
Planit Pliysiol. (196(i) 41, 579484

Uptake and Loss of Na+, Rb+, and Cs+ in Relation to an
Active Mechanism for Extrusion of Na+ in Scenedesmus'

Anders Kylin2
Department of Biochemistry, University of California, Riverside

Received September 9, 1965.

Sutimmary. The mechanismii for extrusion of Na+ fromiS ccuicdcsmuiiis cells is char-
acterized physiologically. It is stimulated by phosphate but oxygen is not necessary.
Rb+ and Cs+ may also be extruded, but in the presence of Na+ they cannot compete for
the sites on the inside of the transport system. XVhen Na+ is extruded, Rb+ and, by
inference, K+ seems to be transported as counter ion from the outside, and sodium ions
coml)ete onily weakly for this external site. The l)arallelism betwFeen these findinigs and(
the Na+-K+-activated adeniosiine triphosphatases knownl from animal tissues is pointed out.

WVith low additions of phosphate, the extrusion mechaniismi can keep the cells prac-
tically free from Na+. Inicreasinig the concentrationis of externlal phosphate stimutlates
up)take more than extrusion, and a net uptake occurs. As for Rb+ and Cs+, they are
taken up in the absence of external phosphate, but additions of P will greatly enhanice
the amiiounits absorbed. Two different ways of uptake are inidicate(l.

Extruision of sodium is well knowni from animal
cells and tissues (17). In plants, the phenomenon
has been studied in species adapted to salt or brack-
ish water, but little evidence has been available fron
freshwater forms (2, 12). The observations of Rathje
( 13) on yeast, Chlorella, and Lcinna are an exception,
although they were discussed in other terms (14).
Biochemical (17) and biophysical (2) mechanisms
have been suggested, but it is less clear how they
wNrould fit in a ph)siological systemii. Simoniis and
Urbach (15) noted an effect of Nat oni phosphoryl-
ation in Autkistrodes,iuiis, although they did lnot di-
rectly correlate their observation with a mieclhaniism
for extrusioni of sodium ions.

Durinig work at Wageningen, The Netherlanids, the
author had occasion to develop ctllttures of Sccnedcs-
muiis with advaniced phosphorus deficiency and to
sttudy the reactioni of these inhibited cells to a(lditionis
of phosphate (11). The results l)ermittedl a sys-
temiatic study of the vay in which the uptake and(
loss of different ions may be affected by control
alterations in phosphate metabolismii of cells without
the use of exogenous inhibitors. The approach led
to physiological evidence for the action of an active
sodium extrusion mechanism in this fresh-water alga
(12). The present paper gives more detailed data
regarding this extrusion mechanism, which also af-
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fects the movemenits of uniivalent cations other than
Nat. Actually, we have a physiological counterpart
to the enzyme systems isolated from animal tissues
by Hokin and Hokin (7), Jarnefelt (8), Skou (16,
17), and others, and suggested by them to be the
biochemical basis for sodium transport. Consider-
ation will also be given to the relationship with some
biophysical data anid with studies on competitioni be-
tween the ionis of the alkali metals.

Materials and Methods

The same straini of Sccuicdcsuiis spcc. was uised as
in earlier work (11), anid the P-deficient cells devel-
oped accordinig to the same method, with only minior
modifications. Thuts, the light intenlsity was ap-
proximiiately 15,000 ergs per secon(d and cm!, anid in
addition to the Na citrate, 0.15 mm Na.,/EDTA was
used to chelate the ironi. It is pertinent to the pres-
ent problem that the standard nutrient solutions are
low in sodium, and contain only 0.625 meq/liter.

Further, the P-deficient cultures proved sensitive
towards air pollution, and ceased growth long before
any ill effects could be noted in the precultures with
+P conditions. This trouble could be overcome by
inserting a filter with active carbon in order to purify
the gas mixture supplied (air + 5 % CO.,). Cells
with a P content of only 0.2 to 0.3 mg/g fresh weight
as against 3 to 5 mg/g fresh weight in normiial cells
could then be produced, which corresponds to the
degree of deficiency obtained earlier ( 11 ) .

