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Abstract

In this study ¢cDNAs encoding cathepsin L-like proteins of Fasciolu gigantica were cloned by the reversc
transcription polymerase chain reaction method (RT-PCR) from total RNA of adult specimens. DNA sequence
analyses revealed that six different cathepsin L ¢cDNA fragments were isolated, which have DNA sequence identitics
of §7-99% rowards the homologous genes from F. hepatica. Gene expression was studied al the RNA level by
Noriiiern and RNA in situ hybridizations. Northern analvsis showed the cathepsin L genes to be strongly expressed
in adull parasites as a group of 1050 nt sized RNAs. RNA in situ hybridization localized cathepsin L RNA to the
cecal epithulial cells. Southern hybridization was used 1o determine the number of cathepsin L genes and indicated
the presence of a family of closely related cathepsin L genes in the genome of £ gigannca. © 2001 Elsevier Science
Irchnd Lid. All rights reserved.
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1. Intreduction

Fasciola peantica 1s a common parasite of cat-
te and buffalo in Thailand. It causes severe dis-
cuse in these animals and nanportant economic
losses to animal husbandry [11. Cathepsiu 1. cys-
teine proteinases are abundant proteins in Fusci-
nfa and form a major component of the material
seercted by the parasite [2]. Besides their primary
function as extracellular digestive enzymes they
have been shown to prevent the adhercnee of
eosinophils to newly excised juveniles by cleaving
host immunoglobulin [3,4] They can degrade ex-
tracellular matrix proteins such as fibronectin,
laminin and native collagen which might help in
parasite migration [5]. They have also been showan
to cleave fibrinogen, thus producing a fibrin clot;
an activity that might prevent bleeding from sev-
cred host blood vessels [6]. Partial protective im-
munity to £ hepatica infection has been shown in
cattle when vaccinated with cathepsie L [7]. Fur-
thermore, the use of cathepsin L for diagnosis of
fasciolinsis has becn reported my several recent
studies [8-11] This maolecular stody was, there-
fure, conducted as a starting point for future work
on diagnosis of and vaccination against fasciolia-
sis i cattle it Thailand.

2. Materials and methods
2.1 Preparation of nucleic acids

Total RNA of adult { gigantica was cxtracted
in TRIZOL (Life Technologies) after homogeniz-
ing whole worms by an Ultra-Turrax (IKA).
Genomje DNA was extracted from frozen and
powdered adult 7. giganrica in extraction buffer
U1 M Trs-HClL pH 2 0.1 M NaCi, 20 mM
EDTA). The proteins in the extract were digested
by proteinase K [100 g /ml] for 60 min at 50°C
in extraction buffer /190 SDS and the DNA solu-
tion was deproteinized by extraction with
phenol-chloroform. Coextracled RNA was de-
graded by RMase A [300 pg/ml] for 60 min at
37°C. Concentrations of nucleic acids were de-
termined by spectrophotometry at 260 nm. Nu-
cleic aciils were stored at —200°C until usage.

2.2 RT-PCR, subcloning, sequencing and sequence
analysis

One microgram of total RNA was reverse tran-
scribed by Superscript 11 reverse  transcriptuse
(Life Technologics) using the eathepsin L reverse
primer {(Catl.R: 5-TCA COGG AAA TCG TGC
CAC C-3) for 1 h at 42°C. The RT-product was
used to amplify DNA fragments of the cathepsin
L gene family by a standard PCR sctup (30 cycles
at 55°C, 72°C, 92°C, 1 min each step) based on
Tag DNA polymerase (Life Technologies). Be-
sides the reverse primer, three different cathepsin
L ftorward primers were used to amplify the full
length coding sequence (CatLll: 5'-ATG CGA
TTG TIC ATA 'TTA GC-3', CatlLF2: 5-ATG
AGA TTG GTA ATC CTA AC-3', CatLF3: 5'-
ATG CGG TGC TTC GTA TTA G(C-3') and one
forward primer was used to amplify the sequence
encoding the mature cathepsin L product
(CatLF4: 5'-GTA CCC GAC AAA ATT GAC
TG-37). Sequences of the oligonucleotide primers
were chosen from an alignment of the homaolo-
pous DNA sequences from [ hepuiice cathepsin
[. encoding genes present in the GenBank
database, CatLF1 and CatLF4 correspond to nu-
cleotides 31-50 and 352-371 of U62288, respec
tively, CatLIF2 corresponds to nucleotides 8-27 of
[.33772, CatLI'3 corresponds to nucleotides 17-36
of U62289, und CatlLR corresponds o nu-
cleotides 9931011 of U62288 and is {ully con-
served in U62289 and 1.33771. Oligonucleotides
were synthesized by NSTDA Bioservice Unit,
Thailand and TIB MOLBIOL. Germany. The
RT-PCR products were size-separated in ngarose
gels, cut and purified from the gel (Gel Extraction
Kit, QIAGEN) and subcloned inte cither the
T-Fusy plasmid vector (Promega) or the T-ox-
tended EcoR WV site of the pBluescript SK plasmiid
vector (Stratagene). Plasimnd DNA was prepared
using o plasmid miniprep kit (QIAGEN). Fog
DNA scquencing the scrvices of NSTDA Bioser
vice Unit. Thailand and MWG AG Biotech, Gaor
mary were used. Scquence analysis was done
using MuacMolly Lite (Soflgene, Germuany) in
addition to SeqPup (D. Gilbert, hitp: fiubio.
bin.indiani.edu /soft /molbio /seqgpup /), Clustal X
[12] and MaucBoxshade (M. Buron, ftp:/
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/www isrec.isb-sib.ch /pub /sib-isrec /boxshade /
macboxshade /) for alighments and pretty prints
therefrom. The cathepsin L DNA fragments were
named alphabetically from Catl-A 1o Catl -F.
The RT-PCR and cloning of products was later
on repeated with RNA isolated from a single
worm to confirm the results obtained by experi-
ments on the RNA from several worms.

2.3. Nucleic acids hybridization experiments

For Southern analysis, 5 ug each of genomic
DNA were digested with selected restriction en-
zymes (Life Technologics, Stratagene}, LeoR V,
Hind 1M1, Pst 1, EcoR V /Hind [11, EcoR V /Pst 1
and Hind I11/Pst 1, respectively and swe-sep-
arated m a 0.7% aparose gel in TBE buffer,
EcoR 1 /Hind Il digested fambda DNA was used
as a size standard. For Northern analysis, 28 g
of total RNA was size-separated in a 1% agarosg
gel containing 6.5% formaldehyde in | X MOPS
buffer. The RNA molecular weight marker 1
{(Roche) was used to determine sizes of hybridiz-
ing RNAs. DNA and RNA were blotted to Nylon
membranes (Schlcicher & Schuell), fixed by bak-
ing at 80°C for | h and hybridized at 55°C (DNA)
or 68°C (RNA) in 50% formamide, 5 X S8, 2%
blocking reagent, 0.1% N-lauroyl-sarcosine and
0.02% SDS for 15 h with a digoxigenin-labeled
RNA antiscnse probe generated from the {uil
length (981 bp) Catl-A clone (RNA DIG 1 abel-
ing and Detection Kit, Roche). Enzymatic detec-
tion by alkaline phosphatase was done according
tn the manual, RNA in situ hybridization was
done on paraffin cross-sections of adult f. gigan-
fiva using the cathepsin L. prabe mentioned above.
Standard stringent hybridization conditions were
used.

3. Resuits
S 1 Molecular cloning and sequence characierization

The RT-PCR resulted in the gencration of a
prominent 981 hp DNA fragment for all primer
combinations which amplified the full length cod-
ing region, and in a 00U-bp DNA fragment for the

primer combination amplifying the region encod-
ing the mature protein. The origin of the RT-PCR
products from RNA was verificd by a control
PCR of genomic DNA thal did not result in the
amplification of such fragments when using the
same primer combinations and reaction condi-
tions, due to infron scquences in the genomic
DNA (data not shown). DNA sequence analysis
of selected subcloned PCR products revealed that
they encoded six differcnt forms of cathepsin
L-like proteins with identities of the deduced
amino acid sequences ranging from 75.3 to 99.1%
(Table 1). Alignment of the amino acid sequences
of cathepsin L proteins of F. gigantica and [
hepaiica showed that these proteins are highly
conserved between the two species (Fig. 1),
[13-17]. Important residues found in $', S2 and
S3 substrate binding sites and the active site of
human cathepsin L are conserved in all Fasciola
cathepsin L sequences [18,19]. Cysteine residues
forming disulfide bonds for proper folding of the
protein are fully conserved. Also conserved are
residues of the proregion that were found in
human procathepsin L to be cructal for proper
folding and/or conlacts with residues of the
mature protein [20]. The proregion inhibits cn-
zyme activity [21.22] and is nceessary for correct
folding and stabilization of the enzyme [23]. inter-
estingly, residucs thought to be important for
lysosomal targeting of human cathepsin L arc
only partially conscrved in Fasciola [24,25]. This is
understandable because in Fasciola cathepsin L
proteins are transferred in special vesicles and
scereted into the gut lumen. For all but one
(CatL-F) of the six cathepsin L proteins, a corre:
sponding cathepsin 1. ol /7 hepanca exists tha
has a higher value of identity than any other of
the analyzed F. giganticu proteins (Table 1) This
indicates that gene duplication cvents and genelic
modifications that led to the gencration of this
family of genes had taken place before F. gigun-
tice and F. hepatice became two distinet species.
Anatysis of whether these are the ‘true homojo-
pous’ cathepsin L proteins or not has g awail
clorung and sequence aitalvsis of all cathepsin L
encoding genes trom both speetes. Eventually, it
will be necessary (o determine substrate speciivi-
ties for all members. Dilferences in the substrase
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specificitics were demonstrated for F. hepatica
cathepsin L proteins [2] 1t is expected that a
more similar Catb-F homolog mayv exist in £

hepatica.
2.2 Southem analysis of Catf R COPY ninher

The number of cathepsin L genes in the para-
site genome was determined by Southern hy-
bridization using a DIG-labeled RNA antisense
probe gencrated from CatL-A. This probe hy-
bridized to all six cloned cathepsin L sequences
due to the high values of identity among them
(87-99% identity at the DNA level), even when
using stringent hybridization conditions. Southern
analysis of genomic DNA, resulted in a complex
banding pattern with approximaltely 10 different
hybridizing DNA fragments in cach sample lane,
ranging in size from 1.2 kb to more than 22 kb
{Fig. 2). Hybridization conditions were stringent,
and only restriction engymes that do not cut the
six cloned cathepsin 1. fragments were used for
this analysis. This selection should help keep the
number of kybridizing fragments as small as pos-
sible but nown-analyzed intron sequences, which
might contain these restriction sites, could still
result in an overestimation of the number of
cathepsin L genc copies in the genome of F

gigantica. The complete enzymatic digestion of

the DNA was validated by hybridization with dif-
ferent species-specific probes (fatty acid binding
protein and glutathione S-transferase genc frag-
ments, data not shown). The number of hybridiz-
ing fragments did not vary between enzymes and
enzyme combinations. We  conclude  that  a
cathepsin L gene family cxists in F. givantica
comprising an ecstimated (b closely related
cathepsin L pgenes. More diverged members of
this family were not detected due to the chosen
hybridization conditions.

3.3 Gene cxpression analvsis by Nowthern and in
sity hvbridizianion

For both Northern and in situ hybridization,
the CatlL-A antisense RNA probe deseribed he
fore was used. Northern analvsis of total RNA
revealed that transcription of active cathepsin [

b 1 23 4 5 6

o LR
' - —
5148/4973_:. . = >

4277 - B
3530 — ¥ -
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1330 —
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Fig. 2 Sosuthern blot analysis of /. pisannca genomic DNA.
Dyashies s the left side indicate fragment positions of the
malecilar weight size nurker, lambda DNA digested by EcoR
1/Hind 111, Lanes 1-6: 5 wg DNA each were digested with
FeolR V (1), Hind 11 42), Pst | (3}, EcoR V /Hind U1 (4),
FieaR V2Pt 1(S) and Hmd 1/ Ps 1 (6), respectively.

genes i the adult fluke results in a mixed mRNA
population of approximately 1050 unucleotides
length (Fig. 3). This size is somewhat smaller than
reported for F. hepatica where transcripts of
[.2- 1.3 kb could be detected, and this might be
due to ditferences in the length of the polv(A) tail
[13]. Flybridization signals could still be obtained
from nanogram amounts of total RNA {data not
shown). The abundance ol cathepsin L proteins is
therefore reflected at the RNA level and should
group the gene family among the strongest ex-
pressed genes of P giganrica. To detect only
hybridization signals of gene-specific mRNAs it
would he riccessary to prepare short, gene-specific
probes in every case, RNA in situ hybridization
wis done on paraffin cross-sections of adult speci-
mens for an analysis of tissue-specific expression
of cathepsin Lo genes. Strang hybridization signals
were obtained in Hhie cecal epithelial cells after
short {1-5 min) incubation times, indicating agiin
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Fir 3. Nowthern blot analysis of total RNA extracted from
adult flukes. Dashes to the feft side indicate fragment posi-
tions of the RNA molecular weight marker [ (Roche). Lanc [
Apaiose gel containing the size-separated total RNA betore
blotting. Lane 2: Northern hybridization with & Catl A probe.
Arrowhead: cathepsin L lranscripls.

the abundance of these transcripts (Tig. 4). The
detection of cathepsin mRNA in these cells corre-
lates with results aobtained by immunofocalizalion
studies of cathepsin L proleinases in Fusciola
[26.27].

