solution at low concentrations, or

into 50 ml of soltution at high salt concenitrationis.
Absorption isotherms for clhlori(le anid for rubidiuim
wNere determined for both tip anid proximilal sections
through a widle concenitratioln range. Salts were

labeled wAith 36C1 or '"iRb, final specific activities
beinig approximately 2 luc l)per mmi)ole for Cl, anid 5
utc per immiiiole for Rh. The experinmental flasks were

gently shaken in a reciprocal xxater-bath shaker at
24'. The pH of the solutionis was 5.8 to 6.0. Ab-
sorption periods were fromii 1 to 3 lhours, it having
first been established that uiptake was linear with

tinme for at least 8 hours. Experiments were dis-
continued by first rinisilng the root sections 3 timiies
with cold water for 30 minutes in chloride absorption
experimenits, and with either 1 ni\I: or 10 i11Ai col(d
nonradioactive rubidium chloride solutioni following
rubidium absorltion at low anid hiigh concentrations.
respectively. Sections were then blotted dry and,
following freslh weight determinationl, arranged on an
aluminium planchet with 0.2 ml of 3 % pol\viiiyl
alcohol (Du Pont Elvanol grade 51-05) as adhesive.
Tissuie was dried at room tenmperature, followilng
Nvhich radioactivity as (etermiinied wvith a gas-flo\x
imiicromiiil vindow detector. Self-absorption was nieg
ligible. Calculations of the amiiount of ion uptake
xvere based on the determined specific activity of the
originial experimental solutions.
Ca ioni hias been shoxn to influlenice memlibrane

integrity (30), to affect passive fluix rates andl
tranisport rates (16, 17, 19) as xvell as specificity of
tranlsl)ort of the alkali cationis (9), and to influlenice
the K, for nmonovalent cation1 uptake as wvell (17').
At low pH (30) or in the presence of relatively high

concentrations of monovalent cation (9), Ca muiilst
be presenit at all timiies to inisure tissuie integrity.
However, xvhen the pH is close to 6.0 and(I the salt

concenltratioln is loxw, there is no marked effect of
the absence of Ca durinig relatively short experi-
mental periods xvhen roots have been groxv'n in (liluite
CaSO, (16. 30). Unider the latteir conlditiolis, the
influienice of Ca is no)ted only after soniie houris (16).
On the basis of the foreg,oing conisiderationis Ca was
omittc(l for simplicity in the experimiienits which fol-
low. The sinilarity- of our isothermiis inl prelininarv
exl)erimeilts to those of Elzamii et al. (8) lent fuirtlher-
assu,rance of the reliability of ouir exp)erilnental pro-
ce(lire. 'Nevertheless xx-e have recently comllpared the
isothermis for Cl absorption 1by corni root tips in the
ab)senlce and( presence of CaSO, (0.:5 milx1) in both
conlcenitrationi raniges. For a given ranige the iso-
tlheriiis -ere irtually superimiposa,ble. In work
stemmiiiinig from that reportedl hereini, Ca has beei

presenl't routinely. and( experiments have verified and
extended the conclusions drawvn below.

Results

Chloriidc Isotherui-s. Figure depicts the rate
of chloride absorption as a function of the external
chloride concentration over a 2500-fold range. Be-
txveen 0.02 and 0.5 mm KCI, chloride is absorbed by
a system wNhich is virtually satuirated at 0.1 mnix ill
nionivacuiohated tips, alnd at 0.3 mii\i in vactiolate(l
proximal sections. Increasinlg the conicentrationi of
chloride in the loxv range causes nio further inlcrease
in the rate of absorptioni. At consideraby higher-
concen,trations, fromii 1 to 50 nM.\i, a seconid hyx-perl)olic
absorptionl isotlhermii is imianiifested by l)roximal sec-
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perature, 240.

tions, which imiay be followed by one or miore addi- to concenitra
tional inflectioni poinlts as the colncentration is raised is temperattu
(cf. 8). By contrast, nonvacuolated tips show either basis in tips
a straight or an anomalously rising exponential iso- Isotherm!
therm in the high concentration range. The latter of NaCl and
type is associated with diffusive penetration and the 2 and 3. C
suppression of the negative membrane potential with little higher
increasing external salt concentration (23,24). Ab- absorption f
sorption at low concentrations, hyperbolic with respect from KCI (

a fuinctioni of NaCI concenitrationi. Tem-

ationi in both proxiIiial and til) sections,
Ire sensitive, albeit less so on a percentage
than in proximal sections.