The experiments presented were normally per-
formed at the light intensity mentioned above. Dark-
ness made quanititative but nlo qualitative differenices.
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T'lhe data onl the effects of aaaerobicsis wx cre per torce
collected in darkniess.

The apl)roximi-ate weight of the cells ini a ecilture
could he estinmate(1 fromii the light absorbancy at 525
imlu. WNith the aid of the figure obtained a final
cell sulspensionl wvas preplare(l, after 2 centrifugations
ani(l rinisiings in glass-d(istilledl water. so that aliqlots
conitaininig about 5 Imlg (lr weight couldI be giv-en to
eaclh vessel of ani experimnenit. The exact xveight of
the algae uised wN-as (letermiinied in separate aliquots
(cf. 20).

'I'he experimenital v-essels conlsiste(d of 51) ml Erlein-
me\er flasks kept at 25' in a shaking- water bath al-
juste(l to about 90 cycles per mllilnute. T'he flasks
were open to the air, or the bath was covered xwith
a hoo(d anlll gasse(1 with a streamii of nlitrogeni. In the
latter case, the experimiienital solutionis were slhakeni
in the anaerobic conditions for 3 hours l)efore the
cells wxere added, so as to iminiimize errors (lute to remii-
nalts of dissolved O..

E'ach flask contained 10nml of algal sul-spension
with 25 miMl KNO3 ainol 1 ni:\t MIgSO1. 'T'he solutions
xx-ere kept at pH 6.4 to 6.5, in the first experimients
1)w Na citrate buffers xvith a concentration of 27.5
-m. I'he phosphate xwas in these cases sull)pliedl as

a miiixtuire of K-Na-phosphates at a pl I of .5, with
the iniitial phosphate conicenitrationi xvarie(l as stlte(l
in each case. Additionsx of a KCI-NaCl miiixttlre
xvere ilade so as to keel) K' anld Na' constant. \When
the niee(d for solutionis low in soditumii de-elolied. K-
citrate, K-phosphates aand KCI x-ere tuse(d ill a cor-
resp)on(ling wvav.

The iolnS 22 Na St or '37Cs wereir-egin at 10
uc per liter. In or(ler to give a xell-clefinedl ime(liilmil.
1 nm.-\ of ithe corresponding, unilabele(d chloride was
always present, botlh in tlle ulptake and(1 in the outflox
sttu(lies.

At the end of the up)take experimieiits, the cells
xvere spun doxvn txvice in a cenitrifulge and resus-
pende(l in the corresponldinig, inactive and phosp)hate-
free soluitioni, so as to av-oid interference fromii ions
in the free slpace. They wxere theni filtered on glalss
fiber filters, wTashed onlce imiore x-ith the samiie solutioni
as uise(I for resuspenisionl, alnd, finally, xith distilled
,xxater. After the outflowx experiments, the cells couild
be filteredl off directly and(I washed oIn the filter. tx-ice
xith mie(Iiuiiii alld txvice with distille(l -xv\ater. Tlle
lprel)arations xvere gluie(d to altuinumpllalaclhets. (Iric(l
at 60°, anid brought to the couniter.

The radioactivity xxvas calculated as teq/g dry
wveight by referenice to standards prel)ared fromii the
originial solution. The lowest quantity (letermiiniable
xxith anv accuracy under the conditions used x-vas in
the or(ler of 0.1 ueq/g dIrv weight. This Iimlitationl
hecamie relevanit only for the experinmenits xith sodium
tuptake. h'l'e dry weight of the cells is about 30 %
of their fresh weight.

Each treatment -within ani experimenit x-as runi in
duplicate flasks, the sinigle values differinig less thani
1]0 % fromii the averages given in the tables. Experi-

ments of th-esamie kind xvere regularly perform-ned oni

leparalae (Ialyily(lnd i th separate hatches of cells.
Sulch series giv ((lulitatix elx the same results.ialitaively ll v 20mwxhereas. quantitatively they may (lifter by 20 to 30 %.

