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Sodium efflux from Chlorella pyrenoidosa 

Recent  electrical  and chemical  analyses  of Chlorella cells under  fixed ex te rna l  
condi t ions have suggested tha t  this  organism m a y  main ta in  its low Na + concentra t ion  
by  means of an act ive extrusion mechanismh The work presented  in this  communi-  
cat ion was designed to inves t iga te  this  process fur ther  and to compare  its na tu re  
with the well es tabl ished Na + pump  found in m a n y  animal  cells 2 and some p lan t  
cellsa-5. 

The alga, Chlorella pyrenoidosa, was an Emerson s t ra in  and cul tured as de- 
scribed previously  1. Effluxes were measured by  resuspending cells, which had  been 
loaded with  2'Na, in fresh, inact ive  cul ture mediuin.  This isotope was ob ta ined  from 
the Radiochemica l  Centre, Amersham,  as the aqueous C1- with a specific ac t iv i ty  of 
about  z mC/mg Na  +. Exper imen t s  were carr ied out  in a glass water  t ank  at  25 ± o.5 ° 
and i l lumina ted  on ei ther  side by  two zso-W incandescent  spot l ights  giving an in- 
t ens i ty  of 5oo ft candles at  the react ion vessels. These vessels were f lat-sided glass 
flasks, some of which were covered with black tape  for measur ing  dark  rates. The 
cells were kept  in suspension and cont inuously  ae ra ted  by  bubbl ing  through moist  
air. The t ime course of the  efflux was followed by  wi thdrawing  > m l  al iquots  which 
were r ap id ly  fil tered through mil l ipore  discs and washed twice with zo ml of dis t i l led 
water ,  once in suspension and then af ter  sediment ing  out on the membrane  filter. 
The in terna l  r ad ioac t iv i ty  of the cells was assayed by  means of a Nuclear  Chicago 
gas-flow counter .  The dura t ion  of the exper iments  and the dens i ty  of the cell sus- 
pensions were such as to minimize the back flow of tracer.  In some exper iments  the  
cells were suspended in a modified medium which had all the K} compounds  replaced 
by  the corresponding Na + salts  and this is referred to as N a -  cul ture medium in 
the text .  In te rna l  concentra t ions  were de te rmined  ei ther  by  flame pho tome t ry  or  
from isotopic equi l ibr ium as a l ready  described 1. 

The efflux ra tes  were ca lcula ted  assuming the cells to be in a s t eady  s ta te  and 
governed by  a single ra te  constant .  Thus, in the absence of t racer  influx the in ternal  
r ad ioac t iv i ty  of the cells Ai,  at  any  t ime, l, is given by  A1 = A (  exp ( ~el), where 
A l '  is the  ini t ia l  in ternal  a c t i v i t y  and k is the efflux ra te  constant .  The efflux rate  M '  
in moles/sec.  5/xl packed  cells is given by  M '  - -  kc' where c' is the concentra t ion  of 
Na+ per 5/,1 packed cells. Al te rna t ive ly ,  the efflux M in moles/sec,  cm" ('an be calcu- 
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L I G H T  A N D  D A R K  N a -  E F F L U X E S  

E f l l u x  r a t e s  m e a s u r e d  in c u l t u r e  m e d i u m  ( p H  6.8) in t h e  a b s e n c e  of n e t  N a  T m o v e m e n t .  R e s u l t s  
a r c  q u o t e d  as  ~ S .E .  ( n u m b e r  of  e x p e r i m e n t s  o n  w h i c h  m e a n  is b a s e d ) .  

Condition Efflux rates 

Itpm°les/sec" 5 ! d packed cells /tltmoles/sec • cm"- 

L i g h t  2 .08 ~ 0.74 (8) o .14  7 0 .04  
D a r k  o .22  ! 0 .04  (8) o . o I 2  0 .oo2  

A b b r e v i a t i o n :  CCQP,  c a r b o n v 1  c y a n i d e  m - c h l o r o p h e n y l  h y d r a z o n e .  
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la ted  from M = (kVlq)/a, where Vl is the in terna l  volume of a q u a n t i t y  of cells 
in cm a, a is the surface area  of the same q u a n t i t y  of cells in cm 2 and cl is the  in ternal  
concent ra t ion  in moles/era a. The geometr ical  pa rame te r s  required for this  l a t te r  
equa t ion  have  been measured  and repor ted  elsewhere 6. 

In  accordance with  the  above assumpt ions  it was found tha t  the  =eNa efflux 
from Chlorella cells gave s t ra igh t  lines when log At was p lo t t ed  against  t ime and 
the ca lcula ted  efflux rates  are given in Table  I. I t  can be seen tha t  the  l ight ra te  is 
abou t  I2 t imes grea ter  t han  the dark.  

