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SUMMARY 

I. It was established previously that there is a ligfit-stimulated electrogenic 
ion pump in Nitella transh~cens (Spanswick R. M. (1972) Biochim. Biophys. Acta 
288, 73). The effects of CO2 and inhibitors have been used to study the relationship of 
the pump to photosynthesis under conditions (pH 6.0, 0.5 mM external K +) where 
it produces a hyperpolarization beyond the limit for a diffusion potential, 

2. Under CO2-free conditions the light-stimulated hyperpolarization is maximal 
and constant. Addition of 1 mM (CO2+ HCO3-) to the external solution produces 
a slow reversion of the membrane potential and resistance to the dark levels, it 
1 mM (CO2-I-HCO3-) is present throughout, light has only a small effect. It was 
concluded lhat the products of CO2 fixation are not involved in supplying energy 
to the pump. 

3. Further experiments with inhibitors were conducted under CO2-free con- 
ditions. 3,3-Dichlorophenyl-N,N-dimethylurea (DCMU) at concentrations of 0.5 
and 1.0ttM had no significant effect on the membrane potential in the light but the 
higher concentration increased the membrane resistance. These experiments suggested 
that the pump was not directly linked to non-cyclic electron flow. 

4. The remaining possibility was that the pump is driven by ATP produced 
by cyclic photophosphorylation. This was consistent with the effect of the uncoupler 
carbonylcyanide m-chloropfienylhydrazone (CCCP) which, at a concentration of 
1.0 I~M, depolarized the cell to the dark level and increased the resistance. I mM 
azide also reversibly depolarized the cell but its site of action is not known. 

5. Dicyclohexylcarbodiimide (DCCD) produced a permanent depolarization 
to the dark level and reduced the subsequent response of the potential to external 
pH changes. It is suggested that it may affect the ATPase in the cell membrane. 

6. 710-nm light also produces a hyperpolarization, confirming the dependence 
on cyclic photophosphorylation. 

Abbreviations : CCCP, carbonylcyanide m-chlorophenylhydrazone ; DC M U, 3,3-dichloro- 
phenyl-N,N-dimethylurea; DCCD, dicyclohexylcarbodiimide; MES, 2-morpholinocthanc sul- 
fonic acid. 
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7. CO,  depolarizes thecell in tile light even under conditions where CO2 fixation 
is minimal ( D C M U  or 710-rim lighl). It is suggested that lhis is due to over-oxidation 
of  a redox component  of  phoiosystem one. 

8. There is no effect o1" 1 mM ouabain and no immediate effect of  CI -free 
solutions on tile inembrane potential. This conlhms the previous hypothesis that 
the electrogenic pump does not invol\e one of  tile m~tior ions but possibly H ' .  The 
hypothesis was based largely on an estimate o1" the flux through tile pump (al least 
33 pmoles-cm e . s - I  under CO,-fl 'ee conditions) which is an order of  nmgnitude 
too large to be due to a major ion. 

I N T R O D U C T I O N  

In the first paper in this series [I ], the presence of  an electrogenic ion pump 
in the plasrnalemma of  Nitella trasrsluce#l.v was established by demonstrat ing that 
tile membrane potential in lhe light could be more negative than the theorelical 
negative limit for a diffusion potential. The large effect of  temperature oil tile mem- 
brane potential in the light was consistent with this hypothesis. An estimate of  the 
flux through the pump was made by measuring the current required to depolarize 
tile membrane to the negative limit of  the diffusion potential set by lhe K + equilibrium 
potential. The estimated flux was an order of  magnitude too large to be due to one 
of  the major ions. It was therefore suggested that the flux could be due lo tile H e 
pump postulated by Kitasato [2]. As an alternative to the large passive flux of  H~. 
postulated by Kitasato [2] to accounl for tile effect of  external pH oil tile membrane 
potential, a model for an electrogenic Na + K + pump [3] was moditied to describe 
tile H + pump. An expression for tile E MF of  the pump, Ep, was also obtained 

