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1. Introduction 

We have been studying the glycoconjugates from 
epimastigote forms of Trypanosoma cruzi since 1975 
[1-6].  A complex of four main carbohydrate-con- 
taining macromolecules (A-D) was isolated [1 ] and 
the plasma membrane localization was demonstrated 
[5]. One of the components (band D or lipopeptido- 
phosphoglycan, LPPG) has been purified and a glyco- 
phosphoceramide structure was demonstrated for this 
compound [2-4].  

The function of these cellular constituents as well 
as their presence in the different forms of the parasite 
are problems not yet elucidated. Due to the difficul- 
ties in producing an appreciable number of cells of 
the other two differentiation stages of T. cruzi, e.g., 
trypomastigotes and amastigotes which infect the ver- 
tebrate, it became important to develop sensitive 
methods to assess the fate of these macromolecules 
during differentiation of the parasite. Moreover, 
through the use of endogenous labeling of epimasti- 
gotes the influence of cycloheximide and tunicamycin 
on the synthesis of these glycoconjugates has been 
studied. 

2. Experimental 

Epimastigote forms of T. cruzi (Y strain) were cul- 
tivated in LIT medium [7]. After 2 days of growth 
(8 × 107 cells/ml) the epimastigotes were collected by 
centrifugation and washed twice with 150 mM NaC1 
containing 50 mM sodium phosphate (pH 7.2, PBS). 
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Trypomastigotes from mouse blood or from tissue cul- 
tures were obtained as in [8]. Spleen and liver amasti- 
gotes were obtained as in [9] except that the enzyme 
treatment was omitted. 

For the galactose oxidase-labeling experiments 
2 × 108 T. cruzi cells were resuspended in 0.4 ml PBS 
containing 0.1 mg galactose oxidase (Worthington) 
and incubated for 40 min at 30°C. Then 0.021 mg 
NaB3I-I4 (New England Nuclear; spec. act. 282 mCi/ 
mmol) were added and incubation proceeded for 
10 min at room temperature. The reaction was 
stopped with 5 ml cold PBS and cells were washed 
twice in the same buffer. The final pellet was directly 
lysed with the electrophoresis sample buffer under 
reducing conditions and applied onto polyacrylamide 
gels. 

To label the T. cruzi glycoconjugates by a non- 
enzymatic procedure 2 X 108 washed parasites were 
suspended in PBS (containing 0.1% BSA) and incu- 
bated at room temperature for 30 min with 50/ag/ml 
non-radioactive NaBH4. Cells were then washed twice 
with excess buffer and further incubated in the dark 
for 20 min at room temperature with PBS containing 
20 mM sodium periodate. Oxidation was stopped by 
diluting cells with cold buffer. After twice washing the 
cells with the same buffer they were resuspended in 
0.2 ml PBS containing 0.0175 mg NaBaH4 and incu- 
bated at room temperature for 30 min. After reduction 
the cells were washed twice with PBS and the final 
pellet was lysed with electrophoresis sample buffer 
and applied onto polyacrylamide gels. The integrity of 
the parasites after the whole procedure was attested 
by microscope counting. 

For [14C] glucose incorporation studies epimasti- 
gote cells were preconditioned under agitation 
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(120 rev./min) for 4 h at 28°C in the medium of [10] 
in the absence of glucose (6 × 107 cells/ml). D-[U-14C]- 
Glucose (New England Nuclear) was then added at 
2/amol/ml (spec. act. 4.8/aCi//.tmol) and incubation 
was allowed to proceed for 16 h. Then, 2 mg/ml non- 
radioactive glucose was added and incubation contin- 
ued for an additional 4 h. Phenol-water extraction of 
the glycoconjugate complex was as in [2]. The LPPG 
was isolated from the complex and purified as in [2]. 
In the kinetic experiments, as well as in those in which 
the effect of antibiotics was tested, the above proce- 
dure was employed except that the chase was omitted 
and the incubation time with radioactive glucose 
(spec. act. 138/aCi//amol; 72 nmol/ml) was variable 
(see figure legends). Total incorporation of radioactiv- 
ity was measured by precipitating aliquots of the incu- 
bation mixture with 10% trichloroacetic acid, filtra- 
tion on nitrocellulose membranes, and counting in 
scintillation fluid in a Beckman LS-250 spectrometer 
(efficiency 74%). 