Results

lii/li(cii |(o/ 1PhospIhte .iIIli)iSI)11diooth ( 'pt(/kt
0/ Ilkali bus. l)b andl Cs are takeu up) in ieas-
tiralble (tiuauitities by the P-)deficieut cells without auly
exterual a(l(litioius of phosplhte. I loex ver, tich ad(l-
ulitiolis increlase the uptake. aud the aiuvouilit taken
up also increases x-ithi the tuinie of the exlperineunt

t ildet 1).

'Ilal)e t Up/llkc of Aa-, Rb-, (111(1 Cs in ut'qllP/i ri1
I I ci (/Iftf(irIt)iffent I lte rIddirtwost0ilddO.spht/o

Ollue mieq/liter if thle iou inivestigatedl added as the
chloride. Radioactivity 10) ,uc lier. Na series with 108.5
ue K& per liter at all levels of )hoslplhate. Rh' al ( s
series wxithi 28.5 ie(o K1 al Xl)80 mici(INa oc- liter.

1 iveXsti-
o-ated l Tiime
ionl ( iMn )

31()

Na

Eli 61)241)
61)(

.s 24(1

Initial phloisplhate Conic ill mI
( 0.(005 (.05 (.1 5 0.5

<().1
<0.1

1.()
2.()
10.4
1.3

< (). I 0.0
<().1 <O(.I

... 1.9

... 0.7
2.3

2.9 2.9 2.8
1.1 ).0 1 ().(
... ... 4.7
... ... 0t.4

1.4
... ... 4.7

A itOr Na. , the uitake coi npares x\-el \\ ithl thlit
of the other ions teite(d at a(l(liti( us otf 1.5 to 5 1 1m

phoslplihate, hut wxheu the initial concentration of phi s-

pihate is 0.01)5 mim Or heloxx thierec is u1o measuralble
uptake of sodium. \With iuiteriimediate additions of
llosphate ( 0.05-0.15 nim at the start) the uptake

measured after 3) minuites is greater thani if the cx-
lierimental period is increased tO 24)) miinutes.

These results le(l to the discoxcry of a, mechanism
for thle extrusion o(if s(oium by exl)eriments of the
type given in table 11. During the first minutes Of
incubation at iiiteriniediate levels of pho.>phate the
uptake of \Na dominates. A fter 31) toi 60 minui1tes
the s(oiu(m is liuml)e(l out agaIin, although the cell.s
are still surrounlded lby the same radMiiiactive sOIdtion.,

Table1 IT. ANo Ta ken U-p (at l)ifferent I iWics a]fti
Incubl)ation1in1tiSda1ndard E.lprdi)1c1cttal McdiiiII
wit/i Ad(ditioni of 1 (iM 22AaCI and 0.15 n-mM

Con(itions as in table I. 'Na' series.

l'iniC (iiiliit)

65
125
180
230)

N.i (1(e(q (lrv Nx\t)

4.3
2.9
1.8
1.0
0.8
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and although the proportionis between cells and me-

dium are such that the outside concentrationi of Na'
is nlot appreciably affected.

Influenzce of Phosphatc on1 the Extr-usion Mecha-
nism. A closer study of the mechanism for extrusion
of sodium met with the obstacle that the cells with P
deficiency do not contain or take up measurable quan-
tities of Na'. To overcome this difficulty, the cells
were first prepared as for an experimiient, but then
the whole batch was resuspended in a standard ex-

perimental medium containinig 5 mllM K phosphates
andl 1 mvM 22'NaCl, and using K citrate buffer. They
were incubated at 250 in light, in a 500 nil Erlen-
meyer flask open to the air on the shaking water bath
but withotut extra air bubblinig. After 2 hours they
were againi washed twice anid the finial cell suspeni-
sion for use in the experiment proper was prepared.

The radioactive cells were now added to flasks
with and without phosphate. All experimental solu-
tions contained 1 maI NaCl, but half of them were
free from 2 Na whereas the other half were labeled.
Samples were taken at regular intervals, and the data
from olne of the experimenits are given in table III.

The flasks with iniactive sodium show that the loss
of the ionl is enhaniced by phosphate, just as the
tuptake. Also in the presence of labeled Na' extern-
ally, a loss of sodiuim from the cells can be demon-
strated wheni no phosphate is present, but 5 mM phos-
phate will elnhanice uptake miiore thani outflow, so that
a lnet uptake occurs.

