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Entamoeba histolytica  is a primitive eukaryote that lacks mitochondria, Golgi and a well- 
developed endoplasmic reticulum. Close to half o f the cell volume is occupied by pinocytic 
vesicles, which are in continuous turnover with the plasma membrane and perform functions 
that in higher eukaryotic cells are taken over by lysosomes. Similar to the latter, the amebal 
vesicles are acidified. We report here that bafilomycin A ,, a specific inhibitor o f vacuolar-type 
(V-) ATPases, suppressed this acidification at submicromolar concentrations; concomitantly, 
it inhibited pinocytosis. These results strongly suggest the presence o f a V-ATPase in pinocytic 
vesicles o f E. histolytica, and thereby support the notion that the V-ATPases in the organelles 
o f higher eukaryotes are derived from an archaic plasma membrane-bound form.

Introduction

Entamoeba histolytica has been classified [1] as 
an Archezoon; a primitive eukaryote lacking mito­
chondria, Golgi and a well-developed endoplasmic 
reticulum [2]. In agreement with its simple mor­
phology, there is functional evidence for only two 
intracellular organelles: a pinocytic/digestive com­
partment that performs at least some of the func­
tions taken over by lysosomes in higher cells [3] 
and a non-pinosomal compartment that, based on 
its ability to incorporate [3H]mannose into protein, 
can be classified as endoplasmic-reticulum-like 
(our unpublished observations). This communica­
tion will deal with the former compartment.

E. histolytica constitutively exhibits a high pino­
cytic activity, taking up close to 30% of its own 
volume per h by fluid-phase pinocytosis [4, 5], This 
process, together with the reverse process denoted 
regurgitation [4], results in a steady state in which 
pinocytic vesicles occupy up to 40% of the cell 
volume [5].

Similar to the internal compartments in higher 
eukaryotes [6], pinocytic vesicles in Entamoeba are 
acidified [7]. We here show that this acidification 
was suppressed by very low concentrations of 
bafilomycin A,, a specific inhibitor of vacuolar- 
type (V-) ATPases in higher eukaryotes [8], This 
strongly suggests that Entamoeba, as do higher eu-
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karyotic cells, contains in its internal membranes a 
V-type H +-ATPase. We will discuss this finding in 
terms of its evolutionary implications.

Materials and Methods

Cells

Entamoeba histolytica strain HM 1:IMSS, clone 
A [9] was grown axenically at 36 °C in TYI-S me­
dium [10] supplemented with penicillin (100 U/ml) 
and streptomycin (100 jag/ml). Cells were harvest­
ed by chilling and by centrifugation at 400 x g, and 
washed twice in incubation saline. Unless indicat­
ed otherwise this saline consisted of: 100 mM  

NaCl, 30 m M  KCl, 1 m M  CaCl2, 1 mM  MgCl2, 
100 m M  sorbitol and 10 m M  Pipes. pH was adjust­
ed to 7.0 with Tris base. The washed cell pellet was 
suspended in incubation saline.

Pinosomal pH

Pinosomal pH was determined fluorimetrically 
by the method of Ohkuma and Poole [11], To this 
end, cells were allowed to pinocytize fluorescein 
isothiocyanate-conjugated dextran (FITC-dex­
tran, 2 mg/ml; Sigma) for the indicated periods of 
time. Cells were then washed three times in ice- 
cold saline and resuspended in incubation saline at 
a final protein concentration of about 1 mg/ml 
(corresponding to 5 * 105 cells/ml [5]). Pinosomal 
PH was estimated from the ratio of fluorescence 
produced by excitation at 495 nm to that produced 
by excitation at 450 nm, at an emission wavelength 
of 520 nm; solutions of FITC-dextran in saline
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buffered at different pH values were used for the 
construction of a standard curve.

Pinocytosis

As a quantitative marker for fluid-phase pino­
cytosis we employed horse-radish peroxidase 
(0.1 mg/ml; Sigma) [4], After the cells were allowed 
to pinocytize the marker for the indicated periods, 
they were washed three times in ice-cold saline and 
lysed in saline containing Triton X-100 (2 mg/ml). 
Aliquots of extracellular medium and cell lysate 
were assayed for horse-radish peroxidase activity 
using hydrogen peroxide and tetramethylbenzi- 
dine [12] as substrates. Values are expressed as ml 
extracellular medium taken up per ml packed cells. 
To this end, we estimated the pellet volume from 
the protein content of the suspensions, taking 1 ml 
packed cells to correspond to 0.10 g cell protein
[5].

