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Haemolymph and Fat Body Metallo-protease Associated
with Enterobacter cloacae Infection in the Bloodsucking
Insect, Rhodnius prolixus
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Analysis of zymograms with SDS-polyacrilamide gel electrophoresis containing gelatin as substrate,
and performed on samples of haemolymph or fat body takerRinmainius prolixusnoculated or not
with Enterobacter cloacademonstrated distinct patterns of protease activities: (i) in the haemolymph
two proteases were induced in insects inoculated with bacteria; (ii) two proteases were detected in the
fat bodies derived from non-inoculated controls or insect inoculated with sterile culture medium; (iii)
haemolymph and fat body had both the same apparent molecular weights proteases (46 and 56 kDa)
and (iv) these enzymes were characterized as metallo-proteases. The association of these enzymes
Rhodniusinfected with bacteria was discussed.
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The interaction of bacteria with vectors is aspropose that the source of these proteases is the fat
sociated with several cellular and humoral factorsody, and that they are released from the fat body
(Hoffman 1995, Strand & Pech 1995, Nigam et ainto the haemolymph after inoculation of bacteria.
1996, Gillespie et al. 1997). For example, bacteridhese studies may help the understanding of the
when invades the haemocel of insects triggers th& prolixusdefence reactions.
cellular and hur_no_ral d(_efence mechanisms to de- MATERIALS AND METHODS
stroy the bacteria infection. Some well known hu-
moral factors related to immune system of insects Insect and feedingAll experiments were un-
are the prophenoloxidase system (proPO), antibagertaken with adult dR. prolixus reared and main-
terial induced peptides and lectins, while the cefained as previously described (Garcia et al. 1984).
lular mechanisms involve phagocytoses, noduiéhe insects were starved for' 15 days after the last
formation and encapsulation of the invading orecdysis and then fed on citrated human blood
ganisms (Mello et al. 1995, Nigam et al. 1996through a membrane feeder (Garcia et al. 1984).

Gillespie et al. 1997, Feder et al. 1997, Azambuja Culture medium and maintenance of microor-
et al. 1998). ganisms -The bacteria used for challenging the

In the present study, we descrilpevivo ex- insects wa€nterobacter cloacaé12 (obtained

periments in the haematophagous Rgpdnius from Dr H Boman, Sweden). The bacteria was
prolixus which demonstrate the presence of tw@rown aerobically in liquid brain-heart culture
proteases in the haemolymph of insects inoculatéBedium (Biobras, Brazil) at 8C. Before inocu-
with bacteria and in fat body from control insectslation, 4-hr-old brain-heart medium culture were

We also partially characterize both proteases arf@ntrifuged and the pellets washed three times in
this medium. The insects were inoculated, five days

after feeding, with 1 pl of sterile culture medium
(controls) or with 1 pl of culture medium contain-
ing 1 X 1@ live cells ofE. cloacaeb12 by using a

This investigation was supported by the Conselhgro ml !—Iamllton microserynge. The percentage of
Nacional de Desenvolvimento Cientifico e Tecnolégicdnortality was minimal (< 5%).

(CNPg), Programa de Apoio a Pesquisa Estratégica em Haemolymph and abdominal fat body collec-
Saude (Papes, Fiocruz), Financiadora de Estudostions- Haemolymph was collected carefully with
Projetos (Finep) and Commission of European Commumicropipettes at different intervals after inocula-

nities (CEC), ERB3504PL921057 tion of bacteria, by cutting off the insect legs. Fat
+Corresponding author. Fax: +55-21-590. 3495. E-maibody preparation dR. prolixuswas done by adults
azambuja@gene.dbbm.fiocruz.br being opened by dorsal dissectiomRinodniussa-
Received 13 April 1998 line (0.1M NaCl, 25 mM KCl and 10 mM Cagl
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Midgut and reproductive organs were first removetiaemolymph from inoculated insects and in the fat

to easier collect the abdominal fat body which wabodies of control insects. The activities had appar-

washed inrRhodniussaline and transferred to theent molecular weights of 46 and 56 kDa on both

50mM phosphate buffer. After the homogenizatiosamples (Fig., lanes 2 and 3). Haemolymph from

the preparation was kept at -20°C until use. inoculated insects had a weak band of 56 kDa in-
Zymographic technique for detection and pardicating a lower gelatinase activity. However, un-

tial characterization of protease®roteases were der our assay conditions, no activity could be de-

assayed and partially characterized by 10% SD$:cted on the haemolymph from control insects or

polyacrilamide gel electrophoresis (SDS-PAGEDn fat body taken from inoculated insects (Fig.,

with 0.1% gelatin incorporated into the gel as subdanes 1 and 4).

strate (Heussen & Dowdle 1980). Briefly, Hof

pure haemolymph (approx. 26§ of protein) was

added to 51 of sample buffer (50 mM Tris-HCI, * = e

pH 6.8, 4% SDS, 20% glycerol, and 2% bromoph

nol blue, without boiling). Also, one abdominal fa

body amount was homogenized in 100f 50mM

phosphate buffer, centrifuged, and kept at -20°

— 66 —

until use. Samples (approximately 2@§protein) —45 —
were prepared by adding half a volume of samg :;g B
buffer, without boiling. Electrophoresis was per —24 —
formed at a constant current of 20 mA € 4Af- —20 —

ter the run, gels were incubated for 1 hr at roo == —1 —
temperature in 10 volumes of 2.5% Triton X-10

with or without specific inhibitors of different

classes of proteolytic enzymes (Sigma Chem. Co,

USA). The inhibitors used were phenyl-analysis of the proteolytic activity oRhodnius prolixugat
methanesulphonyl fluoride (PMSF), &Ntosyl-L-  bodies homogenates and haemolymph from both untreated and
lysylchlotomethyl ketone (TLCK), L-trans- Enterobacter cloaca®-12 inoculated insects through SDS-

vl A (A P _ olyacrilamide gels containing gelatin. A = refers to the posi-
epoxysuccinyl-leucylamide-(4-guanidino) bUtanéjijon of the molecular weight markers. B = zymogram performed

