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and Eurptrema spp., and the purified
native and recombinant OV28GST
proteins were blotted onto a nitro-
cellulose membrane and probed with
the anti-recOV28GST poiyclonal
antiserum. The antiserum detected the
28 kDa OV28GST in the crude worm
protein extract of O. viverrini and
the purified native and recombinant
OV28GST proteins while no signals
were obtained at 28 kiDa m crude
worm protein extracts of S man-
soni, S japonicum, S. mekongi, F.
gigantica and Eurytrema spp. (Fig. 4).

Immunolocalization of QV28GST

The distribution of OV28GST
was studied in paraffin cross sec-
tions of adult O. viverrini using the
anti-recOV28GST polyclonal anti-
serum as a probe. OV2BGST pro-
tein was localized m the parasite’s
parenchymal cells (Fig. 5A} match-
ing the results of RNA in situ hy-
bridization and the localization of
GST as reported for other trema-
todes."** A negative control with
preimmune serum did not show
staining in the parenchymal cells
(Fig. 5B).

Enzyme activity of recombinant
OV28GST

The specific activity of re-
combinant OV28GST to the umi-
versal substrate CDNB was 5.73

pmel/minute/mg protein.
DISCUSSION

In this report we describe the
isolation and characterization of a
cDNA from O. viverrini that en-
codes a 28 kDa glutathione S-
transferase protein. It was isolated
from an adult stage O. viverrini
cDNA library. The OV28GST de-
duced amino acid sequence shows
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Fig. 2 Northem hybridization of total RNA of O. viverrini with an OV28GST
RNA probe. Total RNA, 20 pg isolated from adult parasites, was
size-separated in an 1.5% MQOPS-agarose gel by electrophoresls.
The hybridization signal was obtained after capillary transfer to a
nylon membrane, hybridization with a DIG-labeled antisense
OV28GST RNA probe and enzymatic detection. The fragment sizes
of the RNA marker {BioLabs} are shown at the left side. The probe
is hybridizing to a transcript of 8900 nucleotides size (arrowhead).

Fig. 3 RNA in situ hybridization of O. viverrini adult stage cross-sactions
with OV2BGST RNA probes. A) Hybridization with a DiG-labeled
antisense OV28GST RNA probe. The hybridization signat is found
in the parenchymal cells. B) Negative control, hybridization with a
DiG-labeled sense OV28GST RNA probe, size bar 30 pm.

60 um

overall identity with the highest
score to the sigma class CS28GST
of C. sinensis (57.1%). The deduced
OV28GST protein is composed of
213 amino acids and therefore has
nearly the same size as the GSTs of
C. sinensis,” P. westermani® and
Schistosoma.®® OV28GST was ex-

pressed as a soluble recombinant
protein in E. coli and purified by
glutathione affinity chromatogra-
phy. The observed enzymatic ac-
tivity of recombinant OV28GST
confirmed the function suggested
by sequerce similarity to other tre-
matode GSTs. The result of EITB
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after SDS-PAGE shows that both
recombinant OV28GST and native
QV28GST run as 28 kDa proteins.
Also the predicted secondary struc-
ture of OV28GST is conserved
when compared to those of other
helminthic GSTs. The conserved
amino acids shared between squid
GST, nematodes (O. volvulus,” C
elegans™ and A. suum®’) and trema-
todes (lung, bleod and liver flukes)
are Tyrl0, Phelt, Argl6, Gluls,
Aspd0 Trp4l, Lys45, ProS4, Ser73
and Aspl06. Northern hybridiza-
tion using an antisense OV28GST
RNA probe against total RNA of
adult worms detected a transcript of
approximately 900 nucleotides
compatible with the 835 nucleotides
size of the OV28GST cDNA. This
cDNA obviously contains the full
length mRNA of OV28GST. The
mRNA distribution of OV28GST
was observed by RNA in situ hy-
bridization. The RNA was limited
to the parenchymal cells in accor-
dance with the protein location.

It is specelated that GSTs
have an important role in parasitc
survival due to their abundance.™ In
mammalian liver cells, GSTs form
4% of the total soluble protein. Due
to their activity, GSTs play a major
role in detoxification of endogenous
and exegencus toxins. With respect
to O. viverrini these toxins may be
generated by the parasite's own me-
tabolism and/or through host re-
sponses to the infection.™ """ In
Mammalia, cight classes of cytoso-
lic GST have been characterized. In
trematodes, 26 kDa and 28 kDa
GSTs can be distinguished.™ With
respect to amino acid sequence,
substrate speciticity and inhibitor
effects, it has been shown that 28
and 26 kDa types are similar to the
sigma and mu classes of mammalian
cytosolic GSTs. In S japenicum,
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Fig. 4 Enzyme-linked immunoelectrotransfer blot (EIT8) of crude worm ex-
tract, purified native and recombinant OV28GST. The preparations
were separated by 12.5% SDS-PAGE, transferred onto a nitrocellulose
membrane and incubated with anti-recOV28GST polyclonal antise-
rum. The signal was oblained after further incubation with an alkaline
phosphatase rabbit anti-mouse conjugate. lane 1 Purified native
OV(GEST23, lane 2. recombinant OVGST28, lanes 3-8° crude worm ex-
tracts of O. wivemni, 5. japonicum, S. mansorl, §. mekongi, F. giganlica
and Eurytrema spp., respectively. Arrow, 28 kDa GST protein; arrow
head 56 kDa putative GST dimer; circle, cross-reacting proteins.

200 pm

Fig. 5 Immunolocalization of OV28GST protein in cross sactions of adult .
viverrid The cross-sections were incubated with either preimmune
serum or the anti-recOV28GST polyclonal antiserum. Detection was
done by further incubation with horse radish peroxidase-conjugated
ABC compiex (DAKQO) and diaminobenzidine substrate A) anti-
recOVZ8GST polyclonal antiserum, B) preimmune serum, size bar
200 pm. in consistence with RNA in situ hybridization (Fig. 3),
OV2ZBGST protein is observed in parenchymal cells only.

no significant difference was ob-
served between the tissue distribu-

than 26 kDu GSTs (molar ratio of
28 to 26 kDa is 20:1 in S. mansouni,

tions of 26 and 28 kDa GST proteins
by TEM.* Generally, parasitic tre-
matodes seem (o contain more 28 kDa

S, haematobium, 8. hovis, S. japoni-
cum, P westermani’ ¢ and 14:1 in
. AW . )
(" sinensis ”). 'The functional speci-
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ficities of these two enzymes are
unknown but it can be assumed that
their preference of substrate and re-
sponses to inhibitors are different.
Identity of amino acid sequences
between the 2§ kDa and 26 kDa
GSTs of the swme species is low
while the identity within each class
15 higher between different species.
We suppose that more than one
class of GST does exist in O. viver-
rini. After puritication of soluble O.
viverrini proteins by glutathione af-
finity chromatography and separa-
tion of the products by SDS-PAGE.,
two similarily sized 28-29 kDa pro-
teins were observed. In an immu-
noblot, the 28 kDa protein showed
strong reaction with anti-OV28GST
polyclonal antibodics while the 29
kDa prowm showed only a weak
reaction. Crude worm proteins
probed with anti-OV28GST poly-
clonal antibedies confirmed this re-
sult. A prominent band at 28 kDa
was observed. This result implies
that therc s no or only weak cross
reactivity of the anti OV28GST an-
tibodies with other GSTs of O
viverrini. As mentioned earlier only
important amino acids such as those
found at the active site are con-
served between the 26 and 28 kDa
GSTs. Further studies are needed to
identify additional GSTs and their
function in Q. viverrini. Also a pu-
tative 56 kDa GS1 dimer that re-
acted  with  the anti-OV28(iST
polyclonal antibody was observed
as a weak signal in immunoblots
(Fig. 4). This 56 kDa protein ocours
in crude worm protein extracts, pu-
rified recombinant  and  native
OV28GST with the same infensity.
OV28GST protein could be de-
tected v ammunohistochemstry
technigues tn parenchymal cells
exclustvely. There was ne signal in
cells of witelline tissue, tegument
and the intestine cpithelial lining.

This finding corresponds to results
of TEM immunogeld techniques
applied to §. mansoni GST.* Using
OV28GST for diagnostic applica-
tion may be helpful for indicating
opisthorchiasis. In several studies,
the use of GST for diagnosis has
been investigated.'* GST is also a
candidate protein for the generation
of vaccines against trematodes.**”
Several studies have shown a sig-
nificant decrease in infection rate
after immunization with GST in
experimental animals.” > Qur analy-
sis of OV28GST at the nucleic acid
and protein level confirms the phy-
logenetic position of O. viverrini
next to C. sinensis. It indicates the
importance of QV28GST as a ma-
jor detoxifying protein in O. viver-
rini and therefore a possible use of
this protein in the diagnosis of
opisthorchiasis viverrini,
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Chromatin Organization and Basic Nuclear
Proteins in the Male Germ Cells of Rana tigerina
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ABSTRACT The process of chromatin con-
densation during spermiogenesis in Kana ligeand i
imilar to the hetemchromatization in somatic cells,

whiere m fibers are coalescead together into a den:
mass in spermatozna without changing their initial
size and nuclecsomal organizating. THis contlusion

pported by the finding that the full set of core
fustones (HZA, H28, H3, Hd ) are still present in spanm
chetitnatin, but fistone M1 is replaced by its variant,
IH1V. Rabint anli-sera were ralsed against histone H3,
HI, H1V, and H5 (H1 variant in chick erythrocyle).
Anti-histone H1 antiserum cross-reacted with histone
H1V, which impliad the presence of a comman epitope.
Anti-histone H1V and H5 also showed cross-reaction
with each other but net with histone H1, which imphed
the presance of a commen epitope not shared by
hustorie H1. Immunocytochemical studies, using the
ahove antibodies as probes, showed that histones H3

is present in all steps of spermatogenic and spenmig-
el cedls, and somatic cells including red biocd cell

Sertol cells, and Leydig cells, whilg mstone H1i | e
sent in all of tha eails mentioned exdept In spermatozua

whane 11 is raplaced by histons H1V, Histone H1V
appears in the early spermatids starting from sperma
tied 1 (511), and il persists throughout the course of
penmabd differentiation into spermalozea. Histone
[I1V s alse found in chromosomes of metaphase
spermatacyte ano red bleod cells. Thus histone HI1V
may cause the final and complete condensation of
chromatin in Rana spermatozoa, a process which is
similar to the heterochromatization occurring in somatic
cells such as metaphase chromosome and chick
erylhrocyte nicleus. Mol Reprod. Dev. /0. 184
L7, 2005 © 2005 Wiley-Liss, Inc.

Key Words: /' tgerina; spermatoganesis; sparmio-
peness; chromating sperm basic fuclear proteins;
wimgnglocalization

INTRODUCTION
During spermatogenezis of vertebrates, the haploid
phise ol male perm cells undergo a series of morphoe-
loirical changes as they mature into spermutozoa. QOne
ol the most striking of which is the condensation of
chromatin. Spermatczoal chromatin js thought fo he
much more compact than those in mitotic chromosemes

«© 2005 WILEY-LISS, INC.

{(Ward and Coffey, 1991}, and the specific basic nuclear
proteins complexed with DNA have long been regarded
as an important contributing ficlor lo variatinns in
the chromatin condensation paiterns in spermatocod
{(Kierszenbaum and Ures, 19745, Halhorn, 1952; Oko
et al., 1996; Balhorn et al., 19991 Ultrastructurally,
at least twe patterns of chromatin condensation couid
be diseerned in mammalian spermatoroa (Ward et al.,
1989: Balhorn et al., 1999). In human and primites, the
fine pranular chromatin substance of carly spermatids
gradually turned into coarser and denser hodies which
eventually coalesce to form the compact homogenous
mass in the mature spermatozoa (Holstein and Rovusen-
Runge, 1981; Allen et al.,, 1997; Balhorn et al., 1999).
Alternatively, in most rodents the highly coiled 30 nm
nucleosomal type chromatin fibers are Lransformed into
larger and straightened (40--50 nm) fibers that are
arranged in parallel during the ourly acrosomal stage
iBalhorn et al., 1993: Wanichanen ot al.,, 2001
These fibers appear to laterally sad into the larger
fibers about 100 nm in width. Lator the Yargee libers are
completely fused to form compaet chromatim (Werd and
Coffey, 1991; Wanichanon et al., 2001 The changes in
the compact state of spermuatid chromutin are concomi-
tant with the replacements of somatic-iype histones
and their testis-specific variants by tranzition proteins
(TP), which are subsequently replaced by protamines
(Balhorn, 1989; Hecht, 1989; Muistrich ef al., 1894},
Protamines (MW 4,500 8,000} are smuller than histo-
nes (MW 10,000-20,000) but ave considerably more
basic in containing about 50 mol% arginines (Courtens
et al., 1988). Protamines of eutheriun mammals also
contain about 10 mol% cysteines. Thus, protamines, by
virtues of their greater basicity and strong disullide
cross-links, are believed to play a major role in forming
the final complex with DNA and ihus bring aboul ils
complete condensation in the mature spermatozoa in
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mammals (Bedford and Calvin, 1974; Bathorn et al.,
1999). Immunolabeling studies have demonstrated that
protamines appear in late spermatids in both human
and rat (Le Lannic et al., 1993; Oko et al,, 1996).

In addition to protamines, there is also a diversity in
other hasic proteins present in the spermatozoa of
varicus animal phyla (Bloch, 1969). Electrophoretic,
cytochemical, and aminu acid analysis demonstrated
that sperm basic nuclear proteins {SNBPs) vary con-
siderably among anurans (Kasinsky et al., 1985). Amino
acid sequence aralysis of SN3Ps in mature toad sperm
(of Bufo genus) indicaled Lhat it is composed exclusively
of two protamines with lower molecular weights than
that of somatic histones, and they are rich in arginines
iTakamune et al., 19911, On the other hand, the mature
sperm of African clawed toad, Xenopus leavis, contain
six different SNBPs in additien to four types of the core
histones | Rislev and Kekhardt, 1979; Mann et al., 1982)
By contrast, only core histones and sperm specific H1
variant are present in sperm of bullfrog, Runa cuies
betana, while protmmines are totally absent (Itoh et al,,
1997). Therefore, questions arise whether 30 nm nu-
cleosomal type chromalin fiber still exist in all sperm
nuclei of all Rera species. And if this is the case, how are
these somatic type chromatin fibers packed in the sperm
nuclei? The present study was undertaken to investi-
pate the pattern af chromatin organization, the profile ol
SNBPs, and the distribution of these proteins during
spermatogencsis of Ranne figering, a rice field frog
commonly found in Thatland.

