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Abstract

In Fascivla parasites fairy acid binding proteins (FABPs) are the carrier proteins that help in the
uptake of faity acids from the hosts’ fluids. Atlempis have been made to utilize both pative and
recombinani FABP (tFABP) for immunodiagnosis and vaccine development for fasciolosis. In this
study, we have produced a number of monoclonal antibodies (MoAbs) against rFABP of Fasciola
viguntica. These MoAbs were initially screened against rFABP by ELISA and then tested for their
specificitics by immunoblotting. Five stable clones were selected and characterized further: four
of them were of the isotype [gG, while one clone was 1gGy,. All the MoAbs reacted with rFABP
which has a molecular weight (MW} of 20 kD and with at least 1wo isoforms of native proteins w
MW 14.5kD that were present in the teguntenial antigen (TA) wml crude worm extracts, and the
excretion-secretion materials. Immunoperoxidase staining of frozen sections of adult parasites by
using these MoAbs as primary antibodies indicated thiat FABP were present in high concentration
in the parcnchymal cells and reproductive tissues, in low concentration in the tegument aned caecal
epithelium. All MoAbs cross-reacted with a 14.5 kD antigen present in the whaole body (WB) extract
ol Schistosoma mansoni, while no cross-reactivities were detected with antigens from Euwrytremu
pancreaticwn and Paramphistomum spp. © 2002 Elsevier Science B.V. AR rights reserved.

Kevwords: Fuscisla gigantice’, Fatty acid binding protein; Monoclonal antibody; Lecalization, Cross-reaction;
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1. Introduction

Trematode parasites are unable Lo synthesize de novo most of their lipids particularly
long chain fatty acids and cholesterol (Meyer et al., 1970). Therefore, they have to depend
on fatty acid binding proteins (FABPs) for the uptake and transport of these molecules
from the host. Phylogenetically, parisitc FABPs appear to be related (o those appearing
in verlebrate tissues including heart, mammary gland, muscle, with about 30% identity
at the amino acid level, although no clear functional relationships have been established
(Esteves ct al., 1997; Moser et al., 1991). Recently, Fasciola hepatica FABP (Fh12) and
Schistosoma mansoni FABP (Sm13) have been shown to elicit a strong cross-protective
immunity (Hillyer, 1985; Hillyer et al., 19884). Mice vaccinated with purified Fh12 prior
to challenging with §. mansoni cercariae displayed a 77% reduction in the worm burden
(Hillyer et al., 1988b). In addition, Fil2 wus lound to be expressed in [ hiepatica early
afier excystment through to 1he adult stage (Rodriguez-Perez et al., 1992). However, due
to the limitation in obtaining sufficient quantity of native FABP as antigen for vaccimation.
attempts to produce recombinant FABP (tFABP) of F hepatica (Fhil3) have been made.
This recomnbinant protein has been shown to induce a significant level of resistunce in hosts
to chalienges with £ Aepatica {Muro et al., 1997) and §. bovis (Abane et al., 2000),

In comparison 1o F. kepatica. there have only been few studies on the cloning and vaccine
potentinl of F gigantica FABP (Estuningsih et al, 1997; Smooker et al., 1997). Since
a large amount of the highly purified native FABP 1s difficult to obtain, in the present
imvestigation we have generated recombinant F giguntica FABP by molecular cloning,
and attempted to produce and characterize monoclonal antibodies (MoAbs) against this
protein. These MoAbs were used to immunolocalize FABP in £ gigantica tissues, and their
cross-reactivitics with other irematode parasite antigens were tested in order to probe for
therr possible applications in iimmunodiagnosis and vaccine development,

2. Materials and methods
2.1, Parusire samples

Adult F gigantica were removed from the bile ducts and gull bladders of condemned
bovine livers at local slanghterhouses. Other trematode parasites collected from the same
group of cattle for u cross-reaction study included Paramphistomum spp. from the rumen and
Euwrytrema pancreaticum from the pancreas. 8. mansoni were collected for the cross-resctlion
study from muce infected with cercariae 8 weeks earlier. All parasite specimens were
washed three times with Llank's balanced sail (FIBS) sclution containing 100 U/ml peni-
citho and 100 mg/ml streptomycin to remove all traces of blood, bile and contaminaling
MICrOOrganisms.

2.2, Excretory—sceretory (15) antigenys of adult I gigontica

The ES antipens were prepared by incubuating, freshly collected, living aduli parasiles in
HBS (Gibco, USA) at room temperature for 3 h. The parasite eggs in the cullure mediem
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were removed by centrifugation at 5000 g for 20 min at 4 °C. The supernatant was dialysed
using Spectra/Por | dialysis membrane (Thomas Scientific, USA} with molecular weight
(MW) cut off at 6-8 kDa, in 0.01 M PBS, pH 7.2 at 4 °C for 24 h, lyophilized, and kept al
—-20°C until used.

2.3. Tegumental antigens (TA} of adult F. gigantica

TA antigen was obtained by extraction of live adult parasites with 1% Triton X-100 in
Tris—HCl buffer, pH §, for 30 min at room temperature. The extracting solution was collected
and centrifuged at 5000 x g for 20 min at 4 °C to remove the parasite eggs which may be
released during the extraction. The supematant contaimng TA antigen was collected and
dialysed using Spectra/Por 1 membrane in (.01 M phosphate buffer saline (PBS), pH 7.2 at
4°C for 24 h, before it was Iyophilized and kept at —20°C until used.

2.4. Whole body (WB) antigens of parasites

Whole adult parasites (£ gigantica and other trematodes) were homogenized in 0.0l M
PBS, pH 7.2 and extracted overnight with continuous rotation at 4 °C. The suspensions were
cemerifuged at 5000x ¢, 4 °C, for 20 min and the supematants were collected and stored at
—70°C until used in subsequent experiments.

The protein contents of all fractions were determined by modified Lowry’s method
(Lowry et al., 1951).

2.3, Preparation of F. gigantica rFABP

A 399bp cDNA fragment encoding an FABP of F gigantica was cloned by RT-PCR
(Grams et al., 2000). The fragment was subsequently cut by BamHI and Sall restriction
enzymes from pBluescript SK(-) (Stratagene) and subcloned in the bacterial expression
vector pQE30 (QLAGEN). The cloning procedure resulted in the addition of 19 amino
acids at the N-terminus including a six-residue histidine stretch for purification. At the
C-terminus, another 14 amino acids were added to the rFABP. The calculated MW of rFABP
is 18.5 kDa. Upon induction by IPTG (1 mM) (FABP was detected by SDS—PAGE analysis
in the insoluble protein fraction. It was, therefore, purified by Ni-NTA chromatography
under depaturing conditions in 6 M urea following the instructions of the manufacturer
(QlAexpressionist, QIAGEN). The eluted protein fractions were analyzed by SDS-PAGE,
and FABP-containing fractions were combined and dialyzed against PBS buffer.

2.6. Production of MoAbs against F. gigantica rFABP

BALB/c mice were immunized subcutancously with £ gigantica tFABP in completc
Freund’s adjuvant at a dose of 10 p.g in 100 I per mouse. The second injection of a similar
dose of the recombinant protein in incomplete Freund's adjuvant was given 3 weeks [ater.
A final boost of 20 ug of protein in 100wl PBS was given intravenously 2 weeks later.
Hybridomas were produced by {usion of spleen cells from BALB/¢c mice immunized with
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F gigantica rTFABP and mouse myeloma cells (P3/x63-Ag8). The hybridoma cells that grew
successfully in culture were cloned by limiting dilution methods. Only the hybridoma clones
that produced high titers of antibodies against rFABP, as screcned by indirect ELISA, were
selected. The antibody isotypes were determined by ELISA using the Mousc MonoAb-1ID
kit (ZYMED Laboratorics, USA).

2.7, Immunoblotting

Immunoblotting was performed as described previously by Viyanant etal. (1993). Briefly,
rFABP, TA, ES, and WR antigens were separated in 12.5% SDS-PAGE and blotted onto
u nitrocellulose membrane. As positive controls, the antigenic bands in cach {raction were
detected by cattle-infected sera (CIS) obtained from the pooled sera of naturally infecied
animals. Strips containing similar antigenic fractions were also screened by MoAbs. Forneg-
ative controls, the culture fluid (CF) and normal mouse serum (NMS) were used as probes.
Cattle antibodies that reacted with the antigenic molecules were detected by peroxidase-
conjugated rabhit anti-bovine immunoglobulin, whereas the monocional antibody—antigen
complexes were detected by peroxidasc-conjugated rabbit anti-mouse [gG. The reaction
was visualized by further incubation in 3.3'-diamincbenzidine (3,3-DAB) and H;O5.

2.8 Immunolocalization of FABP

The five MoAbs were used for an analtysis of the distribution, and relative concentration of
FABP in the frozen and acetone-fixed sections of adult £ gigantica by immunaperoxidase/
3,3’-DAB staining. Endogenous peroxidase activity was destroyed by pretreating the tissue
scetions with 3% H»O3. The positive reaction was demonstrated by avidin—biotin—peroxidase
technigque as previously described by Viyanant et al. (1993). C1S diluted at 1:50 and (0%
fetal calf serum were used as positive and negative controls, respectively.

3. Results
3.1, Monoclonul antibodies

Five clones of MoAbs against (FABP of F. gigantica, namely 3D4-12, 3D8-1, 3D8-8,
5C5-1 and 6F3-2, were produced. Four of them, 3D4-12, 3D8-1, 3D8-8 and 5SC5-1 were
found to be [gG |, while only 6F3-2 was 1g{i>,. All MoAbs were k light chain. Clone 6F3-2
had the highusttiter (up to 2.02 in ELISA OD reading at 492 nm with the cut off point at 0.5).

3.2, Immunoblotting

The immunobloiting experiment indicated that all MoAbs reacted with a single band
of rFABP which has a MW of 20kD (Fig. |A). Howsver, when tested against WB TA
and ES antigens from adult F gigantica, these MoAbs reacted with native FABP which
appeared as a close double band ut MW 14.5 kD (Figs. 1B and 2A). When similar antigenic
fractions were analysed with polyclonal antibodies against native FABP (kindly given by



A. Sirisriro er al. / Veterinary Parasitology 105 (2002} 119-129 123

3p4-12
3D8-8
5¢5-1
6F3-2

3D8-1

mw (kD) CF NMS CIS

66
as
31
215
14.5
TFABP
{A) sp 1 2 3 4 5 6 7 8
]
R
284 ¢
MW(KD) CENMSCIS ® & @& W ©

66
45
31
21,5
]
145 ﬁ
- W ————————

B) sb 1 2 3 4 5 6 7 8

Fig. 1 (A) Immunebletting patteras of tFABP reacied wilth myeloma CF (lane 1), NMS (line 2), CIS dane 3.
MoAb 3D4- |2 {lane 4}, 3D8-] (lane 5), 3D8-6 (lane 6), SC5-1 (lane 7) and 62 X (lane 8). SD 1~ the lane containing
standard MW (B} tmmunoblotting pattemns of £ giganiica WB antigens reacted with mycloma CE (lane 1), NMS
(lane 2), CIS (lane ?), MoAb 3D4-12 (lanc 4), 3IDE-1 (lanc 5), 3D8-6 (lanc 6), SC5-1 (lune /) and 6F3-2 {lane 8.
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1), MNMS (lane 2), CIS (lane 1), ES tlane 4), TA (lane 55 and WB (lame 61 antigens with polvelonal antbodies
spmnal ntive FABP
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tlane &) ail Paramphistomem spp. (lane 7) with MoAb 6F3-2. The controls show WB antigen reacted with
myeloma CF (lane 1), NMS (lane 2) and CIS (lane 3). Other clones of MoAb showed similar pattern and were not

shown

Dr. Terry Spithill, Monash University, Australia), the identicat double band was observed
at MW 4.5 kD> (Fig. 2B) which confirmed that the proteins detected by MoAb were FABP.
However, in contrast to MoAb, the polyclonal antibodies also reacted with bands in ES and
WB at higher MW which could be due to impurities in the native FABP preparation used
for immunization.

When tested against WB antigens fram three other trematode parasites (S0 mansoni,
Paramphistomum spp. and E. pancreaticum), all MoAbs showed o strong cross-reaction
with @ 8. mansoni antigen at MW 14.5 kD, while no cross-reactions were detected in WB
antigens from other parasites (Fig. 3).

3.3, Immunolocalization

All MoAbs showed similar immunoperoxidase staining characteristics as represented by
MoAb 6F3-2 (Fig. 4) which exhibited the strongest reaction, The sites and intensities of the
brownish reaction products indicated the locwstion and relative concentration of FABP which
were bound to MoAb. The highest intensity was observed in the cytoplasm of parenchymal
cells and their processes (Fig. 4A—C). However, while most parenchymal cells (Pcy) were
intensely stained, some parenchymal celis (Pe;, Pea) were only moderately or lightly stained
{Fig. 4B and ). The testicular and ovarian tissues were alsu moderately stained with the
early stage germ cells on the periphery of the gonadal follicles appeared more intensely
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stained than the late stage cells in the center (Fig. 4E and F). The basal part and the surface of
tegument were moderately stained (Fig. 4B). Most cytoplasin of the caecal epithelium was
lightly stained, whilst the apical cytoptasm and lamellae were intensely stained (Fig. 4D},
The ulerine epithelium was only lightly stained (Fig. 4G).

4. Discussion

In this study, we could produce MoAbs specific 1o tFABP. These MoAbs reacted with
the native Fi gigantica FABP at MW 14.5 kD represenied as closely aligned double bands
in immunoblots of WB and tegumental (TA) extracts, and the exeretion—sceretion material
of the adult parasites. Smooker et al. (1997) could also identify two isoforms of native £
gigantica FABP with similar MW. In coatrast, it has been shown by many studies that /7
hepartica has at least three 1soforms of the cytoplasmic FABP tumily (Rodnguez-Perezet al.,
[1992; Chicrs, 1994; Bozas and Spithill, 1996). Thetir MWs range between 14 and 16 kD with
127133 umino acids in length (Hillyer, 1985; Hillyer et o)., [987; Veerkamp et al., 199t;
Rodriguez-Perez et al., 1992). In comparison, homologous protein in S. manseni has a MW
about 12D (Hillyer et at., 1988a) and exhibited cross-reactivity with £ fiepatica FABP
as well us cross-protection for both spectes of parasites (ITillyer et al,, 1988b). Analysis of
¢DNAs indicated that FABP in the two species showed 441% 1dentity {Moser et al., 1991,
Rodrigucs-Perez et ], 1992). Our MoAb could detect only two isoforms of tiie £ gigantica
FABP family which may possess similar epilopes. These two isoforms were also detected
by polyclonal antibodies against native FABP. In comparison to the native FABP, rFABP
that reacted with all MoAbs has a higher MW of 20 kD. The higher MW of rFABP is due
to the addition of 31 amino acids for cloning and purification purposes as mentioned in
Section 2.

