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Epimastigote and trypomastigote forms of Trypanosoma cruzi have a net negative surface charge, as 
determined by direct measurement of the mean cellular electrophoretic mobility. Treatment of the parasites 
with neuraminidase reduces by 17 and 52% the mean electrophoretic mobility of epimastigote and bloodstream 
trypomastigote forms, respectively. Neuraminidase-treated cells recover their normal electrophoretic mobility 
if incubated for 2 h in the presence of fresh culture medium. The recovering process of epimastigotes is 
almost totally blocked by addition of inhibitors of either protein synthesis (puromycin) or N-glycosidically 
linked glycoprotein synthesis (tunicamycin). The recovering process of trypomastigotes is not totally 
inhibited by either puromycin or tunicamycin. Treatment of T. cruzi with trypsin reduces by 11 and 40% the 
mean electrophoretic mobility of epimastigote and bloodstream trypomastigote forms. Trypsin-treated cells 
recover their normal electrophoretic mobility if incubated for 4 h in fresh culture medium. The recovering 
process of trypomastigotes is partially inhibited by puromycin. The results obtained indicate that sialogly- 
coproteins and sialoglycolipids exist on the surface of T. cruzi, the latter being predominant on the surface of 
trypomastigotes. 

Introduction 

Evidence exists that Trypanosoma cruzi pos- 
sesses a net negative surface charge which varies 
according to its evolutive stage [1-4]. Determina- 
tion of the cellular electrophoetic mobility indi- 
cates that trypomastigotes have the higher, epi- 
mastigotes have the lower negative charge, and the 
charge of amastigotes lies in between [1,3-5]. Stud- 
ies carried out in other cell types indicate that 
candidates most likely for anionic sites in the cell 
membrane are sulfate groups found in acid 
mucopolysaccharides, ionized phosphate groups 
found in phospholipids and charged carboxyl 
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groups largely due to the presence of sialic acid 
[6-101. 

Results obtained in the last years by ultrastruct- 
ural cytochemistry [11-13], agglutination induced 
by lectins [14] and determination of the cellular 
electrophoretic mobility [3,4] suggest that sialic 
acid is present on the surface of T. cruzi. More 
recently, biochemical analysis confirmed these ob- 
servations for epimastigotes [15,16]. 

In the present study, we examined the surface 
charge of epimastigote and trypomastigote forms 
of T. cruzi after treatment with trypsin or neur- 
aminidase and incubation in fresh culture medium 
in the presence or absence of either puromycin, an 
inhibitor of protein synthesis or tunicamycin, an 
inhibitor of N-glycosylated glycoproteins. The re- 
sults obtained indicate that cell surface sialic acid 
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is associated with both glycoproteins and glyco- 
lipids. 

Materials and Methods 

Parasites. The Y and CL strains of T. cruzi 
were used. Bloodstream trypomastigotes have been 
maintained in Swiss albino mice by intraperitoneal 
inoculation. Trypomastigotes were collected on the 
7th or 14th day of infection as previously de- 
scribed [3]. They were separated from blood cells 
by centrifugation in a gradient of metrizamide as 
described previously [17]. After isolation, 
bloodstream forms were washed with medium 199 
without serum and fixed in 2.5% glutaraldehyde in 
0.1 M phosphate buffer for 2 h at room tempera- 
ture. Tissue culture derived trypomastigotes were 
obtained from LA9 cells which were infected with 
bloodstream forms of T. cruzi [18]. Epimastigotes 
and trypomastigotes forms from axenic cultures 
were obtained according to the method of Chiari 
[19]. Clones of Y and CL strains, were cultivated 
in LIT medium [20] at 28°C for 2 days in order to 
obtain epimastigote forms. These forms were then 
transferred to a TSH-modified medium (M16) and 
after 4 days of culture provide (7-8) .  107 para- 
sites/ml. The advantage of M16 medium was the 
large rate of differentiation of epimastigotes into 
t rypomas t igo te s  yielding up to 90-95% 
trypomastigotes. Trypomastigote forms were ob- 
tained from M16 medium after 168 h of cultiva- 
tion. All cells were washed in 0.1 M phosphate 
buffer and fixed in 2.5% glutaraldehyde in 0.1 M 
phosphate buffer for 2 h at room temperature. 