4. Discussion

P hepatica and Fo gluantica are major tremi-
tode parasites of cattle and sheep. Although
closely related, 1t 18 known that biological differ-
ences exist between the two specics that make a
thorough analysis not only worth considering but
i necessity (reviewed in [28]). In this respect the

present work was undertaken fo provide basic
tnformation on the cathepsin I. gene family in £
gigantica, and how it compares Lo that in F. hepal-
ica. The data obtained will be of use for immuno-
logical studies of F. giguntica cathepsin L. Fur-
thermore, it will be of interest to study gene-
specific expression patterns during devclopment
to analyze whether sclected cathepsin L genes
might be especially useful for applied studies of
diagnosis and immunological protection. As indi-
cated by Roche et al. [14], not all cathepsin L
proteins will be secreted 1nto the gut fumen. Two
different secreted forms of native cathepsin L
could be purified from the excretion/secretion

B

Fig. 4. Localization of cathepsin 1. mRNA by in situ hy-
bridieation on peraffin crosssections of wlull ukes. A DIG-
labetled antisense RNA probe prepared from FpCetl A wars
wied. (A) Cross-section at 25%. anterior worm Jengih, bar = |
mimi () Migher g
pmy, Hybridizaiion sepsale are restoctod fo the coca! epithelisl

ification of similar section, bar ikl

cells,
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(E/S) material of F. hepatica as revealed by N-
terminal protein sequencing [2.26]. These cathep-
sin L proteins showed different in vitro activitics
towards synthetic substrates and varied stightly in
their molecular weight. During later cloning of
corresponding cDNAs, two cathepsin [ clones
were isolated and expressed in a yeast expression
system [13.14]. The yeast-expressed F. hepatica
proteins were secreted into the culture medium
and showed the same substrate specificities of the
native protcins that werc observed before. Yet,
the purified native proteins and the proteins en-
coded by the ¢DNA vary in their corresponding
N-terminal amino acid sequences. Therefore, the
E/S material scems to contain more than lwo
different forms of cathepsin L that have similar
substrate specificitics. The two purified proteins
bring the totul number of cathepsin L proteins
(genes) in F. hepatica 10 13 and are not likely to
be the Jast members of the family that are isolated.
Our results show a comparable number of genes
in . gigantica with up to 10 closcly rclated mem-
bers. More divergent members were not detected
due to the stringent hybridization conditions used.
No analysis was done on the exact number of
different clones obtained by RT-PCR, becuuse we
did not intend to clone cach gene. It is arguable
that some of the independently isolated cathepsin
L. scquences are alleles of the same gene. Among
the F. gigantica sequences this might be the casc
for Catl-A, -B and -, which are almost identical
to fasciola sp. S70380 [17]. The question as 1o
whether the observed subtle differcnces are real
exisling sequence polymorphisms or were intro-
duced by erroneous polymerase activitics (¢.g.
endogenous RNA polymerase during transcrip-
tion ar reverse lranscriptase and Tag DNA poly-
merase during RT-PCR) can only be answered by
a comparative sequence analysis of RT-PCR
products and genomic DNA from the same speci-
mens. An independent RT-PCR experiment that
was conducted with RNA isolated from i single
worm Lo amplily the fuli coding scquence resulted
m the cloning of cathepsin L genes. which have
the same restriction fragment patierns as Catl-A,
-C and -D when digested by LeoR L, flinl 1 and
Hae 111

Itanscripts of the cloned cathepsin L genes are

abundant ip the adult fluke and are all approxi-
mately the same size (~ 1030 nucleotides). The
size of the coding sequence (981 nt) indicates that
beside a polyadenylated 3’-end only a few nu-
cleotides will make up 3'- and 3'-untransluted
regions of the processed mRNA. Therefore, spiace
for regulative motifs, if any, contained in these
regions of cathepsin L mRNAs will be limited.
The transcripts can be readily identified tn
nanogram smoeunts of total RNA and arc found
by RNA in situ hybridization in the epithelial
cells of the cecum. This finding corresponds to
immunolocalization studies where cathepsin L was
found to be concentrated in cytoplasmic vesicles
of these cells. ready to be released inte the cecal
lumen. The huge amounts of transcripis, even
when it is considered that they are expressed by
several genes, indicate that besides a strong pro-
motor, further transcription enhancing and tis-
sue-specificity promoting clements will drive the
expression  of these genes. Analysis of how
cathepsin L gene activity is regulated by such cis-
and rrans-acting clements should prove useful as
common regulatory mechanisms can be expected
among the members of the gene family. This
might provide valuable information op how to
distupt gene activity of the whole gene family.
Blocking gene expression shouid pose a major
threat o the parasite, given the functions that
cathepsin L proteins are assumed to have in
immune evasion, tissue penetration, and nutrition
[3.5,6). In addition, isolation of the transcriptional
enhancer sequences should be valuable for future
studics involving pene transfer and expression
studies in Fasciola. In summary, these results
indicate that cathepsin L genes and encoded pro-
teins are a promising target for further aralysis
with respect (o the development of diaguosis and
viiceinalion, as well as an example of molecular
mechanisms of gene regulation in Fasciola.
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ABSTRACT Developing oocytes in adult Rana tigerina can be divided into six stages based on size, color
anid bstadogy The stage L opeyte (50-350 pm} is characterized by translucent cytoplasm and a smooth
nuelea fenne, The major portion of i eytoplimm contains o kirge quantity of free ribosomes,

Cytoplazmic urg IHL“LH vonfined to the peripheral part of vocyie include a lew mitochondria, Golgi
apparawws, primary and secondary Tysosomes, and a few lipid droplets. The stage 1 oocyte (360550
pm) contiins alcian-blue positive cortical alveoli at the periphery and large central nucleoli in the
nucleus. The stage U1 ooevte (560-900 pm) is characierized by the deposivion of ank pluteiets and
lformation of pigimented pranules. The cortical alveoli are gready increased in number as weil as in size

Fndecviotic activity on the surlace of oocyte can be observed The stage IV aocyte (910-1300 puoi) Is
charavierized by a large number of main yolk bodies, cortical alveoli and melanin granules. High
codocylotic activities are ohserved. in the stage V oocyte (1 310- 1500 pan), most of the melanin granuales
migrate w the animal pale while the cortival granudes are concentrated underseath the solenna, The
stage VI or [ally grown oocyte (1510-1700 ) is characterized by a complete absence of melanin
granules in the vegetal pole and by the cessation of endocytatic activity, Studying the development eof

ovarics tn Trops af various ages reveals that delinitive ovarics are formed in the onc-month-ald Trog,

Oxaries of two- o lowr-maong-old Lops contin only sige Fooey tes, while th
ald lrogs contain vocyles of all stages, which mdicate the maturity of lomale lrogs, Stadying die s

waries of hwelbve-monih-
ol

variation ol vvaries throughout the year reveals that there are no stage VI oocytes in ovaries collecied
[rom November o February, while these vocytes aie present during vhe periad fram March o Qciober.

KEYWORDS Rana i g, developing oocytes uliastruciare, ovafan development, seasonal varuition,

INTRODUCTION

The classllication of developing vocytes of anurars

has been carvicd out by wmany researchers.'" 1he
wost stadied L Xenopus Taevis whose coeyles have
heen dassilied i six stages based o their externad
appearance, color and size. >Similarly, in Rana pipicns,
the same criteria bave been used to classily develop-
gy voeytes < Tncwddivion, socytes enn be chissibed
by e wpnnkee ol vitellogenin or yolls protem into
three stapes: previtellogenesis, vitellogenesis and
postviteltogenesis or mature cocytes.! There is
currently licde morphological data ol the ovary and
tae clusstiicanion ol oocyses in Rana tigering. Thus,

¢ ol the aimws of the present st thy weas 1o clasaily

the developing vocyres in R igermee hased on the
morphaicgionl and histolegical features.
Detailed studics on the morphoelogical changes

i the oocyte eytuplasim, the oocyte-Tollicte cell

retitionships and the process of vitelogenesis have
heen cried onr in R escidenta,” R pipicns,” Biturus
viridescens® and X Juevis" " By comparison in R
ticerine there is still a luike of information on the
ultrastracture of devetoping ovcyies. Henee, another
atm ol the present study wis (o ivestipate the
ultrastruerure of developing oocytes ol this sprcics.

Reproductive cyclicity seems to be correlated
with the clinndic condition prevailing in the labitos,
Shpht armad vaviations in enviconnmiconal conditions
could disenpt breeding cycles. Annual varcition in
the preeipitation scems o be the main factor in
inducing peoiodicity in brecding activity T habitats
within cquatosial regions with a consrant warntand
huid cChonace, amphibinns ooy reprroduce thiougii-
oul the vear, such as he frog Rara coytheace in
Borneo" and il wad Bafivclianosticius in suipapors
andd Jrohat " b those regions witl pronounced
wet and dry scasons, the main breeding scason
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coinciles with monsoon rams."" Fven in the same
species, a high variation in breeding period oceans,
such as in the Afvican wad Bufo regularis, whose
breeding periotd coinvides with the hepinning of the
Fainy sCasiinm
and in March in Kenya'® In Thaland where the
climate is slauply split into wer and dry scasons,
itive Trog species inclueling Ko tiver inecare expeetedd

Troin November 1o April in Tanzania®

o e scasonal breeders, Vherelore, another aime ul
this study was 1o sty the histelogical ehanees of
the ovarian cycle ol R. tigerina during dillerent monthe
of the year, Inaddition, the development of ovaries
in various ages ol the female rogs and the reproduc-

tive maturity of this species were also investigated.
Marteriats aND METHODS

Experimental Animals

R tigering, the rural vice Geld frops of Thailand,
were cudtured o the conerete 1anks at the Faculty of
Sciciwee, Mahidol University, Banghkok, Thailand.
They were maintained in a natural environment with
an approximate 12 hours light/dark cycle. The
ambient temperatore was 25-35°C, and the velative
Bicdhity ranged from 200 100%,. Pelieted frog lecds
were given datly in the aliernoon. The water in the
culture tanks was changed on aliernate days.

Classification ol ovarian lollicles/ vocytes

Frogs were anestherized by by pothermia and
ovaries were removed and translerred to 300% frops
Ringer soludon.'” Follicles with various sizes were
randomly selated from fragments of ovarics, and
the diameters of follhicles were measured with an
cyepicee micrometer lined in an Olympus siereo.
micrescope. The lollicles/oncytes were classilied inte

various stages based on their size and color®

[istological study

Both ovarian Laoments and isolated Tollicles were
fixed cither in Bouin's solution, or 10% hulfered
formalin [or 3 hours Then they were dehydrae:d

throoeh o praded serres of cthimol, eleared in

eimbedded s paaalling Large-yolky

dHoxane, an
poeytes were Hxed for 6-8 lours in Bouin's soluticn
or evernight in 10% bullered formaiin. Then they
woere dehydrated i increasing convenirtions ol
ctbarmo] for 30 mimutes coch, and wmersed inomethivl
(HIEA

with two changes of henzene. The rissues were

Wi s ittt 3 davs befor clegrine lor | hesnnr

infiloced ina misture of benzene and paralling Six-
micien-thick scctions were deparndlinized ol

siphped with Havriss hematoxylin and eosin, Froally
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they were examined under an Olympus MT-2 light
nmicroscope.

In addition, several staining techniques werc
emplovei for the detection aldipid, acid mucopoly
sacvhunide, protein and glycoprotein in the aocyies
For the detection of lipid, small pieces of ovary were
fixed in Ciaccio’s solution and stained either with
saturated oil ved-O or Sudion ™ For the deteetion
ol ackl mucopolysaceharide, small picees of ovary
were lixed in 2.5% plutaraldehyde and stained with
0.1% alcian blue, concomitantly with G. 1%
Kernechtrot nuclear fast ved ™ Tor the detcetion ol
protein and glycoprotein, the ovarian tissue was fixed
either in Bouin’s solution or in buffered formalin.
Sections were stained with Lee-Browns modilicd
Mallory trichrome dye. ™

Ultrastructural study

For transimisston electron microscopy (TEM), ali
stages ol vocytes were prelixed [or 18-24 heurs in
2.5% plutaraldehyde in 0.05M cacodylate bulfer pH
7.4 at4"C and washed in the same buller. Therealler,
they were postlixed in 1% osmiwmn tetroxicde in the
sitime buller ar 4°C lor 1 hour and stined en bloe
with 0.9% aqueous uranyl acetate. Then they werce
dehydrated through increasing concentrations of
ethanol and embedded in Araldite resin. In case of
frge-volky oocytes, a dow viscosity Spurr’s resin!
was usedd instead of Araldite. Ultrathin sections were
cut and stained with wranyl acetate, lollowed by
Reynolds fead citrate. 2 Finally they were examined
under a Hitachi 11-300 transmission clectron
microscope at 73 kv,

Development and scasonal variation of ovarian
follicles

Four o six develaping lrogs (rom one mooth o
1+ months old were collected at cach month {or this
sttty Ovadian lollicles ol varions sizes were tsolated,
chassiticd, and counted under a siereomicroscope i
previously described. For each frog at least 300-500
follicles from vight and lelt ovaries were counted 10
eatithlish the pereentape ol vinnious stages of ooceyviies

!

i sl amonthe Toowdidition, pieces ol ovaries fro

[rogs collected at cach montly were also prepared and
exavnined by conventional light microscopy as
previcusly deserihed.

For the study on the seasonal variaton al e
oty st frogs aped wiore than L2 monihs were
usedd. The ovaries lrom 4-0 lrogs were ohifained every
month daring the year, Varions stages of vocytes were
¢lassihicd and ceuoted under a stercomicroscope s

previously deseribed.

—
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Resutrs

Stages ol oocytes/lollicles
The multilobed ovary of wadult rog contains
developing aneyies which can be classilicd into six

stuges based on size, color and histology.

Stige T ooeyte: previtellogeuic stage

Under the stereomicroseope, the stage 1 oocyte
exhibits a transiucent eytoplasm with a diameler
ranging [rom 50-330 pm (Fig 1A). The nucleus is
clearly visible through the eytoplsim and occupies
a large portion of the cocyle. At light microscopic
tevel, the cytoplasm of the previtellogenic stage |
cocyte appears heavily basophilic. In addition, it
also aequires a smooth nuclear membrane and
nucleoti of various sizes (g T3). In the late stage
vocyle, the cytoplasm staios paler wlen compared
o the carly stage.

Stage 1i oocyte: previtellogenic stage

This stage develops an opaque ring around its
concentric aucleus. lts size ranges [rom 351-550
um {Fig TAY. Towards the end ol this stage, the
cytoplasm is almost completely opague so that the
nucleus becomes inconspicuous under a sterco-
microscope. Hence, the translucent stage [ oocyle
can be casily separated Drom the darle opaque stage
[l cocyle. Histolopically, the presence of a few rows
ol peupheral vacuoles (cortic al alveoli) seewms w be
the most predominant characteristics of stage 1
oocyle (Fig 1B). In addition, namerous nucieoli
which vary in size can be observed in cach cell,

Stage i1 vocyte: vitellogenic stage

The opacity is complete in the stage HEoocyte as
itappears intensely white. The diameter of stage 11
cocyle is 560-900 pm (Fig L A). thstologically, the
nuniber of vacuoles gradually increases, and they
become disprorsed owards the cenoal area (g 1O
Yolk platelets are formed and 1apidly replace the
central vacuales. The vitelline cnvelope also becomes
conspicuous under the Tollicle cefls Pigmented
Ml fiest appear in tus stage and e located al
the periphery of the vocyte, The nucleus ol the stape
HLaocyte possesses it convoeluted nuclear membranc
and nuwmgersus nucleoli,

Stape 1V voeyie: vitellogenic stape
he distinet morpholepical feanure of the stape
seiey e s the pignienttion ol the surkace as highi-
Do Lo Do, e cocyte s 910-1300 i in
iameter (Fig 1A) Yolke platelets completely replace

ihe central vacuoles, while the remaining vacuoles
are located around the periphery of oocyte (Fig 1C).
The nucleus is surrounded by a highly convoluted
nuclear membrane and contains a large number of
nucleols,

Stage Vand Vloocytes: vitellogenic and fully grown
Slages

Distivet polarity occurs in the tast two slages, ie,
stage V {(1310-1500 pm) and stage VI (1510-1700
pm) (Fig 1A). [his is manifesied by the dilference
in pigmentation underncath the colemma of the
animal pole in contrast to the vegetal pole which
contains farge-yolk platelets instead; the nucleus also
shifis to the animal pole (Fig 1D). The vacuoles are
decreased in number while the yolk accumulation
increases. The animal pole in the stage V1 vocyle
has only one row of vacuoles on the periphery,
whereas two or three rows of vacuoles are presentin
the vegetal pole (Fig LE, l:}.'

Cylochentical studics of the cocytes are shown
in Table 1. These vevealed that there s no lipid
componcnt present in the vacuoles. Most of the
bripht red and brown lipid droplets arc intermingled
amonyg yoll platelets and vacuoles. The distribution
of lipid droplets at the periphery is more
concentrated than that in the inner region of the tate
stage oocyles. Vacuoles, positively stined with 0.1%
alcian blue, are developed in the stage 11 oocyte, and
they become scattered throughout the cytoplasm in
the stage 111 oocyle, and then accumulate at the
periphery of stage 1V 1o VI oocytes. Mallory
trichrome dye stained the vitelline envelope in the
stape 1 oocyte and revealed it as a thin layer. The
thickuess of the vitelline eonvelope pradually
thereases instage Hand TV oocytes and then reaches
its maximal thickness in the stage V oocyte. In
addition, yolic platelets also stained positive with this
dye and appeared livstin the stage T oocyie as hright
red clusters oncthe cell periphery.

