This file is part of the following reference:

Rusaini, (2006) The lymphoid organ in penaeids and it’s interaction
with moulting. Masters (Research) thesis,
James Cook University.

Access to this file is available from:
http://eprints.jcu.edu.au/2089

THE LYMPHOID ORGAN IN PENAEIDS AND
ITS INTERACTION WITH MOULTING

Thesis submitted by

R U S A I N I
in July 2006

for the degree of Master of Science in
Microbiology and Immunology
School of Veterinary and Biomedical Sciences
James Cook University
Townsville, northern Queensland
Australia

ii

STATEMENT OF ACCESS
I, the undersigned, the author of this thesis, understand that James Cook University
will make this thesis available for use within the University Library and, via the
Australian Digital Theses network, for use elsewhere.
I understand that, as an unpublished work, a thesis has significant protection under
the Copyright Act and I do not wish to place any further restriction to access to this
work.

Signature: Rusaini

Date: July 2006

iii

DECLARATION
I declare that this thesis in my own work and has not been submitted in any form for
another degree or diploma at any university or other institution of tertiary education.
Information derived from published or unpublished work of others has been
acknowledged in the text and a list of references is given.

Signature: Rusaini

Date: July 2006

iv

ELECTRONIC COPY
I, the undersigned, the author of this work, declare that the electronic copy of this
thesis provided to the James Cook University Library is an accurate copy of the print
thesis submitted, within the limits of the technology available.

Signature: Rusaini

Date: July 2006

v

DECLARATION OF ETHICS
The research presented and reported in this thesis was conducted within the
guidelines for research ethics outline in the National Statement on Ethics Conduct in
Research Involving Human (1999), the Joint NHMRC/AVCC Statement and
Guidelines on Research Practice (1997), the James Cook University Policy on
Experimentation Ethics. Standard Practices and Guidelines (2001), and the James
Cook University Statement and Guidelines on Research Practice (2001). The
proposed research methodology received clearance from the James Cook University
Experimentation Ethics Review Committee (approval number A956).

Signature: Rusaini

Date: July 2006

vi

ACKNOWLEDGMENT
It was a great opportunity to be a part of the student community of the Discipline of
Microbiology and Immunology, School of Veterinary and Biomedical Sciences,
James Cook University, Townsville, Queensland, Australia. I experienced a
wonderful period studying at this university with many amazing people who have a
willingness to offer their hands in helping me. From my deepest heart, I would like to
state my sincere gratitude for these incredible people.
I would like to thank Assoc. Prof. Leigh Owens, a big man, a great supervisor with a
million brilliant ideas for his great patience, criticism, enthusiasm and non-stop
support and suggestions on everything I have done and in developing the ideas in my
work. Thank you for your proof reading and correction of the manuscript. Thank
you for your friendship, sense of humour and help in increasing my enjoyment of my
study period at James Cook University. Also I would like to apologise for confusing
you every time we had a chat about anything related to my work.
I would like to thank Mr. Laurie Reilly who introduced me to histopathological
techniques. Thank you for your great patience when you guided and taught me in
preparing histological sections and taking the photographs. I would also like to
thank the technicians within this school, Helen Long, Karen Johnston, Kerryn Price
Wilson, and Karen Juntunen for helping me to prepare all the equipment and
materials for my research. All staff and administration officers at VBMS, Lorraine
Henderson, Kylie Bannister, Patricia Gorbal, thank you for helping me cope with the
administration. All the lecturers, Graham Burgess, Warren Shipton, Lee Skerratt,
who taught me in the classroom when I did my graduate research diploma and with
whom I often had occasion to chat. Furthermore, thanks to Norman Taylor for
editing the manuscript.
Thanks to “Leigh’s Army”, the Aquatic Animal Pathobiology students. Kerry
Claydon, who guided me in histology and provided slides for my preliminary study.
James Munro who provided me with prawns to learn how to stage the moult and
GAV infected prawns. Lisa Cimino and Kathy La Fauce as good company in the
aquarium and fish lab, and my wonderful room mates (TV 107) Jennifer Elliman,

