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SUMMARY 

I. Po ta s s imn  efflux from Chlorella cells was s tud ied  b y  means  of rad io t racer .  
2. The kinet ics  of the  efflux suggested t h a t  the  exchange of the  m a j o r i t y  of 

the  in te rna l  K + is cont ro l led  b y  a f i rs t -order  process.  
3- The efflux ra te  under  condi t ions  of no ne t  K + movemen t  is approx .  I pmole  

K+ per  sec per  cm 2 in the  l ight  bu t  falls to  0.3 pmole  K+ per  sec per  cm 2 for da rk  
t r ea t ed  cells. 

4. The efflux was sensi t ive to  t e m p e r a t u r e  and  metabol ic  inhibi tors  in a way  
not  expec ted  for a s imple passive leak th rough  a re la t ive ly  permeable  membrane .  

5. In  the  absence of ex te rna l  K + the  efltux was ve ry  low and  no t  unt i l  this  
ca t ion or Rb  + was replaced in the  suspension med ium did the  cells read i ly  lose t racer .  

6. The resul ts  are  t e n t a t i v e l y  in te rp re ted  in t e rms  of a me tabo l i ca l ly  contro l led  
K + - K +  exchange sys tem poss ib ly  involv ing  a m e m b r a n e  carrier.  

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

Recent  inves t iga t ions  on Chlorella pyrenoidosa have  shown tha t  this  a lga  is 
able to ma in ta in  a high in te rna l  level of K+ (ref. I) .  Bo th  electr ical  measurements  1 
and t racer  influx s tudies  2 suggested t ha t  this  accumula t ion  was a resul t  of an act ive 
t r anspo r t  mechanism poss ib ly  s i ted at  the  p lasma  membrane .  Such a s i tua t ion  had  
been ind ica ted  b y  earl ier  work  on this  organism'3, 4 a l though no de ta i led  in format ion  
about  the  e lectrochemical  po ten t i a l  g rad ien t  had  been prev ious ly  repor ted .  

The presence of a K + influx pump  seems to be a charac ter i s t ic  of o ther  micro-  
organisms which have been s tud ied  to -da t e  5. ROTHSTEIN 5 has specula ted  abou t  the  
funct ion of th is  accumula t ion  bel ieving t h a t  i ts purpose  is to  produce  a high in terna l  
hype r ton i c i t y  necessary for the  g rowth  and  expans ion  of these wal led cells. Moreover,  
he suggests t ha t  for those microorganisms  l iving in di lute  solut ions  the  back  leakage 
of in terna l  ions is min imized  b y  a r e la t ive ly  impermeable  membrane  and in m a n y  
cases cont ro l led  b y  specific exchange systems.  

In  this  paper  the  s t eady - s t a t e  efflux of K + f rom Chlorella cells has been studied.  
The  kinet ics  and  magn i tude  of the  ra te  of loss of in te rna l  t r ace r  were consis tent  wi th  

Abbreviations: CCCP, carbonyl cyanide m-chlorophenylhydrazone; DCMU, 3-(3,4- 
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the  prev ious ly  r epor ted  influx da t a  2. In  add i t ion  the  results  were in agreement  with 
the above  suggest ions since the efflux did not  seenl to act s imply  as a passive leak bu t  
showed a sens i t iv i ty  to light,  t e m p e r a t u r e  and metabol ic  inhibi tors .  I t  was also found 
tha t  the  efflux ra te  d ropped  to a low level when there  was no ex te rna l  K +. 

MATERIALS AND METHODS 

The alga, C. pyre~zoidosa, was cu l tured  in the  same manner  as prev ious ly  given 1. 
Effluxes were measured  by  resuspending cells, which had  been loaded with  4"K, in 
fresh inact ive  cul ture  medium.  Al iquots  of cells were taken ,  f i l tered and assayed for 
in terna l  r ad ioac t i v i t y  in essent ia l ly  the  same way  as out l ined  earlier", 8. The dura t ion  
of the  exper iments  and  the dens i ty  of the  cell suspensions were such tha t  l i t t le  or no 
back flow of t racer  occurred.  For  some exper iments  a modif ied cul ture  mediuln  was 
used, deta i ls  of which are given at  the  app rop r i a t e  posi t ion in RESULTS. 