The immunolocalization experiment demonstrated that FABP has a wide distribution in
almost all tssues of the parasites. However, it has the highest concentration in one type
of parenchymal cells which forms the major stroma or genceral packing tissuc between
epithclia lining the tegument. digestive, reproductive and urinary traces: whercas two other

¢ e —. =1
Fig. 4. Light micrographs of I gigentica frozen seclicos statned by immunoperoxidase technique. using MoAb
as pomary antibody and biotinylalied rabbit antimouse IpG as secondary antibody. (Only seqtions stained with
MoAb 6132 were showin) (A) A low magnification micrograph of 1he cross-section of an aduli parusite’s hody,
showing intense siaining in parenchymal cells (Po} which form the gencral packing ussue between the Te and

other orguns dtestis Te: Bludder B cascum: Caz il Mud (BY A hight magnification mucrograph, showing

intensely stamed procesaes of porenchymal cetls Larrow heads) runnimg berween musele cells (Mud toveareds e
Fg. which s only lightly stained except at the surlice membrane (arrows) and the basal eytoplasm which appears
more ineasely stuined. Parenchymal cells showed variation in staining from the highest to the lowest intensitfes m
Pey. Peo and Pey. (C-EY Higher magnification micrographs of the interior of the adult parasites’ bodies. showing
in (O intensely stained type | parenchymal cells (Pey ) and their processes famrow heads), aad less infensely stained
types 2 and ? parenchymal cells (Po-. Pes) Vitelline cells (V) are not stamed. In (DY, most of the eytoplasm
of caccal epitheluin (Ep)y is bpghtly staved, wlizle the apical cytopiasm wml lamelae {arrows oul centent af the
el lumen (Ca—arrow head) e densely staned. In () and (F the tesicular €Tey and ovarain (Qv) cells
cxfibit chate staining, especrally those lving on the periphery ol the gonadal follicles tarrow heads), In (G),
the utering epithelium (UL-Ep) is only lightly stained.
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types of parenchymal cells exhibit less staining intensity and thus probably contained a
lower concentration of FABP. In contrast, the relative concentration of FABP in the caecal
epithelium and tegument which were cxposed to the hosts® fuid and thus thought 1o be
1nvolved in the initial uptake of fatly acids was quite low. It is possible that after the uptake
through these two kinds of epithelia, fatly acids and cholesterol could be concentrated and
stored in the first type of patenchymal cells wlicli acts as the intermediary in supplying these
building block molecules to other kinds of cells that they maintain close contact. Some of
the latter, such as the tegument, may require a signilicant guantity of lipids for the synthesis
of the surlace membrane which has a high rate of turn over for the parasite’s homeostasis
and protection (Flanna, [980).

In addition to F gigantica native FABP, these MoAbs also recognized similar-sized
antigens in S. mansoni, while no cross-reactions were detected against antigens {rom other
trematode parasites, including Paramphistomin spp. and Furvieema spp. As has been
reported, the strong cross-reaction and cross-protection between the FABP of Fusciola
and Schistosoma are due to the high degree of conservation of 43% amine acid sequence
identity (Smooker et al., 1997). In fuct, FABI is considered to be one of the most promising
vaccine cundidates that could conter dual protect:on against fasciolosis and schistosomiasis
(Casanucva et al., 2001). Vaccination against FABP may interfere with the processes of
fatty acid and cholesterol uptakes and thus damiage the structural integrity ol many lissues,
especially the surface membrane of the tegument, which have high need of these molecules
for their huilding hlocks. Furthermore. because of their specificities to only Faserola and
Schistosoma, these MoAbs may be good candidates for immunodiagnosis which will be
further investigated.
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ABSTRACT

Thies

The «
Lypes of nenrosecrelon
NS, mid NR, (ziant neurons

P2y

AT

evelopment of cells i the ganelia during vanons ages of the abilone,
1. Tour types of nestins (INR, ) and three types of pevropl i
I'n t appearad in 1-month-old abalone while NS, and NS firyt appﬂ.l!t.d n 3- mon[} -old and 4-mwath-old

Faculty of Science, Burapha University, Chonburi 20131 Thailand

studied. Then

Halions aaning, was

(NG cerehr

Lb Inthe

e, e ively, These cells facrepsad in number in 5+ wnd 10-month-alid abalone, reaching o maximusn imnmber at 12 monthes

teveafier remedneid eomstant In the plouropedal gunglia, NS, awd NR firy appeswed in 1-momfi-abd o ..Iwu . wilile NS g NS,
irst gppeaged i Dovomih-old wmd 4-month-old abuilione, respectively. Thes incrensed b numies i 4- anl 2 nth-olil pbalone.
reaching a maximum at TLomenths, sl thereatier remained constant. In the visceral ganglio, NS, and NR, (st appeared in
2-month-nld abalene while M5. and NS, appearcd later in 3-month-old ami S-month-old abalose, respect] They increased s
numher w4 mesnthe, feacl d mgximem pwmbor at 3 mondd wid therenbier redmilned conglant, NR.,, NR . MR, aud MO wese
present jnotl gangha early o development from one month onwands; and thess numbers increased rapadly with age.
KEY WORDS:  development, nerve pangliy, wbalone, Haliotis asining

INTRODUCTION

During nearusenesis of gastropods, the central winyiin of gas-
troponds arse by probiferation and later delamination andfor iavag
ination of the ectaderm. Cell division continwes in the peripheral
proliferative zones throughout embrvogenesis, and post-mitotic
cells then migrate inwardly 1o nin the central ganglia which are
formed nearby (Jacob 1984). Gungliogenesis in gastropods pro-
gressex from anterior o posierior with the cerebral gaselia devel-
g [irst, Tullowed I}}l the !l-_;|;|| ranieha and then lll\ Mo pos-
terior ganglia ot the abdominal Toop (Kerk & Walker 1973). The
patiern of neurvgenesis in the gastropod central nervous sysiem
resembles the proliferation of cells in the newral wbe and the
migrstion of the neorsl erest and cctodermal placode celis in the
verlebrate nervous system but differs from the pattern described
for other invenebrates Jucob 1984).

Althoneh the nervons syvstems of more derived specics of gas-
tropods as well as the development of newrons and individuad
transmitter systems have been studied (Lever et al, 1963 Cogge-
shall 1967; Kerkut & Walker [975; Van Minnen and Sckolove
1984, Roubos et al, 1948 Carmull & Kernpl 1994; Kruatrachue et
al. 1994 Kempf et al. 1997, Murois & Carew 1997), the nervous
developmeni of prosobranchs has not been investgated in detail.
Mt studies ol development in gastropods were con
ducied on opisthobranchs and pulmoenates. In pulmonates, vari:

age

tion in morphology and lohulization of the gangha s related to
and development (Kerkut & Walker 1975). Roubos et al. (198%)
studied the developmenl of neumendocrine centers ot Lymnaea
sragnals (Linnacus) and Tound that the dorsal bodies and light
syeen cells were already present in spails of 1 mm in shell length
1w
1th.
number and
{Bowdichi the size of the
the

comdo-dorsal cells birst appeared inospails of 3 mm
The dorsal bodies aude-orsal cells increased in
size with increasing shell length. In Achating fulica
sanglia und the namber of nerve cells in
The promineiit nerve
cells in the gamglin were large cells and giant celis. The large cells

and ¢

resised withy inoTeisiog e

wele alrewly present in all ganglia of the newly hatched snails,

while the ghimt velly oo l-month-old <nails The

drsloappsaan

neuroscerclory cells in the cerebral ganglia of A. fidica lirst ap-
peared in 2-month-old snails and increased in number and size
resching g maxinum nunde N-mmth
snails and thercatter remained constant in Y- 10 12-month old
snails (Kruatrachue et al. 1404),

In general, the number of nerve cells (n the paneha of
pods increases with mpe (Kerkut & Walker 1975; Lever el ol 1965;
Coggeshatl 1967). Coggeshall (1967) swdied the opisthobranch
snail, Aplvsia cafifornica (Coopesl, and found that, during its
maturation, the numhet of nerve cells i the sianelia increased hy
A0% and that the preatest number of large neuroseeretory cells
accurred in full grown animals. In the stylommatophoran snail.
Limery maximus (Linnacos), the dhwalogy of the dorsal body
cells also changed during mmupntion 1¥an Mimnen & Sokolove
1984). The newrosceretory cells were small amd released little
secretory product in the immature and early male-phase animals.
Iin contrast. these cells became larger and relepsed lu
secretory product in ihe liter Female-phase animials -‘Vkm Mu'lncn
& Sokolove 1984). To the best of our knowle there is little
intormation on the development of ¢ 1 in wbranch smails.
Hence, the atm af the present i anon was (o dody 1he de-
velopment of nerve aanglio of Haliotis asining (Linnaeus), a com-
e of Thailand.

with incresing age in nlid

naslro-

morg

$E g

VAl

men nhalone spevied found along the cowstul wi

MATERIALS AND METHODS

Ten aduls M. wsining taverage shedl lengthi 066 SE o) 1y
misles and five femiles iz - Marine Biologicul
Station, Chulalongkisn University, Chonburi Provinee, Thailand.
Fhey were relased with 5% MeCl, for 34 hours prior @ dissec-
non. Dissections 1w in Olyin-
pus stereoscopic binocular mcroscope with a fiber optic dissecting,
light angl drawings were made with the aid of a camera lucida.

Ta study the histologionl development of i
sl e lrovm 1L
Ten animals from cach age class were examined.

w m t

e dhone nmdler

ol the nervous syster

iF

sapths old were

P ISEOUS Sysie

H. axinina. adult and the
obtained.
were telaxed and the cercbral |Jlunup dit and visceral ginplin

were dissested oot and Lixed o Beuin®s il in 11+ M NaCl Tor

They
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24 hours, and washed with 70% ethyl alcohol. Then, they were
dehydrated throngh o graded series of cthanol, cleared in dioxane,
infiltrated anil ermbedden in paraftin, Serial lrontal sections of 5
i thickness were cut @il alternating sections were stained with
hematoxylin and eosin. chrome-hematoxylin-phloxine (Gomori
19411 and paraidehyde-fuchsin (Gemaori 19500, Sections were ex-
amiined under an Olympus Vanox lght microscope. Megaurements
{width, length and thickness) of the ganglia were taken from the
median frontal sections (10 sections per ganglion; Y0 animals for
ne eroufl). Neurons and nervosccretory cefls in all zanglia

& (cell size

cach o

were [dentilied based an their histological chanwl
and shape, nuclear size amd shape) and staining aftmities (U patham
et al. 1998 Kruatrachue et al. 1999; Thongkukiatkul et al. 2000).
In addition, the numbers of cells in cach danpglivn of each age
apr e were counted. For cach animat, the cell voumt was done on
the median frontal sectioms (10 sections por ganglion). The cell

type and number were scored as follows:

Neuroscerctory Cell tper section Newron (per section)

i Nzl [ ¥ eall

) = =3 eelh | = k-1 exlly

fenl = 61l el e = 1120 cell

{0 bk} 15 eells |+45) 21- 30 cell

{434 > 18 dell [Fdwe) >30 cells
RESULTS

Figure | shows a diagramatic diawing of the gross anatomy of
addult . avoira. The nervous systen consists of g pair of cerehral
vanglie, a plewropedal ganglion and a viscerul ganghion.

Fipure 2 shows the frontal sections of the cerchral (Tig, 2A),
plearopedal (Fra. 2B) and visceral ganglia (Fig. 2C) in mloht H.
astititnr. There are [0 iypes of nerve cells i all gangha of #

asinina (Figs. 20, 3A), ie., three types of neurosecrelory cells
(M8, . four tvpes of newrons (NR, ) and three types ol nearo-
ghin (NG ) {Upa ooet al. 1998 Kroattopchue et al. 1999:
Thongkukiatkul et al. 20003, The N5 cells were identfied vsing
special sming, 1. chrome-hematoxylin- phloxine (Gomori 1941)
and parafdehyde-tuchsin (Gomeri, 1930).

The shapi,

e, dhd 1ype ol celli and thepr numbes (0 ganglio
durinng, vurious ages of developing abalone wie sumnisrized ir

Tables 1, 2 and 3.
Corehral Ganglia

In l-month-old abatone, the cerebral ganglion appaued as
clongated bean shiape whowe size was approximalely 121 x 471 x
T o (Fig. 381 Mosy of the venoed. dorsal and lateral pais of
Hie panglia lud a (hick caonesx that contmined 3 cell laya
the medial part contained only 0—1 cell layers (Table 11 NS, cells
first appeared in |-month-eld abalone: there were -2 cells per
wection, These calls were concentrated i the dorsal om ol the

5, whinle

gunglion (Table 1) Most types af peurons (NR, ) wore present,
bt NR, were the most numerous. NR | and NR were moderate in
number. while the NR | or the giant neurons were rarcly lound but
w el prresenm were usually located 1 the dorsal Lo stimliy 1 NS
cells (Tuble ) AdlL types of NG were present bot in o small
nember.

At 2t months, he panpha appeared bean shape
Home I Ly
ice. The number ol NS cells ineresed [ phoat
section {Table 1) Most of these were NS, while NS, were ob-

imilar to

thiise rasspih-nalid ak s rmiber ol tetsed

S ocells per

KRUA TRACTIUE

FT AL,

served in 3-month-old and NS, in 4 month-old ahalope. Most N§
cells were concentrated in the dorso-interal and dorso-medial, ven-
tal and ventro-medial parts of the ganglin (Table T). NR cells were
similar in type and number 10 those i 1-month-old abaline. NG
cells increased in number from one month onwards.

AU S menths, the siee of the ganglion increased (o 203 x 632 x
200 pm (Table 1), From 5 months onwards, the ganglion assumed
@ stekle <hape (Fig. 300 The number of cell layers i the contex
increased, especially in the ventral and dorsal parts. The number of
N5 cells increased o about 10 cells per section, and although all
wpes of NS were soattered in all parts of the ganglia, m
still concemrated in the dorsal and ventral horns (Table 11, The
number of NR increased with age, and the NR, count was ap-
proximiately 11-20 cells per section (Table 13 They were present
AL this dge, the number of KNG

1 Waore

i the dorsal and ventrul area
Jightly incrensed.

From 6 10 10 months, the ganglia appeared sickle shaped but
werg farger apd more elongmed than those of Somonth-old abalone
The cortay m all areas thickened and the quantivies and distribution
of NS aid NR cells were simifar o those of 5 wonth-old abalone
{Tihle 1),

AL LT months, the cer
577 % 810 x WK o (Fig. 301 Othes APPEArANCES W simidar to
thisse ol 3- 1o 10-monthi-old abalone. However, the numbers of NS
and NR, cells increased (Table D). NG alsu ticreased witli increas-
g gige. When abalone were 12 months old. th

bl ganglia increased inosize o aboul

e sl (307 =

HO1 % 325 pum in sive) were fully developed and appeared similur
in all aspects o these of the adelt abalone (Fig, ZA).

Plearopedal Ganglia

In I-menih-eld abalone, the plenropedal ganglion appeared
butterfly-shuped and about 189 x 418 x [50 pm in gize (Fig. 4A).
i thick

ral and latera] parts'of the panglia, the conex w

I the ver

maimed 2-3 cell layers (Table 23 The remainmg pans of
cortex were relatively thin, There were only about 12 NS cells per
section. These cells were confined 1o the dorsal sudcus of the gan-
ehoi most of ther bewg NS, (Table 2). There were all types of
MR, but a few NR, and NR, were pres in the dorso-medial patt
(Table 2). All types of NG cells were found in the ganglion at this

aned o

e

AL 2-3 months, the size of the ganglio meresased Trom 273 %
197 x 155 1o 289 x 5200 % 170 wrn, but the shiape was not altered
(Fig. 48). The number of cell layers in the cortex, NS and NR cells
ris of the
cortex. However, NI eefls were concentrated m the dovsal angd

appeared to merease, wnil most cells were fownd in gl pe

domo-latrrl parts, while WS cells were concentrtesd i the dorsa-
medial and Luieral sulci (Table 2
Al 46 muonths, the plearopedal g

phia was sfill batterfiv

ed insire from 33

diaped but incre X 330 2 200 o 1o apyri
mately 488 x 707 x 250 pm dbip. 4B). and the cortex berame
tinch thicker, The numbeer of NS cells (mostly NS, ) increased 1o
abuit 20 cells per section wnd u borger nuel
lreral bnd ventro-Biteral paits (Table 21 NRE cells

in number with mcreasing ape and were Tound in the ventro

rowere found inthe
dofsi U resl
medial. ventro-lateral and ventral silel fTuble 70

AL T monthis, the
Lo about 544 x 1615 » 315 wm (Fig 40,
sncreased and NS cell (mostly NS, b nomber was ibout 30-40 cells
iw (Tahle 21 NRE

gl were Havhaped sind dnciensed in sz

The wwmber of coll Livers
per sectum: these cedls wene distmbuted in all o
ells imustly NR
stages. From 8 to [0 moenths, plesropedal o
shape to those of 7 month-old alrlone (Table 2.

ineeised inoatnber in

il were <
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Cerebrat commissure
1

Appendage tentacle.,
Appendage tentacular nerve. _ .