Enzymatic treatment. Axenic cultured epi- 
mastigotes and bloodstream trypomastigotes were 
collected by centrifugation, washed twice in phos- 
phate-buffered saline, resuspended in phosphate- 
buffered saline (1-106 celis/ml) and then in- 
cubated for 30 min at 37°C in the presence of 0.25 
U / m l  neuraminidase (Sigma type X) in Tyrode's 
solution (pH 6.0) or for 5 min at 37°C in the 
presence of 500 t~g/ml trypsin (Sigma type III) in 
Ringer's solution (pH 7.2). Trypsin was inhibited 
by the addition of bovine serum (final concentra- 
tion, 10%) to the test tube. After enzyme treat- 
ment, the cells were collected by centrifugation, 
washed twice in phosphate-buffered saline and 
fixed in 2.5% glutaraldehyde in 0.1 M phosphate 

buffer. In some experiments, enzyme-treated 
parasites were reincubated in fresh culture medium 
and samples were collected after 1, 2 and 4 h, 
washed with phosphate-buffered saline and fixed 
in glutaraldehyde. 

Microelectrophoretic measurement. The electro- 
phoretic mobility of the cells was determined in a 
Zeiss cytopherometer with a current of 4-6  mA 
and a final voltage of 100 V. The cell suspension 
was placed into the chamber and then allowed to 
equilibrate for 10 min. Measurements were made 
at a temperature of 25°C in a 0.85% sodium 
chloride solution with an ionic strength of 0.145 
tool. dm -3, at pH 7.2. We also determined the 
electrophoretic mobility of living parasites. In this 
case, measurements were made at 4°C to prevent 
the movement of the cells. When current was 
switched on, we measured the time necessary for 
one cell to travel across two vertical lines, sep- 
arated by a distance of 16 ~m. Then, the polarity 
was reversed and the time was measured again for 
the cell travelling in the opposite direction. 50-100 
cells were measured for each sample analysed. 

Calibration of the equipment was made by 
measuring the electrophoretic mobility of fresh 
human erythrocytes. Statistical analysis was per- 
formed using the t-test. 

Effect of puromycin and tunicamycin. Enzyme- 
treated parasites were washed once with phos- 
phate-buffered saline and reincubated in fresh cul- 
ture medium (Warren's medium [21]) for epi- 
mastigotes; M16 medium for axenic culture-de- 
rived trypomastigotes; 199 medium+ 10% fetal 
bovine serum for bloodstream trypomastigote) and 
samples were collected after 1, 2 or 4, washed with 
p h o s p h a t e - b u f f e r e d  saline and fixed in 
glutaraldehyde. In some experiments, the cells were 
submitted to three cycles of trypsin treatment of 
trypomastigotes, followed by incubation for 4 h in 
the presence of culture medium containing 
puromycin, before glutaraldehyde fixation. In some 
tubes, 10 /~g/ml puromycin or 1 tzg/ml tuni- 
camycin was added to the culture medium; these 
concentrations were selected based on previous 
observation that 10 /~g/ml puromycin blocks T. 
cruzi protein synthesis, and that 1 # g / m l  tuni- 
camycin inhibits parasite growth by about 90%. In 
order to determine if these antibiotics interfered 
with parasite viability, epimastigotes were in- 



cubated for 4 h in the presence of 10 /~g/ml 
puromycin or 1 /~g/ml tunicamycin after which 
were washed twice with fresh medium and in- 
cubated at 28°C in the presence of fresh culture 
medium. At intervals of 24 h, samples were col- 
lected and the number of cells/ml was determined 
in a Neubauer chamber. 