The cells were usual ly  loaded  with 4"K by  growing them in cul ture  med ium 
conta in ing  this  isotope at  an ini t ia l  ac t iv i ty  of o .5/ ,C/nl l .  They  were ha rves ted  about  
24-48 h la te r  by  eent r i fugat ion  and then quickly  washed with dist i l led wate r  before 
being resuspended in the  inact ive  mediunl .  Al though this  isotope has a short  half-life 
the  high in t race l lu la r  K + content  of this  organism resul ted  in sa t i s fac tory  levels of 
in te rna l  r ad ioac t i v i t y  even af ter  48 h of growth.  

The exper iments  were conduc ted  over  2-3 h and it was found tha t  those 
suspensions which were i l lumina ted  over this  per iod of t ime t ended  to  increase thei r  
ex te rna l  pH.  This rise was compensa ted  b y  the  use of thin suspensions, often less than  
o. 5 %, and b y  the occasional  add i t ion  of small  quant i t i es  of di lute  HNO a. This acid 
was used because the  ex te rna l  med ium conta ined  a high concent ra t ion  of n i t r a t e  t. 

The isotope 42K came in two forms, as steri le isotonic KC1 solut ion from the 
Radiochemica l  Centre, Amershanl ,  and  as spect roscopica l ly  pure  K2CO a from the 
Atomic  Energy  Es tab l i shment ,  Harwell .  The in te rna l  r ad ioac t iv i ty  of the  cells was 
assayed  by  means  of a Nuclear  Chicago gas-flow counter  and  carr ied out  to an accuracy  
of approx.  1-  3 %. 

RESULTS 

Ki,wtics a~zd magnitude of K ~ eflh~x 
In  Fig. I the  efflux of K + from Chlorella cells fully loaded  with  i sotope is shown. 

I t  can be seen tha t  the  plot  of the  log in te rna l  r ad ioac t iv i ty  as a funct ion of t ime gives 
a s t ra igh t  line for bo th  l ight  and  da rk  condit ions.  This suggests  t h a t  this  cel lular  efflux 
is governed  by  a single ra te  cons tan t  and  tha t  the  cells are essent ia l ly  behav ing  as a 
one -compar tmen t  sys tem for the  m a j o r i t y  of in terna l  K +. Thus, assuming no back  flow 
of isotope,  the  in te rna l  a c t i v i t y  Ai  at  any  t ime t is given b y A i = A i '  exp (-kt) w h e r e A i '  
is the  ini t ia l  in te rna l  a c t i v i t y  and k is the  efflux ra te  cons tant .  

F rom these semilog plots  a value of the  in te rna l  K + concent ra t ion  could be 
es t ima ted  by  t ak ing  the in te rcepts  log A '  and  knowing the externa l  specific ac t iv i ty  
ot the loading solutions.  Indeed,  as hmg as the  harves t ing  and washing procedures  
were r ap id  the  in tercepts  gave concent ra t ions  very  close to the values measured  by  
flame p h o t o m e t r y  ~. F r o m  the slope of the  lines a value of the ra te  cons tan ts  can be 
found and the efftuxes ca lcula ted  in a s imilar  manner  as prev ious ly  descr ibed 6. This 
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EFFLUX OF K + fROM Chlorella 1#yrenoidosa 533 

T A B L E  I 

L I G H T  A N D  D A R K  K + E F F L U X  R A T E S  

The efflux rates were measured for cells suspended in culture medium at p H  6.8. The sus- 
pensions were maintained at 25 ± o.5 ~' and the i l lumination was furnished by two 15o-W 
incandescent spotl ights giving an intensi ty of 5o0 ft candles at  the reaction vessels. Results are 
quoted  ± S.E. (number  of experiments  on which mean is based). 

Conditions Efflitx rates 

pmoles/sec per 5 mma pmoles/sec per cm 2 
packed cells 

Light 17.o ~ 1.2 ( i i )  0.92 ± o.~o 

Dark 6.2 4- 1.5 (6) 0.33 -~ o. io 

has been done for both light- and dark-treated cells suspended in culture medium and 
the values are presented in Table I. 

K + e~ux  front cells loaded over a short time 
Although the majority of the intracellular K + exchanged according to first-order 

kinetics it was found that when cells were loaded over short periods of time, such that 
the cytoplasmic specific activity was low, a faster exchange compartment could be 
detected. In Fig. 2 an experiment using cells which had been loaded for about I h is 
presented. This plot shows the normal light and dark effluxes together with a rapid 
initial loss. Subtraction of the slower efflux curves from their faster components 
yielded straight lines of half-times of re min. In other experiments the half-times 
ranged from 4-1o rain and as such represented values much longer than expected for 
cell-wall exchange or unstirred layer effects. The magnitude of this first compartment 
in terms of cell K + was small being in the region of 1-3 %. 
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Fig. I. The efflux of 42K from cells which were initially fully loaded with isotope showing the effect 
of placing the i l luminated suspension in the dark. The plot is log internal radioactivity in counts  
per min against  time. 