Cerebro-pedal connective- _ E

Cerebro-plewral connective-. _
Qsphradium nerve- -
Osphradium-

Lsophagus---

Visceral ganglion”
s
. . ,‘
Digestive gland-
Gonad’

-Cephalic tentacle

Cephalic tentacular nerve

--Eye

- - - -Optic nerve

-~Buceal nerve

-~ Pleurupedal ganglion

_~=lipipodium tentacle

- - Epipadium
tentacular perve

0.4cm

Figure 1. Diapramatic drawing of the gross anatomy of adull abalnne showing the ganglia and their peripheral nerves (modified from Crollts,

1929},

AU promihe, i 1l 2508 = 470
pm: the vennal il dorsal horns were elomned (Fig. 4D). The
number of cell fayers in the cortex increased. The number o’ NS
cells was about 60 cells per scction (Table ). NR cells and NG

genglia merensed in sioe

cells woere disiributed inoall their nuntbers increased with
AL 12 months, the pleuropedal panplia (589 x 7543
il appeared simibar to

nreEss
inEreasing o
® S e an size i were tuily developed
these of the adull abalone (Fig 2B},

Visceral Ganglia

fn Lanonthold abalore, the visceral zanghon wis as small as
37 T2 % 30 pon aind Bran=shaped (Figo 5A). The cortex had anly
one layer of cells (Table 10 NS cells and NR | cells had not vt
appemresd. In contrast, the remaining types of NR (NR. |} were
present but stll few in number (Table 3). All 1ypes of NG were

ok e,

From 3 months anwarids, the panplion was dwobbed]-shapes)
(Figs. SB-SD) and its size inereased with increasing ape ( Table 4
The coniex was thicker, especially the lateral part. NS | cells first
appeared in 2-moenth-eld abalone, and their number was about 12
cells per section (Table 3). They were present b fhe Iolt lateral, leh
latezo-dorsal and left Jutero-veniml pirrs. There were ! types o
NR. hut NR, mnd NR; veere rarcly ol
AL 310 months, the visceral gunglion increased in size (rom
118 x AR8 % 50 pm o about 160 x 770 x IO pwm (E1p. 5B). The

number of eell lavers in the cortex increased. The number of NS

Fveu

cedls incrensed to phow 20 cells per seotion, and they were dis
tributed in the right Tateril part (Table 0 NR cell
number and distribution o those at 2 months (Table ).

At L months, e sanglion (160 x 889 > 110 jwm) increased in
il T0=-vmwinthy aalid

weed mommber

wete sl i

il wideh e e thati

mostly N& b rien

length. but still !
(Fig. 5C). NS crl

ned were
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Figure 2. Photomicropraphs of the Trontal sectivas of gangtia of A asénina. () A low-power micrograph ol a cerchral ganglion, showing thick
cell layers on the venlral (V) and dorsal (1) sides, Ca-capilfurs, Co-cortex, L-lateral, M-medial, Meamedulla, Mia-muoscle, (B) A low-power
micropraph of a plenropedal ganglion showing thick cell layers on the doesal (12) anmd lateral (L} sides. Co-cortex, M-medial, Me-meduolla,
Yoventral, (C) A low-power micrograph of a visceral ganglisn showing thick cell bayers on the ventral side, LL-teft lateral, RL-right luleral, G-
gill, Co-cortex, Me-medulla, (D} A high-pewer micrngraph of a pleuropedal ganglion showing various types of nerve vells in the cortex region,
NG -type 2 neuroglia, NG -type 3 senroglia, NS -type 1 aeuvosecretory cell, NS,-(ype 2 neuroscveretory cell, NS -type 3 neurosecretory cell.

distributed in all weas of the ganglia (Tabkle V), bt were concen- DISCIUISSION
trarted ety 1o the vizh laterd part (Fig. 5Py A 12 months, (he
gamphionn C 1G5 x W39 = 50 o i size) appesred sinnlar w those During postembryonic development of the mervols systent of

of wlit phalne (T 200 gustripads, the nerve cells and newmosecrerory eells increase in size
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Figure Y (A) High-power micrograph of cerebral gang

i showing type | nearoglia (NG,), types 1-4 neurons (NR,_,) and type 3 newrosecretory

cell {NS,). (B) Frontal scetions of cerebral ganglia in 1- to 4-month-old abalone (hat appeared hean-shaped. (C) In 8- to [0-month-old abalone,
the panglion uppearcd as a sickle shape. (D) In 11-month-old abalene, the ganglion greally increased in size. D-dorsal, L-lateral, vl-medial,

V-ventral

and punber [Bullock & Horridge 1995, for exanple, the neuro-
cidovrine cells ol Lo stagiafis merease i number and size with
inereasing shell length (Koubos et al. 1988). In addition, Lever et
al. (1963) showed the same result in the cerehral and parietal
panglin of Biomphateria ziabrare (Sav). Similurdy. Kroatrachue et
WL 19945 repaned that the dumbet and size ol newrosecretory cells

i of A, fufica increased with increasing uge.

A milur trend was observed in Hoousdnimg i abhe piesent study.
Futthermere, e Istological stndy indicales thal the cerebrad,
plenropedal and visceral gangha appeared as defoie organs with
speeific shapes in -mionth-old abalone. Later there were changes
in the size but not so much shape of these caveboe and the mmmbens
of newrons al neuzosecretory cells el gt neakedty -

creased with increasimg aee
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Figure 4. Low-power micrographs of frontal sections of plevropedal ganglia. (A} In I- (0 22month-o0ld abalone, the pleacopedat ganglion had »
butterfly shape. (B) In 3- to 6-month-old abalone, the ganglion stitl had o buttery shape. () In 7- to 10-month-ald abaloue, the ganglion had
an H shape. (I3) In 1l-month-old abalone, the ganglion was larger in size but stil had an H shape. Co-cortexs, D-dovsal, L-lateral, M-medial,

Me-medullie, V-veniral

1w on the lunchons of peurosecre-

There fve beeh nuly sep
tory cells i the cepebrat panghia of snails, It his Been tfonnd tha
some snails have factors that stimuiate prowth rate (Geraerts &
Algera 1970) wnd shell regencration (Dillaman et al  1976).
Thonghkukratkal et al, (1998 reported that neurosecretory cells in
the cerchwal ganglia of H. asinia were positively stained with
anti-human GH and anti-human insulin, In this study, it wus ob-
served that the neurosecretory cells in the cerchral ganglia first
appesreid e bomonthoold abalone and mcreasad monumber with

incieasing aie. A large number of pevrosecizory sells were fouml
in 3 and 1Gmonti-old shalove ti oo snsamed ta be juvenile and
pre-adolt stupes. respectively., They formed meximum: nwnbers
that were observed and appeared adolt Fike in F2-month-old ol
leme that reached the adult stage. It scems, therelore, that (he
merease in the number of NS celis is correlated with the increase
in abalone growth.

Similar studies of other species of sastropods suggest that the

number and staining properties of neiocmilogrine colls in plen-
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Figure 5. Frontal sections of visceral ganglia, (A) In 1- te 2-month-old abalone, the visceral ganglion was small and liad o bean shape. (B} In
3- 1o-10-month-ald abalone, the ganglion was barge and assumed a dumbhbell shape. (C) In 1 -month-old abatone, the ganglion increased only
in length. (1) High magnification of (C) showing thick cortex containiag al) types of nerve cells tarrows). D-dorsal, Ga-put, LL- left lateral, R].-

right lateral, Mu-muscle, Y-ventral

ropedul and visceral ganglia we related w the gonadal maturation
(Copgeshall 1967 Dogterom et al. 1983 Vain Minnen & Sokolove
1984, Smith 1967). [n onr study it was observed that the neuro
seerctery celle i the pleuropedal and visceral ganglia first ap-
petred e Lononth ald-abalone. The nwmber of neurasecietony

cells i the plemeypedil ;.'.|||§|i;. mcressed in A pid Temaatl okl

ahalone, while i the visceral ganglia it increased indmonth-olid
abalone. They reached a maximum nuwmber in 1 -month-old aba
lone. The development of these newrosceretory colls may correlace
with the developnient of the reproductive mgans. Thonghkokatkl
et al (IR9R)Y reporied thist neurosecretiony cells in the plearopedil
ind wisoera| gomelin of Hosaining weve stained by woti-hooran UHL

o

:
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while anly those in the pleuropedal ganglion were stained by anti-
human FSH.

It wiis reporied that carly spermatoevtes and spermatuds of H.
asining appenred at 4 months, and early oocytes (OC,_ ) at 67
maetly (Sobhisie et al. 19991, while fully mature spermiatozon ap
pearsd in te ponads as carly as 67 months. At this age. there
were alizidy a large number of neurosecretory cells in [he visceral
and pleuropedal ganglia ol the abalone. Moreover, Sobhon et al.
(1999} showed that a luvge number of malure ovcyles of the re-
productive cycle of M. avining occurred at 10 to 1} months, the age
al which the neurosceretory cells in the pleuropedal and visceral
ganglia reached o maximom number and appeared adult-like. Our
abservations were supported by Yahata (1973) who demonstrated
thal the pleuropedal and visceral ganglia might produce and re-

lease factors than could induce spawning.

In e present stady, the number of giant neurons (NR ) in-
creasad following the development of the ganglia. In the cerebrul
they ncreased o number in 5- and 10-month-old abalone

Sl

thit were asswmed 10 be the juvenile and pre-adult stages. They

remched o maximsm number and appeared adube-like in 1 2 wonth-
Il absalimre. NR Firsy e

ed in the dorsal horn of the plewr

NERVE GANGLIA OF ABALONE
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dal ganglia, later they were regularly found in bolh dersal and
ventral horns. Thus, NR| may proliferate relatively later than the
pther types of neurons (NR. 1 that are abundant at an carly age.
This may be related o active movement due 10 muscular activity
exhibited by abalone. as they become older,

NR, were more abundant in the pleuropedal ganghba than in the
cercbral gangliy of H. asinina (Upatham et al. 1998). These cells
dre very large, inultipolar and pyramidai in shape. Compared witl
the classificazion of neurons in the nervous system of higher ver-
tehiates. NR | are similar to such large motor cells as the ventral
horn motor cells of the spinal cord and Purkinje cells of the cor-
ebellum in vertebrades. As such, they may be involved in control-
ling and coordinating motor activities, especially that of the pedal

sl
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Abstract

A monoclonal antibody (MoAb) against the 28.5 kDa tegumental antigen of Fasciola giganiica was produced by the
hybridoma technique using spleen cells from BALB/C nuce immunized with the teguinental extract from adult £
aiguatica. This MoAb was found to be ol the sotype 1gGy, w-light chinn, and shown by immunnhlotung to specifically
react with the 28.5 kDa antizen present in the tegument. excretion - secretion material of the adult, whole-body extracts
of newly excysted juveniles, S-week-old juvenile anid adult parasites. [t did not cross-reach with antipens from other
trematede parasites, including Schistosoma mansoni, Ewriirema pancreaticion and Peaveanphiicionuen spp, Imiunolo-
culization of this antigen by indirect immunofluorescence indicated that it was present as a mujor component of the
adult tegument, particulirly 1o its outer rim, tegumental cells, and their processes. Furthermore, the epithelium linings
of the oral sucker, buccul tube, phurynx, caecal bifurcation, both male and female genital canals, which were the
continuation of the tegumental-type epithelium, were also positively stained with this MoAb. A similar patiern of
immunalocalization, but with weaker staining intensity, was observed in newly excysted, 5- and 7-week-oid juveniles.
Thus this antigen is expressed in all developmental stages of the parasite, and it could be a strong candidate for
immunodiagnosis and vaccine development. @1 2002 Elsevier Science B.V. All rights reserved.

Kepredsy Fascroda simesticn: Topument 2% 5 kDa amtigen; Monoclons! anubaedy

1. Introduction

Up to now the main source of potential

* Corresponding author. Tel: F662-245-5)98: Tax: F662- . P . . . L ,p )
247 9880 immunodiagnostic antigens in lasciolosis are the
Fmail address: sepsoiumahidolacih (P, Sobhon). metabolic antigens relcased in the excretion—

O] - HIBX N2 - see front matter ¢ 202 Flsevier Science BV, AN righis reserved,
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secretion (ES) material of adult parasites (Riveru-
Marrero et al., 1988; Fagbemi, 1995; Fagbemi and
Guobadia, 1995 Faghemi et al, 1995; Rodrigues-
Percs and Hiltyer, 1995 Sampaio-Silva et .,
1996; Fagbemi el al,, 1997 Intapan ¢t al., 199%).
Most notable are the cysieine proteases agiinst
which  monoclonal antibodies (MoAbs) have
been produced by o number of investigators
(Yamasaki et al,, JY89; Fagbemi. 1995; Faghemi
and Guobadia, 1995, Viyanant ct al., [997a).
Since these proteases are universal enzymes found
in mosl parasites, MoAb against them showed
high cross-reaction, and hence were not con-
sidered to be tremalode-specilic (Coles wnd Ru-
bano, 19887 cven though they showed some
potential as a4 vaccine candidate {Estuningsih o
al.. 1997},

Another source of immunodiagnostic antigens is
the tegumental proleins. Poopyruchapeng et al.
(1990) have shown that the tweumeatal (TA)
antigens ol Opistharchis siverrini were  highly
specie-specific, and could give n satisfactory result
in immunodiagnosis. Several other studies have
also demonstrated common as well as specie-
speattic protein antisens o the tegument and

swrface of different stages o the life cyele of

Sehistosema (Rogers et al, [988: Goes et al.,
1989). MoAbs have also been raised against
antigens present in the tégumental syneytivm and
the glycocalyx of juvenile Fusciola hepatica and
because of their high specificities they could be
used  lor specific  immunolocalization  studies
(Hanna and Trudgett, 1983). Krailas et al. (1999)
have produced in MoAb igainst a 66 kDa surlace
TA of adult Faseiole gizantica. This antigen could
be detected as a circulating antigen in the blood of
cutile experimentally and naturally infected with
gigantica. Therefore, tegument antigens are con-
sidered 10 be more specie- and genus-specific, and
could be used for rapid immunodiagnosis even at
an carly stage of infection (Viyanant et al.. 1997h).
In this study, we have produced an MoAb specilic
for a 28.5 kDa TA of # gienntica. Due 1w ils
prevalence in the tegument and high specilicity,
this aitigen may have high petential for immuno-
diagnosis and vaceine developiment.

K. Chaithivayanon ef al. | Acta Tropica 84 (2002} 1A

2. Material and methods
2.1 Preparation of antigens

Adult F gicaniica were collected from the bile
ducts and gall bladders of cattle killed at local
slaughterhouses.  Oher  trematode  prrasiiues,
namely Ewrythrema pancreaticun and Pavampliis-
romune spp., were collected from the same caltle
for cross-reaction studics. Adult Schistosornw man-
soui were obtained {rom mice § weeks after
infection with cercarine. All parasite samples
were washed 1three times with Hank's balanced
salt solution (HBS) 1o remove all traces of
contaminating blood and bile.

241 Whole hody « WB ) antigens of adult and

Juvenile parasites

Whole adull parasites (all species) were homo
sentzed in Q.01 M phosphate buffer saline (PBS),
pH 7.2, and extracted overnight with continueus
rotation at 4 €. The suspensions were centri-
fuged at 5000 < ¢. 4 C. lor 20 min to get nid of
the eggs and the supernatants were collected.
Protein concentrations wers determined by Low-
ry's method (Lowry ¢t al., [951). These extracts
were stored at 70 C unul use in subsequent
experiments.

In addition, whole body extracts were prepared
from newly excysted juveniles (NEJ) and S-week-
old juveniles (JP) collected from mice prior in-
fected with £ giganiica metacercartae.

2020 TA antigens of adult F. gigantica

I'o obtain TA anugens, adult worms were
extracted with a non-ionic detergent (170 Triton
X100 in (R05 M Tris buffer, pH 8.0, 0.0F M
EDTA, 015 M NaCh for 20 min al room
temperature. Shedding of the tegument was man-
nored under a light sacroscope and at the end of
extraction  the supernatant was cellected  and
devoided of contaminating ezes by centrifugation
at 5000 x ¢ for 20 min. The supernatant thal
contained soluble TA antigens was collected and
dialyzed against 0.01 M PBS overnight at 4 ¢,
using Spectra/Por 1 dialysis membrane (TThonias
Scientilic) with molecular weight cut off ar 6 8
kDu. The protein concentration was determined
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by Lowry’s method, and the protein solution was
stored at —70 “C antil use in later experiments.