Is for chloride absorption from solutions
I CaCl2 respectively are shown in figures
"hloride uptake from NaCl was always a

* than from KCI (fig 2), and chloride
From CaCl2 was considerably lower than
fig 3). The isotherms for chloride ab-
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FIG. 3. Chloride absorptioni by tip and proximal corni root sections as a functioin of CaCl.) conicentrationi. Tem-

perature, 24°.

sorption by the tip at high concentrations differ for
potassiumn and calcium salts respectively in precisely
the nmaniner predicted on the basis of diffusive entry
(24).

Figure 4 depicts the effect of bromide on chloride
absorption in tip anid proximal sections. The data
are plotted in a double reciprocal way, the bromide
concentration being set in each case, while the
chloride conceintration is varied. No correction has

beeni mladle for systemii I in plotting uptake in the

801- Tip 81 Proximal

60/ 60-

t8r, 2mM tBr, 2mM
["/V] 40e [IV] 401'-
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HIGH CONCENTRATION RANGE KCI 1.0-5.0mM

FIG. 4. The influence of bromide on chloride absorp-
tion by tip and proximal sections of corn root at 2 ranges
of chloride concentration. Double reciprocal plots. K salts
in all cases. Bromide 2 mm in the low range of chloride
concentrations, and 10 mm in the high range of chloride
concentrations. Temperature 240. Absorption period, 3
hours.

range of system 2 (see Discussion). In the low
concentratioin range, from 0.01 to 0.2 mm chloride,
2 milm bromide inhibits chloride absorption in tips and
proximal sections, with no change in ordinate inter-
cept in both cases. Thus, inhibition is presumably
competitive in both types of tissue at low levels of
externial chloride. On the other hand, at high chlo-
ride concentrations, 1.0 to 5.0 niiiN, 10 mm bromide
competitively inhibits chloride absorption in proxiimal
root sections, but exerts a noncompetitive, presumably
nolnspecific, inhibition in root tips.

Figure 5 describes the concenitration relations of
rubidiumil absorption by tip and proximiial root tissues,
in experiments similar to those demonstrating the
duality of the chloride absorptioni isotherm. The
isotherm for rubidiuim essentially resembles that for
chloride absorption. Both tip and proximal sections
show a cleair hyperbolic isotherm at low concentra-
tions. At high salt concentrations p)roximal sections
show a second hyperbolic isotherm-l, while tips show
an essentially straight isotherm.

The effect of the counteranion on rubidium ab-
sorption was investigated in studies of absorption
fromI RbCl anld Rb., 804 solutions. As shown in
figure 5, Rb uptake in tips proved indifferent to
the counterion at all salt concentrations. In vacuo-

lated proximal sections, however, Rb absorption
froim Rb9SO4 was less than from RbCl, the differ-
ence being more marked at the higher salt concen-

tration (cf. 11).
Chloride uptake by corn root tips is both tempera-

ture (fig 1) and inhibitor (table I) sensitive. In-
hibitor sensitivity in the tip is greater at low con-

centrations, as might be expected. Because tips
invariably include vacuolate cells, it is understandable
why the tip displays inhibitor sensitivity in the high
range.

ProXimGl
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Table I. Effect of Inhibitors on Chloride Absorptioni bv
Corn Root Segments

% Inhibition
KCl 0.1 mM KCI 10.0 mM

Molarity Tip Proximal Tip Proximal

2,4-Dinitrophenlol
nl-Cl-CCP*
Cyanide
Azide

10-4 84
10-" 75
10J 10
10-4 75

85
92
68
72

58
52
19
41

78
76
48
55

* Carboniyl cyanide nm-chloroplieenyIlividrazone.

