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SUMMARY

The expression of proteolytic activities in the Trypanosomatidae family was explored as a potential marker to discriminate

between themorphologically indistinguishable flagellates isolated from insects and plants.We have comparatively analysed

the proteolytic profiles of 19 monoxenous trypanosomatids (Herpetomonas anglusteri, H. samuelpessoai, H. mariadeanei,

H. roitmani, H. muscarum ingenoplastis, H. muscarum muscarum, H. megaseliae, H. dendoderi, Herpetomoas sp., Crithidia

oncopelti, C. deanei, C. acanthocephali, C. harmosa, C. fasciculata, C. guilhermei, C. luciliae, Blastocrithidia culicis,

Leptomonas samueli and Lept. seymouri) and 4 heteroxenous flagellates (Phytomonas serpens, P. mcgheei, Trypanosoma cruzi

and Leishmania amazonensis) by in situ detection of enzyme activities on sodium dodecyl sulphate-polyacrylamide gel

electrophoresis (SDS–PAGE ) containing co-polymerized gelatine as substrate, in association with specific proteinase

inhibitors. All 23 trypanosomatids expressed at least 1 acidic proteolytic enzyme. In addition, a characteristic and specific

pattern of cell-associated metallo and/or cysteine proteinases was observed, except for the similar profiles detected in 2

Herpetomonas (H. anglusteri and H. samuelpessoai) and 3 Crithidia (C. fasciculata, C. guilhermei and C. luciliae) species.

However, these flagellates released distinct secretory proteinase profiles into the extracellular medium. These findings

strongly suggest that the association of cellular and secretory proteinase pattern could represent a useful marker to help

trypanosomatid identification.

Key words: cell-associated proteinases, secretory proteinases, cysteine proteinases, gelatine-polyacrylamide gel electro-

phoresis, metalloproteinases, Trypanosomatidae family.

INTRODUCTION

The Trypanosomatidae family is a cosmopolitan

group of flagellates containing prominent groups

with ability to parasitize a very diverse range of hosts

including humans, animals, plants and other protists

(Wallace, 1966; McGhee & Cosgrove, 1980). Some

species are of particular interest, due to their medical

importance. These are the agents of Chagas’ disease

(Trypanosoma cruzi), African trypanosomiasis (e.g.

T. brucei complex) and species of Leishmania, which

cause the various forms of leishmaniasis (Vickerman,

1994). Moreover, Phytomonas species are plant

trypanosomatid parasites of phloem, latex and fruits

that are responsible for important diseases in com-

mercially important crops, such as coconut, oil palm,

cassava and coffee (Camargo, Kastelein & Roitman,

1990). In addition to these digenetic parasites,

several genera including Crithidia, Blastocrithidia,

Herpetomonas and Leptomonas are composed wholly

or largely of single host (monoxenous) parasites of

the gut and associated organs of a wide range of in-

sects (Wallace, 1966; McGhee & Cosgrove, 1980;

Vickerman, 1994).

Themedical and economical relevance of causative

agents of dangerous diseases resulted in the pref-

erential investigation of trypanosomatids of ver-

tebrates and, for the same reasons, of plant parasites.

On the other hand, trypanosomatids from insects

remained forgotten for a long time. However, it is

now becoming apparent that insect trypanosomatids

play very important roles in research and are indeed

probably close to the critical point of establishlishing

a plausible trypanosomatid phylogeny (Podlipaev,

2001). Additionally, trypanosomatids not normally

infectious to humans (e.g. Herpetomonads and

Leptomonads) are also emerging as pathogens

in immunosuppressed patients, mainly in HIV-

infected individuals, who develop a clinical pattern

very similar to visceral and/or cutaneous leishman-

iasis-like syndromes (McGhee & Cosgrove, 1980;

Dedet et al. 1995; Jiménez et al. 1996; Pacheco et al.

1998; Boisseau-Garsaud et al. 2000; Dedet &

Pratlong, 2000; Miller, 2000). These opportunistic

trypanosomatids are morphologically indistinguish-

able from pathogenic ones, impairing their identifi-

cation. Therefore, these observations emphasize the

urgent need to characterize ‘Leishmania-like’ para-

sites isolated from immunodeficient patients, as well

as insect trypanosomatids. For example, Noyes et al.

(2002) published a molecular study showing that a
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previously unclassified trypanosomatid responsible

for human cutaneous syndrome in Martinique be-

longs to the most divergent member of the genus

Leishmania.

