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1.0 NON-TECHNICAL SUM MARY 

97/222 Development of continuous prawn cel l  l ines for virus isolation and 
cultivation 

PRINCIPAL INVESTIGATOR: Dr. Mark Crane 

ADDRESS : CSIRO Livestock Industries 
Australian Animal Health Laboratory 
AAHL Fish Diseases Laboratory 
Private Bag 24 

OBJECTIVES 

Geelong, VIC 3220 
Telephone: 03 5227 5000 
Fax: 03 5227 5555 

1 .  To obtain continuous cell lines from prawn tissues. 
2. To select continuous prawn cell lines which are susceptible to virus infection 

and capable of supporting virus growth. 
3. To develop diagnostic procedures for the isolation of viral pathogens (both 

enzootic and exotic) of prawns using developed cell lines. 

NON-TECHNICAL SUM MARY 

OUTCOM ES ACHIEVED 

The major outcome from this project is recognition that routine methods of cell 
culture are inadequate for the production of continuous prawn cell lines. In addition 
to obtaining basic information on the physiology and biochemistry of penaeids, 
utilisation of modern techniques in somatic cell genetics and molecular biology 
require further investigation. 

The aim of the project was to develop continuous cell lines, through the use of 
mutagenesis of cultured cells derived from prawn tissues, to improve our capacity to 
isolate and characterise prawn viruses and speed the response to new pathogens 
that threaten farm production. Thus the cell lines would be susceptible to infection by 
a range of prawn viruses, such that diagnostic procedures using these cell lines 
could be developed. In addition, the availability of these cell lines would facilitate the 
development of other diagnostic procedures (immunoassays and molecular tests) for 
viral diseases (both exotic and enzootic) of prawns. 

Objective 1 

A prerequisite for the development of continuous (immortal) cell lines is the 
establishment of primary (mortal) cell cultures which have a limited life-span but are 
capable of cellular replication (cell growth and division) over an extended but finite 



period. It is during this period of limited cellular division that the primary cell cultures 
would be amenable to manipulation in such a manner that production and selection 
of cells with the potential for unlimited cellular replication could be achieved. 

In other cell culture systems such as those developed for mammalian or insect cells, 
nutrient media, supplemented with factors which stimulate growth, have been 
established for decades. Previous studies have demonstrated that these media can 
be used to establish primary cultures of cells derived from various prawn tissues but, 
to date, continuous (immortal) prawn cell lines have not been developed. This 
project, drawing on previous experience from mammalian and insect systems, was 
aimed at the development of continuous prawn cell lines. By switching on genes 
which promoted cell division, or by switching off genes which prohibited cell division, 
it was anticipated that prawn cell lines could be developed using this mutagenesis 
approach, as has been achieved with other systems. 

Preliminary studies were undertaken to reproduce the establishment of primary 
prawn cell cultures demonstrated previously by other research groups. These 
primary cultures would be the starting point for any mutagenesis studies. While the 
initial aim of establishing primary cultures was achieved it became evident that such 
cultures had a very restricted potential for cellular division. Indeed, contrary to 
previous studies, it was concluded that very few, if any, cells in these cultures were 
actively dividing. This conclusion was supported by results from experiments which 
directly measured the number of cells in the cell division cycle. 

Thus primary cultures derived from prawn post-larval tissues, due to the lack of high 
levels of cellular replication, were deemed inappropriate for mutagenesis studies. 
Nevertheless, there were other sources of prawn cells which demonstrated high 
levels of cell division such as embryonated eggs. In collaboration with AIMS and 
CSIRO Marine Research, studies were undertaken to establish primary cultures from 
early stage embryos. While it was demonstrated that embryos could be stripped of 
their fertilisation membrane to allow access to the cells, the process could not be 
scaled up to generate sufficient numbers of denuded embryos to establish primary 
cultures with adequate numbers of cells for further manipulation. 

Objectives 2 and 3 

Objectives 2 and 3 were dependent on achieving objective 1 .  While objective 1 was 
not achieved, results from this project have demonstrated unequivocally that current 
materials (existing culture media) and methods (tissue explants) are inadequate for 
the development of continuous prawn cell lines. As with other systems it may be 
necessary to return to basics i .e.  undertake research on the development of a 
specialised culture medium for prawn cells including the identification of prawn cell 
growth factors. In addition, utilisation of molecular techniques for manipulating prawn 
genetic material to facilitate cell line development should be assessed. Thus the 
findings of this project provides information essential to the establishment of future 
research projects aimed at the development of continuous prawn cell lines. 

While continuous prawn cell lines have not been produced, it is noteworthy that 
primary cultures have been maintained for over 1 40 days and will be maintained until 
they die or undergo spontaneous transformation and initiate cellular replication. 

KEYWORD S :  prawn cell culture, cel l  lines, prawn viruses 
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3.0 INTRODUCTION 

3.1 BACKGROU ND 

The current lack of continuous ( immorta l )  prawn ce l l  l i nes su itable for  the iso lation 
and cu ltivation of vira l  pathogens of prawns is a serious obstacle to effective d isease 
contro l  for the prawn farming ind ustries (Crane and Bernath , 1 996) .  V ira l  d iseases of 
prawns have had and continue to have a serious negative impact on the Austra l ian 
industry. Currently, the Austra l ian prawn farming industry is va lued at approximately 
AUS$50 mi l l ion and an estimate of the losses through viral  d isease is p laced at 
approximately 40% morta l ity. This project wi l l  bring together  cel l  cu ltu re/aquatic 
an imal  d isease expertise at AAHL and prawn biology expertise at A IMS and wi l l  
complement other work currently undertaken .  For  example ,  the deve lopment of 
molecular and/or  immunod iagnostic tools for v irus identification wou ld  be g reatly 
faci l itated by, if not re l iant on ,  the ava i lab i l ity of continuous cel l  l i nes su itab le for virus 
cu ltivation (Mari et a l . ,  1 993a, b) . Th is p roject has been d iscussed at the Aquacu lture 
CRC meeting held at B risbane (October 1 996) wh ich i ncluded scientists and ind ustry 
participants in prawn health research and by the prawn virus research g roup .  The 
aim of the project is to develop continuous ce l l  l i nes , th rough the use of mutagenesis 
of prawn tissues, to improve our capacity to isolate and characterise prawn viruses 
and speed our response to new pathogens that threaten farm prod uction .  

The g rowing occurrence of viral  d iseases i n  farmed prawns worldwide ,  includ ing 
Austra l ia ,  has d ramatica l ly reduced and continues to threaten prod uction  (L ightner et 
al . ,  1 995;  Rosenberry, 1 995;  Wongteerasupaya et a l . ,  1 995) .  Work carried out to 
date on  crustacean v iruses has demonstrated that new vira l  species a re being 
encountered and that, often ,  there are mixed infect ions with more than one virus 
present (L ightner et a l . ,  1 993 ; Owens , 1 993) .  Thus d isease contro l  i s  extremely 
d ifficu lt ; the viruses have to be separated from each other  to identify the pathogen ,  
before appropriate d isease management reg imes can be organ ised , and before virus 
characterisation ,  inc lud ing molecu lar probe development, can be underta ken (Lu et 
a l . ,  1 99 1 ; L ightner et a l . ,  1 993). 

The extent to which characterisation of new v iruses is s lowed by the lack of su itab le 
cel l  culture techn iques has been i l l ustrated by the t ime sca les requ i red to isolate the 
viruses invo lved i n  the relatively recent d isease outbreaks i n  Austra l ia .  Work has had 
to re ly upon tests with whole animals and the sources of these cannot be g uaranteed 
vi rus-free. Prior to the avai lab i l ity of in vitro systems for vertebrates ,  v i ro logists 
uti l ised whole ,  l ive an imals as their  test systems to g row viruses and identify vira l  
pathogens.  I n  the 1 950s , development of cu ltured cel l  monolayers ,  particularly 
continuous cel l  l i nes ,  g reatly faci l itated v i rus cultivation ,  isolation ,  quantification and 
characterisation (Luria et a l . ,  1 977). I ndeed , the basic techniques estab l ished then 
are sti l l  in use today (Murray et a l . ,  1 995) .  The capabi l ity to g row v i ruses i n  
continuous cel l  l i nes not on ly faci l itates purificat ion of  v iruses from mixed i nfections 
and positive identification  of d isease-caus ing agents but a lso provides a continuous 
source of purified v i rus for further stud ies .  

The ava i lab i l ity of continuous ( immortal )  cel l  l i nes has severa l advantages over 
primary (morta l )  cel l  cu ltures as a research and d iagnostic too l .  F i rstly, being 
immorta l ,  cel l  l i nes can be continuously passaged i n  vitro with no need to return to 
whole an imals (prawns) as the source of ce l ls ;  estab l ishment of primary cel l  cultures 
is a ted ious,  labour- intensive and t ime-consuming techn ique .  Moreover, continuous 
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ce l l  l i nes a re clona l ,  i .e .  they are re lative ly homogeneous with respect to genotype 
and phenotype with stable properties such as virus susceptib i l ity, and can be 
stab i l ised in l i qu id n itrogen for severa l  years. Continuous cel l  l i nes can be mass 
cultured with i n  a short time period which may be essentia l  in  the face of a serious 
and extensive d isease outbreak. 

A further l imit ing factor i n  the cu ltivat ion of v iruses is the host- and/or t issue
specificity exh ib ited by some viruses . I n  th is respect many of the major v ira l  
pathogens of  finfish requ i re the use of  fish cel l  cu ltures of  specific o rig i n  to  support 
their  g rowth and development. The commercia l  success of the sa lmonid and cyprin id  
aquacu lture industries world-wide is d ue ,  i n  part ,  to the development of fish cel l  l i nes 
(Wolf and Mann ,  1 980) which are used to mon itor farmed fish popu lations for the 
presence of specific vira l  pathogens. Even in this era of molecu lar  bio logy, vi rus 
iso lat ion in cel l  cu lture ,  where avai lab le ,  is sti l l  considered the most sensitive 
techn ique for the detection of v iruses (Leong ,  1 995) and is an integral part of the OIE 
Aquatic An ima l  Health Code and Diagnostic Manual for Aquatic An imal  D iseases 
developed to contro l  the spread of d iseases through international trade (O IE ,  2000 , 
200 1 ) .  

The a im of  th is  project, us ing mutagenesis of  prawn tissues (c.f. Trott et  a l . ,  1 995) ,  i s  
to  develop contin uous cel l  l i nes to improve ou r  capacity to iso late and characterise 
prawn viruses and speed our  response to new pathogens that threaten farm 
production ,  bri ng ing together the considerab le sk i l ls  i n  cel l  culture ava i lab le at AAHL 
and  researchers a t  A IMS who have prawn ce l l  cu ltu res that have been mainta ined 
for some time (F raser and Ha l l ,  1 999). In add ition ,  this project wou ld complement the 
work of Dr. Lan i  West, QDP I ,  on primary prawn cel l  cu ltu res, for  which basic cu lture 
cond it ions have been elucidated . 