Results 

Puromycin or tunicamycin, when added to the 
culture medium, inhibited the process of division 
of epimastigotes. In the case of puromycin, we 
only used a concentration of 10/~g/ml, which has 
been shown to inhibit protein synthesis of T. cruzi. 
In the case of tunicamycin, various concentrations 
were tested. We observed that even at low con- 
centration, such as 1 ng/ml,  tunicamycin partially 
inhibited the growth of epimastigotes of T. cruzi. 
At a concentration of 1 t~g/ml, an inhibition of 
growth of about 90% was observed and this con- 
centration was selected for further studies. 

Epimastigotes of T. cruzi incubated for 4 h in 
the presence of 10/~g/ml  puromycin or 1 /~g/ml  
tunicamycin and then washed and incubated in 
fresh culture medium had their growth inhibited in 
the first day of cultivation. However, after 48 h 
they start to divide so that after 96 h the cultures 
reach the stationary phase of growth (Table I). 

As previously shown [3], epimastigote and 
trypomastigote forms of T. cruzi, when suspended 
in a saline solution with an ionic strength of 0.145 
mol .  dm-3 at pH 7.2, have a characteristic mean 
electrophoretic mobility. Glutaraldehyde fixation 

165 

TABLE I 

RECOVERY OF G R O W T H  OF EPIMASTIGOTES PREVI- 
O U S L Y  I N C U B A T E D  IN T H E  P R E S E N C E  OF  
P U R O M Y C I N  OR T U N I C A M Y C I N  

The inoculum was of 5.0.106 cells/ml.  

Experimental Number  of cel ls /ml of culture after (h) 

condition 24 48 72 96 

Control 1.107 2.3.107 2.3-107 2.5.107 

Puromycin 
(10 ~ g / m l )  4.4-106 5.7.106 1.5.107 1.8.107 

Tunicamycin 
(1 tt g /ml )  5.6-106 9.4.106 1.7.107 2.2.107 

did not influence the electrophoretic mobility of 
the cells since the same values were obtained after 
fixation as with living cells maintained at 4°C. 
Table II shows the mean electrophoretic mobility 
of epimastigotes incubated in culture medium for 
0.5-3 h in the presence of various concentrations 
of tunicamycin. Only after 2 h of incubation a 
decrease in the mean electrophoretic mobility of 
epimastigotes was observed. The mean electro- 
phoretic mobility of control, as well as of 
bloodstream trypomastigotes incubated for 3 h in 
the presence of 1 /~g/ml tunicamycin, is also 
shown. A decrease in about 30% of the mean 
electrophoretic mobility of the parasites was ob- 
served. 

Treatment with trypsin reduced by 11 and 40% 
the mean electrophoretic mobility of epimastigote 
and trypomastigote forms, respectively. In the case 
of trypomastigotes, similar results were obtained 
with parasites obtained from the bloodstream of 

TABLE 11 

EFFECT OF T U N I C A M Y C I N  ON THE MEAN ELECTROPHORETIC MOBILITY (EPM) OF EPIMASTIGOTE A N D  
TRYPOMASTIGOTE FORMS OF T. CRUZI  

Data are from 100 cells. In all instances, I = 0.145 at pH 7.2. 

Developmental Concn. 
stage (t~g/ml) 

Mean EPM ( /~m-s - l -V- l . cm)_+S .D.  

