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Summary

The hard tick Boophilus microplusingests large volumes most of the haem produced upon haemoglobin
of cattle blood, as much as 100 times its own mass before degradation is accumulated in the interior of a specialized,
feeding. Huge amounts of haem are produced during membrane-delimited, organelle of the digest cell, herein
haemoglobin digestion, which takes place inside acidic called hemosome. Haem accounts for 90% of the
lysosomal-type vacuoles of the digest cells of the midgut. hemosome mass and is concentrated in the core of this
Haem is a promoter of free radical formation, so structure, appearing as a compact, non-crystalline
haemoglobin digestion poses an intense oxidative aggregate of iron protoporphyrin IX without covalent
challenge to this animal. modifications. The unusual FTIR spectrum of this

In the present study we followed the fate of the haem aggregate suggests that lateral propionate chains are
derived from haemoglobin hydrolysis in the digest cells of involved in the association of haem molecules with other
the midgut of fully engorged tick females. The tick does components of the hemosome, which it is proposed is a
not synthesize haem, so during the initial phase of blood major haem detoxification mechanism in this blood-
digestion, absorption is the major route taken by the sucking arthropod.
haem, which is transferred from the digest cells to the tick
haemocoel. After this absorptive period of a few days, Key words: tick, haemozoin, haem, cattle tiBkophilus microplus.

Introduction

Haem is found in all living cells as the prosthetic group ofinsect (Oliveira et al., 1999), and in the blood fluke
a wide range of proteins such as cytochromes, haemoglobigghistosoma mansai®@liveira et al., 2000). Haem aggregation
and peroxidases. Nevertheless, the potential toxicity of theccurs either in an intracellular digestive vacuole where the
haem has been extensively demonstrated (Aft and Muellehaemoglobin molecule is hydrolyzed, as Rasmodium
1983; Vincent et al., 1988; Schmitt et al., 1993) and is oftefGoldberg et al., 1990; Slater et al., 1991), or extracellularly,
connected with its action as a catalyst for the formation ofs inRhodniusand Schistosom#Oliveira et al., 1999, 2000).
oxygen radicals. Haem can also associate to phospholipid After hatching, theBoophilus micropludarvae find their
membranes and make them leaky, by physically disturbing theertebrate host. During the following 3 weeks, the tick larva
bilayer structure (Schmitt et al., 1993). feeds on small amounts of blood, and after maturation, over a

Organisms that feed on vertebrate haemoglobin face a vepgriod slightly longer than 1 day, the adult female ingests blood
special situation as digestion results in the production oéquivalent to approximately 100 times its own body mass.
remarkably high amounts of haem. Biocrystallization of haenBeing a single-host tick, the engorged female drops from the
into an insoluble aggregate called haemozoin is a majdrovine host and dies approximately 1 month later. Most of the
defence mechanism that makes it possible for severaigestion takes place over a few days following the meal, in
organisms to feed on blood. The structure of haemozoin haarallel with the development of a large number of eggs. In
recently been resolved (Pagola et al., 2000) and its presendasects, digestion takes place at the midgut lumen, but ticks
originally thought to be restricted to the malaria parasite, hasave developed a differentiated cell lineage that phagocytoses
now been detected iRhodnius prolixus a blood-sucking the blood meal, so digestion is thought to be essentially
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intracellular, accomplished by lysosomal hydrolytic enzymes iphosphate buffer, pR.2, plus 1Gnmoll-1 CaCb. The gut
the interior of an acidic vacuole (Gough and Kemp, 1995¢content was centrifuged at 1C0for 1min and the
Mendiola et al., 1996). In the present work, we have studied tripernatant was discarded. The pellet was washed with the
fate of haem in the midgut &@oophilus microplusand show same solution (8 and further purified by means of a b
that, after hydrolysis of haemoglobin by the digest cells, th@ercoll-0.2mol I- sucrose (9:1 v/v), laid over a cushion of
major haem detoxification mechanism is its sequestration int®.5ml 60% sucrose and centrifuged at 53,§00r 1h in a
a non-crystalline aggregate that is different from haemozoirHitachi CB ultracentrifuge (CA, USA).
This aggregate is formed and stored in a particular type of
intracellular vesicle that is distinct from the digestive vesicle. Haem content and light absorption spectra
Alkaline pyridine-haemochrome derivatives were obtained
as described by Falk (1964), and visible absorption spectra
Materials and methods were obtained using a Zeiss spectrophotometer model Spekord.
Animals Haem content was determined from the reduced minus

