FOLIA PARASITOLOGICA 59 [1]: 43-52, 2012
ISSN 0015-5683 (print), ISSN 1803-6465 (online)

© Institute of Parasitology, Biology Centre ASCR
http://folia.paru.cas.cz/

Histochemical demonstration of five enzymes’ activities in
Macrogyrodactylus clarii (Monogenea: Gyrodactylidae) from the
catfish Clarias gariepinus
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Abstract: Histochemical techniques were applied to whole mounts, to study the distribution of the enzymes alkaline phosphatase,
acid phosphatase, adenosine triphosphatase, 5’-nucleotidase and glucose-6-phosphatase in the organs and tissues of a viviparous
monogenean, Macrogyrodactylus clarii Gussev, 1961, from the gills of the North African catfish Clarias gariepinus (Burchell) in
Egypt. The following organs and tissues were studied: head region, anterior adhesive glands, mouth region, pharynx, intestine, tes-
tis, vesicula seminalis, male accessory gland, male accessory reservoir, copulatory organ, receptaculum seminis, egg-cell forming
region, embryonic cells, excretory system, nerve cells, haptor, muscle fibres and subtegumental cell bodies (cytons). The enzymes
showed marked differences in their activities among the studied organs and tissues. Alkaline phosphatase and acid phosphatase
activities were detected in many organs and tissues, while the activities of adenosine triphosphatase, 5’-nucleotidase and glucose-
6-phosphatase were restricted to a few organs. Although no positive reaction for any enzyme was observed in the anterior adhesive
gland cells, a positive reaction for acid phosphatase was detected in the anterior adhesive areas. All enzymes showed marked activity
in the digestive and excretory systems. The distribution of the enzymes in the tissues and organs of M. clarii is compared with those
of other monogeneans, including other gyrodactylids parasitizing the same host fish. Some possible functions of the enzymes are

discussed.
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The monogenean Macrogyrodactylus clarii Gussev,
1961 was recorded and described for the first time from
the gills of the North African catfish Clarias gariepinus
(Burchell) (syn. Clarias lazera) in Egypt by El-Naggar
and Serag (1987). Since that date the biology of this para-
site has been widely studied (see for example, El-Naggar
1993, Hagras et al. 1999, El-Abbassy 2001, El-Naggar
et al. 2001a, b, 2004, El-Naggar and Cable 2007, Arafa
et al. 2009). Like other gyrodactylids, M. clarii is a vi-
viparous monogenean; its uterus may contain up to four
developing embryos one inside the other. Cholinesterase
activity has been demonstrated as indirect evidence of
the presence of acetylcholine in the nervous system of
other monogeneans (see for example, Halton and Jen-
nings 1964, Halton and Moris 1969, Rahemo and Gor-
gees 1987, Buchmann and Mellergaard 1988, Cable et al.
1996, Zurawski et al. 2001, Reda and Arafa 2002). Re-
cently, cytochemical and immunocytochemical methods
have been applied to demonstrate cholinesterase activity,
and aminergic and peptidergic components of the nervous
system of the gyrodactylids M. clarii (see El-Naggar et
al. 2004), M. congolensis (see El-Naggar et al. 2007) and
Gyrodactylus rysavyi (see Arafa et al. 2007) from the gills
and skin of C. gariepinus in Egypt.

A few histochemical studies have revealed hydrolytic
enzyme activity in the tissues of monogenean parasites
(see for example, Smyth and Halton 1983, Buchmann et
al. 1987, Siddiqui and Kulkarni 1987, Buchmann 1998).
In Egypt, Abd El-Hady et al. (2012) demonstrated histo-
chemically the activity of five enzymes, namely alkaline
phosphatase (AlPase), acid phosphatase (AcPase), ad-
enosine triphosphatase (ATPase), 5’-nucleotidase (5’-Nu)
and glucose-6-phosphatase (G-6-Pase) in the organs and
tissues of G. rysavyi from the gills and skin of C. garie-
pinus. In general, the enzymes AlPase, AcPase, ATPase,
5’-Nu and G-6-Pase have important roles in metabolism.
AlPase is a hydrolase enzyme responsible for dephospho-
rylation (removing phosphate groups) from many types of
molecules, including nucleotides, proteins, and alkaloids.
Alkaline phosphatase is most effective in an alkaline envi-
ronment. AcPase is a type of enzyme used to free attached
phosphate groups from other molecules during digestion.
It is stored in lysosomes and has an acid pH optimum.
ATPases are a class of enzymes that catalyse the decom-
position of adenosine triphosphate (ATP) into adenosine
diphosphate (ADP) and a free phosphate ion which sub-
sequently releases energy. A nucleotidase is a hydrolytic
enzyme that catalyses the hydrolysis of a nucleotide. This
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process has an important function in digestion because it
breaks down consumed nucleic acids. 5’-Nu is involved
in various functions, such as cell-cell communication, nu-
cleic acid repair, signal transduction and membrane trans-
port. G-6-Pase is an enzyme that hydrolyses glucose-6-
phosphate, resulting in the creation of a phosphate group
and free glucose.

