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EDITORIAL

MUDANCA NA PUBLICACAO DE MEMORIAS DO INSTITUTO BU-
TANTAN E COLETANEA DE TRABALHOS DO INSTITUTO BUTAN-
TAN.

A CHANGE IN PUBLICATION OF MEMORIAS DO INSTITUTO BU-
TANTAN AND COLETANEA DE TRABALHOS DO INSTITUTO BU-
TANTAN.

A partir do volume 49, 1987, as “MEMORIAS DO INSTITUTO BUTAN-
TAN" serdo editadas em fasciculos, em intervalos irregulares.

A "COLETANEA DE TRABALHOS DO INSTITUTO BUTANTAN"' n3o
mals sera editada como volume independente, passando a ser incluida, sob
a forma de resumos, no ultimo fasciculo das “MEMORIAS DO INSTITUTO
BUTANTAN'', com o titulo de “COLETANEA DE RESUMOS DE TRABA-
LHOS PUBLICADOS PELOS PESQUISADORES DO INSTITUTO BUTAN-
TAN" .

As of volume 49, 1987, the "MEMORIAS DO INSTITUTO BUTAN-
TAN"" will further on be edited in fascicles at irregular intervals.

The “COLETANEA DE TRABALHOS DO INSTITUTO BUTANTAN"
will no more be edited as independent volumes, but will be included in the
last fascicle of the “MEMORIAS DO INSTITUTO BUTANTAN'' as abs-
tracts under the title “COLETANEA DE RESUMOS DE TRABALHOS PU-
BLICADOS PELOS PESQUISADORES DO INSTITUTO BUTANTAN",
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A SYSTEMATIC FRACTIONATION OF
CROTALUS DURISSUS TERRIFICUS VENOM +

Daniel BERCOVICI*

Ana Marisa CHUDZINISKI**
Waldely de Oliveira DIAS*
Maria lzabel ESTEVES*

Elisa HIRAICHI***

Nilza Yurumi OISHI*

Zuleika P. PICARELLI***
Marilda Casemiro da ROCHA*
Celina Maria Pompeo Mome UEDA*
Norma YAMANOUYE***
Isaias RAW*

ABSTRACT: 1. The venom of C.d. terrificus was fractionated to obtain
from the same preparation: 5'-nucleotidase, phosphodiesterase,
thrombin-like enzyme, phospholipase A2, crotapotin, convulxin and
gyroxin. All these proteins were shown to be homogeneous by SDS-
PAGE.

2. L-amino acid oxidase, tissue kallikrein-like and NAD-hydrolase activi-
ties were detected.

3. One of the homogeneous fractions presents a toxic activity and produ-
ces symptoms different of those of known toxins. It has molecular
weight of 8,600 Daltons.

4. Phospholipase A2 activity of venom and fraction is completely inhibi-
ted by crotapotin, and this inibitions is specific for the venom of Crotalus
and does not occur with phospholipase A2 activity of Bothrops jararaca,
Bothrops moojeniand Tityus bahiensis.

KEYWORDS: Crotalusvenom, toxins, enzymes.

INTRODUCTION

Although the venom of Crotalus durissus terrificus has already been in-
vestigated, with the isolation of toxins and enzymes (Tu, 1977 and 1982),18

Instituto Butantan, Centro de Biotecnologia
Instituto Butantan, Secdo de Fisiopatologia Experimental
* Instituto Butantan, Servigo de Farmacologia

+ Supported by grants 4.3.84.235 and 236 from FINEP.
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a systematic study which would allow the isolation of the several toxins
and enzymes from the same batch was not yet been made. In the present
investigation a large batch of venom, representative of the venom of this
species in Brazil, has been submitted to puritication by arnmonium sulfate
and column chromatographies, with the recovery of known toxins and
enzymes as well as of a new toxin.

MATERIALS AND METHODS

Materials

Venom used in this preparation was collecied and dried at room tempe-
rature by the Section of Venoms of this Institute and was 10 years old. lon
exchange and affinity chromatography resins were ootained from Pharma-
cia (Sweden) and sepharose-1-4-butenediol-diglycil-p-arninobenzamidine
was prepared by Biobraz (Brazil).
Synthetic substrates and purified bovine fibrinogen were optained from
Sigma Chemical Co. (USA).

Enzyme activity determinations

Thrombin-like activity was measured by the clotting trne ot fibrinogen,
using as standard a thrombin preparation, and expressed in NIH units 18,

Phosphodiesterase was measured using bis-p-nitrophenyl-phosphate
as substrate’. Unspecific phosphatase was reasured by the same me-
thod, using p-nitrophenyl-phosphate as substrate.

5'-nucleotidase was assayed according to Tatsuki et al'7 and phospholi-
pase AZ according to Grassman and Hanning?. NAD-nucleotidase was
measured by the hydrolysis of NAD* and the rernaining NAD+ measured
with alcohol dehydrogenase®.

L-amino acid oxidase was measured according to Wellner?!. Kallikrein-
like activity was measured with D-valyl-L-leucyl-L-arginine-p-nitroanilide
and D-prolyl-L-phenylalanyl-L-arginine-p-nitroanilide, at pH 8.0 and at
25°C5 and by the direct method of Henriques et af? using horse plasma
treated according to Werke et aF? as substrate and rat isolated uterus for
assaying the kinin formed.