MATERIALS ANT METHODS
Experimental Animals

R. tigerina, a species of rural rice field frogs commonly
found in Thailand, were cultured in cement tanks. They
were maintained in a natural envivonment having ap-
proximate 12-hr lipht/dark cvele. The ambient tempera-
ture was about 25-30"C, while the relative humidity
ranged from 80 to 1007, Pelleted frog feeds were given
anve daily in the aflernoon, and the water in the cement
tanks was changed al alternate days. Ounly sexually
mature frogs, generally more than 12 months old
{Sretarugsa et al.,, 1997), were used in the experiment.

Specimen Preparation for Light and
Transmission Electron Microscopy (TEM)

Mature male frogs ware collected during the breeding
senson (April-October) (Sretarugsa et al., 1997), and
anesthetized by being placed in an ice bath unlil they
hecame immobile. The testes were removed and inune
dintuly fixed in the sohution of 4% glutaraldehyde plus
20 parulormaldediydie in 0.1 M Millonig's buffer, pH 7.2,
for 2 hir, lollowed by post-fixation in i %6 esmium tetroxide
in the same buffer for i hr. After fixation, specimens
were dehydrated through an increasing concentrations
of ethyl alcohol at 50, 70, 90, 95, and 100%, consecu-
tively, cleared with propylene oxide and embedded in
Araldite 502 resin

186

[n order to facilitate the recognition of various steps of
the male germ cells, semithin sections of about 0.75-
1 pm were cut with glass knives in a Porter-Blum MT-2
ultramicrotome, and stained with 1% methylene blue.
The sections were examined and photographed in an
Olympus Vanox microscope. Thin sections with an
interference color of silver to silver-gold {(about 60
90 nm thick) were also cut with glass knives and picked
up on uncoated 300-mesh copper grids, stained by
floating on saturated nqueous uranyl acetate and lead
citrate for 30 min each. The scctions were then examined
in TEM H-300 at 75 kV.

Measurement of Chromatin Fibers

The male germ cells of B. tigering were classified
into various steps based on the patiorns of chiromatin
organization, and ultrastructural characteristics The
sizes of chromatin fibers in ai least ten cells from each
step of the male gorm cells were measured in electron
imicroscopic nogatives 1 a Nikon profile projector.
Fibers were mensured al random by recording the
distance between their distinct edges. Catalase crystal
with the lattice spacing of 87.5 A (Agar Aids) wire
photographed at the same magnifications and userl as
the standard for measurement of chromatin fiber sizes
From the variation in sizes and the orientation of chiro-
matin fibers, the pattern of chromatin organization and
condensation weve deducod.

Isolation of Nuclei From Frog Spermatozoa,
Testicular Cells, and Chick Erythrocytes

Testes were coaled on jee mmediately after removal
and all of the following steps were performed at 4 C.
The testes were minced into small pieces and homo-
penized gently in five volumes of homogenizing buffer
(0.31 M sucrose, 3 mM MgCl,, 5 mM potassium phos-
phate pH 6.0, 0.05% Triton X-100, 0.1 mM PMSF using
a motor-driven Tetlon pestle. The homegenate wis
filtered through four layers of gauze and centrifuged at
600y for 10 min. To lyse the cells, the pellet wis sus
pended in cold distilled water containing 0.1 mM PMAF,
After being centrifuged, the pellet was resuspended in
the MP solution (53 mM Mg(ls, 5 mM sodium phosphate,
pH 6.5; using Pasture pipette. An aliquote of 100 ul was
taken for microscopic examination, and the remainder
was centrifuged to recover the nuclel in the peilet
fraction.

Spermatozoa aspirated from the cloaca after L hr of
5-GnRH injection were isalated from semen by centri-
fugation and then resuspended in SM T solution (250 mM
sucrose, 2 mM MgCly, and 10 mM Tris-HCl, pH 747
They were demembranated with 0.5% Triton X100 in
SMT solution for 10 min at room temperaturs and their
nuclel were stored at - 707C in SMT buffer.

Erythrocytes were lysed in the hypotenic solution
of 0.5% Triton X-100 in SMT solution and centrituped.
The pellets of nuclei were Lhen resuspended in M
solution and centriluged again, This step was repeated
until the pellet of nuclii was clear from reddish tinge.
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Isolated nuciei were suspended in SMT selution and
stored at —70°C.

Extraction of Nuclear Proteins

The three types of nueclei obtuined above were re-
suspended in 1.0 ml cold distilled water using a Teflon
homajrenizer. After incubation, proteins were extracted
with .25 N HCl and then precipitated with 20%
trichloreacetic acid (TOA). The precipitate was recov-
ered by centrifugation and washed with ice cold acidified
acetone (200 ml of acetone plus 0.1 ml of 12 N HCL),
followed with ice cold acetone, and then dried under
vacuum (Platz et al., 1975).

Acid-Urea-Triton X-100-Polyacrylamide
Gel Electrophoresis (AUT-PAGE)

Basic nuclear proteins were separated on slah pgels
(0.75 mm ~ & ¢m » 10 em)} containing 7% acrylamide,
2.5 M ureq, 8 mM Triton X-100, and 5% acetic acid
{Zweidler, 1978). Protein samples were dissolved in
sample buffer | 12 mg'ml), 9 M urea, 0.9 N acetic arcid,
5% mercaptoethonol, and 0.2% pyronine-G. Electro-
phoresis was carried out at 120 V al constant voltupe,
with the cathede at the bottom of the gel, for 4 hr. Thes prel
was fieed and stained with 0.125% (somasie Brilhant
Blue R-250 in 50% methanoel and L0% acetic acid for
30 min, followed by destaining in 507 methanol anid 107%
acetie acid, 5% methanol and 7% acetic acid for 2 hr und
overnight, respectively (Laemmli, 1970). The gels were
atored in sealed plastic boxes containing 7% acedic acid,
or they were dried onto cellophane paper for longer

SLOTHEL.

Antibodies Against Histones

In the present study, four polyclonal antibodies were
raised in rabhits against testis-specific histones Hi, HE,
HI1V, and againsr chick ervthrocyie H3, These anti-
bodivs were used us probes in localizing the correspond
ing proteins in the male germ cells in the seminiforaus
epithalium of the testes. Histones and their variants
were separated in 17% AUT-PAGE slab gel (0.5 mm
8 cm =« 10 em) and identified by brief staining with
0.05% Coomassie Brillinont Blue R-250 in distilled water.
Approprinte bands were excised from the gel and
lyophilized for 24 h. For immunizatinn, a portion of gel
powder containing about 0.4 mg of protein was mixed
with sterile water equal to one biall of the original gel
volume. and the solution emulsifind with an equal
volume of complete Preund’s adjuvant (Sigma Co., St
Louis, MO The antigen preparation was administerod
by intradermal injection into the back of the neck of male
New Zsuland white rabbits. The Arst hooster injeetion
contiining the spme ground gel emulsified with in-
complete Freund's adjuvant was given at 8 weeks
alter thie first Immunization, followed by the second
busst 6 weeks later. Fourtesn days alter  the
final hoost, blood was drawn from the marginal car
vein o test for the presence of specific antibodies by
immunoblotting.

Immunoblotting

The specificities of anti-histone antibodies were asses-
sed hy immunobiotting as followed. Total basic nuclear
proteins from testicular nuclei and chick erythrocytes
were separated in 17% AUT-PAGE as previously
deseribed. Proteins were transferred onto nitrocellulose
membrane (with 0.45 pm pore size} positioned at ths
cathote gide of the gel, using 0.9 N acetic acid pH 2.3,
as the transfer buffer, at 400 mA for 2 hr. Following
transfer, the proteins on nitrocellulose membranes were
visualized by brief staining with 0.5% Ponceau § in
distilled water, while the gels were stained in Coomasic
blue to determine the efficiency of transfer. The moem
branes were incubated in the blocking buffer, 5% noniat
dry milk in 10 mM Tris-buffered saline, pH 7.4 {wivy,
for 1.0 hr. The membranes were then incubated in the
primary antibodies at the dilution of 1:10,000 for 1 b,
followed by washing with 10 mM Tris-buffered saline,
pH 7.4 containing 0.1% Tween-20 (v/v). The secondory
antibody, HRP-conjugaied goat anti-rabbiv Igli, was
added at the dilution of 1:20,000 for 40 min, washed with
10 mM Triz-buftered saline, pEl 7.4 containing .17
Tween-20 1vivi. Finally, the membranes were washed
with 10 mM Tris-bulfered saline, pll 7.4. The mim-
branes were visualizoed in the solufion of 0.03% 3,0 4,4
tetraamine bipheny! DAB in 50 mM Tris, pfl T4,
containing 0.1 H.O. (Ausubel of al., 1995t The re-
action was terminuted by rinsing the membranes in
several changes of distilled water. The membranes wore
dried at room temperature and kept in plastic bags in
the dark.

Tissue Preparation for
Immunolocalization

The testes were oblained [rom sexually mature lrops.
Pieces ol testes were lxed in 1% glutaraldehyde plus 450
paraformaldebyvide and 0.2 picric acid in Millonig's
buffer for 2 hr at 4O Subsequently, the specimens wore
dehvidrated sequentially in 70, BU, and 90% etliyl
aleohol. Then infilteated in the mixture of LR White
resin (London Restn, Basingstoke, UK) and 90% alcohol
at the ratio of 1:1 for 2 hr, and then in pure LR White
resin for overnight belore being embedded in a fresh
bateh of LR White resin. Anaercbic polymerizution
was performed at the temperature lower than 50 C
for 24 hr.

Immunofluorescence

Semithin sections (0.75—1 ym thick! of LR winte
embodded specimen were cut with plass knives in oa
Porter-Blum  MT-2 ultramicrotome and  placed on
gelatin-coated slide, then washed in 0.1 M PBS contain-
ing 0.1% Tween-20 (v/v). The sections were incubaled in
the blocking buffers, 0.15 M glveine in 0.1 M PBS, pI17.4
and 4% bovine serum albumin (BsA) in U1 M PBS,
pII 74, respectively. The seetions were then incubated
in primary antibodies (as prepared previously) diluted
at 1:10 with 0.1 M PB5, pH 7.4, containing 1% BSA
for | hr: the excess nntibodies were washed ofl with
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0.1 M PBS, pH 74, plus 0.1% Tween-20 (v/v), three
times, 5 min each. Then, the sections were incubated
in the secondary antibody, fluoresceine isothiocyanate
(FITC)-conjugated goat anti-rabbit IgG, diluted at 1:200
with 0.1 M PBS, pil 7.4, containing 1% BSA for 30 min,
and washed with 0.1 M PBS, pH 7.4, plus 0.1% Tween-2(
{v/v), three times, 5 min each. The slides were mounted
with glass cover slips by using antifade medium (Vecta
shield) mounting media, sealed with nail polish, and
observed under Nikon HB 10101 AF fluorescence micro-
scope. For negative controls, the primary antibodies
were omitterd to assess the specificities of the immunae-
stainings.

lmmuncelectron Microscopy

LR white-embedded ultrathin sections {about 60-
30 nm thick) of the testes were obtained and mounted
on 300-mesh nickel grids. 'The applications of various
solutions Lo the tissues sections were done by floating
the grids, tissue-side down, on drops of the relevant
anlutions. The sections were first blocked for 15 min
in 0.15 M glycine in 0.05 M PBS, pH 7.4, at room
temperature, followed by 4% BSAin 0.05 M PBS, plL 7.4,
for 2 hr at 4 C. Next, they were incubated for 2 hr with
appropriate primary antibodies diluted at 1:10in 0.05 M
PBS, pH 7.4, plus 1% BSA (w/vi at 4 C. After extensive
washing in 0.05 M PBS, pH 7.4, plus 0.05% Tween-20 (v/v),
the sections were incubated for 30 min with protein A
gold diluted at 1:200in 0.05 M PBS, pH 7.4, plus 1 % BSA
(w/v). The grids were then extensively washed in 0.05 M
PBS, pH 7.4, plus 0.05 % Tween-20 (v/v), followed by
distilled water before being dried. The sections were
then counterstained with uranyl acetate and lead
citrate, washed in distilled water, and dried. For nega-
tive controls, the sections were treated as abovi: with
the omission of the primary antibodies to assess the
specificities of the immuno-stainings. Ultrathin seetions
were examined for immunogold labeling by TEM H-300
at 75 kV.