Prior to commencement of this project it was recommended , i n  o rder  to obta in  the 
most recent data , that an i nternational workshop on prawn cel l  culture shou ld be 
convened . I t  was recogn ised that since there were few, if any, estab l ished ( immorta l )  
cel l  l i nes derived from prawn tissues reported in  the l iteratu re ,  there may be 
u npub l ished information from laboratories with a long h istory of i nvo lvement in p rawn 
cel l  culture research . With support for Aquacu lture CRC Ltd . ,  Drs Mark Crane 
(CS I RO AAHL) and John Benzie (AI MS) o rgan ised an i nternationa l  workshop on 
prawn cel l  cultu re to which known experts on  prawn , crustacean ,  mol luscan and 
insect cel l  cu lture were i nvited to participate . 

3.2 NEED 

The ab i l ity to  isolate v iruses i n  cel l  cu ltu re is fundamenta l to d isease d iag nosis in  
both human and veterinary ( i nclud ing aquatic an imals) medicine .  In  add ition ,  the 
ab i l ity to g row the v irus in culture provides a potentia l ly l im it less sou rce of pure virus 
and thus faci l itates further characterisation  of the virus and development of more 
sophisticated and improved d iagnostic proced u res. At present, v i rus isolation i n  cel l  
cu lture remains ,  for  most pathogenic viruses where ce l l  culture systems have been 
d eveloped , the most sensitive and re l iab le techn ique for the d etection of vira l  
pathogens of fish  (OI E ,  2000) .  

The current lack of continuous prawn cel l  l i nes su itable for the iso lat ion and g rowth of 
prawn viruses is a major set-back for the d iagnosis of vira l  d iseases of prawns (see 
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Crane and Bernath , 1 996, for review); isolation and identification of the causative 
agents is severely h indered and the development of other d iagnostic proced ures is 
s lowed. 

The app l ication of virus iso lation in ce l l  cu ltu re and the crit ica l ro le  it p lays i n  
certifying freedom of d isease and  contro l l i ng the spread of d isease is exempl ified by 
its use in the international trade of salmonid prod ucts (OI E ,  2000,  200 1 ). I nd ivid ual  
sa lmon id cel l  l i nes are susceptib le to i nfect ion by a range of sa lmonid viruses and 
provide an essentia l  too l for hea lth survei l lance and certificat ion programs and is a 
requ i rement for the i nternational  trade of specific products. S imi lar  regu lations may, 
in the future , be requ i red for internationa l  trade of penaeid prod ucts. 

The a im of this project is to deve lop continuous prawn cel l  l i nes which are 
susceptib le to i nfection by a range of prawn viruses , to d evelop d iagnostic 
proced ures using these cel l  l i nes and to demonstrate the appl icatio n  of these cel l  
l i nes to  the development o f  other  d iagnostic proced ures for v i ra l  d iseases (both 
exotic and enzootic) of prawns. 

3.3 OBJECTIVES 

1 .  To obtain  cont inuous cel l  l i nes from prawn tissues. 

2 .  To select continuous prawn cel l  l i nes which are susceptib le to  v irus i nfection 
and capable of supporting v i rus g rowth. 

3.  To develop d iagnostic procedu res for the isolation of v ira l  pathogens (both 
enzootic and exotic) of prawns using developed cel l  l i nes. 
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4.0 METHODS 

4.1 Juveni le and Adult Prawns 

4. 1 . 1  Source of Prawn Tissues 

Various prawn tissues were sourced from juveni le prawns and from spawn ing adu lts. 
Prawns ,  Penaeus monodon, were obtained from the Austra l ian I nstitute of Marine 
Science (AIMS) ,  Townsvi l le  QLD and P. japonicus from CS I RO Marine Research 
(CMR),  Cleveland QLD. Experiments a imed at estab l ish ing pri mary cel l  cultures from 
tissues of adult and juven i le  prawns were undertaken at the Austra l ian Animal  Health 
Laboratory (AAHL),  CS I RO Livestock I nd ustries,  Geelong , at A IMS and at CMR. 

Prawns used at AAHL ,  were transported from Queensland to Geelong where they 
were mainta ined at AAH L  in  aerated marine aquaria at a constant temperatu re of 
26°C. Prawns were fed twice da i ly us ing fresh squid o r  com mercial pel lets. Water 
qua l ity was monitored da i ly. 

4. 1 .2 Disinfection of Prawns 

On the day prior to obta in ing tissues for  ce l l  cu lture ,  prawns were transferred to a 
sma l l  isolated aquarium ,  with ant ib iotics added to water (ant ibiotic seawater) at the 
fol lowing final concentrations :  

Penici l l i n :  
Streptomycin :  
Amphoteric in B (Fung izone) :  
Gentamycin: 

1 000 I U/ml 
1 000 µg/ml 
5 µg/ml 
50 µg/ml 

Fol lowing overn ight maintenance in antib iotic seawater, ind ivid ual  prawns were 
sedated by transferring them to aerated , ch i l led seawater (wh ich had been 
mainta ined in  a -70°C freezer overn ight) unt i l  movement ceased. Only one prawn 
was man ipu lated at any one t ime. Fol lowing sedation ,  i n  o rder to d is infect the 
carapace ,  p rawns were transferred to ch i l led (maintained at 5-1 0°C using ice) ,  1 0% 
(w/v) sod ium hypochlorite i n  seawater for 1 5  minutes. Prawns were removed and the 
surface wiped with 70% ethanol. At th is stage each prawn was d issected and tissues 
from al l major internal o rgans (heart, hepatopancreas,  ep idermis ,  ta i l  muscle , gut, 
lymphoid o rgan ,  eyesta lk ,  antennae,  eye , gonad ) were o btained and p laced in  ce l l  
cu ltu re med ium.  

In  add it ion to us ing juven i le  prawns as sources of tissues for  cel l  cu lture ,  other  l ife
cycle stages were uti l ised inc lud ing naup l i i. 

4.2 Eggs and Nauplii 

4.2 . 1  Source of Eggs and Nauplii 

Embryonated eggs and naup l i i  of Penaeus monodon, were obtained from the 
Austra l ian I nstitute of Marine Science (AI MS) ,  Townsvi l l e  QLD and of Penaeus 
japonicus from CS I RO Marine Research (CMR) ,  Cleveland QLD. Experiments a imed 
at estab l ish ing primary cel l  cu ltures from these l ife-cycle stages were undertaken at 
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the Austra l ian Animal Health Laboratory (AAHL) ,  CS I RO Livestock I nd ustries ,  
Geelong ,  A IMS and  CMR. 

4.2.2 D isin fection of Eggs and Naupli i 

Disinfection of ferti l ised eggs and naup l i i  is necessary to inactivate microbes present 
in  seawater which would contaminate any subsequent primary cel l  cultures,  
overgrow and destroy any prawn cel ls present. Su rface d is infect ion of the eggs ,  was 
achieved using a mod ification of the methods recommended by O I E  (200 1 ) .  The 
recommended d is i nfection protoco l for eggs is wash ing in 1 OOppm formal in  for 30 to 
60 seconds then in 0 . 1  ppm iod ine for 1 m inute fol lowed by water ri ns ing . Naup l i i  
were d isinfected us ing the same proced ure with 400 ppm formal in .  

This method was mod ified b y  us ing 1 OOO ppm formal i n  fol lowed b y  0 .1 ppm iod ine 
treatment. The formal in  and iod ine so lutions were prepared i n  fi lter-steri l ised 
seawater. Eggs treated us ing the O IE  d is i nfection method d id not yield better 
cu ltures than repeated rins ing i n  double strength ant ib iotic seawater. Therefore the 
O I E  method was not used for eggs. 

4.3 Tissue Dissociation 

4.3 . 1  Tissue 

Prawn tissues were d issociated us ing a range of techn iques includ i ng :  

• Mincing (us ing d issect ion instruments) 
• Mincing by pass ing the t issues through a cel l  s ieve (60 mesh s ize) obta ined 

from Sigma (Cat# S 1 020) 
• Homogen isation using various types of tissue homogenisers 
• Passage though a syringe and need le (gauge:  1 8G ,  2 1 G) 
• Enzyme d igestion using 0 .25% (w/v) tryps in  ( 1  :250) i n  hepes-buffered sal ine 

(hepatopancreas and heart t issue on ly) 
• Mechan ical g rind ing in  mortar and pest le with steri le sand 
• Aspiration of minced tissue through a 1 0  ml g lass p ipette 

4.3.2 Naupli i 

Attempts to d issociate other l ife-cycle stages (freshly hatched naup l i i ,  approximately 
1 3  hours post-spawning and up to two days post-spawn ing)  were made using s imi lar  
methods, as fol lows : 

• Naupl i i  were surface steri l ised using 200 ppm formal i n  prior to further 
processing 

• Passage through sta in less steel s ieve (60 , 80 and 1 50 mesh Sigma Cat # 
S 1 020 , S3770 and S4020) 

• Disruption of naup l i i  by treatment with freshwater 
• Freshwater treatment fol lowed by pass ing though a stain less steel s ieve ( 1 50 

mesh) 
• 3 and 6 strokes with i n  a g lass dounce homogen iser 
• 3 and 6 strokes with a Teflon coated dounce homogeniser 
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4.3 .3 Embryonated Eggs 

4.3 .3 . 1  Introduction 

Previous stud ies (Tou l lec et a l . ,  1 996) had shown that ce l ls from early stage embryos 
cou ld be used for cel l  cu ltu re .  S ince a l l  ce l ls  of early stage embryos are active ly 
pro l iferat ing , embryonated eggs were considered an attractive sou rce of prawn cel ls  
for estab l ish ing primary prawn cel l  cu ltu res. Experiments with embryonated eggs of 
P. monodon and P. japonicus were cond ucted at A IMS and at CMR in co l laboration 
with staff at those institutes. 

Mature ,  g ravid female prawns were ind uced to spawn by eye-sta l k  ab lat ion (Hal l  et 
a l . ,  2000) and mon itored for the re lease of eggs (spawning) ,  which usual ly occurred 
between 1 1  pm and 2am (with the exception of photomanipu lated P japonicus). Eggs 
were co l lected and processed to obta in  ce l ls  i n  a steri le state su itab le for cel l  cu lture .  

Spawning monitors ,  wh ich detect turbid ity i n  the water, were attached to ind ividua l  
tan ks conta in ing one female, sound i ng an a larm when the female spawned . At this 
stage ,  eggs are buoyant and a fi ne mesh sieve was used to co l lect eggs immed iate ly 
after spawning .  Using 1 -µm-fi ltered seawater, eggs were washed from the sieve i nto 
a beaker conta in ing a min imum amount of seawater. 

The suspension of eggs was concentrated to a vo lume,  a l lowing ease-of-hand l ing 
without compromis ing their  subsequent development. Although females spawned , 
not a l l  the eggs were ferti le and therefore d id not a lways develop .  This was not 
evident unti l approximately 1 hour post-spawn ing ,  when ,  by m icroscopic 
examination ,  it was observed that eggs had not undergone cel l  d iv is ion or  had 
d ivided asymmetrica l ly .  