Insect trypanosomatids have been traditionally

allocated to a number of genera that were described

based on morphological features, host and geo-

graphical origin (Wallace et al. 1983; Momen, 2001).

However, for identification purposes, these criteria

proved to be impractical and insufficient, because

the same trypanosomatid species may be recovered

from diverse species of insects and the same insect

species may harbour various species of trypano-

somatids. In addition, the morphology of trypano-

somatid cells can be modified by environmental

factors (Podlipaev, 2001; Momen, 2001, 2002).

Therefore, there is a need to develop more effective

means of Trypanosomatid identification. Methods

such as genomic or kinetoplast DNA (k–DNA)

fingerprinting and isoenzyme analysis were effective

for distinguishing individual isolates, but failed as

markers for generic distinction of the Trypano-

somatidae family (Momen, 2001). Other biological,

nutritional, immunological, biochemical and mol-

ecular criteria have been used for this purpose. Bio-

chemistry aided in generic identification as different

genera having distinct enzymes. In this sense, we

focus on the proteolytic activity, since this class of

enzymes is involved in a great number of physio-

logical and pathological processes during the life-

cycle of microorganisms (Rao et al. 1998). Proteases

can be categorized based on their substrate specifi-

cities or mechanisms of catalysis. Enzymes cleaving

within a polypeptide chain are named endopep-

tidases (or proteinases), while activities cleaving at

the ends of polypeptides are named exopeptidases.

Upon the basis of the mechanism of peptide hydro-

lysis, five major protease classes are known: metallo,

serine, cysteine, aspartic and threonine proteases

(McKerrow et al. 1993; Rao et al. 1998; Barrett,

Rawlings & O’Brien, 2001). In trypanosomatids,

especially in pathogenic flagellates, serine, metallo

and cysteine proteinases have been extensively

described.

Aiming at the detection of reliable markers for

the identification of 23 distinct trypanosomatids, the

cell-associated proteolytic activities were analysed

by sodium dodecyl sulphate-polyacrylamide gel

electrophoresis (SDS–PAGE) with gelatine incor-

porated into the gel as the proteinaceous substrate.

MATERIALS AND METHODS

Chemicals

The metallo (1,10-phenanthroline) and the cysteine

(trans-epoxysuccinyl L-leucylamido-(4-guanidino)

butane [E–64]) proteinase inhibitors as well as

gelatine were purchased from Sigma Chemical Co.

(St Louis, MO, USA). The other reagents used

in electrophoresis and buffer components were

obtained from Amersham Life Science (Little

Chalfont, England).

Parasites and growth conditions

The 23 flagellate trypanosomatids used in this

comparative study are listed in Table 1. For the

experiments, cells were grown at 26 xC in 250 ml

Erlenmeyer flasks containing100 mlof liver infusion-

tryptose (LIT) medium, except for the human

pathogenic trypanosomatids (Trypanosoma cruzi and

Leishmania amazonensis) that were cultured in LIT

medium supplemented with 10% foetal bovine

serum (FBS). Growth was estimated by determining

the cell number in a Neubauer chamber. Cellular

viability was assessed bymotility and trypan blue dye

exclusion. The viability of the parasites was not

affected by the culture conditions employed in this

work.

Parasite extracts

Three-day-old cultured parasites, at the log growth

phase, were harvested by centrifugation at 1500 g

for 10 min at 4 xC, and washed 3 times with cold

PBS (150 mM NaCl, 20 mM phosphate buffer, pH

7.2). The trypanosomatids (1r108 cells) were re-

suspended in 50 ml of PBS and lysed by the addition

of 150 ml of SDS–PAGEsample buffer (125 mMTris,

pH 6.8, 4% SDS, 20% glycerol, 0.002% brom-

ophenol blue). The cells were broken in a vortex by

alternating 1 min shaking and 2 min cooling inter-

vals, followed by a centrifugation at 5000 g for

15 min at 4 xC. The supernatants obtained after

centrifugation corresponded to the whole parasite

cellular extracts (Santos et al. 1999).

Culture supernatant fluids

Cell culture supernatant fluids were filtered in a

0.22–mm membrane (Millipore) and concentrated

10-fold by ultrafiltration in a 10 000molecular weight

cut-off Centricon microconcentrator (AMICON,

Beverly, MA, USA) at 4 xC, for 2 h. Concentrated

supernatants were treated with an equal volume of

SDS–PAGE sample buffer (Santos et al. 1999). To

confirm that all extracellular proteolytic activities

were genuine secretions, we measured in the culture

supernatant fluids the lactate dehydrogenase activity,

an intracellular enzyme, as previously described by

Santos et al. (2002c). No lactate dehydrogenase was

detected (not shown).