30 ~ n  2 h  3 h  

Epimastigote 

Trypomastigote 

none -0 .635-0.03 - 0 . 6 4 5 - 0 . ~  
0.1 -0 .635-0.03 - 0 . 6 1 ± 0 . 0 4  
0.5 -0 .635-0.03 -0 .625-0.05 
1.0 -0 .645-0.03 -0 .605-0 .04 

none 
1.0 

- 0.645- 0.04 
- 0.545:0.05 
-0 .545-0 .04 
- 0.54 + 0.04 

- 1 . 1 5 + 0 . 1 7  
- 0.81 + 0.04 
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infected mice, from the supernatant of cell cultures 
or from axenic cultures. Control epimastigotes had 
a mean electrophoretic mobility of -0.65, while 
trypsin-treated cells had a mean electrophoretic 
mobility of -0 .58 #m.  s -1 • V -1 - cm. Control 
trypomastigotes had a mean electrophoretic mo- 
bility of -1.01 and it was reduced, by trypsin 
treatment, to - 0.65/~m. s- 1. V- 1 • cm (Table III). 

Trypsin-treated parasites recovered their nor- 
mal mean electrophoretic mobility if, after enzyme 
treatment, they were incubated in a fresh culture 
medium. Complete recovery of the surface charge 
was observed after an incubation time of 2 and 4 h 
for epimastigote and trypomastigote forms, respec- 
tively. If the incubation time was shorter, only 
partial recovering of the surface charge was ob- 
served (Table III). 

Recovering of the electrophoretic mobility of 
trypsin-treated epimastigotes was totally inhibited 
by addition of puromycin or tunicamycin to the 
culture medium. In addition, both substances in- 
duced a decrease in the mean electrophoretic mo- 
bility of epimastigotes, reaching values lower than 
that obtained with enzymatic treatment (Table 
III). In contrast, the recovering of the electro- 
phoretic mobility of trypsin-treated trypomasti- 
gotes was only partially inhibited by addition of 
puromycin or tunicamycin (Table III). The grade 
of inhibition was basically the same if the 
trypomastigotes were submitted to three cycles of 
the trypsin treatment followed by incubation for 4 
h in fresh culture medium containing puromycin. 

Treatment with neuraminidase reduced by 17 
and 52% the mean electrophoretic mobility of 
epimastigote and bloodstream trypomastigote 
forms, respectively. All trypomastigotes, obtained 
from three different sources, showed the same 
susceptibility to the neuraminase treatment. Neu- 
raminidase-treated parasites recovered their nor- 
mal surface charge when incubated for 2 h in fresh 
culture medium (Table III). The recovering pro- 
cess of epimastigotes was totally blocked by either 
10/~g/ml puromycin or 1/~g/ml tunicamycin. As 
observed with trypsin-treated cells, incubation of 
neuraminidase-treated epimastigote in the pres- 
ence of puromycin or tunicamycin induced a de- 
crease in their mean electrophoretic mobility (Ta- 
ble III). In the case of trypomastigotes, puromycin 
and tunicamycin blocked only partially (by 37 and 

32%, respectively) the recovering of the electro- 
phoretic mobility. The inhibitory effect, although 
observed in all experiments, was less pronounced 
with puromycin than with tunicamycin (Table III). 

Discussion 

The following data indicate that sialic acid is 
present on the surface of T. cruzi: (a) Colloidal 
iron hydroxyde particles at pH 1.8 bind to the 
surface of the parasite. The binding is abolished if 
the parasites are incubated in the presence of 
neuraminidase before incubation [11-13]. (b) The 
agglutination of epimastigotes by the wheat germ 
lectin is abolished by previous treatment of the 
parasites with neuraminidase or by addition of 
N-acetylneuraminic acid to the incubation medium. 
In addition, the lectin from Limulus polyphemus, 
which is specific for sialic acid, agglutinates epi- 
mastigotes. Trypomastigotes are less sensitive to 
this lectin and amastigotes do not agglutinate [14]. 
(c) All developmental stages of the T. cruzi life 
cycle have a net negative surface charge as de- 
termined by cellular electrophoresis [1-4]. The 
surface charge, however, is reduced if the parasites 
are treated with neuraminidase [3,4]. (d) Treat- 
ment of the bloodstream trypomastigotes with 
neuraminidase render them able to activate the 
alternative complement pathway [22] and to be 
easily ingested by macrophages [23]. (e) By thin- 
layer and gas-liquid chromatography it was shown 
recently that epimastigotes contain N-acetyl- and 
N-glycolylneuraminic acids [15]. Sialic acid was 
also seen forming glycolipids [16]. 

