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CHAPTER 1 



General Introduction 


Aquaculture  has  developed  rapidly  over  the  last  three  decades  to  become  an  important 
 activity worldwide. The Food and Agricultural Organization (FAO) ofthe UN acknowledge 
 that global fishery  output must be increased by atleast 50 % to  offset projected shortfalls in 
 dietary  protein by 2030.  At present, production by traditional fisheries  and  aquaculture  is 
 approximately  150  million tonnes.  Out of this,  commercial and artisanal  fisheries  account 
 for  around  94  million  tonnes  of seafood.  Since  most  of the  worlds  fisheries  have  already 
 exceeded maximum sustainable yields or are  being fished  at maximum penuissible levels, 
 aquaculture therefore,  presents the only method of offsetting predicted fishery  shortfalls. 


Crustacean  aquaculture  is  considered  as  a  high  value  activity  world  wide  and  tend 
 to have higher monetary value and annual world production is  over 8 million metric tonnes 
 (FAO, 2000) .Ofthis figure  over half is made up  of shrimp and prawns  and the proportion 
 of this  production coming from  fanus  has  increased rapidly since  1980s.  Recent estimates 
 suggest  that  the  level  of farmed  marine  shrimp  is  around  40  %  of the  total (Rosenberry, 


1 
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2001).  The  bulk of fanning  activity  is  in  Asia,  particularly  Thailand followed  by  China, 
 Indonesia  and  India.  To  a  lesser  extent,  shrimps  are  produced  in  Latin  America,  with 
 Ecuador as  the  leading country.  The major species cultured are Marsupenaeus japonicus , 
 Penaeus  monodon,  Penaeus chinensis,  Penaeus  merguiensis,  Fenneropenaeus  indicus and 
 Litopenaeus  vannamei. Much  of the  world  shrimp production still comes  from  extensive 
 culture. 


During the  past two  decades,  the  worldwide shrimp  aquaculture  has been greatly puzzled 
 by  diseases.  Most  diseases  occur  as  a  result  of environmental  deterioration  and  stress 
 associated  with  intensification of shrimp farming.  Many  shrimp farms  have  been particu-
 larly affected by epidemics of viruses  like white spot syndrome virus (WSSV),  Monodon 
 baculovirus (MBV) , Yellow head virus (YHV) , and Taura syndrome virus (TSV ) (Wang 
 et al. (2000), Lo et al. (1996), Lightner et al. (1987) & Smith et al. (2003». Several disease 
 outbreaks  have  also  been  associated  with  vibriosis-causing  bacteria  like Vibrio  harveyi, 


Vibrio  damsela,  Vibrio  alginolyticus  (Song  et  al.  (1993) &  Lee  et  al.  (1996».  A  few 
 diseases had fungal and protozoan aetiologies (Destomieux et al., 2000). These pathologies 
 particularly  hamper  larval  production  and  lead  to  profitabi lity  problems  due  to  stock 
 mortalities.  They  also  lead  to  the  overfishing  of shrimp  larvae  and an  overexploitation of 
 broodstock. 