Gelatine–SDS–PAGE assay

The proteolytic activities were assayed and charac-

terized by 10% SDS–PAGE with 0.1% gelatine
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Table 1. Isolates of flagellate trypanosomatids used in this study

Trypanosomatids

Host

Predominant evolutive
stage in culture

CT-IOC
code

ATCC
numberFamily Species

Blastocrithidia culicis Diptera: Culicidae Aedes vexans Epimastigote 041a 30268
Crithidia acanthocephali Hemiptera: Coreidae Acanthocephala femorata Choanomastigote 042a 30251
Crithidia deanei Hemiptera: Reduviidae Zelus leucogrammus Choanomastigote 044a 30255
Crithidia fasciculata Diptera: Culicidae Anopheles quadrimaculatus Choanomastigote 048a 11745
Crithidia guilhermei Diptera: Calliphoridae Phaenicia cuprina Choanomastigote 051a

Crithidia luciliae Diptera: Calliphoridae Phaenicia sericata Choanomastigote 053a 30258
Crithidia harmosa Hemiptera: Pyrrhocoridae Euryophthalmus davidi Choanomastigote 017a 30256
Crithidia oncopelti Plantae: Asclepiadaceae Asclepias syriaca Choanomastigote 055a 12982
Herpetomonas sp. Hemiptera: Coreidae Phthia picta Promastigote b

Herpetomonas anglusteri Diptera: Sarcophagidae Liopygia ruficornis Promastigote 059a

Herpetomonas dendoderi (clone B4) Diptera: Culicidae Haemagogus janthinomys Promastigote 061a

Herpetomonas mariadeanei Diptera: Muscidae Muscina stabulans Promastigote 062a 30708
Herpetomonas megaseliae Diptera: Phoridae Megaselia scalaris Promastigote 033a 30209
Herpetomonas muscarum ingenoplastis Diptera: Calliphoridae Phormia regina Promastigote 021a 30259
Herpetomonas muscarum muscarum Diptera: Muscidae Musca domestica Promastigote 020a 30260
Herpetomonas roitmani Diptera: Syrphidae Ornidia obesa Opisthomastigote 212a

Herpetomonas samuelpessoai Hemiptera: Reduviidae Zelus leucogrammus Promastigote 067a 30252
Leishmania amazonensis Diptera: Psychodidae Lutzomyia flaviscutellata Promastigote c

Leptomonas samueli Hemiptera: Reduviidae Zelus leucogrammus Promastigote 074a 30971
Leptomonas seymouri Hemiptera: Pyrrhocoridae Dysdercus suturellus Promastigote 277a 30220
Phytomonas mcgheei (isolate 163 M, clone A) Plantae: Gramineae Zea mays Promastigote 181a

Phytomonas serpens (isolate 9T) Plantae: Solanaceae Lycopersicon esculentum Promastigote 189a

Trypanosoma cruzi (clone Dm 28c) Hemiptera: Reduviidae Triatoma infestans Epimastigote d

a The trypanosomatids were kindly provided by Dr Maria Auxiliadora de Sousa from CT-IOC (Coleção de Tripanosomatı́deos, Instituto Oswaldo Cruz, Rio de Janeiro, Brazil).
b This flagellate was isolated and kindly provided by Dr Márcia Attias (Instituto de Biofı́sica Carlos Chagas Filho, Universidade Federal do Rio de Janeiro – UFRJ).
c This flagellate was kindly provided by Dr Elvira Saraiva (Departamento de Imunologia, Instituto de Microbiologia Prof. Paulo de Góes, Universidade Federal do Rio de
Janeiro – UFRJ).
d This flagellate was kindly provided by Dr Thaı̈s Souto-Padrón (Departamento de Microbiologia Geral, Instituto de Microbiologia Prof. Paulo de Góes, Universidade Federal do
Rio de Janeiro – UFRJ).
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incorporated into the gel as substrate (Heussen &

Dowdle, 1980). The gels were loaded with 10 ml of
each parasite extract (equivalent to 5r106 cells), and

alternatively with 20 ml (equivalent to 1r107 cells) of

concentrated supernatant fluids. Electrophoresis was

performed at a constant current of 100 V at 4 xC for

2 h. After electrophoresis, SDS was removed by

incubation, at room temperature under agitation,

with 10 volumes of 1% Triton X-100 in the absence

or in the presence of proteolytic enzyme inhibitors

(10 mM 1,10-phenanthroline or 10 mM E–64) for 1 h.