Fig. 2. The light (open circles) and  dark (closed circles) efflux of 42I( from ceils which were initially 
loaded with tracer over a short  period of time, approx,  i h. 

Requirement of external K+ 
During some preliminary experiments conducted in various solutions it was 

found that the efflux of this cation only occurred when external K+ was present. For 
example, it was observed that  when cells were suspended in water or NaCI solutions 
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there was very little efflux of radioactivity.  This proper ty  was invest igated further 
using cul ture-medium condit ions or a slight modification of this. 

The curves in Fig. 3 were obta ined  from i l luminated cells which had been grown 
in radioactive culture. Ful ly  loaded cells were harvested and quickly washed in the nor- 
mal way by  centrifugation.  Half of these cells were suspended in Na + culture mediunl,  
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Fig. 3. The efflux of 42K from illuminated cells which were initially fully loaded with tracer. The 
cells were suspended either in normal culture medium (closed squares) or in a modified mediuln 
having all its I~2+ salts replaced by the corresponding Na + salts (open squares). 

Fig. 4- A 42K efllux experiment  demonst ra t ing  the effect of injecting 1.5 mM NaCI (open squares) 
and 1. 5 mM KC1 (closed squares) into suspensions of i l luminated cells in Na ~ culture medium 
(see text).  

tha t  is, a solution conta in ing all the normal  const i tuents  except every K + compound 
was replaced by  the corresponding Na + salt. The other half was resuspended in 
normal  K + conta in ing medium. The experiment  shows quite clearly tha t  an efflux of 
a2K occurred into the normal  medium bu t  was reduced to a very low value for those 
cells ba thed  in the K+-deficient solution. 

This observat ion was further  demonst ra ted  by an inject ion experiment.  Cells 
were ini t ia l ly suspended in Na r culture medium and placed in two seperate vessels 
which were both  i l lunfinated. Efflux into this solution was allowed to occur for 2 h 
(see Fig. 4), and as before the efflux was very low even after inject ing 1.5 mM NaC1 into 
one of the vessels. However, the inject ion of 1.5 mM KC1 into the other vessel resulted 
in an immediate  loss of cellular 42K at a rate comparable to tha t  found for cells 
suspended in normal  mediunl.  

Effect of other alkali melal calio~zs oJz ~2K e~tux 
The above results showed that  the efflux of 4"K responds quite differently in the 

presence of external  Na ~ or K !-. In  Fig. 5 the effect of other alkali metal  cations on the 
rate of loss of 4ZK is shown. Ful ly  loaded cells were suspended in NaJ culture medium 
and  placed in five different vessels each conta in ing the chlorides of Li I, Na +, K ', Rb ~ 
and Cs + at a concentra t ion  of 2 raM. I t  can be seen tha t  in the presence of Li + or Na ~ 
the efflux was v i r tua l ly  undetectable  while some loss of cytoplasnfic 4"~K did occur in 
the presence of Cs +. In  the case of Rb + and  K + the slopes of the lines corresponded 
to the normal  rate constants.  

Temperature sensitivity 
The effect of t empera ture  on tile efflux of 42K from Chlorella cells, both under  

light and  dark conditions,  was measured at 5, 15 and  25L The rate of loss of the 
isotope at 5 ° was very low over the period of these experiments.  At 15 to 25 ° the loss 
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of 42K was increased and Fig. 6 shows plots of log internal act iv i ty  against t ime  for 
cells suspended in the light and dark at these temperatures .  In both cases the change 
from 15 to 25 ° on the same suspension resulted in a marked  increase in the rate ot 
tracer efflux. The rates gave temperature  coefficients (Qi0) for this temperature  change 
of 2.o for dark treated cells and 2.3 for i l luminated cells. 

¢,00[ 15° 2 5 "  

.<?~,_ . . . . 
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l:ig. 5. Shows  the efftux of 42K from five sets of i l luminated  cells suspended in Na + cul ture  m e d i u m  
(see text) each containing,  in addit ion,  2 mM chlorides of Li +, Na  +, I¢% Rb +, and Cs-.  

Fig. 6. The temperature  sens i t iv i ty  of the l ight  (open circles) and dark (closed circles) effluxes of 
42K into cul ture  mediu ln  is shown by  changing the  t emperature  from 15 to  25 ° on the  same 
suspensions.  