After the pretreatment given, it miiay seem surpris-
ilng that the cells show immediate responses towards

the presence or absence of phosplhate externally. It
takes, however, several days in a medium replenished
w!ith phosphate before the cells are back in the nor-

mally balanced state (11).
Effect of Anaerobiosis. In order to determine

whether the mechanism for sodium extrusion is
aerobic or anaerobic, experiments were performed in
air and under N,. The cells were loaded with 22Na'
by aerobic treatment with a phosphate containing
solution as described in the preceding section. Since
anaerobiosis will decrease the uptake of external
phosphate by Chlorella (21), and the same is true for
phosphate-deficient Scenedesmus (Kylin, unpublished
observations), the experiments proper were better
performed in phosphate-free solutions.

Results from such series show, for instanice, that
cells originally containing 21.3 Aeq 22Na' per g dry
weight retained an amount of 13.1 and 13.5 ,ueq/g
dry weight in air and in nitrogen respectively, after
2 hours in an unlabeled external solution. With 1

mm 22NaCl externally, the corresponding figures
were 14.6 in air and 15.2 in nitrogen. The extrusion
of sodium ions thus occurs both aerobically and
anaerobically.

Retenitiont of Rb+ antd Cs+. Studies on the reten-
tionl of Rb+ and Cs' were made in order to see

whether they can be worked upon by the mechanism
for extrusion of sodium. Since these ions are taken
up without external phosphate, the cells were made
to contain the radioactive ions simply by adding
them to the culture media, to a final concentration
of 10 ,uc and 1 meq per liter, about 20 hours before

Table III. Effcct of Extcrnial Phosphatc anid 7imc on1 Retention
and Uptake of 22ANa in Scenedesmus

Cell conitenits of 22Na- in /teq/g dry weiglht. Iniitial loadilng of the cells with 22Na' as described in text. 108.5 mcq
K+ and 1 meq Na+ per liter at both levels of phosphate.

Min from start

30

19.9 15.2
12.9

15.9
"1 22.2

Table IV. Effect of External Phosphatc on the Time Dependen;ce of the Retcettiont
of Rb+ in the Presenice anid Absentce of Na+

Cell contents of 86Rb in ueq/g dry weight. 1 meq Rb+ per liter in all series. Na-citrate medium with 28.5 meq

K+ and 80 meq Na+ per liter; K-citrate medium with 108.5 meq K+ per liter anid no Na-.

nMin from start
Main I nlitial

huffer phosphate 0 30 60 90 120 185 245

Na- 0 mzN 5.0 4.8 3.7 3.0 2.3
citrate 5 mir 5.7

5.0 5.0 ... 4.8 4.3 3.6

4.4 3.4 2.4 1.7 Control with Na- 3.9
K- 0 mM 6.0 citrate at 120 min 4.6

citrate 5 mm 2.7 1.6 1.2 1.0

Externial
sodium

Not radio-
active

Radio-
active

0

Initial
pliosphate

0 mMf

5 niim

m

5 mm

60

13.7
10.0
15.4
26.4

120

11.9
8.0

15.1
30.7

180

12.0
6.6

12.4
33.4

240

10.3
5.4

12.7
32.1
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the start of the experimllenit. T'he cells uN ere thein
lprepared anlel the experimlenital solutionis iia(le til) as
(lescribed.

Tab)le IV gix-es somle of the dlata available for
ruibidiutm. Using a buffer of sodium citrate, it was
founld that during a lag of 30 to 60 minuittes there was
not mnuch difference between the retentioln in the
presence or absence of external phosphate. There-
after, the phosphate increased the capacity of the
cells to retain their Rb+.

However, when the Na-citrate was replaced by
the K-salt, so that the experimental medium becamle
free from sodium, the picture was changed. Ex-
ternal phosphate now gave an immediate decrease in
the retention of Rb+ as compared with the phosphate-
free solutions. Series like the second one recorde(d
in table IV thus gave a close parallel to the findings
for soditimi (cf. the inonradioactive set of table III).