Then, the gels were incubated in 50 mM sodium

phosphate buffer supplemented with 2 mM dithio-

threitol (DTT), pH 5.5, at 37 xC, in the absence

or in the presence of the same proteinase inhibitors.

After incubation for 48 h, the gels were washed with

10 volumes of distilled water, stained for 2 h with

0.2% Coomassie brilliant blue R-250 in methanol-

acetic acid-water (50 : 10 : 40 v/v/v) and destained

overnight in a solution containing methanol-acetic

acid-water (5 : 10 : 85 v/v/v), to intensify the diges-

tion haloes. The proteolytic activities in the gels were

revealed by the presence of colourless zones indica-

tive of gelatine digestion. The gels were dried,

scanned and digitally processed (Santos et al.

2002a). The molecular masses of the proteinases

were calculated by comparison with the mobility of

GIBCO BRL SDS-PAGE standards (Grand Island,

NY, USA).

RESULTS

All the flagellate trypanosomatids examined con-

tained at least 1 cell-associated proteolytic enzyme

(Figs 1–3). This observation allowed the use of this

class of enzyme as a new approach to help the

identification of members of the Trypanosomatidae

family. To make easier the analysis of the results

obtained in the gelatine-SDS-PAGE, we separated

the flagellates in 3major groups:Herpetomonas genus

(Fig. 1), Crithidia genus (Fig. 2) and the remaining

flagellates (Fig. 3). When necessary, we also charac-

terized the secretory proteinase profile (Fig. 4).

In the species of Herpetomonas studied, the sim-

plest proteolytic profile was observed inH. roitmani,

an endosymbiont-bearing trypanosomatid that ex-

pressed a single faint band of 50 kDa, which was

inhibited by 10 mM 1,10-phenanthroline, a potent

zinc-metalloproteinase inhibitor (Fig. 1, lane d and

Table 2). H. megaseliae (n=8 proteolytic bands),

H. m. muscarum (n=6), H. dendoderi (n=5) and

Herpetomonas sp. (n=4) showed complex and dis-

tinct proteolytic profiles containing both metallo and

cysteine proteinases (Fig. 1, lanes f–i, respectively,

and Table 2), as concluded from the inhibition

by 1,10-phenanthroline and E–64, respectively.

H. mariadeanei exhibited only cysteine proteinases

with lower molecular masses (Fig. 1, lane c and

Table 2), while H. m. ingenoplastis synthesised 2

metalloproteinases of 67 and 80 kDa (Fig. 1, lane e

and Table 2). H. anglusteri and H. samuelpessoai

expressed the same cell-associated profile, composed

by a broad metalloproteinase band activity of ap-

parent molecular mass of 60 kDa (ranging from 50

to 70 kDa) and a 45 kDa cysteine proteinase (Fig. 1,

lanes a, b, respectively, and Table 2), impairing

the discrimination between these 2 species. For this

reason, we decided to analyse in these 2 distinct

Herpetomonas species the released proteolytic

pattern, in an effort to characterize specific secretory

proteolytic activities. Our results demonstrated 2

distinct extracellular proteinase profiles composed

of several metalloproteinases inH. anglusteri (Fig. 4,

lane a) and H. samuelpessoai (Fig. 4, lane b).

In the Crithidia group analysed, heterogeneous

proteolytic profiles were observed (Fig. 2). C.

oncopelti (Fig. 2, lane a and Table 2), a symbiont-

harbouring flagellate isolated from a plant host

(Table 1), and C. deanei (Fig. 2, lane b and Table 2),

a trypanosomatid isolated from an insect (Table 1)

and harbouring a bacterium-like endosymbiont in its

cytoplasm, expressed only 2 weak metalloproteinase

activities when cultured in LIT medium. The other

5Crithidia species studied do not possess symbionts,

and expressed a more pronounced amount of
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Fig. 1. Gelatine–SDS–PAGE showing the cell-associated

proteolytic activity profiles detected in 9 different

Herpetomonas species : (a) H. anglusteri, (b)

H. samuelpessoai, (c) H. mariadeanei, (d) H. roitmani,

(e) H. muscarum ingenoplastis, (f) H. megaseliae, (g) H.

