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cel ls  a n d  ev idence  o f  a n  in t e rna l  m e m b r a n e  potent ia l  
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K + and CI-  internal coneentrations and the total internal Ca 2+ pool have been determined in Eug/ena 
grae///s cells. Membt~me potentials and t--c~tances were determined using mieroelectredes that were 
inserted into individual Eiq/tnm cells held at the tip of a heMing mieropll~ette by means of suction. A meun 
plasma membran~imtentinl dilference of - 5 8  mV was observed in acemdance with previous results on 
other mkmerganisms, a finding which, together with the calculated equaibrinm potential of Ca 2+, sugges~ 
that this organism extruded Ca 2+ %~ainqt the themmdynamic ~ t .  An internal compmlment membrane- 
potentlal d~ffer~ce of +38  mY, pesltive inalde, was meastmNL Varlation of the external caldum eoneentra- 
fiun resulted in changes of these membra~  p o ~ t l a h .  Increasing the external ealdum concentratina 
depolmised (made less negative) the plamna memla'ane potential but polmised (made mote positive) the 
Lntemal compartment membrane potential. The nature d t l ~  internal compartment is discussed. 

Introduefiun 

T h e  unicel lular  a l sa  Euglena gracilis is a non- 
vacuolated microorganism which has been studied 
intensively from the biochemical and physiological 
point of view [1-3]. Membrane and ion transport 
studies are rather less common on this organism 
because they require the m,~,asurement of the elec- 
trical potential difference across the cell surfacx. 
Obtaining such a parameter in Otis orsm-,~m pre- 
sents serious difficulty because of cell &mension 
and motility. Nevertheless, it has been possible to 
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devise a method of inserting microclectrodes into 
single Euglena  gracilis cells according to methods 
already applied on Chlorella [4], P a r a m e c i u m  [5], 
plant cells, grotoplasts [6-9] or tonoplast vesicles 
[10]. The experiments were conducted under ftxed 
external conditions such that the measured poten- 
tial difference could be correlated with the distri- 
bution of ions. 

~ ¢ v i o ~  results assigned a stabilizin 8 role to a 
~,;,t~ external calcium concentration (100 raM) ~n 
calcium alginate-immobilized [11] or irce Eugleaa 
cells [12]. On the hypothesis that this stabilization 
may be due to an internal redistribution of ions 
and an internal accumulation of calcium, we 
studied ~ e  possible correlation between various 
external calcium concentrations and the measured 
potential differences. 



Mate r i a l s  and  Me thods  

Organism and culture conditions. Etiolated 
Euglena gracilis cells (swain Z (25) Pringsheim) 
were grown organotrophically at 25°C in a de- 
freed synthetic medium (L medium) containing 33 
mM D,L-lactate as the sole usable carbon source at 
pH 3.5 [13]. 

Storage procedure of cells. Cells were stocked in 
darkness at 4°C in different storage media. Each 
storage medium (SM(i)) consists of CaCI2 at the 
final concentration of i M in distilled water at the 
final pH of 5.5. For instance, SM(0.01) medium is 
a 0.01 M CaCI 2 solution. 

Cell number. Cells were fixed with 10~ (w/v) 
KI and counted on a Malassez counter chamber. 
At least three counts have been averaged to de- 
termine each cell number. 

Measurements of ionic concentrations 
!o.n ex:ract~on. Cells growing in culture medium 

or stored in storag~ media were sampled and 
centrifuged at 1500 ~ g for 10 rain. Pellets were 
washed three times with twice-distilled water and 
resuspended in a 0.I M HNO 3 extraction medium. 
After a 48-72 h storage, this extraction medium 
was centrifuged and ions were measured in the 
supematant. 

Measurement of calcium iorL Calcium con- 
centrations were measured by an atomic absorp- 
tion .%pectrophotometric method with a IL 353 
Photometer. Samples were diluted in a 0.5~ 
lanthane + 5~ I-INO 3 solution in order to offset 
imerference by other ions. 