Table 1. Hislochernistry of slaging vocytes .

. o Staln . B
Stucture Oit Red-Q/ : Mualiory
Sudan It Alcian blug trichrome
L igate § Qapcapshist + ] =
Vo - 1
voll jsiaterin ' - - t
\ - +




TIRLS

wh Ny

1

A Bl o

Clealus, ATl ik

Sciencedske 27 (2001)

s, 5

] A ~.‘ s 1
S )

LAY T e peapaes of

vieal adveolas (0, il apiases,

T e eet] podes Ypooyadle planch



ScivnceAsion 27 (A0

Ultrastruciure of developing vocytes

All stages ol oocyles are covered with three
cellular ayers (Fig 24). The ouiermost layer is a
siple sguamous surlace epithelioan. Beneath tins

laver ol libroblasts which secvete ground
substance and make collagen libers. The inncrmost
fayer is made up of follicle cells which project their
evloplusinic processes into the pevivicelline space,
[hese cells are joined wgether with desmosomes,
Iz addition, the nocyte coat consists of a non-cellular
layer, the vitelhne envelope, whose [ibers aie ananged
in three divections interposcd between microvilli
extending from the cocyte surface (Fig 2B).

The stage | cocyie contains a large quantity of
[ree ribosomes and clusters of lysosomes. Mitochon-
driaare loosely distributed throughout the eyloplasim
(Fig 2C, C1}. Within the periviteliine space, there
are short eytoplasmic projections both from follicular

vells called follicular processes, and from the vocyte

swiface called microvilli. The nacleus s surrounded
by a wavy nucicar membrane and contains
cuchromatin and various sized electron-dense
nucleoli (g 2D).

The stee Hooeyte is chuvacterized by the presence
ol vacuoles or cortical alveali on the perviphery (Fig
215, Some cortical alveoli we coalesced and some
are closely associnted with lysosomes. The Golgi
cermplex is well develeped. Tn dhis stage, the vielline
civelope begins to form as isolated bundles of line
lilaments within the perivitelline space. toth the
microvilli of the oocyte and the cytoplasmic processes

ol the Tollicle cell become longer. The number of

clongated o spherical shaped mitochondria is
invicased, and these are distributed around the
nueleus (Fig 20

As previously mentioned, two major distine
features of the stage 11 vacyte are the deposition of
yollk platelets and the formation ol pigmented
grunuies. Cortical alveult hecome lavger in size (Fig
3AY. Graups ol mitochondrin e observed among
the volk platelets of vitellogenic oocyles, and
endocytotic activity on the surfice ol the ooevie is
i AA T Newlysvinthesized voll placlers

wpartite cliavacteristics: the centnl paler

frentbm g \]
exlubi
compact hody which s arvanged tao a eryatalline
lattice, and the peripheral electron-dense portion
i 3A2Y Although premeniuion hegins in this
stape, mesl oneytes st catinun aolvadew membrane-

granules callad premelnosomes,

lan IR
e siage [V ooocvie s charaeterized by colomtion
ol the surlace which is doe o the presence of
membrane-bounnd mebiin geanules (ig 3B).

Abwmilan codoeyviotie vestcles conld be ohserved

under the colemma. A large number ol endosoines
appear close Lo lysosomes and some are [used with
these lysosomes which contain clectron-dense
trterial (Fig 3C), More electron-dense main yoli
badies were observed in addition 1o the newly
(ormied yolk platelets, Groups of mitochondria and
lipid droplets see mtermingled among yoll platclets
(g 30, Later, there is an inervase in the nomber
ol yollk platelets i the perinucicar cytoplasm, while
microvilli are increased in length and number. A
highly folded nuclear membrane resulis in a
suceulated nuclear outline (Fig3E).

tn the stage V oocyte, most pigmented granules
migrate toward the animal pole {(Fig 4A), leaving
enly a few of them at the vegetal pole and perinaclear
zone (Fig 48, During this stage, the cortical alveoli
with their translucent content are conspicuous
underneath the oolemma. Suime endocyiolic activity
could still be observed (Fig 4C). Although the
general ulirastructures of the stage VI oocyle are
quite similar w the stage V oocyle, the pigmented
granules are completely absent [rom the vegetal pole,
ut endoeytotic activity could be rasely observed (Fig
EIRE

Development of ovartan follicle/ovary

A definitive ovary can also be abserved in the
one-manth-old log, 1Cappears as asimall oval organ
and consists ol a large mumber of primodial germ
cells which undego intense mitotic division. Most
ol the contrad region is oceupicd by mesenchymal
cells relerred o as the priny germinal cavity. This
later develops inte the secondary germinal cavity
(Fig SAL B The presence ol some stage | ooeyles
among the coponia, primodial germ celts and siromal
cells was observed. Lobudation af the oviry appears
in 1the second month of development which results
snemultilohed ovaries. The muanber ol stage 1 oocytes
increases in the ovary of two month-old frops (Fig
517} No oogoma were ohserved in the ovary ol the
lvur-month-old (rog (Fig 553, Stage 1, UL and 1V
oocytes become evident in the fifih, seventh and
cleventh month of development, respectively (Fig
Ao L while the fastrwe stges OV al VI appear

when the Traps reach the wee ol 12 montlis.

The histagrams in Figure 6 illustrane the
percentages of various siapes of oecytes during
development, corvesponding to the histelogical
cavrihetd There ame anly

appearanees os prrevinously il
stage | oocyies o the ovaries of frops bevween one
s done monahs ol aeel Inothe Tilch, seventh aadd
cleventh monh, the propertions of stage 1 1 and

IV oooeytesare 1.5, 0.7 and 10 1%, respectively. The



By
%’rﬁr;,‘-

>
o
Ll

| = Ja THLTET i Flgasbrontifas | i saribinin wil o YL eigr % arli IIII|_

i

ScicnceAsia 27 (2001)

s, WE, vite e coveloge B High gl Paritesl e epvehivgse depdasomg e el vl filers arreeed paralled

provivs ), atnoss Con g lieiilds) pesd peependi pler Candh renwes ) o e ncroville [,

Aernbuieen o mirochondes Groveses Vaod apereganim of lesosoraes (e aviosesd, NU il

A

phale, prarrivit e space, i

L) alk ] | Lo dvidominet T rid e srreea gy ol waiktowc bl | ML v biias

e B ey e e i e e g i euc i o] otk alyveol

LY Stape aneyte showang, th
weenehend, va e membiang

Cad assoniod witds lvsosion



ny

icle
Wik

the
wes
s

ScienceAsia 27 (2001)

Iig 3.

g

e
L A A,

A Electron microgiaphs of siage N oocyies showing the presence of yobk platelets (Opd, coated pis and vesicles (annnvhends)
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ovarics ol twelve-muonib-old Trops cortain siage V
andd VI cocytes. The proportiens of stage VIEoocytes
are remarkably increased when the frogs are thirteen
{3044 and fourteen (37.5%) months old.

Scasonal variation of the ovary

i histograms in Uipure 7 reveal that during
Novensher and Felwrary wiost ol the oucytes were
i osige [ {>400) whereas some were inostages 1
and 11 1t wis observed that stage | and 11 oocytes
(previtellogenic oocyles) appeared all year round.
Stage VI pocyles were present ondy feam March to
October, where percentages of these occyles were
35.5,37.2,38.1,37.1,and 36.1 in March, April, May,
June, and July, respeclively. ln August and Seprember,
the percentage of stage VI vocytes was 20% and
decreased to 11.2% in October. Degenerated oocytes
appeared throughout the year and were increased in

number during October to February.
Disscussion

Oogenesis in ovaries of Rana specics has been
stuclied by many investigators, The eviteria for
dividing oocyles into many stages are mainly based
on the size, the amount and the distribution of
yolk and pigment, " and the morphology of
chromaosomes.®' la the present study, we used several
criterta lor characterizing the developing oocytes ol
R. tigevina. These included the size, color, as well a5
the witernal morphology, in conformbty with the
classtfication of vocytes in the other Rana species
and X, laevis as previously described. '

The outer coat ol oocytes ol R. tigerina is
composcd ol surlace epitheliwm, a connective tissue
layer and a olliculae coll layer as well as a Liyer of
viteHine libers artanged in three directions (called
the vitelline envelope or coat}. This featwre is
commen in most species ol anurans. The formation
ol the viteline envelope wc R figering can be lirst
detected as isolated bundles of hine lilaments in (he
stage L goeyte similar to those lound in oocytes of
X, acvis™, However, TEM studies coploying Ty
cotfupaied colloidal gold revealed thar viteline
cavelbpe antipens were disiributed thronghout the
whole cvtoplasm wnd bepan o deposit around the
sutlace of the stage Toaeyics™ This study indicated
that the cyteplasm ul the stage | oocyte already
comtained components reactive with anti-vitelline

coat antibodies™, thus sugpesting that the vocyte
nyty play a major role in synthesizing its own vitelline
cnvelope.

la X, facvis,' the microvili extending from the

oocyle surlace gradually increase in number and
lengtiy particularly in stage U and [V oocytes. These
changes of microvilli are similar to those observed
in the oocyte of R tigering in the present study. In
addition, the present study revealed that the [ull
thickness ol vitelline envelope was observed in the
stage V oocyte. The increased number and lenglh of
niceovill might be necded o increase the surlsee
arca of vocyles during development. Since amphibian
vocytles must store nutrient materials in the form of
yolk platelets, they need a relatively large surlace
arca for the uptake of the nutritive substances which
are necessary [or the yolk formation. Corresponding
to this demand, during stage H1and IV oocytes of R
tigerina, there are extensive pinocylolic activities,
which may ceflcet the mechanism whereby malerials
enter the cytoplasm through the endocytatic
pathway as reported in X. laevis 'Y Dumont™ (1978)

has suggested that this mechanism is involved n

thie uptake of vitellogenin that binds wo the specilic
receptors oun the gocyte surface at prelormed
membrane sites knowa as coated pits which then
give rise to coated vesicles. The evidence supporting
he uptake of vitellogenin i vitre was demonstrated
by the injection of 196 vital dye trypan blue ingo the
dorsat lymph sac ol [emale anurns. 42 These studies
showed that the uptake ol trypan blue beganin stage
I oocytes and reached the maximal level D stage
1V ooeyles, then the activity declined in the last two
stages. These results are sivilar wo those reported by
Wallace (1970) using an in vitro study, and arc also
compatible with the increased pinocytotic vesicles
in state 11l cocyles, and their decrcase in stage V
and VI oocytes as observed in the present study.

It has been reported that vitellogenin or yolk
piotein is the peecursor of yolk platelets during
vitellogenesis.™ The term vitellogenesis means the
process of synthesizing yolk platelets and includes
vitellogenin formation ltom he liver.® Follett and
Redshaw ™ (1907) used serum lipephosphoprotein
{5L1P) 10 substitute for vitellogenin, SLPP is
transported via blood circulation Lo the ovarices,
where itvis ket up by te oocytes uader the inlluence
ol penadowophic hormones ' Alter trmspart inlo
the voeytes, SLPP s dissocinled into 1w
plrosvitin gad Hpovitellin, and these are Tl

amponeriis,
reconstituied o Torm yoik plvciers. The present
study hus demonsirated than the yolle formation
bepins instage H as in Xolaevis.” Pechaps us occurs
thiough the increased receptor mediated endocytoss
as discussed carlicr, since o large number of
cudosomes and cleciron-dense lysosomes could be
abserved in stage 1V oocyies.




Mitochoudrial clusters vhserved in vitellogenic
Aucly are commenly observed in
Lhis i ht be due wo the need fora
appdy Lo dhe syathesis of new muacro-

aneytes in thi
NNy anurans.”
Inage energy
moleeules and for the assembly o varimes structures
in the oocytes. The increase of mirochondria
numbers during vitellopenesis may be due o their
rapricd profiferation, ws i has been suppested that out
ol the total of 16-17 rounds of mitochondrial DNA
weplication duwning vopenesis, 12 rounds tale place
before the onset of vitellogenesis ™

The present study also revealed the abundance
al free ribosomes in the cytoplasm of all stages of
oucytes especially areund the nucleus, while only a
litke rough endoplasmic reticulum was obscrved.
This is thought to be w basic characteristic ol anuran
oocyles,™ since lree ribosomies ace the site where
various proteins are synthesized for usage within the
cell. During vitellogenesis, mRNA molecules are
actively syathesized but they are mainly stored in
an inactive lorm. When the synthiesis ol the large
mRNA population stops, the production ol rRNA
beging and continues during the whole vogenesis.
Whether these changes in RNA synthetie patterns
ave divectly due 1o the uptake of vitellogenin or o
the appearance of yolk platelets is stilf inknown ¥
huing development ol aocytes o R tigering, the
changes from having a snesorh

nuclear envelope 0
contour in the varlier stiges o being more highly
tolded in later stages. This change way be inresponse
to the need for a large swilace arca for the tansport
ol the various classes ol RNA (o the cytoplasm, and
the reverse transport ol proteins into the nucleus
acruss the nuelear membrane via nuelear pores.
Our cviechemical study asing aleian blug
statniig agrees with TN cesules thar the vacuofes
sl nppear in the stage Hoveyte, and thewr number
is increased in stage 1 and [V oceytes. However,
they are reduced 1o one or two layers at the peviphery
ol the Tully grown noeyte. These vacuaoles me sinilar
to the cortical abveeli of weleost woeytes as wpmied
[h’\:)" 'II‘I‘}CQII' cmpty 1 rotiue

(|

by Selman er ol

1sl |\"‘-'i('"l crthms dlue to [E-' npravtin il lllx'il'

conlent during the tissie prepastthon. Aldianblue

staining of these vienoles indicates the presenee of
mucepolysacchande content. In Xo faevis, it was
found that N-ncetyl-3-D-glucosaminidas: actvity
was associated with similar cortical grannles ™ An

autoradiographic study alse demonsitated the

HITaS tian al [ | tuvese into the coment ol
eeitbenl alveatt of el paryres. D Iloneesver, we
[ovnd that ey alisapyoear do e Tenilized cpg

(unpublishied daal.
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Listotogical ohservations of developing ovaries
in this study revealed that the struciures ol the one-
month old ovary are quite variable because each [rog,
witlt the same age has a dilferent growth rate, and
this alleets the ovarian development. All ongonia bad
dilferentiatell into stage 1 pocytes by the time the
lrops teached four months. These stage | oocyles
cease development at the diplotene stage ol st
meiosis. ' Stage V1 oocyles which occur in 12-
month-uld frops may represent the age which feimale
[vogs reach maturity. This is in contrast o Bufo bufu
in Europe, which reach maturity alier the age of 3-4
years.' This finding implies that the growth rate
of anurans living in the tropics is much faster than
those living in a cold climate.