In sunmmary, both tip and proximal tissue show
metabolically implemented, ostensibly carrier-mediated
transport in the range 0.02 to 0.5 mm. At concen-
trations from 1 to 50 mm, only proximal, vacuolate
tissue evinces a hyperbolic isothernm both for Cl and
RI) absorption. Tip tissue, by contrast, manifests
ani exponentially rising isotherm for chloride and
an essentially linear isotherm for Rb. In each range
absorption by vacuolate tissue is ion-specific, ap-
l)arently carrier-mediated, and responsive to the
counterion, while absorption by nonvacuolate tissue
displays the first two characteristics only in the low
concentration range, and appears to be nonspecific
anid nonmetabolic in the high concentration range.
It is thus deduced that nonvacuolate tissue has the
high-affinity system only, while vacuolate tissue has
both the high and lo-v-affinity systems.

Discussion

The involvement of more than 1 system in the
passage of a given ion from the environment to

the vacuole of a plant cell raises a compelling
question regarding the role and location of each sys-
tem. Two systems have been distinguished both for
cation and anion absorption which differ in their
ion affinities by roughly 3 orders of magnitude. The
high affinity, low Ks system was shown to be consid-
erably more specific than the lov-affinity, high K0
system. In addition, the low K0 system for cation
uptake was found to be indifferent to the nature of
the counterioin, wvhile the high K. system proved
responsive to the counterion (11). Verification of
dual nmechanisnms for ion uptake in plant tissues has
been widespread (3, 4. 8, 10, 12, 13, 14, 20, 28).

Several considerations have caused us to adopt
the hypothesis that the high-affinity mechanism op-
erates at the plasma membrane, while the low-affinity
systeml mediates transport across the tonoplast. On
the one hand it is significanit that the low K0 systemii
operates in a concentration range found in soil
solutions. Extracts from 135 fertile soils show a

miiodal K concentratioin of approximatelv 4 ppm, or

0.1 mri, while the miodal concentration of phosphorus
is roughly 0.06 ppm, or 0.002 mm. Depletion of ions
in the immliediate environment of the root makes the
concentrationi at the root surface still lower (5).
However, so long as the supply of nutrient at the
root surface is maintained, phosphate absorption may

proceed at a maximal rate from a 0.007 mm solution
(34). It seems reasonable therefore that system 1

should implement ion transport across the outer mem-

brane.
There is no evident logical reason why a second

system, with an affinity one thousand times less
than the first, should operate in parallel at the same

membrane. Carrier-mediated salt movement across

the plasma membrane is active and leads to elevated
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cytoplas,mic conicenitratioins (26, 27, 29). The tolno-
plast is thlus faced wNith a considerably highler ex-
ternal (i.e. cvtoplasnimic) conicenitrationi thani normiially
occlls in soil soltutionis, whiclh, as noted, mlanifest
conicenitrationis in the ranige of system 1. In corn
seedlings K is translocated to the shoot verv miuch
more readilv tlhan Na froml 2.0 ni-_% solution, while
al)sorption by the root is similar for both ionls. Fur-
therniiore, K tralnsport to the shoot is almost as great
froml 0.1 nm%f solution as fromii 2.0 i-L (4, cf. 28).
In view of the fact that systeml 1 is virtually indif-
ferent to Na while system 2 stronglv favors Na (I1),
the b)eginning of a case can be made for the particular
associationi of systemii I witlh the tultimlate movement
of ionls into the xylem and( to the leaves. In this
connectioni we have examinied the isothermii for Cl
anzzd for Rb transl)ort (in the presence of 0.5 iAf Ca)
from the exterrnal solutioni to the leaves of corn
seedlings (Liittge and Laties, unpublished) ancd find
it iii eachl case to be that for system 1. Bv contrast
total absorption bv the root evinces the operation
of both svstem 1 anid systemii 2. Furthermore, we
have show-vn (Osmondl and Laties, inplpuiblished) that
when the cytoplasm is filled with K in a preinictubation
period, the demlonstrable contribution of system 1
dwindles, only to be restored when upon fturther in-
cubation in dilute CaSO, the cytoplasm is depleted
of K l)y translport thereof to the vacuiole (cf. 22, 35).
Thus, the evidence suiggests that systemii 1 serves to
transport salt from the external solution to the
cytoplasnl, an(d henice to the synmplasm (1), while
sx,steni 2 is involved in salt movement into the
vacuiole fromii the cytoplasm. Since the systems are
in series, once the cytoplasm receives ions more
rapidly than can be effected by system 1, as is the
case in the high concentration range. svstem 1 will
no loniger be separately observable, and in a short
time, when the cytoplasm is filled, net uptake will
reflect the operation of system 2. It is for this
reason in our vieN that historicallv, double reciprocal
plots of absorption against concentration in the
range of system 2 have freqtuently yielded straight
lines without any correction for systemi 1 (cf. fig 4).

