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Metalloproteases in Trypanosoma rangeli-infected
Rhodnius prolixus

D Feder, SAO Gomes, ES Garcia, P Azambuja™
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Protease activities in the haemolymph and fat body in a bloodsucking iRéectnius prolixus
infected withTrypanosoma rangelivere investigated. After SDS-polyacrylamide gel electrophoresis
containing gelatin as substrate, analysis of zymograms performed on samples of different tissues of
controls and insects inoculated or orally infected with short or long epimastigotesarigelj demon-
strated distinct patterns of protease activities: (i) proteases were detected in the haemolymph of insects
which were fed on, or inoculated with, short epimastigote$.ofingeli(39 kDa and 33 kDa, respec-
tively), but they were not observed in the fat body taken from these insects; (ii) protease was also
presented in the fat bodies derived from naive insects or controls inoculated with sterile phosphate-
saline buffer (49 kDa), but it was not detected in the haemolymph of these insects; (iii) no protease
activity was observed in both haemolymph and fat bodies taken from insects inoculated with, or fed on,
long epimastigotes of. rangeli Furthermore, in short epimastigotesbfrangeliextracts, three bands
of the protease activities with apparent molecular weights of 297, 198 and 95 kDa were detected while
long epimastigotes preparation presented only two bands of protease activities with molecular weights
of 297 and 198 kDa. The proteases from the insect infected wiingeliand controls belong to the
class of either metalloproteases or metal-activated enzymes since they are inhibited by 1,10-
phenanthroline. The significance of these proteases in the insects infected with short epimastigotes o
T. rangeliis discussed in relation to the success of the establishment of infection of these parasites in its
vector,R. prolixus.
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Trypanosomes are digenetic parasites that usiie replaced by a massive colonisation by long
ally have insects as vectors and infect humans bepimastigotes (Mello et al. 1995). The epimastigotes
ings and other animals as hosts (Brener 1973urvive in the haemolymph and/or inside the
D’Alessandro 1976, Garcia & Azambuja 1991)haemocytes, migrate to and complete their devel-
Trypanosoma rangela South American trypano- opment in the salivary glands (Takle 1988). The
some, is a harmless parasite of humans and variquerasites are transmitted when the insects are feed-
wild and domestic animals (Ellis et al. 1980).ing blood from the vertebrate host (Grewal 1957,
T. rangeliafter being ingested as trypomastigote3obie 1968, 1970, Cuba 1975, Cuba Cuba, 1998).
by its vectorRhodnius prolixusmultiplies as The interaction of protozoan parasites with their
epimastigotes in the midgut and invade theectors may be modulated by a complex defensive
haemocoel. In a normal infection course, a few dayssponse (Molyneux et al. 1986, Kaaya 1989, Ingram
after infection, short epimastigotes appear in th& Molyneux 1991). Gregorio and Ratcliffe (1991),
haemocoel of the insect. Soon, they disappear tsingin vitro activation of the prophenoloxidase

(proPO) system, demonstrated that the suscepti-
bility of R. prolixusto T. rangelihaemolymph in-

This investigation was supported by the ConseIhI)e.Ct'on’ at least in part, may ha!"e been assoma_ted
Nacional de Desenvolvimento Cientifico e Tecnolégicd(v'th the suppression of the activation of proPO in
(CNPg), Programa de Apoio & Pesquisa Estratégica ¢fi¢ Presence of this flagellate. On the other hand,
Saude (Papes, Fiocruz), Financiadora de EstudosSgveral authors suggest that agglutinins and/or
Projetos (Finep) and Fundac&o de Apoio a Pesquisa tectins of different insects are important for both
Rio de Janeiro (Faperj). DF is Faperj fellow researchdhe establishment of infection and the development
and ESG , PA and SAOG are CNPq fellow researchersf the parasites in the gut and/or haemolymph of
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In the present work, we extend our investigaringe connected to a fine needle. Control insects
tion on the interactiofM. rangeliand its vector, were naive or insects inoculated with sterile PBS
R. prolixus and demonstrate that short epifive days after feeding. The percentage of mortal-
mastigotes of. rangeli(but not long ones) given ity during the entire experiment was minimal (<5%).
orally or inoculated into the insects induce distinct  Collection of haemolymph and abdominal fat
patterns of protease activities in the insect’®odies Haemolymph was collected with micropi-
haemolymph. Both proteolytic activities have thepettes by cutting the metathoracic legs of 20 in-
same apparent molecular weights and are inhibitesttcts one day after inoculation. The haemolymph
by 1,10-phenanthroline, suggesting that they mightas pooled in Eppendorf tubes on ice, then centri-
be either metalloproteases or metal-activated efuged at 5,000 g for 5 min, and the supernatants
zymes. In addition, epimastigotes ©f rangeli were frozen at -20°C until use. Fat body extracts
present protease activities with molecular weightwere prepared in 50 mM phosphate buffer, pH 8.0
distinct from the vector enzymes. (PB) from the bled insects by dorsal excision of the