2.1.3. Excretory—secretory (ES) antigens of adulr
£ gipantica

ES antigens were prepared by incubating newly
collected, iving adult F. gigantica in PBS for 3 h at
room temperature. After incubation, the culture
medium was centrifuged at 3000 x g for 20 min at
4 °C to remove the parasites’ eggs from the
culture medium. The supernatant was then filtered
through 0.22 pm Millipore filter, The protein
concentration was measured by Lowry’s method
and the protein solution was stored at —70 °C
until further use.

2.2, Production and screening of MoAbs

Female BALB/c mice were immunized by sub-
cutaneous injections of 30 pug TA antigen of F
giganfica in complete Freund’s adjuvant. The
second injection of the same dose of extracted
proteins in incomplete Freund’s adjuvant was
given 3 weeks later. The final boost was given by
intravenous injection with 60 pg of this antigen in
100 pl PBS, 2 weeks later. To produce hybridomas,
spleen cells from BALB/c mice immunized with
TA antigen were fused with myeloma cells (P3-
X63-Ag8.653). The MoAbs produced by the
hybridoma clones were screened by indirect
ELISA. A pcroxidase-conjugated rabbit anti-
meuse immunoglobulin (DAKO, Denmark) at
difution L:1000 and O-phenylenediamine (OPD)
were used for enzymatic detection. The optical
density was measured at 492 nm in an ELISA
reader (Titertek Multiscan Flow Laboratories Pty
Ltd., Australiz). The specilic MoAb class and
subclass were determined by an enzyme immu-
noassay using the Mouse Typer Sub-Isolyping Kit
(Bio-Rad).

2.3 dmmunoblotiing and detection

ES, TA, WB, NEJ and JP antigens of F
gigantica were separated in a 12.5% SDS-PAGE
according to Laemmli (1970) and transferred onto
nitrocellulose membranes for imimunodetection by
selected positive monoclongs. Peroxidase-conju-

gated rabbit anti-mouse IgG at dilution 1:1000
and diaminobenzidine (DAB; Sigma) were used
for enzymatic detection of the 28.5 kDa antigen.
Serum of a naturally infected cow (CIS) and fetal
calf serum (FCS) were used as positive and
negative controls. For the detection of CIS-antigen
complex, a peroxidase-conjugated rabbit anti-cow
IgGG was used as the secondary antibody.

In the cross-reaction study, WB antigens from
L gigantica and other trematode parasiles were
separated and analyzed with MoAb as described
above.

2.4 Imnunefluorescence

The distribution of the 28.5 kDa antigen in Lhe
tissues of wvarious developmental stages of F
gigantica was detected by indirect immunofluor-
escence using the specific MoAb {6E9-1E) identi-
fied in  the immunoblotting experiment.
Conseculive frozen sections of each stage of the
parasite including, metacercariae, 5- and 7-week-
old juveniles obtained [rom metacercaria-infected
mice, and adult, were {ixed with acetone at —
10 °C for [0 min. After washing with 10 mM
PBS, pH 74, for 5 min, lhe sections were
incubated with 0.1% glycine in 10 mM PBS, and
subsequently in 4% BSA in t0 mM PBS to block
nonspecific binding, for 15 and 30 min, respec-
tively. Finally, the sections were incubated with the
specific MoAbs for 60 min at room temperalure.
The sections were rinsed three times with 10 mM
PBS, pH 74, for 5 min each, and treated with
{luorescem isothiocyanate (FITC)-conjugated goat
anti-mouse [gG, diluted to L[:100 with 0.05%
Tween-PBS, for 30 min at room temperature.
The treated sections were vinsed thoroughly with
PBS and mounited on glass slides in glycerol-PBS
(9:1}, and then examined under a Nikon HB 10101
AF (Muorescence microscope.

3. Results

3.0 Modbs against 28.5 kDa TA

Three hybridoma clones (6E9-1E, 8B[1-2B and
BES-1A} were found by ELISA and by immuno-
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Fig. 1. (A) lnuneblots of adult F. glganiice WB, ES and TA anligens with FCS and C15. STD lanc contains the standard molecular
weights. (B) Immuneblots of LS, TA. WB antigens of adult £ gigantica. S-week-old juvenile (JP) and NEJ with MoAb clone 6E9-1E
Only the 28.5 kKDa antigen was detected in each ITaction of the antigens. Molecular weight marker is shown in lane 1 (STD). Lune 215
WB ntigens blotted with the hybridoma culture Auid (CFy s a control. (C) Immunroblet anatysis of the cross-reactivities of MoAb
6E9-1F with WB antigens from F. gisaniica (Fg), S. mansoni (Sw). Evvirema spp. (Eu)and Puramphistomgan spp. (Pa). The 28.5 kDa
antigen could be derceted only in 7 gigantica and no cross-reaction of MoAb was obscrved in ether lanes. Lane | contained standard
molecular weights and fane 2 contained P giginrice WB antigens bloted with CF.
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blotting to produce antibodies which have speci-
ficity apainst the 28.5 kDa TA. Among these
clones, MoAb 6E9-1E has the highest titer and
tested 1o be of [gG, isotype. Hence, it is the only
clone used in subsequent experiments.

Antigens in the TA and WB fractions of adult
gigantica thal were detected in immunoblots by
the serum of & CIS were clustered at (our regions,
te. 116-97, 66 40, 31-26 and 17-14 kDa. while
the ES fractions had major bands at 45, 31 -26 and
17-14 kDa (Fig. A). In immunoblots of ES, TA
and WB antigens, MoAb 6E9-1E detected only a
single 28.5 kDa antigen in the ES, TA and WB
fractions (Fig. [B, lane 3 5). The observed stain-
ing inteasity of the band ranged from that in TA,
W3B 1o ES. respectively. Since each lane contained
10 ng of protein and the duration of staining was
wlentical, it could be surmised that this antigen was
highly concentrated in the tegument, and might be
partially released into ES which had a lower
concentration.

Furthermore, it was found that this antigen
could also be detected in the whole body tractions
of newly excysted juvenile (Fig. 1B, lane 7} and 5-
week-old parasites (Fig. 1B, lane 6), but with much
lower intensily when compared to the TA fraction
of the adult parasites.

3.2, Cross-reactions with other trematodes’
anligens

In immunoMots with WB fractions of F. gigan-
tica and other parasites, inctuding S. mansoni, E.
pancreaticum and  Paramphistomum  spp., using
MoAb 6E9-1E as probe, the 28.5 kDa antigen

could be detected only in £, gigantica and not in
the other parasites (Fig. 1C).

3.3 Imnumolocalization of the 28.5 kDa antigens

In indirect immunofluorescence staining of fro-
zen sections of adult £, gigantica with MoAb 6E9-
IE as primary antibody, a high intensity of
fluorescence was observed in the lcgument espe-
cially at its outer rim, the tegument cells and their
processes (Fig. 2A and B). In addition, this MoAb
also stained the epithelium linings of the oral
sucker, the digestive tract proximal to the caecal
bifurcation, and both male and femalc genital
canals (Fig. 2C and D). A similar pattern and
intensity of immunofluorescence was observed n
7- and 5-week-old parasites (Fig. 2E). In compar-
1son, the newly excysted juvenile exhibited only
weak staining in the tegument which appeared as a
thin line and in the scanty cytoplasm of tegument
cells (Fig. 2F).

4. Discussion

In this study, we produced a specilic MoAb
against a 28.5 kDa TA of F. gigantica. The isotype
of this MoAb is IgG,, x-light chain. Immunolo-
calization studies indicated that this antigen is a
major antigen in the tegument and the cytoplasim
of the tegumental cells of all stages of the parasite.
In the adult parasite, this antigen is highly
concentrated in the outer rim of the tegument.

Recent ultrastructural studies of the tegument of
adult F gigantica by owr group showed that the
tegumental granules, which contribute to the

Fig. 2. Immunofluorescence staining of {rozen sections of the adult (A D), S-weck-old juvenile {E) and newly cxcysted juvenile (F) of
F. gigenntica , using MoAb clone 6E9-11 as primary antibody and FITC-comjugated goat anti-mouse [0 as secondary antibody. The
magnifications are indicated by micrometer bars (um). (A, B) Low- and high-power magnifications showing intense staining of the
adult tepument (Te), particularty al its outer rim, and the cytoplasm of tegumental cells (te) and their processes (rrows), while the
tegument cells” nueler (nud, the tegumental spines (sp and nearby muscle cells (mu) and stromat cells ave not stained. (C) Cross-section
ol the phiryna (Ph) showing strong staining at the outer pertion of its epithelium {1:p). () Cross-section of the female genital canal
(pc) showiug intense Nugrescence in its epithelium (Ep), while the cggshell (1ig) shows non-specific yellow -orange fluorescence (E)
High magnification ol the tegument of @ S-week-old juvewle, showing bright staining of the tegument (T} and the eytoplasm of
tegumental cells (Le) that Lie in rows undernenth (he musele tayers (mu), and ther nwmerous progesses (arows) running between muscle
cells to join with the tegument (Te). (F) High magnification of the newly excysted juvenile showing pesitive staining in the tegument
which appears as a ihin line (Te) and cytoplasm of the tegumental cell (e}, The epithelial Tining of the orat sucker (Os) s also stained.

~s
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formation of the surfacec membrane, are produced
in the tegumental cells and are transported via the
cells’ processes 1o be concentrated in the outer rim
of the tegument underneath the surface membrane
(Sobhon et al., 2000). From the similarily between
the staining pattern of MoAb and the concentra-
tion of the tegumental granuies in the outer rim of
the tegument, it is possible that the 28.5 kDa
antipen may be part of the tegumental granules
and the surface membrane. This suggestion has 1o
be confirmed by immuncelectron microscopy,
which is currently bheing carried out in our
laboratory. in addition to the tegument, the
epithelial linings of the adult genital canals and
digestive tract from the oral sucker to the caccal
bifurcation were also intensely stained by this
MaADb, while the caccal epithelium distal to the
bifurcation was not stained. This implies that the
epithelial cells of the former also expressed this
antigen whilst those of the caccal epithelium did
net. Histological examination revealed that the
epithelium of the gennal canal and the anterior
part of the digestive (ract proximal to the bifurca-
tion, consists of a syncytial layer with similar
characteristics as that of ithe tegument (Sriburee,
2000).

The 28.5 kDa antigen could also be detected by
MoAb in the ES matcrial of the adult parasites.
This implies that the antigen may be a surface
antigen that is released from the tegument together
with other (cgument proteins (Viyvanant et al.
1997b; Kruilas et al.. 1999} and metabolic enzymes
such as proteases which are released from the
caccum (Viyanant et al., 19974). The release of the
former may occur as a result of the continuous
rencwal of the surface membranc and associated
glvcocilyx us reported to normally occur in
trematodes parasites that inhahit the bile like £
hepatica (Hanna, 1980; Duffus and Franks, 1981).
This ts one of the mechanising that trematode
Marusiles may use Lo prevent the attachment of
antibodies and immune cffector cells of the host to
their surlaces (Fairweather et al., 1999).

Apart from it strong presence in adult para-
sitev. the 283 kDa antigen was also detected in the
newly excysted and juvemle parasites as shown in
both tumunoblotting and immunofluoresence ex-
periments. This suggests that it may be a key

componenl of the tegument and/or surface mem-
brane that i1s expressed early in the younger stages.
Furthermore, this antigen is specific to F. eigantica
since no cross-reactivities were detecled with anti-
gens of other trematode parasites, Hence, it could
be considered as a strong candidate antigen for
immunodiagnosis since it is more specilic than
other reported mctabolic antigens.
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Production and Characterization of a
Monoclonal Antibody against Recombi-
nant Glutathione S-Transferase (GST)
of Fasciola gigantica

Witoon Khawsuk', Nantawan Soonkiang®, Rudi Grams®, Suksiri Vichasri-Grams®, Chaitip \éf\ianichanonﬂ
Ardool Meepool‘, Kulathida Chaithirayanon‘, Pissanee Ardseungneon"‘, Vithoon Viyanant®”,
Suchart Edward Upathum® and Prasert Sobhon'

Glutathione-S-transferases
{GSTs) are a family of multifunc-
tional enzymes thal occur in most
forms of life and are considered to
serve in the intracellular detoxifica-
tion of oxygen free radicals, which
may be generated by mutagens,
carcinogens. other noxious chemi-
cal substances and even from ordi-
nary metabolic reactions. GSTs are
also proposed to ptay similar roles
in helminthes, especially in protect-
ing the parasites by inactivating the
reactive oxygen free radicals and
nitric oxide generated by the hosts’
immune effector cells.*? In mam-
mals, a number of cytosolic GSTs
have been shown to belong to four
homologous muitigene families des-
ignated oo, p. m and 0. The GST iso-
enzymes within each class have a
high level of sequence conservation
but can be distinguished by the
difference in molecular weights,
isoelectric  points, immunological
properties and specific substrate
affinities.” In F. hepatica,"* §. man-
soni™ and S japonicum®™™'® GST
isozymes in the o« class and the
even more abundant i classes have

SUMMARY A monoclonal antibody (MoAb) against a recombinant gtuta-
thione S-transferase (rGST) of F. gigantica was produced In BALB/c mice.
Reactivity and specificity of this monoclonal antibody was assessed by
ELISA and immunobiotting. Six stable clones, namely 3A3, 3B2, 3C6, 4A6,
481 and 4D6 ware obtained, Alt these MoAb reacted with rGST and native
GST at a molecular weight of 28 kDa and found to be [gG, x-light chaln iso-
types. These MoAb cross-reacted with Schistosoma mansoni and Schisto-
soma japonicum antigens at molecular weights of 28 and 26 kDa, respec-
tively, but no cross-reactions were detected with antigens of Eurytrema and
Paramphistomum spp. The localization of GST in metacercaria, 7-week-old
juvenile and adult F. gigantica was performed by immunofiuorescence tech-
nique, using MoAb as well as polyclonal antibody (PoAb) to the native pro-
tein as probes. In general, all clones of MoAb gave similar results and the
pattern was qulite similar to staining by PoAb. The fluorescence was intense,
which implied the presence of a high concentration of GST in the parenchy-
mal tissue in all stages of the parasite. However, the parenchymal cells were
not evenly stained which impiled the existence of subpopulations of this cell
type with regard to GST production and storage. In addition, in adult and
juvenile stages a moderate fluorescence was present in the basal layer of
the tegument, while light fluorescence was observed in the caecal eplthe-
lium, cells in the ovary, testis and vitelline gland of the adult. In the meta-
cercaria stage, in addition to parenchymal tissue, the tegument and tegu-
mental cells were stalned refatively more intense with MoAb and PoAb than
in other stages.

been characterized, and they show tegumental parenchyma of male and
similarities in molecular masses
and cross-reaction. lp immunalo-
calization studies, GSTs were de-

tected in all developmental stages

From the 'Depatmeat of Analomy, *Depar-
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Unversity, Bangkok, Thailand, *Department
of Medical Technology®, Faculty of Aliied
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of S mansoni,” except in the intra-
uterine immature eggs. The antigen
was reported to be present in the
tegument. protonephridial cells, sub-

Science, Faculty of Medicine, Thammasat
University, Pathumthani, Thatland. ‘Depan-
ment of Medical Science®, Facully of Science,
Burapha University. Chonburr. Thailand
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female, and the dorsal tubercles of
male tegument. Immature germinal
cells m both sexes and the ootype
in the female genital system were
also found to contain GSTs. In adult
S. japonicum'® the enzyme was de-
tected in parenchymal cells but not
on the surface nor within the tegu-
menl matrix or caccal epithelium.
In comparison, in £, heputica GST
isoenzymes were specifically con-
fined o parenchyma, caecal epithe-
Jium' and the inner zone of the tegu-
ment syncytium,® while they were
detected only in the parenchyma and
excretory ducts of the newly excysted
juvenile parasites.” A similar study
has not yet been performed in £
gigantica. As a result of their high-
ly vita] role in protecting the para-
sites {rom attacks by hosts” immune
effector cells, GSTs have been pro-
posed as one of the ideal targets for
immunological intervention in a va-
riety of host-parasite systems, espe-
cially infecitons by Schistosoma and
Fasciola spp.'""" The isolation and
puriflication of GST from native
source 15 a difficult and laborious
prog¢ess, hence recombinant protein
has been synthesized by molecular
cloning.”"" In the present study, a
monoclonal antibody against rceom-
binant F. gigantica GST was pro-
duced, characterized, used for prob-
ing the distribution of GST in this
parasite’s lissues at various stages
of the life cycle. The cross reactivi-
tes with other trematode parasite
antigens were tested in order to
probe for their possible applications
in immunodiagnosis and vaceine
devclopment.