Lipid oligosaccharides were isolated as in [ 11]. 
After incubation of epimastigotes for 90 min with 
[ 14C] glucose the cells were centrifuged, washed with 
PBS and sonicated in water. Methanol (2 vol.), chloro- 
form (3 vol.) and 10 mg carbohydrate complex as car- 
rier were added and the tubes were centrifuged at low 
speed. The lower and upper phases were separated 
from the interface. The latter was extracted with 
chloroform/methanol (2:1) and then 3 times with 
chloroform/methanol/HeO (10:10:3). 

Electrophoretic analysis was performed in 8-15% 
linear polyacrylamide gradient slab gels in the presence 
of 0.1% SDS [12]. Gels were prepared for fluorog- 
raphy as in [13]. Tunicamycin was a kind gift from 
H. F. E1-Dorry and its efficiency was tested by the 
inhibition of D-[ 3H] mannose incorporation in HeLa 
cells. Cycloheximide was a product from Sigma 
(St Louis MO). 

3. Results 

With slight modifications, the method developed 
to label LPPG in vitro [6] was applied to living para- 
sites. Due to the membrane location of LPPG and to 
the furanoic structure of its galactose residues this 
substance is strongly labeled when intact epimastigotes 
are subjected to mild periodate oxidation followed by 
reduction with NaBaH4 (fig.l). Bands A-C, but not 
LPPG, are strongly labeled when epimastigotes are 
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Fig.1. SDS-polyacrylamide gel electrophoresis of epimasti- 
gotes labeled with NaB3H, after oxidation with galactose oxi- 
dase (left) or sodium metaperiodate (right). 

reduced with NaB3I-I4 following oxidation via galac- 
tose oxidase (fig.l) [5,14]. 

When both intact spleen and liver-derived amasti- 
gores and trypomastigotes (from tissue cultures or 
from blood of infected mice) were subjected to 
NaB3H4 reduction following chemical or enzymatic 
oxidation neither bands A-C nor LPPG could be 
detected. Equally negative results were obtained when 
lysates of these cells were subjected to the same proce. 
dures thus ruling out the possibility for the internal 
presence of these glycoconjugates in both differentia- 
tion stages of T. cruzi. These results have been further 
confirmed by direct extraction of 5 X 108 cells of 
each differentiation stage with phenol-water followed 
by SDS-polyacrylamide gel electrophoresis and PAS- 
Schiff staining [2]. Only epimastigotes displayed 
bands A-C and LPPG. Thus, it is imperative to con- 
clude that 2 out of 3 differentiation forms of T. cruzi 
do not express these membrane-bound glycoconjugates 

Fig.1 also shows that epimastigotes possess a com- 
pound (band E) which migrates ahead of LPPG and is 
strongly oxidized by mild periodate treatment. This 
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would suggest the presence of exocyclic glycols in, at 
least, part of its carbohydrate residues. Like LPPG, 
compound E is not reactive to galactose oxidase. 
Structural studies on this compound are underway. 