~Measurement ~[ chloride ion. Chloride con- 
centrations were measured by a colorimetric 
method using mercuric tk%cyanate iron and am- 
moniam alum. Light absorption at 505 um by iron 
thiocyanate was measured. 

Measurew~ent of potassium ion. Potassium con- 
centrvJo~s ,sere measured by an .atomic emission 
pholomet~ic method using a Technicon auto- 
analyser. S~anples were diluted in a LiNe 3 solu- 
tion. 

Measurement of cellular potential difference and 
re$ist(Dt~e 

Preparation of the hola~ng micropipette. Because 
of itr small size and mobility and the elasticity of 

Fig. 1. Laborawry-made wiring diagram for measuring cellular 
potentials and resistances. E, recorder; Era, glass microelec- 
trode; Er, refere~ microeleetrode; G, frequency gene~ator; 
M, micromanip~torv Ms, boMLqg mieropipet~e, mY, elec- 
trometer;, Os I and Os 2, oscilloscopes, for potentials and resis- 
tances, respectively; Sg. pressure syringe for holding the cell; 

V, calibration box; Z, impedance adaptator. 

its external pellicle, Euglena cells were drawn 
onto the tip of a glass holding micropipette by 
means of suction from a syringe. The holding 
micropipette was drawn from a glass capillary 
tube by an electrode puller (Narishige). Using a 
microforge (De Fonbrune), the tip of the capillary 
tube was heated to form a very small ball (approx. 
10 to 20 I~m outer diameter) which, after being 
cooled, was then carefully cut by a heat shock into 
a hemispherical cup. 

Preparation of the glass microelectrodes. The 
glass mieroelectrodes were drawn from glass 
capillary tubes with a glass fiber inside (Clarck, 
GC 200 F) by an electrode puller (Nurishige) and 
filled with 3 M KCI. 

Measurement of electrical membrane-potential 
difference (interior related to medium). High-imped- 
ance #ass microelectrodes (30 to 50 M17) with low 
tip potential (less than 5 mV in distilled water), 
connected via Ag/AgCI contacts to an electrome- 
ter (input impedance = 5000 Mf  0 and recording 
devices (oscilloscope, line recorder) were appfied 
in the usual way (see the wire-diagram of Fig. 1). 
All the recordings were determined at room tem- 
perature of about 20 o C. The horizontally oriented 
microelectro:le was gently and slowly pushed into 
the cell to obtain a good puncture. 

Measurement oj electrical membrane resistance. 
The 'one-electrode' technique was used according 
to Ref. 14 mid 15 because it was extremely dif- 
ficult to insect more than one electrode (tip 0.5 
/tin) into Etlglena cells (size 15 × 50 tim). The 



difficulties of  the me thod  have been discussed b y  
Ether ton  et al, [15]. The membranes  a n d  the glass 
mieroelectrode can  be  ana logous  to a R C  circuit.  
A Tekt ronic  P G  505 pulse genera tor  injected a 
cons tan t  current  a n d  a square  signal (pulse height  
o f  4 n A  with  a fo rm fac tor  o f  50%) of  variable 
f requency (1 to 10 6 Hz) th rough  the recording 
microelectrode.  A f requency of  i 0  k H z  was choo-  
sen so tha t  the relat ion T m > 104 s > T e ( T  m = 
m e m b r a n e  t ime cons tan t  a n d  T~ = microelectrode 
t ime cons tant )  was  satisfied. This  technique al- 
lowed us to follow the pene t ra t ion  of  the micro-  
electrode th rough  the different  membranes ,  using 
the O h m ' s  law of  resistances in series. So, with 
some precaut ions ,  the measurement  of  the resis- 
tance  est imated the degree o f  cellular compart= 
menta t ion .  