In line with our hypothesis, for both svsteiiis
to be perceived in the fornm of a dual isotherm it
is imlperative that at relatively high concentrations.
i.e. above 1 ImlM, ioIns enter the cvtoplasnl more rap-
idly than wlheni transported solel- by- systemii 1; else
uptake would reflect the isothermi for systeni 1.
Although the plasmia membrane is definitely a
b)arrier to free diffulsioni between the cytoplasmi and
the mlilieut, (Iiffusive pernmeationl nevertheless takes
place ( 16, 26). Tt is to l)e exp)ecte(l that (lifftisive
penetration will gain importance at higher comicenl-
trations. WVith difftusion through the plasma mieimi-
brane sufficiently rapid, transport across the toIno-
plast Nxill be rate-limiting ail(l the systenm 2 isotherml
wx-ill clharacterize absorption. \V'hen wvith resp)ect to
the diffusioni of a given salt through a plamlt cell
memibrane the permeability coefficien,t of the cation
excee(ls that of the anion, the nornulal nega-tive imiem-

brane potential may be depressed by ani oppositely
directe(d (liffusioln potential, w\ith the conisequenice
that ainioin absorption. inicreases exlponentially with in-
creasinig conicenitrationi. Thtis. both in fresh l)otat(o
slices (24) andl in freshly isolatedl steles of corni root
(23). tissues which manifest little or no acftive trans-
port, absorption of chloride is characterized by anl
exponentially risinig isotherm. The observed isothermll
fits theoretical expectations relatinig to passive dif-
fusioni (24), and the miianiifestationi of anl exponentially
rising isothermii for anion uptake fromii an appropriate
salt soltition is considered to be a specially sensitive
incdicationi of l)ermeation by diffusion.

In the low concentration range (0-0.5 ImlM) both
tip and proximal sections display hyperbolic isotherms
for chloride absorption, with sinmilar K, values. At
high conicentrations (1-50 nim), by- contrast, the
vacuolate proximal tissue manifests a seconid complex-
hyperbolic isotherm, wvhile the nonvacuolate tip shows
a liniear to exponentially rising isotherm (figs 1-3) ).
The miiultiple isotherm for chloride at high coincell-
trationis in proximiial tissue is nmtch as describe(d by
Elzamii et al. (8). It suffices to conifinie attenitioin
to the range 1 to 10 mM. \Vith respect to Rb absorp-
tioni (fig 5), again tip and subapical tissue resenmfble
each other at low concentrationis, to the extent that
both exhibit hyperbolic isothermiis. At higlh conlcen-
tratioins absorption by the tip is largelv linear with
conicenitrationi through most of the rang,e examiinled,
while uptake by proximal tissue is imiore nearly hyper-
bolic. It is noteworthv that Rb absorption by the
tip is indifferent to the counterion, while uptake by
subapical sections is responsive to the counterion.
Rb absorption by the tip may excee(d or fall short of
tiptake by proximal tissue, depending oIn the corn
variety. That proximal sectioins responid to the na-
ture of the counterion even in the range of 0 to 0.5
inv\ reflects the likelihood that in 3-hour periods there
is so,me vacuolar absorption even at low concentra-
tionis.

Chloride absorption by the tips is temperature-
sensitive, although less so than uptake by subapical
sections (fig 1). Furthermore tip absorption is sein-
sitive to uncoutplers of oxidative lhosphorylation, more
so in the low than in the high colncentration range.
'The disparate response to cyanide and azide may re-
flect the effectiveness of azide as an uncoupler of
oxidative phosphorylationi as xwell as anl inhibitor of
electroni transport (25, see 18). 'rhe relative resist-
aiice of tip absorption to cyanide is noteworthy but
unexl)lained. Arisz has lolng conitenided that tranisport
across the plasma memlbranie is a miietabolically linlked
ev-ent (lifferent and(I distingtmishable fromii transport
across the ton(oplast ( 1, 2). MacRobbie offers evi-
denice to the samiie effect (27). Altlhough we are
emphatically of the samle view, the inhibitor data of
figure 1, beyond indicating metabolic implementation
of chloride transport in both nonvacuolate and vacuo-
late tissue, cannot be explicitly- related to the work
of either Arisz or MacRobbie.