Boophilus microplugCannestrini 1887 were obtained from oxidized spectra of the pyridine alkaline derivative.
a colony maintained at the Faculdade de Veterinaria of ) )
Universidade Federal do Rio Grande do Sul, Br&zibphilus HPLC fractionation
microplusof the Porto Alegre strain, free Babesiaspp., were High performance liquid chromatography (HPLC) was
reared on calves obtained from a tick-free area. Engorged ad@rformed using a Shimadzu LC-10AT (Maryland, USA)

females were kept in Petri dishes at 28°C and 80% relativ@€evice equipped with a diode array detector (SPD-M10A), and
humidity until use. fractionation of hemosomes was performed using a Shimadzu

CLC-ODS column (13nmx22 cm). Hemosomes were frozen,
Histochemistry thawed, suspended in deionised water and centrifuged at
Engorged females were dissected in modified Karnovsky’é2000g for 1 min. The pellet, containing the hemosome core,
fixative (2.5% glutaraldehyde, 4% paraformaldehydewas dissolved in 0.tholl-1 NaOH, and diluted 10 with
100mmoll-1 CaCh and 0.2mol I-1 sodium cacodylate buffer, solvent A [0.1moll-1 (NH4)H2PQs, pH3.5, and methanol
pH 7.3). Tissues were transferred to fresh fixative and kept #65:45, v/v)], and applied to the column. Solvent B was
4°C for 12h. Segments of the anterior portion of the midgutmethanol. The chromatography was performed usingraid0
were then washed in Omiol I-1 sodium cacodylate buffer, gradient at a flow rate of CrAl min, increasing the
pH 7.3. The tissues were dehydrated in ethanol and embeddprbportion of solvent B from 60% to 75%. Solvent B
in Historesin (Leica, Wetzlar, Germany). Semi-thinu(d)  concentration was then raised to 100% and maintained for a
sections were observed by differential interference contragtirther 30min.
(DIC) microscopy (Axioplan, Zeiss, Esslingen, Germany).
Mass spectrometry
Transmission electron microscopy Mass spectra were acquired using a Finnigan LCQ-Duo ion
The tissues were fixed as above and post-fixed in buffereadap mass spectrometer (Finnigan, ThermoQuest Inc., San Jose,
1% osmium tetroxide, 0.8% potassium ferrocyanide at roor€A, USA). Samples from HPLC fractionation of hemosomes,
temperature for b, dehydrated in acetone and embedded imbtained as described above, were diluted With HPLC-
epoxide resin. Ultra-thin sections (dth) were stained with grade methanol (Carlo Erba, Milan, Italy), and introduced into
uranyl acetate and lead citrate (Reynold’s method, as describ#ee electrospray source by injection of iGamples through
in Glauert, 1974) and were observed with a Zeiss 90@ 5Cum fused silica capillary at a flow rate of 5-{1l0min—2L.

transmission electron microscope atk®0 Spectra were acquired ats3per scan over a 200-2000
_ mass/chargent/2 range. Source voltage was 4\3, and the
Cytochemistry electrospray ionisation (ESI) capillary voltage was set at

To locate areas of higher haem concentration, we used tB4.5V. Vaporizer and capillary temperatures were set at 32
methodology of Graham and Karnovsky (1966), which is basednd 200°C, respectively. Spectra were collected in positive ion
on the capacity of haem to promote oxidation of 3-3-mode after instrument mass calibration with an authentic haem
diaminobenzidine (DAB). Midguts were dissected and fixedstandard (Sigma, St Louis, MI, USA).
with 1% glutaraldehyde in Orhol I-1 sodium cacodylate buffer,
pH6.5. After several washings in sodium cacodylate buffer, FTIR spectrometry
tissues were incubated in 2rénol -2 DAB for 1 h at 37°C, and Dried samples of standard haemin (Sigma) or hemosome
then transferred to 0.03% hydrogen peroxide forat 37°C. core (isolated as described above) were used to obtain
Controls were performed in the absence of hydrogen peroxideeflectance spectra, acquired for 60 cycles with a Fourier