drip R T  H i ~ 
E p -  Frl, 1: in - (l 

N o  ' 

w h e r e  l/*p iS tile f'ree-energy change for lhe non-transported components  o1" the 
reaction, r H is a stoichiometric coefl]cienl and H~ + and Ho + are the internal and 
external H + concentrations,  respectively. If tile pump is in parallel with the passive 
diffusion pathways (Fig. I 1 in ref. 1) and if the conductance of  the pump is much 
greater than the passive conductance,  the membrane potential would be approxi- 
mately equal to Ep. This would provide an alternative explanation l\~r the dependence 
of" tile potential on H<, +. It also suggests that tile membrane potential would be 
dependent oil the cytoplasmic pH and the energy supply for the pump. 

The main results reported here are tile effects of" CO:  and inhibitors on the 
light-slimulated component  of  tile membrane potential. Further confirmation oF 
the presence of  an electrogenic pump is provided and the source of  its energy is 
deduced. 

M E T H O D S  

The membrane potential and resistance were measured using the methods 
described previously [1 ]. The changes in membrane potential used to calculated 
the membrane resistance were below the threshold for the byperpolarizing response. 
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The value of the potassium equilibrium potential, EK, for individual cells was cal- 
culated by subtracting 75 mV from the membrane potential in artificial pond water 
(pH 6) plus 10 mM KCI. At this concentration the cell membrane appears to behave 
as a potassium electrode [1 ]. The experiments were performed in a room maintained 
at 20 °C. The light intensity was 1.0 m W . c m  -2. 

Except where indicated otherwise, the solution used in these experiments was 
artilicial pond water (pH 6) plus 0.4 mM KCI. The ionic concentrations in arti- 
ficial pond water (pH 6) were [1 ]: 0.1 mM K +, 0.1 mM Ca. 2+,  0.[ mM M g  2+,  1.0 mM 
CI- .  NaOH was added to adjust the pH, the final Na + concentration being approx- 
imately 1.0 raM. The solution was buffered with 1.0 mM 2-morpholinoethane sulfonic 
acid (MES). Some inhibitors were dissolved in 1 ml of ethanol before addition to 
I I of  solution. Control experiments revealed no effect of 0. V'[, ethanol on the mem- 
brane potential. 

CO2-free air was obtained by bubbling air through two flasks of 1.0 M KOH 
and one of water. COx-free solutions were obtained by passing CO2-free air through 
them for at least 30 min. 

710-nm light was obtained using an apparatus similar to that described by 
Robinson [4]. The interference filter was obtained from Baird-Atomic inc., Bedford, 
Mass. 

RES U LTS 

The effect of C O  2 o n  the membrane potential and resistance 
Considerable variation in the light-stimulated component of the membrane 

potential has been observed in the period following the initial hyperpolarization. 
During this period there is often some depolarization and, in extreme cases, the 
potential may revert to the dark level (Fig. 1). Investigation on the factors involved 
in this phenomenon led to the conclusion that it was independent of the buffer 
strength of the external solution at buffer concentrations of 1 mM and above and 
was. therefore, not due to changes in the pH at the membrane surface. However, 