In  India,  commercial  shrimp  farming  started  gaining  roots  only  during  the  mid-eighties, 
Penaeus  monodon being  the  predominant  species  cultured  . Cultured  shrimps  contribute 
a major  portion  of national  income  through  high  export earning.  In 2003-2004,  cultured 
shrimps  contributed  Rs.3348  crores  out  of the  total  shrimp  exports  of RsA013 crores 
which  was  about  83%  of total  shrimp  exports (Ravichandran, 2005). It also  provides 
direct employment to about 0.3  million people and the ancillary units provide employment 
to  0.6-0.7  million  people  (Aquaculture  Authority  News,  2002).  The  boom  period  of 
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commercial scale  shrimp  culture  in  India started  in  1990 and  the  bust came  in  1995-96, 
 with  the  outbreak of viral  disease.  The  White  spot disease  (WSD)  has  played  havoc  and 
 its  repeated occurrence has demoralized shrimp farmers  all  over the world.  Consequently, 
 the  control  of disease  became  a  priority  at  the  world  level  if  shrimp  production  is  to 
 be  ecologically  and  economically  sustainable.  To  a  greater  extent,  the  durability  of 
 production  is  dependent  on  the  equilibrium  between  i)  the  environment  quality  ii)  the 
 prevention  of disease  by  diagnosis  and  epidemiological  surveys  of the  pathogen  and  iii) 
 the  health  status  of the  shrimp. (Bach ere, 2000).  However,  control  over  spreading  of 
 pathogen or introduction of new pathogens across borders should be  dealt with quarantine 
 protocols  including  pathogen  free  certification  of stock.  Diagnostic  methods  for  rapid 
 detection of aquatic  diseases have been improved to  a greater extent with the  aid of recent 
 biotechnological tools,  but at  the  same time treatment of the  infected stock is  still  lagging 
 behind, especially for viral diseases. 


The  potential  manipulation  of  shrimp  defense  responses  in  order  to  increase  protec-
tion  and  resistance  to  infections  could  be  fundamental  for  shrimp  health  management  . 
The popular quote prevention is  better than cure sheds light to  the  importance of pro active 
disease  management  measures  to  be  taken  to  reduce  the  risk  factors  in  aquaculture.  A 
proactive  disease  management  strategy,  at  least  in  shrimp  aquaculture,  is  a  multidisci-
plinary  subject  where  ecology,  environment,  nutrition,  physiology  and  genetics  of the 
organism should be  taken care of. (Bachere, 2000).  In this  context, a better understanding 
of the crustacean immune system is  crucial  in order to  establish the  basis of susceptibility 
and resistance of shrimps to different pathogens. 
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1.1  Strategies for  Controlling Diseases in  Shrimp  Aq uaculture 


There is  an extensive literature, dating back some thirty years, on the problem of disease in 
 cultured shellfish (Anderson and Conroy,  1968), (Fisher et al.,  1976).  Both partial and full 
 culture  carry  the  risk of financial  losses due to  disease either through mortality or reduced 
 meat  quality,  resulting  in  reduced  profit  margins.  It  is  notoriously  difficult  to  estimate 
 effects of shrimp disease since a common strategy is  to organize emergency harvests at the 
 first sign of disease but reportedly in Central and South America, shrimp production fell by 
 ca.17 % during the period  1998-1999, mainly through virus infections (Rosenberry, 2001). 


For Asia, a survey of the shrimp aquaculture in Thailand found that approximately 66 % of 
 fanners  had  experienced at  least one disease  outbreak per year producing a financial  loss 
 of over US  $6000  per hectare  per year (Hambrey  and Lin).  It  is  clear that  this  problem is 
 very  severe,  a fact  which has  been  acknowledged  by the  World  Bank who  recommended 
 that an  investment of US  $275  million should be  made  in  shrimp  disease research  during 
 the  period  1996-20 I 0 . 


A  large  proportion  of  crustacean  aquaculture  is  dependent  on  wild  caught  brood 
 stock  that  may  be  netted  from  the  wild  with  pre-existing  bacterial  or  viral  infections. 


Aquaculture  practices  themselves  may  further  exacerbate  the  problem  because  stock 
animals  are  often  kept  under  stressful  conditions  of overcrowding,  high  food  values, 
elevated  water  temperature  and  poor  water  quality (Lee  and  Wickins,  1992).  In  these 
stressful  environments  diseases  associated  with  opportunistic  bacteria,  such  as  Vibrio 
spp.  or Pseudomonas  spp.  (Sindermann  and Lightner,  1988)  can  become  prevalent.  This 
can  compound  the  problem  associated  with  more  pathogenic  organisms  and  is  further 
worsened  by  repeated  restocking  of ponds,  leading  to  accumulation  of pathogens  and 
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opportunistic  bacteria  in  the  water  and  sediment.  The  potential  for  a  disease  outbreak 
 poses  a continual  threat  to  the  existence  of any  fann  and  once  an  infection  occurs  it  can 
 prove  devastating  to  the  entire  stock.  Good  husbandry  practices  may  play  a  vital  role  in 
 preventing  disease  occurrence,  but  additional  fonns  of protection  are  essential  to  prevent 
 epidemics. 