Transform Infrared (FTIR) spectrometer (Nicolet, Magna 550).
Isolation of hemosomes

Engorged females were dissected on the day 10 after a blood Elemental mapping

meal (ABM) in 0.15moll-? NaCl, 2Cmmoll-1 sodium To evaluate iron and nitrogen concentrations in different
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Fig. 1. Haem peroxidase activity in the tick midgut epithelium during blood digestion. Midgut sections were stained for 3-3-atiaidineb
(DAB) oxidation, and observed by differential interference contrast (DIC) microscopy. (A) First day after blood meal (ABM)eads
show contact between digest cells (DC) and the basement membrane (BL). Scaleubar(BpbThird day ABM; arrowheads show the
diminished contact between digest cells and basement membrane. Scaleypar(Gp Day 15 ABM. Scale bar, §in. (D) Day 20 ABM.
Scale bar, 6m. (E) Day 5 ABM, negative control without28,; arrowheads show detachment of digest cells. Scale barm40
BC, basophilic cell.

compartments of the digest cell, samples were processed asd Kemp, 1985) (FidlA,B). Basophilic cells have been
described for transmission electron microscopy, without postategorised by some authors as stem cells that generate digest
fixation, and analysed using a Zeiss 912 Omega transmissiorlls (Agyei and Runham, 1995), whereas others describe
electron microscope with a LgBfilament. For elemental basophilic cells as a differentiated cell lineage (Agbede and
mapping, unstained ultra-thin sections (nominal thicknes&emp, 1985). The basophilic cells were caliciform in shape on
30-5Cnm) were analysed at 1R¥ with an objective aperture the first and third days, but had changed to a round shape by
of 12.5mrad and an energy-selecting aperture ofe¥0 day 15 (Fig1C) and were finally flattened by day 20 (Fi@).
Images were digitised with a 14-bit slow scan CCD camera On days 1-3 after the blood meal (ABM), digest cells are
(Proscan, Germany) controlled by an image analysis systeaitached to the gut wall and have areas of direct contact with
(ESI Pro, SIS GmbH, Germany). Elemental maps wer¢he basal lamina, which are reduced by day 5 and are no longer
calculated with the three-window power-law method for ironobserved by the days 15 and 20 ("ig.On the first day, the
L edge (pre-edge images at 660 and €90 post-edge at haem-peroxidase label was strongly concentrated on the basal
720eV) and the two-window method was used for nitrogen Ksurface of the digest cells, near to the basal lamina, suggesting
edge (pre-edge images at 390, post-edge image at 48¥). that these cells were delivering haem to the haemolymph
(Fig. 1A). By the third day the digest cells began to show
heavily stained dark granules (FidB), hereafter called
Results hemosomes, which progressively increased both in size and
In order to follow the fate of haem after the final large bloochumber and eventually occupied most of the cell cytoplasm 2
meal, the midgut dBoophilus microplusvas stained for haem- weeks ABM (Fig.1D,E). The development of hemosomes
peroxidase activity against DAB and observed by means afccurred in parallel to the progressive detachment of the digest
DIC microscopy (Figl). On the first day after dropping, the cells from the gut wall, which would presumably result in
epithelium showed two distinct cellular types bound to theeduction of metabolite transfer to the haemocoel. These
basal membrane, that we named basophilic cells and digesisults imply a role for hemosomes as a site of haem
cells, in agreement with previous descriptions (Agbedesequestration.
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Fig. 2. Digest cells on the third day ABM, isolated and observed by differential interference contrast (DIC) microscopy. (Ageldsgest
separated from the midgut were observed without a coverslip. Arrowheads show the site of attachment to the gut epitteebam 59oal.

(B) Digest cell observed with a coverslip, at higher magnification. Hemosomes are concentrated in the perinuclear areds)aristdneks
indicate digestive vesicles. Scale bapnd. NU, nucleus.

Fig. 3. Hemosome ultrastructure and formation. Transmission electron microscopy of the cytoplasm region of digest cells. (A) Mature
hemosome. The arrowhead indicates a lipid bilayer membrane. Scale bam.1®) Growing hemosome. Scale bar, h5@. (C) Detail of B.