One ol the most remarlable chavacteristics of
amphibians is the change ol ovarian cyclicity in
correlation with the variation in environmental or
seasonal conditions, ™" especiaily the seasonal
climatic cycle of wemperature and precipitation. In
wropical countries, where there is pronounced wel
and dry scasons, the breeding and non-breeding
periods are clearly separated. In India {in Dharwad},
the main breeding seasom of frogs coincides with the
peak of monseon rain during June w August.” The
climate in Thailand is similar, and the breeding
season ol R tigering coincides with the period ol
monsoeh min that generally extends [rom May 1o
September. The appearance ol stage | and 11 or
previtellogenic vocytes threughout the year as in
otlwer anurans,™ suggests that thewe is always a
reserved pool of vocytes. The decline in their number
is associated with the recruitment of oocyles from
this puol o linal vitellogenic oacytes is occurs in R
e e bhotween April-June.™ This study revealed that
the diegeneeated aveytes wlso appear all year round
andl increase during Qclober o February, wihich
correlates with the decline of stage V1 cocytes. Tlis
suprpests that atresia daving that periad is due o the
degenevation ol the stage VI oocyies, which could
he due 1o the lower level ol gonadotropins. ™

[0 the present study, it was lound that the masure
tipre V1 oneyies ore observed only during March 1o
VI poeyies slightly

Ouiiaber. The presence of sty

(I eeles the onsel of Riny scason bt their teotiition
is close 1o the end of the seasan. Thas, this period (s
referted 1o as the hreeding scason while the period
during November o February is welerred 10 as the
non-Bieeding scasen. Morcover, the presence of stuee
VI cevtes during Mareh to D oher seorrelated with
e e aiaosenn ol speenkiozon in dhe wstis n e
Frops=" aied abwndance ol Dol seliele preoudue

somdotopnrs in the pars distals of R dgerina!
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CHARACTERIZATION OF TRABECULAR CELLS IN THE GONAD OF HALIOTIS
ASININA LINNAEUS

S APISAWETAKAN,'* M CHANPOO,! C.WANICHANON,! V. LINTHONG,'

M. KRUATRACHUE,? £ § UPATHAM,*’T. PUMTHONG,* AND P.SOBHON'

Deparnnents of 'Anatomy and *Bivlogy, Faculty wf Science, Mahido! University, Rama VI Road,
Rangkok 10400, Thailawd: *Department of Medics! Science, Facalty of Science, Burapha University,
Chonburi 20131, Thailtnd; *Fhe Coastal Aguacultvre Develapment Centery Department of Fisheries,
Ministry of Agriculture and Cyoperatives, Kiong Wan, Prachaubkirikhun 75000, Thailand

AMSTRACT  Trabeculae nre Lhe conneclive tlissue sheels thal extend pempendicularty from the ouler cipsules of hoth testis and ovary
to make contact at their innermost ends with the inner copsules separating the gonad from hepatopancreas. Thus they divide the gonad
inio small compariments, snd cach trabecula forms the axis for individual spermatogenic or oogenic units, fromn which maturing gorm
cclls are generated. When sludicd by light and electron microscopes, each trabecula is composed of central capillaries surrounded by
muscle eelis, collagen fibers, Nitwoblasts, and granulased cells which conain large rughy-shoped electron dense granules ubout 270 x
550 nm in size. The granulated cells branch extensively, and their processes became closely associated with bundles of nerve fibers
that contain (wo types of granules, i.c., cleciron-dense and electron-lucent spherical-shaped granules with diameter about 165 nm and
150 nm, respectively, Thus, bundies of aerve and branches of granulated cells provide profuse innervation of the capsules and
tabeculae, The granulated cells may be endocrine cells of the gonad which produce ceitain gonadotrophic factors yet to be identitied,

KEY WORDS:
INTRODGCTION

Studies on endocrinelogy of reproduction in mollusks present a
number of interesting challenges because of a great variability of
existing pallerns. Most detailed studies of the modes of reproduc-
tion and corresponding endocrine controts have been carried out in
Aplysia spp. (subclass Opisthiebranchiatn) and Lymnaea spp. (sub-
class Pulmonata) (Joose 1979, Joose 1088). In Prosobranchiata,
including Hafiotis spp., litlie is known about the reproductive hor-
mongs and theig celiular origins. In mollusks siudicd so far, acu-
roscerctory cells that are the putative sourees of repraductive hor-
mones, such as egpe-laying homponeg, are mostly localized in cere-
bral, plevropedal and visceral ganghia (Bern & Hapadorn 1965,
Dorsett 1986, Hahin 1994). Tlic gonad represents another site
where honmones controlling reproduction may be produced, as
seen in the cases of Leydig cells and Copora luteal cells that lie in
the conncetive tissue scaffold of vertebrates' gonad,

Qur previous observations indicated a close associalion be-
tween cells in the conteetive tissue scattold of the gonad of H.
asining and gamete cells during their development in various
phases of the reproductive cyele (Sobhon et al. 1999), There arc
several types of cells present in the connective tissue of the gnnad,
including highly granulated cells with structural characienstics re-
sembling those of endocrine cells (Apisawetakan et al. 1997, Sob-
hon et al. 1999} These observations together with the report by
Chanpoo et al. (2000) strongly imply that reproductive hormones,
such as eppe-laying hormone, may also be produced intramurally
within the connective Llissue ol (he gonad by certain griolated
cells. Morcover, there could he other cel! types that are involved in
the development of germ cells in the gonad that could evolve from
the conuective tissue compartmient. Therefore, in the present study
we have characterized various types of cells in the comneetlive
tissoe scollold of the gonad and attempled o deline 1heir possilile
functions. ’

*Conespanding author E-mail addiess:

Haliotis usinina, gonad, capsules, trabeculae, connective tissue cells, endocdne cells

MATERIALS AND METHODS

Collection of H. Asinina Specimens

Adult F1. asinina, reared in the land-based cullure system, were
provided by the Coastal Aquaculture Development Center,
Prachaubkirikhun province, Thailand, They were cultured in con-
crete tanks that were well f[lushed with mechanically circulated
water and air delivery syslem to maintain a stable environment.
Scawater was pumped divectly from the nearby bay and passed
through subsand [ler before use (Singhagraiwan & Doi 1993).
The animals were fed with diet of macroalgae (usually Gracilurin
spp. and_ Laminaria spp.) and supplemented with artificial food.

Specitmen Preparation

Gonads were cul into small pieces, fixed in Bouin's fluid, und
prepared for light microscopic examinution by paraffin method.
For semithin sections and TLM studies, specimens were fixed in a
solition of 3% glutaraldehyde in (.1 M sodium cacodylate bulfer
pH 7.8 at 4°C (or overnight, postfixed in 1% osmiuvm tetroxide in
0.1 M sodium cacodylate buffer at 4°C for two hours, then dehy-
draled in graded series of vthanol, cleared in propylene oxide,
infilirated and embedded in Araldile 502 resin, which was finally
polymerized at 30°C, 45°C and 60°C for 24, 48 and 48 hours,
respectively. The specimens were then semithin-sectioned a1 one-
micron thickness in a Porter Blum MT-2 ulicamicrotome, stained
with Methylene Blue or PAS, and observed in an Olympus Vianox
light microscope. Ultrathin seetions were cut and stained with |cad
citrate-uranyl acclate and viewed under a Hitachi TEM H-300 al
75 kV.

RESULTS

Comnective Tissie Scaffold of the Gonad

The connective tissue frameworks that support the gonad in .
asinina consist of the outer capsules swimunding the ovary and
testis, and the inner capsules that separate hepatopancieas from the
surrounding gonadal tissues. Flat conneclive lissue sheets, called
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trabeculne, extend perpendicularly from the outer gonadal cupsules
theaugh the interor of the gonads 1o touch the tnner capsnles, As
a result, the ponads are purtitioned into small incomplets compart-
ments (Fig. 1A and B). Each trabecula acts as the axis on which
cirly and growing serm cells are closely attached (Fig, 1C and ),

thig piving rise to a discreie pameleenic unit representing, pei-
piving (! i P

faps, clome of germ cells which may arise from a single group of
ponial cells. In each trabeeula, muscle cells (Fig. 2A and 1) lying
alongside the central capillaries and fibroblasts togethicr with col-
lupen fibrils form the trabecular core. Granulated cells, which may
be endocrine cells, are disiributed in rows aloug both sides of each

Wigure b (A, B) Paraffin seetions of nv:'n-'_\- (A) and tesns {B) aromml

trabecula, separated from the ponadal compartinent by thick basal
lammae (Fig. 4A-Ch.

The Ganadal Capsules

The connective tissue of the wabeculae blends imiperceptibly
with thise of the outer and inner capsules. The ouvter gonmdil
capsule is 40-50 pum thick and consists of 10 layers of celis (Fip
ZA amd Byl is covered externally by a single layer of cuboidal or
columnar epithelium, which consists of 2 types of cells. Type | e
the principai cells which sre ughtly adhered to each other (Fig. 3A

heptopanereas (1P, Both argans ate surconnded by ouler and Inner

o s i 7 - v rlfin seeti shawi . its nf
capsales (OCP, ICP), sud truleculae {1 ¢) forim partitions between gonudal compartments. (C, B) Parsftin sections, shewing copructle units nf

growing oucytes (O, and spermittopenic units of spermatocy fes {Sel,

spermatids (8O und spermntozoa (823 acound ench trabeeala (T
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Figure 2. (A~-C) Semithin gections of the lestis stained with PAS, showing the outee capsnle (OCP), nnd a spevnsfopesic unlt arounid each
trabeculu (to) (in A, 1) and e necormulation of mature spermatozen in gonndal Yonren {in C). ITn B, note that the onter capsule canslsts g{
cuboidal ¢pithicllnm (eph) with altevunte Tuyers of mosele cets ) aoned cattisgen bundbes, Geanabided celis ned (helr processes {gr) are presenca
in lnrge numbee. (12, U Sumithin sections of the testis stained with methylene bloe, showing ecllnlar components of tenheerdae fin ) and the
inner capsules (in E-TCP), nned various stages of spermatogonia, speranitocytes, sperntids and spermatozon surcownding the trabecuta (5, L5¢,

PS¢, Z8¢, 88¢, 8¢, S fpranubated oells o s fbreblast = F;omesele eolls = omun.

apical eytoplasin containg a few dense incpular bodies that appear
tike lysosomes. The onter surface of the cells bears numerous
microvilli. Type 7 are the goblet-like cells, whose apical cytoplasm
is Nilled with modeately deanse sphencal pronules, each about 600-
G50 i inmeter (Be. 3A and O) The oeelel of these eells are

snucled af these cells wee elonpated wd have a thin vim

angd B).C
ol heteroclromatin along the inner facet ol the nuclear envelopes,
and prominent nucleoli, There are larpe connecting blocks ol het-
crochromatm scattered thionehont e wnner pactof the nuclei The
cytaplusm is Dlted wp with roagh endoplusmic reticelum, wd the
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Flgure 3. TEM micrographs af epithelinm covering surlace of the enter capsule. (A-13 Principnd cells (Pe) and iucois eells (MNe): dhe former
are columnar or cuboldil-shaped codbs tightly ndhered together, Theie exloplusi contaln numerans rough endoplasmie reticulngn (rEK) and
lysosnme-liked granules (Ly). Mucous cells contaln abuudnat mechn granules (M) that G up the apical cytoplasm. (8] The thlck hasal nmlna
(UBir) supporting surface epithelinm, and layers of ground substance (G snd muoscle eells (O g, (1, G) Fibroblases (7, sand zerve bongdles (Np)
that innervale the onler capsule. In G, nerve processes containing dense and light sphericof grnnuies, ubout 185 nnd 150 am fo dinneter (2, 33,
are surrounded by processes ol grsambnled contalrdog fus e tephy sbhaped peaaedes nhoel 270 % 250 aan io sive (1)

¢ Jocajeld tmeacd e bowom, and they appear fherdy  emad o the hasal loovna are aliernate layers of splslle-shnped

ttisele ealls mod (the exeroee |luler matrix which appears lidmoge
neiis anl elecoon-lucent (Fig 28 and Fig. 3531 Among this
extracellular mauix e bhoobilasts, collagen Mbrils, and sipall

similar 1o those of the it call type. Both Ivpes of calls vest an
very 1hick basal faming gbout 550 mm o width (Fig A wd 1)
which contains 2 meshwork of very hoe flements (g, 3. In
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Figure 4. (A-D) TEM micrographs of a trabeeala (Tr) fo an avary, which is separated from the ponadal compartment containing oocyte (Oc,)
by a1 shick undulating basal Lanina (Ba). Within the core of each trabecula, here are collagen fibrils (Col, fbrobiasts (F), muscle cells (Mu) and

numerous processes of grasulated cetly {1) in close associntinn with nerve processes (2, 3).

nerve bundles {Fig. 4 and G). The latter consist of yerve pro
cesses of vulous wres, soone of which contan eleciion-denss
pherical pranules @bent 160 nm an diameles, while others con-
tann more clectron-lucent granules {about 150 mn in dimmeter), The
peripheral partof each bundle is wsuaily surrounded by humches of
granulated cells that contain large rueby-shaped grannles {abont
20 % 550 nmin size). Most of the nerve bondles we sitnated close
w the iiner facet of the capeule, which is lined by a sinple sqna
mons epnthichum eesting on another duck fyer of basal B,
thit separates the capsule proper frons e gonadal compartiment
(1:r. 2B). The inner capsule consists of a thin layer ol foosely
stiatiged vonne e Geenes snd mvsele cells I0gs separated fron
the gonadal compartment ami hepatopanercatic fissue by basal
Yanmnae (Fig. 2L). The cellulac constituents are composed of

nmscle celis, Gibrobtasts, and granulated cells which appear 10 be
moere abundant than m other areas of the connective tissue scaftold
L. 28

Trahecrdlar Curpartrent

Each (ralicenla conld be considered as a eircumscribed com-
partment, As described eashier, this compntment is the continua-
tion of the onter capsule, hence their miwa celliar compositions
are nusele cells and Liwoblasts embedded 1o the extracellular ma-
tiix and collagen fibrils. This compartiment is patitioned of f from
sdimcrnt ponadal compartments by thick conveluted basal laminag
similar o these ohscrved lining the outer and inner capsules (Fig.

4A-C0). In addition, there are rows of grianulated cells or their fry
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hranches disposed at a regular interval along the uabecular sides of
the basal laminae (Fig. 4A-C).

Muscle Cells

These cells are intermediate in characteristics between skeletal
il s i cells of vertebraies, They have short thick
Filweenie, each wf which s sumrounded by 12 1 15 long thin
flaments. The thin filamionts are attached 1o the dense hodies
which are scattered thrmughout the cytoplasim, with some adhenmg
(o the plasma membrane (f1g. SA-D).

h

Fibroblasts

These cells are similiy in characteristics with theie counlerponts
in vertchrates’ connective tissues, and they are embedded within
the e 0 [ibrils which they synihesize (Fig. 3F and Tig. 4B and C).

ry
T

i 2 : ¥ k
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Crramudated Cells

These cells have oval nuclei with thin rims of helerochromatin
alung the nuclear envelopes, and patches of heterochromatio jir the

center (Fig. 2E and 6A). They also have long processes that be- [

come closely assoctated with bundies ol axons, which may come
from meurons outside the gonads. As a resnlt, there appeor 1o be
thiies types of grannies within and around each bupdle of axons
andl branches of granulated cells (Fig. 3F-G and Fig. 6C-F) similar
to those Tound i the capsules. Isolated cytoplasmic branch of
arfe granules are nlaw fre-
quently observed lying in rows near muscle cells (Fig. 5A and E),
and vicler the undulating basal laminae that separate the trabeculae
from the geom cell compartments {Fig. 483-C nnd 6B}, At muny
sites muscle eells appear in close apposition to selilary branches of
granulated cells {Fig. 5E).

pranulated cells containing groups of |

Figure 5. TEM micrographs of muscle eells, showing clese assockhition with the processes af pranulated eells (t-in A, E}. Cross (In B) and loog
sections (in C, D) of muscle cells, exhibil dease thick filaments (Te) each ol which is surrounded by numnerous (hio filnments (I'n), Alarge number

of milochondria (Mi) are also prosent in muscle cells,
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Fignre f, (A, B) TEM micropeaphs of o granulated cell (in A). The cell as on oval wucews with patches of lelerocheematio nlong the nuclenr
covelope sind in dhe center. 'Uhe cytoplasm containg nrpe enpby-sluped grannies about 270 x S50 mn in size, with clectron-dease matrix (1). In
By branches of gravabited cells (1) are dispersed st interval aloog the basal laming (). 001 The nerve bondles he traheclse conslsting of Dy
types of nxeny thul contain dense (2 and light (3) spherical granules (about 165 nnd 150 nm in diameter). Processes of granaiated cells (1) ure

closely wssnciated with the peripnery uf cach nerve hawdlbe (in D, 1),
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DISCUSSION

The general histology of the gonad and classification of various
Iypes of.grr m cells in many species of abalone, such as, . tber-
cilata (Stephenson 1924, Croll 1929), H. discus hannai (Tomita
1967, 1968). H. cracherodii (Webber & Giese 1969), fI. rufescens
(Yuoung & DeMartini 1970, Martin et al. 1983), /1. (.'Eu'ffr".\'ir'(;[or‘
diversicolor (Vakashima et al. 1978), H. asinina (Apisawetakan ¢t
al, 1997, Sobhon et al. 1999) have been reported. However, most
studies neglect the cetlular compositions and detailed structure of
the conmective tissue scalfold of the penad, apart from mentioning
casually that the ponadal capsules and trabeculae are made of
fibro-muscular tissues.