Toxins

Crotamine and crotoxine were assayed by intravenous injections res-
pectively into mice'” and young chicken.
Crotapotin was assayed by the inhibition ot phnospholipase A23.

Gyroxin was assayed by intravenous injection into mice as described by

Barrabin et al'. Convulxin was assayed by the induction of platelet aggre-
gationZ9,

Acrylamide electrophoresis
SDS-PAGE was carried out by the standard method4. PAGE at pH 4. O
was carried out according to Giglio®.
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RESULTS AND DISCUSSION

A.VENOM FRACTIONATION
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A 1. Fractionation scheme

1. Isolation of peptides: 30g of venom dissolved in 300 ml of 0.9% so-
dium chloride was filtered through a hollow fiber with a nominal cut of 10
kDaltons. The filtrate, containing the peptides, was lyophylized, yielding
1.2g of dry weight.
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2. Ammonium sulfate fractionation: After removal of the peptides a
protein fraction was precipitated, with stirring and in an ice bath, with solid
ammonium sulfate, up to 30% saturation. The precipitate was removed by
centrifugation at 10.000g for 15 minutes, at 4°C. More ammonium sulfate
was added to reach 60% saturation, and the second precipitate removed as
before. The supernatant was once more precipitated by adding ammonium
sulfate up to 90% saturation, and the precipitate collected by centrifuga-
tion as before. The three precipitates were dissolved in a minimum volume
of. 0.01M phosphate buffer, pH 7.0.

3. Gel filtration: Each one of the three ammonium sulfate fractions were
introduced, without previous dialysis, into a Sephadex G-75 column (5 x
80cm), previously equilibrated with 0.1M sodium chloride with 10-3M phos-
phate buffer, pH 7.0. The 0-30% and 30-60% ammonium sulfate fractions
yielded four fractions each, while the 60-90% only two (figure 1). After the
elution of the four fractions from the 0-30% ammonium suifate fraction,
the column was eluted with 0.1M acetate buffer pH 3.5, to vield a small
fraction which binds to the Sephadex.
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FIGURE 2. Sephadex G-75 chromatography of the 0-30, 30-60 and 60-90% ammonium
sulfate fractions. The ammonium sulfate fractions obtained from 10g of venom
were applied to a column (5 x 80cm) previously equilibrated with 0.1 M sodium
chloride with 1 mM phosphate buffer pH 7.0 and eluted with the same buffer.

In the 0-30% fraction the last peak was eluted with O.1M acetate buffer pH
3.5
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B. ENZYME PURIFICATION

1. Thrombin-like enzyme: Fraction |l of the 30-60% ammonium sulfate
fraction (30-60-11), obtained by chromatography on Sephadex G-75, was
taken to pH 9.0 and introduced into a column (2.5 x 8cm) of Sepharose-1-
4-butenediol-diglycil-p- aminobenzamidine. After 15 minutes, the column
was washed with 5 mM Tris buffer, pH 9.0 containing 0.4M sodium chlori-
de, to remove the proteins that do not bind to the column (fraction 30-60-11-
1); the enzyme was eluted with the same buffer containing 0.1M benzami-
dine (fraction 30-60-11-2). As previously described!®, this fraction is homo-
geneous by SDS-PAGE, with a molecular weight of 34 kDaltons.

2. Phosphodiesterase: Fraction 30-60-11-1 from the above purification
step was chromatographed in a blue-sepharose column (figure 2) as descri-
bed by Oka, Ueda and Hayshi''. Fractions containing the enzyme were
pooled and the residual 5'-nucleotidase was removed by heating for 3
hours at 37°C in 1% acetic acid’, resulting in a preparation that was homo-
geneous by SDS-PAGE, with a molecular weight of 105 kDaltons. Table |
shows the yield.

TABLE 1. PURIFICACTION OF PHOSPHODIESTERASE BY AFFINITY CHROMATO-

GRAPHY
fraction protein phosphodiesterase
mg specific % yield
activity*

fraction 30-60-11-1 1040 0.17 100
Blue-sepharose fractions
30-60-11-1 A BB5 0.16 13.8
30-60-11-1B 24 3.49 46.8
30-60-11-1B after
acid-heat treatment 22 1.21 298
“U/A M

0D 280 nm

1O -

<———— 0,03M PO;> H:27,5+0,05M NaCL

0.5

1

20 40 60 ML

FIGURA 3. Separation of phosphodiesterase and 5-nucleotidase by blue-sepharose
chromatography of fraction 30-80-11. 1.040mg of protein in 20ml was dialyzed
against 5 mM phosphate buffer pH 7.0 in 0.05 M sodium chloride and introdu-
ced in a 1.5 x 15cm column previously equilibrated with the same buffer. The
column was washed with the equilibrating buffer until all fraction A was remo-
ved and then fraction B, containing phosphodiesterase, was eluted with 0.03
M phosphate buffer pH 7.5 containing 0.05 M sodium chloride.
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3. 6'-nucleotidase: The fraction which was not reiained by the blue-
sepharose column (fraction 30-60-11-1A) was chromatograpned on NAD-
sepharose column (figure 3) as described by Tatsuki et al'®.

The yield is shown on table 2. The most active fractions (30-60-11 1A3) is
homogeneous by SDS-PAGE with a molecular weight of 200 kDaltons.
NAD-sepharose can be replaced by 5'-AMP-sepharose, but the purified
enzyme has only half the specific activity.