MATERIALS AND METHODS abdomen_. Digestive tract, Malpighian tubules and_
. . __ reproductive organs were removed and the abdomi-

Insect and feedingAdults ofR. prolixusorigi-  nal fat bodies were easily collected, immediately
nated from a colony raised and maintained in thgashed irRhodnius saling0.1M NaCl, 25 mM KCl
Iaboratory at a RH of 60%-70% and 28+1°C (GarCiﬁnd 10 mM CaQD, transferred to 1m| of PB and
etal. 1984) were used. The insects were starved fiipt at -20°C until use.

15 days after the imaginal ecdysis and then fed on Trypanosome suspension - T. rangeled for

human erythrocytes suspended in citrated humagmogram techniques were obtained from cultures
heat-inactivated plasma through a membrangf short or long epimastigotes, described above.
feeder. o S Before assay, the culture medium containing the

Parasites T. rangelistrain H14 epimastigotes parasites was centrifuged and the pellets washed
(donated by Maria Auxiliadora de Sousa, Fiocruzhree times in 0.14M NaCl in 0.01 M phosphate
Brazil) were maintained at 28°C in NNN and LIT puffer (PBS), pH 7.2 and then the samples were
media (Jaffe et al. 1984, Chiari & Camargo 1984k ozen at -20°C until use.
supplemented with 20% heat-inactivated foetal zymogram technique for detection and par-
bovine serum. Long epimastigotesofangeli(95-  tial characterisation of protease$roteases were
100% purity) were obtained from the late stationgssayed by 14% SDS-polyacrylamide gel electro-
ary growth phase (12 days of culture) of shorbhoresis (SDS-PAGE) with 0.1% gelatin incorpo-
epimastigotes (99-100% purity) were originated fromated into the gel as substrate (Heussen & Dowdle
the log growth phase (7 days of culture) of thg 9g0). Briefly, one whole insect abdominal fat body
parasites (Gomes et al. 1997). was homogenised in 1Q0 of PB, centrifuged at
~ T.rangeli infection of R. prolixusThe infec- 10,000 g for 15 min, and the supernatant collected.
tions of R. prolixusadults were performed by in- proteins in the haemolymph and fat body samples
oculation of short and/or long epimastigotes ofvere quantified with protein dosage kit (Sigma
T. rangelior by feeding on blood meals containingchem. Co., USA) using bovine serum albumin (BSA)
different forms of the parasites. _ ~ as standard (Lowry et al. 1951). Ten pl of fat body

Blood meals were prepared by centrifugatiomomogenates or 10 pl of haemolymph were added
of the citrated human blood just before feeding thg 5l of sample buffer (50 mM Tris-HCI, pH 6.8,
insects. The erythrocytes were added, after heafs, SDS, 20% glycerol, and 2% bromophenol blue)
inactivation of the plasma, to Complgte the orlglnah a concentration approximate|y of mof pro-
volume of blood. Short or long epimastigotes ofein per sample. From this material, without boiling,
T. rangeliwere suspended in the heat-inactivatethe gels were loaded with this aliquot and electro-
plasma at a concentration of 1%1itagellates/ml of phoresis was carried out at a constant current of 20
blood meal for oral infection. Control insects weremA at £C. Then, gels were incubated for 48 hr at
fed on a blood meal. rangeliused for inoculation 37°C in PB, pH 8.0, using slow rotation shaker, in a
into insects were obtained from cultures of short afia| containing 10 volumes of 2.5% Triton X-100 in
long epimastigotes as already described. Befotgstilled water, and then stained for 30 min with
inoculations the culture medium containing thecoomassie blue R-250 in methanol-acetic acid-wa-
parasites was centrifuged at 2,000 g for 10 min, anér (10:10:80) and destained in the solvent. The mo-
the pellets washed five times in 0.14M NaCl in 0.0%ecular mobility of proteins was determined by in-
M phosphate buffer (PBS), pH 7.2. The flagellategerpolation from the mobilities of commercial pre-
were injected laterally into the thorax, five days afstained standards (Sigma Chem. Co., USA) by com-
ter feeding, with 1l of trypanosome suspensionpuyter analysis. In another electrophoresis gel, to
(1x1@® cells/ml) in PBS using a 10-Hamilton sy-  characterise the proteases, the following com-
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2B, lanel) whereas fat bodies from control insects
had one protease band with an apparent molecular
weight of 49 kDa (Fig. 2B, lane 3). However, in in-
sects fed on blood containing long forms of
epimastigotes of. rangeliwe did not observe any
protease activity in the haemolymph (Fig. 2A, lane
2) or fat body (Fig. 2B lane 2). All these patterns
were similar in five independent experiments.
Protease activity in the haemolymph and fat
body of insects inoculated with short and long
epimastigotes of T. rangelOne day after inocu-
lation of short epimastigotes the haemolymph
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Fig. 1: analysis of the proteolytic activity of short or