T i m e  ( h )  
0 1 2 3 4 

. F l o w  Flow 
.~ I L igh t  on s topped s t a r t e d  

 lOOL L l 

- 2 0 0  ~ 

Fig. t. The  effects of  flow rate on the m e m b r a n e  potential  o f  a cell in a solut ion con ta in ing  a 
small  a m o u n t  or  c o ~ .  The  hyperpolar izaf ion  in the light is t ransient  but  the cell repolarizes when  
the flow is s topped.  It depolarizes when the flow is s tar ted again.  
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it was observed to depend on the rate of flow of  the external  solut ion;  s ta t iomtry 
solut ions usually produced a repolar iza t ion (Fig. 1). Two possibil i t ies were con- 
s idered:  (a) that  the l lowing solut ion led to a net loss of  H + from the cells and an 
increase in cy top lasmic  pH or (b) that the flowing solut ion provided a cont inuous  
supply of  dissolved CO, .  In case (a) the increase in cy top lasmic  pH would affect 
the E M F  of  the electrogenic pump (Eqn I) and in case (b) the C O ,  might  compete  
with the electrogenic pump for the same energy source. In s ta t ionary  solut ions 
the cell would fix most of ' the CO 2 in its immedia te  vicinity and the amount  awtihtble 
by difl'usion from the surface and t¥0m respil 'at ion could be low enough for CO,  
to be ra te- l imi t ing  for photosynthesis .  

The possibil i ty 0t" an effect on cytoplasmic  pH has not been investigated since 
it was found that  solut ions bubbled with CO+-free air  or  N 2 produced  an efl'ect 
s imilar  to s ta t ionary  solutions,  the potential  re turning to a value close to the maximum 
initial hyperpolar iza t ion  (Fig. 2). Conversely,  cells ini t ial ly in CO_,-free solut ions 
could be depolar ized by addi t ion  of  I mM ( C O 2 +  H C O s -  ) to the solut ion (Fig. 3). 

Time (h) 
0 1 2 3 4 

 O2i,roe _~ Light on 

- 200  ~ 

Fig. 2. The el'fecl of CO,_,-free solutions on the membrane potential ill the light. In a solution 
containing a small amount of COe the light-stimulated hyperpolarization is partly transient. 
In CO._,-free solution the potential returns Io a value close to the maximum initial hyperpolariza- 
l i o n  a~ld i - cma ins  c o n s t a n t .  
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Light on 1raM NaHCO 3 

t__/- 
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Fig. 3. 1he effect of" I mM (COe i HCO:~ ) on the membranc potent ial  of  a cell i n i f i a lb  in ¢'O~- 
fl'ee art i f icial pond water (pH 6) plus 0.4 mM K( ' I .  
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Compar ison  of the effects of darkness and light plus C O  2 o n  the membrane  potential  
and resistance suggest that the two condi t ions  are very similar (Table I). The simila- 
rity extends to the existence of the hyperpolarizing response which at high values 
of the membrane  resistance is normally observed only in the dark [I ]. As might 
be expected, the presence of COx dur ing the dark period el iminates the hyper- 
polarization when the light is turned on and the resistance remains high (Table 11). 

TABLE 1 

EFFECT OF LIGHT AND CO2 ON THE MEMBRANE POTENTIAL AND RESISTANCE 

Mean values for 7 cells ,+ S.E. EK for this group of ceils was 123 _+ 3 inV. 

Conditions Membrane Membrane 
potential resistance 
(mV) (k~Q. cm e) 

Dark, CO2-free - 116+4 72+26 
Light, CO~-free -161 +4 12_+2 
Light, 1 mM (CO:?, FHCOa--) --117+4 58_+15 

TABLE I1 

EFFECT OF LIGHT ON THE MEMBRANE POTENTIAL AND RESISTANCE 1N AR- 
TIFIC[AL POND WATER (pH 6) PLUS 0.4raM KC[ plus 1 mM NaHCOa 

E,~ = 123 ,+ 4 inV. 

Conditions Membrane Membrane 
potential resistance 
(mY) (k~(2. cm e) 

Dark - l 13 ,+ 5 146 _+ 52 
Light -116,+5 113,+49 

At pH 5, addi t ion of CO2 in the light had no effect on the membrane  potential  
but increased the membrane  resistance by about  60°~,. At pH 7 the effects were 
similar  to those at pH 6 but smaller and more variable. Fur ther  reduction in the 
effect was observed at pH 8 and the effects at pH 9 were not significant. Thus the 
reduced effect above pH 6 appears to parallel the reduction in the rate of CO2 
fixation observed by Smith [5, 6]. 