The  application  of  antibiotics  or  other  chemicals  to  ponds  is  expensive  and undesir~ 


able  as  it  risks  contamination of both the  environment and  the  final  product (Collier and 
 Pinn (1998) & Grant and Briggs (1998)),  as  well as  causing mortality or impaired growth 
 in juvenile stock (Stuck et af.  (1992) & Swastika et al.  (1992)).  The  repeated  application 
 of antibiotics,  in  the  long tenn ,is also  encouraging the spread of drug resistant pathogens 
 (Brown (1989), Juwans (1990), Aoki (1992) & (Karunasagar et al.,  1994)) and this practice 
 atleast  in  Europe  is  phased  out.  Moreover,  chemical  disinfection  maybe  incompatible 
 with  geographic  location  of  the  fann  and  the  physical  requirements  of the  stock.  As 
 Bachere  (Bach ere  et  al.,  1995)  have  discussed,  there  is  a  very  great  need  to  maximize 
 the  immunocompetence of the  stock whilst  minimizing the  use  of therapeutic  chemicals. 


Selective breeding programmes and the use of genetically modified strains are  still a long 
way  from  providing  an  ethically  acceptable  and  commercially viable  means  of reducing 
the  problem  posed  by  epidemics. It is  not  surprising  ,  therefore,  that  there  has  been  a 
growing interest in finding  ways to protect stock prophylactically in a manner conceptually 
equivalent to  the  use of vaccines  now routine for humans,  agricultural  livestock and more 
recently,  fanned  fish.  Nowadays,  the  application  of immunostimulants and  probiotics  as 
prophylactic tools is  gaining momentum in crustacean aquaculture systems. 
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1.2  The Crustacean Defence System 


Invertebrates  do  not  possess an  adaptive I specific  immune  system based on  a  multitude 
 of  highly  specific  antibodies  and  antigen  receptors  equivalent  to  that  of  vertebrates, 
 though few  aspects of specific  immunity (inducibility) appear to  be present in some cases. 


However,  the  great  success  of those  primitive  organisms  ,  particularly  arthropods  ,  is 
 definitely  attested  by  their enormous  numbers  on earth and  the diversity of environments 
 they  can colonise,  which  often abound in  opportunistic  microbes.  The immune system of 
 crustaceans  is  primarily related to their blood or haemolymph and to its circulating cells or 
 haemocytes. 


Shrimps  possess  both  humoral  and  cellular  immune  responses,  although  they  are 
 less  specialized  than  vertebrate  immune  responses  The  cellular  components  is  related 
 to  haemocytes,  that  are  involved  in  immediate  defensive  reactions  such  as  nodulation, 
 encapsulation and phagocytosis. The humoral component is characterised by a temporarily 
 enhanced antimicrobial activity in the cell-free haemolymph (Niere et al., 1999). 


Based  on  the  cytochemistry,  function  and  morphology,  crustacean  haemocytes  have 
been classified into three; viz. hyaline cells, and two  kinds of granular cells - semigranular 
and granular cells  (Hose  et al.,  1990). It is  well established that in arthropods, the defence 
of the  host  against  invasive  or  opportunistic  microorganisms  is  effected  principally  by 
the  phagocytic,  encapSUlating  and  agglutinating  activity  of the  circulating  haemocytes 
(Ratcliffe et al., 1985). 
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1.2.1  Haemocytes 