The hemosome is formed by association of homogeneous sub-particles (arrowheads), possibly migrating towards the cor@dast&dsk)

50nm.

Digest cells from the third day ABM were isolated by location of the hemosomes in the digest cells is clearly shown
opening the midgut and gently washing the luminal contendluring this initial phase of blood digestion (Fa).
with phosphate-buffered saline. Observation of intact cells by When the midgut was stained with DAB and observed by
light microscopy (Fig2A) revealed that blood digestion is transmission electron microscopy, the fully grown, mature
clearly polarized in these large (>@f) cells. Typically, one hemosomes appear as strongly labelled, very electron-dense
side of their cytoplasm is occupied by large digestive vacuolestructures (Fig3A). Hemosomes are delimited by a membrane
displaying an intense red colour, suggesting the presenesmd have a very compact core, which is surrounded by a
of undigested haemoglobin, whereas hemosomes ao®rtical region encompassing several distinct layers.38g.
concentrated on the other side of the cell (E&). When shows a growing hemosome not yet fully developed,
squeezed between the lamina and the coverslip, the perinucleisplaying strong peroxidase activity near the surface of the
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Fig.4. Hemosome composition as determined by high performance liquid chromatography (HPLC) and electrospray-ionisation mas
spectrometry (ESI-MS). (A) Transmission electron microscopy of hemosome cores after isolation through a Percoll gradigmingnaitiva
deionised water. Scale bar, Ju@. (B) Reverse-phase HPLC fractionation of the hemosome content, monitorechat.2®@ow, a peak with

a retention time similar to a haem standard; inset, the light absorption spectrum of the same region. (C—F) Positive-iectnosmaye
ionisation mass spectrometry (ESI-MS) profile of the intact haem fraction (C) and tandem ESI-MS (ESI-MS/MS) spectra ofdtsiat@igh
(D—F). (G-I) ESI-MS/MS spectra of standard haem. (D,G) Daughter iongz816.4. (E,H) ESI-MS/MS spectra of the daughter nafz

557.4. (F,l) Tandem ESI-MS spectra of the daughtenim498.5. (J) Structure of the iron-protoporphyrin IX and the proposed assignment for

its observed daughter ions.