4.3 .3 .2 Ferti lisation Membrane Removal 

Early-stage embryonated prawn eggs conta in  cel l s ,  which are u ndergo ing rapid cel l  
d iv is ion (Ha l l  e t  a l . ,  2000) and thus represent a good source of  cel ls  for  in vitro 
cu ltivation .  Methods to obtain  these cel ls ,  us ing physical d isrupt ion of the ferti l isation 
membrane,  are too harsh and resu lt in  cel l  death (Lynn et  a l . ,  1 993) .  S howman and 
Foerder  ( 1 979) demonstrated that the pesticide ,  3-amino-1 ,2 ,4-triazole (ATA) inh ib its 
harden ing of the ferti l isation membrane of the sea urch in ,  Strongy/ocentrotus 
purpuratus, and subsequent to treatment, the membrane can be removed using 
pronase or  by pass ing the eggs through a nitex mesh without damag ing the 
embryos .  Furthermore ,  the cel ls  of the embryos cou ld  be d issociated using Ca2+ -free 
seawater. 

I n  a more recent pub l ication ,  Lynn et a l .  ( 1 993) app l ied th is method to embryos of the 
shrimp ,  Sicyonia ingentis, to a l low immunofluorescent sta in ing of i nterna l  cel l u lar  
components . Tou l lec et  a l .  ( 1 996) ,  extended these stud ies to embryos of  the penaeid 
prawn , Penaeus indicus, and demonstrated that cel l s  obtained i n  th is manner cou ld 
be used to i n itiate cel l  cultures which remained viable for extended periods .  
Moreover, cel ls i n  these cu ltures demonstrated cel l  d iv is ion and d ifferentiation into 
d ifferent cel l  types, thus demonstrating normal ce l l  function  in vitro. 
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Ferti l i sed , embryonated eggs were treated as fol lows : 

I n it ia l ly experiments were cond ucted to determine if eggs developed and hatched i n  
antib iotic supplemented steri le seawater as  opposed to unsupplemented steri le 
seawater. There were no detrimental effects us ing antibiotic seawater. 

As soon as possib le after co l lection ,  eggs were p laced into various concentrat ions of 
ATA (0 .5, 1 ,  2 and 5 mM). ATA exposure times varied from 2 minutes through to 
between 3 and 4 hours when the embryos were at the 32-cel l  stage of development. 

After ATA treatment eggs were p laced i nto steri le seawater supplemented with 
ant ib iotics and developed to the 1 6-cel l  stage when further  manipu lations were 
performed to encourage removal of the ferti l isation membrane. 

Attempts to rupture and/or  remove the egg envelopes from ATA-treated eggs ,  to 
re lease cel l s  were undertaken using the fo l lowing methods :  

• Forcing eggs through 2 1 0  or 260 µ m  i nternal  d iameter n eed les 
• Pushing eggs through nitex mesh (pore sizes 200 , 2 1 0 ,  2 1 2 or 236 µm) 

attached to a syringe barrel 
• Manual ly tearing envelopes using corneal forceps 
• Sonication 
• Vortexing eggs with g lass beads 
• Cutt ing eggs/envelopes with a sca lpe l  b lade 
• Forcing eggs through 1 8 , 2 1 , 22,  23 , 25 , 27 G need les 

4.4 Primary Cell Cultures 

Tissues or  cel ls  obta ined from juveni le prawns,  embryonated eggs and naupl i i  were 
placed i n  cel l  cu ltu re med ium under various cu lture cond itions. I n it ia l ly ,  s ixteen types 
of cel l  cu lture med ia were used as shown in tab le 1. For example ,  med i um #1 2 in the 
table consists of 2 X concentrated Leibovitz's L- 1 5 med ium supplemented with 1 0% 
(v/v) foeta l bovine seru m  and 1 OmM p ipes buffer. Al l  med ia conta ined 2mM 
g lutamine; 50 µg/ml gentamycin and 5 µg/ml amphoteric in B.  

Table 1 .  Formulations of Cell Culture Medium Used in Initial Experiments 

Cell Culture Medium 
Supplements Leibovi tz's L-1 5 medium Eagle's minimal essential 

medium 
1 x cone. 2 x cone. 1 x cone. 2 x cone. 

Foetal Bovine 5% 1 0% 5% 1 0% 5% 1 0% 5% 1 0% 
Serum 
1 0mM Hepes 1 2 3 4 5 6 7 8 
buffer 
1 0mM Pipes 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  
buffer 
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I n it ia l ly ,  an empirical approach , by examination of cultures by l ight microscopy and 
using cel l  morpho logy and surviva l as basic parameters ,  was used to eva luate 
various cel l  culture med ium formu lations .  Based on resu lts obtained with these in it ia l  
s ixteen med ia types, further mod ifications were used in  subsequent experiments . 
These other cel l  cu lture med ia a re shown in  tab le 2. 

I n  add ition ,  fo l lowing a l iterature review, a l ist of cel l  culture supp lements , which 
appeared to be benefic ia l  to prawn cel l  cu ltu res i n  stud ies by other  laboratories , was 
compi led and these supplements were added to basic med ium types used in th is 
study (table 2 ). In add ition ,  other supplements not previously reported were a lso 
tria l led . Such supp lements inc luded the fol lowing : 

Chen salts 

Chen and Kou ( 1 989) obta ined confluent cel l  cultures derived from the Oka o rgan of 
P. monodon using a mod ified 2X L- 1 5  med ium which was supplemented with a salt 
so l ut ion conta in ing a mixture of NaCl , KCI ,  CaCl2 , MgS04 and MgCl2• 

Basic Fibroblast Growth Factor (bFGF) 

Hsu et a l .  ( 1 995) demonstrated that cel l  cu ltu res derived from the oka organ of P. 
monodon and treated with bFGF cou ld be sub-cu ltu red over an extended period of 
t ime ind icat ing that the cel ls  were rep l icat ing and may have been transformed . 
U nfortunately, the cu ltu res could not be cu ltu red beyond passage 90 .  From these 
stud ies, it was concluded that L-1 5 med ium supp lemented with 5g/L NaCl , 1 g/L 
g lucose (Hsu salts) ,  1 0% FBS and ant ib iotics was the best basic n utrient med ium .  

Serum source 

The AAHL tissue culture section has a number of d ifferent sera (e .g . horse serum,  
chicken serum)  i n  stock which were used as  supp lements in a n umber of  d ifferent 
cu lture med ia . In add ition ,  prawn haemolymph obta ined from Penaeus monodon 
stocked at A IMS was also used as a supplement to cel l  culture med ia .  

Thus ,  as experimentation with primary cel l  cultures us ing various cel l  culture med ium 
formulations proceeded , cel l u lar morphology and ab i l ity to  form monolayer cultu res 
were used as the criteria to determine optimum cu ltu re cond itions .  I n  th is way it was 
poss ib le ,  by a process of e l im ination ,  to select the more successfu l ce l l  cu ltu re 
med ia.  

Seawater modified medium 

I n  add ition ,  to re latively standard cel l  culture med ia ,  other novel med ia preparations 
were tria l led . One such med ium was a seawater mod ified med ium (90% steri le 
seawater, 1 0% 2X L-1 5) supplemented with various add itives incl ud i ng prawn 
haemolymph.  Also , a customised med ium designed by Dr Lan i  West, QDPI , was 
made avai lab le to this project .  
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Osm olari ty 

The p H  and osmolarity of med ia types (without antib iotic and FBS) was tested us ing 
an Orion pH meter and a Wescor (model 5 1 00C) osmometer . For each med ium type 
dup l icate 20ml al iquots were measured and the mean ca lcu lated. 

Culture vessels 

Primary cel l  cu ltures were establ ished i n  a variety of cu ltu re vessels i nc lud ing 25 cm2 

cu ltu re flasks (Corning, Nunc and TRP), Labtek chamber s l ides (Nagle Nunc 
International), 24-wel l  culture plates (Linbro) and 96-wel l  culture plates (Nunc). 
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Table 2. Modified Cell Culture Media  U sed for Primary Cell Cultures 

Medium type Supplements and concentrations used 
1 X EMEM 10mM hepes, 2mM glutamine, 100µg/mL gentamycin and 5µg/mL 

amphotericin B, 5% or10% FBS 
1 X EMEM 10mM hepes, 2mM glutamine, 250µg/mL gentamycin and 5µg/mL 

amphotericin B, 5% or 10% FBS 
1 X L-15 10mM hepes, 2mM glutamine, 100µg/mL gentamycin and 5µg/mL 

amphotericin B, 5% or 10% FBS 
1 X L-15 1 OmM hepes, 2mM glutamine, 250µg/mL gentamycin and 5µg/mL 

amphotericin B, 5% or 10% FBS 
2 XL-15 1 OmM hepes, 2mM glutamine, 250µg/mL gentamycin and 5µg/mL 

amphotericin B, 5% or 10% FBS 
2 X L-15 10mM hepes, 2mM glutamine, 250µg/mL gentamycin and 5µg/mL 

amphotericin B, 5, 1 O or 20% FBS and 20ng/mL bFGF 
1 X L-15 10mM hepes, 2mM glutamine, 50µg/mL gentamycin and 5µg/mL 

amphotericin B, 10% FBS or 10% heat inactivated FBS 
2 X L-15 10mM hepes, 2mM glutamine, 50µg/mL gentamycin and 5µg/mL 

amphotericin B, 10% FBS or 10% heat inactivated FBS 
2 XL-15 10mM pipes, 2mM glutamine, 50µg/mL gentamycin and 5µg/mL 

amphotericin B, 10% FBS or 10% heat inactivated FBS 
1 X L-15 with 5g/L extra sodium chloride, 1g/L glucose, 10mM hepes, 2mM 
Hsu salts glutamine, 50ua/mL qentamvcin and 5µq/mL amphotericin B, · 10% FBS 
2 X L-15 with Hsu 5g/L extra sodium chloride, 1 g/L glucose, 1 OmM hepes, 2mM 
salts glutamine, 50µq/mL gentamycin and 5µg/mL amphotericin B, 10% FBS 
2X L15 1g/Lglucose, 10mM hepes, 2mM glutamine, 50µg/mL gentamycin and 

5µq/mL amphotericin B, 10% FBS 
1X L-15 5g/L extra sodium chloride, 1 OmM hepes, 2mM glutamine, 50µg/mL 

gentamvcin and 5µq/mL amphotericin B, 10% FBS 
2 X L-15 5g/L extra sodium chloride, 1 OmM hepes, 2mM glutamine, 50µg/mL 

gentamycin and 5µg/mL amphotericin B, 10% FBS, 20ng/mL bFGF 
2 X L-15 10mM hepes, 2mM glutamine, 50µg/mL gentamycin and 5µg/mL 

amphotericin B, 10% "Trace" FBS 
2 X L-15 10mM hepes, 2mM glutamine, 50µg/mL gentamycin and 5µg/mL 

amphotericin B, 10% horse serum 
2 X L-15 10mM hepes, 2mM glutamine, 50µg/mL gentamycin and 5µg/mL 

amphotericin B, 10% avian serum 
2 X L-15 10mM hepes, 2mM glutamine, 50µg/mL gentamycin and 5µg/mL 

amphotericin B, 10% SPF chicken sera 
1X M199 10mM hepes, 2mM glutamine, 100µg/mL gentamycin and 5µg/mL 

amphotericin B, 5% or 10% FBS 
1X M199 5g/L extra sodium chloride, 10mM hepes, 2mM glutamine, 100µg/mL 

qentamycin and 5uo/mL amphotericin B, 5% or 10% FBS 
1 X M199 with 5g/L extra sodium chloride, 10mM hepes, 2mM glutamine, 50µg/mL 
Chen salts* gentamycin and 5µg/mL amphotericin B, 10% heat inactivated FBS 