MATERIALS AND METHODS
Parasite samples

Adult ~. gigantica were re-
moved from the bile ducts and gall
bladders of condemned bovine liv-
ers at slaughterhouses. Other trema-
tode parasites collected from the
same group of cuttle for cross reac-
tion studies included Paramphisto-

KHAWSUK, ET AL

mum spp. from the rumen and Enry-
trema pancreaticum from the pan-
creas. S mansoni and S. japonicum
were collected from mice infected
with cercariae 8 weeks earlier. All
parasite specimens were washed three
times with Hank's balanced salt so-
lution (HBS) containing 190 U/ml
penicillin and 100 mg/ml streptomy-
cin to remove all traces of blood, bile
and contaminating microorganisms.

The metacercanae were ob-
tained from infected Lvnnae offula
snatls. The snails were infected with
miracidia and allowed to deveiop
sporocysis and cercariac. The cer-
cariae were shed {rom the snails and
settled on 5" x 5" cellophane sheets,
on which cercariae encysted them-
seives and develeped into metacer-
cariae. At day 45 metacercaniae were
examined under the stercomicroscope,
brushed trom the cellophane papers
and washed several ttmes with 0.85%
normal saline and kept at 4°C until
use.

Seven-week-old  juveniles
were obtained {rom infected male
Swiss albino mice, ecach of which
was orally infected with 20 meta-
cercariae. The juvemles were col-
lected from the liver in the seventh
week after the infection, and washed
several times with 0.85% normal sa-
line before being used further.

Excretory-secretory antigen (ES)
of adult ¥, pipantica

The ES-antigen was  pre-
pared by incubating freshly collected,
living adult parasites in Hank’s bal-
anced salt solution (Gibco, USA)
contamning 10 mM  phenylmethyl-
sulfonyl fluoride (PMSF) and 10
mM EDTA at room temperature for
3 hours. The parasite eggs in the
culture medium were removed by
centrifugation at 5,000 x g for 20
rinutes at 4°C. The supernatant was
dialyzed 1in 0.0IM PBS, pH 7.2 at
4°C for 24 hours using Spectra/Por
1 dialysis membrane (Thomas Sci-

entific, USA) with molecular weight
cut-off at 6 to 8 kDa. Then it was
lyophilized, and kept at =20°C until
use.

Tegumental antigen {TA) of adult
F. gigantica

TA was obtained by extrac-
tion from live adult parasites with
1% ‘TIriton X-100 in Tris-HC] buf-
fer, pH 8, for 30 minutes at room
temperature. The extracting solution
was collected and cenfrituged at
5,000 x g for 20 minutes at 4°C to
remove the parasite eggs which
might be released during the extrac-
tion. The supernatant containing TA
was collected and dialyzed in 0.01
M phosphate buffered saline (PBS),
pll 7.2, at 4°C for 24 hours using
Speetra/Tor 1 membrane before it
wis lyophilized and kept at -20°C
unti] use.

Whole body antigen
parasites

(WB) of

Whole aduit parasites (F
giganticy  and  other  trematodes)
were homogenived m 0.0] M PBS,
pH 7.2, which contained 0.5% lriton
X-100, 10 md PMSFE and [0 mM
EDTA, and extracted overmight with
continuous rotation at 4"C. The sus-
pensions were cenfrifuged at 5,000
x g, 4'C, for 20 nunutes and the su-
pernatants were collected, lvophi-
lized, and stored at - 20°C untl use.

The protein contents of all
fractions were determmined by mods
fied Lowry’s method.'”

Preparation of F. gigantica rGST

A 657 bp cDNA fragment
encoding a GST ol . gigantica was
cloned by RT-PCR.Y It was ream
plified by PCR to introduce a Mde |
recognition sequence at the §' end of
the fragment. The reamplified GST
DNA  fragment mserted
pBluescript SK(-) {Stratagence) and,
after sequence verification, 150lated

was
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from the vector by digestion with the
restriction endonucleases Nde | and
BamHI. Subsequenily, it was sub-
cloned into the NMde [ and BamHI
sites of the expression vector pET-
2la (Novagene). The subcloning pro-
cedure ensured that the expressed
recombinani GST contained no ad-
ditional amine acids as both start and
stop codons were provided by the
inserted DNA. Upon induction by
PTG (1 mM) rGST was detected by
SDS-PAGE analysis in the soluble
protein fraction. It was, thereafter,
purified by affinity using the Redi-
Pack GST purification Module
(Pharmacia) foilowing the protocol
of the manufacturer.

Production of monocional anmti-
bodies (MloAb) against F. gigan-
tica rGST

BALB/c mice were irmmu-
mzed subcutaneously with F. gigan-
tica rGST in complete Freund's ad-
Juvant at a dose of 25 pg in 100 pl
per mouse. The second injection with
a similar dose of the recombinant
protein in incomplete Freund's ad-
Juvant was given 3 weeks later. A
final boost of 25 ug of protein n
100 ul PBS was given intravenously
2 weeks later. Hybridomas were
produced by fusion of spleen cells
from BALB/c muce immunized with
F. gigantica 1GST and mouse mye-
loma cells (P3/x63-Ag8). The hy-
bridoma ¢ells that grew successfully
in the culture were monocloned by
the Hmiting ditution method. Only
the hybridoma clones that produced
high titers of antibodies against ruST,
as screened by indirect ELISA, were
selected for immunoblotting. The
antibody 1sotypes were determined
by ELISA using the Mouse MonoAb-
ID kit (ZYMED Laboratories, USA).

Immunoblotting

Immunoblotting  was  per-
formed as described previously.'
Rniefly, rGST, TA, ES, and WB an-

tigens were separated tn 12.5% SDS-
PAGE and blotted onto nitrocellu-
lose membranes. As positive controls,
the antigenic bands in each fraction
were detected by immune sera of
naturally infected cattle (CIS). Strips
containing similar antigenic fractions
were also screened by MoAbs and
PoAb {rabbit anti & gigantica GST- a
gift from Dr. Terry Spithill, Monash
University, Australia). For negative
controls, culture fluid (CF) and nor-
mal mouse serum (NMS) were used.
Antigenic molecules that reacted
with CIS were detected by peroxi-
dase-conjugated rabbit anti-bovine
immunoglobulin, whereas the MoAb-
antigen and PoAb-antigen complexes
were detected by peroxidase-conju-
gated rabbit anti-mouse- and goat
anti-rabbit IgG, respectively. The
reaction was wisualized by further
incubation in 3,3 diaminobenzidine
(DAB) and H,0,.

Immunolocalization of GST

Consecutive frozen sections
of F. gigantica at each develop-
mental stages (metacercaria, 7-week-
old juvenile and adult) were cut in a
cryostal and fixed with acetone at —
16°C for 10 munutes. After washing
with 10 mM PBS, pH 7.4, for 5 min-
utes, the sections were incubated
with 0.1% glycine 1 10 mM PBS,
and subsequently with 4% BSA in
10 mM PBS to block nonspecific
binding for 15 and 30 munutes, re-
spectively. Thereafter, the sections
were incubated with the MoAb or
PoAb for 1 hour at room tempera-
ture and then rinsed 3 times with 10
mM PBS, pH 7.4, for 5 minutes each.
They were finally incubated with
flucrescein isothecyanate (FITC)-
conjugated goat anti-mouse (for
MoAb) or goat anti-rabbit {for PoAb)
[gG for 30 minutes at room tem-
perature. Finally, the treated sections
were rinsed thoroughly with PBS,
mounted in glycerol-PBS (9:1), and
then observed under a Nikon HB
10101 AF fluorescence microscope.

259

RESULTS

Characterization of F. gipantica
antigens by SDS-PAGE

F. gigantica proteins in the
WB and the TA fractions were
similar in appearance, and appeared
10 be lughly complex and consisting
of a vast number of bands ranging
in molecular weights (MW) from
below 14.5 kDa to more than 116
kDa (Fig. 1A). The major protetn
bands of the WB fraction which
showed intense staining were at 66,
52, 37, 28 and 14.5 kDa whilc mi-
nor hands were found at 57, 43, 42
and 29 kDa. The tegumental anti-
gens showed major bands at 57, 43,
41,29, 28, 18 and 14.5 kDa. In con-
trast to the TA and WB, the ES
fraction showed much fewer bands
with the two most predominant ones
at MW of 28 and 29 kDa; in addi-
tion a few light bands at high MW
of 66, 64 and 58 and low MW of
14.5 kDa. The rGST appeared as a
singlc band at 28 kDa (lane 4, l'ig.
LA).
Monoclonal antibodies
rGST

against

Six stable clones of MoAD,
desipnated 3A3, 3B2, 3C6, 4A6,
4B1, 4D6 were sclected and ex-
panded in culture flasks to obtain
large volume of MoAb which were
then gathered for further experi-
ments. All MoAb exhibited specific
binding to the rGST band of 28
kDa, atthough with varying inlensi-
ties (Fig. 1B). The immunogiebulin
classes  and  sub-isotypes of all
MoAb sclected were found to be
kappa-lgG,.

When tested by WB from
the adult F. gigantica, all MoAb
reacted with a single native band at
28 kDa, which also reacted with
PoAb (Fig 1C; 2A). When tested
against WB, T'A and ES fractions all
MoAhs exhibited similar patlemns
as illustrated by the reaction of clone
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Fig. 1
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{A)} Coomassie blue stained 12.5% SDS-PAGE of F gigantica antigens: lang 1-whole body fraction
(WD}, lane 2-tegument fraction (TA): lane 3-excretory-secretory fraction (ES); lane 4-recombinant
GST {(rGST). (B) immunoblotting patterns of rGST reacted with myeloma culture luid-CF {lane 1},
normal mouse serum-NMS (lane 2), cattle infected serum-CIS (lane 3), MoAb 3A3 (lane 4), 3B2
(lane 5), 3C6 {lane §). 4A6 {lane 7), 4B1 (lane B8) and 406 (lane 9). {C) Immunablotting patterns of
F. gigantica WB antigens reacted with myeloma CF (lang 1}, NMS {lane 2), CIS (lane 3), MoAb
A3 {lane 4), 3B2 (lane 5), 3CB (lane 6), 4AB (lane 7), 481 (lane 8) and 4D6 (lane 9). SD = slan-
dard molecular weights.
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3A3, which reacted intensely with a
single band in ES and WB at MW
28 kDa (Fig. 2A). In contrast, this
band appeared very light in the TA
fraction. When PoAb against native
GST was tested against the WB, TA
and ES fractions from adult £. gigan-
tica, the PoAb also reacted with the
native protein at 28 kDa which ap-
peared as a doublet (Fig. 2A). In ad-
dition, there was another positive
band at 24 kDa in WB against TA
which was also detected by PoAb
(lanes 8, 9, Fig. 2A). In the cross-
reactivity study, the MoAb specifi-
cally reacted with a single protein
band at MW 28 kDa of 5 mansoni
and 26 kDa of S. japonicym. In con-
trast, no positive band was detected
when MoAb were reacted against
the crude worm extracts from Eury-
irema and Paramphistomum spp.
(Fig. 2B).

Immunolocalization anci distribu-
tion of GST

Since all MoAbs exhibited
similar staining patterns, the data
obtained from clone 3JA3 were used
as the representative of the group.

The most intense immuno-
staining by MoAb 1n the adult tissues
was observed in the parenchyma (Fig.
3B, ). Moderate staining was ob-
served in the middle and basal layer
of the tegument, the tegument cell’s
cytoplasm and their processes, light
stayning appeared (n the caecal epi-
thelium, cells of the vitelline gland,
ovary and testis, whereas the tepu-
mentai spines and muscle were not
stained (Fig. 3B-E). The negative
control experiment using myeloma
culture fluid and normal mouse se-
rum did not give positive staining,
but yellowish autofluorescence ap-
peared in the vitelline glands in a
granulated pattern which may corre-
spond to vitelline granules (Fig. 3A).
The positive control experiment
using PoAb showed very intense
staining in the parenchyma tissue
(Fig. 4B), moderate staining in cells

of the vitelline gland (Fig. 4B), the
tegument and the processes of tegu-
mental cells running between nega-
tively stained muscle cells (Fig. 4B,
E). Cells of the testis, ovary and
caecal epithelium exhibited moderate
to weak staining (Fig. 4B-D).

Similar to adults, immuno-
staining of the juvenile worm with
MoAb and PoAb was found to be
mntense in the parenchymal tissue,
but moderate in the tegument, and
light in the caecal epithelium (Fig.
3F; 4G). The negative control ex-
periment using myeloma culture fluid
did not exhibit any positive staining
(Fig. 3A, 4F).

In metacercariae and newly
excysted juvenile worms (NEJ), GST
was localized by MoAb and PoAb
in similar tissues. However, the tegu-
ment was relatively more intensely
stained than n other stages and ap-
peared as a narrow intense fluores-
cent layer around the parasites under-
neath the innermost layer of the cyst
wall (Fig. 3H, 40}. Intense staining
was clearly also observed in the cy-
toplasm of parenchymal and tegu-
ment cells, while their nuclei remained
unstained {Fig. 3H, 4I}. In contrast,
caccal epithelium appeared to be
lightly stained in comparison to that
of adult and juvenile stages (Fig. 3H,
41). Nonspecific weak autofluores-
cence appeared in the inner cyst wall,
and stronger yellowish autofluores-
cence was also observed in the outer
cyst wall, while the tissues in meta-
cercariae {Fig. 3G} and NLJ (Fig.