vesicle. The core of the hemosome comprises an assemblyiohisation mass-spectrometry (ESI-MS) (H&-1). A major
homogeneous particles of haem aggregates (mean sigmgly charged ([M+Hj) ion species was observed@iz616.4
40+3nm), which seem to detach from the hemosomdFig.4C). When submitted to sequential fragmentation by
membrane, suggesting a model mechanism for the formatiagandem ESI-MS/MS, this ion species gave rise to daughter ions
of this structure (Fig3C). of m/z557.4, 498.5, 483.5 and 468.6 (Md—F). The same
Hemosomes isolated by Percoll gradient ultracentrifugatioion fragments were obtained from an authentic haem standard
were suspended in deionised water, frozen, thawed ar{#ig.4G-l). Therefore, we can conclude that hemosome-
centrifuged again. The pellet obtained, when observed bgerived fractions showing absorption at the Soret band
transmission electron microscopy, shows the core of th€898nm) are actually iron-protoporphyrin 1X (FigJ).
hemosome displaying almost its original appearance, only tHeurthermore, ESI-MS data show that there is no covalent
more external layers being removed by this treatmentodification of the haem molecule upon haemoglobin
(Fig.4A). The hemosome pellet was dried, weighed and thdigestion and accumulation into the organelle. However, the
haem content measured by the alkaline pyridine derivativdsTIR spectrum of hemosome is clearly distinct from that of
revealing that haem alone accounts for 90+3% of thstandard haem (Fi%). Some peaks found in the hemosome
composition of this organelle. The haem aggregate from theore could be assigned to other non-haem components of the
hemosome preparation was dissolved in NaOH, isolated bgggregate (indicated by asterisks in the figure). A remarkable
reverse phase chromatography and analysed by electrospfapture, however, is the absence of the characteristicctizd4
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promoting oxidation of lipids, proteins and DNA (Ryter and
Tyrrell, 2000). Here we show that haem can either be absorbed
through the gut or detoxified by accumulation into specialised
organelles, herein called hemosomes.
We have shown previously that during the initial days after
a blood meal (ABM) there is a huge accumulation of haem in
the oocytes (Braz et al.,, 1999), and also have presented
evidence that this haem originates from the haemolymph and
is delivered by a haemolipoprotein called HelLp (Maya-
Monteiro et al., 2000). These results are in agreement with the
H observed intense concentration of haem at the basal surface of
9.05- H the digest cell during the initial days ABM, which coincide
with the period of most intense vitellogenic oocyte growth,
suggesting that by this time the absorption pathway seems to
predominate over hemosome formation (#ig,B). This
phenomenon is dependent on the accumulation of vitellin, the
Fig.5. Fourier Transform infrared (FTIR) spectrum of the major yolk protein of oviparous animals (Sappington and
hemosome. Hemosomes were isolated as described in Materials gReiikhel, 1998), which in ticks is a haemoprotein (Rosell and
methods. Shown are FTIR spectra of the hemosome core (broketbons, 1991) that functions as a haem reservoir to support
line) and haem sta_ndard (solid line). Arrow, haem carboxylate pea@mbryo development (Logullo et al., 2002).
at 1704cnmt, 1A5te”5ks’ peaks at 16527, 154€cnT, 1392cnT? One important question concerns the cytoplasmic route
ﬁgijfgﬁgr that can be designated as non-haem components gfy o, by haem on its way from the digestive vesicles to the
' haemocoel. The haem might be exocytated by the digest cells
at its basal surface or, alternatively, might be transported
carboxylate stretch (arrow), which suggests that these grougsrough the membrane of the digestive vesicles to the
are interacting with other components of the aggregate. cytoplasm and then transferred to the haemoeteelthe
Digestive vacuoles are protein-rich structures, and thereforellular membrane. Transmission electron microscopy, using
a high local concentration of nitrogen was expected. Haer®-3-diaminobenzidine, did not provide a definitive answer to
accumulation, on the other hand, should result in a locahis question, but, based on haem-peroxidase activity, we
increase of iron concentrations. Elemental mapping obbserved that it is not only the digestive vesicles that are
the hemosome by energy-filtering transmission electrostained by DAB, but also the cytoplasm itself, which seems to
microscopy was used to evaluate nitrogen and iromave a higher haem content compared to the cytoplasm of the
concentrations. Based on the results shown in &igve neighboring basophilic cells (F. A. Lara, data not shown). We
propose a maturation cycle for this organelle. Typicallywere not, however, able to find DAB-positive exocytic vesicles
hemosomes are smaller on day 4 ABM and present the iroat the basal surface of digest cells. Taken together these data
rich core surrounded by a boundary, with lower density of botlwould favor the hypothesis of a haem transport pathway from
iron and nitrogen. They were frequently found in closethe digestive vesicles through the cytosol to reach the
association with the much larger digestive vacuoles, whichaemocoel at the basal surface.
showed a strong nitrogen signal, together with a lower After the first week ABM, the intensity of haem absorption
concentration of iron. On day 8 ABM, hemosomes larger irseems to decrease, with a decline in the concentration of haem
size and of compact aspect were more frequent and the clealgse to the haemocoel and reduction of contact of digest cells
low-iron boundary between the core and the surface was maith the basal lamina (Fig.D,E), when compared to the
longer observed in these vesicles. By day 20 ABM, no morprevious days. At this time, haem released from haemoglobin
digestive vacuoles were found and the hemosomes had becomenidgut cells becomes directed to hemosomes, which are the
less dense structures, with several distinct internal layers anost prominent organelle of senescent digest cells IBid).
both the iron and nitrogen maps. Almost 10% of the haem present in the meal of an adult fully
engorged female is found in its ovary (O’Hagan, 1974) and by
the end of digestion (2 weeks ABM) >98% of the haem in the
Discussion gut is associated with hemosomes (F. A. Lara, data not shown).
In contrast to most nucleated animal cells that synthesisehese structures have been described by other authors as
their own haem, the cattle tidRoophilus micropluss not residual bodies, and are usually excreted along with the faeces
capable of synthesising this molecule, and therefore is strictigt the end of digestion (Tarnowski and Coons, 1989). Iron was
dependent on the vertebrate haemoglobin (Braz et al., 199%ggested to be their main constituent and therefore these
This deficiency should be counterbalanced by the capacity &iructures were named siderosomes in earlier literature
acquire haem from ingested vertebrate blood. On the othéwalker and Fletcher, 1987).
hand, haem is a potentially toxic molecule, capable of Here we show that haem, and not iron, is the major
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Reference image Nitrogen ma Iron map