Since T. cruzi  is able to strongly adhere macromol- 
ecules from the culture medium [ 14] it became 
important to definitively demonstrate the endogenous 
nature of the glycoconjugates in the epimastigote 
form. After incubation of 6 X 10 7 epimastigotes/ml 
with [14C]glucose (10/aCi/ml) for 16 h, followed by 
a 4 h chase with excess non-radioactive glucose, an 
important amount of radioactivity was incorporated 
into 10% trichioroacetic acid-precipitable material 
(5.5 X 10 6 cpm for 3 X 108 cells). The glycoconjugate 
complex, extracted with phenol-water and precipi- 
tated with ethanol from the aqueous phase [2] 
accounted for ~82% of the counts. Fluorography 
showed most of the label in bands A-C (fig.2). LPPG 
which was less intensely labeled could be extracted 
with chloroform/methanol/water (10:10: 3) [2]. The 
extracted material showed the same mobility as a 
sample of the purified glycophosphoceramide (not 
shown). The compound which appears strongly labeled 
in fig.2 (arrow) coincides with a faint band that is 
occasionally seen in PAS-Schiff-stained gels. The 

Fig.2. Fluorography of SDS-polyacrylamide gel electropho- 
resis of epimastigotes endogenously labeled with [ 14C]glucose. 

possibility that this compound lacks galactose must be 
entertained since it could not be reduced by NaB3H4 
after oxidation with either galactose oxidase or 
metaperiodate. Whether the amount of this substance 
depends on the growth stage of the parasite remains 
to be elucidated. We do not yet know why LPPG 
incorporates 14C from glucose at a slower rate than 
bands A-C. The conditions used for isotope incorpo- 
ration might not have been the best due to the 
extreme complexity of this molecule [3,4,6]. 

The effect of tunicamycin and cycloheximide on 
laC incorporation into trichloroacetic acid-precipitable 
material from epimastigotes was followed for 90 min 
(fig.3). While cycloheximide (20/lg/ml) inhibited 
incorporation by 50%, tunicamycin had no effect 
over 0.15-5/~g/ml. Incubation with tunicamycin 
(2.5/~g/ml) for 2 h before addition of [14C]glucose 
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Fig.3. Kinetics of 14C incorporation from [ t4C]glucose into 
T. cruzi epimastigotes: control (zx); 20 ~g cycloheximide/ml 
(A); 1 ~g tunicamycin/ml (o). Each experimental point con- 
tained 8 × 106 cells. 

240 



Volume 142, number 2 FEBS LETTERS June 1982 

Table 1 
Incorporation of '4 C (cpm X 10-4)a into different fractions 

from epimastigote cells incubated with ['4C]glucoseb 

Additions Solvent A, phase: Solvent B 

Upper Lower 

None 49.4 9.9 3.4 
Tunicamycin 

(0.15 #g/ml) 74.8 3.6 2.6 
Cycloheximide 

(20 #g/ml) 117.8 15.1 5.2 

a From 8 × 107 ceils 
b Incubation for 90 min at 28°C as in section 2 

Solvent (A): chloroform/methanol/water (3: 2:1 ) 

Solvent (B): chloroform/methanol/water (10:10:3) 

gave a similar incorporation than when the radioactive 
sugar was added concomitantly with the antibiotic. 

Epimastigote cells incubated for 90 min with 
[14C]glucose were processed as recommended [11] 
for the separation of the polyprenol oligosaccharide 
pyrophosphate. The radioactivities of the different 
fractions are shown in table 1. Inhibition by tunica- 
mycin is now observed in the lower phase of the 
chloroform/methanol/water (3:2:1) extract and in 
the chloroform]methanol~water (10:10:3) extract of 
the interface. Although LPPG can also be extracted 
by the latter solvent, it contains no N-asparagine link- 
ages in its structure, being a glycophosphoceramide. 
Therefore the inhibition observed with tunicamycin 
suggests the presence in T. cruzi epimastigotes of the 
lipid oligosaccharide pyrophosphate. 