Results  

Intracellulc,," concentrat;.ons 

Cell volume was  measured  wi th  a haemocy tom-  
eter  a n d  its mean  v a l u e + S . D .  ( n = n u m b e r  of  
experiment) ,  v t == 1.1 + 0.2 (5) p l  per  cell, was  used 
to  de termine  the internal  concent ra t ion  of  K + a n d  
C I "  assuming  tha t  these ions were in  free solut ion 
a n d  not  cytoplasmical ly  bound .  Consider ing tha t  
C a  2+ is highly b o u n d  to membranes  a n d  tha t  i ts 
free cy toplasmic  concent ra t ion  is hif, hly regulated 
[16-18] ,  this general ly accepted value is a r o u n d  
10 -~ M [.18-20]. Tab le  I presents  the internal  
concen t ra t ions  o f  K +, C I -  a n d  C a  2+ of  cells grow-  
ing o n  L medium.  

When  cells were t ransferred a n d  adap ted  to  the 
s torage med ium SM(0.1), changes  in internal  ionic 
compos i t ion  occur red  a n d  are  given in Table  If. 
C a  2+ and  C1-  conten t  increased,  whereas  the K + 
pool  decreased. 

Electrical meazurements 

External membrane-potential difference and resis- 
tance under fixed external conditions 

l--no mean  Votential dlfference a n d  resistance 
ob ta ined  f rom impal ing  Euflena cells in L med ium 
are  given b y  the equat ions:  

Era= - 5 8 ± 5  (47) mV, Rm=48+8(22 ) MD 
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TABLE I 

THE DISTRIBUTION OF IONS UNDER FIXED CONDI- 
TIONS 

The value of the internal levels of K + and CI- are as de- 
termined for ceils cultured in L medium at 25°C although 
Ca 2+ level corresponds to generally accepted value from refer- 
ences (Campbell, 1983). The valuee; are quoted ~.s mean + S.D., 
are expressed as mmol.1-1, end the figures given, in parenthe- 
ses represent the number of experiments. The external con- 
ccotratioas of the three ions are given end also expressed as 
mmol.1-1. 

Ion External ln~erllal 
concentration concentration 
(Co) (C;) 

K + 4.4 98.6 -4- 4.9(5) 
CI- 3.65 6.1 +0.5(5) 
Ca +2 2.0 0.0001 

These values represent  results recorded f rom suc- 
cessful punc ture  tha t  gave sharp  j u m p s  to s teady 
potential ,  usual ly  for  1 0 - 6 0  s, followed b y  the 
removal  o f  the roLerc~lcetrode a n d  a n  immedia te  
decrease to  the original  t ip potential .  

Evidence of intracellular potential difference and 
resistance under fixed external conditions. 

F o r  the record ing  of  t ranscel lular  electrical p ro -  
file, the microelectrode was  gent ly  a n d  slowly 
pushed  through the cell unti l  it  came  to  the site 
opposi te  the en t ry  o f  the mieroelectrode [8]. A 
profile was  considered to be  successful if  the origi- 
nal  t ip potent ia l  was  ob ta ined  a t  the end  c f  the 

TABLE I1 

CHANGES IN !NTERNAL IONIC COMPOSITION DUR- 
INO ADAPTATION OF EUGLENA CELLS FROM CUL- 
TURE MEDIUM TO THE I00 mM Ca 2+ STORAGE 
MEDIUM 

The values are quoted as mean±S.D., are e x p ~  as fmol 
per cell and correspond to the mean value of five experiments. 
The charge transfer indicates for each ion the quantity of 
electrical charge transferred into the ceil end is expres~e¢l as 
fmol equivalent electron per ceil. 