The samiie types of data were founld for Cs", al-
though the losses were slower. so that somiewhat
loinger experimiiental times hadl to be tised. For ex-
amlple, an experimenlt witlh (K+ + Na'-) = (28.5 +
80) meq/liter in the medium was started with an
initial amount of 5.4 peq 137Cs per g dry weight.
After 130( minutes the cells without phosphate con-
tained 4.1 yeq/g dry weight anid those with phosphate
-4.7. After 300 minutes the figures were 3.8 and
4.2 respectively. In another set with the medium

adle up of potassium salts, the correspondinig data
were 5.3 initially, 3.7 (-P) and 2.9 (+P) at 130
minultes, and 2.5 (-P) anid 1.8 ( + P) at 300 mim-
tites.

These findillgs suggest that the samle miechaniismii
that is active in the extrusion of so(liumii can work
also upon other mionovalenit cations, although there is
a preference for sodiumii. \Vrhein phosphate activates
the mlechanismii ancd initernal sodiunm is presenlt, rubi-
ditimii and caesium are excltided from the sites of
extrusion, and the cells will retain thelmi more ef-
fectivelv. Tllat the lpreselice or absenice of soditimii
reverses tlle effect of phosphate on the retelntion of
Rb' and(l Cs' wouldl] be ev-en mlore ml(dlerstandable if
the latter ions (anld. b1 inference. K+) are takell tip as
cotiniter ionis to lhell) mlainltainiing the electronietutrality
of the cells w-henl Na is extru(ledl.

I,ffccts of Differcnit Comlbina(itionis of AaO aii(I
K on l 'tMakc and Rcteiitioni of Rb It is well
knownv that Rb an(l K+ comlpete with each other for
uptake bv plant cells (4). In the presen-t experi-
ments there is alwvavs an abundance of potassitimii
present, and 186Rb miust be regarded as a mlarker not
only for Rb+ but also for K+.

\Vith this starting point, some experiments with
different combinations of Na+ and K+ wrere made to

pinpoint more exactly to which of these ionls the re-
stilts onl tlle retenitioln of Rb+ ( anid Cs ) are primarilN'
dtlie. It could otherwsise be argued that the decreased
retenitioln of Rb- in the absence of sodium, was due
to inicreased possibilities of exchange with external
K-. In regard to the hpvpotlhesis that the other alkali
ionls may serve as couniiter ionls in the active extrtusion

Table V. Eff[ftstof I)iffr,ntCoimboiii atitonis of NXa
(1d1(1 K inl f/i.ltcdiuI iii oii U'ptak

and Rctcntioni of RlN)
Cell cotntenits of S',Rb in ,ueel/g dry weight. 1 mleq( Rh

per liter in all series. Starting value in retenitioni series:
4.3 gieq/g dry weight. Experimental times: Ul)take 200(
miniutes, retention 120 miniutes.

meq/liter
in iiediuni

Ka- Na-

28.5
108.5
108.5
108.5

80
0
1

IUptake
0 Illm P 5 IrIuM P

(1.7)
0.8
1.0
1.0

(4.7)
2.2
1.8
2.4

Retenition
0 III-m P 11mM 1

2.4
2.6
1.0
1.2

3.2
3.3
0.6
1.2

of sodllium, the samiie combinations were tised( also fol-
series oni the tpltake of hl. 'I'he resuilt of suicI
sti(lies are given in table V.

Takilig first the aslpect of retentioni, table V .sIlo\ws
that withi aln exterilal Na' conlcenitrationl of 80 illeqj/
liter, it is l)ossil)le to inicrease the K-' from 28.5 to
108.5 meq/liter withotit any (lecrease in the retenition
of RbI withini the cells. This excltides ani inicreased
exchanige with externial l)otassitlm as the exlplanation
for the effects nlotedI in table IV. One cotild still
arguie that the exchanige system was already satuirate(d
at a colncenitrationi of (K' + 'Na-) of (28.5 -+- 80)
meq/liter, so that nio effect cotuld be obtained by the
additioln of more potassitimi, but tlleni there Notild be
no reason whv the excltusioll of Na' and the addition
of ani equivalent amlotlint of K` slhotildc give the le-
crease in the retentioln of Rb x-hiclh is recordled for
(K + Na-) - (108.5 U0) mie(q/liter. It muist,
therefore, be the presenice o)r aibsence of so(litlmll iolls,
which in combination xx ith ploslhate regulates the
outflowv of RIb . 'T'his concltusion is corroborated by
the fact tllat an Naa addition of only 1 meq/litelr
gives ani ilncrease(l retention of RI)h, notably when the
presenlce of lhosl)lphate llas inicrease(d the activity of
tlle miieclhaniismii for- extrulsion of sodiutmn. Thlle initer-
pretatioils given in the p)receding section aIre conl-
filrmle(d 1y the present experimients.