RESULTS

Chromatin Organization

The testis of R. tigerine contains convoluted semi-
niferous tubules, each of which is surrounded by a
thick basement membrane | Figz. 1A). The seminiferous
epithelium consists of two groups of cells, i.e.. spermatu
genic cells and follicular cells. The interstitial areas are
fifled with interstitial cells, blood vessels, and connec-
tive tissues (Fig. 1A). The ditferentiating male germ
cells are alwavs found in synchronousiy developing
groups, each surrounded by processes of follicular cells,
which is call a spermatocyst (Fig. 1B.C) TEM can reveal
the detail of chromatin organization in various steps
of male gerne cells. Primary spermatogonium (Sgl) has
a clear nucleusz containing almost all euchromatin
{Fig. 1D). Each cell divides mitotically and gives rise to
secondary spermatogonia (Sg2) which ave distinguished
by the increasing amount of small heterochromalin
blocks distributed throughout the nucleus (Fig. 1E). S22
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gives rise to primary spermatocytes which then pass
through six steps as in the first meiotic division of
vertebrate male germ eells, ie., leptotene (LS¢), zygo-
tene (ZSe), pachytene (PSe), diplotene (DSc), diakinesis
(DiSct, and metaphase (MSc) primary spermatocytes.
The nuclear volume of LSe (Fig. 1) starts to incrense
again compared to Sg2, due to the need to accommodate
the increased amount of duplicated chromosomic DNA,
and chromatin is made of loosely packed 30 nm fibers
linked by thin zig-zap 10 nm (ibers (Fig. 1F, inset). The
30 nm chromatin fibers start to be folded into smali,
elongated heterochromatin blocks again in late LSc.
These blocks ure increasingly enlarged and coupled by
the aynaptonemal complexes, the tripurtite structures,
inZScand PSc(Fig. 1G H);, while individual 30 nm fibers
in the blocks and around the synaptonemal complexos
can still be perceived (Fig. 1(G, inset), In DSe (Fig. 11
DiSe and M8e (Fig. 2A) tho helerochromatin blncks are
more condensid into complete chromosomos. Despite
this extreme condensation, 30 nm fibers still maintain
their individuality (Figs 1T and 2A, inset). Thus, it can
be concluded that throughoutl the transiormation of
primuary spermutocyics, 30 nm chromuatin fibers become
merensing  condenssd  into heterochromutin
blocks, while still maintaining their individnal identity,
and 10 nm fibers are decreasing in quantity until they
are entirely absent in MSe, After the chromosomes are
separated and MSe gives rige to secondary spormato
cytes (58c¢) (Fig. 2B), the 30 nm fihers become lansened
again, so that they could sventually be unfolded (Fig. 2B,
inset! and become evenly distributed throughout the
nucleus n spermatids 1 and 2 4581 and 2, Fig, 2C. 11,
while 10 nm {ibers reappear briefly (Fig, 2C5 The 30 nm
chromatin ftbers are re-agoregated and packed tightly
into an increasingly uniform dense mass in St3, Si4
while the 10 nm dizgppenr once agamn (Fig, 21 1)
Despite the increased chromatin condensation in 513,
St4 the individualities of 30 nm fibwers are still wall
preserved (Mig. 2K F Onlv the completely
opague mass in spermatozoa that the individualities of
30 nm fibers disappear (1Mg. 2G—1). This abservation
reveals that the 30 nm fibers do not increase in size nor
change in conformation during spermatid differentia-
tion, but Lhey are brought close together, and finally
become coalesced into the eomplete elpctron opague
mu=s in the nuclel of spermatozosn.

targer

nselks}

Basic Nuclear Proteins

Electrophoretic patterns of the acid-exfracted hasic
nucledr proteins (rom testicular cells and spermatozoa
of R fegerina in 175 AUT-PAGE is compared o those of
chick erythrocytes, Based on the electrophoretic mobi-
lities, the order of migration of basic nuclear proteins in
AUT-PAGE can be defined lrom the top lanode) to the
bottom {eathode) of the gel as H2A, H3, H2B, 114, 111,
FIIV/HG (Fig. 3A), The five main histone fractions, H2A
H3, H2B, H4, and H1 exist in all groupe of cells except
for the absence of H1 in Ranag spermatozoa (i, SA,
lane ¢, All histone fractions from cach cell type exhibit
similar degree of mobilities. In arddition to these highly



S. MANOCHANTR ET AL.




CHROMATIN AND BASIC NUCLEAR PROTEINS IN R. tigerina

conserved bands, testicular cells and spermatozoa
of R. tigerina possess two cxtra bands migrating
slightly faster than those of HI (arrowheads in
Fig. 8A, lancs b, ¢), These proteins exhibit similar
electrophoretic mobilities with histone HA from chick
erythrocytes (Fig. 34, lane a), which imply their
relatedness. These fast moving bands are probably
equivalent to variants of histone H1 (H1V) as have been
reported in R, cateshaiena spermatozoa (Ttoh et al.,
1997). Hence, it appears that these proteins are sperm-
specific proteins unique to Rana species which may be
involved in the condensation of chromatin like histone
H5 in chick erythrocytes.

Characterization of Antibodies

The specificities of antibodies against H3, H1, H1V,
and Hb are assayed by immunoblotting, which reveal
that the tested antisera show specific reactivities ex-
clusively to their corresponding antigens (IFig. 3B). All
fractions of AUT-PAGE separated basic nuclear pro-
teins extracled from chick ervibirocytes and Rana testis
are almost completely transferred onto nitrocellulose
membranes as shown by Poncenus-S stained (Fig. 3B,
lane 1). Rabbit anti-histone 113 antiserum recognizes
the hand corresponding to histone H3, and no cross-
reaction with othor histone binds ave observed (Fig. 3B,
lane 2). Anti-histone H1 antiserum recognizes only H1
and H1V (Fig. 3B, lane 3), which implies that these two
histones share common epitope(s). Anti-histone H1V
antiserum recognizes only H1V in Rana testicular cells
and H5 in chick erythrocytes (Fig. 3B, lanes 4, 6), but
not H1 (Fig 38, lane 4). Interestingly, anti-histone H5
untissrum reacts with histone H5 from chick ervthro-
eytes as well as HIV from R. tigerina testis (Fig. 3B,
lanes 5, 7). The eross immuno-reactivities of anti-
histene HIV und anti-histone H5 antisera with histone
H# of chick erythrocytes and histone HI1V ol I, figering
testicular cells implies that the two proteins are closely
retated (see Table 1 for summary).
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Localization of Histones in the Male
Germ Cells by Immunofluorescence

Anti-histone H3. Anti-H3. shows immunoc-reactiv-
ity in the nuclei of all steps of the male germ cells. The
fluorescence is intense in the chromatin, which exhibits
the unique features according to specific steps of the
cells (Fig. 4B). Primary spermatocytes show staining of
their characteristic heterochromatin pattern (Fig. 4C).
The uniformly intense immunoe-staining ig also seen in
the nuclear of carly spermatids (St1, St2) (Fig. 4C}, late
spermatids (St3, St4), and spermatozoa (IMig. 4B,C).
Positive staining is also detected in the nuclel of
follicular cells (Fig. 40), interstitial cell= and erythro-
evies. Inthe tubules of negative cantrol sections, thereis
neither immuno-staining in the nuctei of germ cells nor
testicular somatic cells (Fig. 4A).

Anti-histone H1. The imimuno-staining pattern of
anki-HI is similar to that of ant:-713 as intense fluore-
scence is nhaerved in the nuclei of all steps of cells in
spermatogenesis and spermiogenesis including sperma-
tozoa (Fig. 45.F). The nuclei of testicular somatic cells,
i.e, follicular cell, Leydig cells, and erylhrocytes in the
blood vessels are all positively stained. Immuno-reac-
tivity is not ohserved in the nuclei of cells in the control
group (Fig, 41,

Anti-histone HI1V. Anli-HiV exhibits immuno-
staining in the nuclei of StL and the fluorescence is
localized uniformly over ench nuecleus, while no fluores-
cence 18 observed in the cyluplasm (Fig. 4H). The nuclei
of 8t1 2, 3, 4 are uniformly and intensely stained
(Fig. 41). Intense immuno-reactivity is also ohaerved in
the nuclei of spermatorzoa (Fig, 41,11, No immuno-
staining is deteeted in the nuclel of spermatogonia
and primary spermatocytes, except on the chromoesomes
of metaphase spermatocyte (Fig. 4H,1). No tmmuno-
risinicbivity 1s observed in the nuclei of testicular somatic
cells. Sertoli cells, and Leydig cells (Fig. 411 Control
sections do not show immunoe-reactivity (Fig 4G,

fz coptmpe 10 nm (1) aond 30 nem 08) chromatin fbees (insel). Sma
blocks of condenaml el irrow b areevenly scabtered Urougbinnt
thee nuclens. Th winplesm  oontaing  mh nt ribosomes (B
mitichondri; Tit, and rough endopliamic rectioolum (FERL Na,
nucleelus. G Hspulene spermiplocybe (Z&e1 in the nocloas (N,

synaptonemal comples (8y)] is fully furmed and beconie numerous.
Chromatin fibeve Hnsel are still orpganized inlo bwo levels 1o 10 nm
1 amd 30 nm i) The cyvioplasm o & i boaon s T, mstechandsa
M. Gulgl comples (G, rER

””.h... I sl
NI, nuelear envelogs

Lt ol
tanmmal wmpl
e Pachyiene: sp

by wiielupliamule ¢

g digpdayed Im
Wtaeyie TPSe) Lhe nuclan
exhibits long und thick mntertwined | chromatin blacks or cord
(1 Chromatin fibers e b identified 2a two levels;, and those within
o Telernchemmatin blochks eoutd el e visgunlized mdividoally a

mlicmiion al sy

i et ) The oytoplasm ontuains mitcchondria (Mo
ritwsmmes (Ril, mnd mou rudophivmie recbieulum (rEH). NE, nucleas
vvelope. T: Digrditens spr BSer the nuelets (Nul shows ling
and thick hetersehromabin Blocl Hel alignod alomg the nuchei:

nvielope (INF ) in acarlwheel patiern. Mosl
Mnm (21 inse wle W nm (L areimuch desres
s bbochondenn CvD

N

te chrommlin fibers are
s gpntity Gnset ],
ribsomes (Hu), and rough

The extoplEsm contnu

cidoplaemie vocticulem (rE R et il



190 5. MANOCHANTR ET Al.

iy, 2.



CHROMATIN AND BASIC NUCLEAR PROTEINS IN R. tigerina

1P ALl R Ay —Ch—
e
- i
—— ! —H3—
i rm——— 2B,
R .- — e
L —
L 3
| -
a b e 7 i 2 ] 4 5 3 7
Fig. 3. A AUTPAGE (L7901 smalysis of the buwe nuclear protems

from nurcloi of testicular cells (lane bl and spermatezoa (lane ¢ from
K. tigering, in comparison to basic nuclear proteins from chick
crythrocyies (lane al. Fxtracted proteins wern appliod to sach well
wnil eleel pephoresed fron top (4] to bottom (-1 Each bine shows Lhe
Canrprenale Blusstainm nes displiuying .ll fractions of core tustonos
(HIA, H2EB, HE, HA haer with linkor stone W1 Arrowhends
adicntiod sperniapecii h:atnm,:' HLV, of £ figerine, B, Domonsd
of antibodies analyzed by Weslern blotting
Tl 1 vntrackod profeins from Rona Lestis (vwo W fivet and chilch
i = angd soven i were elestrophoresed through 17% ALTT
mia pliroeellulose membrames and probed with
rabbit anti-histene H3 antibody tlane 2), rablul snti-histone
antibuiy (lane 3), rahbit anti-histone H1V antibody (lanes 4, 6),
I‘dbblt inti hm‘omﬂ HE witibody Qanes 5, 7). Lane 1 s nitroce IIuIOH'
pimmiiry sith l OIS pwing almoat iplede tran
ol wll b X wilulise strip. The mesaulls
the spoeilicit antibodiaz to correaponding antigens. The
reactivity between histone H1V and hostane HS wme obsorved.

i

tron of the ppociticir

Anti-histone H5. Anti-F15 exhibits similar immuno-
staining pattern '~..;<'LnL1-h1.~4f,mu- H1V antibody. A mode-
rate lusrescence is nbserved over the nuclei of Stl. In
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chserved in the nuclei of spermatogonia and spermato-
cytes except on the chromosomes of metaphase sperma-
tocyte (Fig. 4K 1), The nuciei of follicular cells and
interstitinl cells do not show any immuno-reactivity
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TABLE 1. Summary of the Specificities of
Anti-Histone Antibodies

Antigen

Histone  Histone
mHy H5

Histone Histone
H3 H1

Antibody
RbaFH3

Rbt” H 1 -
antiserum
RbuFHIV *
antiserum
Rbal"hH5 i *
antiserum
Rb, rahlibit; F. frog; Ch, chick.
Asterisles (%) indicate positive reaction.

(Fig. 4K). Control section does not show any immuno
reactivity (Iig. 4d).

Localization of Histones in the Male Germ Cells
by Immuncelectron Microscopy

Anti-histone H3. Immunogold labeis ure present
over Lhe nuelei of all steps of spermatogenetic and
spermiogenic cells (Fig. BA-19. The labeling is espe-
cially abundant in the areas of heterochromatin, with
only uecasional gold particles observed over the euchin-
matin (Fig. 5A). The eoncentration of label uppears to be
directly proportional to the condensation state of the
heterochromatin (I'ig. 5D-F). During the metaphase
step, the chromosomes are intensely labeled while cyto-
plasm shows only minimal background label (Fig. 5C
Spermiogenic cells also exhibit numerouz evenly dis-
tributed gold particles in the nuclei of St} and 2 which
contain uniformly condensed 30 nm chromatin Abers

(Fig. 56D). The number of gold particles gradually
increase in the nuclei of St3 and 4 (Fig. 5E). Immuno-

labeling 15 also conspicuous throughout the nuclei of
spermatozoa (Fig. 5F). Gold particles are also distrib-
uted throughout the nuclei of testicular somatic cells,
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such as, erythrocytes, interstitial cells, and follicular
colls (Fig. 5A). In contrel group, only a low nonspecific
huckground labeling occurs over germ cells (data not
shown).

Anti-histone H1. In general, anti-H1 exhibits simi-
lar pattern of immuno-labeling as anti-H3. The gold
particles are disiributed over the areas of the hetero-
chromatin in the nuclet of spermatogonia and sperma-
toeytes, and their abundance is directly proportional
to the state of chromatin condensation (Fig. 8H-L)
In contrast, only a few grains are found in the arcas of
euchromatin (Fig. 50). High amount of tmmunogold
labels also appear in the nuclei of cells during spermio-
penesis, Le., St 2, 3, and 4 (Fig. 5J,K}, s well as in
spermatozoa whose chromatin is totally condensed
(Fig. 8L). Anti-H1 can also bind to the heterochromatin
of testicular somatic cells, Le., follicular and Sertoli cells,
interstitial cells and erythrocytes {Fig. 5G). No labeling
is observed in the cytoplasm of the cells al any steps
of spermatogenetic and spermiogenesis (Fig 3D. In
the control group, which is incubated in the uhsence of
primary antibody, no labeling is observed.