Protein

Protein was determined by the method of Lowry 
et al. [13] as modified by Markwell et al. [14],

Bafilomycins

Bafilomycins A, and B, were kindly provided by 
Drs. K. Altendorf and A. Siebers, University of 
Osnabrück. Stock solutions were prepared in di­
methyl sulfoxide and stored at -2 0  °C. The actual 
concentrations of the stock solutions were deter­
mined spectrophotometrically [15]. The final con­
centration of dimethyl sulfoxide in the incuba­
tions, including the control incubations, was 0.2% 
(v/v).

Results

In agreement with results published by other in­
vestigators [7], we found that pinocytic vesicles in 
E. histolytica are acidified: as shown in Fig. 1 vesi­
cles took on an acidic pH (approx. pH 5.5) within 
1 min after pinocytic membrane invagination, 
both in growth medium (circles) and in incubation 
saline (squares). They then kept this acidic pH 
over a time course of minutes (Fig. 1) to hours (not 
shown).

Vesicle pH was independent of the extracellular 
pH between pH 5 and 8 (not shown), but was in­
fluenced by the salt content of the extracellular

time of pinocytosis (min)

Fig. 1. Time course o f the effect o f deletion o f  extracellu­
lar salt on pinosomal pH. After the cells were preincu­
bated for 10 min at 36 °C in the indicated media, FITC- 
dextran was added at 2 mg/ml. At the indicated time 
points, cells were washed and pinosomal pH was deter­
mined from the fluorescence o f FITC-dextran as de­
scribed in Materials and Methods. • ,  TYI-S medium 
[1 0 ]; ■ . incubation saline; ▲, salt-depleted medium  
consisting o f 366 m M  sorbitol and 10 m M  Pipes brought 
to pH 7.0 with Tris base.

medium: specifically, the virtual absence of per­
meant anions and -cations during pinocytosis rap­
idly raised the pinosomal pH to that of the medi­
um (Fig. 1, triangles). This observation is com pati­
ble with the mechanism of acidification established 
[6, 16] for the organelles of higher eukaryotic cells, 
namely, electrogenic proton pumping followed by 
secondary ion movement (CL influx and/or N a+ 
efflux). An increase in pinosomal pH was also ob­
served in the presence of weak bases (data not pre­
sented, see also [7]); as we have shown previously
[17], pinocytosis is blocked under these conditions, 
as it is in higher eukaryotic cells [18],

Organelles in the latter are known to be acidified 
by a special class of H +-ATPases, the V-ATPases
[6]. It has recently been shown [8] that V-ATPases 
are very specifically inhibited by the bafilomycins. 
With this in mind we set out to test the effect of 
bafilomycins on pinosomal pH in E. histolytica. In 
preliminary experiments we established that both 
bafilomycin A, and bafilomycin B, affected the 
cells, the former being the most effective inhibitor. 
We therefore performed the following experiments 
with bafilomycin A,.

Fig. 2 shows the effect of bafilomycin A, as a 
function of inhibitor concentration on pinosomal 
pH (circles) and pinocytosis (squares). Clear ef­
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Bafilomycin (pM)

Fig. 2. Effects o f bafilomycin A, on pinosomal pH and 
pinocytosis as a function o f inhibitor concentration. 
Cells were incubated for 2 h at 36 °C in saline containing 
FITC-dextran (2 mg/ml). Then they were washed, resus­
pended to a protein concentration o f 1.41 mg/ml, and 
incubated for 45 min at 36 °C in the indicated concen­
trations o f  bafilomycin A,. Horse-radish peroxidase 
(0 . 1  mg/ml) was added as a marker for pinocytosis, and 
the suspensions were incubated for another 45 min at 
36 °C. Subsequently pinosomal pH ( • )  and pinocytosis 
(■ ) were determined as described in Materials and 
Methods.

cell density (mg protein/ml)
Fig. 3. Effect o f a fixed concentration o f  bafilomycin A, 
on pinosomal pH and pinocytosis as a function o f cell 
protein concentration. Cells were allowed to pinocytize 
FITC-dextran for 2 h at 36 °C, washed, and resuspended 
to the indicated protein concentrations. Bafilomycin was 
added at a concentration o f 0 . 1  nmol/ml, and the sus­
pensions were incubated for 30 min at 36 °C. Then 
horse-radish peroxidase was added, and the cells were 
incubated for another 30 min at 36 °C. Cells were 
washed and pinosomal pH ( • )  and pinocytosis (■ ) were 
determined as described in Materials and Methods.

fects on both processes can be noted at bafilomy­
cin concentrations as low as 0.1 | i m ;  at 10 | i m ,  pH 
was raised by 0.8 units and pinocytosis was sup­
pressed by over 75%. These observations are in 
agreement with the notion [20] that the two effects 
are causally related, in the sense that proton 
pumping is essential for membrane fusion.