Day 8

Day 23

Fig.6. Elemental mapping of hemosome development. Cytoplasm of digest cells was observed by energy-filtering transmission electrc
microscopy. Each row of panels shows a section from cells on different days ABM (4, 8 and 20 ABM, from top to bottom)réfefnée

image obtained at 25V, which depicts a structure-sensitive contrast. Nitrogen (middle) and iron (right) distributions are shown.
DV, digestive vesicles; LU, lumen. Scale bapr.

component of these vesicles, accounting for 90% of its masgorphyrin ring. Haem iron-carboxylate bonding — as found in
By means of sequestering most of the haem in excess b&emozoin — can be excluded by the absence of thech660
its physiological demand inside the hemosome, the ticlkeak, suggesting that the hemosome core comprises a new type
counteracts any haem toxicity that could otherwise result iof haem-based supramolecular structure. Characterization of
severe tissue damage. Thus hemosome formation shoulie non-haem components of the hemosome and of the
be regarded as a detoxification mechanism, functionallynolecular structure of this haem aggregate are underway in our
equivalent to the formation of haemozoin, a crystalline haerfaboratory. Another essential feature is the presence of a
aggregate that occurs in other haemoglobin-eating parasitdslimiting membrane (Figl), indicating that the hemosome
such asPlasmodium(Slater et al., 1991)Rhodnius prolixus and digestive vacuoles are distinct structures and pointing to
(Oliveira et al., 1999) an&chistosoma manso(Dliveira et  the existence of a haem transport system between both cellular
al., 2000). The haem aggregate found in the tick hemosomedsmpartments. Blood-feeding organisms are found in very
not haemozoin, however, as revealed by its distinct FTIRlifferent taxonomic groups and all have haem as the main end
spectra (Figb) and by the absence of birefringence observegroduct of haemoglobin digestion, frequently being described
by polarizing microscopy and the lack of X-ray diffraction (M. under the generic denomination of haematin in the previous
F. Oliveira, data not shown). literature. Structural characterization of a haem aggregate is
With respect to hemosome structure, the absence of anly available, however, for haemozoin. The presence of
1704cnr! carboxylate stretch in the FTIR spectrum (B). haemozoin has been investigated in several species of
suggests that haem association to non-haem components of te@matophagous animals but with negative results in most
hemosome involves the lateral propionate chains of theases, except fdPlasmodium, Rhodniusnd Schistosomaas
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mentioned above (Oliveira et al., 1999, 2000). To ouHoward Hughes Medical Institute and International
knowledge this is the first characterization of a non-haemozoiRoundation for Science (IFS-Sweden). I.C.A. is supported by
haem aggregate. A goal for future research is to compare tigeants from FAPESP (98/10495-5) and WHO/TDR/World
structural organization of haem aggregates in different bloodBank, and is a research fellow of CNPq.
feeding organisms.

In most organisms, during turnover of haem proteins the
protoporphyrin ring is cleaved by haem oxygenase and the iron References
atom is eventually reused fde novesynthesis of haem (White Aft, R. L. and Muller, G. C. (1983). Haem-mediated DNA strand scission.

and Granick, 1963; Ponka, 1997). The only exceptions to thisJ. Biol. Chem258 12069-12072.

. L P A%Jede, R. I. S. and Kemp, D. H(1985). Digestion in the cattle tick
are some pathogenic protozoa and bacteria, in which a comple oophilus micropluslight microscope study on the gut cells in nymphs and

array of proteins has evolved to take up haem efficiently from femalesint. J. Parasitol.16, 35-41.
the vertebrate host (Wandersman and Stojilikovic, 2000)Agyei, A. D. and Runham, N. W.(1995). Studies on the morphological

. . . P . changes in the midguts of two ixodid tick sped@e®philus microplugand
Among hlgher organisms, the tIBOOph”us mlcroplu:{Braz Rhipicephalus appendiculatuhiring digestion of the blood medht. J.

et al., 1999) and the hemipter@hodnius prolixu¢Braz et al., Parasitol. 25, 56-62.
2002), both blood-sucking arthropods, are the only exceptiorf§az, G. R. C., Coelho, H. S. L., Masuda, H. and Oliveira, P. 1{1999). A

missing metabolic pathway in the cattle tiBkbophilus microplus. Curr.
reported to date. We have recently shown that HeLp (Haemg; - 9, 703.706.