These experiments suggest that the products of C O  2 fixation are not involved 
in supplying energy to the pump. Fur ther  experiments were therefore designed to 
determine whether ATP or reducing power is the energy source. 

The ~:ff~,ct o f  inhibitors on the membrane potential and rcsixtance 
1. D C M U .  MacRobbie  [7] showed that D C M U  at a concentra t ion  of 0.6 •M 

inhibited the CI influx in N. transh¢cens to 36~Io of the control wdue but only in- 
hibited the K + influx to 75'~ of the control.  The effects of D C M U  on the membrane  
potential in the light given in a prel iminary report [8] were wtriable, probably due 
to the presence of CO2. However, in the absence of CO2, there is no effect on the 
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potent ia l  at concent ra t ions  of 0.5 or I.(),uM over periods o1" at least 1 h (Table I11). 
There is, however,  an increase in the membrane  resistance at tile higher concent ra l ion .  
Addi t ion  of  CO2 in the presence of  the inhibi tor  produces  a depolarizl t t ion and 
an increase in resistance s imi lar  to that observed in its absence (Tables I and III). 
Smith [5] has shown that D C M U  at these concent ra t ions  reduces CO,  fixation in 
N. traH,slucv#rs to the dark level. Since D C M U  blocks electron llow from System 2 
to System I in photosynthes is  and therel\~re prevents reduction o l  N A D P ,  lhesc 
exper iments  suggest that tile electrogenic pump is driven by ATP produced by cyclic 
pho lophosphory la t i on .  The act ion of  CO~ under  these condi t ions  will be considered 
in the discussion. 

TABLE III 

EFFECT OF DCMU ON THE MEMBRANE POTENTIAL ,AND RESISTANCE OI- ( 'E[ .LS 
INITIALI .Y IN COe-EREE ARTIFICIAL POND WATER (pH 6) PLUS 0 .4 ra M K('I IN 
THE EIGHT 

For this group ot"7 cells, El{= -119+_21n'v.  

Condition Membrane Mcrnbrane 
polential resistance 
lmV) < k-~2 • cm 'l  

CO2-free 
CO2-free, 0.5/~M DCMU 
COe-fl'ee, 1.0/zM DCMU 
I mM (COe HCOa ), 1.0,uM DCMU 
CO2-free, recovery 

156+3 16+ 2 
158+3 17+ 3 
154+3 45+ I0 
117+2 105+32 
161 t 4  16+ 2 

2. CCCP. CCCP is generally recognized as at1 effective inhibi tor  oF cyclic 
pho t ophospho ry l a t i on  [9]. MacRobb ie  [10] showed that  a concent ra t ion  of  5,uM 
mhibi ted  the influx of  K + much more severely than the influx o f C I - ,  l n t l l e p r e s e n t  
work it wits found that exposure  of  cells to 5 , ,M CCCP for long per iods  produced 
irreversible damage.  However.  1.0/tM CCCP wits efl'ective without  kil l ing the cells. 
At this concentra t ion.  Smith [5] showed that  there was only a small  inhibi t ion of 
CO 2 fixation. 

The effect of  CCCP is shown in Table IV. The n lembrane  potent ia l  is reduced 
to the dark level and the membrane  resistance is increased. Recovery on removal  
of  CCCP is slow and variable.  These results are consistent  with a dependence  on 
cyclic pho tophosphory la t ion  as suggested abo~e. A :.;imilar effect, under somewhat  
different condi t ions ,  has been repor ted  by' Vredenberg and Tonk [11 ]. 

3. DCCD. D C C D  is an energy- t ransfer  inhibi tor  that  inhibi ts  H + extrusion 
ill St#'vplococcu,v Jaecalis [12]. In Hrth'odictl'o#l aii'icanum it inhibi ts  respir~ttion and 
the l ight-s t imuhtted K + influx [13]. It appears  to bind covalent ly  to the membrane-  
bound ATPase  system from Slr~'l~lococclI,V [14] and inhibi ts  the p lasma membrane-  
bound  ATPase  from oat  roots  [15]. However.  it will bind to filly membrane -bound  
ATPase  so a posi t ive effect does not define the site of  action. 