It 'has been maintainied that cation uptake by the
non-vacuolate apical 1.8 mm of maize roots is nion-
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metabolic. The deductioni was made onl the basis of
both the low temperature coefficient for uptake and
loss of alkali cations by corn root tips (15), and the
noticeable retardlation of absorptioni and efflux thereof
by very low levels (0.002 mllM) of Ca (16). It is
pertinent to note that the above-cited studies were
carrie(l out at a concentration, 5mM, well in the range
of system 2. It is to be expected that tip absorption
will display a large nonmetabolic component at this
concenitration (as will movement into the cytoplasm
of proximal sections), and there is not necessarily a
contradiction betweeni the work of Handley et al.
(16) and that reported herein. It should be note(d
however that cation movement into the cytoplasmii of
barley roots, distinguishable from transport inlto the
vacuole, has been shown by Hooymans to be meta-
bolically implemented and carrier mediated (19).
The time course of ion absorption into the cytoplasml
in the latter instance is very similar to the time course
reported by Handley et al. for cation uptake by nioni-
vacuolate corn root tips (15, 16). Essentially the
same time relations apply to cytoplasmic equilibrationi
in Nitella (16, 217) and in beet disks (29). Meta-
bolically implemenited absorption is not prevented at
low temiiperatures (19,22).

\Vhile the absorption of cations by system 1 ap-
pears independent of the couniterion, cation uptake
by system 2 obstensibly depends upon the nature of
the associated anion (11). \Vhen the cation of a
salt is more readily absorbed thran the anion, roots
respond 'by synthesizinig a quantity of organic acid
stoichiometrically equivalent to the excess catioll
taken up (21, 32). System 2 is responsible for this.
accommodation (31). Although the literature ix
replete with examlples wherein cation absorption is
influenced by the counterion (specifically where K
or Rb uptake is greater from chloride than from sul-
fate salts) there are instances where cation uptake is
independent of the counterion even in the range of
system 2 (20). However, where there is little or Ino
effect of the counterion on cation absorption, the
type of salt continues to influence organic acid syn-
thesis, i. e. H+ formation (21). Thus, we wish to
propose that in the range of system 2, cation uptake
depends on concomitant anion absorptioln in inverse
proportion to the ability of the tissue to synthesize
organic acid in response to excess cation uptake. The
exchange of a cytoplasmiic H' ion for an external
cation offers Ino obvious signal for organic acid syn-
thesis. However, if an absorbecl cation is delivere(d
to the vacuole together with a cytoplasmlic organlic
anioni, at the samle time that an H+ ion1 from the
cytoplasm moves to the external solutioni, the loss of
organic acid in the cytoplasm will be sense(l, and will
result in organic acid syntlhesis to reestablish equ,ilib-
rium. For this reason also it is proposed that cation
uptake by system 2 be placed at the tonoplast.

Finally, since it is being proposed that the low
K. systemi functions at the plasma membrane, and
the high K. system at the tonoplast, it is appropriate
to recall observations made upon excised steles from
corn roots, wherein the absorption isotherm at con-

cenitrations in the range of system 2 changed with
aging from exponelntially risinig to hyperbolic (23).
The contention was miade that the plasma memibrane
became transformed from a relatively leaky membrane
to a more rigorously (lifferentially permeable onie.
This contenitioni is at odds with the position taken
here that the high concenitrationi range isotherm re-
lates to passage across the tonoplast. Suffice it to
say that the observations made onl excised steles
would equally well apply to a situation in which a
relatively impervious tonoplast in which system 2 is
largely inoperative is transformed with aginig to one
in which system 2 is very active (cf. 35). If, witlh
the latter transformation, tolnoplast tranlsport rather
than passage through the plasma miiembrane becomes
rate-limiting in the high concentration range, the
tonoplast-related hyperbolic isotherm which describes
transport w-ould supplanlt the explonential isotherm
associatedl with diffuision through the plasma mem-
brane.
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