TABLE 2. PURIFICATION OF 5'-NUCLEOTIDASE BY AFFINITY CHROMATOGRAPHY

fraction protein specific
mg activity® % yield
Fraction 30-60-11-1 1040 1.74 100
Blue-sepharose fractions
30-60 11-1A bEbH 2.34 80
30-60111B 24 0 0
NAD-sepharose fractions
30-60-11-1 A1 530 0.68 20
30-60-11-1A2 52 16.85 48
30-60-11-1A3 2 76.30 7
"U/A,nm
=
O |
w
L3, 0,50
(]
o
0,25
e
(=)
<
=
A2
Az
| |

10 20 30 40 S50 ML

FIGURE 4. Affinity chromatography of 5-nuciectigase. Fraction 30-60-/I-1A containing
585mg of protein was introduced into NAD-sepharose column 1,5 x Bcm, pre-
viously equilibrated with 0.05M acetate butfer pH 7.0. The column was washed
with the equilibrium buffer until all the first peak was eluted (A1), and then with
10m! of 0.2 M sodium bicarbonate buffer pH 8.6 containing 0.06 M NADH that
eluted the enzyme (A2). After the collection of this peak, 6ml of effluent (A3),
with very little protein (2mg) contained 5°-nucleotidase with the highest speci-
fic acvitity (76.3).
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4. Other enzymes: The addition of crude venom to fibrinogen results in
a transient clot, revealing the presence of a fibrinolytic and fibrinogenolytic
activity, which is bound to sepharose-1-4-butenediol-d glvcil-p-
aminobenzamidine, but once eluted, is very unstable. This fraction has no
thrombin-like activity. SDS-PAGE eletrophoresis of fibrinogen treated with
this fraction'™ shows that it acts on the fB-fibrinogen chain. A similar
enzyme was described in the venom of Trimerusurus mucrosquamatus by
Ouyang and Teng'2.

Fraction 0-30-1 contains a small NAD-hydrolase activity (0.024
umol/mg/min at 25°C) acting on NAD*, NADP+* and NADH. A similar
activity was described for the venom of Agkistrodon halys blomhoffii, but it
does not hydrolvze NADH. L-amino acid oxidase is present in the fraction
30-60-1, but was not further purified.

By biological assay, fractions 30-60-1, 30-60-1l and 30-60-1ll present a
weak kallikrein-like activity. Fraction 30-60-I11 hydrolyzes DL-valyl-L-leucyl-
L- arginine-p-nitroanilide with a specific activity of 0.23 umol/min/mg of
protein at 25°C. It has only 1/30 the activity with benzyl-L- prolyl-L-
phenylalanyl-L-arginine-p-nitroanilide or benzyl-L-phenyl-L-valyl-L-
arginine-p-nitroanilide as substrates. This indicates a tissue kallikrein-like
activity2. It is unstable at pH 3.3 and thus destroyed in the CM-sephadex
chromatography used for the isolation of crotoxin components from this
fraction.

C. TOXINS

1. Phospholipase AZ and crotapotin: These were isolated from the frac-
tion 30-60-11l, by suspending in 0.1M formic acid, removal of the insoluble
protein followed by chromatogranhy on CM-sephadex at pH 3,3 using a li-
near gradient of ammonium formiate between 0.1M and 3.M (figure 4)
which separates phospholipase and crotapotin. When the fraction contai-
ning phospholipase A2 activity was mixed with about 1.5 times the concen-
tration of crotapotin, all phospholipase activity was inhibited, as previously
described by Breinthaupt3. A similar inhibition was shown to occur by ad-
ding crotapotin to the crude venom, suggesting that there is an excess of
free phospholipase. No inibition of phospholipase activity present in
Bothrops jararaca, Bothroos moojeni and Tityus bahiensis venom was ob-
served.

20 200 mm
™
[=]
L]
\
L1
3
W FORMATE

as 1 EJ

FIGURE 5. Purification of crotapotin and phospholipase AZ by chromatography on CM-
sephadex. Fraction 30-60-IH from 10g of venom in 0.1M formic acid was centri-
fuged to remove the insoluble protein, taken to pH 3.3 and introduced in a co-
lumn (5 x 12cm), previously equilibrated with 0.1 M formate and eluted with a
linear gradient between 0.1M and 3.0 M for 4 hours, at a rate of 80 mi/hour.
Crotapotin is the peak A and phospholipase A2 is the peak B.
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2. Crotamine: Crotamine was isolated from the 30-60-1V fraction by
chromatography on CM-sephadex, at pH 7.0 (figure 5). Some crotamine
can also be recovered by a similar chromatography of the 60-90-1| fraction
(figure 6). The fractions containing crotamine were pooled and precipitated
with picric acid (Giglio, 1975). The preparation migrates as a single band on
PAGE pH 4,0 and is crotoxin-free when assayed on young chickens. The
yield was 380mg of protein.

00 280 nm
—
———mnme WKE

1101
] 200 300 ML

FIGURE 6. Purification of crotamine (C) and PM-toxin (B) by chromatography on CM-
Sephadex. Fraction 30-60-1V from 30g of venom, previously dialyzed against
0.01 M phosphate buffer pH 7.0, was introduced in a column (5x 12¢m), pre-
viously equilibrated with 0.1 M potassium chloride in 0.01 M Tris buffer pH 7.0.
The column was eluted for 4 hours with a linear gradient between 0.1 and 1.0
M potassium chloride, at a rate of 80 ml/hour.