Because the  magni tude  of the  Na*-efflux rates  in Table I are somewhat  lower 
than  the corresponding K -  influxes repor ted  prev ious ly  ~, it  seemed unl ikely  tha t  these 
two fluxes are comple te ly  coupled. However ,  the  poss ib i l i ty  of a small  component  of 
the  K + influx being l inked to the Na+-extrusion mechanism was inves t igated.  Cells 
previous ly  loaded with ""Na were suspended in the Na + cul ture  medium.  To overcome 
the problem of K~ leakage from the cell inter ior  sat isfying any  K+-requir ing Na  ~ 
efflux, some ini t ial  exper iments  were conducted  on cells conta in ing low concentra t ions  
of in terna l  K +. These were special ly grown b y  inocula t ing Na + cul ture  media  with 
normal  high K ~ cells and  al lowing them to grow for 2 or 3 days.  Under  these con- 
di t ions the normal  in terna l  K -  concent ra t ion  falls from IIO mM to about  Io  mM 
while the Na  + level rises from I mM to approx.  4o raM. I t  can be seen in Fig. I a  tha t  
the  Na  + efflux from these cells could be s t inmla ted  by  inject ing I mM KC1 while 
the  addi t ion  of I mM NaC1, to the control  suspension, had  no effect. In  la ter  experi-  
ments  it  was possible to observe a similar  s t imula t ion  of the N a -  efflux from normal  
high K ~ cells when K ~ was added  to the suspending medium.  Such a resul t  is shown 
in Fig. I b  where the addi t ion  of 2.5 mM K + caused an increase of the ra te  cons tan t  
from 1. 7 l l - '  to 2.5 h -L  The l a t t e r  ra te  cons tan t  is of a s imilar  magni tude  to t h a t  
found for cells suspended in normal  cul ture medium.  

The sens i t iv i ty  of the  Na  + efflux to ex te rna l  K + suggested tha t  this  process 
m a y  be inhibi ted  b y  the cardiac  glycoside,  ouabain.  Exper imen t s  using re  -4 M and 
5" IO-4 M ouaba in  did  not  show any  inhibi t ion of the Na  ~ efflux. The negat ive  effect 
of 5" IO-4 M ouaba in  is shown in Fig. 2a which does, however,  clearly demons t ra te  
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Fig .  i .  a .  T h e  e f f lux  of  'Z2Na f r o m  i l l u m i n a t e d  ce l l s  g r o w n  a n d  s u s p e n d e d  in  N a  T c u l t u r e  m e d i u i n .  
T h e  a r r o w s  s h o w  t h e  t i m e  of a d d i t i o n  of I m M  NaC1 t o  o n e  s u s p e n s i o n  ( D )  a n d  I m M  KC1 to  
t h e  o t h e r  ( I ) .  b.  T h e  e f t tux  o f  2~Na f r o m  i l l u m i n a t e d  cel ls  grown a n d  l o a d e d  w i t h  i s o t o p e  in 
n o r m a l  c u l t u r e  m e d i u m  a n d  s u s p e n d e d  in  N a  F c u l t u r e  m e d i u m .  T h e  a r r o w s  s h o w  t h e  t i m e  of  
a d d i t i o n  of  2. 5 m M  NaC1 t o  o n e  s u s p e n s i o n  (El) a n d  2. 5 m M  KC1 t o  t h e  o t h e r  ( l l ) .  

F ig .  2. a.  T h e  d a r k  a n d  l i g h t  e f f lux  of  22Na f r o m  cel ls  s u s p e n d e d  in  c u l t u r e  m e d i u m ,  o n e  s u s p e n s i o n  
c o n t a i n i n g  5 '  i o  4 M o u a b a i n ,  b.  T h e  d a r k  a n d  l i g h t  e f f lux  of  22Na s h o w i n g  t h e  e f fec t  of  6 .  i o  ~ M 
C C C P  on  ce l l s  s u s p e n d e d  in  c u l t u r e  m e d i u m .  
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the  light sens i t iv i ty  of this  efllux mechanism.  To ensure tha t  this  compound had  
sufficient t ime to in teract  with the t r anspor t  site it  can be seen tha t  the resuspended 
cells were in i t ia l ly  placed in the dark.  This  enabled a reasonable  p r e t r ea tmen t  ti ine 
in the  absence of a large decrease of the in ternal  rad ioac t iv i tv .  This me thod  also 
proved  a ra the r  convenient  way  of tes t ing the effect of o ther  inhibi tors  as shown 
in Fig. 2b. In this plot  it can be seen tha t  6" Io  -s M carbonvl  cyanide  m-chlorophenyl  
hvdrazone  (CC('P) considerably  inhibi ts  the  dark  efflux and comple te ly  inhibi ts  the 
l igh t -s t imula ted  rate.  At  I o  ~ M this uncoupler  pa r t i a l ly  inhibi ted  the l ight rate,  
reducing it to about  5o Oo of the control.  S imi la r  exper i luents  with the herbicide, 
3-(3,4-dichlorophenyl  I ) - L > d i m e t h y l  urea (DCMU) at  ~o :' M did  not  cause any  inhi- 
b i t ion  of the l igh t -dependent  efltux al though at  this  concentra t ion  ()2 ew)lution was 
comple te ly  inhibi tedL 