The effect of high C02 concentration, 3-(3,4-dichlorophe~o,l)-z,z-dimethylurea (DCMU) 
and carbonyl cyanide m-chIorophenylhydrazone (CCCP) 

When the suspensions were bubbled with 5 % CO2 in air both the dark and light 
effluxes were reduced by  values of approx. 5o°~  of those normally  found for air 
conditions.  A similar inhibition has been reported for the influx of this cation 2 and 
perhaps suggests there m a y  be some  coupling between the two processes.  

The possible l inkage of the inward and outward fluxes of K + was further 
demonstrated  in a qualitat ive manner by  experiments  involving IO 5 M DCMU and 
IO -5 M CCCP. Both  these compounds  reduced the light s t imulated K+ influx at these 
concentrations'°, 7 and it can be seen in Figs. 7 and 8 that they  have a similar effect 
on the effluxes. 
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f4z F i g .  7 .  A s e m i l o g  p l o t  of  t h e  d a r k  a n d  l i g h t  e f f lux  o I (  f r o m  ce l l s  i n i t i a l l y  f u l l y  l o a d e d  w i t h  i s o t o p e  
s h o w i n g  t h e  e f f ec t  of  i o  - 5  M C C C P  ( t r iang les )  o n  th i s  loss.  

Fig. 8. A similar exper iment  to tha t  shown in Fig. 7 but  demonstra t ing  the  effect of IO -~ M DCMU 
(squares). 
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D I S C U S S I O N  

The kinetics of tile tracer loss from Chlorella suggests tha t  the major i ty  of the 
cell K+ exchanges according to a first order process and is consistent with previous 
studies 2. The faster efflux fraction only detected with cells par t ly  loaded with 42K can 
be identified with the small initial uptake of this isotope found during the influx 
measurements  2. As with the earlier work no conclusions (:an be drawn about  the 
nature of this small compar tment  except tha t  its half-times of exchange were rather 
longer than expected for cell-wall material  or unstirred layer effects. The possibility 
still remains tha t  this component  arises because of the heterogeneous nature of the 
cell populat ion within any  particular suspension. 

The light and dark efflux rates correspond closely with the influx rates measured 
under similar conditions" suggesting that  the action of light is to stimulate the exchange 
of cell K +- without  causing a large change in the internal concentrat ion.This  is support-  
ed by  f lame-photometry  lneasurenlents 1. 

This photosensi t ivi ty of the efftux, which is believed to be passive t, could mean 
tha t  the action of light is to alter the driving forces on this process. However,  there is 
no clear evidence tha t  either the concentrat ion or electrical potential  gradients 8 change 
during l ight -dark  transitions. Alternat ively the action of light on the down-hill flux 
of K ~ could be to increase the permeabil i ty of the rate limiting membrane  or possibly 
to speed up some metabolic reaction which is responsible for the regulation of the 
internal K ~- level. The latter possibility is supported from the sensitivity of the efflux 
to temperature  which is not  usually expected for a simple passive process unless a 
substantial  energy barrier exists between the two phases. Moreover, it would seem 
unlikely tha t  a passive leak through a permeable membrane  would be reduced by 
metabolic inhibitors. In m a n y  respects the efflux seemed to respond to various 
experimental  conditions in a comparable way  to the influx 2, a situation not  nornlally 
found for a ' pump and leak' system and more in accordance with an exchange mech- 
anism associated with a relatively impermeable membrane.  

Sinlilar suggestions have been made for other microorganisms '~ and also indicated 
for some marine algae% t°. For  the two most  studied microorganisms, yeast and 
Escherichia coli, the uptake  of K I- by  rapidly growing cells occurs via an exchange for 
metabolically derived H ~ (refs. I I ,  12). In addition to this K+-H+ exchange there is 
also a K+-K+ conlponent 'a and in the case of E. coil cells, which are prevented from 
rapid growth by  chloramphenicol,  the whole of the K+ influx is balanced by a closely 
linked carrier mediated K + efflux '4. In  a similar way  the K* efflux from Chlorella may  
be closely coupled to the major i ty  of the influx in these present experiments but  
conver ted to a K + - H  + exchange process during net ion movement .  Indeed, SCHAEDLE 
AND JACOBSON have detected H "  extrusion during the net uptake of K+ by  K+ 
starved Chlorella ''~. 