muscarum muscarum, (h) H. dendoderi and (i) Herpetomoas

sp. The gel strips containing extracts from 5r106 cells

were incubated at 37 xC, for 48 h, in 50 mM sodium

phosphate buffer, pH 5.5, supplemented with 2 mM

DTT. Molecular masses of the proteinases, expressed in

kDa, are represented on the left.
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proteinases (Fig. 2, lanes c–g). C. acanthocephali

produced 4 cysteine proteinases of 80, 75, 70 and

50 kDa (Fig. 2, lane c and Table 2), whileC. harmosa

presented at least 3 metalloproteinases, 1 of them

with higher activity (70–55 kDa) (Fig. 2, lane d and

Table 2). C. fasciculata showed 2 metalloproteinases

(90 and 70 kDa) and 1 cysteine proteinase with a

broad activity range (60–40 kDa) (Fig. 2, lane e and

Table 2). C. guilhermei (Fig. 2, lane f) and C. luciliae

(Fig. 2, lane g) expressed the same qualitative

cell-associated proteinases when compared with C.

fasciculata (Fig. 2, lane e); however, quantitative

differences were clearly seen in the gels. We also

analysed the supernatant fluids of these 3 Crithidia

102
100

50

40

66

40

45

80
82
70
65 70

72

60

50

45

40

a           b           c         d           e        f           g

65

45
52

60

35

65
70

31
28

Fig. 3. Gelatine–SDS–PAGE showing the cell-associated proteolytic activity profiles detected in (a) Blastocrithidia

culicis, (b) Leptomonas samueli, (c) Leptomonas seymouri, (d) Phytomonas serpens, (e) Phytomonas mcgheei,

(f) Trypanosoma cruzi and (g) Leishmania amazonensis. The gel strips containing extracts from 5r106 cells were

incubated at 37 xC, for 48 h, in 50 mM sodium phosphate buffer, pH 5.5, supplemented with 2 mM DTT. Molecular

masses of the proteinases, expressed in kDa, are represented on the left.
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Fig. 4. Gelatine–SDS–PAGE showing the secretory proteolytic activity profiles detected in (a) Herpetomonas anglusteri,

(b) Herpetomonas samuelpessoai, (c) Crithidia fasciculata, (d) Crithidia guilhermei, (e) Crithidia luciliae, (f) Herpetomonas

sp. and (g) Phytomonas mcgheei. The gel strips containing 10-fold concentrated supernatant (equivalent to 1r107 cells)

were incubated at 37 xC, for 48 h, in 50 mM sodium phosphate buffer, pH 5.5, supplemented with 2 mM DTT.

Molecular masses of the proteinases, expressed in kDa, are represented on the left.
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Fig. 2. Gelatine–SDS–PAGE showing the cell-associated proteolytic activity profiles detected in 7 different Crithidia

species: (a) C. oncopelti, (b) C. deanei, (c) C. acanthocephali, (d) C. harmosa, (e) C. fasciculata, (f) C. guilhermei and

(g) C. luciliae. The gel strips containing extracts from 5r106 cells were incubated at 37 xC, for 48 h, in 50 mM sodium

phosphate buffer, pH 5.5, supplemented with 2 mM DTT. Molecular masses of the proteinases, expressed in kDa, are

represented on the left.
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species and observed a proteolytic profile resembling

the released pattern of metallo-enzymes, with minor

distinctive activities (Fig. 4, lanes c–e). In these

experiments, at least 2 extracellular proteinases of 35

and 30 kDa were shown to be C. fasciculata species-

specific (Fig. 4, lane c), while a 95 kDa band was

C. guilhermei species-specific (Fig. 4, lane d).

Blastocrithidia culicis is also an endosymbiont-

bearing trypanosomatid, which produced 4 major

proteolytic enzymes of 102, 100 kDa (metallo-

proteinases), 50 and 40 kDa (cysteine proteinases)

(Fig. 3, lane a andTable 2). The 2Leptomonas species

included in this study, Lept. samueli and Lept.