Anti-histone H1V. The nuclei of spermatogonia and
spermatocytes do not show any labels (IFig. 5N), while
the chromosames of metaphase spermalocvtes exhibit
numerous gold lubels (Fig. 50). Gold labels are apparent
over the granular chromatin of St1 and 2 (Fig. 5P). The
chromatin becomes homogeneously condensed in St3
which coincides with a significant increase of the gold
particles (Fig. 5Q). The gold labels continued to increase
througheut the nuclei of St4 and become highly con-
cenfrated throughout the completely condensed chro-
matin in the nuclei of spermatozoa (Fig. 5R). No gold
particle is obhserved over the chromatin in the nuclei
of Sertoli cells and interstitial cells. In contrast, the
labeling is very prominent over hetcrochromatin of
erythrocyte nuclei (Fig. 5M). Only a very small amount
of hackground labeling ocenrs in the control group,

Anti-histone H5. As wilh anti-HIV, the labeling
with the anti-histone H5 antibody become quitle evident
only over the granular chromatin of St1 (Fig. 510, while
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the labels are absent in the earlier steps (Fig. 55,T). In
St2, the high concentration of the gold particles appears
te be related to the increased chromatin condensation
{Fig. 5V). Gold particles are still abundant over the more
condensed chromatin of St3 und 4 (Fig. 5W), as well as in
the nuclei of spermatozoa (Jig. 5X). Nuclei of sperma-
togenetic cells are not labeled, and neither are those of
follicular and interstitial cells. However, intense immu-
nolabels can be observed over the chromoesomes of
melaphase spermatocytes and heterochromatin of ery-
throcyte nuelei. No labeling is ohserved in the nuclei of
cells in control sections.

DISCUSSION

During the course of spermiogenesis in vertebrates,
the paternal chromatin undergues condensation, which
slarts in the early or mid stage spermatids and culmi-
nates in spermatozoa (Ward and Coffey, 1991; de
Kretser et al., 1998; Balhorn et al., 1999). Although this
condensation is the universal feature for almost all
animal phyla, the specific patterns by which the chro-
matin is packed vary widely among different animal
species (Ward and Coffey, 1991; Balhorn et al., 1999;
Jameison, 1999; Sobhon et al., 2001; Wanichanon et al,
2001). These modes correlate with the presence of dif-
firent testis specitic basic nuclear proteins that replace
somatic-type hiztones and interacting with DNA
«Saperas et al,, 1893; Soon ef, al., 1997; Balhorn et al,
1999;. The most studied is the rodent model where TP
proteins replace histones during middle stapge sperma-
tids 1 Meistrich et al., 1994; Oko et al,, 1996), which, as
the results, the chromatin loses its nuclesomal struc-
ture, and the lranseription ceasvs (Kierszenbaum and
Tres, 1975; Grimes and Smart, 1985). Protamines have
high basicily and strong disulfide eross-links, so they
finally complex with DNA and bring about its complete
condensation in the mature spermatozoa in mammalis
{Bedford and Calvin, 1974; Balhoen et al, 1999, In
contiast to mammalian spermiogenesis, the present
ultrastructural study shows that during spermatogen-
esis and spermicgenesis in K. tigerina the chromatin
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remains at two sizes, i.e., 10 and 30 nm fibers, a similar
situation to the nucleosomal type of fibers existing in
somatic cells. This observation is supported by the gel
electrophoresis result which illustrates the presence of
the full set of nucleosomal core histones (H2A, H2B, H3,
H4) together with histone H1Vs in testicular as well
as sperm cells, while there are no histone H1 and the
higher electrophoretic mobility proteins, such as, pro-
tamines or protamine-like proteins in spermatozoa as
found in alher species (Aifonse and Kistler, 1993; Oko
et al., 1996). This finding is similar to the study in
R. catesbioena, where there are no protamines in the
spermatozoa ol this species, while histone H1 variants
(H1V) together with the full set of nuclessomal core
histones are present (Itoh et al., 1997). From our data
and that of [teh et al. (1997), we believe that the fast
moving bands of SNBPs of spermatozou of R. tigerina is
variants of histone H1 (H1V) and thal these proteins are
commonly found in all Rara species as suggested by
Ausio (1999). [t iz possiblie that Lhe final condensation of
nucleasomal type fibers in sperm of Rana species is
brought about by this. This isin contrust to the situation
in Bufo japonivis spermatozoa whore SNBPs comprise
exclusively the fast moving, protamines, without any
somatic histones {Takamune et al., 1991). The study of
SNBPs in Xeropus revealed six difference species of
proteing (SP L—1i1, which are present in association with
four types of core histones (Yokots et al., 1991} Thus,
electrophoretic and amino acid compusition data on the
SNBPs of the penus Bufo, Rana, and Xenopus (Kasinsky
et al.,, 19758, 19H5; Yokota et al.,, 1991) suggested that
there are a wiide variety of these proteins, possessing
properties similar to protamine or hislones, or having
intermediate properties. The situation in amphibians is
simiiar to that in fishes which also show a remarkahle
diversity of SNBPs (Bloch, 1969). This diversity is in
sharp contrast to the presence of protumines and the
varying small amount of histones in sperm of aves and
mammalian species (Takamune et al., 1991). The
sequence of chianges in sperm nuclear basic proteins
has been studied by immunchistochemical techniques
using polyclonal antibodies against various fractions of
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histones, i.e., rabbit anti-frog histones (RboFH3,
RbaFHI, RbxFHI1V), and rabbit anti-chick histone HS
{(RbaChHS) as probes. These antibodies react specifi-
cally with FH3, FHI, FHL1V, and ChHb, respeectively.
Anti-histone HL recognized both histones H1 and H1V
in immunoblot; however, surprisingly anti-histone H1V
antisera did not reacted with histone HL in immunoblot.
This may be because the two antibodies recognive dif-
{ferent epitopes, i.e., the epitope recognized by RbaFH1 is
common to both histones, whereas the epitope recog-
nized by RbeFH1V is unique only to H1V. This finding
gives additional support to the hypothesis that histone
H1 and histone H1V is closely related (Avsio, 1999),
Furthermore, RbyFH1V also recognized histone Hb and
vice versa, Indicating that both proteins are similar and
share common epitope. The high degree of structural
similarity observed from the comparison of the partial
amino acid sequences of the trypsin-resistant peptidesof
the histone H1 variants (ltoh ef al., 19971, call thymus
histone Il (Liac and Cole, 1981) chicken erythrocvts H5
(Briand ct al., 1880} supgrests the evolutionary link
among all these proteins, nnd all could be regorded a
belnnging to the histone H1 fumily. Furthermore, therve
iz no bands of proteins that move faster than H1V, such
as TP or protamines as seen in SNBPs of mammals and
other vertebrates (Oko et al., 1996; Balhorn et al., 1999).
Thus onre can conclude that there are no transitional
proteins that replace histones in Rana spermatvzoa.
Eventhough Rana spermatozoea lack protamine, their
chromatin can undergo complete condensation to the
same degree as spermatforzoa of mammals, at least as
seen in TEM.

The immunoe-localization study (summarized in Table 2)
shows tlal rabbit anti-frog histone H3 (RbaFFEL3) could
stain nuclei of all steps of the cells: spermatogonia,
spermatocyte, spermatid, spermatozoa, and even testi-
cular somatic cells (follicular, Leydig, and red blood
cells). Since histone 33 is one component of the nucleo-
somal core histones (van Holde, 1989}, the expression of
histone H3 in all spermatogenic cells is a strong evident
puinting to the existence of nucleosomes in all stages of
the male germ cells of Rana. In contrast, in the cose of
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TABLE 2. Summary of the Immunoclocalization Patterns of Antibodies to Various
Histone Fractions in the Male Germ Cells of Rana figerina

R FH3

Antibodies

RbarCHLHSG

Hisal H 1V

RbaFHL

Call stapes
Primuary spermatogonia
Secondaory apermatogonia ’
Leptotene spermatocyte
Zyputene spermatocyte

Pachytene spermatocyte =
Diplotene spermatocyte ¥
Metaphase spermatocyte o
Secondary spermatocyie ’
b1l 2
1+

S5t3

sl N

Spermalivze
Fryvihrocyie
Fatlienlar cell
Sartoll el
Lewdig cnll

Spermutid 1, 5t1; Spermatid 2, 5t2; Spermatid 3

Colunsns represent the sntibodies. Rows repr
TIEELs JEiLIVe reaction

mammals, during spermatogencsis eventhough a lim-
ited amount of nuclensemal organization is believed to
be present up to spermatozoal stape, the majorily of
stomatic-type histones ineluding histone FI3 are replaced
by testis-specilic histone varianis (TH2A, TH2B, H1T)
usually during the middle stages lacrosome phase)
spermafids [Tanphaichite et al., 1978; Meistrich et al.,
199, Oko et al., 1996). These testis specific histones are
then replaced by transitional proteins (1'P), and even-
tually by protamines in the late stage spermatids and
immature spermatozon (Alfonso and Kistler, 1993: Oko
et al., 1996). Although, the labeling with RbalPH 1 shows
similar result to the labeling with RbaFHS3 despite of
absence ol histone [11 in the spermatozoa of B. tigerina
as shown by gol electrophoresis. Such positive reaction
in spermatids and spermatozoa could be due to the
binding on the common epitope presence in HIV
eventhough H itself owiy be absent, Flowever, the final
comdirmation of this result reguires further experiment,
such 2s in situ hybridization with specific probes for
histone H1 and HIV mRNAz Interestingly, antibody
apainst histone HIV enly 2lained nuelei of spermatids
and spermatozoa but oot the nueler of spermatogenic
cells and testicular sumatic cells, pEcept chromosomes of
metaphose spermatocytes and the nudlei of red blood
cellz. Similar patiern was also lound with RbaChELS,
thus histone FI1V and histone H5 are probably highls
similar. Sinee the nbundance of histone H1V appears
concomilont, with the commencement of nuclear con-
densation during the advance stage of spermiopenesis
(i.e., St3 and St4), it is possible that H1V eauses the final
tight packing ol nuciensomal type chromatin (ibers in
the nuclei of spermatids and mature spermatozoa of

; Spermuitid 4, Std
t the stages of male germ cilla Asterink

R.tigerina. Furthermore, the tight packing of chromatin
in Ranit spermatozon, chick erythrocytes, and meta-
phase chromosome may use a similar mechanism that is
modulated by H 1V or HA.

CONCLUSIONS

This study showed that chromatin organization in
the K. tigerine spermatozoa occurs by the replacement
of histone H1 with histone HIV during the course of
differentiation of spermatids, Subsequently, H1V may
play a role in the final and complete chromatin con-
densation without using protamine like in case of
mammal spermatozoa. The ahaence of distinet ultra-
strictural changes in chromatin during frog spermio-
wienesis is correlutod with the minimal changes in basic
nuclear proteins. The presence of core histones suprests
that nucleoseomal prpanization is present throughout.
Histone H1V, the lvsine-rich variant of histone H1, may
b the key factar that cau=es the tightly packed sperm
chromating Uhe similarity and higher amount of lysine’
arginine content supgests hisione H1V condenses chro-
mutin of B, frgerine apermntozod io Lhe =arme manner gs
histone TH which is known to cause in the heterochro-
matization in the fully differentiated cells, such as chick
erythrocyles.
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Abstract

The eifects of praziquantel and artesunate on the tegument of adull Schistosoma melangi harboured in mice were compared using
scanning =lectron microscopy (SEM). Forty-two mice intected with 5. mekongr for 49 days were meated intragastrically with either
300 mgsks praziquantel or 300 mg/ke artesunate. Mice were sacrificed | or 3 days post-treatment. Worms were collecied by
perfusion and examined by SEM. One to 3 days after administration of artesunate, the tegument of S smekorgr showed severe
swelling, vacuolization, fusion of the tegumentsl ridges and loss or shortening of the spines on the mbuecuiae, collapse and peeling,
Praziquantel induced similar tegumental alteratiuns as those observed after administration of artesunate, but they were less severe.
Three days post-treatment, there was evidence of recovery only in the case of praziquantel. The results of our study susgest that
artesunate 15 more effective than praziquantel in causing legumental damage in adult 5. mekongi. and provides a basis for subscauent
clinical trials.
¢ 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

[t is estimated that 200 million peaple in the world are
currently affected by schistosomiasis, a disease caused by
[Tatworms belonging to the genus Schistosomea [1-3]. There
are five spectes thal can parasitize humans, two of which are
known as ihe Asian forms of schistosomiasis, i.e. Schisto-
soma japonicum and Schistesoma mekongi. Due to lhe
characteristics of the intermediate host snail of S. mekongi,
i.c. Neotricula aperty, transmission is restricled 1o the rocky
banks of the Mckong River Basin. A seasonal cyele is
consisting of a period of iransmission in the dry scason,
from March to June both in Lao People's Democratic
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Republic and Thaitand [4,5]. Eggs are excreled by intected
people. Afler reaching a freshwater body, eggs halch fo
release miracidium thal must penetrate the intermediale host
snai] for reproduction. Then cercariae are sheded by the
snail (hat can penetrate the intacl skin of humans to
completc the life cycle. Only few studies have been reported
in the scienfific ilerature on this schistosome species until
1992 when a focus of schistosormasis mekongi was
rediscovered in the province of Kracheh in northeast
Cambudia [6,7].

In the second hall of the 20th century a waricly ol
different anfischistosomal drugs were discovered with
different modes of actions. The three drugs melrifonate,
oxamniguing and praziquantel have been used for mass
treatment in  dillerent parts of the world. However,
metrifonate, which is only active against Schistosoma
haematohium, was withdrawn from the markef, on the
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basis of therapeutic and operational criteria [8]. Oxamm-
quine, singly active against Schistosoma mansoni, has
been effectively and widely used in Brazil, but is
curcently being replaced by praziquantel [9]. Therelore,
praziquante! has become the drug of choice as i is
effective against all human schistosomes, is well tolerated
and has become relatively inexpensive [3,10,11]. How-
ever, there Is considerable concern about the development
of praziquantel resistance [12]. Thus, there is a pressing
need to look for new synthetic or natural antischistosomal
drugs.