If  the influx and efflux of K ' is closely coupled together  then Chlorella cells have 
a means of maintaining a constant  level of this major  intracellular cation under a 
var ie ty  of environmental  conditions. Such a speculation is par t ly  borne out from the 
observat ion tha t  when the cells were suspended in distilled water little or no loss of 
this cation occurred. The absence of any external cations, for which the cellular K + 
could exchange, was not  the reason for this for when the cells were suspended in Na -~ 
culture medium, containing a number  of different cations, very  little leakage occurred. 
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EFFLUX OF K + FROM Chlorella pyrenoidosa 537 

Not  unt i l  K +, or i ts  closest  biological  ana logue  R b  +, was presen t  in t i le  ex t e rna l  
med ium did  the  exchange t ake  place. Also there  was no difference in the  efflux ra te  it 
1.5 or 6. 5 mM K + was presen t  in the  ex te rna l  solut ion which represent  levels a t  which 
the  influx ra te  of th is  ca t ion sa tu ra tes  2. 

These resul ts  fur ther  suppor t  the  hypothes i s  t ha t  the  efflux and influx of K + are 
coupled toge the r  as an exchange diffusion process.  However ,  evidence has been 
presen ted  elsewhere2, 7, t h a t  the  influx of K+ m a y  be contro l led  b y  cellular  levels of 
ATP. But ,  in considering an exchange diffusion mechanism there  is no reason for 
metabo l ic  energy to  be ut i l ized.  The carr ier  is ful ly s a t u r a t e d  and net  movemen t  does 
no t  occur. Such a process has been suggested m a n y  t imes for an imal  cellst6,17 bu t  
perhaps  the  nlost  re levan t  arises from the work  of GARRAHAN AND GLYNN 18 on red 
b lood cells and  the i r  ghosts.  They  de tec ted  a N a + - N a  + exchange which requi red  the  
presence of ATP for the  fo rmat ion  of the  carr ier  responsible  for shut t l ing  Na~ back-  
wards  and  forwards  across the  cell membrane .  However ,  there  was no evidence t ha t  
the  ATP was hydro lysed  unt i l  the  carr ier  was conver ted  into a no rma l  act ive Na  ~-K + 
exchange system.  Such an a rgument  could be appl ied  to K + tu rnove r  in Chlorella. In  
th is  case the  carr ier  which is responsible  for act ive t r a n s p o r t  and  net  accumula t ion  is 
a K + - H +  exchange dr iven poss ib ly  by  ATP.  When  no net  ion movemen t  occurs the  
carr ier  is s a t u r a t e d  wi th  K + in bo th  di rect ions  and now requires  the  presence r a the r  
t han  the u t i l iza t ion  of ATP.  Thus  the  number  of opera t iona l  carr iers  would be 
cont ro l led  b y  the  ATP avai lable ,  which in tu rn  would  reflect the  sens i t iv i ty  of the  
t r a n s p o r t  mechan i sm to me tabo l i sm.  

In  discussing the  poss ib i l i ty  of exchange diffusion the  re levance of the  exper i -  
ments  involving K+-free solut ions  has  no t  been ful ly considered.  I t  is most  l ikely t h a t  
in add i t ion  to  there  being a zero K + influx when no ex te rna l  K+ is present  there  will 
also be a change in the  m e m b r a n e  po ten t i aP .  This po ten t i a l  would  be expec ted  to  a l te r  
as the  ex te rna l  K+ concent ra t ion  is reduced  in such a w a y  as to  decrease the  dr iv ing  
force on the  passive efflux of this  cat ion.  To what  ex ten t  the  decrease of K + efflux is 
due to  hyperpo la r i za t ion  of the  surface membrane  is not  known, no a t t e m p t ,  for 
example ,  was made  to measure  this  q u a n t i t y  for cells ba thed  in Na + cul ture  mediunl .  
Nevertheless ,  if we assume the efflux to  be in fact a passive leak th rough  a m e m b r a n e  
we can calcula te  the  pe rmeab i l i t y  coefficient and  es t imate  the  possible change in 
m e m b r a n e  po ten t i a l  requi red  to  reduce the  efflux to  the  observed  levels in K + deficient  
medium.  This is possible b y  using the  following equa t ion  der ived fronl the  t heo ry  19,2° 
of GOLDMAN: 