seymouri, displayed distinct profiles composed of

only metalloproteinase activities (Fig. 3, lanes b, c,

respectively, and Table 2). Four digenetic trypano-

somatids were also included in this comparative

work: 2 Phytomonas (P. serpens and P. mcgheei), 1

Leishmania (Leish. amazonensis) and 1 Trypanosoma

(T. cruzi). Only a 70 kDa cysteine proteinase was

detected in P. serpens cells (Fig. 3, lane d and

Table 2), while in P. mcgheei 5 distinct activities (72,

60, 50, 45 and 40 kDa) were identified (Fig. 3, lane e

and Table 2). Interestingly, a closely related pro-

teolytic profile was observed in P. mcgheei (Fig. 3,

lane e) and in Herpetomonas sp. (Fig. 1, lane i) that

was isolated from the salivary gland of a phytopha-

gous insect (Table 1). This interesting result induced

us to examine the secretory proteolytic enzymes in

these two flagellates. Surprisingly, a similar released

proteinase profile was evidenced in both trypano-

somatid strains (Fig. 4, lanes f, g), differing only in 1

band with higher molecular mass (200 kDa), which

was present just in P. mcgheei supernatant fluid

(Fig. 4, lane g). The human pathogen T. cruzi ex-

pressed 3 well-known proteolytic enzymes (Bonaldo

et al. 1991), with a prominent intracellular cysteine

proteinase (cruzipain activity) of 45 kDa (Fig. 3,

lane f and Table 2). Promastigote forms of Leish.

amazonensis produced a great number of lower-

mass cysteine proteinase activities and higher-mass

metalloproteinase ones (Fig. 3, lane g and Table 2),

as previously reported (Alfieri, Balanco & Pral, 1995;

Soares et al. 2003).

Collectively, these results show a great variability

in the cell-associated proteinase expression among

parasites belonging to the Trypanosomatidae family.

At least 3 distinct experiments were performed for

each trypanosomatid analysed, and the proteolytic

patterns were highly reproducible. This observation

minimized the possible discrepancies in the zymo-

gram analysis and the fact that some post-trans-

lational modification, such as glycosylation, could

affect the number and size of proteinase bands. For

some trypanosomatids, we analysed the cellular

proteolytic content in more than one strain of the

same species, including B. culicis (n=2), C. deanei

(n=2), C. fasciculata (n=3), C. oncopelti (n=2),

Table 2. Distribution of metallo- and cysteine proteinase activities in trypanosomatids analysed in this study

Trypanosomatids

Number of
cell-associated
proteolytic enzymes

Molecular masses of proteinases in kDa

Metalloproteinases* Cysteine proteinases#

B. culicis 4 102, 100 50, 40
C. acantacephali 4 N.D.· 80, 75, 70, 50
C. deanei 2 60, 50 N.D.
C. fasciculata 3 90, 70 50
C. guilhermei 3 90, 70 50
C. luciliae 3 90, 70 50
C. harmosa 3 63, 50, 45 N.D.
C. oncopelti 2 72, 70 N.D.
Herpetomonas sp. 4 72, 60 45, 40
H. anglusteri 2 60 45
H. dendoderi 5 130, 110, 95 60, 45
H. mariadeanei 2 N.D. 42, 38
H. megaseliae 8 100, 80, 67, 60 95, 45, 40, 35
H. m. ingenoplastis 2 80, 67 N.D.
H. m. muscarum 6 100, 80 95, 50, 45, 40
H. roitmani 1 50 N.D.
H. samuelpessoai 2 60 45
Leish. amazonensis 6 70, 65, 60 35, 31, 28
Lept. samueli 3 65, 45, 40 N.D.
Lept. seymouri 4 80, 78, 70, 65 N.D.
P. mcgheei 5 72, 60, 50 45, 40
P. serpens 1 N.D. 70
T. cruzi 3 65, 52 45

* The metalloproteinase activities were completely blocked by 10 mM 1,10-phenanthroline.
# The cysteine proteinases were inhibited by 10 mM E-64.
· Non detected (N.D.).
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H. samuelpessoai (n=3), Lept. samueli (n=2), Lept.

seymouri (n=2) and P. serpens (n=2). Our results

demonstrated that different strains of the same

parasite species showed identical proteinase profiles

under the conditions employed in the present work

(data not shown).

DISCUSSION

Proteases catalyse the cleavage of peptide bonds in

proteins and peptides. Proteolytic enzymes execute

many physiological roles and are essential factors for

homeostatic control in eukaryotic cells. Their im-

portance in conducting the essential metabolic and

regulatory functions is evident from their occurrence

in all forms of living organisms. In general, extra-

cellular proteases catalyse the hydrolysis of large

proteins to smaller molecules for subsequent ab-

sorption by the cell whereas intracellular proteases

play a critical role in the regulation of metabolism

(Rao et al. 1998). Additionally, their involvement

in the life-cycle of disease-causing microorganisms

has led them to become potential targets for de-

veloping therapeutic agents against fatal diseases,

such as Chagas’ disease and leishmaniasis (Sajid &

McKerrow, 2002). Proper identification of genera

and species of trypanosomatid parasites of insects

still is an unsolved problem and, on the basis of these

observations, we assumed that this class of enzymes

has great potential in distinguishing different species,

since each one possesses a distinct key metabolism.