3. Gyroxin: Gyroxin activity was detected in the 60-90-1 and 60-90-I|
fractions. In the CM-Sephadex chromatography of the fraction 60-90-|
gyroxin is eluted in the first peak, while crotamine in the second (figure 5).
This gyroxin fraction is homogeneous by SDS-PAGE, with a molecular
weight of 35 kDaltons, which agrees with that found by Barrabin et al'. The
yield was 4bmg of protein.

B g
o 1.0 =
@ 1
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| L 1 0,01

100 200 300 ML
FIGURE 7. Purification of gyroxin (A) and crotamine (B) by chromatography on CM-
Sephadex. Fraction 60-90-11 fromm 30g of venom was dialysed against 0.01M
phosphate buffer pH 7.0 and introduced in a column (5 x 12cm), previously
equilibrated with 0.1 M potassium chloride in 0.01 M Tris buffer pH 7.0. The
column was eluted for 4 hours with a linear gradient between 0.1 and 1.0 M po-
tassium chloride, at a rate of 80 ml/hour.

76



BERCOVICI, D.; CHUDZINSKI, A.M.; DIAS, W. de O.; ESTEVES, M.l.; HIRAICHI, E.; OISHI, N.Y.;
PICARELL!, Z.P.: ROCHA, M.C. da: UEDA, C.M.P.M.; YAMANDUYE, N.: RAW, |. A systematic
fractionation of Crotalus durissus terrificus venom. Mem. Inst. Butantan, 49(3):69-78, 1987

4. Convulxin: Convulxin is present in the 0-30 fraction and in Sephadex
G-7/5 chromatography some is eluted in the fourth peak, but most of the
activity remains bound to the Sephadex, being eluted by acid'3 as a PAGE-
SDS homogeneous fraction with a molecular weight of 68 kDaltons.

5. PM-toxin: In the chromatography of the 30-60-1V fraction on CM-
Sephadex, a fraction was found (figure b) that injected intravenously in 25g
mice in sub-lethal dosis (less than 100 ug) produced a tempaorary excitation,
with erratic walking. After that, and for about 1 hour, the mice jumped high
and far when touched, and if placed inside a cage, would bump into the
walls. At lethal dosis this fraction does not cause the typical muscular ef-
fects of crotoxin or crotamine in mice. PAGE of this fraction at pH 4 shows
a single band and in 158% SDS-PAGE it migrated with an apparent molecu-
lar weight of 8,600 Daltons.

D. PEPTIDE FRACTION

The peptide fraction was assayed for endorphine activity in mice, em-
ploying the hot place method of Woolfe et ak3, being negative up to 24 ug
dry power/kg, whereas the effective dose of morphine under these condi-
tions was 6 ug/kg. No activity was found on the motility of rabbit duode-
num or jejurium, up to a concentration of 30 ug dry power/ml. On the elec-
tric stimulated ductus deferens of mouse'# it shows an inhibitory effect at a
concentration of 200 ug dry power/ml, which, however, was not reverted
by 0.1 uM naloxone.

It is interesting to note that crotamine and the PM-toxin do not appear
in the 10 kDalton filtrate. The distribution of proteins of the fraction 30-
60% in the Sephadex G-75 column is also not as expected for their molecu-
lar weights. It is possible that, at least in the high concentrations used the-
se proteins aggregate.

RESUMO; 1. O veneno de C.d. terrificus foi fracionado de forma a obter
da mesma preparacdo: b5'- nucleotidase, fosfodiesterase, enzima tipo
trombinico, fosfolipase A2, crotapotina, convulxina e giroxina. Todas es-
tas proteinas foram purificadas até a homogéneidade a eletroforese em
acrilamida na presenca de dodecil-sulfato de sadio.

2. Em outras fracdes foram identificadas a presenca de L-amino oxidase,
atividade de kalikreina tipo tissular e NAD-hidrolase.

3. Uma das fracdes homogeneas apresentou uma atividade tdxica produ-
zindo sintomas diferentes dos das toxinas conhecidas. Tem um peso mo-
lecular de 8,600 Daltons.

4. A atividade da fosfolipase A2 do veneno e das fragdes foi completa-
mente inibida pela crotapotina, e esta inibicdo & especifica para a fosfoli-
pase do veneno do Crotalus, e ndo ocorre com a atividade de fosfolipase
A2 do veneno da Bothrops jararaca, Bothrops moojeni e Tityus
bahiensis.

PALAVRAS-CHAVE: veneno Crotalus, toxinas, enzimas, fosfolipase A2
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ALGUMAS CONSIDERACOES SOBRE CERCARIAS
NATURALMENTE ENCONTRADAS EM
BIOMPHALARIA TENAGOPHILA (ORBIGNY, 1835),

CAPTURADAS EM LOUVEIRA, SP.