The circulating haemocytes play extremely important roles not only by direct sequestration 
 and killing of infectious agents  but also  synthesis and exocytosis of a battery of bioactive 
 molecules  including  reactive  oxygen  metabolites  and  microbicidal  proteins (Smith  and 
 Chi/solm (1992) & Smith  and Chilsolm (2001)).  They  are  involved  in  cellular responses, 
 including clotting,  non-self recognition,  phagocytosis,  melanisation,  encapsulation,  cyto-
 toxicity and cell-to-ceLl communication. There appears to  be partitioning of these functions 
 between  the different  cell  types,  although  there  maybe  species  difference  in the  way  this 
 occurs.  In  crabs,  phagocytosis  and  production  of reactive  oxygen  are  mainly  executed 
 by  hyaline  cells,  although  in  other  species,  semigranular cells  may  also  be  phagocytic. 


Marsupenaeus japonicus is  unusual  in that the hyaline cells appear not to  be  phagocytic; 


this function being provided by the granular cells. (ltami et al., 1998).By contrast, all three 
 cell  types  display  atleast  some  phagocytic  activity  in  freshwater  prawn, Macrobrachium 
 rosenbergii. 


Of  the  three  types  of  haemocytes,  hyaline  cells  in  most  decapod  crustaceans  are 
 characterized  by  the  absence  of granules,  although  some  cytoplasmic  inclusion  bodies 
 have been reported by electron microscopic observations (Martin  and Garves., 1985) and 
 are  capable  of phagocytosis (Smith  and Soderhall, 1983).  The  percentage  population  of 
 hyaline cells vary when different species of crustaceans are compared. In  penaeid shrimp P. 


paulensis it  accounts for 41 % of total circulating haemocytes whereas,  in Macrobrachium 
 rosenbergii it is  only  17% . 


The  semigranular  cells,  which  contain  small  granules  and  display  some  phagocytic 
capacities,  are  specialized  in  particle  encapsulation (Persson  et  al.;  1987).  Semigranu-
lar  cells  can  respond  to  microbial  polysaccharides  such  as  lipopolysaccharides  and  /3 
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-1,3-g1ucan  by  degranulation  process (Johansson  and  Soderhall,  1989).  The  granular 
 haemocytes are filled  with  large  granules.  They  do not show phagocytic activity and  they 
 will  not  respond  to  the  microbial  polysaccharides  directly  unless  they  are  pre-treated 
 with  some  haemolymph  proteins  called  pattern  recognising  proteins  (PRP).  The  main 
 function  of these  granular  haemocytes  is  to  store  prophenoloxidase  activating  system 
 (proPO  system),  which  plays  a  key  role  in  the  defence  reaction  of crustaceans.  The 
 granular  cells  can  be  triggered  to  undergo  exocytosis  and  subsequent  release  of proPO 
 system  from  the  granules  by  two  endogenous  proteins  which  are  associated  with  the 
 proPO  system, a serine protease and the (3-1 ,3-glucan binding protein if previously treated 
 with  (3-1,3-g1ucan.  Importantly,  in  the  majority  of species  studied,  antibacterial  proteins 
 and  opsonins  are  contained within or derived from  the granular cells,  although there may 
 be  some  contributions  made  by semigranular cells  in  a  few  taxa.  Certainly,  full  immune 
 reactivity  is  always  achieved  through  co-operation  and  interaction  between  haemocyte 
 types or their products. 


In  decapods,  haemocytes  are  produced  within  specialised  haematopoietic  tissue  (HPT), 
 the location and architecture vary greatly, even within close taxonomic groups.  In lobsters, 
 crabs and crayfish, haematopoietic cells of different morphology are organized and densely 
 packed  in  smalllobules and  located  over the  cardiac  stomach  or the  heart (Martin  et  al., 
 1993).  However,  the  arrangement  is  different  in  penaeid  shrimps,  where  haematopoiesis 
 is  believed to  occur  in  paired epigastric  nodules,  which  consists  of an  extensive  network 
 of vessels derived from  ophthalmic artery.  Morphology of the  cells  in the  haematopoietic 
 tissue  of penaeid shrimps  was  studied by van de Braak et al. (2002)  at  light  and  electron 
 microscopic level. 