The t ime taken to depolar ize  the membrane  potent ia l  in Nilella was variable.  
This may reflect both the difficulty in dissolving tile inhibi tor  and the slow rate of  
binding that  is observed in isohtted systems [I 4 ]. However.  once the cell had depolar ized 
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the effect was usually irreversible (Table IV). Even many hours after the remoxal  of  
the inhibi tor  Dora theexterna l  solution the membrane  potential  x~as insensitive to light. 
( ' oncomi tan t  with this wets a marked decrease in the response to a change in exlcrn~.t[ 
pH from 5 to 7. Before t rea tment ,  the mean change in potent ia l  for seven cells wa~ 
75_+3 inV. After  removal  of  the inhibi tor  the change in potent ial  was only 17±3  m \ .  

D C C D  also increased the membrane  resistance (Table IV) alld the hxpcr- 
polar iz ing response can be observed with appl ied currents  producing  hyperpolar i -  
zat ions greater  than about  15 mV. The resistance measurements  gi,~en in Table IV 
were made below the threshold of  the hyperpolar iz ing response. 

4. Azkh,. There is a large and rapid effect of azide on the membrane  potent ial  
of  Neuro.sl)ora cras.sa [16]. Coster  and Hope [17] found that azide inhibi ted the 
Cl in:Nux in Chara corallina by about  60<'. and van Lookeren Can3pagne [IS] 
showed thai  it inhibited CI uptake in l'alli.vneHa ,v?irali.s. Apar l  fronl this, l i t t le 
use seems to h.ave been made of  this inhibi tor  in photosynthe t ic  systems except 
for occasional  reports  of  its effect on the Hill reaction [19]. 

In Table IV it can be seen that 1 mM azide has a large and readily reversible 
effect on the membrane  potential ,  depohuiz ing the cell to a potential  more than 30 mV 
more positive than the E k. There appears  to be l i t t le effect of  lhe inhibi tor  on the 
membrane  resistance. However,  the membrane  potent ial  is reduced to a value where 
there is often a decrease in the resistance and this may have obscured any increase 
due to the inhibi tor .  

The ~[fbcl (?/ 710-rim li<ght on IDe n;e#;;b;'as;e potential a;;U re.sLsla#;ce 
MacRobb ie  [7] lk3und that  i l luminat ion  o f  N. rran.sh;cens with light predo-  

minant ly  in the waveband 705 730 nm resulted in an inhibi t ion of  the CI -  influx 
but no reduct ion in the K + influx in compar i son  to the usual values in the light. 
Smith [20] has shown that  CO2 fixation is severely inhibited by the same light source. 
It therefore appears  that  the K + influx can be suppor ted  by ATP from cyclic pho to -  
phosphory la t ion  in far red light. 

The results of  the inhibi tor  exper iments  described aboxe are consis tent  with 
energy from cyclic pho tophosphory la t ion  being used to drive the pump. To add 
further conf i rmat ion to the inhibi tor  exper iments ,  the effect of  710-nm light on 
the membrane  potent ia l  was investigated.  The results in Table V show that  light 
of  this wavelength can provide energy to power  the electrogenic pump,  thus providing 

"FABLE V 

EFFECT OF 710-rim LIGHT ON THE MEMBRANE POTENTIAL AND RESISTANCE 

The light intensity was 0.55 mW.cm e. For this group of 7 cells E~ ~as 121 _+3 inV. 

('ondition Mcnlbranc Mcmbranc 
p o t e n t i a l  res i s tance  
tmV } I k !2-  Cll] ' ) 

l)ark, ('()._,-free 
710-nm light, COe-frce 
710-nm light, I mM (COe ~-HCO:/ ) 

117+2 124+27 
165+4 23+4 
115+2 51-5  
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further evidence that ATP is involved. CO 2 also depolarized the cell under these 
conditions. 