Soely Maria Pissini MACHADO *
Nelson da Silva CORDEIRO
Paulo de Toledo ARTIGAS

Luiz Augusto MAGALHAES

RESUMO: O exame parasitoldgico efetuado em numerosos exemplares
de Biomphalaria tenagophila (Orbigny, 1835), capturados em Louveira,
SP, revelou o parasitismo por cinco diferentes espécies de digenéticos,
nido sendo infreqlente o parasitismo contempordaneo por mais de uma
espécie. Foi feito um estudo comparativo entre as cercarias ora encontra-
das e as descritas por Ruiz>6” em B. tenagophila e B. glabrata (Say,

1818). Opinam os A.A. que as cercarias por eles encontradas néo se ajus-
tam as descritas por Ruiz56.7,
PALAVRAS-CHAVE: Mollusca, cercérias, esporocistos, rédias.

INTRODUCAO

Em propriedade rural em que se desenvolve, para fins comerciais, a
criagdo de peixes, sobretudo de peixes ornamentais de aquario, ha alguns
anos, tem sido colhido exemplares de B. tenagophila (Orbigny, 1835), utili-
zados em trabalhos sobre Schistosoma mansoni Sambon, 1907 e sobre
xi1stosomose mansoni.

Verificamos a presenca frequente de exemplares desses moluscos apre-
sentando poliparasitismo, por formas larvarias de espécies diferentes de
trematodeos digeneticos.

A susceptibilidade natural de planorbideos, como hospedeiros interme-
diarios, contemporaneamente, de diferentes digenéticos, parasitas, na fase
adulta, de peixes, anfibios, répteis, aves e mamiferos, é sobejamente co-
nhecida.

Departamento de Parasitologia — Universidade Estadual de Campinas,

Bolsista do Conselho Macional de Desenvolvimento Cientifico e Tecnoldgico

Trabalho realizado com o auxilio do Consalho Nacional de Desenvalvimento Cientifico e Tecnoldgco (CNPg).
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Neste setor, no Brasil, tem que ser dada énfase aos trabalhos de
Ruiz®6.7 que verificou, em diferentes zonas do territdrio nacional, a existén-
cia deste multiparasitismo contemporaneo em Biomphalaria sp., de San-
tos, SP, e de B. glabrata (Say, 1818), de Jaboticatubas, MG. Alias, esta
condicdo biologica fora entrevista por dois autores nacionais (Moura® e
Coutinho'), gue ndo deram maior importéancia a tal verificacao.

Em Biomphalaria sp. (muito possivelmente B. tenagophila) de popula-
coes da cidade de Santos, SP, Ruiz® encontrou as seguintes cercarias:

1. Cercarias de §. mansoni.

2. Cercarias de Paryphostomum segregatum Dietz, 1909.

3. Cercaria lutzi, 1943.

4. Cercaria santense.

5. Cercaria hemiura.

Supds Ruiz® que Cercaria lutzi fosse a ultima forma larvaria de
Neochaemotolochus neivai, (Travassos & Artigas®) (= Pneumonoeces
neival), a qual ja teria sido observada por Lutz?. Ruiz® ndo relacionou C.
santense com qualquer digenético adulto. Quanto a C. hemiura, uma cisto-
cercaria, supos ser antecessora larvar de Halipegus dubius Kelin, 1905,

Em B. glabrata de Jaboticatubas, MG, Ruiz® encontrou e descreveu o
seguinte material:

1. Cercariade S. mansoni.

2. Cercaria macrogranulosa (uma equinostomocercaria).

3. Cercaria minense (uma xifidiocercaria).

4. Cercaria acaudata (uma cercariaeumn de Cyclocoelidaugs!

Tivemos a oportunidade de tornar a verificar o poliparasitismo de B.
tenagophila em uma populacdo confinada desse molusco e sem a presenca
de larvas de S. mansoni. Foi, entdo, aproveitada a oportunidade de se es-
tudar a eventual incompatibilidade de desenvolvimento contemporaneo de
larvas de S. mansoni na presenca de larvas de outros digenéticos num
mesmo molusco. Este estudo sera assunto de trabalho que completara o
presente.

MATERIAL E METODO

Os exemplares de B. tenagophila foram, invariavelmente, colhidos no
mesmo local, no municipio de Louveira, SP, onde peixes ornamentais sao
criados em grandes tanques construidos artificialmente e com adgua prove-
niente de um ribeirdo localizado na cabeceira da propriedade; cada tanque
tern uma superficie, aproximada, de 200-300m?.

Nessa propriedade a fauna silvestre bastante abundante, sem ser per-
seguida e molestada, é representada por mamiferos (sobretudo pequenos
roedores), aves aquaticas e terrestres, répteis (sobretudo ofideos aquaticos
comedores de peixe).

Convivendo com esta fauna, existe uma populacdo, em pleno desen-
volvimento, de B. tenagophila.

Assim & que, num limitado habitat, de uns poucos hectares, estdo ajus-
tadas todas as condicoes, inclusive as climaticas, favoraveis ao encontro
de moluscos portadores, na fase larvar, de trematddeos digenéticos.

Foram efetuadas, num espaco de quatro meses, varias capturas de B.
tenagophila, todas elas com resultados positivos, com bom numero de
exemplares colhidos.
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Esses moluscos eram levados, sem demora para o laboratério e distri-
buidos em grandes cristalizadores, com agua corrente, ndo clorada e ali-
mentados com folhas de alface.

Foram submetidos, um a um, ao exame rotineiro para a verificacdo da
presenca de cercarias: cada molusco sendo colocado num pequeno frasco
(tubo de Borrel), com agua, e, a uma certa distdncia, colocada uma lampa-
da elétrica acesa, durante trinta minutos.