4H) remained negative.
DISCUSSION

Characterization of monoclonal
antibodies to rGST of F. gigantica

GST of adult F. hepatica
have been purified and shown to con-
stst of 'a mixture of at least three to
five isoenzymes of MW 23-26.5 kDa,
all of which showed N-terminal se-
quence variations."* This heteroge-
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neity of F. hepatica GSTs was also
reflected in the cloning and charac-
terization of several cDNA enceding
GST that showed a 59-89% identity
at nucieotide levels and a 71-85%
identity at the amino acid level.'” In
the present report, MoAb against F.
gigantica tGST could detect only a
single band of the SDS-PAGE sepa-
rated-ES and WB antigens which
might reflect the identification of
only one isotype in these two anti-
gen fractions, while PoAb could de-
tect up to three isotypes (lanes 8, 9,
Fig. 2A). In contrast to PoAb, the
stain of the GST band detected by
MoAb was very weak in the TA
fraction, which might be due to the
low concentration of t his particular
GST 1sotype in the tegument as con-
firmed by the immunofluorescence
experiment. The presence of GST at
a rather high concentration in ES
material may be due to the need to
detoxify oxidants generated from
chemicals or host immune cells ex-
ternal to the parasites, thus this oxi-
dant scavenging enzyme may be
needed on the surf{ace of the parasite
though the sceretory pathways are
not yet known.'” Tung et al."” reported
that GST have been found in the ES
materials of several genera of para-
sites, including Dictyocaulus vivipa-
rus, Onchocerca volvulus and Bru-
gia spp., a lymphatic filarial nema-
tode. Cervi er al® identified gluta-
thione S-transferase as an ES protein
in F. hepatica adults, and it has been
suggested that there 15 a low bul con-
tinuous release of this enzyme into
the ES. *'*

It has been established that
cross-protection exists between Fay-
ciola and Schistosoma species in many
hosts. Hillyer er ai® and Christen-
sen ef al.'’ showed that F. hepatica
infections in mice induced significant
resistance to subsequent challenges
with S mansoni. Conversely, mice
infected with 5. mansoni showed sig-
nificant resistance to the subsequent
challenge with # hepatica."” Further-
more, GSTs of F. hepatica (FhGSTs),
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Fig. 2 (A) mmunoblotting patterns of F. gigantica WB antigens reacted with myeloma CF (lane 1), NMS
(taner 2), CIS (fane 3); ES, TA and WB probed with MoAb clone 3A3 (lanes 4, 5, 6) and PoAb
{lanes 7, 8, 9). (8) Immunoblotting pafterns of WB from F-. gigantica {lane 4}, §. japoricum (lane
5), § mansoni (lane 6), E. pancreaticum (lane 7) and Paramphistomurn spp. (lane 8) probed with
MoAh 3A3. Lanes 1, 2 and. 3 show WB patterns of SDS-PAGE separated-antigen of F. gigantica
reacted with myeloma CF, NMS and CIS, respectively. Other clones of MoAb showed similar

patterns (data not shown). SD = standard molecular weights.
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Light micrographs of £ giganfica frozen seclions stained by immunofluorescence lechnigue. Lsing
MoAb as primary antibody and FITC-conjugated geat anti-mouse 190G as secondary antihody.  (A)
A control section of an adult parasite. using myeloma CF in place of primary antibody, showing
granulated austofluorescence in vilelline cells (Vi). (B} Low maugnification micrograph of an adull
parasite, showing intense staining in parenchyma (P¢), mederale staining in tegument (Te), tight
staining in caecum {(Ca) and vitellaria (Vi). (C) High magnilication micrograph, showing intensely
stained parenchymal cells (Pc), moderately stained tegument {Te), and lightly stained vitellaria (Vi).
Note the intensely stained processes of parenchymal cells between unstained muscla calls (M)
(D) A high magnification micrograph showing light staining of testicular cells (Ts). (£} A high magn-
fication micrograph showing light staining of cells in tho ovary (Ov). (F) Micrograph of g 7-week ol
juvenile section, shawing intense staining in parenchyma [P}, modorabe slaming in tegument (To),
and light staining in the cascum (Ca). {G) Control sectinn af melacarcana, using mywinma CI
place of primary antibody, showing vellow autofluorescence i the duter cyst wall (Cw ) and non-
soucific staining of [he inner oyst wall (Cw2) while the maticersarial tissoues s slained. (H) Mi-
cragraph of a metacecarial section, showing inlense staining in parenahyina () and tegumients
cell {Te) {Bl, bladder).
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Fig. 4

Light micrographs of F. gigantica frozen sections stained by immunofluorescence technigue, using
FoAk {rabbit anti-native GST) as primary antibody and FITC-comugated goat anti-rabbit IgG as
secondary antibody. {A) Control section of an adult parasite, using inyeloma CF in place of primary
antibody, showing autoflucrescence in vitelling cells (Vi). (B) Low magnification micrograph of an
adult sechion, showing  intense  staining in parenchyma {Pr), and fight staining in tequment (e}
ascum (Ca) and vitellaria (Vi) {C) A micregraph showing light staining of celis in the testis (Ts).
(LM} A high magnification micrograph showing light staining of cells in the ovary {(Ov}. {E) High mag-
nificalion micrograph, showing intensely stained parenchymal cells and thair processes running be-
tween muscle layers (LMu) towards the tegument (Te), and lightly stuined tegument (Te). (F) Con-
trol section of a 7-week-oid juvenile, showing no staining. (G) A microaraph of a 7-week-old juve-
nile, showing intense staining in parenchyma (P¢), light staining in tegument (Te) and caecum (Ca).
(H) Control section of NEJ. (I) A section of metacercaria, showing intense staining in parenchyma
{Pc), fairly intense staining in tegument {Te)}, and light slaining in caccum (Ca). (CMu, circular mus-
cles DM, longitudinal muscle; Os, oral sucker; Sp, spine; Vs ventral sucker).
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§. mansoni (Sm28} and §. japonicam
(5j26) were shown to have cross
protection in expenimentally vacci-
nated laboratory animals, including
mice and hamsters ** It was also found
that the putative gene encoding
FhGSTs has 54 and 58% homology
to 5j26 and Sm28 genes, respec-
tively.** In the present study, the
crude antigens of F. gigantica, S
mansoni, §. japonicum, Euwrytrema
spp. and Paramphistomum spp. sep-
arated by SDS-PAGE were immuno-
blotted with MoAbs against rGST,
and the result showed that only a 28
kDa antigen of S. mansoni and a 26
kDa antigen of S. japonicum reacted
specifically with these monoclonal
antibodies. This indicated a high
degree of cross-reactivity between
S. mansoni, S. japonicum and F. gi-
gantica GSTs, at feast for this single
1sotype. In contrast, no cross reac-
licn was found with antigens from
even closely related trematode para-
sites, l.e. Eurythema and Paramphis-
fomum spp. Hence, it is possible that
these MoAD could be used for immu-
nodiagnosis of fasciotosis and schis-
tosomiasis which will be studied
further.

Localization of GST

In the present study, GST
expressed in various stages in the
life cycle of F. gigantica were local-
ized by indirect immunofluorescence
using PoAb against native GST and
MoAb against rGST as probes. In
generat, the results showed that the
pattern of immunostaining by PoAb
was very similar but more intense
than staining by MoAb. From the
fluorescence intensity it could be
surmised that GST has the highest
conceniration in the parenchymal tis-
sue in all stages of the parasite.
Moreover, in the adult parasite GST
was also detected at a moderate con-
centration in the middle and basal
cytoplasm of the tegument. GST was
present in low amount in cells of the
vitelline gland, ovary, testis and the
caecal epithelium, In juvenile para-

sites parenchymal tissue aiso showed
a high concentration of GST, while
the enzyme was present in a rather
low concentration in the tegument
and caecal epithelium. In contrast,
GST was detected in a relatively high
concentration in the tegument and
tegumental cells of the metacer-
carial stage, 1in addition to paren-
chymal tissue. Since the MoAb that
was produced in the present study
could detect only one isotype the
immunolabeling pattern may not be
the complete picture of all native
GSTs. However, its' staining 1s in
general agreement with other reports
on F. hepatica’® which showed the
existence of GST in the parenchy-
mal cells and their cytoplasmic ex-
tensions in the subtegumental area,
as well as in the caecum and excre-
tory ducts of the adult and juvenile
stages. However, there is still no re-
port on GST expression and concen-
tration in the metacercarial stage of
F. hepatica.

For the Schistosoma spp.,
several studies have been under-
taken to analyze the distribution of
GST. Taylor ef al.,” using immuno-
electron microscopy, detected GST
(Sm28) in the tegument, proto-
nephridiat cells and subtegumental
cells of S mansoni. Holy et al.*
using immunofiuorescence technique,
could detect SmGST only in the pa-
renchyma, while Porchet et al®’
could also detect the enzyme in the
genital organs. Gobert et al.'"” per-
formed the immunolocalization study
of the 26 kDa and 28 kDa gluta-
thione S-transferase within adult S
Japonicum, and found that both pro-
teins were locatized within the pa-
renchyma of both male and fernale
parasites. However, there was no
staining of this protein on the sur-
face or within the tegument of either
the male or female worms. The ab-
sence of GST in the caecai epithe-
Hum m Schistosoma spp. Is in nota-
ble contrast to the positive {inding of
this enzyme in the caecurn of Fas-
ciola spp. as reported earlier’” as well

as in the present studies.

The presence of a moderate
amount of GST in the tegument, in
contrast to the lower amount in the
caecal epithelium, may be due to the
fact that this enzyme is needed for
the parasite’s protection from oxy-
gen free radicals generated from the
host immune cells, which are more
likely to attack the tegument surface
than the caccal epithelium. [t is still
not known how GST in the tegu-
ment is produced. Since tegumental
cells provide the cytoplasmic mass
for the tegument they may actually
be the original source of GST, though
the staining of the tegumental cells
thermnselves was not intense except
in the metacercarial and NEJ stages.
Altematively, GST may be provided
by the parenchymal cells, which
cvidently synthesized and stored a
large amount of GST. These celis
branch profusely and always have
the terminals of their slim processes
in close contact with the tegument.”
The passage of GST from paren-
chymal cell processes to the tegu-
ment is possible but there is still no
proof for this cell to cell transfer. In
addition, the abundance of GST in
the parenchyma implicates that there
15 a very high degree of protection
from oxidants’ damaging effects
within the parasite’s body. This was
supported in an experiment when
the aduit parasites were incubated
with MoAb against rGST, and the
tegument was severely damaged, but
the adult parasites could still survive
and regeneratc the new tegument
(unpublished observation). In the
younger stages, especially NEJ there
appeared 1o be a relatively much
lower quantity of GST in the paren-
chyma than in adult as shown by
immunofluorescence in this study,
and by guantitation of specific activ-
ity of this enzyme (showing about
x20 fold increase) in F. hepatica.”
Hence a GST vaccine may have a
higher chance of killing these young
parasites. Because of its expression
in all developmental stages of F. gi-
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gantica and its moderate specificity
to only Fasciola and Schistosoma
species, rGST synthesized in this
study could be considered as a can-
didate for both immunodiagnosis and
vaccine development for these spe-
cies, which will be studied further.

ACKNOWLEDGEMENTS

This work was supported by

the Thailand Research Fund (Senior

Research  Scholar

Fellowship to

Prasert Sobhon} and the National
Center for Genetic Engineering and
Biotechnology, NSTDA, (Grant #
BT-B-06-2B-14-004 ta Vithoon Vi-
yanant).

REFERENCES

:

Brophy PM. Crowley P, Barrett J. De-
toxification reactions of Fasciola hepat-
ica cytosoiic  glutathione transferases
Mal Biochem Parasitel 1990; 39: 155-62.

Creancy [, Wijffels Gl., Sexton JL,
Sandeman RM, Spithill TW, Parsons
1C. Fascivla hepatica: localisation of
plutathione S-transferase isoenzymes in
aduft and juvenile liver fluke. Exp
Parasitol 1995; 81: 106-16.

Spithill TW, Dalton IP. Progress in de-
velopment of hiver fluke vaccines Para-
sitol Today 1998; 14: 224-8.

Mannervik B. The isoenzyme of glu-
tathione S-transferase. Adv  Enzymol
Relat Areas Mol Biol 1985; 57: 357-417.

Wijffels GL, Sexton JL, Salvatore L., e
al. Primary sequence heterogeneity and
tissue cxpression of glutathione S-trans-
ferase of Iasciola hepatica. Exp Parasi-
to! 1992 74: 87-99,

Balleul JM, Sendermeyer PP, Drever D,
e/ al. Moleculur cloning of a protective
antigen of schistosomes. Nature 1987,
326: 149-53.

Taylor 1B, Vadal A, Torper G, e al.
The glutathione transferase activity and
tissue distribution of a cloned M, 28 K
protective antigen of Schistosoma man-
sori. EMBO ) 1988, 7. 405-72.

Smith DB, Davern KM, Board P Tiu
WU, Garcia EG, Muchell GF. M,
26,000 antigen o f Schistosoma japoni-

B

It

16

KHAWSUK, ET AL.

cum recognized by resistance WEIL
129/) mice is a parasite g lutathione S-
transferase. Proc Natl Acud Sci USA
1986; 83: §703-7.

Davern KM, Tiu WU, Samaras N, ef al.
Schistosoma japonicum:  maonoclonal
antibodies to the Mr 26,000 schisto-
some glutathione S-transferase (5;26)
in an assay for circulating antigen in in-
fected individuals Exp Parasitol 1990;
70: 293-304.

. Gobert GN, Stenzel DJ, McManus DP.

humunolocalisation of the glutathione
S-transferases, GST-26 and GST-28,
within adult Schistosoma japoricun.
Int J Parasitol 1898; 28: 1437-43.

. Estuningsih SE, Smooker PM, Wie-

dosari B, er of Evaluation of antigens
of Fasciola mgantica as vaccine against
tropical fasciolosis in caitle. int J Para-
sited 1997, 27 1419-28,

Christensen NO, Nasen P, Frandsen F,
Bjomeboe A, Maonrad 1. Schistosoma
mansoni and Fasciola hepatica: cross
resistance i rmice. Parasitel 1978, 46:
113-20.

. Hillyer GV. Effect of Schistasoma man

somt infection on challenge infection
with Fasciole hepatica in mice. | Para-
sitol 1981; 678: 731-3.

. Grams R, Vichasri-Grams 8, Sobhon P,

Upatham ES, Viyanant V. Molecular
cloning and characterization of antigen
encoding genes from Fasciola gigan-
tea. In: Sinsinha 8, Chaivaro)] SC|
Tapchaisri P, eds. International Pro-
ceedings ot the Second Congress of the
IFederation o f Immunological Societies
of Asta-Oceania, Bangkok, Thailand,
January 23-27, 2000. Bologra: Mon-
duzzi Editore, 2000; pp. 39-43.

. Lowry OH, Rosenbrough NI, Farr SL,

Randal RJ. Measurement of protein
with the folin phenel reagent. J Biol
Chem 1951; 193: 265-75.

Vivanant V, Gajanadana O, Upatham
ES. er af. Monoclonal antibodies against
Schistosoma mekongn surface tegumen-
tal antigens. Southeast Asian ] Trop Med
Public Health 1993, 24. 484-8.

C Panaccro M. Wilson 1R, Crameri SL,

Whffels GL, Spithitl TW. Molceular
charscterization of cDNA sequence en-
coding  plutathione  S-transferase  of
Fasciola hepatice. Exp Parasitol 1992
74: 232-7.

Catlahan H1., Crouch RK, Jumes ER.
Helminth antioxidant enzymes: a pro-

20.

i

23:

24

26.

27.

29.

tective mechanism against host oxidants.
Parasitel Teday 1988, 4: 218-25.

~Tang L, Ou X, Henkle-Duhrgen K,

Selkirk ME. Extracellular and cyto-
plasmic Cu-Zn superoxide dismutases|
from Brugia lymphatic filarial nema-|
tode parasites. Infeet Immun 1994; 62:4
961-7. |
Cervi L, Rossi G, Masih DT. Potential |
role for excretory-secretory forms of‘;
glutathione S-transferase(GST) in Fas-
ciole hepatica. Parasitol 1999; 119: 627
33

. Howell M, Board PG, Boray IC. Glu-,

tathione S-transferases in Fasciola he-
patica. I. Parasito! 1984, 74: 715-8.
Sexton JL, Milner AR, Panaccio M, e/
al. Olutathione S-transferase; Nowvel
vaccine against Fasciola hepatica in-
fection in sheep. J Immunol 1990, 145:
3905-10.

Hillyer GV. Can we vaccmate against
Schistosomes? Fed Proc 1976; 35: 2568-
71.

Brophy PM, Pritchard DI Parasitic
helminth glutathione S-transferases: an
update on their potential as targets for
immuno- and chemotherapy. Exp Para-
sital 1994, 79: §89-96.

5. Balloul IM, Grzych JM, Pierce RJ,

Capron A. A purified 28,000 dalton
nretein from Schistosoma mansoni adult
worms prolects rats and mice agains?
expernnental schistosomiasis. J hmmu-
nol 1987; 13K8: 3448-53,

Holy IM, O Leary KA, Oaks JA, Tracy
W, Immunocytochemical localization
of the maor g lutathione S-transferascs
in adult Schistosoma mansond. ] Parasi-
tol 1989; 2: 181-90.

Porcher E, McNair A, Caron A, Kus-
nierz JP, Zemzoumi K, Capron A, Tis-
sue expression of the Schistosoma man-
soai 28 kDa glutathione S-transferase.
Parasite] 1994; 109: 565-72.

. Gatlagher SSE, Threadgold LT. [Clec-

tron nucroscope studies of Fasciola he-
patica. |I. The interrclationship of the
parenchyma with other organ systems.
Parasitol 19067, 57: 627-32.