In the present study, this work has been extended to
demonstrate histochemically the activity and distribution
of the same five enzymes in M. clarii. This will provide
an opportunity to compare the distribution of these en-
zymes with those in other monogeneans, including other
gyrodactylids parasitizing the same host fish. The present
study will provide a basis for future attempts to control
these potential pathogens by targeting essential parasite
enzymes.

MATERIALS AND METHODS

Specimens of Clarias gariepinus were caught from the
Damietta branch of the Nile River near Mansoura city, Dakahlia
province, Egypt. Fishes were kept alive in an aquarium con-
taining aerated river water. The gills were removed, placed in
filtered river water and viewed with a stereomicroscope. Speci-
mens of M. clarii were removed with the aid of fine needle.

Examination of whole-mount specimens

Dislodged parasites were transferred, with a drop of wa-
ter onto a clean glass slide, gently covered with a cover slip
and examined using phase-contrast and oil immersion optical
equipment. Some living specimens were flattened carefully un-
der a cover slip and preserved either in 10% formaldehyde or
Bouin’s fixative for about 1 h. The parasites were then washed
several times in distilled water, stained in haematoxylin and
eosin, dehydrated in an ascending series of ethyl alcohol, cleared
in xylene or terpineol, mounted in Canada balsam or DPX and
examined using phase-contrast and bright field microscopy.

Histochemical tests

AlPase activity according to El-Aaser and Hassanein (1975)
with some modifications:
Living, flattened specimens of M. clarii were fixed in a mix-
ture of 95% methanol and 4% formaldehyde for about 30 min,
then washed in distilled water, incubated for 1 h in the following
stock solution at pH 9.5: 150 ml of 0.2M tris- buffer + 25 ml
of 0.05M B-glycerophosphate + 50 ml distilled water + 6 ml
of 1% L-tartaric acid. The specimens were transferred to the
following mixture for about 1.5 h: 45 ml of the previous stock
solution + 5 ml of 1% lead nitrate + 0.5 ml of 0.05M magnesium
chloride, followed by washing in distilled water. The parasites
were stained in a freshly prepared 1% solution of ammonium
sulphide for 2—3 min, washed in distilled water, mounted in neu-
tral glycerine jelly and examined using bright field microscopy.

AcPase activity according to Tice and Barnett (1962) with
some modifications:
Living, flattened parasites were fixed in a mixture of 25 ml of
methanol + 20 ml acetone + 5 ml formaldehyde for about 45—
60 min, and then washed in distilled water. The specimens were
incubated in the following mixture: 20 ml of 0.05M acetate buf-
fer + 3 ml of 1% lead nitrate + 2 ml of 0.05M B-glycerophosphate
for about 2 h and then washed in distilled water. The parasites
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were stained in freshly prepared 1% ammonium sulphide for
2-3 min, washed in distilled water, mounted in glycerine jelly
and examined using bright field microscopy.

ATPase activity according to Wachstein and Meisel (1957)
with some modifications:
Living, flattened specimens were fixed in a mixture of 2.5% glu-
taraldehyde (pH 7.4) for 5-7 min at 4°C. They were washed
with distilled water and incubated in the following mixture
containing specific substrate: 2 ml of 0.2M tris-maleate pH 7.4
+ 8.5 ml distilled water + 3 ml of 1% lead nitrate + 1 ml of
0.1M magnesium chloride + 2.5 ml of 0.05M adenosine-5-tri-
phosphate disodium salt for 1 h at 37°C. The specimens were
then washed in distilled water and stained in freshly prepared
1% ammonium sulphide for 2-3 min, washed in distilled water,
mounted in neutral glycerine jelly and examined using bright
field microscopy.