Lipoprotein), the major lipoprotein dBoophilus microplus Braz, G. R. C., Moreira, M. F., Masuda, H. and Oliveira, P. L.(2002).
haemolymph, is capable of binding haem and delivering it to Rhodnius haem-binding protein (RHBP) is a haem source for embryonic

. . . . _development in the blood-sucking buRhodnius prolixus(Hemiptera,
the tick tissues (Maya-Monteiro et al., 2000). The same protein Reduviidae)Insect Biochem. Mol. BioB2, 361-367.

has also been described in two other tick species and therefergx, J. E. (1964).Porphyrins and metalloporphyrins. Their general, physical
its presence may be a common feature of ticks (Gudderra etnd coordination chemistry, and laboratory methotlendon: Elsevier

; : : . Publishing Company.
al., 2002). During the first week ABM, haem absorption ISGlauert, A. M. (1974). The high voltage electron microscope in biolagy.

more evident and digest cells that attach to the basal laminacell Biol. 63, 717-748.
may have direct contact with the haemocoel, so it i§oldberg, D. E., Slater, A. F., Cerami, A. and Henderson, G. §1990).

p . . Haemoglobin degradation in the malaria paraBlsEsmodium falciparum
conceivable that direct transfer of haem from digest cells to "/ = ¢ process in a unique organdltec. Natl, Acad. Sci. USA7,

HeLp may occur. Haem is never found free in its unbound 2931-2935.
form, however, due to its potential toxic effects previouslyGough, J. M. and Kemp, D. H(1995). Acid phosphatase in midgut digestive

. P . . ells in partially fed females of the cattle ti@oophilus microplusJ.
mentioned, and is always associated to proteins. The transfe arasitol. 81, 341-349.

of haem to HeLp must therefore be preceded by transfer frogyanam, R. C., Jr and Karnovsky, M. J. (1966). The early stages of
the digestive vacuole to the surface of the digest cell. The absorption of injected horseradish peroxidase in the proximal tubules of

. - . mouse kidney: ultrastructural cytochemistry by a new technidjublist.
precise pathway may include the hemosomes, which alsocytochemM’ 291-302.

concentrate close to the basal lamina at the same time, as@iderra, N. P., Sonenshine, D. E., Apperson, C. S. and Roe, R.(2002).
intermediary compartment. Alternatively, the hemosome maﬁ Hemolymph proteins in ticksl. Insect Physiold8, 269-278.

. . gullo, C., Moraes, J., Dansa-Petretski, M., Vaz, I. S., Masuda, A.,
represent a divergent route taken by haem when its leve gSorgine, M. H. F., Braz, G. R., Masuda. H. and Oliveira, P. L(2002).

exceed the tick’s needs. Haem-binding proteins participating Binding and storage of haem by vitellin from the cattle tBkpphilus
in intracellular trafficking may be the targets for the microplus Insect Biochem. Mol. BioB2, 1805-1811.

. aya-Monteiro, C. M., Daffre, S., Logullo, C., Lara, F. A., Alves, E. W.,
deveIOPment of new methods of acari control, as the)’yl Capurro, M. L., Zingali, R., Almeida, I. C. and Oliveira, P. L. (2000).

participate in a detoxification pathway that is specific for thiS HeLp, a haem lipoprotein from the haemolymph of the cattleBiokphilus
group of animals. microplus J. Biol. Chem275, 36584-36589.