Tn our detailed siudies using both light and electron micros-
copy, we found that Lhe cellular compositions of conneclive tissue
scaflold are more complex than previously thought. Within these
connective (issue frameworks, which may be termed trabecular-
capsular compartment, there are many Lypes of cells that may be
involved in the physiology of the gonad, including the production
af reproductive hormone, and the release of mature gametes. These
cells are muscle cells, fibroblasts and granulated cells.

The most striking lcature is the presence of a large number of
granulated celis, wilh targe-endocrine like granules, in the trabec-
ulac and capsules of the gonads. 1t is remarkabie that these types
of cells and their branches form an extensive network within the
conneetive tissue scaffold of the gouad. Immunolocalization stud-
ics of abulone epp-laying hormone (aBELH) performed by our
group demonstizted that these cells could be one of the primary
producers and/or storage sites of aBLH (Chanpou et al. 2000).
Cven more remarkable is that there are nUINETOUS NErve processes,
which consist primarily of axons containing neurochemical

vessclc':s.. coming into close contact with branches of granulaled
cells. These bundies of nerve and granulated cell processes are
mostly observed within the gonadal capsules. Judging from this
appearance, ponads of H. asinina are highly innervated organs. In
conirasl to vertebrates, it is possible that the nervous sysiem still
play a more direet role in controlling the physiology of the gonad.

The muscle celis sliow typical features as present in most in-
vertebrale species, and these characteristics arc imermmediate be-
iween skeletal and smooth muscle cetls of vertebrates (Benneut &
Threadgeld 1973, Stitt et al. 1992). The thick filmnents are shart
bundies consisting primarily of parainyosin pretein (Ishii & Sano
19%0) and cach is surrounded by up ta 12 to 15 thin filaments. This
indicates that the wusele cells may be able tn generate conlraclile
force greater than hat of vertebrale simooth muscle. 1t was found
that branches of granulated cells, the putative egg-laying hormonc
producer, are lying close and [frequently tightly adhered to the
musele cells. Tmmunotecalization siudy by our group demon-
gtrated that aELH also bind to muscle cells in the capsules and
cores of trabeculac (Chanpoo et al. 2000). Tt is, therefere, pussible
that aClLH, upon being released from the pranulated cells, may
stimulate the contraction of muscles in trabeculac and capsules al
the goaad, and results in the telease of mature gamete cells [rom
the abalone at the time of spawning.

Fihroblasts and collagen fibrils appeac 1o be similar in maost
respects to their counterparts in vertebrates’ connective tissues,
‘s, their functions could be primarily supportive.
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LOCALIZATION OF EGG-LAYING HORMONE IN THE GONADS OF A TROPICAL ABALONE,
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Chonburi 20131, Thailand; *The Coastal Aguaculture Development Center, Deparinent of Fisheries,
Minisiry of Agriculture and Cooperatives, Klong Wan, Prachuabkhirikhun 77000, Thailand: *School of
Hiological and Chemical Sciences, Faculty of Science and Technology, Deakin University,

Geelong, Australia

ABSTRACT Contective lssue framewurks of the gonad of H.asining consist of e outer gonadal capsule, flat sheeis of conaective
lissve. called tabeculse, that extend from the forner toward the inner capstles separating the gonad from the hepatapaneseds.
Trabeculue, thus, pattiten the gonad inlo compartiments; and cach webecula acts ws the uxis on which prowing geem cells ure ailached
and proliferate, Each trabeculu contains swall capillaries in the ceoter, surrounded by muscle ceils, collagen fibers inenningled with
fibroblnes, and  substantial number af granulated cells that branch exiensively. Localization of abalone eggp-laying hormaone (aliL.H)
was pecformed by immunoperoxidase technique using polyvalent nntibody against reconibinant aELEH a5 a probe. Anti-aELH exhibited
strong bindings, which implied the presence’of aELH, 1o muscle celis und grupulated cells within trabeculae and capsules of both male
and femate gonads. The cytoplasm of imunalure oocyles (stages L, 2, 3) were mudcraicty stained, whilc that of mature cocytes (stages

d, 5) were only wegk!y stained. In contrast, misle germ cells wese not stained.

KEY WORDS: Huliotis asining, gonad. capsules, trabeculac, connective tissue, cpg-laying hormone

INTRODUCTION

Donkey's ear abalone, Haliotis asining, is a commercially im-
pontant ahalons species in Thailand because of their nmaximuem
proportion of flesh, goed taste and relative abundance in Thai
coastal water (Singhagraiwan & Doi 1993). The high demand for
this abnione has increased pressure on natural stocks, which
needed to be maintained if the pepulation is to vemain sustainable.
So far, must studies have been on practical aspects of finding the
aptimal agiceliure system while knowledge conceming the re-
productive Inology of this abaloue has received lilde uttention.

A number of gastropod specics has been studied with respect to
the effects of the egg-laying hormones on their reprodective ac-
tivitics. In Aplvsia californica, an opisthobranch, egp laying was
caused hy the injection of the extract from bag cells of abdurinal
ganglion (Arch 1976, Kupfermann 1967). Administsation of the
extract from cauco-dorsal celis (CNC) of cerchral ganglia in Lym-
naea siggnalis, o pulmonale, also caused egg luying {Geraerts &
Bohlken 1976]. In prosobranchs, injections of crude homagenates
uf pleuropedal and viscernl ganglia conld induce spawning it H.
disen kannai (Yahnta 1973), The peptide that activated cgp laying
in Apiysia spp. had been characterized and called egg-laying hor-
moene (ELH) (Chiu eral. 1979), whereas it was called caudo-dorsal
eell harmmone {CDCH) in Lsragnalis (Ebberink et al. 1985), and
abalone gpp-taying havmone (AELITY i K. rabra (Wang & Hanina
10k, These epg-luying hormones may be related, judging from
theer pmino scid nembers and compositions. ELH has 36 amino
acids and molecolar weight abow 4.3 KD (Ciiu et al. 1979), in
comparison to CDCH, which has molecular weight about 4.5 kD
(Ebbernk et al. 1985), and aELH about 4.3 kDD {Wang & Haana
1998). Genes encoding ELH, CDCH and aELH have been cloned
{aohiclfer et ab 1983, Vreugdenhil et al. 1988, Wang & Haana

*Correspundiig auther. E-mail address:

20223

1998). The nucleotide sequence encoding aELH of H.rubra was
found 10 have a 95.4% homotogy with that of CDCH in Lstag-
nalis, bul only 51.9% homology with that of ELH in A.californica.
Only one amino acid dilference was found between aELH of H.ru-
bra and COCH of L.stagralis, while there were 19 aminn acid
differeaces between aELH of Horubra and ELH of A.californica
(Wang & Hanna 1998).

Il has heen suggested that ELT acts directly on muscle of the
capsules and wabeculae of the gonuds 1o injnaie egp laying and
sperm release in the manner analogous to the action of oxytocin on
myoepithelial celis of verebrales (Coggeshall 1972). in abalenc, it
remains to be studied where this hormone 4 synthesized, and how
it is disiribuled in the reproductive organs. [n the present stody, we
have investigated the distribution of this lormorne in the gonads of
both male and female M. asinina by uning monse polyclonal are
tibody to recontbinant aELH of . rmbra for immunohistochemical
detections.

MATERIALS AND METHOQDS

Experimental Animals

Sexually-mature male and female H.esining age more than two
years old were obtained from The Coasta! Aquacoliiee Develog-
ment Center, Prachuabkiriklun Province, Thailand, during the
months June to July and Aupast o Seplember whic
riods wheii the gonads enter the profiferate and maruring-spawning
phases. These abalone were reared in o land-Based agquecufics
system by being kept in concrete tanks, which were well flushed
with sand-liltered sea water, and aerated with mechanic de-
livery systern. They were given appropriate algal food, usually
Gracileria and Lamingria spp., ed Libitam, and sepplemented with
astificial food. and kept under nermal daylight cycle.

Samples weie taken from the gonads of at least five suinady of
either sex al bath perods of collection. The tissises were proprared
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il 2xaminations by parulfin-embedded angd epoxy
dded (semi-thin) methods as used for ransmission
ierscopy and for detecting the distribution of aE1LH by
imimnoperoxidase methed.

cleviron 1

Poraffin amd Semi-Thin Methods

Far histological swdies, gonadal tissues were cut into small
pieces, fixed n Bouin's fixative, dehydrated and cribedded in

alfin, then sectioned al 5 pmn thick and stained with hematoxy-
lin-eosin or PAS-hetatoxylin. For semi-thin sections, gonadal tis-
sues were fixed in 2.5% plutaraldehyde in 0.1 M phosphate buffer,
dehydrated in ethasol, cleared in propylene cxide, and then em-
bedded in Aruldite 502 plastics. Semi-thin sections at 1-2 pm were
cut with the ultamicroteme and stained with methyleie blue or
PAS.

Inmmunoperoxidase Method

Frozen sections of gonadal tissues were fixed with acclone at
=10°C for 10 minuies. After blocking endogenous peroxidase by
imrezring in 3% H,0, for 15 minutes e scetions were washed
with 0.03 M Tris buffer saline (YB%). pH 7.6. The sections were
averiaid, in moist chamber, with 0.1% glyeioe in 0.05 M TBS, and
4% BSA in (.05 M TBS, for 30 minutes cach, to block nen-
specific hindings. Then the sections were covered for one hour
with peinary antbody consisting of mouse polyclonal antibody
against recombinant H.rubra egg-laying homone (Wang & Hanng
1998), with dilution 1:10,000. The contro] sections were incobated
with 0.05 M TBS in place ol primary antibody. After that the
sections were incubated with secondary antibudy, which is bioti-
nylated rabhin anti-mouse IgG (Zymed Co., Californis, USA), with
ditution 12100, for M) minstes. The sections were then washed io
TBS. covered with the combination of Z-avidin and histinylated

widize (fymed Col) in the same butfer, with difution 1:100,
for 30 minutes. Finally, the sections were immersed in the sub-
teoplubion containing S mil of 0.03% (w/v) 3137 diamisohen-
ridine (DAB) plus 17 pl Hy0,, for 15 nnnutes. Finally, the sec-
tians were washed saveral umes with disitlled water, and some

e counter-ainined with bematoxylin before heing mounted in
huffered glycerol, wnid observed in an Olympus Vanex microsenpe.

RESULTS

Cannective Tissue Frameworks

Conneciive tissue souffoids of the gonads in siiner sex coasist
of the ouler capsule which is made of several alternate layers of
mitiecle and cellager bundles, lined on the oulside by & single liper
of cuboidal epithelium (Fig. 1A, B, F). Ou the inside the conriec-
tive tssve of the capsule extend inwards o Foem thiees, catled
trbeculine, that have straight hemolymph capillaties nning in
their coves, Suriounding the capillaries are muscle cells, collagen
ts, amd pranulated cells (Fig. 1A, B, LI, F). The
interior ends of trabeculae are connecled with the inner capsule
gude of 1hin w2 conneclive fissue layer thal scparates gonad
lrom hepatopincreas. Thus, trabeculae ilivide the gonads into
aoall comrpuriinants, and each trabecula forms the axis on which
germ cells are attached and prolifecaie. Early stage celis, such as
speimatoponia and vogonia are scen closely bound to the conree-
live Hissue of tabeculss, Middle stage perm cells, such as speima-
tocyles mid oocyles, @iz more detsched and appeer furtlier away
including spermninzoa wil siage 5

fibrits, fibrokd

temn tralecuise. Mature cells

CHANPOO ET AL.

cocyles, which are tie majority of cells found in the gonads in
mature phase, are completely detached from the trabee
up the lumen of the companments (Fig. 1A, B). Of special mterest
is the presence of granulated cells, whese soma are large and Live
ovoid shape about 10x18 pin in size. Each cell has a small sphedi-
cal nucleus that contains mostly cuchromatin. The cytoplasm con-
lains aumerous dense spherical granules about 0.3-40.6 wm in size
(Fig. 1C, D, E). In PAS stained sections, the granules exhibit PAS
positive substance (Fig. 1C, D). The granulated cells muy il
extensive branches since in many locatians only cytoplasmic pro-
cesses conlaining dense granules were observed (Fig. 1E, T). Gen-
crally, granuiated cells are present in all wrens of the conneclive
tissue scaffolds; however, they tend to have a higher rumber in the
cuter and inner capsules of the gonads

e and {11l

lmmnunoperoxidase Staining

By using immunoperoxidase method, the presence of brownish
staining suggested that there are strong and specific bindings of
anti-aELH io the trabeculae and the capsules of the gonads in both
sexes. The brownish stain is distinct on the overall content of
trabeculae wnd capsules which delimit gonadal compartments of
hoth the ovary and testis of the matre phisc shalons (Fig. 3A-D,
Fig. 4A, B), in contzast 1o the control sechons wiich are com-
pletely unstained (Fig. 2A). Within each trabecula, there are moie
intensely siained spots or sireaks, which at lngh magnification,
appear to be muscle cells and granulated cells that conlain Jarge

brownish granules in the cytopiasm (Fig. 38, D, Fig. 4B, C, D}. |

The fatter cells are similar in appearance and general disiribution
with the granulated cells observed in paraffin and semithin sec-
lions, which cxhitsit better cellular morphology. The positively
e 11 bl the outer gl b

staimaid granulated cells were o
capsules and (he trabeculae. However, there appear 1o be a higher
concenmation of these positive cells in the inner capsule thal sopa-
rates gonads from hepatopancreas (Fig. 28, ) Fig. 4A, B), in both
proliferate (Fig, 2D-D) and mawre phases (Fig. 4A-D) af 1he
gonaila! cycle. Connective tissue in the imbeculae and in' the c2p

sules are moderately'stained, but they appear more infense il ma-
ture than the proliferate phase of the gonudal cycle (Fig, 218 3A).
1n the ovary, the cytoplasm of carly gocytes (stages 1, 2, 1) which
are the majotity of eells in profifernze pilgse ety stuined
(Fig. 2A, B), while the cytoplissm of mature vocyles (stuges 4,

which is the majority of cells in muhin phase is only weakly
stained (Fig. 3A, B, C). In contrast, there is no staining of either
early male perm c2lls or spermatozoa in the teatls (Fig. 44, B, C).