5’-Nu activity according to Wachstein and Meisel (1957)
with some modifications:
Living, flattened parasites were fixed in a mixture of 2.5% glu-
taraldehyde (pH 7.4) for 5~7 min at 4°C. The specimens were
washed in distilled water and incubated in the following mixture
for 1 hat 37°C: 12 ml of 0.2M of tris-maleate, pH 7.4 + 8.5 ml
distilled water + 3.5 ml of 1% lead nitrate + 1 ml of 0.1 magne-
sium chloride + 2.5 ml of 0.05M adenosine-5’-monophosphate
disodium salt. The specimens were then washed in distilled wa-
ter and stained in 1% ammonium sulphide for 2-3 min. After
a further washing in distilled water the specimens were mounted
in neutral glycerine jelly and examined using bright field mi-
Croscopy.

G-6-Pase activity according to Tice and Barnett (1962) with
some modifications:
Living, flattened parasites were fixed in 2.5% glutaraldehyde
(pH 7.4) for 3—4 min at 4°C, washed in distilled water, incu-
bated in the following mixture for 30 min at 37°C: 20 ml of
0.1M acetate buffer at pH 6.4 + 3 ml of 1% lead nitrate + 2 ml
of 0.05M glucose-6-phosphate disodium salt. After washing in
distilled water the specimens were stained in freshly prepared
1% ammonium sulphide for 2-3 min. After a further washing in
distilled water, the specimens were mounted in neutral glycerine
jelly and examined using bright field microscopy.

RESULTS

Main anatomical features of Macrogyrodactylus
clarii

Most of the main anatomical features of M. clarii are
shown in Fig. 1. Macrogyrodactylus clarii has an elon-
gated body and a posterior attachment organ or haptor.
Gland cells constituting the anterior adhesive apparatus
are found in the anterior region of the body and open on
lobes on the anterior extremity of the head region. The di-
gestive system consists of a mouth, buccal tube, pharynx,
oesophagus and two intestinal limbs. The pharynx con-
sists of an anterior highly muscular region and a posterior
mainly glandular region. The two intestinal limbs extend
posteriorly and end blindly. The female reproductive sys-
tem comprises an egg-cell-forming region, a receptacu-
lum seminis and a uterus which contains up to four em-
bryos, one inside the other. The male reproductive system
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Fig. 1. Diagram showing the main anatomical features of Macrogyrodactylus clarii. Figs. 2—4. Photomicrographs of whole-mount
preparations of M. clarii showing the positive reaction for alkaline phosphatase (AlPase). Figs. 2, 3. Whole worms. Fig. 4. Magni-
fied part of the lateral region of body. Abbreviations: ad — adhesive area; ag — adhesive glands; al — anterolateral lobe of the haptor;
aph — anterior region of the pharynx; as — accessory sclerites; co — copulatory organ; db — dorsal bar; E1 — first embryo; E2 — second
embryo; eb — excretory bladder; ec — excretory canal; ECFR — egg-cell-forming region; emc — embryonic cells; fl — flap; ha — hap-
tor; ham — hamulus; hl — head lobe; it — intestine; mag — male accessory gland; mar — male accessory reservoir; mf — muscle fibres;
mh — marginal hooklets; pph — posterior region of the pharynx; rs — receptaculum seminis; stc — subtegumental cells; t — testis;
un — unidentified mass of cells; vb — ventral bar; vd — vas deferens; vs — vesicula seminalis. Fig. 1 reproduced with permission from
Arafa et al. (2009).
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comprises a single testis, vas deferens, two male accesso-
ry glands, one male accessory reservoir and a copulatory
organ. The haptor possesses one pair of hamuli, two bars
(one dorsal and one ventral), accessory sclerites and eight
pairs of marginal hooklets. Fourteen marginal hooklets
are found within a flap projecting from the dorsal surface
of the posterior region of the haptor. Two anterolateral
lobes found one on each anterolateral region of the hap-
tor accommodate the other two marginal hooklets. The
excretory system consists of many flame cells, two excre-
tory bladders and two excretory canals.