These exper iments  suggest tha t  Chlorella cells behave  essentialIv as single con> 
pa r tmen t s  for Na  I extrusion.  The light rate  of o.I  4/~/~moles Na,- per sec. cm e corre- 
lates well with the  influx rate  of o A i / , / , m o l e s  Na ~ per sec .cm 2 also measured on 
s imi lar ly  t r ea ted  cells ~ suggest ing tha t  no net  movement  of Na ~ was occurring under  
the exper imenta l  condit ions.  The sens i t iv i ty  of the efflux to light is in agreement  
with the process being act ive and the inh ib i to ry  effect of CCCP suggests tha t  ATP 
could be supply ing  the required energy. "fhe lack of effect of the specific inhibi tor ,  
ouabain,  does not  necessari ly mean tha t  an ATPase  sys tem silnilar to tha t  found in 
animal  cells s is not  operat ing.  There may  be some restr ic t ion imposed bv  the cell wall  
for this  compound  to reach the t r anspor t  site. Indeed,  it  is not  uncommon to find 
tha t  es tabl ished cat ion pumps  of o ther  p lan t  cells have a s imilar  insens i t iv i ty  to this 
glycosideg, 1° and,  where an inh ib i tory  effect has been observed,  ra ther  high concen- 
t ra t ions  are somet imes required 's. Cer ta in ly  the sens i t iv i ty  of the N a '  efflux to K + 
suggests t ha t  Chlorella m a y  possess a coupled exchange pumt). However,  care must  
be t aken  in coming to this  conclusion as it  has been shown tha t  increasing the external  
K: concent ra t ion  depolarizes the membrane  poten t ia l  of this organislnL This change 
in membrane  poten t ia l  is such as to reduce the energy g rad i en t  up which the Na ~ 
pump  operates .  

Thus, a l though it  seems most likely' t ha t  Chlorella cells contain  an ATP- 
dependent  Na~-efflux mechanism, it would be impossible to say with ce r t a in ty  tha t  
this  efflux is l inked to a component  of the K ~ influx wi thout  deta i led  electrical  
measurements .  

The au thor  is indeb ted  to Professor J. DAINTY and Dr. N. A. \VALKEl~ for advice 
and comments .  The work was carr ied out  during the tenure of a Nuffield Biological 
Bursa rv  and the manuscr ip t  prepared  while the au thor  was an Unilever  European  
leellow of The Biochemical  Society.  
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Insulin stimulation of ['4C]leucine incorporation into protein 

I t  has been suggested that  the primary effect of insulin is exerted at the extra- 
cellular-intraeellular barrier of the cell, i.e., the plasma membrane. In this way 
insulin initiates a sequence of intermolecular rearrangements which accounts for its 
effects on metabolism l& In regard to the incorporation of 14C-labelled amino acids 
into protein, MANCHESTER 3 found that  when isolated diaphragm was cut into succes- 
sively smaller fragments prior to incubation in vitro, the influence of insulin progres- 
sively diminished. Furthermore, the repeated inability to demonstrate either a clear- 
cut or consistent effect of insulin added in vitro to a subcellular preparation is well 
known 4,5. In this report we will present data consonant with the hypothesis that  
insulin requires an intact cell membrane in order to stimulate ['4C leucine incorpo- 
ration into protein and that  this enhancement may  be related to regulation of amino 
acid transport  across the cell membrane. 

Materials and methods were the same as described in earlier studiesSa. Ad- 
ditional details are given in the text  and legends. 

In Fig. i are shown the results of experiments wherein tissues obtained from 
untreated animals are incubated with and without insulin. I t  can be seen that  
stripping the tissue into halves optimizes both baseline incorporation of [14CJleucine 
and insulin stimulation of this process. Stripping into quarters leads to reduction in 
both baseline and insulin-stimulated incorporation of [laClleucine. Stripping into 
eighths produces no further reduction in baseline incorporation, but a further reduction 
of insulin's effect occurs. Tile maintenance of baseline incorporation in going from 
quarters to eighths implies that  the synthetic machinery remains relatively unharmed, 
while the concomitant vanishing of insulin's effect implies that  some other essential 
cellular component, perhaps cell membrane, has been damaged. 

I t  can be seen in Table I that  tissues taken from rats which received insulin 
intraperitoneally incorporate more I'4Clleucine into o.2o ionic strength extractable 
protein than controls. Here insulin was given in vivo, and the muscles were subsequent- 
ly incubated in vitro. I t  should be noted in the case of stripped halves that  both 
incorporation of [14C]leucine into protein and insulin stimulation of this process are 
approximately the same whether insulin was first given in vivo (I h before tissue 
sample preparation) 18 3 vs. 124 counts/min per nag (Table I), or whether it was added 
directly to the incubating flask 181 vs. r3z counts/rain per mg (Fig. i). Apart  from 
the route of introducing insulin, both incubations were identical and of I-h duration. 
This suggests that  the observed insulin effect is "relatively primary",  e.g., at the cell 
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