Lani West medium Medium supplied by Lani West from University of Queensland 
Seawater modified 90% sterile seawater, 10% 2X L-15, 10% FBS, 50µg/mL gentamycin 
medium and 5ua/mL amphotericin B, 5% prawn haemolymph 
Seawater modified 90% sterile seawater, 10% 2X L-15 (5 g/L extra NaCl), 10% FBS, 
medium 50µg/mL gentamycin and 5µg/mL amphotericin B, 5% prawn 

haemolymph 
Seawater modified 90% sterile seawater, 10% 2X L-15 (5 g/L extra NaCl), 10% FBS, 
medium 50ua/mL qentamvcin and 5ua/mL amphotericin B, 20nq/mL bFGF 
*Chen salts: I litre medium 1s supplemented with 22g NaCl, 0.8g KCL, 6g MgS04H20, 1.8g 
CaCL2 2H20, 0.1 g NaH2P042H20. 0.3g glutamine and 2g lactalbumin hydrolysate 
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4.5 Insect Cell Cultures 

4 .5 . 1  Aedes albopictus Cell L ine 

I nsect cel l  cultures of the Aedes albopictus cel l  l i ne  C6/36 (derived from mosqu ito 
larvae and orig ina l ly sourced from Dr Ian Marshal l  at ANU by AAHl in 1 990) were 
used i n  an attempt to generate a mutant cel l  l i ne which was deficient i n  the salvage 
pathway enzyme hypoxanth ine g uan ine phosphori bosyl transferase ( i . e. the mutant 
wou ld be designated HGPRT). S uch a mutant cel l  l i ne cou ld be used in fusion 
experiments with s ing le cel l  suspensions of prawn tissues to form hybrid cel l  l i nes 
wh ich , by virtue of the i nsect cel l  l i ne  would be immorta l ,  and by v irtue of the prawn 
cel l  features would be susceptib le  to infection by prawn viruses. I n  a manner s imi lar  
to the generation and selection of hybridoma ce l l  l i nes (God ing , 1 983) which are 
formed by fusing a murine plasmacytoma cel l  l i ne (e .g .  sp2/0) with sp leen cel ls  from 
immun ised mice ,  subsequent select ion for the hybrid cel ls wou ld be undertaken 
us ing HAT (hypoxanth ine ,  aminopteri n ,  thymid ine) med ium (Litt lefie ld , 1 964) .  The 
mutant insect cel l  l i ne would not g row in  HAT med ium d ue to the HGPRT mutation. 
The prawn cel ls would not g row in  HAT med ium d ue to the i r  inab i l ity to rep l icate 
continuously. Hybrid cel ls should be HGPRr with the capabi l ity of rep l icating in HAT 
med ium .  

Stock cu ltures (passage 73) ,  g rown in  Basal Med ium Eag le (BME)  supplemented 
with 1 0% (v/v) foeta l bovine serum ( FBS) ,  2 mM g l utamine ,  non-essential amino 
acids ( 1  ml 1 00x i n  1 00 ml med ium) ,  1 0  mM hepes, 1 00 I U/ml penici l l i n  G and 1 00 
µg/ml streptomyci n ,  were used as the parent cu ltu res for the selection of mutant 
cel ls .  

Ce l ls  were sub-cu ltured i n  cel l  cu lture med ium conta in ing 1 5µg/ml 6-th ioguan ine 
(S igma product # A4882) which is a toxic analogue of the n ucleic acid precursor 
g uan ine and would be incorporated , by the salvage pathway, i nto HGPRr cel ls  on ly. 
Maintenance of cel l  l i nes i n  such med ium wi l l  select for HGRPT mutant ce l ls ;  on ly 
HGPRT cel ls ,  which synthesize DNA by the de nova pathway, wou ld survive i n  this 
med ium .  

4.5.2 Spodopteran Cell Line Sf-21 

White spot syndrome virus (or WSS-l i ke v iruses) appears to have a broad host range 
(F lege l ,  1 997) and wi l l  g row in  a variety of crustaceans (and maybe even i nsects) .  
So ,  g iven the apparent promiscu ity of th is  v irus ,  attempts to grow i t  i n  an i nsect cel l
l i ne that is used for  conventional  baculovirus ce l l  cu lture ,  i . e . , Spodoptera cel ls ,  were 
undertaken.  

The Sf 21 cel l  l i ne of the fa l l  a rmyworm (Spodoptera frugiperda), derived from pupal  
ovarian tissue, was orig ina l ly obta ined from l nvitrogen .  Stock cultures,  mainta ined in 
S F900 1 1  cel l  cu ltu re med ium supplemented with 1 % (v/v) FBS and 4 mM g lutamine 
were used for these experiments . 

l nocu lum used for  i nfection tria ls consisted of haemolymph col lected on day 5 post
i nfection from WSSV- infected prawns (see sect ion 3 .6 )  d i luted 1 : 1 0  i n  cel l  culture 
med ium .  
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Sf-2 1 ce l ls  were cultured i n  25 cm2 flasks. When the cel ls  were 80% confl uent, 500 
ul of d i l ute virus inocu lum was added to each flask (and 500 µL of t issue cu ltu re 
med ium ,  a lone ,  added to mock-infected ce l ls). Virus was adsorbed for 1 . 5  h r  with 
gentle rocking. l nocu lum was then removed , and 1 O ml of fresh cel l  cu lture med ium 
was added to each flask. 

Cultures were maintained at 27-28°C,  and supernatant fl u ids from cu ltures were 
passaged every 3-4 days. An a l iquot of cel ls  from each monolayer was reta ined from 
each passage of i nfected and mock-infected cel ls  (passages 1 ,  2 and 3). Tota l 
nucleic acid was extracted from each of these samples,  a nd each extract was 
examined w ith a rea l-t ime PCR for WSSV (McCa l l ,  unpub l ished ) .  A WSSV
conta in ing plasmid (supp l ied by Richard Hodgson ,  CLI ,  Brisbane) was used to 
quantitate the PCR. 

4.6 White Spot Virus 

White spot virus orig inat ing i n  Thai land and kind ly donated by Dr  Tim Flegel  (Mahidol  
Un ivers ity, Bangkok) was used for a l l  v i ra l  stud ies. The purity and identity of the 
imported v i rus was confi rmed by polymerase chain reaction (PCR) prior to expansion 
by experimental i nfect ion of penaeid prawns. Haemolymph from infected prawns 
(Penaeus japonicus) was harvested 2-5 days post-infect ion (p. i . )  and stored at -80°C 
unt i l  use . Viabi l ity of frozen v ira l  stocks was checked by titration stud ies in penaeid 
prawns. 

4. 7 Cell Proliferation Assay 

There are a number  of cel l  pro l iferation assays developed in  recent years (Yu et a l. ,  
1 992) some of which have been deve loped i nto commercia l  kits. Few, if any, have 
been used on fish cel l  l i nes or cu ltures of other  aquatic species (Mu lford et a l . ,  200 1 ). 
For th is project ,  i n  o rder  to determine whether  prawn cel l  populations mainta ined in 
vitro conta ined any pro l ife rating cel ls ,  a commercial kit (Roche Cat. No .  1 299 964) 
was adapted for use,  fi rstly with finfish cel l  l i nes g rown at re lative ly low temperatures 
and then with primary cu ltures of prawn cel l s. 

By use of this kit , actively rep l icat ing cel ls  are identified by an immunocytochemical 
assay for the detect ion of 5-bromo-2'-deoxy-urid ine (Brd U )  i ncorporated i nto cel l u lar  
DNA using a mouse monoclonal antibody (Gratzner, 1 982) .  5-bromo-2'-deoxy-urid ine 
is an analogue of the DNA precursor thymid ine and , when present i n  the cu lture 
med ium ,  is incorporated i nto DNA of rep l icating cel ls  d u ring the S (synthesis) phase 
of the cel l  cycle .  Thus the BrdU-specific monoclona l  antibody w i l l  b ind to Brd U
substituted-DNA which can be loca l ised i n  the nucleus using immunocytochemica l  
techn iques. 

The assay was performed as per manufacturer's instructions with some 
mod ifications, to make the assay more appropriate for finfish cel ls  and for use with 
prawn ce l l  cu ltures . 

Finfish cel l  l ines used for  the assay, inc luded ra inbow trout gonad ( RTG-2), 
epithel ioma papulosum cyprin i  (EPC) and pi lchard l iver (PL). F infish cel l  cu ltu res were 
grown in  8-wel l  chamber s l ides (Nalge Nunc International Lab-Tek) and processed at 
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1 or 2 days post-seed ing , when the cu ltu res are actively rep l icat ing and have 
reached approximately 70% confluency. 

Three steps of the Roche method were mod ified to make the assay more suitable for 
finfish cel l  cultures. 

• To accommodate finfish cel l  l i nes and prawn cel l  cu ltures, lower incubation 
temperatures ( 1 5-26°C) were used during the cu ltivation period and when the 
cel l  cultures were incubated (for 30-60 minutes) with BrdU reagent. 

• A number of fixatives (ethano l ,  methanol ,  formaldehyde ,  g lutaraldehyde) were 
tria l led for use with the aquatic animal cel l  cu ltures and the fixative of choice 
was acetic acid ( 1  part)/ethanol (3 parts) at room temperature ,  instead of the 
recommended ethanol fixative at -20°C.  The kit contains reagents , which are 
compatib le with ethanol fixation ,  but a lso appears to work wel l  using acetic 
acid/ethanol fixation .  

• On completion of the assay, the cel l  cultures were cou nterstained with e ither 
Mayer's haematoxyl in (Dako, Li l l ie's mod ification) or Diff-Quik I I countersta in  
(Lab Aids Pty. Ltd , mod ification of  Wrights sta in) .  

Brd U  assays us ing prawn cel l  cultures , (24 and 48 hours post-cu lture) derived from 
lymphoid o rgan and using RTG-2 cel l  cultures as positive contro ls were undertaken .  
Mod ifications to the Roche method as outl i ned above were used for the assay on 
prawn cel l  cultures . 

Briefly, cel l  cu ltures were i ncubated with the B rd U  labe l l ing med ium for 30-60 
minutes , washed three t imes and fixed at room temperature ,  as described above. 
The fixed cultures were then exposed to the working so lution conta in ing the anti
Brd U  monoclonal (mouse) ant ibody, as recommended , fol lowed by wash ing ,  
incubation with anti-mouse- lg-a lka l ine phosphatase solution .  After further wash ing ,  
the cu ltures were exposed to the co lou r-substrate so l ution , washed and 
countersta ined p rior to mounting for examination by l ight microscopy. 
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5.0 DETAILED RESU LTS 

5 . 1  Primary Cell Cultures Derived from Prawn Tissues 

5 . 1 . 1  Culture Medium 

Three basic med ium types, Eag le's m in imum essential med ium (EMEM) ,  med ium 
1 99 ( M 1 99) and  Leibovitz L- 1 5  (L- 1 5) ,  were used. 1X and  2X concentrations of these 
med i u m  types were used and supplemented with various concentrat ions of foeta l 
bovine serum (FBS) and other supp lements (see table 1 and tab le 2) .  Upto 50 
d ifferent med ia combinations were used for this work. 