(E-64), leupeptin, pepstatin and 1,10-phenanag described in the text) lane 1: fat body from inoculated in-
throline. Control activities (no inhibitors added)sects and lane 2: fat body from control insects, lane 3:
were tested in 50mM phosphate buffer at specifigaemolymph from inoculated insects and lane 4: haemolymph
pH for 24-48 hr at I and constant shaking. Thenlf el e, © Symesen perones oot 2 pbe
gels were stained for 30 min W'th Coomassie bluﬁéemolymph fronE. cloacaeb 12 treated insects and lane 6:
R-250 in methanol-acetic acid-water (10:10:80at body homogenates from non inoculated insects (control).
and destained in the solvent. The molecular mo-
bilities of proteins were determined by interpola-
tion from mobilities of commercial pre-stained
standards (Sigma Chem. Co, USA) by computer Partial characterization of the proteaseaim-
analysis. ing to further characterize these proteases, we tested
Protein determination Proteins of haemo- their activity in SDS-PAGE gelatin-containing gels
lymph and fat body samples were quantified within the presence of specific protease inhibitors. The
protein dosage kit (Sigma Chem. Co, USA) usingesults presented in Table indicates that both en-
bovine serum albumin (BSA) as standard (Lowrgymes are blocked in the presence of 1,10-
etal. 1951). phenanthroline, a specific metallo-protease inhibi-
tor (Fig., lanes 5, 6). Conversely, the activities of
RESULTS AND DISCUSSION these proteases were not altered in the presence of
Analysis for detection of haemolymph and fathe cysteine- and serine-protease inhibitor
body proteases In order to investigate the pro- (leupeptin), specific cysteine inhibitor (E64), or
teases from homogenized fat body or haemolymperine-proteases inhibitors (elastatine, PMSF and
of R. prolixusa zymographic analysis was per-TLCK) or the aspartic protease inhibitor (pepstatin)
formed. In these assays haemolymph and fat bogyable).
derived from control insects or from insects after The principal results may be summarized as
24 hr of inoculation withE. cloacaewere used. follows. Inoculation oE. cloacaedntoR. prolixus
After submitting the different samples to SDS-haemocoel induced two distinct patterns of pro-
PAGE containing gelatin as a protease substratease activities in the haemolymph, two proteases
two gelatinase activities were observed both in thgere also detected in the fat bodies derived from
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TABLE

Effects of protease inhibitors on the proteolytic activities of fat body homogenate controls (FB) and haemolymph
taken from bacteria inoculatéthodnius prolixugH) in SDS-PAGE containing gelatin

Inhibitor class Compounés Tissue Concentration Protease actiity
Serine protease PMSF FB 0.1 andi +
H 0.1 and InM +
Elastatinal FB 10 and 106M +
H 10 and 100vM +
TLCK FB 10 and 10G6rM +
H 10 and 100vM +
Cysteine protease E-64 FB 1 and 1M +
H 1and 100M +
Aspartic protease Pepstatin FB i +
H 1 +
Serine/cysteine Leupeptin FB 10 and 100 +
protease H 10 and10tM +
Metalloprotease 1,10-phenan FB 5 and\0 -
throline H 5 and 10riM -

a: see Materials and Methods;results of three determinations by the SDS-PAGE gelatin methoda 2 mM
DTT solution.

non-inoculated controls or insect inoculated witinetallo-proteases associated with bacteria infec-
sterile culture medium, proteases from haemdion |n.R. prohxusdeseryes attention. Accordlng
lymph and fat body had the same apparent mé&® Ashl_da an'd Yamazaki (1990) the enzymes in-
lecular weights (46 and 56 kDa) and both envolved in the immune response are serine-proteases
zymes were characterized as metallo-proteasesWhich activate the proPo system [ptera and
In this paper, we demonstrated for the first timek-€Pidoptera This could be a consequence of the
evidence of two proteases in both fat body of corf@ct that the majority of the mvestlgated_msect spe-
trol insects and haemolymph of bacteria inoculateg{€S have serine-proteases as digestive enzymes
R. prolixususing SDS-PAGE with 0.1% gelatin as(Applebaum 1985). However, the presence of func-
protease substrate (Fig.) The molecular weigHtonal digestive serine-proteases could not be dem-
determinations of these proteases gave values ¥tstrated irRhodniusor in any other hemipteran
46 and 56 kDa for visible bands both in thesPecies (Terra 1988, Terra & Ferreira 1994). In
haemolymph taken from inoculated insects and f8eme way, the detection of non-serine-proteases
body derived from control ones. In contrast, thes@volved in the defence reactions could be ex-
proteases were not detected in control haemolymfi¢cted. To assess the general validity of this hy-
or in fat bodies taken from bacteria inoculated inPothesis, it would be interesting to study the pres-
sects. Thus, it seems that fat body from inoculate®'ce. distribution and function of metallo-proteases
insects, in some way, released these proteases ifit@ther hemipteran bugs, with special care to their
the haemolymph. Besides that, we showed that tfi@lation to bacteria infection.
metallo-protease specific inhibitor 1,10-phenan- ACKNOWLEDGEMENTS
throline in the SDS-PAGE containing 0.1% gela- . i .
tin inhibited the formation of the both proteolyticmanTSSErri'_: Momen (Fiocruz) for critical reading of the
bands, i.e., no protease activity was found either Pt
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