Qinghavsu (arlemisinin) is an antinalarial deug which
was sofated in 1972 from the Chinese traditional herb
Qinghao (Artemisic annna 1) [13,14]. Qinghaosu and ils
derivatives, such as artesunate, arfemcther and artecther are
safe, potent and well-tolerated compounds that are used as
first-line antimalarial therapy in many tropical and sub-
tropical countries. They have been widely used in Asia as
they are c¢flicacious againsi multidrug resistant strains of
Plusmodium fulciparum | 15161 The derivative with the
widest potential applicafion is artesunate, a water-soluble
drug that can be administered parenterally as well as by
muouth and per rectum.

Studies in animal models indicated that artemether and
arfesunate are also effcctive against 8. japonicum [17,18], 5.
mansoni [19.201 und Schistosema haeniatobivm [21). Ran-
domized controlled clinical trials conlirmed that artemether
results in no drug-related adverse effcets, and significantly
reduces the incidence and mtensity of schistosome infec-
tions [22,21]. To the best of our knowledge no study has
been done so far on the efficacy of the artemisining against
an 5. mekongt infection. The purpose of the work presented
here was to investigate the cffects praziquantel and
artesunate have on the tegument n adult S meckong!
harboured in mice using scanming eleciron microscopy
(SEM).

2. Materials and methods
2.0 Smii

The freshwater smails N. aperfa were collected at the
Mekong River in Ubon Rajthami province, Thailand. They
were maintained for the life cvele ol S, mekong! in the
Malacology Unit, Department of Biology, Facully of
Science, Mahidol University, Bangkok, Thailand.

22 Mice

TCR male mice were bred at the Wational Laboratory
Animal Center, Nakhon Pathom, Thailand. Mice, 6 weeks
old, mean weight 27.95 -1 39 g were used in this experi-
ment., The animals were housed i the shoe bux type cages
{18 30 » I3 cm) containing sierile wood shaving bedding
in a striclly hygienic convenlignal animal room at the

Faculty of Science, Mahidol University. Standard diet
{Perfect companion Co. Ltd., Bangkok, Thailand) and tap
water were available ad libitum. Room temperature was
kept at 22- 25 °C with relative humidity of 606—-70% and a
12:12 hour light-dark cycle was maintained throughout.
All experimental animals used in this study were approved
following Guidelines for the Care and Use of Laboratory
Animals, Mahidol University, authorized by the Animal
Care and Use Committee, Faculty of Science, Mahidol
University.

2.3 Drugs

Praziguante] and artesunate were the products of Atlantic
Laboratories Comp. Lid., Bangkok, Thaitand (lot no. $00491
and 030601, respectively). For administration, all drugs
were suspended in 7% Tween 80 and 3% ethanol af a final
concentration of 30 mg/ml. The volume of the dose given to
vach mouse was 0.1ml/mg.

2.4, Experimental design

Mice (m=42) were infected individually with 30 5.
mekongi cercariae shed from experimentally infected N
aperta, after exposure to artificial light for at least 4 h, by
the looping method [24]. Forty-nine days postinfection (PD,
mice were randomly assigned o three equally-sized groups:
group ! was the control group receiving 7% Tween 80+ 3%
cthanol;, group 2 was the praziguante]l frealment group
receiving intragastrically a single dose of 300 mgikg
praziquantel; and group 3 was the artesunale {reatment
group receiving mtragasirically a single dose of 300 mgiky
arlesunate.

On days | and 3 post-treatment and af the same time
points [or the non-treated control group, 7 mice (rom cach
group were sacrificed by overinhalation of ether. Aduli
worms were collected from mice by the perfusion method
using 0.1 M citrate in 0.15 M NaCl solution [24]. The
worms were washed scveral times with normal saline
solution and fixed in Fixative solution for scanning clectron
INicTosCUpic examination,

2.5, Scanning electron microscopic examination

Worms were fixed in 2.5% glutaraldehyde- phosphate
bulfer (0.1 mol/T., ptl 7.4} aL 4 °C for 24 h and post-fixed in
1% osmium tetroxide for [ h, They were dehydrated
through a graded serics of cthanol, dried in a Hitachi
HOP-2 critical point dryer machine wusing liquid carbon
dioxide as a gansitional medium. After drying, lhey were
mounted on aluminivm stubs and coated with plattnum and
paladium in an ion-spultering apparatus, 1Titach F-102, af
10 -15 mA for 6 min. They were examined and pholo-
graphed in a Hitachi scunning electron microscope $-2500
(Hitachi High-Technologies Co., Hitachi-Naka City, Japan),
operating at 15 kV (251
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3. Results
3.1, Control group

The surface topography of S mekongi, as studied by
SEM, was reported in great detail in previous studies {26-
28], In brief, the adult male worm is thicker and shorter than
the female worm and has a longitudinal cleft, the
gynaecophoral canal, in which the female is held during
copulation {Fig. 1A). The tegument of the adull male worm
can be divided mto three parts: (1) the anterior part which is
the area from the oral sucker fo the beginning of the
gynaecophoral canal; (2} the middle part which is the largest
portion of the body containing most of the gynaecophoral
canal nonually occupied by a female; and (3) the posterior
part which comprises the area behind the region where the
body of the female usually emerges from the gynaecophoral
canat (Fig. 1A, B). There are numerous large trabeculae
with numcrous spines on the fegument covering the middle
parl of the male bedy (Fig. 1D). The surface of the adult

female worm is also divided into three parts, similar (o those
descobed in male (Iig. 1A, B). Male and female worms
have an oral and a ventral sucker situated near the anterior
end (Fig. 1C).

3.2, Effects of praziguantel

One day after administration of 300 mpg/kg of prazi-
quantel to mice infected with 49-day old 8. mekongi, a lew
blebs were observed on the oral sucker of one male
specimen (Fig. 2A). All worms showed slight to muderate
local damage of the dorsal surface of the tegument. The
ntale worms showed changes in the trabeculag, namely
swelling and shortening or even toss ol the spmes on the
surface. There were numerous blebs around the wabeculae
(Fig. 2B). In female worms, slight to moderate peeling of
the dorsal surface was seen (Fig. 2C). Three days posl-
reaiment, some worms showed apparent recovery of the
tegument induced by prazigquantel. Most of the (rabeculae
showed normal and intact appearance (Fig. 2D).

Fig. 1. Microgrzphs of adult male and female S, metongi from unireated contral group. (A) Male and female, lower magnification of the body surfees showing
anterior (An |, niddle (MY and posterior (o) paris (= 40). (B} Male (A7) and female (27, higher magnification of the egument of the middle par [« 250y (1)
Male, normal appearance of the omal sugher {2 700). (D) Male, the tegument showing nemerous large vubeculas with numerous spines [~ 2500).
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Fio 2. Micrographs showing tegumental alterations in adult 5 mekongi tecovered from mice | day {A - C)and 3 days (D) after intripanineal administriion of
a unple dose of 300 mpk i pruziquantel. (A) Male, the oral sucker showing a few hichs (> 1000). (B) Male, the tegument showing moderate swelliig and
shortening of the spines on the surliace of trabeculae with numeraus vesicles around trabeculae (3 2500). (C) Female, moderate peeling of wegumental dorsal

sierfuces (« 2500). (D) Male, the tegument showing reeovery and normal appearance of the tabeculae (= 2500).

Fin. 1 Micwgraphs showing renmmental allerations in adull § mekongi recovered from mice | day after intragastrical administmtion of @ slizle dise of 10D
i b sesarabe. (A) Moke, the ol sucker showing a few biebs (500). (B) Male, (e tegument showing moderate 1o severe swelling, shortening aod kes ol ihe
spimen an the barface of trobeendae with numerous bichs around tabecnine o 7500,
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3.3. Effects of artesunate

One day afier a single dose of 300 mg/kg artesunate was
given to mice infected with 49-day old 8. mekongi, a few
blebs were observed on the oral sucker of male worms (Fig.
3A). All worros showed moderate to severe focal damage of
the tegument. In male worms, the lesions were similar (o
those observed afler praziguantel treatment, but showed a
somewhat higher severity. For example, some of the
trabecalac were swollen and shortened, and some showed
complete loss of the spines on the surface. In addition, there
were numerous biebs around the trabeculae (Fig. 3B). Three
days post-treatment, severe swelling was usually accom-
panied by vacuolization and disruption (Fig. 4A). Some
areas of the swollen tegument coalesced and formed a mass
with some cracks or superficial peeling. Numerous small
blebs, protrudiag frum the surface of the trabeculae, were
also seen (Fig. 4B). [xtensive peeling of the middle dorsal
surface was observed (Fig. 4C). The alterations of the
tegument on the ventral surface were similar to those on the
dorsal surface. In f{emale worms, the most prominent

alteration was severe swelling and extensive peeling and
erosion of the tegument (Fig. 4D).

4, Discussion

Praziquante]l is active against all human schistosome
species, can be easily administered, results in high cure and
egg-reduction rates, with no or enty mild and transient side-
effects [3,10.11]. However, field studies in a2 § numsoni
focus in Senegal showed low cure rates after praziquantel
treatment [29,30]. In mice, the possibility of selecting
schistosomes insensitive to praziquantel has been shown
after treatments with subcurative multipie doses of prazi-
quante! [31]. These obscrvations raised concem about
prazigquantel tolerance or resistance, Clunese scientists have
discovered that derivatives of artemisinin, which are already
widely and effectively used in the treatment of malana
[13,14], also display antischistosoma! properiies.Praziquan-
tel and the artemisinins (i.c. artemether and arlesunale) act
against different developmental stages of the parasite.

Fig 4. Micrugraphs showing tegumental alterations ie adult S, mekomsd recovered from mice 3 days after intngrastrical admimstration of a smgle dosc ol 3(0)
myy/ky aresunale. (A) Maie, the trabeculae showing severe swetling, vacuolization and distuption (x 2500} {B) Male, numeraus small blebs protrnding from
the surface of the tegnment { ~ 4000). (C) Male, extensive peoling of the middle dorsal sorface of tegument (~ S00). (DY Female, severe swelling and exiensive

peeling or erosion of the tegument (= 1000).
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Artemether has been shown 1o be active agamst the juvenile
stages of schistosomes in experimentally infected animals,
while it was less effective on adult worms |17,18.21.32],
and the onset of the action of artemether on schistosomuta
of 8 japonicum and S. mansoni was prompter than that of
praziguante} [ 33]. However, in a recent study carried out in
an area highly endemic for S. mansoni in Senegal, cure and
egg count reduction rales obtained 5 weeks after the
administration of artesunate were signilicantly lower than
those obtained with praziquantel, but at 10 weeks there were
no significant differences |41,

The tegument of schistosomes is an important target for
antischistosomal drugs. The present study is the fist o
document fegumental alterations in 8. mckongi induced by a
derivative of artenusmin. The experimental focus was on
adult S. mekongi harboured in mice, and tegumecntal
alterations following the administration ol a single dose of
either praziquantel or arlesunate were assessed by means of
SEM. Both drugs induced damage to the oral sucker of male
warms. Bath sexes showed exlensive tegumental altera-
tions, with swelling, vacuolization or blebbing, fusion and
peeling ol the surfaces. Tegumental damage became
apparent 1 day after administration of anesunate and usually
increased in intensity 3 days post-treatment. These alier-
ations in the tegument lollowing treatment at the same dose
and route ol administration were similar 1o those previously
cbtained with adult S. mansani weated with praziquantel
[35) and with juvenile S haematobium iteated with
artemether [36]. The observed morphological alterations
could be a mechanism for the killing of the worms by these
drugs. Such damage to the suckers must result i a loss ot
ability o adhere to blood vessels rendering ingestion of
nutricnts from the blood more difficult [17], The damage w
the tegument afong the worm’s body would have impaired
the functioning of the fegument and also destroyed the
defense system of the worm, so that it could easily be
attacked by the host's immune system [37| Some worms
showed only slight damage or even normal tegument 3 days
after praziquantel had been administered, suggesting that
they could have recovered [rom the initial tegumental
damage. We found no adherence of host jeukocytes to the
damaged legumental surface in this study. This is in
agreement with an carlier SEM study with juvenile 5
haentatobiuvm [36], bul in contrast 1o 8. mansoni schistoso-
mula, where adherence of host leukocyles on the damaged
tegument was usually observed |37]. Xian and co-workers
suggested that the procedures of collecting parasites by
repeated nnsing with Hank’s balance sall solution belore
tixatin: lor subseguent SEM examination might resull in a
loss ol adhered leukocytes [36]

Although the mechanism of action of the artemisinins
has not been clarified yet, recent m vitro studies with aduit
worms of 5. mansoni, S juponicum and S. haematolium
indicated that ademether interacts with haemin to exert a
toxic effect on the worms [ 3R], In view of these indings. il
has been speculated thal arlemether might be activated

within schistosomes by heme or another iron compound, as
it ts in malaria parasites, to produce a lWoxic compound |39].

We conclude that artesunate is more active than
praziquantel in causing damage to the tegument of adult
S mekongi. However, several questions remain to be
answered, such as whether S. mekonpi also shows the
typical stage specific susceptibilities to artesunate or
artcmether as has been observed previously with S

Japonicum and S mansoni. A series of clinical trials in

humans have been carried out defining the use of
artemisinins for the prevention of schistosomiasis in difler-
ent epidemiological settngs. In view of artemisining widely
used in malaria endemic seitings ol Southeast Asia,
including areas where 8. mekongi remains endemic, some
clinical tnals in these areas might be feasible.
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Development and roles of vitelline ceils in the eggsheli
tormation in Fasciola gigantica

SUMMARY

In Fasciola gigantica, vitelline cells are the major contributors to the
formation of the egg’s shell. These cells develop in vitelline follicles that are located
in the posterior one-third of the adult parasite’s body, and the areas lateral to the
uterus and the testis. Mature vitelline cells are released and transported to the Mehlis’
gland-ootype complex via a series of vitelline ducts. Based on ultrastructural features
the developing vitelline cells are classified into stem cell, developing and mature
vitelline cells. The developing vitelline cells arc divided into 4 steps: non synthetic,
protein synthetic, glycogen synthetic and glycan vesicle synthetic steps. The mature
vitelline cells are detached from the nurse cells, and pass successively into
interfollicular lumen, longitudinal and transverse vitelline ducts, to be stored in the
vitelline reservoir before being transported to the ootype via the median vitelline duct.
The ova are transported from the ovary through the oviduct into the ootype, and
finally into the proximal part of the uterus where fertilization occurs and the eggshell
15 being formed. Each fertilized ovum is surrounded by a number of vitelline cells
that secrete eggshell globules, that upon being activated by Mehlis® gland secretions,
start to coalesce into the definitive eggshell. The glycan vesicies remain with other
broken down product of vitelline cells as the nascent substance, possibly as the

nutritive substance, around the ovum.