Histochemical enzyme activities in
Macrogyrodactylus clarii

In the present study, histochemical methods were ap-
plied to whole-mount preparations to determine the dis-
tribution of five enzymes, namely alkaline phosphatase
(AlPase), acid phosphatase (AcPase), adenosine triphos-
phatase (ATPase), 5’-nucleotidase (5’-Nu), and glucose-
6-phosphatase (G-6-Pase). The following organs and
tissues were studied: the head region, anterior adhesive
glands, mouth region, pharynx, intestine, testis, vesicula
seminalis, male accessory gland, male accessory reser-
voir, copulatory organ, receptaculum seminis, egg-cell-
forming region, embryonic cells, excretory system, nerve
cells, haptor, muscle fibres and subtegumental cell bodies
(cytons).

AlPase activity. In M. clarii, AlPase activity was not
detected in the head region, head lobes and anterior ad-
hesive glands, but was detected in the anterior adhesive
areas at the distal extremities of the head lobes (Fig. 2).
No positive reaction for AlPase was revealed in the di-
gestive system. In the male reproductive system, a posi-
tive reaction for AlPase was detected in the testis and ve-
sicula seminalis, while in the female reproductive system
a strong positive reaction for AlPase was detected in the
receptaculum seminis and in the embryonic cells in the
uterus (Fig. 2). An interesting feature is the great number
of positively stained cells detected close to the wall of the
uterus. Strong positive reactions were also found in the
excretory bladders, excretory canals, nerve cells, haptor,
muscle fibres and subtegumental cell bodies (Figs. 2—4).
In the prehaptoral region, two unknown positively stained
structures were detected (Fig. 3).

AcPase activity. A positive reaction for AcPase was
observed in the head lobe region and anterior adhesive
area (Fig. 5). A strong positive reaction was also observed
in the intestine (Fig. 5). Organs of the male reproductive
system, namely testis (Fig. 6), vesicula seminalis and
male accessory glands, were positively stained. Although
no positive reaction for AcPase was detected in the organs
of the female reproductive system, a positive reaction was
detected in the embryonic cells inside the uterus (Fig. 5).
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The excretory bladders, excretory canals of the adult and
embryo, and flame cells showed a strong positive reac-
tion for AcPase (Figs. 5-8). A positive reaction was also
recognised in the nerve cord (Fig. 9), nerve cells (Figs.
8-10), haptor (Fig. 7), subtegumental cell bodies (Fig. 7)
and muscle fibres (Figs. 7, 8). The unknown structures in
the prehaptoral region, which stained positively for Al-
Pase (see above), were also positively stained for AcPase
(Fig. 7). At high power, a nerve cell showed a negatively
stained nucleus, positively stained cytoplasm and posi-
tively stained granules in the cytoplasm (Fig. 10).

ATPase activity. A strong positive reaction for AT-
Pase was observed in the intestine (Figs. 11, 12), excre-
tory bladders (Fig. 11) and excretory canals. Some cells
and granules in the intestinal lumen were also positively
stained (Fig. 12). ATPase activity was restricted to the di-
gestive and excretory systems.

5°-Nu activity. Positive reactions for 5’-Nu were re-
stricted to a few organs and tissues, namely the intestine,
excretory bladders, excretory canals and muscle fibres in
the adult worm, as well as the first embryo (Fig. 13).

G-6-Pase activity. Like ATPase and 5°-Nu, a posi-
tive reaction for G-6-Pase was observed in a few organs,
namely the intestine, excretory bladders and excretory ca-
nals of the adult parasite, some nerve cells (Figs. 14, 15)
and the first embryo.

Summary. The histochemical reactions of AlPase, Ac-
Pase, ATPase, 5’-Nu and G-6-Pase in the organs and tis-
sues of M. clarii are presented in Table 1.

DISCUSSION

Although many authors have used histochemical meth-
ods to localise enzymes in platyhelminths (e.g., Farooq
and Farooqi 1984, Delcacho et al. 1996, Humiczewska
2002, Vatankhah et al. 2003), there have been few studies
on monogeneans. Most of these have revealed the occur-
rence of AlPase, AcPase (for example, Lyons 1970, Buch-
mann et al. 1987, Buchmann 1988, 1998). In the present
work, histochemical techniques were applied, for the first
time, to study the distribution of the enzymes AlPase, Ac-
Pase, ATPase, 5’-Nu and G-6-Pase in the gyrodactylid
monogenean Macrogyrodactylus clarii. These enzymes
showed marked differences in distribution and activity
in the organs and tissues of M. clarii, some enzymes be-
ing widespread while others were restricted to particular
organs or tissues. An interesting finding is the difference
in the distribution of these enzymes in M. clarii and in
Macrogyrodactylus congolensis (unpublished data), the
former inhabiting the gills and the latter inhabiting the
skin of the same host fish, Clarias gariepinus.