long epimastigotes oTrypanosoma rangelusing SDS- a5 —
polyacrilamide gels containing gelatin as substrate. Lan

1: short epimastigotes; lane 2: long epimastigotes. Th
numbers refers to the position of the molecular weigh
markers.

pounds were added to PB: phenylmethane
sulphonyl fluoride (PMSF- 0.1 and 1 mM),
Elastatinal (10-100Mm), Ntosyl-L-lysylchlo-
tomethyl ketone (TLCK-10-10QtM), L-trans-
epoxysuccinyl-leucylamide-(4-guanidino)-butane
(E-64- 1-10uM) in a 2 mM dithiothreitol (DTT), T —
leupeptin (10 and 1Q@M), pepstatin (M) or 1,10- LG

kDa

phenanthroline (5 and 10 mM). All these reagent ¥ —
were from Sigma Chemical Co., USA. 49.7 —
RESULTS

Protease activity of short and long epi-
mastigotes of T. rangeliSDS-PAGE containing ~ ***—
gelatin demonstrated that in the short epimastigot:
sample three bands of the protease activities wi
apparently molecular weights of 297, 198 and 95kD
(Fig. 1, lane 1). Long epimastigotes preparation prt 8
sents only two bands of the protease activities wit.,
apparently molecular weight of 297 and 198 kD&ig. 2-A: analysis of the proteolytic activity éthodnius
(Fig. 1, lane 2). prolixus haemolymph from insects fed on blood meal con-

Lo aining short or long epimastigotes anosoma rangeli
Prou?ase activity in the haem()lymp,h_and f singgSDS-ponacrﬁanﬁide geglls cor;ft'Zﬁing gelatin ags] sub-
body of insects fed on blood meal containing shogtrate. Lane 1: haemolymph from insects infected with
or long epimastigotes of T. rangellaemolymph short epimastigotes; lane 2: haemolymph from insects in-
from control insects did not show any apparerfeZ e T0Y, 0 000 R B0, fore fo he position
protease activity (Flg' 2A, lane 3)' .HOWEVEI’, On% the molecular weight markers. B: analysis of IE\e pro-
protease band could be detected in haemolympkyiytic activity of R. prolixusfat body from insects fed
from insects fed on blood containing shorbn blood meal containing short or long epimastigotes of
epimastigotes of. rangeli(Fig. 2A, lane 1). This T. rangeliusing SDS-polyacrilamide gels containing gela-
protease activity had an apparent molecular Weigh‘f§: Lane 1: fat body from insects infected with short

. . epimastigotes; lane 2: fat body from insects infected with
of 39 kDa. In contrast, fat bodies taken from 'nsecqgﬁm epimastigotes; lane 3: fat body from control insects.

fed on b_'QOd containing short epimasti'gloteS'the numbers refers to the position of the molecular weight
T. rangelidid not present any protease activity (Figmarkers.