DISCUSSION

The expression of the epp-laving peptide pene in the bug cells
of abdominal ganglion, snal gland, and pleam? ganglion of A
californica s been detected by in sit hybridization. nsiag rudic
led eDNA probes 1o ELH mRNA {MEAlster ot o QR3
Some work hud also been done w locate the ELH receplor watlin
the ovolesiis of A. cafifornica. ELH bindmg-protein foom ovolesus
was purified by ELIT affinity column chromatography, and uni-
hodies were praduced fnr localizing this peowein in A, californica
ponnd (Chome et ol 1993 It was revealed that the cytoplssm ol
iite of immunoreactivity, which was never
Y]

ancytes is the only
detected in spermalocytes and spermalozod. In l. sragns
hybridization expesiments will cDNA probes revealed a high lovel
of CDCH mRNA expressics ! cells in the cerebral
panglia, and the observed expression paticrn correlated with im-

]
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Flgure 1. {A, B) Light micrographs of PAS-hematoxylin statned pueaffin sectlons of H. asining vvary (A) sd testis (1) lo moture (prespawning)
phase, whre there are abundant mutore stage ¥ vocyles (Ocg) with fully foriz felly cont (jcj in the oxury (in A), und numerons spermuie Lo (S,
wiilh dense nucled in the testls (in BY. The connertive tissue scaffulds of the gonwds in bith sexes consist of the outer capsude (Ocp), the Leabeculae
(tr) und the inner cupsule {not shown). Ia the ¢ere of each trabecula, there s o smull hemolymph capillary (Cn). S¢ = spenmatocytes, SL =
spermatids, (C, 1) High magnification micropeaphs siowing the granulated cells contalning PAS positive pranutes (gpr-in C) in the ouler capunte
of the ovary (Ocp) and in o trebecula {tr) of the festls (gr-in D). F = fibroblasts, L.85c = leptolene spermatocyte, mu = wmnscle cells, Sz -
spermatoscn, (F, F) The seal-thin plistic sectlons of the ovarian lnec capsule (Iep- in E) and the lestieulir outer capsule {Oep-in 1Y) showiag
the granaluled cells with thelr ellipsaid nuclei (ge-in E} wiad thelr ntleaualed processes containiug dense gronules (pe-in B). Ca = hiemohyaiph
cupillary, epi = ¢pithelion, I = fibroblust, mo = muscle cells, S1,; = spermatid stoge 4.
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Figure 2. Light microgruphs of the ovary [n prolifesale phase, stained with anti-aELH by immuneperoxiduse method. {A) Contral section shows
¢ staining in e ovarian tissue. (B-D) Sections stained with wnti-aELH, showing intense staining in granulated cells (gr) wilhin fhe inner {{cp)
and the outer capsules (Ocph While moderate staining is seen in the comective tissne proper of irsbecnia (tc), both capsuies (Ocp & Tepd, und
the eytoplasm ol immature vecyles (Oc,, Oc,, Ocy). 1P = hepatopancresi,
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Figure 3. Light micrographs of the ovary In matiire phase, stoined with mati-aELH by hamusepecoxidase meihod. (A, B) In A, ant-aELH
exhibits staining in the trabecutae (tr) and both capsoles (Ocp, Tep) of the gonad. In B, granuiated cells (gr) In 8 tralsculy wre Inteasely stzined.
Flie cytopiasin of inte stage oocytes (Ocg) surroanded by thick jelly voat (jo) is not stained. {C, D) Sections staiped with snti-aELI} nnd
couater-stained with hematoxylin, In C, the conncetive tissue of the trabeculue (ir) is positively stained in comparison 1 cocyles (Ocg). In D,
which is the high magnification of an area from fthe trubeculze in C, grarulated cells {gr} and muscle cells (mu}) are intensely sinined.
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Flgure 4. Light micrographs af the testis in mature phase, stained with anti-aELW by immunoperoxidase method. (A--B) Sections stained with
anli-akLH, showlng strong stabiing of the trabecnlae {tr), both the outer and inner capsules (Ocp, Tep). In C, and U insct, which are high
seatinas wl n trabecula swd the outer capsule, granclaled eells (go) with large granutes in shelr eyloplasim are intensely sizined, while

A

spernmtocyles sind spermuloza {S2) are nol stained. 1

-
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munocytochemical data which implied that CDCH is transporied
through the axon and released by exocytosis o the hemelymph
1Dirks et al. 1989, Dirks et al. 1993, Yao Minnen e al. 1948).
Expression of CDCH wiss not restricted (o the CNS alone, but was
alse found in the reproductive tract, including cothecal gland, mu-
ciporous pland, and pavs contorta, which are female accessory sex
glands in Lymmaea siagnralis. In \bese glands the processes of
pusitively labeled neurons terminated on the secrelory cells, sug-
gesting that they controlled the activities of these 1issues (Van
Mineen et al. 1988). COCH immunoreactive malerial has also
teen found in secretory cells of the prostate gland and sperm duct
(Van Minncn ei al. 1989). In contrast to CDCH little is known
about the origin of egg-laying hormone in abalone, Hisiological
studies in the Japanese abalone. Hafioiis discus hannai, showed
that the number of neurosceretory celis, especially type § and 7, in
pleural-pedal ganglia were correlated with the induction of spawn-
ing (Hahn 1992}, Injections of plenrai-pedal and viscera) ganglion
crude homogenates, or the combination of both, caused female
H.discus hannai 1o spawn (Yahata 1973). The quantity of epggs
being spawned were significantly greater with the injections of
hamogenautes from visceral gangiion or the combination of pleural-
pedal and visceral ganglion, when compa.cd with the injection of
pleural-pedal ganglion alone (Yshata 1973). In our preliminary
study of H.asining visceral ganglia, neurosecretory cells 1ype 1
were also positively stained with anti-aELH (unpublished obser-
vation), Henve, existing evidence imply that abalone egg-laying
hormone is mostly produced by newrosecretory celis of the nerve
panglia, particularly pleuropedal and visceral ganglia

In the present study, we found that amti-aELH from H. rubra

showed strong cross reaction with M. asinina gonadal connective
tissues, and this implicd that @RELH may alio be produced and
stored in the granulated cells within the trabeculas and capsules of
the gonad. Similarly, muscie cebls in 1these conncctive tissue seaf
folds were also stained with the anu-aELH, which suggested that
this group of cells also bind aELH. Copgeshall (1972) sugpested
that, in Aplysia, ELH acted directly on muscle cells (o induce their
contraction, which caused the expuision of rpe cocytes from the
ovary. Iirom the evidence gatbered i the present siudy we, there-
fore, would like to suggest that the grarulated cells in the trabee-
ulae and the capsules of gonad in both sexes of abalone can syn-
thesize aELEL Afier being released from the pranulated cells, this
hormone could bind to muscle ceils in trabeculac and capsules and
cause thern (0 contract, which resulls in the expelling of ripe ou-
cyles or spermatozoa from the gonads. The significance of the
binding of anti-aELH to early stage oucytes is not known, but this
hormone may also participaie in the developmental process of
germ cells, In contrast aELH did not bird to male germ cells thus
its role in the mate abalone may be limited to controlling the
release of speruatozoa as has recently been demonstrated by our
group (unpublished ohservation).
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ABSTRACT The heinocytes of sbalene (fafions esinina) were studied by light aud electron microscopy in order 1 deseribe (heir
main morphotopical lestures and o relate Uese 10 teir role in immune defense. The ceils are compnsed of two dillerentiated Lypes:
agranulocyte or hyalinocyte and pranulocyse. The hyaknocyle is characterized by the presence of several filopodia, large nucleus with
dease chromalin, mederate amount of cytoplasim, microfilaments, aval and rousd-shaped mitochondria with rather dense matrix,
considerable amoont of reugh endoplasmic reticuium, few cyloplasmic granulics, coated pits and vesicles, phagocytic vacuoies, and
numerous large and simall vacuoles. Like hyslinocyte, the grannlocyte possesses sitnilar cytoplasmic organclies but in fewer numbes,
and & periphernl organelle-Tree zone contaming numerous dense prarules of various types. The shape of the granules varies from round,

oval I

ipiied forms. Several dense granules exhibit erystallond substructure that show close refationship (o the plasma menibrane,

The average size of granulocyte 15 9.68 1+ 112 pm and hyalinocyte is 8.03 £ 0.77 pm.

KEY WORDS:  Halivas asimna, hemocytes

INTRODUCTION

Approximately 75 species of abalone have been reported
the world. Thailand harbors 3 species, pamcly, Halions asinina,
H. ovina, and [l varia (Natcewataun and Hylleberge 1986,
Tookvinart et al. 1986, Nalcewalana and Bussarawit '988).
Among the three species, fl asinina is the biggest and has the
most econnmic potential becmie of s large proportion of flesh
and its good faste (Sighakrwan & Dof 1993). Duc o the eco-
nomic potential of this abalone specics, 4 thorough understanding
of the biolopy including its immune response of H. asining is
needed, Io molluscs, hemocytes are invelved in a variety of physi-
ological and patholegical functions including nutrient trans-
port and digestien, wound and shell repair, internal defense, and
exogenous and endogenous materizl excretion {Cheng 1981,
Bayne 1983, Fisher 1986). In the literature, must of the morpho-
logical stuties of molluscan hemacytes ceparied are of hivalve
molluses; only a few exist oi abalone. There bas been no study on
the hemocytes of H. asinine. In this report, we studied the mon-
phology of 1 asinina hemacytes by using light and electron mi-
Croscepy.

MATERIALS AND METHODS

Hemalymph was withdrawn from the cephalic artenal sinus of
individual alislan d puoled, Pocled hemolymph was immed:
alely poureld mie cold 2% plutaraldehyde in 0.1 M sodivm caco-
dyhate butler pH 74, ar 4°C. for overnight. The hemocyies were
centrifuged at 8k g for 10 minuios it 25°C The hemoceyle pel

lets were post-lied i 1% esmun werroxude in 0.1 M osodiuin

authoy. Bemail address,

’ » v . G X
% ot o
Rapdes g
Fignre 1. Semithin section of hemocyles of 1. asimina, Methylene blue

stain. At this mapgnification, granulocytes (G) and hyalinocytes (1) are
clearly dilfercitinied.
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cacodybare hatter, nt 4" dor wisdidinonad two hoors. They wesy
then washied with sodiumn cocodylate butter, dehvdirted in graded
series Of wlcohol, clearsd i propylene axide and embedded i
Aradite 307 resin, Blocks wers sectioned at one
by an uliramliemdmme 9

frcron thickness
| stained with Methylens blue Jar Light

It han siciions were cul and. staimed
with urunyl acetate and lead cirate and viewed by Hitachi TEM
H-300 a1 75 kv,

MSTOSU L ubrecrvatily

RESULTS

Light Micruscopy

Micrographs of the semithin sections of the fl. asinina
hemocytes are shown in Figuiss | oad 20 Twa populations of
hemocytes, granulocytes end agranulocyies or hyalinocyies, were
observed based on the presence and the absence of cytaptasmic
granules. ‘The proportions of granulocyles and hyalinacyles are
£1.43% and 88.57% in this present siudy, respectively.

Gronulocytes are characterized by the presence of numerous
cyloplasmic granules. The gramtles semul to be amanpged at thie
periphery of the cell, thus leaving the clear vone around ihe

Figare 2. A B. At higher maguification, more details are seen. Nole

the peripheral distribution of the pranates and pecinuclesr clear area
it the grunulocytes, while brrge cytoplasmic clear 2ones ((77) are scen
in the hylinocytes. Differcnt shape, size and location of the nucleus in
both granulseyles and hyalinscytes can be observed. Note ulse the
fitnpodia (arrow) in bhath celi iypes.

necteus Mot of the wells ace splencil or dhighily aval the larpest
meisred P30 e 968 0 11 diseter on aseriee) with

somue Tiloporhia estending (rmem i pladeed ol I'he nucless

15 round e aval shype Aol cenlric pather ool nueleus/

eytplasmic ratie The maximaem mchess size q 20 pum with the

avempent S Worhwed, elunpsted and
indented.

The agromvulocvios or hvalinooyi

WV opaam, St el

it '\1|||-'|;- il e aval The)’
are charactomred by large sucled g conlim one o wo prininent
clear cytoplismic zomes. The cills are only shightly smaller than
el 11,22 pom in dimeter
and the averape #ee is 8.65 £ 077 pm Similar w the grinulo-
cytes, the nuelear profiles weee rrind or oval, with some bilobed
and indented  Mucle: were both eccentrically and centneally
placed. The maximum nuciear size ol the Tivalinocyte 13 5 98 um
willy the average of 4 70 = (Lid) pom. The aucleus/cytopiesmiu mtio

the granulocyles. The Largest cell m

was relatively larper than that of the granulocyie. Filopodin were
clearty visible extending from the cefb.

Figure 3. Bleclyon micragraphs of hyalinocyic. A Hyalinocyte show- |803]

ing bilohed nuclens (N} with moederate amonnt of ieterochromalin, A
take of glycogen (GEv is prominent. Few milnclondris (M areseen. F,
filopoia. W. In contrast o figare A, Uns hyatinecyte docs 1ol comtaln
as prominest a4 plyeopen wrea, Theee ave fow small round electron
dense pranulis (G, rosgh endoplasmic reticehnn (RERY aml mito-
chondria (A1), Note the presence of small vesicular Bodies (artnw).

-
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[aB8] TFigure 4. A secies of clectron micragraphs showing details of some of hyalinocyte organelies. A. Hyslinocyte wiih spherical nucleus (N)
containing moderate amount of chromatin and u prominent uucleolus (Nuj. Note the presenve of glyeogen avea (v, Golgi apparatus (Go), and
rough endoplusmic reticnlwn FRERY. PXY, plasmy monbranc. B Hyalinocyte shaws profiles of oval shape mitochomtria (M) wilth rather dense
matrix. Several sinall vesicles (SY) are alse seen. M, mitochondrin, N, nudeus. RER, eougl endoplasmivc retfcalung, €. Well developed Golgi
apparatus (Go) and yesithaal bodies (RBY are seen here in this cleciron miccograph. Go, Golgi apparatns. N, auclewa. RB, residusl body. D.
Microtubules (M1} aned small vesicles ISVY ace seen in the extoplasin of the hyalinoeyte. M, miceotabale. SV, smoff vesicle. E, Mitochondria (M)
with rather dease matris are shown here with vangh endaplasine reGendum (RER). N, Nucleus. F. Hyalinacyte showing stack of rough
endoplasmic reticoluny (RER) and » few difated vndnpiasmic setivulum (dRERY with light density sunat phous material within cisternae, N,

nucleus, RER, rongh coduplasmic reficulums,
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The hyalinocyie is chisrarterand by the presence of several
filopodia, large nucleus with dense chrammin and moderate

amount of cytopissm. The miochondna are tound or oval in shape
wilh rather dense mmtnn. A considetshle aimount of rough endo
plasmic rcliculum, Golgi apparatus, fow cytaplasnuc ;u:unulu.\
mostly of round shape, coated pits and vesicles, phagucytotic
vacuales, numerons lm’gc- wnid smatl vacunoles Inelading mirr-ohl;g
msils were phserved, When viewed hy electron microscopy, the
iy
sponded 10 the areas composed maostly of unstained glycogen with
some visible glyeogen particles within, In some cells the pools of

clear eytoplasmic zones abserved lreha TICTOSCOpY CurRe

glycogen are quite large and seem to push the nucler (o the pe
riphery.

Like hyalinozywes, the granulocyte possesses similar cyto-
plasmic organelles but in fewer numbers and peripheral organelte
free zone conlaining are cytoplasnic granules of varicus shape
and size and vartous densitics. The shapes of the pranules vary
from round, oval te polyhedral elongaied forms. The maxi-
mum size of the granule is 0.78 pm and the average size is
(.34 = 0.11 um. However, most of them are polyhedral elongated
and only a few are spherical or ovel The close relatonship of
the granules and plasma membrane is noted. Some of the gran-
ules protruded from the plasma membrane, while others coa-
lesced or fused with the cell membrane. The nucleus is rela-
tively small size and rownd and located either eccsntrieally or

centricafly.