Positivada a presenca de cercarias, eram estas examinadas vivas ao mi-
croscopio e feitos desenhos, com auxilio de cdmara clara. As cercarias ob-
tidas eram fixadas, para observacdo posterior, em liquido de Bles.

Foram, a titulo preliminar, feitas algumas verificacdes, através da dis-
seccdo de moluscos, para esclarecer localizacdo e sucessdo dos estagios
biolégicos dos parasitas encontrados.

RESULTADOS

Foram encontradas as seguintes cercarias:
a. Furcocercarias oceladas, de cauda relativamente curta e longas fur-

cas (PRANCHA I).

Ddmm

PRANCHA | — Furcocercéaria ocelada longifurcada: desenhos com a cercéria em ex-
tensdo e com a cercaria encolhida.
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b. Furcocercarias ndo oceladas, de cauda relativamente curta e longas
furcas (PRANCHA II, Fig. 1.).
c. Cercarias distémicas sem aculeo (PRANCHA Il, Figs. 2 e 3).

PRANCHA Il — 1. Furcocercéaria sem ocelos e longifurcada. 2. Distomocercaria sem
aclieo, caracterizada pela extremidade caudal terminando em ponta
estreita e afilada. 3. Rédia alongada e com nimero pequeno de cerca-
rias sem aculeos.
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d. Cercarias distdmicas com aculeo (xifidiocercarias) (PRANCHA III).

PRANCHA Il —

-4

01 mm

Distomoxifidiocercarias com aculeo oral. A cercaria se forma em espo-
rocisto brancacento, contendo até cerca de 25 cercarias. Cercarias
muito moveis e se libertando atraves de ruptura do espocisto pelo esti-
lete oral. A cercaria livre evolui rapidamente para a forma de cercaria
encistada.
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e. Cercarias dotadas de colar de aculeos na regiao da ventosa anterior
(equinostomocercérias) (PRANCHA V).

0. 1mm

PRANCHA IV — Detalhe da extremidade anterior de Equinostomocercaria. Equinosto-
mocercarias em varias posicoes.
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A infeccdo natural dos moluscos €, com maior frequéncia, monoes-
pecifica (96,65% ). Verificou-se a presenca de poliparasitismo contempora-
neo, com percentual menor (3,35% ). Equinostomocercarias e furcocerca-
rias oceladas foram observadas conjuntamente; também foram encontra-
dos moluscos portadores de furcocercarias oceladas e sem ocelos, bem co-
mo de distomocercarias e furcocercarias. Nessa populacdo de B.
tenagophila, até o presente, ndo foi positivada a presenca de larvas de S.
manson.

DISCUSSAO

Interessa destacar o complexo ecoldgico que deu ensejo a presente co-
municacdo: um conjunto de cerca de doze grandes criadouros de peixes,
cada um constituido por um grande tanque com area de 200m?2, com agua
corrente de velocidade reduzida e temperatura ambiente média de 25-
35°C; a fauna é representada por roedores, aves aquaticas e terrestres,
anfibios, ofidios (sobretudo de habitos aquaticos). Um conjunto de condi-
cOes excelentes para a consecucao do ciclo bioldgico de digenéticos.

Numa apreciacdo preliminar comparativa entre as larvas encontradas
por nos, em Louveira, SP e as encontradas por Ruiz®%, em Santos, SP, e
Jaboticatubas, MG, ha alguns aspectos que devem ser destacados: 1. As
cercarias descritas por Ruiz®87 ndo parecem ser as observadas em Louvei-
ra; 2. Ruiz®%7 ndo encontrou furcocercarias longifurcadas (cercéarias de
strigeiformes).

O pesquisador que se interessar pelos estudos das larvas de d:genenccs
encontradas em planorbideos, tera, certamente, que se haver com um con-
tingente maior que o atualmente conhecido. Recorde-se, de passagem,
que Ueta et alii'%, encontraram em B. tenagophila, proveniente do Vale do
Rio Paraiba, um anfistomocercaria, cuja forma adulta foi obtida em roedo-
res de laboratorio.

Na verdade, os planorbideos da area territorial brasileira, amplamente
distribuidos, devem ser hospedeiros intermediarios de numerosas espécies
de digeneticos, ja conhecidos e apresentadus por Travassos et alii®.

E pouco conveniente dar nomes a cercarias; na verdade, as rigidas nor-
mas que regem a taxonomia demonstram o desacerto de tal procedimento,
por diversas razfes. Suponhamos que esta, ou aquela cercaria seja ajusta-
da a uma determinada forma adulta ja classificada, torna-se mais um sin6-
nimo na longa sinonimia helmintologica.

Suponhamos, ainda, que um determinado digenético, conveniente-
mente identificado, venha a ser reconhecido como fase final da evolucéo
de uma cercaria anteriormente conhecida e com denominacao ja estabele-
cida na sistematica; a designacdo da forma adulta entraria no rol de sindni-
mos e a da cercaria, por direito de precedéncia no tempo, devera ser trans-
ferida para o distomo adulto.

CONCLUSOES
1. Ndo se ajustam, morfologicamente, as cercarias referidas neste tra-

balho, as cercarias descritas em B. tenagophila, por outros autores brasilei-
ros.
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2. Foram encontradas, isoladamente ou em parasitismo contempora-
neo, cercarias de distomideos (distomocercarias e distomoxifidiocercarias);
cercarias de equinostomideos (equinostomocercarias); furcocercarias lon-
gifurcadas, com ou sem ocelos.