Except for a positive reaction for AcPase in the adhe-
sive areas of M. clarii, the enzymes showed no activity
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Figs. 5-8. Photomicrographs of a whole-mount preparation of Macrogyrodactylus clarii showing the positive reaction for acid
phosphatase (AcPase). Fig. 5. Anterior region of the body; adhesive area (ad), excretory bladders (eb), excretory canals (ec), embry-
onic cells (emc) and intestine (it). Fig. 6. Excretory canals (ece) in the anterior region and haptor of the first embryo (E1); t — testis.
Fig. 7. Posterior region of the body; excretory canal (ec), haptor (ha), muscle fibres (mf'), subtegumental cells (stc) and unidentified
mass of cells (un). Fig. 8. Posterior region of the haptor; flame cell (fc), muscle fibres (mf), marginal hooklet (mh) and nerve cells

(nc).
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Figs. 9-12. Photomicrographs of whole-mount preparations of Macrogyrodactylus clarii showing the positive reaction for acid phos-
phatase (AcPase) (Figs. 9, 10) and adenosine triphosphatase (ATPase) (Figs. 11, 12). Fig. 9. Middle region of the body; nerve cells
(nc) and nerve cords (nco). Fig. 10. Magnified nerve cell (nc) with densely stained granules (dg) and negatively stained nucleus (n).
Fig. 11. Middle region of the body; excretory bladder (eb) and intestine (it). Fig. 12. A magnified sector of the intestine (it).
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200 pm

50 um

Figs. 13-15. Photomicrographs of whole-mount preparations of Macrogyrodactylus clarii stained for 5’-nucleotidase (5’-Nu) (Fig.
13) and glucose-6-phosphatase (G-6-Pase) (Figs. 14, 15). Fig. 13. Excretory bladder (eb), excretory canal (ec), haptor (ha), head
lobe (hl), intestine (it) and muscle fibres (mf). Fig. 14. Anterior region of the body; excretory bladder (eb), excretory canal (ec), head
lobe (hl) and intestine (it). Fig. 15. Posterior region of the body showing prehaptoral region and haptor (ha); ec — excretory canals;

it — intestine.
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Table 1. Histochemical reactions of alkaline phosphatase (Al-
Pase), acid phosphatase (AcPase), adenosine triphosphatase
(ATPase), 5’-nucleotidase (5°-Nu) and glucose-6-phosphatase
(G-6-Pase) in different organs and tissues of Macrogyrodactylus
clarii. Positive reaction (+), negative reaction (—).

AlPase AcPase ATPase 5’-Nu G-6-Pase

Head lobes - + - - -
Anterior adhesive glands - - - - -
Mouth - -
Pharynx - -
Intestine - +
Testis + + - -
+ +
+

Organs and tissues

Vesicula seminalis
Male accessory gland -
Male accessory reservoir - - - - -
Copulatory organ
Receptaculum seminis
Egg-cell-forming region
Embryonic cells
Excretory system

Nerve cells

Haptor

Muscle fibres

Subtegumental cell bodies
(cytons)

+
|
|
|
|

+
+
+ o+

e
o
Lo
+ o+
|

in the gland cells of the anterior adhesive apparatus. Two
enzymes, namely 5’-nu and G-6-Pase, exhibited marked
activity in the anterior adhesive glands of M. congolensis
(unpublished data). No enzyme activities were observed
in the anterior adhesive glands of Gyrodactylus rysavyi
(see Abd El-Hady et al. 2012). Because of the absence
of AlPase activity from the tissues of the monogenean
Pseudodactylogyrus anguillae, Buchmann et al. (1987)
suggested that the anterior adhesive apparatus has no
histolytic function during feeding. However, Llewellyn
(1960) suggested that the glands of the anterior adhesive
apparatus may have a histolytic function during feeding
in amphibdellid monogeneans. Absence of all the studied
enzymes from the anterior adhesive glands of M. clarii in-
dicates that the glands of the anterior adhesive apparatus
may have no histolytic function during feeding.