Key words: Fasciola gigantica, vitelline cell, eggshell formation, reproductive

system, ultrastructure



INTRODUCTION

In parasitic trematodes the egg formation takes place in the Mehlis’ gland-
ootype complex, where the oviduct and vitelline duct join together to form the ootype.
An egg 1s composed of a zygote cell surrounding by a numbers of vitelline celis
covered by the eggshell. The vitelline cells play three important roles in reproduction:
first they produce and secrete proteins to form the eggshell surrounding the zygote
and vitelline cells themselves, thus forming the mature egg (Rao, 1958; Irwin and
Threadgold, 1972; Awad and Probert, 1990). Second, they supply nutrients to the
zygote during its development to miracidium (Irwin and Threadglod, 1970). And third
released products from vitelline cells generate hydrostatic pressure to rupture the
eggshell at the time of miracidium hatching (Schmidt, 1998). Up to now, the
histology, ultrastructure and development of vitelline cells, and the mechanism of
eggshell formatiox_l have been studied only in F. hepatica and some schistosome
species (Irwin and Threadglod, 197¢; Erasmas, 1973; Threadgold, 1982; Awad and
Probert, 1990), while that of F. gigantica has not yet been investigated. In the present
study we reported on the detailed ultrastructure of the differentiating vitelline cells
and the corresponding process of eggshell formation in £ gigantica. The basic
knowledge obtained from this study will provide the detailed structure in which the
egpshell molecules could be identified and localized, thus aiding the identification of
fasciola’s egg. At present, the currently used method for identifying fasciolosis is by
examining the structure and counting the number of eggs by sedimentation-techniques
(Conceicao et al, 2002, Gonzalez-Lanza et al., 1989, Happich and Boray, 1969).
Judging the unique characteristics of the fasciola’s egg through a microscope require

experience, whereas if monoclonal antibody could be developed against one of these



eggshell molecules it could be used to specifically immuno-stain the eggs, and thus

facilitate identification process even by the less experienced examiner.

MATERIALS AND METHODS

Live adult parasites were recovered from bile ducts and gall bladders of cattle
and water buffaloes killed at the abattoirs. Subsequently, they were washed in normal
saline several times. The parasites were then separated into two groups: the first was
fixed with 10% formaldehyde and stained with nitrate-nitrite technique for DOPA
residue according to the technique described by Waite and Benedict (1984). Briefly,
the fixed parasites were incubated in 0.5 M HCl for 30 min and transferred to nitrite
reagent (1.45 M sodium nitrite and 0.41 M sodium molybdate) for 10 min, and finalty
the color was developed by incubating in 1M NaOH for 10min. Then the stained
parasites were dehydrated, clear, mounted onto microscopic slides and photographed.
The second group was fixed in Kanovsky’s fixative (2% glutaraldehyde, 4%
paraformaldehyde in 0.]M cacodylate buffer, pH7.4), at 4°C, overnight. Fixed
specimens were washed and stored in 0.1 cacodylate buffer until processed further.
The remaining specimens were cut into small pieces, post-fixed in 1% osmium
tretoxide in 0.1M cacodylate buffer and 0.5% aqueous uranyl acetate containing 45
mg/ml sucrose, for 1 h each. After washing, they were dehydrated in graded series of
ethanol, infiltrated with propylene oxide twice and transfered into the mixtures of
propylene oxide and Aradite 502 resin at the ratios of 2:1 and 1:2, for 1 h and
overnight, respectively. After that, the specimens were embedded in Aradite 502
resin and polymerized at room temperature for 1 day and at 45 °C and 60 °C for 2
days each. The embedded specimens were sectioned into 500-700 nm semithin and
60-90 nm thin sections. The formers were stained with methylene blue and PAS as

followed: semithin sections were incubated in 1% periodic acid for 10 min at 37 °C,



followed by Schiff reagent for 10 min at 37 °C, and then counterstained with
methylene blue for 1 min at 37 °C. The stained sections were observed and
photographed under a light microscope, (Nikon E 600 equipped with DXM1200
digital camera). The ultrathin sections were double-stained with uranyl acetate and
lead citrate, and observed under a Hitachi 300 transmission electron microscope, at

75kV.

RESULT

Vitelline Gland

Vitelline gland is the largest organ of adult /. gigantica. The extent and
content of the gland are readily demonstrated by DOPA staining which is the major
constituent of the eggshell proteins (Fig 1A). The gland is composed of numerous
vitelline follicles, distributed lateral to the uterus and at the location posterior to the
testis. Mature vitelline cells develop in the vitelline follicles and are transported along
interfollicular, longitudinal and transverse vitelline ducts to be stored in the viteiline
reservoir beneath the Mehlis’ gland-ootype complex, the site of the egg formation
(Fig 1A). Each of the two longitudinal vitelline ducts is composed of two parts: the
anterior and the posterior longitudinal vitelline ducts. The former collects viteiline
cells from vitelline follicles located lateral to the uterus, while the latter collects cells
from the areas lateral and posterior to the testis. The left and right transverse vitelline
ducts, located between the testis and the uterus, are the confluence of the anterior and
posterior longitudinal vitelline ducts of each side, and they run towards the central
part of the parasite’s body to enter the vitelline reservoir at the midline (Fig 1A).
After that, the median vitelline duct extends from the anterior border of the vitelline
reservoir into the central part of the Mehlis’ gland to join up with the oviduct which

becomes the ootype. Before joining with the median vitelline duct, the oviduct merges



with the Laurer’s canal, which is a small duct running from the dorsal surface of the

parasite’s body towards the Mehlis’ gland-ootype complex.

Development and differentiation of the vitelline cells

Each vitelline follicle is filled with stem cells, 4 stages of developing and
mature vitelline cells, and nurse cells (Fig 1B-D). The wall of each vitelline follicle is
lined by nurse cells that send their processes to surround the developing vitelline cells.
The basal surface of these cells is attached to the basement membrane where
cytoplasmic processes of parenchymal cells come into contact with the follicle to
supply nutrients and transport away waste products (Fig 2A; 4A, B).

Stem cell

The stem cells are located close to the wall of the follicle, and they are small
cells, about 4-6 pm in diameter, with small amount of cytoplasm containing
polysomes and few mitochondria (Fig. 2A). They tend to show mitotic division since
they are actively dividing and will trans{orm into the next stage.

Developing vitelline cells
Step 1 (ER-Golgi proliferation)

This cell stage is about is 6-8 um in diamcter and distinguished by the
increasing amount of cytoplasmic organelles. Their cytoplasm contains more
organelles than the stem cells particularly mitochondria and rough endoplasmic
reticulum (Fig. 2B), however, therc is still no scerctory granules. This cell looses
contact with the basement membrane and start to move towards the center of the
follicle (Fig [B).

Step 2 (eggshell granules formation)
This stage is distinguished by the presence of the clectron dense eggshell

granules In their cytoplasm, and the increasing amount of rough endopiasmic



reticulum and Golgi complexes. The eggshell granules initially appear as single
round dense granules in the early stage, then they coalesce together to become the
eggshell globules in the later stage (Fig. 1B-D; 2C, D). Each eggshell globule is
firstly formed as a small globule in which Several nearby eggshell granules are packed
together by fusion of their membrane, while the granules content remain separated
from each other. As the result the tightly aggregated granules become surrounded
within the same membrane compartment (Fig 2D). Then other granules synthesized
later are added to this small eggshell globule resulting in its growth to the larger size
and eventually becoming the mature globules. In the late stage, almost all of the
eggshell granules are fused to form numerous eggshell globules, which occupy the
entire cytoplasm.
Step 3 (glycogen synthesis and storage)

This step is characterized by the presence of glycogen particles in the central
part of the cytoplasm. Initially the storage sites of glycogen arc the lightly PAS-
stained areas distributed randomiy within the central part of the cytoplasm (Fig. [D).
When observed under the transmission electron microscope, these areas are filled with
numerous small glycogen particles (Fig. 3A, B). Later, these glycogen storage areas
increase in size and merge together to become the larger and more intense PAS-
stained areas, which finally become a continuous zone completely surrounding the
nucleus, and represent the major proportion of the cytoplasm. Concurrently, the
increased glycogen deposit pushes all the eggshell globules towards the cells'
periphery, and finally most come to be located underneath the cell membrane (Fig 3A,
B). In late stage, there is only a thin rim of cytoplasm containing RER appearing
around the nucleus, while the eggshell globules are located close to the cell membrane

(Fig 2B-D; 3A, C).



Step 4 (glycan vesicle synthesis)

This step is defined when the glycan vesicles start to be formed from the
cytoplasm surrounding the nucleus. The glycan vesicles appear as numerous small
membrane-bound vesicles (Fig. 3C). As they become mature, these vesicles increase
in size and are transiocated into the glycogen storage area, and finally are
disconnected from the cytoplasm surrounding the nucleus to become mature vesicles
that are free floating in the glycogen storage area (Fig 3D). Under the light
microscope, these vesicles are PAS positive, and their staining intensity increases as
they mature like the glycogen storage area, but the mature vesicles appear to have
greater intensity (Fig. 1D). Under the TEM, these vesicles are filled with numerous
small dense particles similar to the glycogen particles stored in the cytoplasm, but
these particles are more closely packed together (Iig 3C inset, 31D inset).

The mature vitelline cells

This cell is characterized by the intensely PAS-stained cytoplasm when
observed under LM (Fig |D), and under TEM, contains lightly electron-stained
cytoplasm filled with glycogen, glycan vesicles, and eggshell globules. They are
completely detached from the processes of the nurse cells and are released into the
center of the follicle (Fig 1D). The mature cells are transported consecutively via the
interfollicular, longitudinal, and transverse vitelline ducts to be stored in the vitelline
reservolr located closc to the posterior part of the Mehlis™ gland.

The nurse cells

The nurse cells are the epithelial cells lining the wall of the vitelline follicles.
Their basal membrane attaches to the basal lamina which makes contact with the

cyloplasmic processes of parenchyma cells to exchange the nutrients and waste



products (Fig 2A; 4A, B). These cells have numerous long cytoplasmic processes
projecting out to embrace the developing vitelline cells (Fig 2A-D)

Vitelline Duct

The vitelline ducts are lined with a thin layer of epithelial cells attached to the
well defined basal lamina. The apical surface has long stereocilia or cytoplasmic
lamellae projecting into the lumen which is filled with mature vitelline cells (Fig 4C,
D). The epithelium is surrounded by a thin layer of muscle cells and parenchymal
cells (Fig 4C, D)

The eggshell Formation

Mature vitelline cells and ova are transporied via the median vitelline
duct and oviduct which are converged to form the ootype that continues into the
proximal part of the uterus, where the eggs are formed. The egg formation starts when
the vitelline cells are transported pass the ootype where the cytoplasmic processes of
the Mehlis’ gland cells open and release their granules into the ootype lumen (Fig 5A,
B). By as yet unknown mechanism, vitelline cells release their eggshell globules after
they pass into the proximal part of the uterus. Then, these released eggshell globules
fuse together to form the immature eggshell around an ovum surrounded by about 30
mature vitelline cells (Fig 5C, D; 6A). The immature egg with thin and incompletely
fused eggshell is transported into the middle part of the uterus where numerous
spermatozoa are stored (Fig SE). These spermatozoa pass into the egg interior through
the holes in the immature eggshell to fertilize with the ovum. Subsequently, the
remaining eggshell globules are released from vitelline cells inside the immature
eggshell. These pranules move outwards to the periphery where they fuse with the
internal surface of the eggshell, resulting in the filling of the holes, the thickening, and
finally the complete formation of the eggshell around the fertilized ovum (Fig 5F; 6B-

D). The glycan vesicles and glycogen particles are broken down and their released
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materials nourish the developing embryo, which turn into miracidium when the egg is

released from the mature parasites.

DISCUSSION

In Fasciola gigantica, vitelline cells differentiate in a continuous process
within the vitelline follicles. They are classified into two major phases: growth and
synthesis phases. The growth phase consists of the stem cell and step 1 cell when the
cells rapidly increase in size and the number of the cytoplasmic organelles, notably
rough endoplasmic reticulum and Golgi complexes. The synthesis phase is
subdivided into protein synthesis (step 2) and glycogen synthesis phase (step 3 and 4).
Protein synthesis phase is signified by the presence of the eggshell granules
(containing eggshell proteins) which later coalesce to form globules. The
glycogenesis is defined when glycogen particles (step 3) and glycan vesicles (step 4)
are formed. In F. hepatica, the growing stage also include stem cells and immature
stage while the synthesis phase is divided into the intermediate type 1 and I and
mature cell (Irwin and Threadgold, 1970; Threadgold, 1982). Besides protein and
glycogen synthesis, lipid synthesis is also found in the synthesis phase of the vitelline
cells of S. japonicum and S. mattheei (Erasmus ct al., 1982) but not in Fasciola spp.

In F. hepatica, the eggshell globules are synthesized in the RER and packed as
small granules via the Golgi complexes before they become fused together. The
fusion of these granules occurs only between the covering membranes, since
individual granules are still separated from cach other. This could be because the
granules’ content i1s composed mainly of the positively charged egg shell precursor
proteins in the acidic environment {Colhoun et al., 1998). In addition to the eggshell

proteins, phenol oxidase, the key enzyme in the tanning process of the eggshell, is
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synthesized as the proenzyme in the vitelline cells and stored together with the
eggshell precursor protein in the eggshell globules (Threadgold, 1982). Moreover, the
same globule may contain a proteolytic enzyme that activates the prophenol oxidase
and triggers the tanning process (Wells and Cordingley, 1991). It is believed that, the
acidic pH within the globule clusters inhibits most of the reactions in the
compartment, so the cross-linking reactions do not occur. When these globules are
released into the ootype lumen where the pH is higher than in the globules, the
prophenol oxidase enzyme is converted to the active form that starts the cross linking
or tanning process (Wells and Cordingley, 1991).