3. E reassinalada a capacidade da B. tenagophila (Orbigny, 1835), de al-
bergar, como hospedeiro intermediario, diversas espécies de digenéticos e,
eventual e contemporaneamente, estar parasitada com mais de uma espe-
cie.

ABSTRACT: Parasitological examination of several specimens of
Biomphalaria tenagophila (Orbigny, 1835), captured in Louveira, SP,
Brazil, has detected five different larval forms of digenetic flukes, and
with some frequency, simultaneous polyparasitism. Comparative studies
among these, cercariae and the cercariae described by Ruiz®%7 from B.
tenagophila and B. glabrata (Say, 1818), have been made. The authors
concluded that the cercariae now detected are not the same species des-
cribed by Ruiz®8.7,

KEYWORDS: Mollusca, cercariae, sporocysts, redia.
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CONTRIBUICAO AO CONHECIMENTO TAXONOMICO
DOS ESCORPIOES ASSOCIADOS AO GRUPO
TITYUS MELANOSTICTUS POCOCK, 1893
(SCORPIONES, BUTHIDAE).

Wilson R. LOURENCO*
Vera Regina D. von EICKSTEDT**

RESUMO: E feita uma analise sistematica em torno de Tityus
melanostictus Pocock, 1893 e espécies associadas: Tityus engelkei Po-
cock, 1902, Tityus strandi Werner, 1939, Tityus charalaensis Mello-
Leitdo, 1940 e Tityus gasci Lourenco, 1981. S&o redescritas T.
melanostictus e T. engelkei e diversas consideracdes sdo feitas sobre as
trés outras espécies.

PALAVRAS-CHAVE: Taxonomia de escorpido; Tityus melanostictus Po-
cock, 1893; Tityus engelkei Pocock, 1902; Tityus strandi Werner, 1939;
Tityus charalaensis Mello-Leitdo, 1940; Tityus gascilLourenco, 1981.

INTRODUCAO

Em razdo da complexidade do género Tityus, a revisdo de suas espécies
é praticamente impossivel de ser realizada em um unico trabalho. Uma so-
lucdo aparentemente valida é a revisdo dos grupos naturais que podem ser
estabelecidos dentro desse género. Essa alternativa vem sendo utilizada
para diversos grupos como Tityus trivittatus (Lourenco'), Tityus stigmurus
(Lourenco?3) e Tityus clathratus (Lourenco®).

As tentativas de subdividir o género Tityus em grupos, feitas por auto-
res anteriores como Mello-Leitdo'6.17.19, nem sempre foram fundamenta-
das no estudo do material-tipo, o que levou a decisdes teodricas que nao
concordam com a realidade das espécies. Tityus melanostictus é colocada
no grupo Tityus clathratus (grupo-A) por Mello-Leitdo'6; em 1939, o mes-
mo autor colocou essa espécie em um grupo contendo Tityus paraguayen-
sis, T. parvulus, T. pusillus, T. silvestris etc. e a associou estreitamente a
Tityus amazonicus. Em 1945, Mello-Leitdo propés um grupo-D para Tityus

* Laboratoire de Zoologie (Arthropodes!. Muséum National d'Histoire Naturelle. 61, rue de Buffon, 75005, Paris, Fran-

ca.
** Secdo Artrdpodos Peconhentos. Instituto Butantan. C. P. 65. CEP (5504, 530 Paulo, 5P, Brasil.
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melanostictus, que incluia também T. inespectatuse T. amazonicus.

No recente trabalho sobre as espécies do grupo T. clathratus,
Lourenco® demonstrou que T. melanostictus ndo possui nenhuma afinida-
de com as espécies desse grupo; por outro lado, o estudo de exemplares
de T. inespectatus (Armas ') demonstrou que essa espécie aparece como
uma forma isolada dentro do género e a revisdo das especies descritas do
Para permitiu concluir que T. amazonicus é sindénima de T. cambridgei, es-
pécie bem distinta de T. melanostictus (Lourenco?®).

Os resultados até agora obtidos no inventario das espécies descritas do
género Tityus, que esta sendo realizado pelo primeiro autor, permitem as-
sociar T. melanostictusa T. engelkei Pocock, 1902 e T. charalaensis Mello-
Leitdo, 1940. T. engelkei é associada por Mello-Leitdo'6.19 as espécies do
grupo bahiensis, embora em 1939 esse autor a tivesse colocado num grupo
diferente, contendo T. dasyurus, T. metuendus, T. pachyurus e T.
pugilator. Trabalhos mais recentes demonstraram entretanto que 7. ba-
hiensis, T. uniformis, T. rufofuscus (Lourenco®), T. costatus (Lourenco e
Eickstedt'?), T. footei, T. pugillator (Lourenco e Maury'4), T. pachyurus
(Lourenco e Méndez'%), T. metuendus (Lourenco’) e T. dasyurus (Louren-
co e Francke!3) ndo possuem afinidade com T. engelkei. Quanto a T.
charalaensis, Mello-Leitdo'? associou-a com T. evandroi, espécie mal ca-
racterizada, provavelmente sinénima de T. cambridgei (Lourenco®) e a T.
strandi que, embora apresente diferencas em relacdo as espécies citadas
para o grupo T. melanostictus, deve ser incluida nesse grupo (Lourenco?).