Bafilomycins are lipophilic compounds. Conse­
quently, in other membrane systems their action is 
directly dependent upon the amount of protein in 
the assay [8]. Fig. 3 shows that this applies to 
E. histolytica as well: the effects of a fixed concen­
tration of bafilomycin A, decreased with increas­
ing cell density. Again, an inverse relationship was 
found between pinosomal pH and pinocytosis. 
From Figs. 1 and 2 and an additional experiment 
(not shown) we calculated the amount of bafilo- 
mycin A, needed to inhibit pinocytosis by 50% 
(associated with an increase in pinosomal pH of 
0.3 pH units) as between 0.05 and 0.3 nmol/mg cell

protein. These values are within the range deter­
mined for the inhibition of V-ATPase activity in 
vacuolar membranes of Neurospora crassa and 
Zea mays and membranes of chromaffin granules 
from bovine adrenal medulla [8]. This constitutes 
strong evidence for the existence of a V-type ATP­
ase in pinocytic vesicles of E. histolytica.

Discussion

In E. histolytica, contrary to the situation in 
higher eukaryotic cells, the protein composition of 
plasma membrane and pinosomal membranes ap­
pears to be very similar if not identical [3, 4], This 
may be related to the apparent lack in this ameba
[2] of structures such as coated pits and -vesicles, 
which in higher eukaryotic cells are instrumental 
in maintaining the protein composition of the dif­
ferent compartments [19].
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In the framework of our results, this has an in­
teresting implication: if -  as suggested by the data 
presented above -  the pinosomal compartment in
E. histolytica contains a V-type ATPase, this en­
zyme must be present in the plasma membrane, 
too. It has been postulated [20, 21] that the 
V-ATPase found in the intracellular organelles of 
higher eukaryotic cells originally resided on the 
plasma membrane of a protoeukaryote, and was 
taken up by endocytosis. In this sense, the V-type 
ATPase of E. histolytica could well represent an in­
termediate step in evolution, in which the enzyme 
has been internalized but has not yet been exclu­
sively relegated to the internal compartment.

Because of this evolutionary implication it 
would clearly be im portant (i) to confirm biochem­
ically that the enzyme is present on the plasma 
membrane, (ii) to investigate whether it is the sole 
H + -ATPase present there, and (iii) to characterize 
the protein on the molecular level. In our attempts 
to do so, we have so far been hampered by two ex­
perimental problems: (i) the cells possess an ex­
tremely active ecto-ATPase that masks any ATP-
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As we have mentioned above, E. histolytica 
appears to possess an endoplasmic reticulum-like 
organelle that is separate from the pinocytic com­
partment. A final question that needs to be 
answered is whether this organelle contains a 
V-type ATPase as well, and, if so, whether this 
ATPase is identical to that present in pinosomes 
and -  presumedly -  in plasma membrane.

A cknoxvledgemen ts

This work has been supported by the Deutsche 
Forschungsgemeinschaft (SFB 171, Project C2) 
and by the Fonds der Chemischen Industrie. We 
thank Drs. Annette Siebers and Karlheinz Alten- 
dorf for providing us with bafilomycins and for 
helpful discussions.

[11] S. Ohkuma and B. Poole, Proc. Natl. Acad. Sei. 
U .S.A. 75, 3327-3331 (1978).

[12] V. R. Holland, B. C. Saunders, F. L. Rose, and 
A. L. Walpole, Tetrahedron 30, 3299-3302(1974).

[13] O. H. Lowry, N. J. Rosebroueh, A. L. Farr, and 
R. J. Randall, J. Biol. Chem. 193, 265-275(1951).

[14] M. A. K.. Markwell, S. M. Haas, L. L. Bieber, and 
N. E. Tolbert, Anal. Biochem. 87, 2 0 6 -2 1 0  (1978).

[15] G. Werner, H. Hagenmaier, H. Drautz, A. Baum­
gartner, and H. Zähner, J. Antibiot. 37, 100-117  
0984).

[16] G. Rudnick, Ann. Rev. Physiol. 4 8 ,4 0 3 -4 1 3  (1986).
[17] T. Bakker-Grunwald. F. Keller, and D. Trissl, 

Biochim. Biophys. Acta 854, 265-269  (1986).
[18] R. T. Dean, W. Jessup, and C. R. Roberts, Bio­

chem. J. 217, 27-40(1984).
[19] I. Mellman, C. Howe, and A. Helenius, Curr. Top. 

Memb. Transp. 29, 255-288  (1987).
[20] P. C. Maloney and T. H. Wilson, Bioscience 35, 

43-48(1985).
[21] N. Nelson and L. Taiz, Trends Biochcm. Sei. 14, 

113-116(1989).