4. Discussion 

The glycoconjugates extracted with phenol-water 
[1,2] are major components of the cell surface mem- 
brane of epimastigote forms of T. cruzi [5]. That these 
macromolecules incorporate 82% of the total trichlo- 
roacetic acid.precipitable radioactivity upon [ aaC] glu- 
cose incorporation would confirm that they are the 
main sugar constituents of}he ceil. However, tffeir 
function is not yet known. In vivo labeling of these 
macromolecules should facilitate these studies and 
help to follow the influence of different factors on 
their biosynthesis. However, the culture medium for 
T. cruzi growth is very complex and the possibility 

that certain components could adhere to the cells has 
been considered (cf. [14]). Labeling of the glycocon- 
jugates by incubation with [ 14C]glucose confirmed 
their endogenous nature. We tried to inhibit the incor- 
poration of radioactivity with tunicamycin, an anti- 
biotic that blocks the production of polyprenol 
N-acetylglucosamine pyrophosphate [ 15], the inter- 
mediate in the biosynthesis of the N-linked oligosac- 
charides in glycoproteins. No inhibition was evident 
for 90 min with different concentrations of tunicamy- 
cin even when using 50-times the concentration that 
produced considerable inhibition in T. brucei [16]. In 
fact, a slight stimulation was observed (fig.3). The 
same incorporation was obtained when cells were 
incubated with tunicamycin for 2 h before addition 
of [14C]glucose and then left for another 2 h. This 
result excludes the possibility that the pool of precur- 
sors pre-existing in the cell would preclude inhibition 
by tunicamycin. However, cycloheximide caused inhi- 
bition of sugar incorporation. Fluorography of the 
glycoconjugates extracted with phenol-water from 
cells incubated with tunicamycin showed no differ- 
ence when compared with the control, while all bands 
were less intense upon incubation with cycloheximide 
(not shown). We know that one of the components of 
the complex (LPPG) has a glycophosphoceramide 
structure. The biosynthesis of LPPG has yet not been 
studied, but most probably polyprenol-N-acetylglu- 
cosamine pyrophosphate is not an intermediate in its 
biosynthesis. The structure of the other 3 components 
(bands A-C) is unknown, but although they have as a 
mixture an important amount of protein (unpublished) 
they would not be rich in N-glycosidic linkages. 

The fact that no inhibition of incorporation of 14C 
into these glycoconjugates was observed, upon addi- 
tion of tunicamycin, suggests that most of the link- 
ages in A-C are O-glycosidic. A few short N-glycosidic 
chains would not noticeably alter the electrophoretic 
behavior. Tunicamycin, however, inhibited incorpora- 
tion of radioactivity in the lower phase of the chloro. 
form/methanol/water (3: 2:1) extract and in the 
chloroform/methanol/water (10:10: 3) fraction 
(table 1). This inhibition would indicate the existence 
of N-linked oligosaccharides, but as a minor feature, 
in the pool of the glycoproteins of T. cruzi epimasti- 
gotes. The data obtained using cycloheximide in the 
labeling experiments support this hypothesis. Although 
total incorporation of 14C was clearly inhibited by 
the drug, the radioactivity in the chloroform/metha- 
nol/water extract considerably increased, probably 
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due to the accumulation of the lipid oligosaccharide 
precursor. The inhibition of  radioactivity observed in 
the lower phase of the chloroform/methanol/water 
(3:2:1) extract in the tunicamycin experiments sug- 
gests the existence of  N-linked oligosaccharide inter- 
mediates with shorter chains than those found in 
other glycoproteins [ 17]. Oligosaccharide transferred 
to proteins in C. fasciculata contained 2 N-acetylglu- 
cosamine and only 7 mannose residues [18]. 

That only epimastigotes, as opposed to trypomasti- 
gotes and amastigotes, contain the glycoconjugates 
A - D  suggests that they might play an important 
function in the plasma membrane of the epimastigote 
cell. Such function could be structural. However, one 
cannot rule out the possibility of  their involvement in 
phenomena which are specific for the epimastigotes, 
e.g., their lability to the alternative pathway of  the 
complement [19] and their capacity to divide in par- 
ticular environments such as the midgut of  the insect 
vector. 

Further studies on the structure and function of  
the glycoconjugates of  T. eruzi epimastigotes are in 
progress. 
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