We observed that treatment of T. cruzi with 
neuraminidase reduces the electrophoretic mobil- 
ity of epimastigote and trypomastigote forms in 
about 17 and 52%, respectively. Therefore, after 
neuraminidase treatment epi- and trypomastigote 
forms have basically the same surface charge. This 
observation suggests that trypomastigotes have 
much more exposed cell surface sialic acid residues 
sensitive to the neuraminidase of Clostridium per- 
fringens than epimastigotes. The sialic acid-con- 
taining sites reappear on the cell surface when 
neuraminidase-treated cells are incubated for 2 h 
in fresh culture medium. This observation favors 
the idea that the surface charge is not given by 
components of the medium which are adsorbed to 
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the parasite's surface. Based on the fact no radio- 
activity was found in the sialic acids of cells in- 
cuba t ed  with ei ther  [3H]aceta te  or N- 
acetyl[3H]mannosamine, it has been suggested that 
epimastigotes of T. cruzi are unable to synthesize 
sialic acid from its precursors [15]. 

It is well known that sialic acid can be associ- 
ated either to glycoproteins or glycolipids or to 
both [24]. In the case of glycoproteins, it can be 
associated to either N- or O-glycosidically-linked 
oligosaccharide chains. Previous studies have 
shown that puromycin, an inhibitor of protein 
synthesis, blocks completely the synthesis of both 
groups of glycoproteins. Tunicamycin, a nucleo- 
side antibiotic produced by Streptomyces lyso- 
superificus, inhibits the assembly of the oligosac- 
charide core in glycoprotein biosynthesis at the 
initial dolichol-mediated step by acting as inhibi- 
tor of the N-acetylglucosamine-l-phosphate trans- 
ferase [25,26]. The biosynthesis of O-linked glyco- 
proteins is not affected by tunicamycin. Our data 
show that puromycin and tunicamycin abolish 
completely the recovery of the surface charge when 
neuraminidase-treated epimastigotes are incubated 
in a fresh culture medium. This observation sug- 
gests that most of the sialic acid-containing mole- 
cules located on the surface of epimastigotes, and 
sensitive to the neuraminidase which was used by 
us, are N-linked glycoproteins. It is also in agree- 
ment with the results obtained showing that in- 
cubation of epimastigotes in the presence of tuni- 
camycin led to a reduction of the electrophoretic 
mobility of about 16%, about the same value ob- 
tained when the parasites are incubated in the 

presence of neuraminidase. In addition, we ob- 
served that when enzyme-treated epimastigotes are 
incubated for 4 h in the presence of puromycin or 
tunicamycin there was a decrease of the mean 
electrophoretic mobility which reached values 
smaller than those obtained with the enzymatic 
treatment. This observation suggests that N-linked 
glycoproteins play an important role in maintai- 
nence of the surface charge of epimastigotes. It has 
been shown that sialic acid associated to glyco- 
lipids exists in epimastigotes of T. cruzi [16]. We 
cannot exclude the possibility that the glycolipid- 
associated sialic acid is not well exposed on the 
surface of living cell and therefore it is not accessi- 
ble to the neuraminidase treatment. Previous stud- 
ies using the isolated glycolipid show that it is 
sensitive to the neuraminidase from C. perfringens 
[16]. 