Electrophoretic methods that permit adequate

resolution and reproducibility, such as PAGE,

provide a basis formicrobial systematic. SDS–PAGE

containing a protein as a proteolytic substrate has

been widely used as a simple standard technique

to assess the complexity of proteinases in vast cell

systems including protozoa (Branquinha et al. 1996).

For these reasons, the present study assessed the

potential of gelatine–SDS–PAGE to analyse the

proteinase content in several trypanosomatids in an

effort to identify specific biochemical markers that

allow typing of insect trypanosomatids. Gelatine was

used as the proteinaceous substrate because it is

easily hydrolysed by several proteinases and does

not tend to migrate out of the resolving gel for

electrophoretic migrations conducted at 4 xC, thus

maintaining a uniform distribution of the protein

substrate in the gel (Michaud et al. 1996). In ad-

dition, acidic pH (5.5) supplemented with a reducing

agent (DTT) was used to evidence the proteinase

activities, since the two major proteolytic classes

(metallo- and cysteine proteinases) synthesized by

trypanosomatids could be easily identified under the

conditions employed in this comparative study.

The heterogeneity of Crithidia, Leptomonas and

Herpetomonas genera has been demonstrated by dif-

ferentmethods (Camargo et al. 1992; Fernandes et al.

1997). The genus Herpetomonas is defined as a taxon

that consists of monoxenic parasites of insects that

present promastigote, paramastigote and opistho-

mastigote forms in their life-cycle. Despite this

clear-cut definition, many trypanosomatids have

been erroneously placed in the genus Herpetomonas

or, conversely, many Herpetomonas spp. may remain

hidden in other genera. Our results showed that

7 distinct Herpetomonas species produced species-

specific proteinase profiles, which can be useful in the

correct identification of these parasites. The excep-

tion for this observation was seen inH. samuelpessoai

and H. anglusteri, which presented a similar cell-

associated enzymatic pattern. However, these two

Herpetomonas species excreted distinct proteinase

activities, which may be a reflection of changes in

the nutritional requirements during the life-cycle

of the flagellates. Therefore, we would infer that

profiles of cell-associated and secretory proteinases

could represent an additional criterion to be used in

the identification of trypanosomatids.

The fact that H. megaseliae and H. m. muscarum

produce a related cell-associated proteinase pattern

is in accordance with Teixeira et al. (1997), which

allocatedH. megaseliae andH. m. muscarum in a same

similarity cluster after examining specific k–DNA

and genomic DNA markers in 14 Herpetomonas

isolates. The insect trypanosomatids H. m. ingeno-

plastis and H. m. muscarum have been considered to

be 2 subspecies of H. muscarum (Rogers & Wallace,

1971). There are, however, significant differences

between these microorganisms, which suggest that

they are adapted for distinctive life-styles. The

growth differences in the presence of oxygen, mito-

chondrial structure and electron transport path-

ways are reflected in the fact that H. m. ingenoplastis

consumes oxygen at a slower rate than does H. m.

muscarum (Wallace, Wagner & Rogers, 1973).

Additionally, completely distinct proteolytic en-

zymes were also detected in these H. muscarum

subspecies, which corroborates the idea that these

2 species present great metabolic differences.

We also showed that the flagellate isolated from a

phytophagous insect (Phthia picta), which was pre-

viously classified as Herpetomonas sp., demonstrated

a striking similarity in the cell-associated and re-

leased proteinases to the reference strain P. mcgheei.

In addition, these 2 flagellates have been used in

other studies by our group, investigating the sialo-

glycoprotein profile (Santos, Alviano & Soares,

2002b) and the composition of cell-surface poly-

peptides (Santos et al., unpublished data). In those

experiments, identical protein profiles were ob-

served, suggesting that these 2 flagellates could be

the same parasite, and that the phytophagous insect

Phthia picta may act as natural vector of the parasite

of maize. In contrast to the complex proteolytic

pattern detected in P. mcgheei, the other Phytomonas

species analysed, P. serpens, synthesized just an

intracellular cysteine proteinase of 70 kDa.
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H. roitmani, instead of typical opisthomastigotes,

displays opisthomorph forms (a choanomastigote-

like body shape with post-nuclear kinetoplast).

These forms are present in the original drawings of

H. roitmani description (Silva et al. 1991) and in

some Crithidia, particularly the symbiont-harbour-

ing species including C. deanei (Brandão et al. 2000).