Internal quantity (tmol.ceil- ~) Charge transfer 
L medium SM (0.!) medhlm Z(Ct*- Ch~' 
(Ci I ) (Ct I ) 

K ÷ 9 8 . 6 ~ 4 . 9  85 .7±4 .7  - I Z 9  
O -  6.1±0.5 19.2±Z1 -13.1 
Ca 2÷ 1.6±0.2 15.1±1.3 +27 
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Fig. 2. Example of a transcellular electrical profile. This prone 
was obtained by the electrode penetrating a Euglena gracilis 
cell. The first values of e:ectrical potential E m (--58 mV) 
corresponds to the plasma membrane while the second value 
E i ( -  20 mV) corresponds to the penetration of the mlcroelec- 
trode into an internal compartm..-nt, positive inside compared 
to the cytoplasm (E~ ffi E i - Em ffi + 38 mV). Note that the two 
arrows indicate, respectively, a 10 mV and a 50 mV signal for 

calibration. 

experiment,  i.e., when  the microeleetrode ei ther 
h a d  crossed the cell o r  was  removed f rom the ceil. 
Surprisingly, a positive inside (compared  to  the 
cytoplasm) intraceUular potential  difference was  
sometimes obta ined (Fig. 2). The  mean  values of  
this potential  difference and  resistance, if Com- 
pared  to the L medium,  are  given by:  

E i  z - 2 0 + 4  (13) mV and R i = 1304-14 (9) Mr/ 

or,  ff compared  to the cytoplasm: 

E x ffi +38+7 mV 

and R x = 72+18 MI2 (E x ffi E i - .E'm, R x = R i - -  R m )  

Potential differences under different external calcium 
concentrations 

The same type of  exper iment  was  then appl ied 
to Euglena cells adap ted  to different  s torage media ,  
i.e. to different  external  ca lc ium concentra t ions .  
The  results, summarized  in the  Fig. 3, exhibi t  a 
direct  correla t ion no t  on ly  be tween the external  
membrane  potent ia l  difference a n d  the external  
ca lc ium concent ra t ion  (Fig. 3a) bu t  also be tween 
the intracei lular  potent ia l  difference a n d  the exter- 
nal  ca lc ium concent ra t ion  (Fig. 3b). W e  have  to  
notice tha t  in  some cases the CaCI 2 m e d i u m  was  
replaced b y  a C a C O  3 med ium wi thout  chang ing  
the value o f  the m e m b r a n e  potent ia l  ob ta ined .  
This  indicates tha t  C a  2+ a n d  not  C1-  is involved 
in these experiments.  

Discussion 

These results are  the first repor ted  measure-  
ments  o f  the m e m b r a n c  potent ia ls  of  Euglena 
gracilis Z cells. When  one  deals  wi th  cells o f  small  
dimension,  the effect of  salt leakage f rom the 
microelectrode is a n  obvious  factor .  Indeed,  KCI 
leakage would  induce a hyperpolar iza t ion  o f  the 
me~sured potent ia l  followed by  a f inal  depolar iza .  
fion, and  observat ion wLich would  indicate  cellu- 
lar  dea th  due  to the deleterious effect o f  h igh 
concent ra t ion  of  K+.  This  event was  no t  observed 
except  in a few exper iments  when  the tip o f  the 
microelectrode was  dis turbed.  The  mean  value of  
- 5 8  mV is qui te  acceptable  in compar i son  to  the 
values of  m e m b r a n e  potent ia l  in o ther  nonvacuo-  
lated microorganisms.  

-LOqlo[Ca2+] -LOqlo[Ca2+] 

i: . . . .  I 
. . . .  t 

Fig. 3. Relation of the plasma membrane-potential difference (Fig. 3a) and of the internal compartment membrane-potential 
difference (Fig. 3b) to the extrace~tular Ca 2÷ concentration. The potential differences are expressed as mV and Ca 2+ concentrations 

as tool - 1 ~ 1. The bars indicate 4- S.D. 