The effect on the resistance was similar to that of  white light. 

The ~ff'ect o f  inhibiting the Na + K + pump and the CI -  pump 
Although the previous estimate o f  about 20 pmo le s . cm- - ' . s  ~ for the ltux 

through the electrogenic pump appeared to rule out a pump for one of  the major  
ions [I ], the possibility of  a contribution to the potential from either of  these pumps 
was investigated. 

I. The Na +-K  + pump. MacRobbie  [21] showed that ouabain inhibited the 
K + influx in N. transhtcens and has also shown that it inhibits the Na + efl]ux [22]. 
It was observed previously that there was no effect of  0.05 mM ouabain on the men> 
brahe potential in artilicial pond water [23]. A simihtr result was reported by Sto- 
htrek [24]. 

Addit ion of  1 mM ouabain to CO2-free artificial pond water (pH 6)plus  
0.4 mM KCI also had no significant effect on the membrane potential or resistance 
in the light (Table IV). Thus t h e N a  + K + pump does not appear to beelectrogenic.  

2. The CI -  I~ump. It seems unlikely that the CI influx is the electrogenic 
process in view of  the fact that conditions which inhibit the CI pump (far-red light, 
D C M U )  permit the electrogenic pump to function and conditions which inhibit the 
electrogenic pump (CCCP) do not inhibit the CI -  influx [10]. This was confirmed 
by using a solution in which SO4 2 -  was  substituted for CI - ,  Alter 20 min in C1 -free 
solution the average membrane potential for [0 cells was - - 1 6 7 + 4  mV compared to 
- - 1 6 4 ± 4  mV for the same group of  cells in CO2-free artificial pond water (pH 6) 
plus 0.4 mM KCI. Thus there was no immediate effect on the potential as would 
be expected if the CI pump were electrogenic. However, there was often a slow 
depolarization over a longer time period (Fig. 4). 

E 

*E 
-IO0 

cz 
Ek 

IZ] 
E 
o) 

Time (h)  
1 2 

Light on CI-- f ree 

-200 

Fig. 4. The  long- te rm effect o f  CI - - f ree ,  ( O e - f r e e  artiflcal pond water  (pH 6) plus 0.2 m M  KzSO4 
on the m e m b r a n e  potential ,  

D I S C U S S I O N  

The effect of  CO 2 on the membrane potential is important  for two reasons. 
Firstly, it accounts for a source of  variability in measurements of  tile membrane 



396 

potential in green tissues. Secondly, it indictttes that there lll~ty be competi t ion 
between CO 2 fixation and ion transport l\~r photosynthetic energy in this system. 
An alternative possibility is thai there is an electroeenic~ bicarbonate pump as su,*- 
gested by' Hope [25]. However, such a pump would produce a h}perpolarizalion 
rather than a depohtrizmion and there was n o  immediate effect on tile membrane 
potential upon addition of  bicarbonate at constant pH [26] (Fig..I). The decreasing 
effect of  1 mM ( C O 2 + H C O 3 - )  as tile pH is raised :tbox.e 6 suggests that it is not 
the HCO 3- that is import~mt but CO_, fixation. 

Using COx-free solutions it was then possible to study' the effects of  inhibilors 
oil tile membrane potential in tile light without tile uncertaint~ introduced bx the 
drift in potential thai occurs in the presence of  snyall and variable a, mounts o1" ( 'O ,  
(Figs 1 arid 2). The negligible effect of  I )CMU on tile inembrane potential, ttt con- 
centrations that inhibit COo lixation [20], suggests that electron ltow, and hence 
N A D P H  or an equiwdent reductant, is not invoh'ed in driving tile electrogenic pump. 
Since cyclic photophosphorykt t ion ma,', occur in the presence of  DCMU.  it is 
reasonable to postulate that ATP provides the energy for tile pump. Tile apparent 
inhibition of  tile pump by.' CCCP is consistent with this hypothesis. No is the effect 
of  DCCD,  whether it inhibits photophosphorylat ion or an ATPase in the membrane, 
or both. Tile basis for tile effect of  azide is not clear though tile results suggest that 
it too may affecl photophosphorylat ion.  