The med ium that, accord ing to the subjective analysis used , supported and 
mainta ined cel l  cu lture development better than others was 2X L- 1 5 Hsu salts (5 g/L 
extra sod ium chloride and 1 g/L g lucose) supplemented with 1 0  mM hepes, 2 mM 
g lutamine ,  50 µg/ml gentamycin and 5 µg/ml amphotericin B, 1 0% FBS. Th is 
med ium had an osmolarity of 88 1 . 5  mosmol/kg and a pH of 7.00 (tab le  3). These 
measu rements are in agreement with other pub l ished data and approximate values 
for normal seawater (c.f. Huang et a l. ,  1 999). 

Table 3 .  Summary of pH and Osmolarity Measurements of Various 
Formulations of Leibovitz L-1 5 Medium 

M edia type pH (mean) Osmolarity ( mosmol/kq ) 
1 X  L- 1 5  7.7 1  298 
1 X  L- 1 5 5q/L extra NaCl 7.6 1  45 1 
2X L- 1 5  7 .04 72 1 
2X L- 1 5 5q/L extra NaCL 7 .00 88 1 .5  

At th is stage of  the project ,  cu ltures were eva luated by  subjective criteria using l ight 
microscopy - (a) cel l  morpho logy and (b)  ab i l ity of cu ltures to form monolayers. 
These two criteria were considered prerequis ites for development of rep l icating cel l  
cu ltures a n d  subsequent development of immorta l cel l  l i nes,  appropriate for 
d iagnostic too ls. 

I n  most cases, microbia l  contamination d id not occur i n  cultures demonstrating that 
the d is infection process was efficacious ,  and subsequent d issect ion of the prawns 
d id not contaminate the cu ltured t issues. 

Al l  other med ia ,  inc lud ing the more novel types such as the seawater-mod ified med ia 
and the QDPI formulation ,  were e ither  sub-opt imal o r  d id not p rovide any evident 
advantage over the standard med ia types (us ing the criteria described above) .  
Add it ion of g rowth factors (e.g. bFGF) d id not promote cel l  g rowth and d iv is ion. 
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5. 1 .2 Prawn Tissues 

Tissues were aseptica l ly  removed from juveni le and ad u lt prawns and the t issue 
d issociated using various methods (see section 3.3). Tissues used for estab l ishment 
of pri mary cel l  cu ltures included : 

• posterior and anterior ovary 
• spermatophore/testes 
• heart 
• hepatopancreas 
• membrane removed from the hepatopancreas 
• ta i l  muscle 
• epidermis from under the exoskeleton 
• eyesta lk 
• eye 
• antenna 
• g ut 
• lymphoid organ 
• pleopods 

In add ition ,  t issues from post- larvae (pl 80) removed ("exp lanted" using a sca lpe l  
b lade)  and p laced i n  culture included , eyesta lk ,  g i l l ,  hepatopancreas,  muscle ,  
pleopods ,  and internal  o rgans .  

Primary cel l  cultures derived from lymphoid organ and hepatopancreas were the 
most successfu l in  that cel l s  with fibrob lastic ce l l  morphology read i ly attached to the 
substrate . With in  24 hours i ncubation ,  cel ls  had spread forming numerous co lon ies 
of up to a hund red or more fibroblastic cel ls  (figu res 1 ,  2 and 3). 

Such primary cel l  cu ltures were obta ined from lymphoid organ on a regu lar basis and 
were mainta ined for extended periods.  On occasions, hea lthy primary cultures were 
maintai ned for approximately 1 9  days before the cultures showed s igns of 
deterioration ,  Cultures were i ncubated at 25°C and have been mainta ined for  over 
fou r  months but, during th is period , there was no evidence of cel l  rep l ication .  I n  
rep l icating cel l  cu ltu res of fibrob lasts , it i s  normal to observe round ing of fibrob lastic 
cel ls  which occurs just p rior  to cel l  d ivision .  At cel l  d iv is ion (m itosis) ,  the round 
mother cel l  d ivides to form two smal ler, rounded daughter cel ls  which would 
subsequently spread and g row to form the normal  fibrob lastic appearance observed 
du ring i nterphase. At no time ,  in any of the cu ltu res estab l ished , was th is process 
observed . 

However, some cu ltures have been mainta ined , with few med ium changes, for over 
1 40 days . I n  these cultures fib roblast- l i ke cel ls  have remained attached to the plastic 
substrate and have mainta ined a fibroblastic morpho logy. Currently, these cultures 
are being mainta ined , and wi l l  continue to be maintained , with occasional med ium 
changes. I t  i s  possib le that any of  these cu ltu res may progress beyond th is  'cris is 
point' (see Crane, 1 999) ,  transform spontaneously,  and i n itiate cel lu lar  rep l ication 
(c.f. Lyn n ,  1 999). 

It was concluded that the apparent i ncrease i n  cel l  number reported previously by 
many researchers may have been d ue to mig ration and spread ing of cel ls  from 
explanted tissues rather than to cel l  rep l ication .  
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Figure 1 .  4-day-old prawn lymphoid organ cells in 96-well plate. Note the 
typica l  fibroblastic appearance of the cel ls .  The cel ls  appear to be 
healthy and a re clearly viable .  However, there are no evident s igns of 
cel l  d iv is ion (e .g .  m itotic figures) . 

Figure 2. Photomicrograph of 4-day-old prawn lymphoid organ cel ls  in 24-
well plate. Note the typ ical fibrob lastic appearance of the cel ls  and the 
s imi larity of rep l icate cultures estab l ished in 96-well p lates (figure 1 ) . 
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Figure 3.  Photomicrograph of 6-day-old prawn lymphoid organ cells in 96-
well plate. Note that for many of the cu ltures at this stage ,  the cel ls  
start to deteriorate , wh i le  other cu ltures can be mainta ined for 
pro longed periods without any evidence of ce l l u lar rep l ication .  
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5.2 Disinfection of Eggs and Nauplii 

The methods for d isinfection (section 3 .2 .2)  were not toxic s ince subsequent 
development of d is infected , unprocessed eggs or  naup l i i  occurred as per normal .  
When d is i nfected ce l ls and  naup l i i  were i ncubated at normal  temperatures further 
development occurred resu lt ing in  morpho logical forms ind ist ingu ishable from 
untreated contro l  organisms. I n  add ition ,  p rocessing of eggs or naup l i i  through to 
primary cel l  cultures usual ly resu lted i n  no microbia l  contamination demonstrat ing 
that the d isinfect ion process was adequate . I n it ia l ly ,  contamination with severa l  
species of protozoa was a problem and mod ification to wash ing med ium (see section 
4 .4 .2)  was requ i red to e l im inate protozoan  contamination from the eggs .  

5.3 Nauplii Cell Cultures 

Fifteen batches of naup l i i  ( 1 3  hou rs post-spawn ing up to approximately 26 hours o ld)  
were obtai ned ( i n  co l laboration with A IMS)  and various methods were used to d isrupt 
the exo-skeleton to obta in  the interna l  t issue .  Fo llowing these treatments (see 
section 3 . 3 .2) processed materia l  was p laced in a range of ce l l  cu ltu re med ia (see 
section 3 .4 )  and mon itored for cel l  attachment and rep l ication .  In on ly a few 
instances was there any cel l  attachment o bserved and i n  no instances was any cel l  
rep l ication (mitotic figures present fol lowed b y  a n d  increase in  ce l l  number) 
observed . However, after severa l  attempts to repeat these experiments ,  it was 
evident that re latively harsh methods were requ i red to d isrupt the naup l i i  to re lease 
interna l  t issues and that these methods a lso destroyed the i nternal organs and cel ls .  
Any cel ls  that attached to the substratum d id not  develop or  rep l icate . As a resu lt no 
viable cel l  cultures were obtained us ing naup l i i  processed by these methods.  It is 
noteworthy that any und isrupted naup l i i  remained a l ive continued to develop i n  cel l  
cultu re med ium demonstrating that the med ium was not toxic to naupl i i .  

5.4 Primary Cell Cultures derived from Embryonated Eggs 

During the fi rst few hours post-spawning , embryonated eggs contain  rapid ly d ivid ing 
cel ls  which , if  obta ined , wou ld be a good source of cel ls  to in itiate primary cel l  
cultu res (Tou l lec e t  a l . , 1 996) .  Thus eggs were co l lected du ring the period just after 
spawn ing (6-20 m inutes post-spawning) ,  p rocessed (as described i n  section 3 .3 .3 .2)  
to  remove the ferti l isation membrane,  and then placed i n  a range of  ce l l  cu lture 
med ia .  

5.4. 1 Rem oval of Hatching Mem brane 

During normal development, the ferti l isatio n  membrane is formed around each egg 
with in  1 2- 1 5 m inutes of spawn ing .  This membrane probably acts as a sh ie ld against 
microb ia l  attack and hardens du ring the egg d evelopment process. The membrane is 
e lastic and is d ifficu lt to tear  or  rupture witho ut d isrupt ing the developing ce l l s .  Us ing 
physical methods i n  attempts to remove the membrane,  the eggs e ither burst du ring 
the processing , rupturing the cel ls ,  or  the hatch ing membrane cou ld not be removed 
and therefore the d ivid ing cel ls  were not re leased i nto the g rowth med ium .  

Attempts to soften the membrane by  treatment with ATA (Tou l lec e t  a l . ,  1 996) prior to 
removal were partia l ly successfu l .  However, fo l lowing treatment of smal l  batches of 
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eggs it was necessary to use phys ical methods to ruptu re and/or  remove the 
membrane.  

Eggs were treated with ATA at various concentrations and periods of t ime with 
treatment commencing at various t imes post-spawn ing (table 4 ). Once treated with 
ATA, mechan ical methods,  which inc luded using nitex mesh of various sizes, tearing 
the envelope using corneal forceps,  putting the egg suspension through various 
gauge need les, sonication , vortexing with g lass beads and cutti ng with a sca lpe l  
b lade ,  were used to encourage membrane removal .  

None of these methods were very efficient at membrane removal ;  on ly a sma l l  
p roportion of  eggs had their membrane removed and on ly  a sub-popu lation of  the 
naked eggs appeared to yie ld hea lthy cel ls .  Despite treatment with various 
concentrations of ATA, the hatch ing membrane was not softened sufficiently to a l low 
the membrane to be removed easi ly and i n  doing so re lease the cel ls .  

Although ,  cultu res were not obta ined from eggs with membranes removed , the 
optimum method appeared to be treatment with 0 .5  or  1 mM ATA as early after 
spawn ing as poss ib le for the tota l period up to any further processing (usua l ly to the 
1 6-ce l l  stage) ,  and e ither putting eggs though 200 µm Nitex mesh or a 21 G need le .  
Manua l ly tearing eggs open us ing smal l  (cornea l )  forceps, re leased ce l ls  but  these 
d id not survive wel l  in cu lture .  