The  regulation  of  haematopoiesis  III  decapod  crustaceans  IS  poorly  understood,  but 
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is  probably  influenced  by  physiological  processes  such  as  moulting,  reproduction  and 
 health  status,  as  well  as  by  environmental  conditions  like  temperature  and  water quality 
 (Johnson  (1980),  Bauchau (1981) & Hose et at.  (1992)). Production of haemocytes occurs 
 almost  exclusively  within  the  HPT,  since  mitotic  haemocytes  are  rarely  observed  in  the 
 peripheral  circulation.  Cells  released  from  the  lobules  appear  identical  to  circulating 
 cells.  However,  large  granular haemocytes  are  not  common  in  the  HPT,  suggesting  that 
 they  can  also  develop  from  circulating  small  granular  haemocytes (Martin  et  al.,  1993). 


The  mechanism by which  maturing haemocytes  are  released  into  circulation  is  not clear. 


In  shrimps,  haemocytes  migrate  into  the  lumen  of the  haematopoietic  tubule,  which  is 
 continuous with the ophthalmic artery (Martin  et al.,  1987). 



1.2.2  Cellular Immune Responses 


1.2.2.1  Phagocytosis 


The  ability  to  ingest  and  kill  microorganisms  is  a  key  component  in  the  host  defence. 


Phagocytosis  is  the  most  common  of the  cellular  defence  reactions  and  together  with 
 humoral  components  constitutes  the  first  line  of  defence.  Phagocytic  cells  are  found 
 throughout  the  animal  kingdom,  serving  nutritive  function  in  lower  invertebrates  and 
 more specialized functions  like defence against microbial infections in higher phyla. Even 
 though phagocytosis is  considered as an important cellular defence reaction, little is known 
 about this process in most crustaceans. 


Phagocytosis  is  comparatively  inefficient  in  the  absence  of  opsonins,  the  co-factors 
 that  coat  microorganisms  and  enhance  the  ability  of phagocytes  to  engulf them  (opson-
 isation).  Studies  in  fresh  water  crayfish  and  lobster  have  revealed  the  presence  of some 
 opsonins  in  the  haemolymph,  which  enhances  phagocytosis (Tyson  and Jenkin,  1974). 


When  haemocyte  mono layers  were  treated with  {3-1,3-glucan,  a  trigger of proPO  system 
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and  a  five  to  seven  times  higher  degree  of phagocytosis  were  observed  than  untreated 
 control monolayers  . But the  factors,  which  act  as,  an opsonin in crustacean haemolymph 
 is  yet to  be isolated. 


1.2.2.2  Nodule Formation 


When the  body cavity  is  invaded by a large number of microorganisms, nodule fonnation 
 or cell clumping occurs  in several invertebrates,  including crustaceans.  These microorgan-
 isms  entrapped  in  several  layers  of haemocytes,  get  melanised  heavily.  Such  aggregates 
 have  been  observed  in  the  gill  vasculature  of penaeid  shrimp  Sicyonia  ingentis  (Martin 
 et al., 1993).  However,  in  other crustaceans  haemocyte  agglutinations (nodule)  have been 
 reported  to  be  dispersed  throughout  the  body  as  well  as  in  the  antennal  gland,  the  heart 
 and the gill (Bauchau  (1981) & lohnson et af.  (1981)). Nodule fonnation is  not an  isolated 
 event but occurs  in  conjunction with  phagocytosis and  other immune responses to  affect a 
 highly  efficient clearance  mechanism  capable  of dealing  with  pathogens.  Mode of killing 
 within the nodules is unknown but may involve melanin production and its toxic precursors, 
 lysozyme or release of other enzymes. 