AlPase and AcPase activities were detected in many
organs and tissues of M. clarii. The same finding was re-
corded in G. rysavyi (see Abd El-Hady et al. 2012). Pre-
viously, strong activity of AcPase has not been detected
in monogeneans (Halton 1967, Smyth and Halton 1983).
However, AlPase has been frequently reported in mono-
geneans (for example, Halton 1967, Buchmann 1988,
1998). A few studies have actually stated that it can oc-
cur in platyhelminths (Lyons 1970, Buchmann et al. 1987,
Buchmann 1988, 1998). Delcacho et al. (1996) suggested
that AlPase has an important role in phosphate turnover in
the fertile hydatid cysts of Echinococcus granulosus and
may also regulate calcium metabolism.
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At the transmission electron microscopy (TEM) level,
El-Naggar and Cable (2007) detected four kinds of secre-
tory subtegumental cell bodies (cytons) in M. clarii. In
the present study, AlPase and AcPase were demonstrated
in these cell bodies. In addition to AlPase and AcPase, AT-
Pase was also detected in the subtegumental cell bodies of
G. rysavyi (see Abd El-Hady et al. 2012). At the TEM
level, AcPase was detected within tegumentary folds and
in lysosomes in the subtegumentary cell bodies of the re-
dia of Cryptocotyle lingua (see Krupa et al. 1968). AlPase,
AcPase and 5'-nu were detected in the sporocyst of Fas-
ciola hepatica (see Humiczewska 2002). Humiczewska
suggested that the high activity of these three enzymes
indicates that they play a significant role in the metabo-
lism of the sporocyst. Smyth and Halton (1983) reported
that AlPase, ATPase and 5’-nu are commonly associated
with membrane transport and their role lies mostly in the
active transport of nutrients and metabolites through cell
membranes. In the present investigation, the occurrence
of most enzymes in the intestine, subtegumental cell bod-
ies, embryonic cells, excretory system, testis and muscle
fibres indicates that these body regions are active sites for
active transport of nutrients and metabolites.

Except for AlPase, all the studied enzymes showed
marked activity in the digestive system of M. clarii. Al-
Pase, AcPase, ATPase, 5°-Nu and G-6-Pase were re-
corded in G. rysavyi (see Abd El-Hady et al. 2012). The
anterior muscular region of the pharynx of M. clarii and
M. congolensis accommodates papillac which were seen
protruding from the mouth opening (El-Naggar and Serag
1987, El-Naggar et al. 1999). Hydrolytic enzymes may
be released from the pharynx onto the host’s epidermis
and start extracorporeal digestion. Arafa (1999) found
partially digested food in the intestine of the skin parasite
M. congolensis and found evidence indicating that diges-
tion of food was completed in the gastrodermis. Thereaf-
ter, the completely digested food was transported via the
gastrodermis to the neighbouring tissues. Enzymes from
the pharynx may also help in the partial digestion of food
inside the intestinal lumen and its final digestion in the
gastrodermis. Extracorporeal digestion is likely to occur
in other monogeneans, for example Entobdella soleae
(see Kearn 1963). A localised reaction to the release of
pharyngeal digestive enzymes onto host skin may follow
(see Richards and Chubb 1996, Buchmann and Bresciani
1998). Such a reaction may also be induced by mechani-
cal injury as a result of insertion of hooklets (see Cone
and Odense 1984, Buchmann and Bresciani 1997). The
commonly observed changes of parasite location on the
host (Harris 1988, Buchmann and Uldal 1997) could also
be induced by such local host reactions.

In the present study, embryonic cells of M. clarii
showed positive reactivity for AlPase and AcPase. In
G. rysavyi, Abd El-Hady et al. (2012) recorded AlPase,
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AcPase and ATPase in the embryonic cells. This finding
indicates intensive phosphorylation processes inside the
uterus. Such processes seem likely to facilitate and ac-
celerate cell division at early stages and the development
of nested embryos within the same uterus.

In the present study, ATPase, 5’-nu and G-6-Pase activ-
ity was restricted to a few organs, particularly the intes-
tine and excretory system. A similar finding was observed
in G. rysavyi (see Abd El-Hady et al. 2012). However, in
M. congolensis, ATPase, 5’-nu and G-6-Pase activity was
detected in most of the organs examined (unpublished
data). The present findings indicate that protein synthesis
in M. clarii and G. rysavyi is less than in M. congolensis.
This may be a reflection of the difference in body size be-
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