5.4.2 Protozoan Contamination 

I n it ia l ly ,  ce l l  cultures were contaminated with various species of protozoa.  Therefore ,  
proced ures were put i n  p lace by  which eggs were ab le  to be surface-d is infected after 
co l lect ion to e l im inate bacteria l  and protozoan contamination .  Fol lowing col lection ,  
eggs were surfaced d is infected us ing either a 1 00 ppm or a 1 OOO p p m  formaldehyde 
solut ion fol lowed by a 0 . 1 ppm iodophore rinse (O IE  method for salmonid egg 
d is infection) ,  whi le developing . However, this treatment was detrimenta l to 
subsequent egg development and often prevented a majority of eggs from 
developing norma l ly .  Thus this proced u re was replaced . By tria l  and error  it was 
found that rins ing the eggs,  wh i le  d evelop ing , with steri le ,  1 -µm-fi ltered , seawater 
supplemented with 250 µg/ml gentamycin ,  5 µg/ml amphotericin B ( Fung izone) ,  
500 IU penici l l i n  and 500 µg streptomycin (ant ib iotic seawater) y ie lded steri le ,  healthy 
eggs. 

Immed iately after spawning eggs were co l lected i n  a sieve and rinsed using the 
ant ib iotic seawater i nto a beaker. Rinses, us ing an excess of antib iotic seawater, 
were performed at approximately 20-minute i ntervals unt i l  eggs were developed to 
the req u i red stage .  

5.4.3 Primary Cell Cultures 

Treated eggs were p laced in  cu lture us ing a number of d ifferent med ia combinations.  
These cultures were mon itored us ing l i ght m icroscopy. Some cultures d id conta in 
ce l ls  re leased from eggs which subsequently attached to the substrate and spread 
(figure 4). However, further development of these cel ls  was not observed . Despite 
numerous attempts to obta in  cu ltures from embryonated eggs no cu ltu res were 
viab le (yie lded rep l icating cel ls ) .  
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Table 4. Summary of ATA Treatments Used to Remove Fertil isation M embrane 

ATA Treatment time 
concentration 

0 . 1 mM 10  minutes 
0 . 1 mM 5 minutes 
0 . 1 mM Unt i l  processed 
0 .2mM Unti l processed 
0 .5mM Unt i l  processed 
0 .5mM 10 minutes 
0 .5mM 5 minutes 
0 .5mM 5 minutes 
0 .5mM 10  m inutes 
0 .5mM 10 m inutes 
0 .5mM 40 minutes (4  cel l  stage) 
0 .5mM 2 hours 1 5  minutes (32-64 cel l  stage) 
1 mM Unt i l  processed 
1 mM Approx. 2 hours ( 1 6-32 cel l  stage) 
1 mM 48 m inutes 
1 mM 2 hours 45 minutes (?64 cel l  stage) 
1 mM 2 hours 55 minutes 
1 mM 2 hours 55 minutes 
2mM 1 hour 40 minutes 
4mM 1 hou r  40 m inutes 
5mM 2 hou rs 55 minutes 

5.4.4 Scale-up of ATA Treatment 

Approximate time post-
spawning eggs added to 
ATA 
1 0-20 minutes 
1 0-20 m inutes 
1 0-20 minutes 
1 0-20 minutes 
1 0-20 minutes 
1 0-20 minutes 
1 0-20 minutes 
1 3  a nd 1 9  m inutes 
1 2  m inutes 
1 3  and 1 9  minutes 
6-8 m inutes 
1 2  m inutes 
1 0-20 minutes 
1 2- 1 4 minutes 
1 5  m inutes 
1 5  minutes 
1 6  m inutes 
20 minutes 
1 7  minutes 
1 7  minutes 
20 minutes 

The treatment to remove the ferti l isation membrane was on ly partia l ly effective . Thus 
to i ncrease cel l  yie ld , one option was to increase the number of eggs treated . 
Relatively large batches of eggs cou ld  be obta ined from Penaeus monodon (at 
A IMS)  which were then treated with ATA. However, wh i le  it was practical to treat 
large numbers of eggs i n  a relatively smal l  volume,  the maintenance of eggs under 
such cond itions inh ib ited their  subsequent development. I t  soon became evident that 
treatment of large batches of eggs with ATA was not feas ib le .  It is notewothy that the 
species of prawn used in previous stud ies (Tou l lec et a l . ,  1 996) was P. indicus which 
may be more amenable than P. monodon or  P. japonicus to AT A-treatment. 
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Figure 4. 
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Vitellin cells from embryonated cells treated with O .SmM ATA and 
put through a m esh. Note that the cel l s  derived from a s ing le embryo 
have been released and have attached to , and have spread on ,  the 
plastic substrate (c.f. Tou l lec et a l . ,  1 996) .  Other  embryos have 
remained i n  tact even though the i r  membranes appear weakened by 
the treatment. 
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5.5 Insect Cell Cultures 

5 .5 . 1  Induction of Thioguanine Resistant M utants 

After several weeks of cu ltivat ion in med ium supp lemented with 6-thioguanine it 
became evident that the Aedes albopictus ce l l  l i ne C6/36 was resistant to th is toxic 
ana logue.  It is poss ib le that resistance to 6-th ioguan ine in  th is cel l  l ine is due to low 
levels or  complete absence of the salvage pathway enzyme HGPRTase. To test th is 
hypothesis , C6/36 cel ls  were grown in  med ium supp lemented with HAT. If the C3/36 
cel l  l i ne  is i ndeed HGPRT then the cel ls  shou ld d ie i n  HAT med ium .  

5.5.2 Infection of Insect Cel l  Cultures by White Spot Syndrome Virus 

Cel l  cu ltures infected with wh ite spot v i rus i nocu lum revealed no s ign ificant 
m icroscopic d ifferences (such as v i ra l  cytopath ic effect) from mock-infected cultures 
at fi rst ,  second or  th i rd passage .  When nucle ic acid extracts of cel ls  from the 
monolayer of each passage were examined by real-t ime polymerase cha in  reaction 
(PCR), it appeared that there was a large amount of virus present i n  the fi rst 
passage ,  and that subsequent passag ing of v irus s imply d i luted the amount of virus 
that was i n itia l ly present (figure 5) .  

The CT va l ues are shown in  tab le 5 and demonstrate that the amount of vi rus i n  each 
subsequent passage decreased (the CT va lues are increasing towards a negative 
va lue of 40) .  Note that the positive contro l  (25 copies of the plasmid/ul) gave a CT 
va lue of 3 1  ind icat ing that the amount of v irus in the fi rst ce l l  passage (CT va lue = 23) 
greatly exceeded 25 copies/µL .  The resu lts demonstrate that there was no evidence 
for rep l ication of WSSV in  Spodoptera cel ls  i n  cu lture .  

These resu lts demonstrate the q uantitative nature of  real-t ime PCR and the 
advantage its use has over conventiona l  PCR in obta in ing more deta i led i nformation  
about the  ana lysed samples i n  a relatively easy manner. 

Table 5. Summary of Real-Time PCR Analysis of Cell Culture Supernatants 
from WSSV-inoculated Sp-21 Cell Cultures 

Sample 
No template contro l  (neqative contro l )  
1 51 passaqe 
2nd passage 
3rd passage 
Posit ive contro l  (25 copies/µL) 
CT = threshold cycle 

CT 
40 
23 
33 
38 
3 1  
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Reaction curves for the real -time PCRs for each of the samples 
analysed. Three samples were analysed , each in trip l icate . The red , 
yel low and g reen curves represent analysis of the cel l  cu lture 
su pernatant from passage 1 cultu re which contained the h ighest level of 
virus (CT = 23) .  Passage 2 (pink and b lue g roup) had an intermediate 
level of virus (CT = 33) and Passage 3 (b lue and red g roup)  had the 
lowest level of virus ind icating that virus was not expanding but actual ly 
being d i l uted as it was being passaged from one culture to the next. 
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5.6 Cel l  Proliferation Assay 

5 .6 .1  Fixation of Finfish Cell Cultures for BrdU Incorporation Assay 

The Roche method (provided with the cel l  pro l iferation detection kit) for fixation of cel l  
cu ltures recommended ethanol  a s  the fixative of choice (due t o  its compatib i l ity with 
other reagents) and an incubation temperature of -20°C. For finfish cel l  cultures, cel ls 
detached from the substrate when using this method . Thus a lternative fixatives and 
incubation temperatures were tria l led for use with fish cel l  cultures. The most 
appropriate method for finfish cel l  cultures was found to be fixation with acetic acid ( 1  
part)/ethanol ( 3  parts) ,  at room temperature (approximately 22°C) for 4 5  minutes . This 
method (acetic acid/ethanol) resulted in good fixation ,  with few detached cel ls ,  and 
appeared to be compatib le with the other reagents used in the commercial k it .  The 
acetic acid/ethanol  fixative was used on various finfish and prawn lymphoid organ cel l  
cu ltures and repeated ly yielded good fixation and  immunocytochemical sta in ing (see 
below) . 

5.6.2 Counterstains for BrdU Incorporation into Cel l  Cultures 

I n  order to faci l itate visual isat ion of the cel ls  a number of d ifferent counterstains were 
eva luated . Two commercia l ly ava i lab le countersta ins were used : 

• Mayer's haematoxyl in (Dako, L i l l ie's mod ification) 
• Diff-Quik I I  counterstain (Lab Aids Pty. Ltd , mod ification of Wright's sta in)  

For each cel l  type (various finfish cel l  l i nes and prawn cel l  cu ltu res) ,  dup l icate cel l  
cultures were prepared , Brd U- label led and  then treated with one of  the  two 
counterstains to d etermine the most appropriate counterstai n  for each cel l  type .  

Fol lowing the co lour reaction and  on  completion of  the washing step ,  cel l  cultures were 
counterstained with haematoxyl i n  for 1 m inute, washed with tap water and then a 
b lueing agent, Scott's tap water, added . The cel l  cultures were then washed again  and , 
after d rying ,  covers l ips appl ied . 

On completion of the washing step after the colour reaction ,  dup l icate cel l  cultures 
were counterstained with Diff Quik added d i rectly to cel l  cultures, d ra ined and washed 
in tap water. After  d rying , coversl ips were appl ied . 

Results ind icated that countersta in ing the cu ltures made the immunocytochemical  
labe l l ing easier to interpret. Mayer's haematoxyl in appeared to be the better 
counterstain  for the RTG-2 cel l  l i ne whi le "Diff-Quik" appeared better for the pi lchard 
l iver cel l  l ine .  

5.6.3 Brd U  labelling of Prawn Cell Cultures 

Prawn lymphoid organ cel l  cu ltures d id not appear to have any Brd U  label l ing when 
fixed and processed at e ither 1 or  3 days of cu lture .  Examination by l ight m icroscopy 
d id not reveal any label l i ng ,  ind icating that few, if any, cel ls were undergoing DNA 
synthesis at the t ime of incubation with Brd U .  Contro l  cultures of p i lchard l iver and 
RTG-2 cel ls used in  the same assay, label led wel l  (figures 6 and 7) .  These results 
i nd icate that there are very few, if any, repl icating cel ls in the prawn cel l  cultures. 
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Figure 6. 

• .  '!. 