1.2.2.3  Encapsulation 


In addition to  nodule  fonnation  and  phagocytosis,  invertebrate  blood cells are  capable  of 
immobilizing parasites, that are too large to be  ingested by a single blood cell by surround-
ing them  with multicellular sheaths.  Considerable  confusion exists regarding  the  types  of 
blood cells involved in encapsulation. Also very little is  known about the initiation process 
of an encapsulation reaction. In  crustaceans the only cells to  react to  foreign molecules like 
(3-1 ,3-glucan from  fungi  or lipo-polysaccharides (LPS) from  bacteria are  the  semigranular 
cells.  This  cell  is  also  the  first  one to  react  to  foreign  particles  and to  encapsulate  any  in-
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vading pathogens.  Some opsonin factors  present in  the haemolymph can also  mediate the 
 encapsulation process. 



1.2.3  Humoral Immune Responses 


In  many  invertebrates  species,  several  kinds  of immune-related  humoral  activities  have 
 been reported.  Several of these described factors  originate and/or reside in the haemocytes 
 and are released during the immune response.  These factors are primarily non-selfrecogni-
 tion factors that include a variety of defensive enzymes, lectins, lipoproteins, antimicrobial 
 peptides and reactive oxygen intermediates. 


1.2.3.1  The pro  Phenoloxidase System 


The best-studied enzymatic system of crustaceans is  phenoloxidase cascade.  This enzyme 
 is  a  part  of complex  system  of proteinases,  pattern  recognition  proteins  and  proteinase 
 inhibitors  constituting the  so  called  prophenoloxidase (pro PO)  activating  system.  This  is 
 located  in the  granular and  semigranular haemocytes of decapods  that  is  activated by  the 
 signature  carbohydrate  constituents  of microbial  cell  walls,  through  pattern  recognition 
 binding molecules. 


It is  proposed  to  be  non-self  recognition  system  because  conversion  of prophenolox-
idase  to  active  enzyme  can  be brought about  by  miniscule amounts  of molecules such  as 
LPS,  peptidoglycan and  ;3-1,3-glucan  of microbial  cell  wall.  Several  components  of this 
system  have  been  isolated  and  their  structure  detennined.  Phenoloxidase  (monophenyl 
L-dopa:  oxygen  oxidoreductase;  EC 1.14.18.1)  catalyses  the  oxidation  of  phenols  to 
quinones  followed  by  several  intermediate  steps  that  lead  to  the  production  of melanin, 
a  brown  pigment.  During  the  fonnation  of melanin,  toxic  metabolites  are  fonned  which 
have microbicidal activities. 
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The  proPO  is  an  inactive  zymogen  stored  in  the  granular  haemocytes,  which  de-
 granulate and release the  inactive enzyme into haemolymph.  According to  the amino  acid 
 sequence, proPO belongs to  a family of copper containing proteins including haemocyanin 
 and  tyrosinases.  The activation of proPO  is  by  a  proteolytic  cleavage  mediated by  serine 
 protease enzyme (proPO  activating enzyme,  ppA)  which itself is  seen  in  an  inactive form 
 in  the  haemolymph.  Microbial  polysaccharides,  like  LPS  or  ,6-1,3-glucan  can  mediate 
 the  activation of these  inactive  serine  protease  to  active  form,  which  in  turn  activate  the 
 inactive proPO into active phenoloxidase. Phenoloxidase then oxidises the phenolic group 
 containing  amino  acids  (tyrosine)  into  semiquinones,  which  have  microbicidal  action, 
 and  these  semiquinones  are  polymerized  into  melanin.  Melanisation  is  involved  in  the 
 process  of tanning of cuticle during the post-molt period in  wound healing and in defence 
 reactions  (encapsulation of invading microorganisms). This pigment can be recognized as 
 dark brown spots in the cuticle of shrimps that have been injured. 


Together  with  the  activation  of proPO,  another  important  component  of  proPO  sys-
 tem  gets  activated.  That  is  a 76  KDa  protein that mediate  and  enhance  cell adhesion and 
 degranulation  . This  is  a multi functional  immune  factor,  which  also  promotes  encapsula-
 tion and function as  a phagocytosis- stimulating opsonin (when released together with the 
 molecules of the proPO  system).  Molecular characterisations of this  76  KDa protein were 
 done and it revealed that they belong to  the family of peroxidases. 