F E P k  [Ki] exp  F E / R T  
¢b 0 -- 

R T  ( l - - e x p  FE/RT)  

where ¢b 0 is the  passive efflux of K + in moles  per  sec per  cnl 2, Pk  is the  p e r m e a b i l i t y  
coefficient in cm/sec, E is the  m e m b r a n e  potent ia l ,  [KI] is the  in te rna l  K+ concen t ra t ion  
and  the o ther  symbols  have  thei r  usual  meanings.  Taking  the values  of [Kl~! and E as  
p rev ious ly  r epor ted  for i l lumina ted  cells b a t h e d  in cul ture  med ium 1 and the  efflux as  
o. 9 pmole  K+ per  sec per  cm 2, the  calcula t ion gives XPk ~ 2.1"IO -8 cm/sec. This  
inc iden ta l ly  corresponds  ve ry  closely to  the  ear l ier  va lue  e s t ima ted  f rom t racer  influx 
s tudies  at  low t empe ra tu r e s  2. Using this value  of the  passive pe rme a b i l i t y  coefficient 
for K + efflux and the  above  equat ion,  i t  follows t ha t  a change f r o m - - 4 o  to  abou t  
---~oo mV mus t  occur, when the  cells are t a k e n  f rom normal  cul ture  med ium and  
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p l a c e d  in a K + def i c i en t  so lu t i on ,  to  r e s u l t  in t h e  o b s e r v e d  fall  in t h e  ef i tux r a t e .  T h e  

d e v e l o p m e n t  of s u c h  a m e m b r a n e  p o t e n t i a l  w o u l d  n o t  s eem u n r e a s o n a b l e  w h e n  t h e  

cells a re  p laced ,  for  e x a m p l e ,  in  N a  ~ c u l t u r e  m e d i u m .  H o w e v e r ,  if t h i s  a r g u m e n t  was  

s t r i c t l y  co r r ec t  i t  w o u l d  be  di f f icul t  t o  e x p l a i n  t h e  s i m i l a r i t y  of t h e  ef l lux r a t e s  w h e n  

t h e  e x t e r n a l  K .  leve ls  were  s o m e w h a t  d i f f e ren t .  I t  m u s t  be  c o n c l u d e d  t h a t  a c h a n g e  

of e l ec t r i ca l  p o t e n t i a l  will  a l m o s t  c e r t a i n l y  o c c u r  a n d  as s u c h  will a f fec t  t h e  d i f fus iona l  

c o m p o n e n t  of t h e  efflux, b u t  it s eems  t h a t  t h e  m a g n i t u d e  of t h i s  e o l n p o n e n t  is l ike ly  

to  be  smal l .  

h i  s u m m a r y ,  it a p p e a r s  t h a t  t h e  s i t u a t i o n  in Ch lo re l l a  is c o m p a r a b l e  w i t h  t h a t  

in  o t h e r  m i c r o o r g a n i s m s .  T h e  efflux of K ~, u n d e r  c o n d i t i o n s  of no  n e t  m o w : m e n t ,  

s e e m s  to  be  l i n k e d  to  t h e  m a j o r i t y  of t h e  K ÷ in f lux  p o s s i b l y  v ia  a c a r r i e r  n l e d i a t e d  

K I -K~ e x c h a n g e .  T h i s  m a y  b e c o m e  a d a p t e d  to  a K -H- e x c h a n g e  d u r i n g  r a p i d  

g r o w t h  a n d  n e t  u p t a k e .  H o w e v e r ,  i t  m u s t  b e  c l e a r l y  r e c o g n i s e d  t h a t  t h i s  p i c t u r e  cou ld  

be  c o n s i d e r a b l y  a l t e r e d  if l a rge  c h a n g e s  of m e n l b r a n c  p o t e n t i a l  o c c u r  or  if \ h e  t)as.~ive 

p e r m e a b i l i t y  p r o p e r t i e s  of t h e  r a t e  l i m i t i n g  m e m b r a n e  a re  m o d i f i e d  und(!r  t h e  variou.~ 

e x p e r i m e n t a l  c o n d i t i o n s .  
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T h e  a u t h o r  is i n d e b t e d  to  P r o f e s s o r  J .  I)AINTY, DR. N. ; \ .  \VALKER a n d  Dtc  

P. T. N~ELSEN for  a d v i c e  a n d  e n c o u r a g e m e n t .  T h e  w o r k  was  c a r r i e d  o u t  d u r i n g  the  

t e n u r e  of a Nuff ie ld  Bio log ica l  13ursary a n d  t h e  m a n u s c r i p t  p r e p a r e d  whi l e  t h e  au tho~  

was  a U n i l e v e r  E u r o p e a n  Fe l low of T h e  13iochemical  Soc ie ty .  
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