0.8 —
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sample showed two bands of protease activitiere similar and belong to the class of either
with apparently molecular weights of 33 and 39 kDanetalloproteases or metal-activated enzymes
(Fig. 3A, lane 3). Control insects inoculated with(Table).
PBS or naive insects had no protease activity de-
tected in the haemolymph (Fig. 3A, lanel). SDS- DISC_USSION
PAGE containing gelatin of fat bodies removed from  The results described above demonstrate that
insects inoculated with short forms of T. rangelProtease activity is detected in the fat bodies of
did not present any protease activity (Fig. 3B, lan@sects either naive or inoculated with sterile PBS,
1) whereas fat bodies from control insects had oriith molecular weights in the range of 49 kDa. In
protease band with an apparent molecular weigkiese insects the assays of proteolytic activity in
of 49 kDa (Fig. 3B, lane 3). However, we did no@elatin-containing gels show that in the
observe any protease activity in the haemolymphaemolymph no enzymes are observed. However,
(Fig. 3A, lane 2) and fat body preparation of inthe oral infection with short epimastigotes of
sects inoculated with long epimastigotes ofl- rangeliwas able to induce protease activities in
T. rangeli (Fig. 3B, lane 2). Also, these patternghe haemolymph with a molecular weight of 39 kDa
were similar in five independent experiments. but in the fat bodies of these insects no proteolytic
Partial characterization of the proteasehe activity could be detected. Similarly, the inocula-
results displayed in Table show that the proteolyti#on of short epimastigotes gt rangeliinto the
activities detected in the haemolymph and fat bodffaemocoel expressed two proteases with molecu-
preparations were not altered in the presence & weights of 33 and 39 kDa in the haemolymph
the cysteine- and serine-protease inhibito@nd no protease in the fat body preparation was
leupeptin, with the specific cysteine inhibitor, E64 detected. However, these findings are in contrast
or with the serine-protease inhibitors, elastatind® the situation observed when feeding infedted
PMSF and TLCK nor with the aspartic proteas@rolixusor by inoculation of long epimastigotes of
inhibitor, pepstatin. Inspection of SDS-PAGE gelaT- rangeli Inspection of the SDS-PAGE gelatin-
tin-containing gels run with the haemolymph ofcontaining gels demonstrates that no proteolytic
insects infected with short epimastigotes ofctivity was detected in either the haemolymph or
T. rangeliand those observations of gels with théat body preparation dR. prolixusinfected with
fat body preparation of control insects showed nt®ng epimastigotes. Based on the molecular weights
proteolytic activity in the presence of 1,10-the proteases in the haemolymph and fat bodies
phenanthroline. These data indicate that the prélearly are not the same as those observed in the
teases from the haemolymphiofrangeliinfected  short and long epimastigotes bfrangeli(com-
insects and fat body preparations from controlgare Fig. 1 with the others figures) due to the differ-

TABLE
Effects of inhibitors on the protease activities in SDS-PAGE containing gelatin as substrate
Inhibitor class Compound’ Tissue Concentration
No inhibition
Serine protease PMSF FB 0.1and 1 mM
H 0.1and 1 mM
Elastatinal FB 10 and 1Q6M
H 10 and 10QuM
TLCK FB 10and 100uM
H 10 and 10QuM
Cysteine protease E b4 FB 1 and 1QuM
H 1 and 1QuM
Aspartic protease Pepstatin FB 1Y
H 1pM
Serine/cysteine Leupeptin FB 1Gand 100uM
protease H 1@nd 100uM
Inhibition
metalloprotease 1,10-phenanthroline FB 5 and 10 mM
H 5and 10 mM

a: see Materials and Methods;in a 2 mM DTT solution; H: haemolymph taken from insects infected with
short epimastigotes drypanosoma rangelFB: fat body from insect controls.
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clear zones on the gelatin substrate. There is clearly
evidence that these proteolytic activities in the

[{aF]
240 haemolymph of insects infected with short
1;*3_— epimastigotes and from the fat body of controls
belong to metalloprotease or metal-activated pro-
a5 — tease classes since the metalloprotease specific
inhibitor 1,10-phenanthroline in the SDS-PAGE
containing 0.1% gelatin inhibited the formation of
the proteolytic bands.
The occurrence of metalloprotease or metal-ac-
tivated enzymes associated withrangeliinfec-
tion in R. prolixusdeserves attention. A complex
of proteases and associated factors found mainly
in the haemolymph are involved in the proPO sys-
kD3 tem (Ashida & Yamazaki 1990, Ratcliffe 1991). Inac-
20— tive proPO is converted to PO by a series of serine
13 — proteases which are themselves triggered by mi-
.2 crobial cell wall components, suchf&4,3-glucans,
407 lipopolysaccharides and peptidoglycans (Ashida
& Yamazaki 1990). Recently, an interaction of
;:'i 3 T. rangeliwith theR. prolixusproPO-activating sys-
i temin vivowas described (Mello et al. 1995). Gomes
20.9 — et al. (1999) also demonstrated that short
74— epimastigotes ofT. rangeli but nor long