The eggshell precursor proteins have been studied in some parasites bui the
most extensively studied is that of F. hepatica. These proteins could be studied by
using acid urea extraction and separation by acid urea gel electroporesis stained with
nitrite molybdate, which is the specific staining for DOPA containing protein (Waite
and Rice-Ficht, 1987). Such studies show three distinct bands designated as vitelline
protein A, B and C (Waite and Rice-Ficht, 1987). Vitelline protein B 1s the most
abundant and best investigated protein which represents about 6-7% of total protein of
the adult fluke. Two mRNA sequences of these proteins have been identified and
localized within the developing and maturing vitelline celis and the genes have been
designated as vitellne Bl and B2 (Rice-Ficht, et al 1992). Both mRNA sequences
encode for 272 amino acids (MW 31 kD) and containing high content of glycine,
tyrosine, aspatate, histidine and lysine. The tyrosine residues are converted to 3, 4-
dihydroxyphenyl-L-alanine (DOPA) residues during co- or post-translational
processing by the enzyme tyrosyl 3-hydroxylase. The native protein contains 10
DOPA residues for 100 amino acids (Waite and Rice-Ficht, 1987). On the other hand

vitelline C has a moiecular weight ranging from 16,000 to 18,500 kD with the most
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abundant at 17,500 kD. Compared to protein B, this group of protein is different in
having very high histidine, low aspatate and tyrosine, and no lysine. The amount of
glycine, histidine and DOPA is over 80% of the total amino acids, whereas in protein
B these residues account for only 32% (Waite and Rice-ficht, 1989). The vitelline
protein A has MW 70 kD while other details have not yet been obtained. In contrast,
no study along this line has been done in £. gigantica.

At present our group is trying to develop a monoclonal antibody (MoAb)
against one of these eggshell proteins and the most likely to be obtained is MoAb
against vitelline B because of its abundance. It is hoped that such MoAb could be
used to specifically immuno-stain the eggs in the feces of infected animals and thus
help to facilitate the identification of fasciolosis by I gigantica. Furthermore, the
detailed knowledge on the fine structure of eggshell and its formation, as well as
distribution of vitelline proteins, will scrve as the normal base line for studying the
effects of any future candidate vaccines that are designed to disrupt the eggshell
protein synthesis and the eggshell’s formation. In fact one such vaccine, employing
the combination of cathepsin L and hemoproiein, has been shown to suppress the
production of eggs as well as lower their viability (Dalton et al, 1996). Even though
such a vaccine may not be able to completely cure the infected animals, it certainly
could lessen the infection incidences by reducing the dissemination of fasciola eggs
from the infected animals in the field and water rescrvoirs.

In f. gigantica, glycogenests occurs in the late synthetic phase, ie, the
glycogen and glycan vesicle synthesis steps. These two types of glycogen storage are
similar to that observed in the cestode, Caryophyllidea (Swiderski and Xylander,
2000) and in F. hepatica (Irwin and Threadgold, 1970). The first or alpha type

glycogen particles are distributed throughout the clcetrontucent area of cytoplasm,
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while the beta type are stored in the membrane-bound vesicles wrongly called “yolk”
globules, which is believed to be the key storage sites of nutrient supply for the laval
development (Irwin and Threadgold, 1970). Recently, it was suggested that these yolk
globules do not play role in supplying glucose to the developing miracidium so they
were renamed glycan vesicles (Schmidt, 1998). These glycan vesicles persist with
their membrane intact until the miracidium hatches from the eggshell. It is believed
that the break down of glycan vesicle membrane release the content that increases the
osmotic pressure that draws water from the outside into the inside of the egg, resulting
in the increasing of hydrostatic pressure that helps to push the operculurn open
(Schrmdt, 1998).

By as yet unknown mechanism, when the vitelline cells passes into the ootype
lumen, the Mehlis’ gland cells are triggered to release their secretions into the ootype
lumen which percolate to vitelline cells inside the ovum complex. It is believed that
the Mehlis’ giand secretions activate the vitelline cells to exocytose the eggshell
globules via the calcium dependent process (Skuce and Fairweather, 1988; Wells and
Cordingley, 1991; Colhoun et al., 1998). In the ootype lumen, the phenol oxidase
enzyme, which is co-packaged in the eggshell globules, changes the tyrosine residue
in the eggshell proteins to DOPA and o-quinone, which are then cross-linked with the
lysine residues which are present on the other chains of the eggshell precursor
proteins. This finally results in the formation of the hard eggshell (Seed et al., 1978).
It is notable that in F. gigantica, the new material from the vitelline globules is added

onto the inner surface of the maturing eggshell.
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Figure 1

A) A micrograph of the DOPA stained of the cephalic part of a whole-mounted
adult parasite showing relationship of the vitelline gland (Vg), anterior (alLd)
and posterior (pL.d) longitudinal and transverse vitelline duct (Td), vitelline
reservoir (Vr), ootype (Ot), uterus (Ut), Testis (Te) and ventral (Vs), oral
(Os) suckers

B-D) Light micrographs of semithin sections of vitelline follicles stained with
methylene blue (B, C) and PAS and methylene blue (D), showing the stem
cell (St), step 1, 2, 3 and 4 of developing vitelline cells, and mature vitelline
cell (M); Eg - eggshell granules, Gv - glycan vesicles, Va — vacuole like

structures, Pc — parenchymal cells, Bl — bladder, Mu - muscle
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Figure 2

A) A TEM micrograph of stem cell showing small heterochromatin blocks (Hc)
distributed throughout the nucleus, and cytoplasm containing mitochondria
{Mi) and abundant ribosomes. The nurse cell (Nc¢) lines the wall of the
follicle, where it contact with the parenchyma cells (Pc), and sends its
cytoplasmic process (Np) to surround the outer surface of the developing
vitelline cells. 1, 3 - developing vitelline cells step 1 and 3.

B) A TEM micrograph of developing vitelline cell step 1 which is a larger cell
whose nucleus {(Nu) contains small amount of heterochromatin (Hc), while
the cytoplasm contains more mitochondria (Mi) and rough endoplasmic
reticulum (RER).

C, D) Low (C) and high (D) magnification TEM micrographs of developing
vitelline cell step 2 showing eggshell granules (Gr) and eggshell globules
(Eg) in the central part of cytoplasm. RER — rough endoplasmic reticulum,

Nu —neucleus, Np - nurse cell process
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Figure 3

A, B) Low (A) and high (B) magnification TEM micrographs of developing
vitelline cell step 3, showing numerous glycogen particles (Gy) in the lightly
stained area of the cytoplasm in the central part of cytoplasm. RER and
eggshell globules (Eg) are dislocated to the cell periphery. Nu — nucleus, Np-
nurse cell process.

C) A TEM micrograph of developing vitelline cell at the beginning of step 4
showing small glycan vesicles (Gv) at the perinuclear region. Inset shows
high magnification of the newly formed (arrow) and small glycan vesicles
containing electron dense particies sumilar to glycogen particles. Eg -
eggshell globule, Nu - nucleus

D} The TEM micrograph of developing vitelline cell at the late step 4 showing
large glycan vesicles (Gv) detached from the nuclear islet, and some vesicles
floating freely in the lightly stained arca of the cytoplasm. Inset shows high
magnification of the glycan vesicle containing electron dense particles
similar to the glycogen particles. Eg - eggshell globule, Nu - nucleus, Bl =

bladder
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Figure 4

A, B) Low (A) and high (B) magnification TEM micrographs of the wall of the
vitelline follicle showing the nurse cell and its cytoplasmic process (Np)
surrounding the developing vitelline cell step 3 (3). Nu — nucleus, Eg —
eggshell globule, Pc — parenchymal cells

C, D) TEM micrographs of the vitelline duct showing simple epithelial cell (Ep)
with long sterocilia (Sc). This epithelium is surrounded by an incomplete
layer of thin muscle (Mu) and parenchymal cells {Pc). Ve - mature vitelline

cell, Bm = basement membrane, Mu — muscle, Bl - bladder
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Figure 5

Light micrographs of semithin sections of the ootype (A, B) and the proximal part of
the uterus (C-F) stained with methylene blue

A) The ootype epithelium (Ep) is penetrated by cytoplasmic processes of Mehlis’®
gland cell (arrows), and the ootype lumen contains vitelline cells (Vc) with
intact eggshell granules (Eg). Mu = muscle

B) The ootype epithelium (Ep) penetrated by cytoplasmic processes of Mehlis” gland
cell (arrows), and the ootype lumen contains vitelline celis (V¢) with intact (Eg)
and the released eggshell granules (Fg’). Mu = muscle

() Vitelline cells (Vc) and eggshell granule (Fg') are shown in the uterine tumen. Ep
— uterine epithelium, Mu — muscle, Gv - glycan vesicle, Nu — nucleus of
vitelline cell

D) The immature eggshell (Sh) is formed by the coalescence of the eggshell granules
(Eg’) supposedly released from several eggshell granufe-free vitelline cells (Vc)
surrounding the ovum (Om). Ep — uterine epithelium, Mu — muscle, Gv —
glycan vesicle, Nu —~ nucleus of vitelline cell

E) A micrograph of the uterus outside the Mehlis’ gland area, showing an immature
egg containing vitelline cells (V¢) and some released eggshell granules (Eg’).
The immature eggshell (Sh} still has several holes (arrow) that arc the site where
the sperm (Sz), stored i the uterine lumen, can gain access into the egg for
fertilization. Op — operculum
F) The mature egg showing thick and completely continuous eggshell {Sh)

surrounding the degenerating vitelline cells (Dv) around the zygote (Zy). Op

— operculum
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Figure 6

TEM micrographs of the proximal part of the uterus

A) Few loosely aggregated eggshell granules (Eg) are seen in the periphery of the
vitelline cell (V). These eggshell granules are probably released by the nearby
vitelline cell (Vc) and become distributed in uterine lumen outside the vitelline
cell. Ep = uterine epithelium, Mu = muscle

B) An immature eggshell {Sh) surround the vitelline cells (Vc) that are releasing a
large number of the eggshell granules (Eg), some of which are coalesced with
the inner facet of the eggshell (Sh). Ep = utenine epithelium, Mu = muscle

C, D) Numerous eggshell granules (Eg) are incorporated into the internal surface of
the immature eggshell (Sh - arrows) while the vitelline cell (Vc) is breaking

down. Gv — glycan vesicle, RER = rough endoplasmic reticulum
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Abstract

Components of three cytoskeletal elements, namely, microtubule, intermediate and
actin filaments have been localised in the tegument of the 3-weck-old juvenile and adult
Fasciola gigantica by means of immunofluorescence and immunoperoxidase techniques,
using mouse monoclonal anti-alpha-tubulin, anti-cytokeratin antibodies and biotinylated-
phalloidin, respectively. ~ The presence of tubulin, indicative of microtubules, was
demonstrated in the tegumental cell bodies, their cytoplasmic processes, and the basat layer of
the tegumental syncytium. Cytokeratin, representing one type of intermediate filaments, was
detected in the tegumental cell bodies, their cytoplasmic processes, tegumental syncytium and
spines. Phalloidin, which could bind to actin, a subunit of microfilament, was detected in the
tegumental cell bodies and their processes, and the microtrabecular network which form the
scaffold of the tegumental syncytium. In tegument, cell bodies and their processes, tubulin
and actin appeared as long bundles and network, which could mediate the movement of
secretory granules from the cell bodies towards the basal as well as the apical layer of the
tegument. Cytokeratin-based intermediate filament may serve to reinforce the integrity of the
tegumental syncytium,

Keywords

Fasciola gigantica, Tegument, Cytoskeleton, Tubulin, Actin, Cytokeratin
Introduction

In trematodes, the tegument is the interface lay.!er between the parasites and their
environment. It represents a site where considerable biochemical, physiological and host
immune reactions interplay. In fascicla spp., the tegument plays crucial roles in maintaining
homeostasis, including absorption of the nutrient, exchange of the waste molecules, regulation
of 1onic equilibrium, and protection from host immune responses (Fairweather et al, 1999). In

additton, tegument is the major site from which antigens are released to stimulate the host



immune responses (Hanna and Trudgett, 1983, Sobhon et al, 1996). In trematodes, the
cytoskeleton is thought to play important roles in maintaining the tegumental architecture,
transportation of tegumental granules from tegumental cells to the syncytium, thus are
directly involved in the synthesis and turnover of the surface membrane and its outer coat
(Wison and Bammes,1974; Sobhon and Apinhasmit, 1995; Fairweather et al, 1999). The
cytoskeleton, especially microtubules and actin filaments represent a potential target for
anthelmintic drugs (Lacey, 1988; Sobhon and Upatham, 1990a). Several anthelmintic drugs
act by damaging the tegument cytoskeleton (Sobhon and Upatham,1990b; Stitt and
Fairweather,1994; Apinhasmit and Sobhon,1996;, Meaney et al, 2002; Meaney et al, 2003,
Meaney et al, 2004). However only few studies have been carried out on the distribution and
arrangement of the cytoskeletal components and their role in organizing the unique structure
of the tegument. In Schistosoma mansoni, actin filaments have been found ta the tegument
and surface spines by immunocytochemical analysis (Cohen et al, 1982; Abbas and Cain,
1987, Matsumoto et al, 1988; MacGregor and Shore, 1990) while intermediate filaments
existed at the base of spines (Abbas and Cain, 1987). Cytokeratin was exhibited in the
tegument and the spines of S. mansoni (Diogo et al, 1994). In F. hepatica, actin filaments
have been immunocytochemically demonstrated in the tegumental cell bodies and tegumental
spines (Stitt et al, 1992a) and tubulin in the tegumental cell bodies, their cytoplasmic
processes and the syncytium (Stitt et al, 1992b) . In the present report, we have localised the
distribution of tubulin, cytokeratin and actin in the tegument and its associated structures in 3-
week-old juvenite and adult F.  gigamtica by using immunofluorescence and

immunoperoxidase techmques.