vii
Kjersti Krabsetsve, and Nancy Salcedo with whom I chatted everyday, sharing funny
stories and happiness, even though sometimes I miss the point because of the
language barrier. Thanks to my Japanese fellow, Ryutaro Ueda who wanted me to
be an Australian Idol which was the least of my ambitions. For northern Queensland
farmers: Chris Bohlam and Sam Sciacca, thank you for your cooperation in allowing
me to sample every week on your farms.
I would like to thank AusAID Australian Development Scholarship Program who
gave me funding to study in Australia including the fortnightly stipend. ADS
Liaison Officers at JCU, Alex Salvador, Cinzia Spinelli, Larissa Siliezar, thank you
for your kindness and help. Thanks to all ADS and ACIAR students at School of
Veterinary and Biomedical Sciences, JCU in particular Auliah Abdullah, Suyatmi,
Azman Abd. Manaf, Aryadi Arsyad, Yulia Djabir, Sabina Shakya, Madhav Aryal,
Samjhana Kafle, Juliet Machanja and Elizabeth Molina, for help and nice chats.
Thanks to the Indonesian Student Association, JCU and Indonesian Community in
Townsville who helped me to settle in Townsville, for support, regular gathering and
weekly sport activities including ping pong and volley ball. Special thanks to my
wonderful friends Ghitarina and Coco Soetrisno and their families who helped me
sample every week on the farms, support and best friendship that I had in
Townsville, and everything you have done for me.
To my lovely family, father H. Nasrullah and mother Hj. Padiyah, bother and sisters:
Hj. Matahari and her family, H. Umar and his family, Hj. Sumiati and her family,
and Hj. Nurlina and her family. Thank you for your endless love, prayer, and
support by every weekly call. Last but not least, for everyone whom I could not
mention all their names in this thesis, thank you for a wonderful thing you gave me.
All in all, the Almighty God, Allah thanks for the life that you gave me.

viii

DEDICATION

In the name of Allah, the compassionate, the merciful
Praise be to Allah, Lord of the universe
Peace and prayers be upon His final prophet and messenger

Glory to Allah, who created in pairs all things that the earth produces, as well as their own
(human) kind and (other) things of which they have no knowledge.
And a sign for them is the night: We withdraw there from the day, and behold they are plunged
in darkness.
And the sun runs its course for a period determined, for it that is the decree of (Him), the exalted
in might, the all knowing.
And the moon,, We have measured for it, mansions (to traverse) till it returns like the old (and
withered) lower part of a date stalk.
It is not permitted to the sun to catch up the moon, nor can the night outstrip the day, each (just)
swims along in (its own) orbit (according to law). (The Holy Qur’an, 36: 36 – 40).

If there is
any goodness in this work,
I would dedicate it to
my beloved Mum and Dad,
and my lovely brother and sisters.

ix

ABSTRACT
Prawn immunity is still a mysterious puzzle in immunology. However, this
knowledge is important in culture management in order to avoid the devastating
impact of infectious pathogens and economic losses. Furthermore, since the
effectiveness of vaccination and immunostimulants is unclear, the enhancement of
immune capability of prawns might provide a bright light to this industry. Therefore,
the objective of this thesis was to develop a simple modified method of quantifying
the histopathological changes of a component of the lymphoid organ (LO), the
spheroid cells, and apply this technique in a study of the influence of moult cycle,
lunar rhythm, and viral infections on spheroid cells quantification.
Moult cycles of P. monodon were studied by using setal development (setogenesis)
and retraction of epidermis from the setal bases (apolysis) in the inner uropod
adjacent to the telson tip. Five stages and four substages of the moult i.e. postmoult
(stage A and B), intermoult (stage C), and premoult (stage D0, D1, D2 and D3/D4)
and ecdysis (stage E) could be determined by applying these two criteria. However,
unsynchronised development of these two criteria in abnormal prawns led to the
difficulties in differentiating between stage B, C and D.
A modified transect technique seemed to offer a simple, rapid, and accurate method
in analysing the abundance of spheroid cells in the lymphoid organ. Furthermore,
one half longitudinal section of the cephalothorax represented the abundance of the
spheroid cells in the lymphoid organ of penaeid prawns. Based on this technique, the
fluctuation of the lymphoid organ spheroid (LOS) cells during the life of P.monodon
was investigated. It was found that animal size (weight and total length) had no
significant effect (P > 0.05; ANOVA) on the spheroid to total tissue (STT) ratio, the
prevalence of vacuolated spheroids and the number of vacuoles in the spheroid cells.
Unfortunately, the cyclic phenomena of the prawn’s, moult cycle also showed no
significant effect on any measure of spheroid cells (P > 0.05) rejecting the original
hypothesis of this work. The effect of the prawn’s sex was variably related to the
spheroid cells during the experiments. In the first two trials (Chapter 5 and 6),
evidently sex had no significant effect on any measure of spheroid cells (P > 0.05).
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However, in the last experiment (Chapter 7) female bias on the ratio of STT was
obvious (P < 0.05).
Lunar related patterns on the spheroid to total tissue ratio were evident during the
experiments. It was found that the STT ratio was significantly lower at new moon
than first quarter and full moons (P < 0.05). This indicated that increased activity of
the prawns during the dark moon enhanced immunocompetence of the prawns to
eliminate viral diseases. Moreover, apparently, the STT ratio of GAV-injected
prawns was significantly higher than control prawns (P < 0.05). Together with this,
the presence of distinct bacterial granulomas in the lymphoid organ implied that the
formation of the spheroid cells in the haemal sinuses of the lymphoid organ was only
associated with viral diseases not with bacterial infections.
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(arrow) and one focus inside the LOS cell (bold arrow) suggesting that
originally these foci developed from the LOS cells, scale bar = 50 µm;
(e) multiple formation of bacterial granulomas (arrow) in the two lobes
of lymphoid organ, cross section, scale bar = 200 µm; (f) melanized
nodule in the gill of the prawn with multiple layer of haemocytes
encapsulated the odule (arrow), note the haemocytic infiltration
(bold arrow), scale bar = 100 µm; (g and h) massive melanized nodules
(arrow) in the hepatopancreas surrounded by multiple layer of
haemocytes resulted in the inflammation of the tissue and atrophy of
hepatopancreatic tubules (bold arrow), scale bar = 100 µm (g) and
200 µm (h); (i) massive haemocytic aggregations in the haemal sinuses
between tubules (bold arrow) and apoptotic cells (arrow) in the
hepatopancreas tubules, scale bar = 50 µm.
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Figure 7.2. Mean (± SE) the spheroid to total tissue (STT) ratio (a),
the prevalence of vacuolated spheroids (b) and the number of vacuoles in
spheroids (c) of P. monodon at various days post-injection (dpi).
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Figure 7.3. Mean (± SE) the spheroid to total tissue (STT) ratio (a),
the prevalence of vacuolated spheroids (b) and the number of vacuoles in
spheroids (c) of P. monodon at different moult stages.
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Figure 7.4. Mean (± SE) the spheroid to total tissue (STT) ratio (a),
the prevalence of vacuolated spheroids (b) and the number of vacuoles in
spheroids (c) of P. monodon at four lunar phases. NM, new moon; FQM,
first quarter moon; FM, full moon and LQM, last quarter moon.
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Figure 7.5. The spheroid to total tissue (STT) ratio of P. monodon at
four lunar phases with two different treatments.
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Figure 7.6. Mean (± SE) the spheroid to total tissue (STT) ratio(a),
the prevalence of vacuolated spheroids (b) and the number of vacuoles in
spheroids (c) of P. monodon with two different treatments.
* Significant difference (P < 0.05).
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Figure 7.7. Mean (± SE) the spheroid to total tissue (STT) ratio (a),
the prevalence of vacuolated spheroids (b) and the number of vacuoles in
spheroids (c) of P. monodon in both sexes.
* Significant difference (P < 0.05).
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Figure 8.1. Light micrograph of longitudinal section of various tissue of
P. monodon from one slide showing ectopic spheroids (arrow) in
hepatopancreas (a), connective tissue (b) and the heart (c). H & E stain.
Scale bar = 100 μm.