DISCUSSION

[n this prefiminary study on the bemocytes of the H, asinina,
were composed ol two differentinted cell types, the granular and
the apranutar or hyalinocytes. Cheng (1981) suggested that
fiemocytes should be designated as granulocytes and hyalino-
cytes. By vsing different techniques such as phase contrast mi-
croscopy, severnl fixatives and staius including electron micros-
copy, Fotey and Cleng (1972), Foley and Cheng (19743, Cheng
and Foley (1975), identified another cell type in the hemolymph
of the bivalve meliuse, the fibrocyie, Fibrocyle was also de
scribed in the black abalone, Haliotis crucheradii (Shnelds er al.
14

In this study, we have shown that hyailiocyle contaimed very
prominent ared or aggrepates of glycogen. Cheng and Call (1974)
however reported that the granulocytes not the hyalinocytes con
pegate of glycopen in the cytoplasim. This 18 in

lained & large
conicast to ous findings 1n winch we toumd glycogen primarily in

the hyalinocytes

Of interest, is the observation of the cloge relationship of the
gramilezs of the grannlocyte o the plusmn membrane, Several grun
m the membrans anl sooie fused with the mem
heane, This represems the process of releasing the content of the
granoles or most likely the lysosomex inte the serum. The migia
tion of the lysnseme to the cell membrane and the extrusion from
the granulocvies in Mercenaria mercenari 45 evidenced by scan
ning and transmission clectron microscopy were eponed by Mo-
handas et 2! (1955 and Mehandas and Cheng (19551, Fewa
organelles obzerved in granlocytes s that whn a cell beconmes

ules protuded 6

SAHAPHONG 1 1 af.

Figure 5. Electron micregraphs of granudocyte. A, Gramlocyte show- [A%7]

ing different shapes and sizes of ils granules. Note the pecipheral
distribation of the pranules (€3), seveval of them in the close relation-
ship witl the plasms membrane (PMJ. As in hyalioecytes, the ovel
shaped mrclens contains maderate amount of heieroclromatin. This
eell is almost devoid of recognirable organelles. b, filopndia, N,
nuekens. B, Vagiation of intragrunular densities nre floastraded in this
micropraph from marked to Light electron dease, The light granules
(LG contain intragranular inelustoa hodies. 1, flopodia, N, mucleus,

1, plisma membrane.

fully differentiated, reduction i pepauelies scoompanies ihis pro-

Py stwrwes Forahe Dirst fome, (ha pres s ol lwo

main tvpes of hemieyies w HLoastnaes hyvidlimooyes and jraou-
fo We hehieve that the wiamdes de the lvsosomes hased on

Nl
ths marked mod Mogical resemlilance to the fvsmanna nules
abserverlan the covdiseplial | Tl t lac s el gl (eipaidation

fepved erochamam i this spe i abelhome will b further
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Figure 6. Varialions in shapes, size, density and the relationship to the plasma membrauce of the eytoplasmic grunules in the granulocyte of K.
asining are ilustrated in details in this serics of electron micragraphs (A-F). A. Flongated polybedral forms, F, fitopodia. G, granule. PM, plasma
membrane. B, Aunther vicw of the cytoplasmic granule of te pranslocs e G grannke, N, nueleas. PM, plasioa wembrane. C. Fusion of one af
the pranule (G) wirl plasae rmemhrze (PR DL One large and ane siall sphecical granoles (Sp(G 3 nnd SpG2)are seen. Note the heterogenicity

af the efongated Lot pranules, sime of which contain intiagemubae inclosinns, Fo Pictnee feame like pranule with hollow core is seen here
w membrane {arrow) around

{arrow). G, granule, I'M, plasma menteanc, . Protrusion ol one of ihe pranule s evident here, Note the 1
the smal! round shape graonule (GLN nucleos, ML plasima membhrisne.
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ULTRASTRUCTURE OF NEUROSECRETORY CELLS IN THE CEREBRAL AND
PLEUROPEDAL GANGLIA OF HALIOTIS ASININA LINNAEUS

{

A. THONGKUKIATKUL,™* P, SOBHON,” E. §. UPATHAM,™ M. KRUATRACHUE,*

C. WANICHANON,? Y. P. CHITRAMVONG?® AND T. PUMTHONG®

'"Department of Biology, Faculty of Science, Burapha University, Chonburi 20131, Thailand,;
 Department of Anatomy, Faculty of Science, Mahidol University, Bangkok 10400, Thailand;
*Depurimens of Biology, Faculty of Science, Mahidol University, Bangkok 10400, Thailand; ‘Faculty of
Science, Burapha University, Chonburi 20131, Thailand; SCoastal Aquaculiure Development Center,

Prachuap Khiri Khan 77000, Thailand

ABRSTRACT The ultcastnirctiere of ali three types of neurasecretary cells (NS, NS, and NS;) in the cerebral and pleuropedsl ganglia
of Hatiotis asining was studied, NS, cells contained a euchromatic nucleus, and the cytoplasm contained RER, Golgi complexes,
milochondrin and ribosomes. There were twa rypes of nowroseerctary gantles in the NS, of cercbral ganglin: 1ype 1 were lnrge
osmiophilic membranc-bovnd granules and type 2 were smull clectron-dense spherical granules. The NS, cells of plenropedal ganglia
only had one type of rousd cyloplasmic granule with medernte to strong electron-dense matrix. NS, cells contained blocks of
heterochromatin in the nucleus. The cytoplasm of the NS, of cerebrzl ganglia contained the usual organeiles simitar to those of NS,
celis und large membrane-bound graneles containing erystalline structures embedded in a moderately dense osmiophilic matrices. The
NS, cells of pleuropedal panglia comtained one type of granule that had a dense malrix. NS; cefls werc smaller than NS, and NS,. The
nucleus contained (hick helerochcomalin strands. The arganelies in Lie cytoplasm appeared to be fewer than those of NS, and NS,. The
secretory graoules of NS, of both cercbral and pleuropedal ganglia were composed of aggregates of dense osmiaphilic globukes of

various sizes.

KEY WORDS! Halinris asinina, neurosecrelory cells, cerenral ganglia, pleuropedal ganglia, ultrastruciure

INTRODUCTION

Neuroszeretory cells present in the cercbral ganglia of proso-
branchs have not been extensively studied, and consequently littic
is known about them. The ncurosecretory cells in the cerchral
zanghin of Bithynia tenmtacniote Linnseus stained with phloxine
(Andrews 196R). They were found to be unipolar and their nucles
were usually concave on one side. Neurcsecretory malerial accu-
mulated in the peripkery of the cytoplasm and the axon hillack
(Andrews 1968), In Halious divcus harnal Ine and Nordotis discus
Reeve, two cell types in the cerebral ganglia were identificd as
neurosecretory cells. They were large and medinm sized cells with
euchromatic nuclei and contained newrosecrctory granules in the
cyloplasm (Yahata 1971, Hahn 1994).

More recently, in the cerebral ganglia of flaliotis axining Lin-
nacus, 1wo types of neurosecretary cells were found (Upatham el
al. 1997). These cells are either large or mediun in size and stained
posinvely with chrome-hemutoxylin-phloxine and paraldehyde-
fuchsin. The large sized cells contain a round nucleus with eu-
chromatin and a distinet nucleolus, The medinm sized cells also
contain & round nuclens with patches of heterochromatin. Neurosecre-
tory pranvles are present in buth cell 1ypes (Upatham et al. 1997).

Mozt studies on the ultmstuciore of neurosecretory cells n
gastrupuds have concentrated on pulmonates and opisthohranchs
with anly o few on prosobianchs. In the cerebral ganplia of Lym-
aweaeat stargnalis (Linnacws), (wo gronps of searoseeretary cells have
been deseribed (Jocsse 1904, Boer 1965, Boer et al. 1968). The
cyloplasm of these cells comtain elecrron-dense granusles, which
had a mean diameter of 20 min. extremely elongated mitochondria,
reugh endoplasmic reticulum, free ribosomes, polyribosomes,
Golgi complexes, multivesicelar bodies, newrotubules and cyin-
svincy. Bonga (1970), using the alcian blue-alcian yellow staining

*Correnpomding autben Homail bdideess, |
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technique, reported that there was only one type of neurosecretery
cells i.e, dark green cells in the pleuropedal ganglia of L. stagnalis.
At the electron micrescopic level, the dark green cells appear 1o
contain a large quantity of elementary granules with a mcan di-
ameter of 20 nm. Numerous Golgi complexes were found to be
evenly distributed in the cyteplasm, and there was exlensive rough
endoplasmic reticulum. A low number of cylosomes were present.
In Achatinu fulica (Bowdich), neurosecretory cells in the cerebral
ganglia comtain a round shaped nuclens with patches of hetera-
chromatin and a counspicuous single large vacucle in the cyto-
plasm. In addition, eleciron-dense granules with a mean diameter
of 16nm are agsociated with exiensive Golgi complexes and tough
endoplasmic reticulun (Kruatrachuee et al, £994).

{n the prosobranchs, the ultrastructure of neurgsecretory cells
and neizrons have been desenihed in JL temaculata (Andiews [971)
and Malioris rufescens Swhinson (Miller et al. 1973). In B. ten-
faculara, there arc three types of neurosecretory cells, viz, 51, 52
and 53, [n the cytoplasm of these cells, there are well Topresl
rough endoplasmic reticulum and Golgi complexes, miiochoicdiia,
lysosomes, glycogen granules, neurolibrils, and neuroscoestory
granules {(Andrews 1971). Miller et al, (1973} describe that most of
the neurons of M. rufescens comain the usual cytoplasmic or-
ganelles wlong with large membrane - bound inclusions. A Tew pea-
rons contain small dense granules, winch are similar in appearance
(o fypical nevroserretory pranules

Bt was, therefone, apparent that an exteasive invesupetiog ot the
ultrastructure of newrosecretory cells in Haliotis was needed.
Hence, thie wim of the present study was to describe the ulirasttne-
ture of different types of neurosecretory cells in the corehrul nid
plevropedal ganglia of H. asinina.

MATERIALS AND METIODS

Cerebral and pleuropedal panglia from marure H. asinier were
fixed ina miatme of 9% vy glunealdehyde and 2% v/v paraiom
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alitehyde in 0.1M Midlonig buffer {pH 7.8} w 4°C Tor 24 hows
washed scveral dmes with the same bufler, and posthixed in l'H:
0s0, in 0.1M Millonig buffer. The specimeny were dehydrated
in a graded series of cthanol, inflirted in acctone angd cinbed-
ded in Araldile 502-epoxy resin. Sections were et on 3 Sarvall
M2 alraniicrolome, stared with sarated uruny| acetare arul
1;‘;1‘5 citrate, and viewed with a Hitachi [{-300 TEM, operating, at
TRV,

AR e st 8. U T
Figure 1. Figure L. TEM micrographs of NS, cells of cerebral gonglia,
{Nu) which cantalns thin rim of heterochrematin (He) nenr the nuclear envefope. Nucleolus (No) [s round, large and very distinet. There are
ubundant secretory granules in the cyloplasm. Ni,, type | nearcnsecretory cell; NS,, type 3 neurosecretary cell; Ge, Golgl complex; Gr, type 1
granule. (B, D, i) High magnifications of the eytaplasm of the NS, demonstrating abundant rongh endoplasmic reticetum (ver), Golgi complexes
[Ge) and secretory grunules, Type I grunnles {Gr ) arc large spherical membrane bound granules wheress type 2 granules (Gr,) are small and

ronnd, containing electron-ilense cures,

RESULTS

Rased on ultrastructural chacacteristics, there are three types af

neurasecrelory cells in the cerebral and pleurapedat ganglia of 1

astiing. These are: type | newrosecretory cell (NS}, type 2 neu

rosecretory cell (NS;), and type 3 nevrosceretory cell (N5 ).
NS, cells are round to oval (15-20 wm in dimepsioe ) sl

comain rousd nuclei (6-8 pm in diameter) (Fig. 1. Fig. 2). The

(A, C) Medlum pnwer micragraphs of the NS, showlng round nucleus

AT

-
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NEURDSCECRETORY CELLS OF ADALONE

Fipure 2. TEM micrographs of NS, cells of pleuropedal paaglia. (A, B) Low and medium power micrographs of N8| showlog & round nuclens
(Nu) which containg u thin rin of heterochromatin (He) near Lthe auclear envelape. The nucleolus (No) is round and very iHstinct, The cytoplasm
contying rovgh endyplasmic ceticulum {rer), mitochondria (Mt), Golgi complexes (Ge) und seevetory granules (Gr). (C, 1)) Enlarged view of A
& B exhibiting the cytoplasm of NS, containing mitochondria (Mt), extensive Golgi complexes (Ge) sod electron-dense granules (Gr) near the

mturiag face of the Golgl complexes.

nucleas containg a thie i of hetwochromatin near the nuclear
eovetope, Small patches of heterochromatin are scattered in the
central region of the nucleus, while the rest of nucleoplasm con-
tains finely dispersed enchromatin, The nueleolus is facge, round
and very promineat (Figs. 1A, C, Figs. 2A. B). The cytoplasm
shows ubundant reagh endoplasmic reticulum consisting of many
large stocks of membrane in straight arrays (bg. 1D, Fig. 20).
Guigi cunipleaes are extensively developed and cach consists of
four w [ive clongated and shightly bent cisteinne and saccules,
which are often surrounded hy dense vesicles {(Fig. 1D, Fip. 2C).