Duas outras espécies aproximam-se do grupo T. melanostictus: T.
gasci, descrita da Guiana Francesa (Lourenco®) e T. discrepans que, no en-
tanto, ndo deve ser incluida nele por apresentar uma unica crista mediana
ventral nos segmentos metassomaticos.

Neste trabalho sdo redescritas as espécies T. melanostictus e T.
engelkei e é feita uma tentativa de diagnose da espécie T. charalaensis, co-
nhecida unicamente pelo exemplar tipo, que esta perdido. O estudo de um
novo material de T. strandi e T. gasci, proveniente de diversas localidades
amazadnicas, permitiu estabelecer que essas duas espécies apresentam po-
pulacdes polimorficas.

Diagnose do grupo Tityus melanostictus.

Tityus melanostictus Pocock, 1893
Tityus engelkei Pocock, 1902

Tityus strandiWerner, 1939

Tityus charalaensis Mello-Leitdo, 1940
Tityus gasci Lourenco, 1981

Escorpides variando de 40 a /bmm de comprimento total. Colorido
amarelado claro, com algumas manchas sobre as pernas e eventualmente
nos pedipalpos; tergitos com zonas confluentes ligeiramente mais escuras;
segmentos |V e V do metassoma paralelas; cristas dorsais podendo apre-
sentar um ou mais granulos espiniformes. Ldmina intermédia basilar dos
pentes da fémea dilatada.
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Redescricdo de Tityus melanostictus Pocock, 1893

(Tabela 1)
Tityus melanostictus Pocock, 1893, J. Linn. Soc., 24:381.
Tityus melanostictus: Kraepelin, 1899, Das Tierreich, 8:84.
Tityus melanostictus: Werner, 1939, Festsch. Prof. E. Strand, 5:352.
Tityus melanostictus: Mello-Leitdo, 1945, Arg. Mus. Nac., 40:339.
Tityus melanostictus: Lourenco, 1984, Bull. Mus. natn. Hist. nat. Paris, 4¢&
ser., 6, sect. A (2):354.

Macho-tipo

Colorido geral amarelo com manchas escuras difusas sobre o corpo,
pernas e pedipalpos. Prossoma amarelo com manchas esparsas. Mesosso-
ma com trés manchas longitudinais sobre os tergitos | a VI. Metassoma
com todos 0s segmentos manchados ventralmente; segmentos | a IV ama-
relos; segmento V e télson avermelhados; base do aguilhdo avermelhada,
ponta denegrida. Esternitos amarelados com zonas pardas difusas. Pentes,
opérculo genital, esterno, ancas e processo maxilar amarelo-claros. Pernas
com manchas escuras sobre fundo amarelo-claro; pedipalpos de colorido
semelhante ao das pernas; dedos avermelhado-escuros. Queliceras com
um reticulo escuro intenso; margem anterior denegrida; dedos denegridos,
dentes avermelhados.

Morfologia. Prossoma ligeiramente estreitado na parte anterior, borda
frontal com leve chanfradura. Comoro ocular anterior em relacdo ao centro
da placa prossomial; olhos medianos separados por mais que um didmetro
ocular. Trés pares de olhos laterais. Cristas oculares medianas, oculares la-
terais e cristas posteriores, vestigiais. Granula¢do da placa prossomial pou-
co acentuada, os granulos situando-se principalmente na zona anterior.
Granulacdo dos tergitos semelhante a do prossoma. Crista axial presente
sobre todos os tergitos. Metassoma: segmentos | a IV com oito cristas
pouco acentuadas; segmento V com cinco cristas; tegumento entre as
cristas liso nos trés primeiros segmentos e com granulacédo fina nos dois
Gltimos. Cristas dorsais pouco acentuadas e sem granulos espiniformes.
Télson com uma crista ventral e granulos esparsos sobre as faces laterais e
ventral; espinho ventral do aguilhdo bem desenvolvido, agudo, com dois
granulos dorsais. Pentes com 16-16 dentes. Pedipalpos: fémur com cinco
cristas, a anterior com granulos espiniformes; tibia com sete; a crista inter-
na da tibia com granulos espiniformes basais bem desenvolvidos. Pinca
com cristas vestigiais; gume do dedo movel com um lobo basal conspicuo
e 12-12 séries de granulos; dedo fixo com 10-10 séries de granulos. Quelice-
ras com a denticdo caracteristica dos Buthidae (Vachon??): dedo fixo com
um dente basal e dedo mével com dois. Tricobotriotaxia do tipo A-alfa (Va-
chon?3.24)

Fémea-tipo (?) — Diferencas em relacdo com o macho.

Cristas e granulacdes do tegumento da fémea mais acentuadas. Pincgas
mais finas que as do macho, sem lobo basal no dedo movel. Pentes com a
ldmina intermédia basilar fortemente dilatada.

Variacdes encontradas em outros exemplares estudados:

De Caracas: 4 fémeas com 14-15, 14-13, 14-14, 12-12 dentes nos pentes
e 15-15, 14-12, 13-13, 12-12 séries de granulos no dedo movel e 12-12, 10-
10, 11-10, 10-10 no dedo fixo. De Maracay: 1 macho com 15-15 dentes nos
pentes e 14-14/12-12 séries de granulos nos dedos movel e fixo. 1 macho
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