Adaptat ion of Euglena cells to various external 
calcium concentrations (from a 2 mM to a 100 
mM medium) induced an increase of up t.o 10-fold 
of the total  intracellular calcium pool. How does 
calcium enter the cells? What  happens to the 
entered calcium? Is i t  all  or part ly sequestered? 
Where i~ i t  sequestered2 

Some speculation about  the occurrence and 
direction of transport  processes in Euglena can be 
drawn from the knowledge of the plasma mem- 
brane potential  together with values of ionic con- 
centrations. The equil ibrium potential  for K +, CI- ,  
and  Ca  2+ have been calculated using the N e m s t  
equation and are given in  Table  III.  All  the three 
values do not  agree with the measured potential.  
Since we do not  know whether Euglena cells are in 
flux equil ibrium for each of these ions, we cannot  
ascertain if  there are metabolic pumps maintain- 
ing the constant  internal  ionic composition. The 
calculated electrochemical force of calcium that  is 
directed from the bathing medium to the cyto- 
p lasm is so enormous ( A E =  - 1 5 4  mV) that  i t  
could be maintained only if  there were a calcium 
pump,  or i f  this huge calcium gradient were di- 
rectly coupled to another  ion gradient, which itseP" 

~ 0  

0 0 0.5 
P= P¢I/PK 

Fig. 4. Relation of the calculated permeabilities rado p = 
Pct/Fg ic, • - Pca/P~.. ,'I'h'~.= =tie. rc!.'tior,~ C'2n= A ~r  
in the culture medium, and line B for the cells e.dapted to 100 
mM CaCI2) are computer calculated by finding the best f~t of 
the measured membrane potentials and ionic concoanations to 
the Goldman-Hodgkin-Katz equation assuming that the mem- 

brene current is mainly carried by K +, CI-, and Ca 2*. 

TABLE llI 

THE EQUILIBRIUM POTENTIALS ARE CALCULATED 
FROM THE NERNST EQUATION USING THE INTER- 
NAL CONCENTRATIONS GIVEN IN TABLE i AND ARE 
EXPRESSED AS mV 

Co E 58 1 C° Ion c~ ~-~- ova, 

K + 0.045 - 78 
CI- 0.579 .I- 13 
Ca 2÷ 20000 + 125 

were supplied with the energy necessary to main.  
tain i t  far fr,~m the calcium e~uilibrhtm l:otential. 
Because K + or CI -  gradient cannot  play this role, 
the existence of a passive entry of calcium and of 
a calcium pump on the plasma membrane of 
Euglena cells is the most probable event. 

I f  the Goldmun-Hodgldn-Katz equation [21,22] 
is applied to the membrane potential  of etiolated 
Euglena cells, assuming that  the membrane cur- 
rent is m°:.~nly carried by K +, C I -  and Ca  2+, then 

e= = S r /  F ~.[ A + ( a  ~ + 4BCf'"=/2C ] 

with A - [ g ~ ] o -  [K+]~ e p ( [ C l - ] ,  - [Cl-]o ), B 
= [K+]o + p [ C l - ] i  + 4r[Ca2+]o and C = [K+]i + 

p [ C l - l o + 4 r [ C a 2 + ] i ,  wh.-.re P = P a / P K  and r =  
Pc.,u/Pg, respectively, are the ratios of the ion 
permeabifities of the membrane for e l -  and K + 
and for Ca  2+ and K +, [K+]o and [K+]i, [C1-]o 
and [Cl-] i ,  [Ca2+]o and [Ca2+]i, respectively, are 
the concentrations of K +, C I -  and Ca  2+ outside 
and inside the cell. [Ca2+]i was in the accepted 
range 10-7-10  -5 mol .  1-1, [K+]i and [Cl- ] i  were 
measured, [K+]o, [Cl-]o and [Ca2+]owere known. 
] h e  best fit of the calculated value of E m to the 
experimental da ta  was found by  adjusting the 
value of the two ratios. This ratio relation ( r =  
f ( p ) )  is described as a l ine in Fig. 4 for cells in the 
usual 2 mM Ca 2+ culture medium (A) and for 
cells adapted to 100 mM Ca 2+ medium (B). The 
fact that  the usual values previously reported for p 
are k'~ the range 0.02-0.1 m e a ~  '-hat r -;s relatively 
high in the culture m e d i m  (from 0.67 to 0.75). 
This ratio is decreased after adaptat ion to 100 
mM Ca 2+ storage medium, down to the range 
0.07-0.08 if  we consider p to be unaffected. If  
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Fig. 5. Relation of the calculated electrochemical force ot 
Ca 2+ across the pl~na membrane (AE = Ec. - E~) to the 
extraeelinlar Ca 2+ concentration. The value of the cytoplasmic 
fr~. calcium concentration is indicated for each curve. The 
adaptation of Euglena from a 2 mM to a 100 mM Ca 2+ 
medium induces either aa increase in the electrochemical force 
(see arrow A) ~z a ,-Y, ange in the cytoplasmic free calcium 