- ndiola, J., Alonso, M., Marquetti, M. C. and Finlay, C (1996).
Taken all terther’ our data describe a new process for haéﬁ%oophilus microplus multiple proteolitic activities in the midguExp.

detoxification by means of sequestration inside the hemosome parasitol 82, 27-33.
The ability to form this structure is proposed to be an importarf’Hagan, J. E. (1974).Boophilus microplusdigestion of hemoglobin by the

adaptation of this organism in order to use vertebrate blood %ﬁfl';?gg&dée”ﬁflﬁgfxg F;ar?f)':fe'gs’clfqo'grsaéa C. M. S., Tempone

its sole food source. A. J., Rumjanek, F. D., Silva, J. R., Dansa-Petretski, M., Oliveira, M.
A., Souza, W., Oliveira, P. L. and Ferreira, S. T(2000). Haemozoin in

. . Schistosoma mansoni. Mol. Biochem. Parasitall, 217-221.
We wish to gxp_ress our grat'tUde .to Rosane _M' M. O§)Iiveira, M. F., Silva, J. R., Dansa-Petretski, M., Souza, W., Lins, U.,
Costa, S. R. Caéssia, S. J. Tadeu, Aline L. Ferreira, BeatrizBraga, C. M. S., Masuda, H. and Oliveira, P. L.(1999). Haem

Ferreira Ribeiro, Giovana Alves de Moraes and Noil Freitas detoxification by insectNature40Q, 517-518.
f llent technical ist dto M ia Adri dDagola, S., Stephens, P. W., Bohle, D. S., Kosar, A. D. and Madsen, S. K.
or excellent technical assistance, and 1o Marcla Adriana da 000). The structure of malaria pigment beta-haenasiture404, 307-310.

Silva C. Dutra and Artur Fernandes for the photographicabonka, P.(1997). Tissue-specific regulation of iron metabolism and haem

assistance. This work was Supported by Conselho Nacional desynthesis: distinct control mechanisms in erythroid cBlisod 89, 1-25.

D Vi Ci if T 160ico-CNPg. P Rosell, R. and Coons, L. B(1991). Purification and partial characterization
esenvolvimento Cientifico e Tecnologico- g, Frograma q yitellin from the eggs of the hard tidRermacentor variabilis. Insect

de Nucleos de Exceléncia-PRONEX, Programa de Apoio ao Biochem 21, 871-885.

Desenvolvimento Cientifico e Tecnolégico-PADCT, Ryter, S. W. and Tyrrell_, R. M. (ZQ()_O_). The haem synthesis and degradation

Fundacio de A 5P isa do Estado do Rio de J . pathways: role in oxidant sensitivity; Haem oxygenase has both pro- and
undacao de Amparo a Pesquisa do Estado do Rio de Janeir intioxidant propertiesree Rad. Biol. Medl5, 289-309.

FAPERJ, John Simon Guggenheim Memorial FoundationSappington, T. W. and Raikhel, A. S(1998). Molecular characteristics of



Haem detoxification in the cattle tick715

insect vitellogenins and vitellogenin receptdrsect Biochem. Mol. Biol. ~ Vincent, S. H., Grady, R. W., Shaklai, N., Snider, J. M. and Muller-

28, 277-300. Eberhard, U. (1988). The influence of haem-binding proteins in haem-
Schmitt, T. H., Frezzatti, W. A. and Schreier, S(1993). Hemin-induced catalyzed oxidationsArch. Biochem. Biophy265 539-550.

lipid membrane disorder and increased permeability: a molecular model faialker, A. R. and Fletcher, J. D.(1987). Histology of digestion in nymphs

the mechanism of cell lysigrch. Biochem Biophys 307, 96-103. of Rhipicephalus appendiculatas rabbits and cattle naive and resistant to
Slater, A. F., Swiggard, W. J., Orton, B. R., Flitter, W. D., Goldberg, D. E., the ticks.Int. J. Parasitol 17, 1393-1411.

Cerami, A. and Henderson, G. B(1991). An iron carboxylate bond links Wandersman, C. and Stojiljkovic, I.(2000). Bacterial haem sources: the role

the haem units of malaria pigmeRtoc. Natl. Acad. Sci. US88, 325-329. of haem, haemoprotein receptors and haemophGtes. Opin. Microbiol

Tarnowski, B. I. and Coons, L. B.(1989). Ultrastructure of the midgut and 3, 215-220.
blood meal digestion in the adult ti€kermacentor variabilisExp. Appl. White, D. C. and Granick, S.(1963). Hemin biosynthesis iHaemophilus
Acarol. 6, 263-289. J Bacteriol 85, 842-850.