In the case of trypomastigotes of T. cruzi, we 
observed that both puromycin and tunicamycin 
only partially blocked the recovery of the normal 
surface charge when the enzyme-treated parasites 
were incubated in a fresh culture medium. 
Puromycin blocked, slightly, although consistently, 
more than tunicamycin. The results obtained, 
which are summarized in Table IV, suggest that 
43% of the net surface charge of trypomastigotes is 
given by sialic acid. Most of the sialic acid (27% of 
the charge or 63% of the total sialic acid) would be 
asociated with glycolipids. About 16% of the net 
charge or 37% of the sialic acid would be given by 
sialic acid associated to glycoproteins, mainly 
(32%) of the N-linked type. This suggestion is 
supported by the observation that a reduction of 

TABLE IV 

CONTRIBUTION OF SIALIC ACID ASSOCIATED TO GLYCOPROTEINS OR GLYCOLIPIDS TO THE SURFACE C H A R G E  
OF TRYPOMASTIGOTES 

Values obtained based on data shown in Table III. EPM, electrophoretic mobility. 

Nature of the Type % of the EPM % Relative to all 
glycoconjugate sialic acid detected 

Glycoprotein tunicamycin-sensitive 
(N-linked) 14 32 

tunicamycin-insensitive 
(O-linked) 2 5 

Glycolipid total 16 37 
27 63 



abou t  30% of the e lec t rophoret ic  mobi l i ty  of 
t rypomas t igo tes  occurs  when they are incuba ted  
for 3 h in the presence of tunicamycin .  I t  is 
impor t an t  to po in t  out, however,  that  these consid-  
era t ions  are  valid only to sialic ac id-conta in ing  

molecules  accessible  and sensitive to the neur-  
amin idase  used .Tryps in  t rea tment  reduced  consid-  
erably,  a l though less than  neuraminidase ,  the 
surface charge of t rypomast igotes .  The  cells re- 
cover  the normal  surface charge when incuba ted  in 
fresh cul ture  medium.  However ,  the recovery t ime 
is longer  (4 h) than  in the case of  neuramin idase  
t r ea tment  (2 h). I t  is poss ible  that  once modi f ied  
by  enzymat ic  t r ea tment  the m e m b r a n e  compo-  
nents  are in ternal ized and recycled,  as has been 
shown to occur  in other  eukaryot ic  cells [27]. 

We  observed that  pu romyc in  did  not  b lock  
comple te ly  the recovery of the surface charge of 
t ryps in - t rea ted  t rypomast igotes .  This observa t ion  
suggests that  pa r t  of the cell surface pro te ins  were 
a l ready  synthesized and are par t  of  the cyto-  
p lasmic  pool .  Therefore,  they are not  affected by  
puromycin .  The same occurs with tunicamycin .  
Previous studies have shown that  t r ea tment  of 
t rypomas t igo tes  with t rypsin  removes a g lycopro-  
tein, with a molecular  weight of  90 000 [28,29] or  
80 000 [30]. This t rea tment  (a) increases the up take  
of  b loods t r eam t rypomas t igo tes  by  macrophages  
[22,23,28], (b) renders  t rypomas t igo tes  able to 
act ivate  the a l ternat ive  complemen t  pa thway  [22] 
and (c) decreases the abi l i ty  of t rypomas t igo tes  to 
infect  ver tebra te  cells [28]. I t  is poss ible  that  the 
reduct ion  in the surface charge by  t rea tment  of 
t rypomas t igo tes  with t rypsin  is respons ib le  for all 
these effects since they are also observed when the 
paras i tes  are t rea ted  with neuraminidase .  Fu r the r  
s tudies are necessary to de te rmine  if in T. cruzi the 
effects observed when the paras i tes  are t rea ted  
with t rypsin  or  neuramin idase  result  f rom inter-  
ference with the same membrane-assoc ia ted  mac-  

romolecule .  