There are mitachondria and abundant pofyribosomes in the cylo-
plasm. Twe types of secreory granules ase present n the NS, of
cetebral ganglia, Type 1 wre large, membrane -boamd wpherical
geanuies (Figs. 113, C). Their diameter is about 500-800 am and
conkain moderately osmiophilic material. There are few grannles
present, and these are vsually dispersed around the matoring face
of the Golgi complexes (Fig. 1D}. Type 2 are small tnembranc

baund sphencal secretary greniles, containing electron depse woi-
trices, Their dipmeter is ghow 60 nm, and they we scattere:!
throughout the cytoplasm (Figs. 1B, D). The newly synthesized
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granudes incdicated by their light matrices are concertrared mainly
in the maturing tace of the Goigi complexes (Figs. 10, E). In the
NS, of pleurnpedal ganplia, only one type of seerctory granole is
present. These granules are cound and have o mean disaneter of 120
am. They contain moderate o strong electron-tense matrices
(Figs. 2C, D),

NS, cells are round or oval {10-12 jm in dimension) (Fig. 3,
Fip. 4). Their nucleus s rovad (6-8 um in diameter) with a thin

rim of keierochramitin aear the nuclear envelope, and larpe hlocks
of heterochrematin are scattered in the central region(Fig 1A, Fip.
4A). The cyloplasm of the NS, cells in the cershral gunplhia pos
sesses extensively developed rouph endoplasmic relloulig, and
has numerous mitochondria (Fig. 3D). There could be mese than
one Gelgi camplex par cell. Each Golgi complex usually consists
of four to six elongated cisternae and saccules, which we often
suerounded by dense vesieles (Fig. 3. The wmest promine il groi

Figure 3, TEM micragraphs of NS, cells af cerchiral ganglia. (A, ) Medium power micrograph n.l' NS, c.l.hil?i!ing round nuclens (’.\"u) w.lll.la |‘|
thin ritn of heterechromatin (e} wttached Lo the nucleny envelope nml barge Black nl'hc!crr‘)r'hrmnnlm seatlered in lhu‘ cerelen! u.rﬂ.\: of the nr:t |‘|_-m:
The cytoplasm possesses rough endoplasmlc reticnlum, mitochondria, Gulpi mmplcxe.s E'(.c)‘ al type | grnnu}es Gy cnnsmnm.p s.| cr_TT ..( lnu
stractre Grerw). {0, D) Enlarged view of C exhibiting the cyloplusm of the NS, containing Golgi complexes {Ge), rough endeplasmic reticulum

i e,
cmbeddud in i moderstely asmiophilic mateix. No, puelens,

mitachundria (Mt), condensing veslcles (Cv) ansi secretory granules, Type L geanates (Gry) contain o eoystallioe stenceniee {arraw}
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Figure 4. TEM micrographs of NS, cclis of plenropedal punglin. (A) An electron micrageaph of subiype a of N§; showlng round ruclens (Nu)
wlih a thin rim of heterachromatin (1le) along the periphery and in the eentral region of the nucleus. The nuclecius {No) is very promincnl. My,
mitochondria; rer, rewgh endaplasmic reticotum. (B, C) Enlarged view of A, exhibiting the cytoplasm of NS, containing Golgi complexes (Ge),
mitochondria {Mt), multivesicular body (ntvh) and secretory granules {Gr). Nu, nuclens, (D) An electron micrograph of subtype b of NS,,
exhibiling a cytoplasm filled with a large number of spherical secretory pranules (Gr). Nu, nucleus; He, heterochromatin. {E) An calarged view

of sphericul seeretory geamies (Gr) with dense matrices.

ules appear large arl round, membrane-bound, and about 500 (o
800 nm in diameter. Each granule containg crystalline structures of
variaus sizes, embedded in moderalely dense osmiophilic matrices
(Figs. 3B, D). These pranules are concentrated al the maturing face
of Golgi complexes (Fig. 3D).

The NS, cells of the pleuropedal ganglia contain abundant cell
organelles, i.e., mitochondria, rough endoplasmic retictlum, Golgi
complexes, multivesicular bodies (Figs. 4B, C), ard small spheri-
cal seerelory granutes witl dense matrices abeul 240 nm in diam-
eter (Figs. 40, E). NS, cells can be divided into two subtypces, viz

subtypes A and B. Sublype A contains only few neurosecrctory
granules, which are mostly conceatrated at the Golgi complexcs,
and there is a large amount of rough endeplasmic reticulum, m-
merbus mitochondria and exicasively-developed Golgi complexes.
Hence, they show evidence tor high sceretory activity (Figs. 4A,
B). In contrast, cytoplasm of subtype B is Glled mostly with neu-
rosecretary granules and has few additional organclles (Fig. 4D
These cells appear 10 be in a storage phase where granules are
ready to be discharged, ‘

NS, celis are smaller (8-10 zmiin size) than NS, and NS, (Fig.
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wer micrograph of NS, showing an oval nucleus (Nu) which containy
thick strands ol helerochromatin (He) neac the nuclear envelope. The nuclenlus {No) s vesy distinet. The cytoplasm contains roupgh endoplasmic
reticuluen, mitechondria, Gelgi comptexes {Ge) and secretory granules. Type 1 granules {Gr|) are composed of steong esmiophille material. Type
2 granules (Gr,) are composed of highly condensed asmiopbillc globules. (B) A high mzgnification of the cytoplasm of NS, showing extensive
Golgi complexes (Ge) und type 1 geanules (Gr,). (C) Medivm power micrograph of NS, showing oval nuclens (Nu) contalnlng thick strands of
heterochromatin (Ie) nexr the nmuclenr envelope snd blocks of heterochiromatin passiing ticongh the center of the nucleus, (D) A high magni-
fication of the cyteplasm of NS, containing type I granuies (Gr,) and type 2 grapules (Gr,}. (E) Medium power micrograph of NS, showinp
indented nuclens (Na) which contains thick strands of heterochromatin (Ele) near the nuciear envelupe and blucks of heterochromatin passing
throngh the center of the nicleus. The cytoplasm contains aggregated granules (Gr). (F) An enlarped view of E exhibiting aggregated granules

(Gr).
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5, 1. 6). The nuclei are oval (sbout 5-6 wm in dirnension) and
some are indented (Figs. 5C, E, Figs. 6A, C, D). They contain a
thick rim of heserochromatin near the nuclear enveiope, and a thick
strand of heterochromatin in the cemter (Figs. 5C, E, Fig. 6D). Tn
the NS, celis of the cerebral ganglia, the cytoplasm contains rough
endoplasmic resiculam, mitochondria, and Gelgi complexes, but
these organciles are present less ubundant, and of smaller sizes,
than those in NS, and NS, cells. Much cytoplasm is filled with
secreiory granules (Figs. 5A, D). These pranules are large (2000-
7000 am in Jiameter), membrane-hound, and contains dense, os-
miophilic globules of varions sizes (hat are nggregated together.

When examined in detail, these granules are divided info two
subtypes. Type 1 secretosy pranules are composed of strougly
osmipphilic crystalline material in a clear pround substance (1igs
5A, B}, and type 2 secretory pranules ae compoaed of highly
condensed osmiophilic globules aggregated together (Figs. 511, E
F). It is possible that type 2 secretory granules are developed from
lype 1 secretory granules.

In the NS, cells of pleuropedal gangiia, the cytoplasm cantains
less rough endoplasmic reticulum, fewer mitochoudria, and less
Giolgi complexcs, than those of NS, and NS,. NS, cclls are divided
into 1wo sublypes. Subtype 1 cytoplasm containg few, but large

Figure 6. TEM micrographs of NSy cells of the pleurnpedal panglia. (A, B} Low and high power microgruphis of N3, subtype 1 showing oval
naclei (Nu) which earttain thick strands of keterachromutin {He) at the nuclear envetope and in the central reglon. The cytoplnsm conlains few
large secretory granules {(r), (C, D) Law und high pewer micrographs of NS, subtype 2, showing aval nueleus (Nu) which contains thick sfrands
of heteeachromastin (He) near the nuclear envelupe and in the central region. The cytoplasm coutalns agprepnted granules {Gr).
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Figure 7. Compaeison of the ultrastructures of three types of neurasseretory cells in the cerchral and pleurapedal ganglia of A, asinina.

seeretory gracules, with a steong osmiophilic substance within a
clear ground maurix (Figs. 6A, 8), and subtype 2 cytoplusm con-
Geins numerous large secretory granules, cach composed of strong
osmiophilic globules aggregated logether in a4 homogeneous
ground substance {Figs. 6C, D). It is possible that nevrosecretory
cells of subtype | develop from subtype 2 through the condensa-
tion and dehydration of the osmiaphilic substance.

DISCUSSION

The ultrastructural study of the neurosecretory cells in the ce-
rebral gangiia of A, asining revealed that there are three types of
neurosecretory cells (i.e. NS,, NS, NS;). This i5 in contrast to
only two types reported by Upatham et al. (1997} using light
microscopy. The pleuropedal ganglia also contain three types of
neurosecretory cells. The details of the heterochromatin and eu-
chromatin in the nuclei of cerebral and pleuropedal ganglia neu-
rosecretary colls were revealed by light microscapy and confirmed
by the extra cesolution of TEM. The NS; nuciens contains mostly
enchromatin, while large amounts of heterachromartin was present
in NS, and NS, cells. In general, the cytoplasn of these cells
resembles that of newroscererory cells described in ether gastro-
pods, such as B. tentaculata (Andrews 1971), H. rufescens (Miller
et al. 1973, A. fulica (Kruatrachue et at. 1994) and L. stagnalis
(Boer et al, 1968).

The main differences between the nevroscerctory cells of the
cerebral ganglion and those of the plevropedal ganglion are the
type and size of neurosearctory granules. In the cerebral ganglia,
the NS, cell contains 2 types of sceretory granules (large ard
small} while the NS, cell of the pleuropedal ganglion conlains only
one type (small pranules). In addition, the NS, cells of the cercbral
and pleuropedal ganglia both contain one type of secretory pran-
vles. However, they are different both in size and content. The NS,
of both ganglia appear (o contaiz one ype of secretory gramile that
contains apgregates of dense globules

In the cerebral panglia, the NS, eytoplesm is composed of celi
organelles. including numerous mitochondiii, rough endoplasmic

reticulum, Golgi complexes and secretary grancles, which reflects
a highly active seergtory functions, Golgi complexes are extremely
laege and there may be severat present in & cell. Small electron-
dense secretory granules arc associated with the maturing face of
Golgi complexes. These granules were laler formed widely dis-
tributed throughout the cytoplasm. Hence, this indicates that the
Goigi complexes in the newrosecretory cells of H. asinina have a
similas role in pucking of electron-dense matenal, similar ¢¢ those
of neurcsecretory cells reported in other gastropods (Boer et al.
1968, Kai-Kai & Kerkut 1979).

The ultrastruciural characteristics of the NS, of the cerebral
ganglia indicate that it is a highly active synthelic cell. In com-
parison, the cytoplasm of NS, and NS5 contains only one type of
granules, which are large round in NS, and polymorphic in N§,.
These granules bear crystalline structures in NS, and in NS, and
are composed of agprepates of dense osmiophilic substances. The
similarity between granules in N&; and NS, tends to indicate that
the twe cells could he of the same group. While the NS, appears
1o he in a more active secretry phase, the NS, has reached the
fully differentiated state, in which hormonal product is alrcady
produced in abundance, stored, and ready for release.

In the present study, the cytoplasms of N8, and NS, cells in the
plevropedal ganglia of M. asinina exhibit charsclerstics which
imply that they have actively syniletic fearures, These are the
numerous mitochondria, reugh endoplasmic reticulumn, Gelgi com-
plexes, multivesicular hodies and secretory gramules, and numer-
aus small clear vesicles that may be transpont vesicles in the cy-
toplasm. Rough endoplasmic reticulum and Golgi complexes are
well developed. The electron-dense secretory granules are prob-
ably formed from'the Golgi complex. This process is sirnilar to that
described in neurosecretory cells in the pleural ganglia of L. stag-
nalis (Bonga 1970).
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Abstract

The process of chromatin condensation during the transformation from spermatids to
spermatozoa in rat was observed by transmission electron microscopy. In Golgi and cap
phase spermatids (stages 1-7) chromatin fibers consist of 2 sizes, i.e., 10 nm and 30 nm
thick (level 1 and 2). The latter are uniform fibers that appear as dense dots in cross
section, while the former are thin zigzag fibers that link between 30 nm fibers. Both of
these chromatin fibers are evenly distributed in the nuclei of these spermatids. In earlier
stages, tevel 1 fibers tend to predominate, white in later stages level 2 fibers are the
majority. In early acrosome phase spermatids (stages 8-9) the nuclei transform from
round to pear shape with partially formed acrosomes covering the anterior ends; and the
chromatin fibers, which are mostly at level 2, are packed closely and evenly together.
There are increasing number of larger fibers about 40 nm in diameter (level 3) in the
subacrosomal region of the nuclei, particularly in stage 9. In mid acrosome phase
spermatids (stages 10-12) the 40 nm fibers appear to grow in width to 50 nm (level 4)
which transform into long straight fibers that are interlaced together in several
directions, and become distributed evenly throughout the nuclei. In late acrosomal phase
spermatids (stages 13-14) the chromatin appears as 60 and 70 nm thick knobs and
branching cords (levels § & 6) in the anterior part of the nucleus wl{ich becomes highly
tapered, while the posterior part still contains mainly 50 nm straight fibers. The wave of
transformation to thick chromatin cords continucs from the anterior to posterior regions,
until in maturation phase spermatids (stages 15-17) when chromatin in the anterior
halves of some nuclei is compietely condensed and the rest of chromatin appears as 90-
100 nm thick (level 7) branching cords with intervening light narrow spaces. [n
immature spermatozoa {stages 18-19) the chromatin becomes completely condensed

with only few pale spots scattered widely throughout each nucleus.



Introduction

During the process of spermiogenesis of most mammals, DNA in the haploid
male germ cells are progresssively condensed by the gradual replacement of histones
with transitional proteins. These proteins are replaced in turn by protamines which are
the most basic nuclear proteins (Balhorn et al., 1984; Grime and Smari, 1985).
Concurrent with the histones' replacement, the original nucleosomal-based chromatin
fibers transform into different organization and become condensed into various patterns
which finally form completely electron-opaque mass as seen in the nuclei of the fully
mature spermatozoa (Doober et al., 1973). The degree of chromatin compactness in
mature sperm of various species depend on the amount of histones being replaced by
protamines. Rat spermatozoa exhibit denser chromatin than human spermatozoa, which
is probably due to the lower percentage of histones remaining in their chromatin
(Subirana, 1975). Whereas nucleohistone chromatin fibers in spermatids of all mammals
examined so far appear to have nucleosomal organization which may be arranged in
form of 30 nm solenoid fibers, nucleoprotamine chromatin fibers may vary in forms;
and in rat spermatozoa they may exist in the form of large fibers or cords with thickness
about 80-100 nm that are aligned in parallel (Sobhon et al., 1981). In this study we have
identified in rat spermatids, the different levels of higher-ordered of chromatin fibers

and the pattern of thetr condensation.
Materials and Methods

Adult Wistar rats age 10-12 weeks were obtained from National Center for
Experimental Animals, Salaya Campus, Mahidol Uﬁiversity, Bangkok, Thailand. They
were anesthetized by ether inhalation, and the testes were removed, sliced into small
pieces and fixed in 2.5 % glutaraldehyde in 0.1 M phosphate buffer, pH 7.4, at 4'c

overnight, and postfixed in 1 % OsQ, in the same buffer for 2 hours. Subsequently, the



tissue blocks were dehydrated by ethanol and embedded in Araldite 502 resin. Ultrathin
sections were cut and stained with lead citrate-uranyl acetate and examined under a
Hitachi TEM H-300 at 75 kV. Catalase crystal (Agar Aids) were photographed at

various magnifications and used for the measurement of chromatin fiber sizes.

Results

The organizational levels of chromatin fibers in various stages of spermatids
were examined by TEM and their thickness measured.

Round spermatids These cells belong to the Golgi and cap-phase which,
according to the classification proposed by Leblond and Clermont (1952), cotrespond to
stages & to 7 (Fig.1A; 6). The nuclei of these cells, which are round, have two levels of
chromatin fibers (Table 1): level 1 are fine zig-zag fibers that are dispersed throughout
the nucleus, each with the thickness about 10 nm. Level 2 are thicker fibers having
about 30 nm in diameter, which usually appear as dense dots in cross section; and these
fibers correspond to fundamental chromatin fibers that are present in the nuclei of
various stages of spermatocytes as well as in somatic cells. Level 2 fibers may aggregate
tightly together to form small blocks or narrow strips-of heterochromatin close to the
nuclear envelope (Fig.1B). Only small amount of heterochromatin blocks were
observed in the nuclei of round spermatids, as the majority appear in the form of 10 nm
and 30 nm fibers which constitute the main mass of euchromatin.

Early acrosome phase spermatids These cells correspond to stage 8 and 9
(Leblond and Clermont, 1952, also see Fig.6). The nuclei of these cells are transformed
into oval or pear shape, and the acrosome becomes definitive structure covering the
anterior part of the nucleus. The nuclear membrane under the acrosome is thickened and
the nuclear ring together with manchette consisting of 4-5 layers of longitudinally
oriented microtabules are formed (Fig.1C, D). The main mass of cytoplasm moves to

the posterior end (Fig.1C). Within the nucleus, in addition to the two levels of