Some caution should be expressed concerning adoption of this interpretation 
of  these results ;.l,t face value. While tile inhibitor effects now appear to be consistent, 
it has >'el to be shown that they have their postulated effects, or lack of  effect, on 
tills system. However, it seems reasonable to postulate that ATP is tile energy source 
for the electrogenic pump ttnd this work has defined a set of  conditions under which 
it will be possible to test this hypothesis by' measuring ATP levels. 

Further evidence for tile invoh'emelH of  ATP is prox, ided by the ability o1" 
710-nm light to support the electrogenic pump. Light o1" this ~s, avelength gives low 
rates of  CO,  fixation in this species [20]. but promotes glucose and phosphate 
uptake [20. 27] both of  which appear to be ATP-dependent.  Again, this postulated 
dependence on ATP should be tested direcih.  

As anticipated, there was no effect of ouabain on tile membrane potential 
and no imnlediate effect o1" ielnoving CI l'roin the external solution. Tills is not 
surprising since tile fluxes through the N;_t ~ K + and Cl pumps are in tile range 
I 2 pmoles ' cm e.s-~ whereas the pump can produce a current equivalent to a 
flux of  about 20 pmoles-cm e-s J, ai least when tile nlembrane potential is reduced 
to E~ [1 ]. This calculation ill:_ty be checked for CO,-free solutions using tile data 
aiven in T~tble I. If current is applied to reduce tile nlembrane potential 1o k~ the 
passive flux should be near zero and the applied current will provide a nlininlum 
estimate of  tile flux through the pump [I]. Since tile current voltage relationship 
in the light is linear [1 ], tile current through tile pump may be calculated by,' dividing 
tile difference between the resting potential and f K (38 nlV) by tile nlenlbrane le- 
sistance (12 k/2-cm 2). The calculated culrellt is 3.2!~A.cm 2 wllich is equivalent 
to a flux e l ' abou t  33 pmoles-cm 2.s t. This is, in l'acl, an underestimate because 
tile resistance measurement includes the lonoplast resistance. 

Tile previous assertion [l]  lh:,l,l the elecirogenic pump does not t lansporl  
a m~tjor ion is supported by these results. Identification of  tile ion as H + is still 
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by a process of  elimination, though the work of Lucas and Smith [28], which dem- 
onstrates a light-stimulated acidification of the external medium, does suggest 
that there is in fact an H + efltux. 

The depolarization produced by long exposure to Cl-- | ' ree solutions requires 
some explanation. If Smith's hypothesis [29] of a C I - - O H -  exchange mechanism 
for Chara also applies to Nitella, the removal of external CI-  might block the O H -  
efflux and this would lead to an increase in cytoplasmic pH. According to Eqn 1 
this would make Ep more positive. Verification of this hypothesis calls for a separate 
investigation of cytoplasmic pH. 

If DCCD affects the pump directly, its effect on the subsequent response to 
external pH changes is relevant to the applicability of Eqn I. A direct effect on the 
pump ~ould decrease gp as observed (Table IV) and this would lead to a reduction 
in the contribution of Ep to tile membrane potential. Thus, this obserwttion would 
be consistent with an effect of pH on the pump EMF rather than on a diffusion 
potential associated with a large passive flux of H + as suggested by Kitasato [2]. 