As for- the uptake of Rh,- the valtues for the low\
conicenitratioll of external 1K in table VT are given in
brackets. This is dtie to the fact already mlenitionied
that ""RI) miiust le regarded as a mlarker for the comii-
hined RbI and K . TIl the absence of dletailecl data
oIn the competitionl betwveen these 2 ionls, it is thenl
possible to muake direct comparisoin only between sets,
where the starting amounts of K' and Rb+ in the
labeled compartnment are the samle. \Vhen the cells
are radioactive and takeln from the samiie batch, as in
the retention studies. the conlditionl mienitioned is ftl-
filled througlhotit. In the ul)take studies the flasks
with 108.5 neq K+ per liter cani be (lirectlv conrpared.
wxhereas those wvith K+ eqiual to 28.5 meq liter nmust
be excepted for the timle being.

Startinig nox\ froml tlle vessels xvithout Na it
canl be seeln that the addition (if I illeq NaIC per liter to
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Table VI. Limiiits of Intrnlal Sodijit Contents (,ucq/g
dry wt) Found in Contdition1s Comn parabic to 7Thosc

of Table V

Externial Na- Initial phosphate
(meq/liter) 0 mar 5 mnI

80 3-5 174-191
1 <0.1 10.6-14.2

the illediulll will illcrease the uptake of Rbt ill the
presence of phosphate, that is, when the sodium out-
pump has been stimulated. This gives strength to the
idea that alkali iolns of the potassium-rubidium- caes-

ium group are taken up as counter ions when sodium
is excreted. WVith Na+ added to 80 nmeq/liter there
may, again, be a slight inhibition in the uptake of
Rb+, but the effect hlas n1ot been completely reproduci-
ble, anid Na+ does ilot appear to be very competitive in
this typ)e of tranisport froml the mediumi iinwards.

A few mlore data can be given to illustrate the
properties of the system illvestigated. Table VI
gives a picture of the coilteilts of sodiuml iinside cells
comparable to those of table V. The series without
phosphate especially show that only niniiute quantities
are needed iinside to give an appreciable effect on the
retention of Rb+. If we assume 86 Rb+ to be a pro-
portional miarker for the uptake of Kt. the cells
sliould contain 150 to 200 ,ueq K+ per g dry weight.
Potassium (225-400 ,ueq) per g dry weight was re-

ported by Krauss aiid Thomas (9) in their experi-
illeints with Scenecdesmuites obliquits.

Discussion

From the evidence givein, it appears tllat both
uplytake aind extrusion of sodium are stimulated by
phosphate. At low^ iinitial levels of external phos-
)lhate, the cells are kept almost free froml sodium.

\Vritli increasiilg additions of phosphate, uptake of
Na4- increases more than extrusion, aind at 0.05 to
0.15 Illm phospliate aind Iligher, appreciable amiiotilts
are fotunid iniside tile cells. There is also a time fac-
'tor involved, so that at an initial concenitrationi of
(0.15 illM phosphate the mechanismii of uptake is trig-
,ered before that of extrusion.

With the conditions used it is not possible to say

whether the mechanism for uptake of sodium ioins is

active or whether it is mainly due to passive
iinflux as a consequence of an increased number of
negative charges inside the cell membranes when
phosphate is taken up and starts to act. The extru-
SiO01 nlechallisill nmust reasonably be regarded as ac-

tive, although the data give no inforniatioin whether
it iinvolves transport tllrougll meiembranes or is brought
about by metabolically illduced changes in the spe-

cificity and types of adsorption sites. At the same

time, the extrusion of sodium seems to be indepen(lent
of 02 supply.