concentration (see arrow ~). 

not, we have to assume that p is increased to the 
range value 7-8, a highly improbable event. Such 
a high calcium permeability (compared to K + 
permeability) in the 2 mM medium may explain 
why calcium ions entered the cell when the exter- 
nal calcium concentration suddenly increased 50- 
fold. The cells are adapting to such a high calcium 
medium by decreasing the calcium permeability 
(compared to the K + permeability) ¢f their plasma 
membrane. 

The role of choride ions is not negligible since 
variations in cellular chloride content occurred. 
Nevertheless, they are not so much important 
since we showed that CaCO 3 in the external 
medium nearly induced the same effects on exter- 
nal membrane potential than CaCI 2. 

The calculated electrochemical force on calcium 
across the plasma membrane ( A E = E c a - E m )  
was studied as a function of the external calcium 
concentration. The results for [C~2+]i from :0 -~ 
to 10 -s tool-1-1 are given in Fig. 5. Adaptation 
of Euglena cells to a 50-fold increase in the exter- 
nal calcium concentration increases either the 
electrochemical force (arrow A, Fig. 5), and conse- 
quently the specific activity of the calcium pump, 
or the cytoplasmic free calcium (arrow B, Fig. 5). 
Whatever the case may be, the 10-fold increase in 

the total cellular calcium pool (from 1.6 n,M to 
15.1 mM) cannot be explained. Since the quantity 
of free cytoplasmic calcium represents at the very 
most 0.1~ of the Euglena cell calcium, then the 
other calcium pools in the cell (bound calcium and 
stored calcium) must have increased. Considering 
the different stored calcium pools inside the cell, 
there is a general agreement that the nucleus, 
mitochondria and endoplasmic reticulum together 
contain more than 90% of the cell calcium, the rest 
being bound to molecules such as nucleic acids, 
phospholipids, ATP, amino acids, citrate, etc 
[23-261. 

An intracellular potential difference was ~ea-  
sured when transcellular electrical profiles were 
recorded. The reproductibility of the measure- 
ments, the sensitivity of the measured potential 
differences to calcium (Fig. 3), and the measured 
increase in resistance all indicate that these mea- 
surements represented transmembrane potentials. 

The comparison of the potential versus the 
external calcium concen~atiun in the plasma 
membrane and the impaled compartment mem- 
brane suggests that the impaired comparUnent 
accumulates calcium. The only noticable dif- 
ference is the value of the so-called Nernst slope: 
15 mV for the plasma membrane but only 6 mV 
for the impaled compartmeu~ membrane. This in- 
dicates in the latter case an increased difference 
between calcium activity and calcium concentra- 
tion and suggests that calcium sequestered in this 
compartment for the most part is bound. 