144

xxv

LIST OF ABBREVIATION
AMP

Anti-microbial peptide

BGBP

Beta-glucan binding protein

CL

Carapace length

CP

Clotting protein

CPUE

Catch per unit of effort

DHC

Differentiated haemocyte count

DNA

Deoxyribonucleic acid

dpi

Day post-injection

EST

Expressed sequence tag

GAV

Gill associated virus

HDL

High density lipoprotein

HH

Hyaline haemocyte

HLF

Haemocyte lysate fraction

HLS

Haemocyte lysate supernatant

hpi

Hour post-injection

HPLC

High performance liquid chromatography

HPT

Haematopoietic tissue

HST

Head soft tissue

ICC

Immunocytochemistry

ISH

In situ hybridization

KBr

Potassium bromide

kDa

kiloDalton

LGBP

Lipopolysaccharide and β-1,3-glucan-binding protein

LGH

Large granular haemocyte

LM

Light microscope

LO

Lymphoid organ

LOS

Lymphoid organ spheroid

LOV

Lymphoid organ virus

LOVV

Lymphoid organ vacuolization virus

LPS

Lipopolysaccharides

LPV

Lymphoidal parvovirus

xxvi
LSD

Least significant difference

LSNV

Laem-Singh virus

MCMS

Midcrop mortality syndrome

ME

Mercaptoethanol

MSGS

Monodon slow growth syndrome

PG

Peptidoglycan

pH

Puissance d’hydrogene

pI

Isoelectric point

PNR

Peripheral neuropathy and retinopathy

PO

Phenoloxidase

ppA

Prophenoloxidase activating enzyme

proPO

Prophenoloxidase

proppA

Pro-form of prophenoloxidase activating enzyme

RBC

Red blood cell

rER

Rough endoplasmic reticulum

RNA

Ribonucleic acid

ROI

Reactive oxygen intermediate

RV-PJ

Rod-shaped nuclear virus of Penaeus japonicus

SDS-PAGE

Sodium dodecyl sulphate polyacrylamide gel electrophoresis

SGH

Small granular haemocyte

SPF

Specific pathogen free

TCID50

50% tissue culture infective dose

TEM

Transmission electron microscopy

TGase

Transglutaminase

THC

Total haemocyte count

TMMS

Three main moult stages

TSV

Taura syndrome virus

TUNEL

Terminal deoxynucleotidyl transferase (TdT) – mediated
dUTP Nick-End Labelling

VHDL

Very high density lipoprotein

VTG

Vitellologenin

WSBV

White spot associated baculovirus

WSSV

White spot syndrome virus

YHV

Yellow head virus