Materials and Methods
Specimens preparation

Juvenile flukes were recovered from the liver parenchyma of male Golden Synan
hamsters at 3 weeks after being infected orally by feeding metacercariae of F. gigantica.
Adult parasites were collected from the bile ducts and gall bladder of infected cattle and
buffaloes at the local abbattoir. They were washed several times with 0.85% NaCl solution
before being processed for further study. The localization of cytoskeletal components in the
tegument of adult and 3-week-old juvenile F. gigantica was performed by standard indirect
immunofluorescence and the avidin-biotin immunoperoxidase methods.

For the immunofluorescence technique, the flukes were fixed in 4% (w/v)
paraformaldehyde in 0.1 M phosphate buffered saline (PBS) pH 7.4 at 4 "C for 4 hours.
After washing, the specimens were immersed in 5% (w/v) sucrose in 0.1 M PBS at 4 °C for
24 hours and transferred to 30% (w/v) sucrose in 0.] M PBS at 4 "C, then embedded in the
Tissue Tek O.C.T. medium and frozen at =30 "C. The sections were cut at the thickness of 3-
5 um in a Leica CM 1800 cryostat, and mounted on 3-aminopropyl-triethoxy-silane (APES)
(Sigma-Aldrich Co., Saint Louis, MO, USA) coated shdes.

For immunoperoxidase staining, the parasites were fixed in 10% buffered formalin,
dehydrated through graded series of alcohol, embedded in paraplast, cut at the thickness of 5
um and placed on APES-coated slides.

Indirect immunofluorescence detection

For localization of microtubules and intermediate filaments, the sections were
incubated in 0.1% glycine in 10 mM PBS, and subsequently in 4% bovine serum albumin
(BSA) to block non-specific bindings for 15 and 30 min, respectively. Then the sections were
covered with mouse monoclonal anti-alpha-tubulin or monoclonai anti-cytokeratin antibody

(Zymed Co., San Francisco,CA,USA) for I hour at room temperature at the dilution 1:500



and 1:100, respectively. After washing with 10 mM PBS, pH 7.4, 3 times for 10 min each,
the sections were treated with fluorescein isothiocyanate (FITC)-conjugated goat anti-mouse
IgG solution (Sigma-Aldrich Co.), at 1:100 dilution, for 30 min.

For localizing actin, the sections were treated with 1% Triton-X 100 in PBS 'for 10
min.  After washing with 10 mM PBS, pH 7.4 for 5 min, the sections were incubated in
biotinylated-phalloidin solution (Molecular Probes Inc., OR, USA) at |20 dilution for 1 hour
at room temperature. The sections were rinsed three tumes with PBS for 10 min each, then
covered with streptavidin-FITC (Zymed Co.), at 1:100 dilution for 30 min.  Finally, the
treated sections were nnsed thoroughly with PBS and mounted in Vectashield (Vector
Laboratortes Inc., Burlingame, CA, USA), observed and photographed under a Nikon HB
10101 AF fluorescence microscope.

Immuneperozidase detection

The immunoperoxidase staining was done by using a Vectastain Umiversal Quick kit
{Vector Laboratories, Inc). The deparaffinised sections were hydrated and treated with 3%
H,O; n tap water for 30 min to destroy endogenous peroxidase. Prior to the primary antibody
incubation, the sections were submitted to treatment in microwave oven, using three 5 minute
cycles at 700 w in 10 mM citric acid, pH 6.0 (Shi et al, 1991). For microtubule and
intermediate filament localizations, the sections were blocked for non-specific staining with
2.5% normal blocking serum for 10 mun, then incubated for 1 hour at room temperature with
mouse monocional anti-alpha-tubulin or anti-cytokeratin antibodies. After washing three
times in 10 mM PBS, pH 7.5 for 10 min each, the sections were subsequently incubated in the
biotinylated secondary antibody and streptavidin-peroxidase solution (Vector Laboratornies,
Inc) for 15 min and 10 min, respectively.  For actin filament localization, the deparaffinised
sections were hydrated and permeabilised with 1% Triton-X 100 in PBS for 10 min before

being covered with biotinylated-phalloidin solution overnight, at 4 C, and subsequently



incubated with streptavidin-HRP solution (Sigma). Then, color products in the treated
sections were developed in 0.03% diaminobenzidine tetrahydrochloride (DAB) in 0.1% H;O,
solution (Vector Laboratories, Inc). After counterstaining with Mayer hematoxylin, the
stained sections were dehydrated, mounted, and viewed under an Olympus microscope.

For the negative controls in both immunofluorescence and tmmunoperoxidase
experiments, the sections were incubated in the normal mouse serum without primary

antibodies.

Results

The distribution pattem of the cytoskeletal proteins in the tegument of 3-week-
old juvenile and adult stages was similar, and thus was described simultaneously.

Tubulin

By indirect immunofluorescence, tubulins were detected 1n the tegumental cell bodies,
their processes runmng between the muscle, and the basal part of the tegumental syncytium
(Fig. 1C,D). In the tegumental cell, intense staining was observed in the cytoplasm around
the nucleus, and in the cytoplasmic processes running between the muscle fibers to join the
tegumental syncytium (Fig. 1D). While in the tegument itself, intense staining was seen only
at the basal tayer (Fig. 1D). The cells of parenchyma and caecal epithelium also exhibited
strong fluorescence (Fig. 1C) Immunoperoxidase statming showed similar distribution of
tubulin which is indicative of the presence of microtubules as in the immunofluorescence
experiment (Fig. 2C,D), though the major structures {(eg. tegument, muscle) could be more
clearly observed.

Cytokeratin

Strong 1mmunofluorescence of cytokeratin was observed tn the cytoplasm of the
tegumental cell around the nucleus {(Fig. 1E F). Moderate fluorescence was observed in the

cytoplasmic processes situated between muscle cells, whereas the whole width of the



tegumental syncytium was also moderately and homogeneously fluoresce (Fig. 1E.F).
Tegumental spines showed intense fluoresce of cytokeratin in all parts (Fig. 1E inset,F). The
parenchymal and caecal epithelial cells exhibited moderate fluorescence (Fig. LE). The
immunoperoxidase detected similar distribution pattern of cytokeratin except in the syncytium
and tegumental spines where the intense immunostain appeared in patches, particular in the
apical layer of the tegument and the tip of the spines (Fig. 2E,F), while only very light
statning was visible m the rest of the tegumental syncytium and the cytoplasmic processes of
tegumental cells (Fig, 2E F).

Actin

Both indirect immunofluorescence and immunoperoxidase could detect strong staining
of biotinylated-phalloidin in the tegumental cell bodies, their cytoplasmic processes, almost
the whole thickness of the tegumental syncytium and subtegumental muscle layers (Fig.
1G,H, Fig. 2G,H). In the tegumental cell bodies and their processes, strong fluorescence was
visible in area around the nuclei, while in some cells the fluorescence was so strong that the
nuclei were masked (Fig. 1G,H). Moderate staining appeared in the subtegumental muscle
lavers, the parenchymal and caecal epithelial cells. In the tegumental syncytium, intense and
uniform staining occupied the basal two-third of the width of the syncytium in all area of the
fluke body, but not the spines (Fig. 1G,H, Fig. 2G,H).
Discussion

The tegument of both adult and juvenile stages /. gigantica is made up of a syncytium
that is connected to the processes of tegumental cells situated underneath the muscular layers.
The detailed arrangement of the cytoskeleton in tegument of adult [ gigantica was first
observed by Sobhon et al (2000) using conventional transmission electron microscopy
(TEM). The tegument was divided into four layers based on the presence of varous

organelles and the density of the cytoskeleton elements. The main body of the tegument is



composed of the network of fine filaments appearing as microtrabecular network.
Microtubules were shown concentrated in the processes of tegumental cells and the fourth, or
basal layer of the tegument. While bundles of fibrils similar to intermediate filaments
appeared in patches underneath the surface membrane. The presence of high concentration
of tubulin in the tegumental cell bodies and their processes agrees with the ultrastructural
observation. The presence of tubulin only in the basal layer of the tegumentai syncytium of £
giganiica differs from that of F. hepatica reported by Stitt et al {1992b), which showed the
presence of microtubules oriented vertically and horizontally in the syncytium and alony the
apical and basal boundaries of the syncytium.

Using phalloidin, a compound known to bind to filamentous actin (F-actin) (Cooper,
1987), actin filaments were detected in almost the whole thickness of tegumental syncytium.
This corresponds to the presence of microtrabecular network in the third and fourth layers of
adult’s tegument and juveniles’ as viewed by TEM (Sobhon et al, 2000. Khawsuk, 2003) and
were siilar to the paliein reported eartier in the legument of the onental schistosomes, ie, §.
Japonicum and S. mekongi (Sobhon and Upatham, 1990a). These result suggested that actin
may form the major part of the microtrabecular network. However, direct labelling studies by
immunoelectron microscopy needed to be done. Surprisingly, actin was not detected it the
spines of F. gigantfica in both adult or juvenile stages which is in contrast o other eports
which showed actin as the major components of spines n F. hepatica (Stitt et al, 1992a) and
S. mansoni (Abbas and Cain, 1987, Cohen et al, 1982, MacGregor and Shore, 1990;
Matsumoto et al, 1988).

In diverse eukaryottc cefls, microtubules and actin filaments networks cooperate
functionally during a wide variety of cellular functions, especially in vesicle and organelle
transport (Goode et al, 2000; Rogers and Gelfand, 2000). In general, nucrotubules are utilized

for the long-range transporl while actin filaments are used for the short-range transport



(Goode et al, 2000). Vesicles are transported using microtubules in the initial fast motion
towards the cell periphery, followed by the dispersion of vesicles throughout the cytoplasm by
the action of actin fibers (Goode et al, 2000). In fasciola as well as schistosoma spp,
microtubules and actin filaments are believed to be involved in the movement of tegumental
granules from the tegumental cell bodies to the syncytium (Wilson and Barnes, 1974), and
their distribution at definite sites within the tegumental syncytium may be determined by actin
filaments in the microtrabecular network.

The preseni sludy has demonsirated for the fiest time the presence of cytokeratin,
which 1s one form of mtermediate filament, in the tegument of fasciola parasite. Infense
statning was observed at the apical surface of the tegumental syoncytiuny, perhaps
corresponding to the patches of bundles of thin fibrils found underneath the sucface
membrane (Sobhon et al, 2000). Light staining occurred throughoul the wadth of the
syncytium, which suggested the distribution of intermediate filamenl across the whole
tegument. These observations are similar to that by Diogo et al (1994) who revealed the
cytokeratin network in the tegumenti, and also the presence of this protein in the spines of both
male and female S. mansoni.

The distribution pattern of cytokeratins in the tegumenial cell bodies and the
cytoplasimic processes ts somewhat overlapping with that of nucrotubules and actin filaments.
It is possible that in the cell bodies, cytokeratins form a scaffold linking microtubules and
aclin flasments (Houseweart and Cleveland, 1998; Hetrmann and Aebi, 2000) in matnlaining
the position of the nucleus, determining the cell shape, as well as protecting cells from
mechanical stresses {Goldman et al, 1996; Galou et al, 1997, Coulombe et al, 2002).
Similarly, in the legumental syncytium, the cytokeratin-associated intermediate filameits may
play itportant roles m mamtaining the integrity, and specific shape as well as surface contour

of the syncytium, which is so unique [or this species (Daengprasert et al, 2000},



Our finding also indicated that Fgigantica spines were, at least in part, composed of
cyiokeratin, since this protein could be deiecied by both immunofluorescence  and
immunoperoxidase stainings. The flukes use their spines in maintaining position in the host’s
bile ducts, eroding the epithelium and also puncturing the blood vessels (Fairweather et al,
1999). In this regards it would be expedient if the spines are composed iti part of cytokeratin
which contribute 10 their rigidity.
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Figure 1
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Legends to the figures

Fig. 1. Immunofluorescence micrographs of frozen sections of the 3-week-old
Juvenile (A, C, E, G) and adult F. gigantica (B, D, F, H). The negative centrols of a
cross-section of the 3-week-old juvenile (A) and the adult (B) fluke, showing
tegumental syncytium (Te), spine (Sp), muscle (Mu), tegumental cell body (Tc),
vitelline gland (Vi), caecum (Ce), parenchymal cells (Pc). (C) A section of 3-week-
old juvenile showing intense staining of anti-tubulin at the basal layer (inset, arrow) of
the tegumental syncytium (Te); the parenchymal cells (Pc) and caecal epithelium (Ce)
are also strongly stained. (D) Strong staining with the same antibody in an adult
section, appears In the tegumental cell bodies (Tc) and their cytoplasmic processes
{arrow head) running between the muscle (Mu) to the basal layer (arrow) of
tegumental syncytium. (E) A section of 3-week-old juvenile showing strong staining
of anti-cytokeratin in tegumental cell bodies (T¢) and tegumental spines (inset, Sp),
moderate staining in tegumental syncytium (Te), parenchymal cells (Pc) and caecal
epithelium (Ce). (F) In an adult section, intense staining of anti-cytokeratin is also
exhibited in the tegumental cell (Tc) cytoplasm around the nucleus (Nu) and the cells’
processes (arrow) running between the muscle (Mu) to join with the syncytium (Te)
which exhibits moderate staining. The spines (Sp) are strongly stained. (G) A section
of 3-week-old juvenile showing intense staiming of phalloidin in the tegumental cell
bodies (Tc) and the syncytium (inset, Te), moderate staining in parenchymal cells (Pc)
and caecal epithelium (Ce), while the spines are not stained (inset, Sp). (H) In an adult
section, intense staining of phalloidin is also exhibited in the cell bodies (Tc) and
thetr cytoplasmic processes (arrow) running between the muscle (Mu); tegumental
syncytium (Te) exhibits intense staimng in the middie two thirds of its thickness. The

spines (Sp) and vitelline gland (Vi) are not stained.