Since the measured resistance suggests a dun- 
ble-membrane enclosed compartment, the impaled 
calcium store-compartment may be either the 
mitochondrial network shown in these etiolated 
Euglena cells near the plasma membrane [27-28] 
or the nucleus. Previous results indicate that 
calcium is maintained low in the nucleus when 
external calcium concentration is increased [20]. 
The measured membrane potential difference 
(from +30 to +50 mV) is not consistent with 
most of the mitochondrial potentials registered 
(from - 1 5 0  to - 2 0 0  mV) using ionic probes or 
dyes [29-30] although positive mitochondrial 
membrane potentials (about + 20 mV) have been 
previously reported in microeleetrode studies 
[31-34]. The difference between measurements 
registered with microelectrodes and ionic probes 



m a y  come f rom the b ind ing  of these probes  to 
membranes ,  mimicking a n  accumula t ion  of  ions 
a n d  s imulat ing the existence of  a negative t rans-  
m e m b r a n e  potential .  Such an  ar t i fact  has a l ready 
been  demons t ra ted  in isolated p lan t  vacuoles [35] 
bu t  c a n  hard ly  explain a d iscrepancy between 
+ 20 m V  a n d  - 1 5 0  mV; it would mean  a n  over 
1000-fold accumula t ion  error  of  the probe~ Nev-  
ertheless, if  positive m e m b r a n e  potent ials  indeed 
d o  exist across the mi tochondr ia l  membrane ,  the 
Mitchell  hypothesis  would  be  contradicted.  F r o m  
o u r  results, a n d  in  view of  the fact  tha t  the rerults 
o f  the Tedeshi  g roup  [31-34]  have not  been repro-  
duced,  the na ture  o f  the compar tmen t  impaled  b y  
the microelectrode remains  uncertain.  

Whatever  the na ture  o f  the impaled  compar t .  
ment ,  ca lc ium accumula tes  inside Euglr.na cells, 
a n d  a m o n g  the endoplasmic  re t iculum a n d  
mi tochondr ia ,  which  are the two ma in  ca lc ium 
stores in the cell [26,36], the endoplasmic  reticu- 
l um is involved in sequestering ca lc ium at  slow 
ca lc ium injection, whereas  mi tochondr ia  become 
active when  the injection speed exceeds 2 0 . 1 0  -5  
m o l -  s -1 [37]. Thus ,  C a  2+ homeostas is  is pr imari ly  
main ta ined  b y  the endoplasmic  ret iculum, while 
ml tochondr ia  are involved only  in case o f  ' emer -  
gency ' .  Since we c a n  consider  a 100 m M  external  
ca lc ium concent ra t ion  a n  emergency case for  the 
Euglena cells (external ca lc ium concent ra t ion  su- 
per ior  to 200 m M  kills cells, Tamponne t ,  u n p u b -  
fished results), the mi tochondr ia l  ne twork  seems 
to be  involved in the ca lc ium accumula t ion  o f  cells 
adap t ed  to high external  ca lc ium concent ra t ions  
even if  it  canno t  b e  the impaled  compar tment .  

In  conclusion,  K + a n d  C I -  internal  concent ra-  
tions, and  the total  internal  C a  2+ pool  have been  
de termined  in Euglena gracilis cells. The  f inding 
o f  a mean  p l a sma  membrane-po ten t ia l  difference 
o f  - 5 8  mV, in accord  with previous results on  
o ther  microorganisms,  suggests tha t  this o rgan i sm 
extrudes C a  2+ agains t  the the rmodynamic  gradi -  
ent. The changes  in this potent ia l  difference a n d  
in the total  internal  ca lc ium pool  when  cells are  
adap ted  to  var ious external  ca lc ium concent ra t ion  
indicate  tha t  Euglena cells accumula te  calc ium 
when external  ca lc ium concent ra t ion  increases. A n  
internal  c o m p a r t m e n t - m e m b r a n e  potent ia l  dif-  
ference, positive inside, has  been measured.  These 
results suggest tha t  this compar tmen t  accumula tes  
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calcium w~len Euglena cells adap t  to increased 
external  ca lc ium concentrat ion.  F rom the previous 
results, the exact na ture  of  this c o m p a r t m e n t  is 
still unknown  but  mi tochondr ia  seem to be  in- 
volved as a calc ium store. 
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