Piedrafita D, Spithili TW, Dalton JP, er
af. Juvenile Fasciolu hepatica are resis-
tant to killing in vitro by free radicals
compared with larvae of Schistosoma
mansoni. Parasite Immunol 2000; 22:
287-95



(RIESEARCH ARTICLE

ScvienceAsia 29 {2003): 241-254

Classification of Spermatogenic Cells
in Rana tigerina Based on Ulirastructure

Sirikul Manochantr, Prapee Sretarugsa, Chaitip Wanichanon, Jittipan Chavadej

and Prasert Scbhon’

Cepartment of Anatomy, Facuity of Science. Mahidal University. Raoma VI Road, Bangkok 10400,

Thailand.

* Coresponding author, Emait scpsocarmatidol.ac.th

AsSTRACT: et wells inihic SpermEGRenelLc pr

w5 ol Retar e otng can be clissgtled into

4 s hased o

the pattern ancd degree of chromatin condensation ws studied by rrarsmission electron ancrmscapy, Primary

spermalegonia contain a large spherical nuclei with mestly euchromatin that cons

with 1 and 30 nm 1

ol 2 levels of [bwes

koesses, Secondary spermatogona have small heterochromatin blocks consssting ol

i 1

flght aggrepations of 3 nm libers on the mmer surlace ol the nuclear envelope, as well as i the ceniral arca

nucleas, Promame spermdlocyt

lomsely gackecl chromann
i, each ol which
thickened heterochromarin

block

SEETIEA LY e shmw v, 1 hick

hjmed along the equatoriol region ool
s, The 3 nm chromatin [y

Primany ajeeina

hlocks of variou

meraphase spermatacyies. Secondiry spermupcyies: pave nuelei thar convam 446 labge blpcks of
hererochromatin along the e face) of the niclear envelope, the
Sperialids can be
cheoratr

e 30 nm ch

comdersed in spermand 11, whose puclens 3 decrstsed 10 size atwd Becoming oval shaped In

1 [thers ol which st w veappear.

rowd @ cesilins more dispersedd 30 no

f 1l

many SperTiEy

IMOETEAsG

are divtded fnto 6 steps A lepiotens spermaoeytes
wenps e resolied fromg the wincllng of 30 mm (ibers arcund the comtbonsatnon
is & single eloctron dense link. Zyyotene spermatocyies
;. which pee Jouned vogether By symaptonemu! o ||!|||- We

imte rtwaned hewerochromatin blocks cords, whach arne part

i Luryge heteroohromanin blacks are sepanated from each oth

metn

omtain sl
ik 1 | imerrasimgl
it long an inereasigly
M hvrene:

I e |,\.-IZI|||| 4

hromuosomes, These chsmatin blocks become dissnbuted (o a canwheel patiem in diplotens spermatocytes.

il hecome

dunng the dmkm a

Flrowgbns dbie tratsformanom ol
i

ST OCYLEs

5 DCOme .:ll._l-'.|-|?|-}:|'-. -I'I.-.ll'lih:". le Beterachnmmmatin

s, white the 10 nm [ibers are decreased m quaneiy until they ate absert entiely in i

[

WY o libersare (omsened wp amd the 10

T

Rietd hamton 4 i E:'- in ['l"rll sIp[A I the nucieus s

romatin libers are aniformly packedd together anil

spermatiel 1N, vhe muclews bevormes elongated and ) contams W om chromatin hbers which o sporepatied

meste l|!;|.: yanid evendy weether, while 10w fibersdi slfapen® A0 T i IV the nec] ews becoine

condensed, bt the oudine ol the 30 v Ghees conld still be uhserved. In spetomstiiza. b

ylimdrical shope, wikhd small suresetne covering

lvighiy

satitenor pole s choramatm (s lighly

30U il

fibwers are packed se vightly 1ogether thas chromatin Becotes completely dlectmmopague. The condensation

therelire,

ﬂr ' |'.|'"‘"I'|.I' nin [\u.lrlln 7|'II‘TTII.II-I.'II.I 15

dillerentated somatke cells; whers W nm bers conlesce Lot

KEYWORDS: linu Ugering, Spermmalo

INTRODUCTION

Duting spermutogenesis and spermiogenesis pi
vertebrates, the chromatm nndergaes extensive
melecular reorganizallon and condensation that
renders it more compract and metaboheally mert o= all
patertinl genes nre Switched ofl, and the chromatin
must be contadnee within the highly redueed volurm
ol the sperm wiclews, Y Thus, the paterial genome |
prvectid apairist physical demage and chentical
mutigenests during tansport to e site ol lerul)-
zatiom. " Chianges In i proteins complexed with U

fmler jothe process ol heterolhromotizinion

ler withoue chamging et sl gize

He, wltess racere. chromatin orgarizaiinn

DA e ol particular foderese und hiove Tong heen
regarded @ an Impartant contributing Tactor 1o
variatiens e the chromumm packaging pattern.” Th
process of chepmatin condensatiom hos Beon well
and at least two
patierns ol chromatin condensation can be dis

the e

studied in mammalian spermatozon,

cerned " i primares e ludhing human
gramular chromaiin auhstance of curly spermatids o
grachually replaced by coarser and denser hode

white Is appear o anse by the “promang” or apgpre-

1

patttp of snaller dispevsed chromatin granoles

Fhe chransatin bodies merease wsize and evemually



242

coalesce to form the compact homogenous mass of
the typical chromatin in the mature spermatozea.” !
Alternatively, in most rodents the basic nuclessimal-
type, the 30 nm chromaun fibers, are translormed mie
larper (40-30 nm ) fibers that are straight and arringed
i parallel during the early acrosomal stuge. " These
fibers appear to grow larger by the lateral fusion of
the smaller parallel fibers, until they reach about 100
nm n width. Later the large fibers are completely fused
1y form the compact chromaun * While early round
spermatids (Golgl and cap phases) contaim a mixture
it somatic types as well as testis-specilic histones, these
proteins are largely replaced by a set of novel
transition proteins (0P about muidway through
spermiogenesis tacrosemal stage) ' when the
chiromaun appears as 40-50 nm striaght parallel
fibers ' Shortly thereafter (marturation stage), the
transition proteins pare replaced by the arpinine-rich
protein, protamine, which are respensihle lor the hinal
compaction of chramartin in the matuge sperm head

The pattern of chromatin condensation is thus highly
correlated with the steps of perm cell development,
especially during spermrogenesis. Only a hmited
amount of inlormanoen s available on the process of
spermatogenesis and the organization of chromann in
amphibans, and none s available i Rona tigerma, a
species of nice field frogs which 15 indigenous ro
and. Thus, the purposes o the present study a
¢ vatious steps of the development of m
‘ Il m Bana Hgering based on the pattern of
chromatin organzation and ultrastructural features

MareriaLs aND METHODS

Experimental Animals
ral rice held trog

fgering, ro commonly foumd

114 wenn "'lhlll'?d iTI cemnent fanks at :\L:-.:
Faculty of Science, Mahidol University, They were
maintained in a natural environment having
approximaie 12 hour light/dark cycle The ambient
temperature was phone 25-30 °C, while the relative
hunndity ranged from 80 0 100% Pellered lrog leeds
were given onee daily in the afternoon, and the water
irt '1".|_' CEMEni |.:.'1|- 5 Wis ©h .II[:f'lJ AT ||'-"" e days.
. genernlly. more than
month-olds " were used in the expenmen

Only sexually maiure fi

Specimen Preparation
Mature male brops that were more than 1.2 months
ald were collecred during the breeding season (April-
Oreoben),™ and anesthesized by being placed inoan ice
Btk for 5= 140 munutes, ar until they become immahile
he testes were removed and immediately processed
far ransmiision eloctron ouerescopy. The tespeular
tissues were cul inte small peces about | ond
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fixed in the solution of 4% glutarildehyde plus 2%
paratormaldehyde in 0.1 M Millonigs buffer {0.23 M
NaH PO, H 0,019 M NaOH, 0 06 M glucose), pkl 7 2
i 4°C for 2 hours. Then the tissues were washed in
three changes of the same buller in order to remove
the fixavves, lollowed by post lixanon in 1% osminm
tetroxide in the same buller {or 1 hour, Then, tl
tissues were washed again in three changes of the same
bufler. Alter tixation, specimiens were dehydried
through miereasing concentritions of ethyl alcohal at

1096, 70%, 90% and 95%, consectutively, by immersing
ihem lar [0 minuies, 1wice A Pj'!! ethi il
concenteation, and at 100% ., by in mersing thea lor
2O miviukes, 3 times, at 4 “Coand 20 munutes, 3 tires, al
room temperature. Then the specimens were cleared
in two changes of propylene oxide, for 15 minutes
cach, mfiltriied in mixtures of propylene exide and
Aralidie 502 resin at the ratios of 2-1 for 1 hour, dnid

L2 overtight, then in pure Al ldite 502 resin for M

]L'_iJ & iy IS, oy | fl": '|||‘.' I wyTieriseo ;H‘l L5 ™

aricd 60 °C 1o 24, 48 and 48 hours, respectively

Light Microscopy

In order ro lacilitate the classilication of varions
steps of male germ cells, thick sections of about 0.75
1 mm were cut from each hlocks of Araldite-embedided
orter-Blum MT-2
ultramicrotome, mounted on gliss slides at 55 *C. anid
siatned with 1% methylene Blue in 1% bovax in H,O a
TOC, for 30 seconds. washed with several chunges ol
distilled water, then dred ona hor plate and covere
by glass cover slips using superglue as the meounting
mediumr The sections were cxamined and phioto-
graphed with an Olympus Vanos microscope.

tissug with glass knives ona I

Transmission Electron Microscopy

Thin sections with an intetlerence color ol silver
1o siver-gold tabout 60-90 nm thick) were cur with
ghass lnves on a Porter-Blum MT-2 ultramicrotome
[he seciions were picked up on uncoated 300-mesh
copper gruds, air dried and stained by floating o
satarated agqueous vrany! acetare in the dark fin
mimies, then rinsed with severnial chanpes af distilled

water, and rhe excess water was blotted off with
Whatmann hilter paper. The sections were lorthes
stalned by tloating on saturated aqueous lead ditrale
for 30 mimes, rinsed with several changes Gf
free distilled water, and the exeess water bloted off
with Whatman lilter paper and air dried. The sectioms
were then examined with o Hitachi transoission
election mictoscope H-300 a1 75 kv

Scanning Electron Microscopy
Spertrunozg colleeted Trom cloncn were [ixed 11

. & o
!,11_1' L

l!l- L1 ANET, vl 44 _-'_!..I \.'_|!. (il | IL‘

-
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paraformaldehyde in 0.1 M Millorigs butler, pH 7.2
at 4 " for 1 hour, the specimen were then washed in
three changes of the same buffer, 5 minutes each,
[ollowed by post tixation in 1% osmium terroxide in
the same buffer for 30 minutes. Then, the speoimen
were washed again in three changes of the same buffer.
After hxation, specimens were dehydrated through an

increasing concentrations of ethyl alcohol ar 50%,

=

0%, and 95% consecutively, by immersing therm
for 10 mimutes, twice at each ethanol concentration
and at 100 “hby immersing them for 10 mmutes for 3
times, at 4 “C. Specimens were dried in a Hitachy HCP-
21 critical-point drying machine, using liguid CO, asa
transitional mediun [hey were mounted on aluminum
stubs with carbon-paim adhesive, and coared with
platipum and palladium inoa Huachi ion sputtering
apparatus, F2500. The specimens were examined by
a Hitachi 5-2500 scanning electron microscope at 15
k.

Measurement of Chromatin Fibers

The male germ cells of B tigering were classihed
mto various steps based on the pattern of chromatin
orpanization and other alivastructural features
including the acrosome and the tail formation. The
sizes of chiromatin libers inoat least 10 cells from each
step of the male germ cells were measured from
electron microscopic neganves in a Nikan profile
projector. Fibers were measured ar random by
reconling the distance between the distiner edges.
atalase crystal with lamce spacing ol 87.5 A (Agar
Auds) was photographed at the same magnifications
and nsed as standards {or nieasurement of chiromatin
From the vanation in sizes and the

f the chrommn fibers, the patterns of

{iber size
onentatlan
chromann orgamzatnion and condensatinon was

deduced.
ResuLrs

Histological Organization of Rana tigerinTestis

Each testicular lobule conuns several convoluted
seminilerous tubales, sach of which is surrounded by
The semintierous
epithelivm consists of 2 groups of cefl
spermatogenic cells and loflicular cells (Mg 1A). The
intevsuitinl aireus are filled with incerstitial cells, blood

a thick hasement membrane.

[

vessels and connective tissues (Fig 1A) The
differemiming male germ cells are always found o
synchranously developing groups, each surriunded

by processes of fallicalar cells, thus this structure is
called 1 spermatocyst (Fig TA). Because of this unique
organication, the steps ol spermatogenic cells could
be learly identibicd. At the beginning ol the
} Wen i pro  the Iocortisiats of

JH Tl putTarocy
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asingle large primary spermatogonium enclosed in a
layer of follicular cells (Fig 1B). The primary
spermatogonium gives nse. by successive mitotl
division, ro a number of secondary spermatogenia (Fig
1C). These differentiate into six steps ol primary
spermatocytes (Figs 1B-F) that tinally undergo meiouc

division to form secondary spermatecytes (g 1E)
These cells, in tum, undergo a second meiotic division,
gving rise 1o double the number of spermatids (Fig

1G-1) As g result of these divisions. the size ol the
spermatocyst 1s incrveased considerably, and the
processes of enveloping follicular cells become highly
artenuated (Figs 1A-1). The spermatids ave elongamed,
and orented in clusters embedded 10 the cytoplism
of tollicuiar cells (Fig 100 Thus, o wppears thal follicular
cells of the SPErMAtncysts serve the same susteniacular
and nuntve function as the sertoli cells of mammalian
testis ' The wall of the spermatocyst ullimately brvaks
down, leaving the follicular cells and their adhering
clusters of sprrmatids und spermatozea still attached
10 the basement membrane of the semintberous telnile

(tFg i}

Classification of Spermatogenic Cells

Basedh on the nuclear size and the pattern and
degree of chromatin condensation, and in later sluges
the formation of the acroseme and the tail
spermatcigenic cells of Rana {pering can be classitied
inita | 4 steps

Primary spermatsgoniem (5¢1)

[his cell containg o larpe spherical nucleus about
8-10 pm in dhameter with moestly cuchromatin with very
few blocks of heterochromatin in the center. Tach
nucleus contains one or two prominent nucleoll (Figs
1B, 1}, The chromatin consists of 2 levels af filber
about 10-and 30 nm in diameter. The former appear
as thin zigzag hoes, while the latter appear i cross
sections as dense dots (Fig 11). Small heterochirematin
blocks, which are formed by tight aggregation of 30
nm fibers, ate few in nwnber and widely <cattered
throughout the nueleis (Fig [L) The cvioplasm
ontaing a lttle developing rough end
recticulum (Figs 1], K1 Palyribi
and evenly distributed throughout the cyroplasm,
whereas mitochondria tend e be congregted 1 one
pole of the cell (Fig 1)), Some of these cells ure
uniterpoing mitotic division as the twe newlv divided

cwith

_-i.l--ll'll

OIMes ¢ Dnien

nucler remain within the same cyreplasmic muss (Fy
1k
Secondiry sperma

wese oells PPear m husters ol 2 or < cells, still
lying close to the basement membrane, and cach
chuster is surrounded by processes of Tollicubar cells
1o form acwst (Fig 1O The nuclensof 52
and has a diameter of abow 007 pm. The m

ig ol

cheoh
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Fig 1.
A
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becorme more prominent (Figs 1C, 1M}. The nucleus
contains increasing number of small bhlocks of
heterochromatin compared 1o Sgl, which are
distnbuted along the inner facet ol nuclear envelope
as well as in the central region (Fig 1N). In the
euchromatic area, chromatin fibers are organized into
2 levels, 1e., 10 nm and 30 nm, like in 5gl (Fig 1O).
Cytoplasm contains abundant polyribosemes, fewer
mitachon-dria than in Sgl, and rough endoplasmic
reticult which is lairly evenly distnbuted throughout
the cvioplasmic mass (Figs 1M |, 1N),

Primary spermatocytes

There are 6 sreps of primary spermatocytes:
leplorene, zvgotene, pachytene, diplotene, diakinesis
and metaphase steps, each with distinctive patterns of
chiomatin organization.