However, the specificity for sodium in the extru-

sioni systemii is not coiliplete. In the absenlce of Nat,
both Rb4- and Cs+ (aand, by inferenice. K+) are ex-
truded, although they compete unfavourably with the
sodium ions as far as transport from the inside ouit is
concernied (tables IV, V). On the other hand. at
least the phosphate-stinmulate(d excretionl of sodiumii
is accompanied by an uptake of Rbt (anid, again by
inference, Kt), and for the sites involved in this up-
take, sodium can compete at nmost to a limited extent
(table V, uptake columin).

From a variety of animiial tissues, adeniosine tri-
phosphatases have been isolated which are alleged to
function in the active transport of Na+ across the
cell membrane (7, 8, 16, 17). The responses of the
present system towards phosphate and anaerobiosis
would fit such a nmodel, since uptake of phosphate
would increase the possibilities of producing ATP in
the P-starved cells and siilce it wvould niot illatter
whether the ATP is produced aerobically or allaerob-
ically in conditions where tile iinternallv available
phosphate is linliting.

It has further been established that these adenosille
triphosphatases of animilal tissues are activated by
alkali ionis in 2 sites (17/). There is onie internal
site with a preference for sodium, aild another ex-
ternal positioni where K-V/Rbt are the iOlls preferred.
There is an obvious parallelism between these bio-
chemical data anid the present demonstration, on the
physiological level, of a bidirectional tranlsport mecha-
nism, preferentially taking sodium ions out of and
rubidiunm (potassium) ions into the cells.

The above picture is also related to the bio-
physical data available. Measuremenilts of cell po-
teintials have generally givein results inidicating tilat
either a permleability barrier or an active mechaniism
for the extrusion of sodium is workinig (2). The
llechainislll demllollstrated here supports the alterniative
of active extrusion of Na+. Furthermore, it offers
a possibility to explaini the switchinlg over from oiie
directioll to tile other of the tranisport of K+ which
was illdicated by tile poteintial mlieasuremlenits of
Etherton (5). At higlh conicenitratiolns, K+ could
comlpete with Na+ for the active site oil the inside of
the cell, whereas the trainsport of K+ as a cotilter iOil
Nvould dom1inate at lowv levels of potassitino.

A physiological mecilanism like the onie demioii-
strated here, gives a niew background to earlier find-
ings on the comlpetition between different alkali ionlS.
It was stated by Epstein and Hagen (4) that K+,
Rbt, and Cs+ compete with each other for the sa1lle
absorptioll systenm in barley roots, whereas Na+ in-
hibits the uptake of Rbt in a noncompetitive manner.
The interpretationi was questioned by Sutcliffe (19),
who pointed out that additions of sodium and lithium
would increase the total salt conltents of tile cells,
wliich could hide some of the comiipetitive effects. Anl
inlcreased uptake of Rb+ dule to adlditions of Nat
is also denlonstrated here. aild periaps the older ob-
servations should be re-evaluated and extell(led to
cover more complicated models thall competitioll for
ollly 1 site. Competitive illhibition of tile uptake of
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Rb- to corni leaf tissue by tlle whole series of alkali
ions xwas, howxever. recently reported by Smith all(l
Epsteini (18).

The iptake of Rh' (aiid Cs') as mieastured in these
investi-atiolls follows at least 2 (liffereint patterns.
There is the uiptake as couniter i,on to Nat, but the
main l)art of the increase (Inie to ad(litionis of 1)hos-
plate occuirs as a genleral response in the uiptake of
catiolns at the saime p)hosphate levels which give a
niet uptake of sodlitimii. Morc (lata oni the latter
pIhenonenon wxill be given in anlother Paper. Two
lpathways for the tptke of K in yeast wvrer ostti-

late(d by1 Fouilkes (6). As for anions.>, similar initer-
l)retatiols have been given for stilfate 1y the present
aulthor (1(0) -and for the halidle ioIns 1b BoszorimeCnvi.
B3an(ge and(lCsei (1) as vell as 1y Elzani, Rains and
Epstein (3
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