Photomicrograph of pilchard liver cell cultures labelled with BrdU 
(400X magnification) .  Cel ls  that are undergoing D NA synthesis a t  the 
t ime of labe l l i ng with Brd U  are pos itively sta ined ( b lack nuclei in the 
photomicrograph) by the immunocytochemica l  techn ique carried out on 
the fixed cel l  cultures.  Unstained nuclei would represent cel ls  in either 
G1  (presynthetic) or G2 (post-synthetic) phases of the cel l  cycle (Crane,  
1 999) .  Sta ined nucle i  were never observed in  the prawn ce l l  cultures . 

• 

Figure 7. Photomicrograph of cell cultures of the rainbow trout gonad cell 
line RTG-2 labelled with BrdU (400X m agnification).  Note that there 
is a h igher proportion of label led nuclei i n  th is cel l  cu lture compared to 
the p i lchard cel l  l i ne .  This resu lt correlates with the re lative g rowth rates 
of the cel l  l i nes. The RTG-2 cel l  l i ne g rows at a faster rate than the 
p i lchard cel l  l i ne .  Cel l  l i nes with faster g rowth rates have shorter 
i nterphase transit t imes (usual ly a shorter G1  period ) and thus there is a 
h igher  proportion of cel ls  i n  S (synthetic) phase at any one t ime. 
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6.0 DISCUSSION 

6.1 Introduction 

The development of continuous ( immorta l )  cel l  l i nes from prawn tissues requ i res the 
select ion of cel ls  which have un l im ited potentia l  for cel l  rep l ication under the cu ltu re 
cond it ions employed . I n  most i nstances, the development of immorta l cel l  l i nes i n  
other an imal species requ i res cel lu lar  transformation (see Crane,  1 999 for brief 
review). The transformation process appears to i nvolve mu lt ip le steps contro l led by 
more than one gene and therefore the use of agents , wh ich ind uce po int mutations ,  
is un l i kely to be sufficient to ind uce immorta l ity. I t  is more l i kely that prolonged use of 
re latively low concentrat ions of mutagenic agents , which are more clastogenic i n  
the i r  mode of action ,  wou ld induce transformation and  a l low selection of  immortal 
genetic variants (Trott et a l . ,  1 995) .  It is  th is concept which formed the basis for th is 
project and the success of th is approach is re l iant on the use of rep l icating cel l  
cu ltures which would be  amenable to mutagenesis and  selection .  

Prior to commencing th is project i t  was recommended that an i nternational  workshop 
be conducted i nvo lving experts on prawn cel l  culture from overseas and Austra l ian 
laboratories. The outcomes of th is workshop would inc lude peer-reviewed 
pub l ications of re levant research on prawn cel l  cu ltu re ,  includ ing negative resu lts , 
which would not normal ly be pub l ished . This workshop,  funded by CRC for 
Aquacu lture Ltd , was conducted and provided important i nformation on  prawn cel l  
cu lture .  The proceed ings of  the workshop were pub l ished in  a specia l  ed it ion of 
Methods in Cell Science. 

Severa l  participants at the workshop showed data which i nd icated that primary 
cu ltures of prawn tissues conta ined pro l iferating cel ls  (West et a l . ,  1 999; Fraser and 
Hal l ,  1 999) and therefore provided appropriate materia l  for undertaking 
mutagenesis/transformation  studies.  In add ition ,  other stud ies have ind icated that at 
least a smal l  p roportion of the cel ls  i n  primary culture were actively rep l icating (Ke ,  
1 990 ; E l lender e t  a l . , 1 992 ; Tou l lec e t  a l . , 1 996) With this understanding as  a start ing 
point , it was agreed that the mutagenesis approach was worthwh i le .  

However, resu lts from th is  project showed that, under the cu lture cond itions 
employed , very few, if any,  cel ls  in  primary cu ltures derived from prawn t issues were 
actively rep l icating . The use of mutagens without a s ign ificant number of rep l icating 
cel ls  i n  the cel l  cultures would not be effective i n  inducing and "fixing" any mutations 
in  the genomes of mutagenised cel ls .  DNA synthesis and cel l  rep l icat ion is an 
abso lute requ i rement for fixat ion of mutations and production of mutant cel l  l i nes. 

The inab i l ity to produce actively repl icating primary cultures from prawn t issues could 
be attributed to any one of severa l  parameters . I t  is possib le that many of the tissues 
selected for culture had a very l im ited capacity for cel l  d ivision .  However, the resu lts 
from the numerous experiments with active ly d ivid ing embryonated eggs would 
suggest that other factors , such as culture med ium ,  were invo lved . The fol lowing 
d iscussion add resses some of the issues ra ised d u ring the course of this project. 
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6.2 Prawn Tissues 

Previous studies by numerous i nvestigators (see Table 6)  h ave demonstrated that 
primary ce l l  cu ltures derived from prawn tissues can be estab l ished . Tissues which 
appeared to yield the most successfu l resu lts i ncluded lymphoid organ ,  ovary and 
various embryon ic tissues . I t  may be expected that these t issues would have an 
enhanced potentia l  for cel l u la r  rep l ication .  However, very few of  these stud ies have 
demonstrated unequ ivoca l ly that cel ls  in these cultures were undergoing DNA 
synthesis and cel l u lar  rep l ication .  I n  most stud ies,  it was not specified if there was 
any attempt to determine whether DNA synthesis or ce l l u lar  rep l icat ion occurred i n  
the  cu ltures. I n  some stud ies, i t  was noted that mitosis (ce l l  d ivis ion) was observed 
occasional ly. Thus,  wh i le a range of tissues from various prawns and other  
crustaceans have been p laced i n  cu ltu re ,  i t  is d ifficu lt to  determine whether the tissue 
source is an important factor to consider when attempting to develop continuous cel l  
l i nes .  No  matter what cel l  cu ltu re med ium and  supplements were employed few, if 
any, of the t issues ( includ ing embryonated eggs) used demonstrated cel l u la r  
rep l ication .  I t  cou ld be concluded that the ce l l  culture med ium used was either  
deficient i n  some essentia l  growth factor(s) o r  that i t  conta ined some inh ib itor(s) of 
prawn cel l u lar rep l ication .  

6.3 Cell Culture M edium 

Based on these stud ies, and on  previous reports by other research g roups,  2X L- 1 5  
cu ltu re med ium supplemented with 5 g/L extra sod ium chloride ,  1 g/L g lucose , 1 O mM 
hepes, 2 mM g lutamine ,  50 µg/ml gentamycin and 5 µg/ml amphoteric in B and 1 0% 
FBS has yielded the best cel l  cultures to date . This conclusion is based on  purely 
subjective analyses obtained by l ight microscopic o bservations .  As a l luded to , none 
of the cu ltures i n  the present study, nor indeed most any of the cultures in  previous 
stud ies, demonstrated clear evidence of cel l u lar  rep l ication .  In  o rder  to add ress th is 
issue many research g roups concocted complex med ia preparat ions which inc luded 
t issue extracts from the target species and other supplements used to stimulate 
cel l u lar  rep l icat ion i n  other cu lture systems . It was hoped that such extracts wou ld  
contain growth factors which would stimu late ce l l u la r  rep l ication i n  the primary prawn 
cel l  cultures. Whi le it was noted that these supp lements may have improved the 
cond ition of the cultures, there are no reports d escrib ing stimu lation of cel l u la r  
rep l ication ( c.f. Hsu et  a l . , 1 995) .  

6.4 Cel l  Transformation 

Cel l  transformation can be summarised as the process by wh ich primary (morta l )  ce l l  
cu ltures acqu i re certa i n  properties characteristic o f  neoplastic cel ls  includ ing the 
ab i l ity to repl icate indefin itely (c.f. Crane,  1 999) .  There are some pre l im inary reports 
of transformed prawn cel l  l i nes generated by the add ition of exogenous agents . 
F i rstly, Hsu et a l .  ( 1 995) described transformation of prawn cel ls  us ing basic 
fibrob last g rowth factor resu lt ing i n  cultures which cou ld be sub-cu ltured for around 
90 passages. Unfortunately, these cu ltu res cou ld  not  be sub-cu ltu red indefin itely and 
thus further ana lysis was not undertaken.  During th is project attempts to repeat th is 
work were undertaken but were unsuccessfu l .  
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Of further interest , Ta pay et a l .  ( 1 995) reported on transformation of p rimary prawn 
(P. stylirostris) ce l l  cu ltu res by transfect ing them with a plasmid conta in ing s imian 
vi rus-40 tumour (T) ant igen gene sequences. The transformed ce l ls  were capable of 
undergoing numerous sub-cu ltures.  To date , it is not known whether the species of 
orig in  of these cel ls  has been confi rmed , by molecular means ,  as prawn.  Dr P. C .  
Loh  who heads this research group participated in  the  Aquaculture CRC I nternationa l  
Workshop on I nvertebrate Cel l  Cu lture where he was unwi l l ing to d iscuss further 
resu lts with these cultures or enterta in  any future co l laborations using these cel ls .  
The current status of  these cel ls  is  unknown . 

These reports ind icate that transformation of primary prawn cel l  cu ltures to the 
immorta l state should be possib le and , together with outcomes of the Aquacu lture 
CRC I nternational  Workshop on I nvertebrate Cel l  Cu ltu re (Crane and Benzie ,  1 999) ,  
ind icate that the mutagenesis approach is feasib le .  However, resu lts from the 
present research project ind icate that there are few, if any, rep l icating cel l s  i n  primary 
cu ltu res of prawn cel l s  and , under these cond itions ,  transformation is un l i kely to 
occur. 

I nteresting ly, even though we have found no evidence of cel lu lar  rep l icat ion in prawn 
cel l  cultures, to date , there are a few cu ltures which have persisted for over 1 40 days 
and these cu ltures conta in re latively healthy looking cel ls  with a fibrob lastic 
morpho logy. As pointed out by Lynn ( 1 999) ,  at least one insect cel l  l i ne  was 
estab l ished on ly after ten months of maintenance of qu iescent cultures which , after 
this extended period , in itiated rep l ication and subsequently cou ld be sub-cu ltured 
with in  the fo l lowing two weeks. So far, our  experience has been s imi lar  and it wi l l  be 
interesting to d iscover the eventua l  fate of these long-term prawn cel l  cu ltu res .  

6.5 Conclusions 

Numerous attempts to cu lture cel ls  from prawn (see tab le 6) and other  crustacean 
tissues (Chang and Brody, 1 989;  Brody and Chang , 1 989) have been undertaken 
over the last 1 5  years or  so . Wh i le these attempts have been very successfu l i n  
estab l ish ing primary cel l  cu ltures,  very few, i f  any, have progressed to the 
development of continuous ( immorta l )  cel l  l i nes.  

Resu lts from other systems (mammal ian ,  avian , fi nfish ,  insect) suggest that 
development of contin uous cel l  l i nes for crustaceans should be techn ica l ly  possib le .  
Stud ies with Syrian hamster (Trott et a l . ,  1 995) and human cel l  cultures (Namba et 
a l . ,  1 988a,  1 988b;  Tveito et a l . ,  1 989;  Bai  et a l . ,  1 993) ,  wh ich have extremely low 
transformation rates ,  further support the techn ica l feasib i l ity of obta in ing immorta l 
prawn cel l  l i nes. However, it should be noted that identification of appropriate cu ltu re 
med ia and growth factors have been identified i n  these other systems;  the basic 
cu lture med ia for vertebrate and insect cel l  systems were developed ha lf a century 
ago and are sti l l  i n  current use (Morgan et a l . ,  1 950 ;  Wyatt, 1 956;  Eag le ,  1 959;  
Sachs et a l . ,  1 959) .  