Vredenberg and Tonk [11] have suggested that in their work gp may be less 
than gin. This may be true since they used conditions that were quite different than 
those used here, including a higher pH (6.9), the presence of 0.1 mM KHCO3 
and short periods of illumination with the resistance measurements made in suc- 
ceeding dark periods. Their values for the membrane resistance are in tile range 
observed here for darkness or light plus CO, and their calculated pump currents 
are only one tenth of that calculated here for CO2-free artificial pond water (pH 6) 
plus 0.4 mM KCI. Their results tire, therefore, not inconsistent with the hypothesis 
that £;'p>g,n under conditions of prolonged illumination. It should be noted that, 
under the present conditions, inhibition of the pump by CCCP does produce an 
increase in membrane resistance (Table IV) whereas under Vredenberg's conditions 
there was little effect [30]. 

11 should also be pointed out that Vredenberg and Tonk's  treatment [I1] of 
the equiwdent circuit in Fig. 1 of ref. 1 is not straightforward in that the current ip, 
defined by them as Ep/(Rm-? Rp) where Rp= l/gp and Rm= l/g m, is not in general 
tile current lhrough the pump, i.e. Rp. In fact, ip will only represent the actual 
current through the pump when Era=0, a most unlikely situation. The current 
through either arm of the circuit, one arm of which represents the pump, in the 
absence of net current flow is (Ep--]~m)/(Rm+Rp). This points out the essential 
feature of this circuit which is that, in the absence of an applied current, tile current 
through the pump is a function of Em and will only be zero when Em= ~Tp. According 
to Vredenberg and Tonk [11], ip would be zero when Ep=0.  This is particularly 
confusing since they refer to ip aS the 'electrogenic' or 'active" membrane current. 

The depolarization produced by CO2 in the presence of DCMU or 710-nm 
light also deserves comment. Since CO2 fixation is minimal under these conditions, 
it might be expected that CO2 would have little effect on the membrane potential. 
However, parallel observations have been made by Jeschke and Simonis [31 ] with 
regard to the effect of CO2 on CI-  uptake by Elodea densa. They suggest that the 
presence of CO2 leads to a change in the redox potential of the electron acceptor 
or an associated component of  photosystem one. Qualitatively this can be looked 
on as CO2 fixation draining off electrons from photosystem one. In the presence 
of DCMU or far-red light the electrons could not be replaced from photosystem 
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two at an a p p r e c i a b l e  ra te  and  th is  wou ld  reduce  the rate  o l ' cyc l ic  p h o t o p h o s p h o r y l a -  

tioF~, i.e. the a p p r o p r i a t e  redox  c o m p o n e n t  wou ld  b e c o m e  too  ox id ized  ( ' ove r -ox id i -  

zed ' )  to feed e l e c t r o n s  in to  the  cyclic sys t em.  A s imi la r  r egu la to r  S sys tem has been 

used by Raven  [32] to expla in  the i n t e r a c t i o n  bet~,een C O ,  and  K + up takc  in 

t t  rdrodict ton q/i'icamm~. 
in s u m m a r y ,  the e \ , idence  p r e s e n t e d  a b o x e  is c o n s i s t e n t  x~illl the p resence  o f  

an e l cc t rogcn i c  H ~ p u m p  dr ixen  by A T P  hydro lys i s .  A p a r t  f rom the  e x p e r i m e n t s  

on A T P  levels and  c y t o p l a s m i c  pH sugges ted  a b o \ e ,  it will be in te res t ing  to see 

w h e t h e r  S m i t h ' s  h y p o t h e s i s  [29] o f u  ('1 inl/ux dr i , ,en  by a pH g rad ien t  set up b,v 

the  H ~ p u m p ,  which  now a p p e a r s  to be dr iveu  b} A T P  ill X. lt'allS[ll('('tl,,,, C,.l, ll be 

used l.) exp la in  the  CI inilux in N. traH.v/uc¢,Hs which  a p p e a r s  to be d e p e n d e n t  on 

e l ec t ron  flow r a t h e r  thai1 p h o t o p h o s p h o r y l a t i o n  [7, 10]. 
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