epimastigotes, activated, in vivo andin vitro
experiments, the proPO system leading to the depo-
Fi i . . . sition of melanotic substances. Thus, it is possible
ig. 3_-A. an‘aIyS|s of the protequtlc activity of . _
Rhodnius prolixushaemolymph from insects inoculated that some facto.r(s). from the parasites may be re
with short or long epimastigotes dfypanosoma rangeli lated to the activation of the proPO system. Pre-
using SDS-polyacrilamide gels containing gelatin as subliminary experiments demonstrated that the pro-
suate. Lane 1: haemolymph from conirol sects; lane Zease inhibitor 1,10-phenanthroline blocked the
aemo . . . . . .
epimast)i/go?es; lane 3: haemolymph from insects in0cguac:tlv"a‘tlOn_Of the proPO systemvitro while serine
lated with short epimastigotes. The numbers refers to tHerotease inhibitors such as PMSF and TLCK re-
position of the molecular weight markers. B: analysis ofsulted in 70% of melanin formation induced by bac-
the proteolytic activity ofR. prolixusfat body from in-  teria andT. rangeliin the haemolymph of
oculated insects with short or long epimastigotes oy nrolixys These findings indicate the possibility
T rangeli using SDS-ponacr_llamlde _gels containing gela- . . .
tin. Lane 1: fat body from insects inoculated with shorthat serine proteases may not t_)e involved in the
epimastigotes; lane 2: fat body from insects inoculate@rOPO-activating system in this insect (Gomes &
with long epimastigotes; lane 3: fat body from controlAzambuja, unpublished results). Alternately, Ham
insects. The numbers refers to the position of the moIecL(1992) observed that besides an active serine pro-
lar weight markers. tease, a cysteine protease was strongly induced
following trauma or infection with Onchocerca mi-
. crofilariae in the haemolymph ofBimu-
ent molecular weights. It seems therefore that thRim ornatum Since serine proteases are involved
infection with short epimastigotes ©f rangeliis i the activation of proPO system, it was postu-
able to mobilise for the haemolymph the proteasggted that proteases present $n ornatum
stored in the fat body while the long epimastigoteRaemolymph may not be restricted to triggering
in some way inhibit the protease activities in the fasroPO activation, but may be responsible for the
body or, if these proteases are mobilised, in th@rect killing of microfilariae (Ham 1992). However,
haemolymph. _ this hypothesis is not adequate forangeliin-

No attempts were made to purify and furthefection due to the fact that protease does not kill
characterisation the enzymes, but the assay of pige parasite, by contrary it survives and develops
tease activities in SDS-PAGE gelatin-containingn Rhodniusaemolymph (Mello et al. 1995, Gomes
gels in the presence of specific inhibitors indicategt a1, 1999).
that the proteolytic activities were not related to |t was described elsewhere that the inoculation
cysteine, serine, and aspartic-proteases since thegenterobactercloacae intdR. prolixushaemocoel
compounds were unable to block the formation of|so induced two distinct patterns of protease ac-



776  Metalloproteases from Rhodnius prolixus * D Feder et al.

tivities in the haemolymph with the apparent mo- in Rhodnius prolixusoral infection with differents
lecular weights of 46 and 56 kDa (Feder et al. 1998). forms of parasitesMem Inst Oswaldo Cruz 92
Thus, the induction of these proteases in the (Suppl. 1l): 171. _
haemolymph by the presence of parasite or bactgregorio EA, Ratcliffe NA 1991. The prophenoloxidase
rial infections is important. There is interest of our ~ SYStemin vitro interaction offrypanosoma rangeli
laboratory to investigate whether the metallopro- \VIth Rhodnius prolixusand Triatoma infestans

- ! haemolymphParasite Immunol 13651-564.
teases or the metal-activated proteases are direlly,yai ms 1957. Pathogenicity Bfypanosome rangeli

involved in the proPO system or in other defence  tejera 1920 in the invertebrate hd&tp Parasitol

reaction mechanisms &. prolixusagainst para- 6: 123-130.
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