Leptotene spermatocyte (150

The cells in this step are grouped in a large cluster
thin tour cells per group, each surrounded
by eytoplismic processes ol tollicular cells (Fig 1B).

' LSe is spherical in shape, with a large sphernical
rivicleus about 6-8 mm in diameter \Fig 2A) Most ol
[hﬂ! hromatin is in the euchromaric lorm (Fig 2B), and
s o thin rim of condensed chromanin along the
nuclear envelope as observed in carlier steps of
spermatogenesis. Small loosely packed chromatin
nlocks are scattered among the eventy dispersed 30
am hibers (Fig 2B). In the euchromatic area, individual
chromatin [ibers exhibit two levels of organization, 1 ¢,
30 nm libers that appear 1n cross sections as dense
dots, and 1U nm fibers that appear as zigzag thin lines
Fig 200 Within each enlarging chromatin bock in the
nuclens ol late Lsc, where chiromatin fibers begin o
wind together, there is a dense line rhat may be the
inftidl site of chromartin condensation (Figs 2E, 1F) The
nucleolus is still present but not as prominent as in
sperimatogonia (Figs 1B, 2A). In addition to abundant
ribocomes and miochondria, the cytoplasm also
contains stall Golgi complexes {(Figs 24 | 2D).
gutene

al mior

M yiat L'y[g- TEEY
as a round nucleus wit approximately
i 1.S¢. The d[sungmshmg feature of Z5¢
5 the increase in size and density of heterochromatin
blocks, some of which are coupled with the
sy‘nap[onemal complex (Figs 2G, 2H). In contrast (o
i siple dertse hne Jond in L5, ench of this iripartite
structiire has i conspicuous central element scparated
from rhe two luteral clements by clear spaces (Fig 20
Chromaun fithers U0 nm) from sister chromatias are
attached 1o the side of each lateral element of the
synaptonemal complex (Fig 214 The nucleolus
complewly disappears. Palysomes appear 16 be less
numetous than m spermatogonial cytoplasm (Figs 26,
-

j 11 LWL I]
the same size

245

Pachytenc spermatocyte (PSc)

The nucleus of this cell is still round and about 6-
7 um in diameter (Figs 1C, 3A} [tis characterized by
the presence of iong interconnecting blocks or cords
of heterochromatin, some of which are attached al the
ends to the nuclear envelope (Figs 3A | 3B). Some of
these cords are sull linked by synaptonemal comiplex
(Figs 3A , 3B). In euchromatic area there are still 2 levels
of chromnn fibers, Individual chromatin [ibers wathin
the condensed blocks of heterochromatin could be
visualized as having 30 nm in size, even though they
are lightly packed together (Fig 3C3. The number of
cells in each cluster increases, and each cluster is still
enclosed by cytoplasmic processes of follicular cells
(Fig 1C). P5c are the most numerous cell type in the
seminiferous tubule and casily observed due 10 their
unirjue characteristics as mentoned. The cytoplasm
also contains ribesomes, mitochondria, and rough
endoplasmic recticulum (Fig 3A)

Diplatene spermatacyte (125¢)

The nucleus of this cell has a round 10 oval shape
with slightly smaller size than PSe (about
diameter ). The chrematin blocks become increasingly
targer and atrached to the nuclear envelope in a
carlwheel-spoke pattern (Figs 1E , 3D). Despite the
much increased condensation, individual 30 nm
chromatin fibers within the ught agpregates of
heterochromatin blocks could still be visualized (Fig
3 There are fewer 18 nm fibers remaining in the
cihiromatic areas in companison to PSc (hags 3B 3T
D5c are much fewer in number than Psc. The types
and quantity of cyteplasmic organelles appear similar
o those ot Pc (Thg 3D

Lhakinesis-Metaphase spermatocytes (DiSe, MSe)

DiSc is identified by the presence of long and large
pieces of chromosomes thar are distributed within the
whole nucleus (Fig 3G), e rapudly tams e Mae
whose chromosemes become aligned in a row along
the equatorial region (Fig AHY The nuclear membrane
disintegrates and completely disappears in M=o (Fig
3HY Despite their nght agpregaton. the autline of
individual 30 nm chromatm fibers 1o the chromosomes
could still be visualized, while the 10 nm chromatin
lihers disappear (Fig 31). The cytoplasm contains onl
a few organclles, mainly, nibosomes and mutochondrin
{Fig 3G). Both Di5e and Mbc are so few and transiern
thal they are only cccastanally ohserved within the
serniniferous tubule Thus, it could be concluded that
throughout the wansformarion  of  primary
spermatocytes, 30 nm chirematin fibers hecome
increasingly condensed into larger heterochromatin
blocks, while still maintaining their indiviclual ideniin

ithe 10 nm {ibwers are decreasing in quuaniiy il
they are entively absent in MSc (Fip 31).

S5<h mm in
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Fig 2.
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Fig 3.
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Secondary spermatocyte {55¢)

The first meiotic diviston of a primary sperma-
tocyte generites two secondary spermatocytes. It is
seldom observed in a histological section, implying that
duration of a spermatogenic cell (11 the secondary
spermatocyie step is relatively short. The nucleus ol a
secondary spermatocyte is round, about 3-6 pm in
diameter (Figs 1 E, 4A). It contains 4-6 large clumps of
heterochromatin blocks along the mner tacet of the
nuclear envelope, usually with one block in the center
(Fig 4A). The 30 nm fibers within the heterochromatin
blocks are loosely pucked in contrast to those
appearing i late spermatocytes (PSe and DSe), and 10
nm fibers become vigihle again (Figs 48, 4C1 The
cytoplasm has similar features to thut in the earlier
steps, but wath an increasing number of vacuoles (Fig

y

Classification of Spermiogenic Cells

Lhere are lour steps of spermatids, e, spermand
F{Seh), spermatid 11 (512), spermatid HE (513) and
spermatid 1V (514}, which could be classified on the
hasis of nuclear sizes ind shapes, the patterns of
chromatin condensation, and the degree of acrosome
formation. The nucler of suceessive steps vary from
round o oval, and hnally to a eyhndacal shape, and
range in sizes from 3-4 mm in Stl to 2x6 pm in St4

Spermatid 1(St1) These cells are still grouped 1n
cysts that he close Lo the lumen (Fig 16 Each cell is
charactenized by the presence of a
shaped VLth‘]("U.—i‘.\P\.-'hl('li is reduced in size 1o approxi-
mately 4-5 um in diameter (Fig 4195, The nuclens
contains leasely coiled 30 nm chromann fibers that
are more evenly spread when compuared those 1n S5
(Figs 4D-4F). The 1O nw fibers appear in the hghi
nucicoplasm hetween the aggregates of 30 nm fibers
{(Fig 4F) The cyioplasm s a relatively lirge miss as the
nucleus s reduced i size (Blg 410 In addinion o
abiundant mitochondna and relatively lew ribosome,
the cytopliam also contains few rough endoplasmic
reticulunt, o lew stacks of flattened vesicles of Golgi

round o vval-

complex und small, smooth vesicles dlosely assocated
withot (Fiyg 4Dy,

Spermatiad IT15:2) The nucleus of 512 is decreased
in size und transforms into an oval <hape aboul x4
wiell s becoming eccentrically
40:). The nucleus
contmnns evenly dispersed 30 nm chromatin hibers,

mm in didireter, as
loeated within the cell (Fpes [H

which appear in cvoss sections as dense granules (Fig

. Few small hererothromatin blocks, and 10 nm
chromatin lbers aré sull presemt (Figs 44, 41} Tothe

¢ y'_upla:.m A large Golpl un!]}lv.\" each consisting ol
45 stacks of cisternae (g 41, s lormed on one <ide
off the maclews while thi

opposie side exhibits the

developm Pagellum, with an axoneme
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outgrowing from the basal bodyv (Fig 4G). Pro-
acrosomal vesicles of various sizes are distributed near
the Golgi complex. Globular-shaped mutochon-dria
with tubular cristae are widely dispersed throughout
the cell (Fig 4G}, The acrosome starts 1o appear as a
short thick but flat segment on the nuclear envelope,
at the location adjoining the Golgi complex (Fig 4H).
The two leatlets of the nuclear envelope lie close
together at acrpsomal area, whereas they are more
widely and irregularly spaced elsewhere. Us i
the nuclear envelope there is an evenly thick, diense,
fayer of the nuclear lamina (Fig 41)

Spermutd 1T (Se3) The nueleus of 53 becomes
elongated 1o aboul 233 pm in size (Figs 1H |, 5A). It
containg A0 nm fibers which are closcly packed
rogether and becomes almaost uniformily dense (Fig 5A,
ere there Ippear

lermeath

BY, except i pockets of light areasy
1o be [ewer chiramatin fibers (Fig 5B, The 10 om fbers
completely diappear (Fig 5C) |
as an enlarged thickened plate in close apposition o
the nudlear ecnvelope at one pele of the nucleus (Fiy
5B The cytoplasm is relatively ¢léar in companson
with earher spermands, and the eytoplastic organelles
become sparse except tor the munschondria, which
appear to be concentrated around the tnl (Fig 541
[he cytoplasm shows progressive migration to the

C ACrosome IPII-'JT =

esudal part ¢l the nuclens and becomes muare
elongated (Fig 5A) Al the caudal end of the nucleus
the centrigles, which are surrounded by a siriated
vlindrcal ibrous sheath, start to lorm the base of the
il axaneme (Fig 5A). The branches of the sinated
cylindrical librous sheath extend laterally from the side
of the centrinles (Figs SA | 51
Spermatid IV (5t4): Spermatids 4 usually lie close 1o
the lumen of semuniferous tubule, where the !
usually embedded n the cytoplasm of {elliculo-Serroli
cell (Fig 113, The nucleus is elongated to about | 57
{tm in size (g 5D, SE). Thie chromatin becomes almos
completely condensed throughaut the nucieus, &= 30
nm libers, heeome tpghtly packed; however, the

gads nre

ontlimes of mdividual Bibers (eranules) are still vizsible

{Fig 5. The cytoplasm 15 pushed back 1o the opposite

side 1o where the acrosome is (Figs 50, 3E). Only th
caudal end sull possesses a substantin]l amount of
cvtoplasim (Fig 583 The acrosome appears as o flat
cap-like structore over the pointed anterior end ol the
nucleus. Its intertor has a homaopeneous malnx of
medium densiy (Fig 5D The striated cylindsical
fibrous sheath, which becomes a part ot the initial
midprece, increi

he canclal end of the nuck

segment of th es i lenath and is

Inseried M al:

mitochondrin start 1o ¢luster aroumn
eylindrical bbrous sheath of the initial segment (Mg

siriated
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Spermatozoa (Sz): The mature spernnatozoa are
recognized by their highly elongated eylindrical nucled,
with shghtly tapered anterior end (Fig 11) Each head
is aboui 9-11 mm in length and 0.5-0.75 mm in wadth
at the mid-section (Fig 5G). The nucleus occupies
virtually the entire hiead region which is surrounded
hy & smooth plasma membrane. It contains completely
opaque chromatin with very few intra-nuclear
vacuoles (Fig 3HY. The 30 nm chromatin fibers are
tightly compact into an electron dense mass, such that
the outline of individual 30 nm chromatin hbers could
no longer be resolved (Figs 5H, 51). The anterior
portion of the nucleus 1s smoothly curved and covered
by 4 thin acrosome over a distznce of approximately
-1 5 pm of the anterior region. The inner acrosomal
membranes covering the head are closely apposed to
the nuclear membrane. The acrosome material
appenrs homogeneous and moderately eleciron-dense
(P10 9HY. A small area of the cytoplasm is present only
it the posierior region of the head swrounding the
candal pole of the nuclens and the proximal end of the
tail, and shimming dowitin the midpiece that connects
the bead and the main part of the tail (Trg 50, The
midpece containg a pair of centmoles arented at right
angie to each orher (Figs 51, inser), with the distal
cemnole aligned in continuity with the axoneme of the
wail The centrinlar complex as well as the proximal end
of the tails axoneme is surrounded by a striated
cylindrical fibrous shearh (Figs 51, inset). The
approximate width ot cach siriated band and rhe
interval between neighboring bands is about 30 nm
{(Tip 51). The neck is, therefore, not clearly separated
[rom the midpiece and they together measured
pproximately 1.7-1.8 um long trom the anterior edge
ol the praximal centriole to the posterior end of the
dlistal centriole {Fig 51). The cytoplasm of the midpiece
s Lo taper at abowt 1.5-2.5 mum Irom the base ol
the nicleus. The mitochondra in the midpiece an
non-helical (Figs G, insen), and most are arranged
longitudinally along the centriclar-axonemal core {Fig
311 The principal piece of the 1l consists of the a0
axonemal complex as the core, surrounded by a

mooth plasmo membrane (Fig 51). The tail is about

30 s in length: thos the cotal length of a mature
spermatesvon i approximately 40-50 pm (Fig 5G)

1

Discussion

Classification of Male Germ Cells in the Testis

of Rana tigerina

The Hrst ultrastruetaral study of an anuwran (Bt

1
arcrarum) spermatogenesis was published by Burgos
and Faweent " who ceported 8 siages of the male germ

cells, b did nor make a detatled classthanion of

SfM I\.I..Ilj' e aal 5 Is in the testes ol !'\‘CJIHPH‘\
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lagvis were classified into 11 stages.' By using
autoradiographic technique, it was found that the
durations of leptotene, zygotene, pachytene, diplotene
and metaphase spermatocytes were 4, 6, 12, 1 and |
days, respectively, and spermiogenesis was completed
within 12 days. As for Rana species, 11 stages of male
germ cetls had been identified m R esculeniu,’” which
was comparable to X laevis.'® However, it was noted
that the durations of leptotene spermatucyvie and
spermiogenesis were longer than in X, lacvis In the
present study of R tigering, using a more detailed
ultrastructural criteria, ¢specially the characienisi

of chromaun organization, we could recopgnizs 14
distinet steps of male germ cells Another interesting
finding is that spermatopenesis in R tigering 15 occurs
within a cyst-like stracture, nowhich g
int coordinated clusters as in fish."" These clusters ol
germ cells have also been shown in other anuran
species and called "spermatocyas™ ! Buidently,
individual spermatogonia divide mitonically several
umes to prodice a pool ol daughter cells that remain
within a common cyst, walled by the processes of
[olhcular cells. Within any particalar cyst, <ticcessivi
generations of daughter cells divide synchronausly
and develop al a similar rate, so that the cyst always
contains an increasing cell number i the same seep,
[n R temporaria, spermatigonia undergo eight miton
divisions, implying that a smgle spevtmatogonium could
eventually give rise to a cyst containing well over 200
secondary spermatogonia. ' In X Juevis the numier o
cell divistons wathin the secondary spernmiogonial
cysls is reported 1o vary between four to cight
generations. ' In rats, there are lewer division cyeles,
and thus a single spermatogonium produces unly 24
cells, which subsequently mature into primary
spermatocytes ' Theretore, the cystic type spermato-
genesis could resuit in mass production of many moie
gametes than in mammals, and may be an adaptation
feature for the external fertilization in hshes and
amphibans, where a large quantity of spermatozoas
needed to compensate for the preater difliculty in

erm iells mature

gamele union, ™
Ultrastructural characteristi

steps of

= of varions
the male germ L-_’H\', an revealed "ny trafnsmission
electron microscopic studies, help to conlirm the
classilication of male germ cells by licht microscopy,
as well as to understanding of the cellular activines. A
primary spermategonia (5gl) have a
constituted mainly of the suchromatin, This results in
very clear nucleoplasm and very prominent nuclei. Tns
suggests high transcripnional activity and a high race
of nbhosame symhesis. Fach cell divides mitotically,
giving rse o secondary spermatogenia 5220, which

nuclei,

atr dhatmguished by the increasing amount of small

heterachromaun hlocks. These crlis

, therefore, may
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