Clearly, from previous stud ies and from resu lts obta ined here, further research on 
prawn cel l  cu ltures is requ i red . There are a number of areas in  prawn physio logy and 
biochemistry where basic i nformation  is lacking or  is currently being obta ined which 
would be of s ign ificant benefit to further stud ies on prawn cel l  culture and the 
development of continuous prawn cel l  l i nes (see section 8 .0 ) .  
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Table 6 .  Sum mary of Recent Studies on Prawn Cel l  Cul ture 

Species Tissue Culture medium Supplements 
Celt 

Mitosis proliferation R.eference 
3$$3V$ 

Penaeus monodon Oka organ 2 X  L-1 5  20% FBS Not specified Not specified Chen and 
Tiger prawn Ovary Essential amino acids Wang 1 999 

P. penici/latus Heart Non-essential amino > 20 days 

Red-tai l  prawn Hepatopancreas acids survival 

P. japonicus 
Lobster haemolymph 

Kuruma prawn 
Prawn ovary extract 
Prawn muscle extract 

P. monodon Subcutis/epidermis L-1 5 1 0% FBS Very rare None Owens and 

P. merguiensis Heart 2 X L-1 5 Prawn muscle extract Sm ith 1 999 

Banana prawn Ovary M 1 99 Haemolymph 

Metapenaeus ensis 
Lymphoid organ lscove's M EM Human serum 
Hepatopancreas 

Greaseyback prawn 
Nerve 

P. monodon Ovary Mod ified Grace's med ium 5-20% FBS Not  specified 3 sub-cu ltures Fraser and Hal l  
Mod ified 2 X L-1 5 Epidermal Growth 1 999 

Factor 
Basic F ibroblast 
Growth Factor 
M inerals 
Vitamins 
Muscle extract 

P. monodon Lymphoid organ 2 X L-1 5 1 5% FBS Not specified 3 sub-cu ltures Kasornchandra 
Ovary 1 %  G lucose et a l . 1 999 

5g/L NaCl 
1 5% Muscle extract 

P. japonicus Lymphoid organ M-1 99 20% FBS Not specifies None l tami  et al .  1 999 
0 . 1  g/L lacta lbumin 
hydrolysate 
muscle extract 
Haemolymph 
add it ional salts 
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CeH 
Species Tissue Culture medium Supplements Mitosis proliferation Reference 

assavs 

Nehrops norvegicus Haematopoietic t issue 2X L-1 5 prepared in 1 0% FBS occasional negative Mu lford et a l . 
Dub l in  Bay prawn seawater (25%o sal in ity) 5% Nephros seru m 200 1 

5% Nephros muscle 
extract 
0 .06 g/L L-pro l ine 
1 a/L a lucose 

P. monodon Haematopoietic t issue Customised med ium Not specified Observed 1 cub-cu lture West et a l .  
Lymphoid orqan 1 999 

Penaeus indicus Antennae L-1 5 Not specified Not specified Not specified Purushothaman 
I nd ian white shrimp  Eye et a l .  1 998 

P. monodon Eyestalk  

Emerita asiatica 
Gi l ls  

Sand crab 
Muscle 

P. vannamei Epidermis L-1 5 (#) 1 0% FBS Not specified Not specified Tou l lec et a l .  
Wh ite shrimp  Regeneration buds M 1 99 ( ! )  0 .06 g/L L-prol ine 1 996 

P. indicus Hepatopancreas Grace's med ium (*) 
Ovaries 
Embrvos 

P. chinensis Embryos 2X L-1 5 (#) FBS Not specified Not specified Tong and M iao 

Fleshy prawn Larvae Grace's med ium (*) Prawn muscle extract 1 996 

Eye MPS Haemolymph 
Heart 
Lymphoid organ 
Ovary 
Cerebral qanql ia 

P. monodon Oka organ ( lymphoid L-1 5 1 0% FBS Not specified Upto 90 Hsu et a l .  1 995 
t issue) 5g/L NaCl passages 

1 g/L g lucose 
bFGF 
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Species Tissue 
Cell 

Culture medium Supplements Mitosis proliferation Reference 
a$sav$ 

Macrobrachium Embryos EMEM 5%,  1 0% or 20% Not specified Not specified Frerichs 1 996 
rosenbergii L-1 5  untreated or heat-
Freshwater prawn 2X L-1 5 inactivated FBS 

McCoy's 5A med ium 
M 1 99 5M NaCl 
RPM l- 1 640 
Grace's med ium 
I PL-4 1 
TC-1 00 
M itsu hashi  & 
Maramorosch med ium 

P. stylirostris Oka organ ( lymphoid 2X L-1 5 20% FBS Not specified Not specified Lu et al. 1 995 
Pacific b lue shrimp  t issue) 4% shrimp extract 

P. vannamei 30ng/ml epidermal 
Qrowth factor 

P. sty/irostris Muscle 2X 1-1 5 1 0% or 20% FBS Not specified Not specified Nadala et a l .  1 993 
P. vannamei Heart M 1 99 8% shrimp extract 

Gi l l  2X M 1 99 20 ng/ml NGF or 
Gut RPM l-1 640 EGF 
Nerve 2X RPM l-1 640 
Oka organ Grace's med ium 
Ovary TC-1 00 

M itsu hash i  & 
Maramorosch med ium 

P. vannamei haemocytes 2X L-1 5 (#) 20% FBS Not specified Not specified El lender et a l .  
P .  aztecus 2X L-1 5 (**) 1 992 
Northern brown shrimp 

P .  stylirostris Oka organ ( lymphoid 2X L-1 5 20% FBS Transformation by transfection Tapay et al . 1 995 
t issue) 4% shrimp extract with pSV-3 neo . Growth in  

30ng/ml epidermal agarose.  
growth factor 
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Species Tissue 

P. semisulcatus Haematopoietic 
Green tiger shr imp t issue/lymphoid organ 

Hepatopancreas 
Ovary 

P. stylirostris Ovary 
P. vannamei 

P. orientalis Hepatopancreas 
Oriental shrimp  

P. japonicus Lymphoid organ 

P. monodon Haematopoietic t issue 
Ovary 

P. monodon Gi l l  
Gonad 
Nerve 
Muscle 
Heart 
Hepatopancreas 

# Chen's salts (Chen,  S. N. and Kou , G. H. 1 989) 
! l tam i  salts ( l tam i  et al .  1 989) 

Culture medium 

EMEM 
Ham F- 1 2  
L-1 5 
M 1 99 

M 1 99 
L-1 5 
Amphib ian culture 
med ium 
Grace's med ium 
Schneider's med ium 

M 1 99 

RPMl - 1 640 
L-1 5 
2X 1 - 1 5 
EMEM 
M 1 99 
CM RL 1 066 

2X L-1 5  

EMEM 
L- 1 5  
2X 1-1 5 
NCTC 1 35 
Various insect media 
Amphibian med ium 

* Luedman and Lightner salts (Luedeman and Lightner 1 992) 
** Najafabadi salts (unpubl ished) 

Supplements Mitosis 
Cell 

proliferation Reference 
assav$ 

5-20% FBS Not specified Not specified Rosenthal and 
5-20% shrimp Diamant 1 990 
haemolymph 

1 0% FBS Observed at Not specified Luedeman and 
2mg/mL pral ine low rates Lightner 1 992 
2M MgCl2 
5M NaCl 

1 5% FBS Not specified 1 7-28 Ke 1 990 
passages 

1 8% calf serum Not specified Not specified l tami  et al . 1 989 
shrimp muscle extract 
haemolymph 
mod ified Chen's salts 
(#) 

5-20% FBS Not specified Not specified Chen et a l .  1 988 
shr imp muscle extract 

1 0-20% FBS Not specified Up to 4 Chen et a l .  1 986 
Haemolymph passages 
Horse serum 
Shr imp muscle extract 
6g/L NaCl 
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7.0 BENEFITS 

Principal benefic iary of the development of immorta l prawn ce l l  l i nes ,  should it occur, 
would be the prawn aquacu lture ind ustry, wh i le  the capture fisheries wou ld also 
accrue some benefit The ab i l ity to isolate pathogenic v iruses in ce l l  culture wi l l  a l low 
a more rapid identification of vira l  pathogens and provide researchers with better 
too ls to develop improved (more rapid , specific and sensitive) d iagnostic proced ures. 
Cel l  cu ltu res would provide the means to isolate viruses from covertly i nfected 
prawns ,  i . e .  from those prawns which are i nfected but do not show s igns of d isease . 
Thus potential brood-stock caught from the wi ld cou ld be screened for exist ing vira l  
i nfect ions, imported prawns could be screened for the presence of  exotic v i ruses , 
and on-go ing aquacu lture activities cou ld participate in  a more i ntensive health 
survei l lance program.  Al l  these activities are a imed at prevention or contro l  of vira l  
d iseases such as those wh ich have decimated prawn industries overseas , costing 
the industry hund reds of mi l l ions of do l lars i n  recent years (Rosenberry, 1 995) .  
Unfortunate ly, we are not at the stage where immortal prawn cel l  l i nes can be made 
avai lab le but, due to their importance ,  further research a imed at their development 
should be continued . 

Thus resu lts from th is research project wi l l  be of benefit to other g roups undertaking 
stud ies on the development of continuous prawn ce l l  l ines. The appl ication of cel lu lar  
pro l iferation assays to cultures of  finfish and prawn cel ls is a novel development 
which shou ld prove usefu l  i n  futu re research .  In add ition ,  these stud ies have 
demonstrated that further information  on the physio logy and biochemistry of prawns 
may be requ i red before prawn ce l l  l i nes can be developed . 

8.0 I NTELLECTUAL PROPERTY 

No i ntel lectual property (commercia l ly s ign ificant d evelopments , patents appl ied for 
or  g ranted , l icences , etc . )  has been generated by th is  project .  

9.0 FURTHER DEVELOPM E NT 

One of the outcomes of this project has been the identification of specific areas for 
further research which would benefit future stud ies a imed at the d evelopment of 
continuous prawn cel l  l i nes. These areas of research have been a l luded to i n  
previous pub l ications (e .g .  Crane and Benzie, 1 999) a n d  include : 

• Identification of those prawn t issues which , under normal cond itions ,  reta in  the 
potentia l  for cel l  d ivis ion 

• Ana lysis of prawn haemolymph to aid the development of specific cel l  culture 
med ia for prawn cel ls (Huang et a l . ,  1 999) 

• I dentification of g rowth factors for  prawn cel l s  
• Transformation by chemical mutagenesis of  actively rep l icating prawn cel l  

cu ltu res (as  d iscussed in  th is report) 
• Transformation by v i ra l  oncogenes requ i res further examination 
• The use of somatic cel l  genetics (e .g . cel l  fus ion systems) to faci l itate cel l  l i ne 

development. 
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