References 

1 De Souza, W., Arguello, C., Martinez-Palomo, A., Trissl, D. 
and Chiari, E. (1977) J. Protozool. 24, 411-415 

169 

2 Kreier, J.P., AI Abbassy, S.N. and Seed, T.M. (1977). Rev. 
Inst. Med. Trop. S~o Paulo 19, 10-20 

3 Souto-Padrbn, T., De Carvalho, T.U., Chiari, E. and De 
Souza, W. (1984) Acta Trop. 41,215-225 

4 De Carvalho, T.U., Souto-Padrbn, T. and De Souza, W. 
(1984). Exp. Parasitol., in the press. 

5 De Souza, W. (1984) Int. Rev. Cytol. 86, 197-283 
6 Ambrose, E.J. (1966). Prog. Biophys. Mol. Biol. 16, 241-265 
7 Burry, R.W. and Wood, J.G. (1979). J. Cell Biol. 82, 726-741 
8 Cook, G.M.W., Heard, D.H. and Seaman, E.V.F. (1961). 

Nature 191, 44-47 
9 Eylar, E.H., Madoff, M.A., Brody, O.V. and Oncley, S.L. 

(1962). J. Biol. Chem. 237, 1192-2006 
10 James, A.M. (1979). Chem. Soc. Rev. 8, 389-418 
11 Martinez-Palomo, A., De Souza, W. and Gonzales-Robles, 

A. (1976) J. Cell Biol. 69, 507-513 
12 De Souza, W. (1978). PhD Thesis, Instituto de Biofisica, 

Universidade Federal do Rio de Janeiro, Brasil. 
13 Souto-Padrbn, T., Chiari, E. and De Souza, W. (1983). 

Proceedings of the Annual Meeting on Chagas Disease, 
Caxambi~, MG BI 59 (abstract) 

14 Pereira, M.E.A., Loures, M.A., Villalta, F. and Andrade, 
A.F.B. (1980) J. Exp. Med. 152, 1375-1392 

15 Schauer, R., Reuter, G., Muhlpfordt, H., Andrade, A.F.B. 
and Pereira, M.E.A. (1983) Hoppe-Seyle's Z. Physiol. Chem. 
364, 1053-1057 

16 Confalonieri, A.N., Martin, N.F., Zingales, B., Colli, W. 
and De Lederkremer, R.M. (1983) Biochem. Int. 7, 215-222 

17 Loures, M.A., Pimenta, P.F. and De Souza, W. (1980). J. 
Parasitol. 66, 1058-1060 

18 De Carvalho, T.U. and De Souza, W. (1983). Z. Parasi- 
tenkd. 69, 571-575 

19 Chiari, E. (1981). PhD Thesis, Universidade Federal de 
Minas Gerais, Brasil 

20 Camargo, E.P. (1964). Rev. Inst. Med. Trop. Sao Paulo 6, 
93 

21 Warren, L.G. (1960). J. Parasitol. 46, 529 
22 Kipnis, T.L., David, J.R., Alper, C.A., Sher, A. and Dias da 

Silva, W. (1981). Proc. Natl. Acad. Sci. USA 78, 602-605 
23 De Ara~jo-Jorge, T.C. and De Souza, W. (1984). Acta Trop. 

41, 17-28 
24 Olden, K., Parent, J.B. and White, S.L. (1982). Biochim. 

Biophys. Acta 650, 209-232 
25 Lehle, L. and Tanner, W. (1976) FEBS Lett. 71,167-170 
26 Heifetz, A.R., Keenan, W. and Elbein, A.D. (1979). Bio- 

chemistry 18, 2186-2192 
27 Steinman, R.M., Mellman, I.S., Muller, W.A. and Cohn, Z. 

(1983) J. Cell Biol. 96, 1-27 
28 Nogueira, N., Chaplan, S. and Cohn, Z. (1980). J. Exp. 

Med. 152, 447-451 
29 Nogueira, N. Chaplan, S., Tydings, J.D., Unkeless, J. and 

Cohn, Z. (1981). J. Exp. Med. 153, 629-639 
30 Andrews, N.W. and Colli, W. (1982). J. Protozool. 29, 

264-269 