In the same way, our results corroborated with these

morphological similarities, since the expression of

proteolytic enzymes inH. roitmani and C. deanei was

closely related, differing in only one 60 kDa-band

detected in C. deanei. Recent studies (Brandão et al.

2000; d’Ávila-Levy et al. 2001, 2004) proposed a

re-evaluation of the taxonomic status of these 2

choanomastigote-shaped trypanosomatids. In this

sense, a new genus,Angomonas (Sousa & Côrte-Real,

1991) was created to allocate these 2 species in

association with C. desouzai, another symbiont-

containing trypanosomatid.

Our investigation showed a great diversity in the

cell-associated proteolytic expression in theCrithidia

genus, except for C. fasciculata, C. guilhermei and

C. luciliae. Similarly, several approaches, including

sialoglycoprotein expression (d’Ávila-Levy et al.

2004) and analysis of k-DNA mini-circle size

(Brandão et al. 2000), have shown a high identity

of these 3 Crithidia species, which could arise from

a shared ancestor. Notwithstanding, distinct extra-

cellular proteolytic profiles were generated when we

assessed their supernatant culture fluids, which

might reflect an adaptation to distinct invertebrate

vectors (Table 1). Furthermore, our results confirm

that C. oncopelti, which expressed a doublet of

metalloproteinases of 70–72 kDa, is actually a

singular symbiont-bearing choanomastigote-shaped

trypanosomatid. This observation is in agreement

with Brandão et al. (2000) who proposed the relo-

cation of this species into another genus, whose

specification could be Strigomonas, as first suggested

by Lwoff & Lwoff (1931).

Promastigote forms of all Leishmania species

express at the cellular surface a 63 kDa zinc-

metalloproteinase called gp63. Similar proteinase

activity has also been detected in non-pathogenic

trypanosomatids such as Crithidia, Herpetomonas

and Leptomonas (Etges, 1992; Melo et al. 2001; Jaffe

& Dwyer, 2003; Santos et al. 2003), which suggests

a preferential nutritional role of this proteolytic

enzyme in the vector midgut, since insect coloniza-

tion is the only life-cycle stage common to the

monoxenous and heteroxenous flagellates. The epi-

mastigote evolutive stage, characterised by a discrete

undulating membrane, was observed in Blasto-

crithidia (monoxenous trypanosomatids) and Try-

panosoma (heteroxenous parasites) genera. Besides

their morphological similarity, the 2 genera were

completely distinct in their life-cycle styles as well as

in their contents of proteolytic enzymes. However, in

a similar way, we conducted an experiment that

demonstrated that B. culicis epimastigote forms

produced a homologous cruzipain-like activity

(d’Ávila-Levy et al., submittedmanuscript), which is

the main proteinase expressed by T. cruzi epimasti-

gote forms. Altogether, these results pointed to the

fact that similar evolutive stages, during their long

evolutionary way, converged to synthesise similar

molecules, some of them being conserved for a long

time and probably maintaining, at least in part, their

primitive physiological functions.

Even though several methods have been proposed

to discriminate trypanosomatids, including protein

and glycolipid profile (Branquinha et al. 1994), cell-

surface polysaccharides (Abreu Filho et al. 2001),

sialoglycoconjugates (Santos, Alviano & Soares,

2002b ; d’Ávila-Levy et al. 2004), trans-sialidase/

sialidase activities (Medina-Acosta et al. 1994), iso-

enzyme polymorphism (Franco et al. 1996), mono-

clonal antibodies (Teixeira, Campaner & Camargo,

1995), ribosomal DNA restriction analysis (Camargo

et al. 1992), sequence analysis of the small subunit

ribosomal RNA gene (Marché et al. 1995), k–DNA

size (Brandão et al. 2000), the general consensus

is that they are cumbersome and not satisfactory.

However, for generic identification, species-specific

characteristics capable of accommodating several

species are necessary. Here, using a rapid, inexpen-

sive and efficient way of (roughly) estimating the cell-

associated and released proteinase contents by using

a simple gelatine–SDS–PAGE procedure, we pro-

vided a rationale and easier diagnosis of culture forms

of trypanosomatids. The results indicate the exist-

ence of a highly heterogeneity expression of metallo

and cysteine cell-associated proteinases in trypano-

somatids. Collectively, the results presented herein

strongly suggest the value of proteolytic enzymes in

distinguishing between trypanosomatid species that

cannot be differentiated on structural grounds with

the aid of a light microscope.
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