The  prophenoloxidase  system  also  needs  factors  that  regulate  the  inappropriate  ac-
tivation  and  amplification  of  the  response,  as  unregulated  melanisation  and  protease 
activities  would  be  disastrous  to  the  animal.  This  control  is  partially  achieved  by  syn-
thesising  the  enzyme  as  an  inactive  zymogen  that  requires  proteolytic  cleavage  in  order 
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to  become  active.  To  avoid  excessive  or premature  activation  of proPO  system  protease 
 inhibitors  like  serine  proteinase  inhibitors  were  been  identified  in  crustaceans.  Many 
 protease  inhibitors like serpins and  CI:-macroglobulins have been reported from arthropods, 
 which  regulate  the  unnecessary  activation of proPO  system (Kanost, 1999).  The  activity 
 of phenol  oxidase  has  been  reported  for  many  crustaceans  including Brown shrimp, Far-
 Jantepenaeus  califomiensis, Tiger shrimp, Penaeus monodon, White shrimp, Litopenaeus 


vannamei, Sao  Paulo  shrimp, FarJantepenaeus  paulensis and  Blue  shrimp Litopenaeus 
 stylirostris. 


1.2.3.2  Lectins 


Lectinsl  agglutinins  are  non-enzyme  proteins  or  glycoproteins  without  catalytic  activity 
that  binds  to  specific  carbohydrates  expressed  on  different  cell  surfaces.  They  exist  in 
almost  all  living  organisms.  Lectins  have  been  regarded  as  potential  molecules  involved 
in  immune recognition  and  phagocytosis of microorganisms  through  opsonisation.  These 
types  of carbohydrate  binding  proteins,  which  recognize  surface  structures  common  for 
different pathogens, represent a primitive immune response and called pattern recognition 
proteins  (PRP).  Some  lectins  act  as  opsonins  and  bind  to  foreign  particles  that  facilitate 
their  removal  by  phagocytosis (Marques  and Barracco., 2000).  The  PRPs  recognize  tar-
gets  such as  lipopolysaccharides (LPS) or peptidoglycan from  bacteria, and ,B-1,3-glucans 
ormannans from fungi. Several PRPs recognizing ,B-1 ,3-glucans have been found in arthro-
pods. Soderhall et af. (1988)  isolated a /J-glucan binding protein (BGBP)  from  plasma of 
cockroach Balberus cannifer. Lectin activity has been identified in the haemolymph of sev-
eral penaeid shrimp  species (Vargas-Albores  et al., 1993).  In  penaeid shrimp P  monodon, 
Ratanapo and Chulivatnatol (1992) reported the agglutination of  pathogenic Vibrio  vul-
nificus by purified lectin called monodin. (Vargas-Albores et al., 1993) reported the ability 
of purified  lectin  to  react with different marine species of Vibrio. 
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1.2.3.3 AntimicrobialPep tides


Antimicrobial peptides are widespread in the living kingdom, and a large number of
 these molecules have been isolated from vertebrates and invertebrates. The production of
 antimicrobial peptides represents a first line of defence mechanism of innate immunity
 that is wide spread in nature. In crustacean haemolymph, antimicrobial activities have
 been demonstrated but only a few molecules have been characterised. Three antimicrobial
 peptides have been isolated and characterized from P. vannamei and named penaeidins
 and recent results show that these peptides are ubiquitous in crustaceans. These peptides
 are often broad spectrum in nature and probably act against many infectious agents. They
 showed activity against the shrimp fungal pathogen, Fusarium oxysporum and also to some
 Gram-positive bacteria (Destomieux et al. (1997), Destomieux et al. (2000)). Haemocytes
 of horseshoe crab, Limulus polyphemus, contain a family of arthropod peptide antibiotic,
 named tachyplesins or polyphemus .and an antibacterial protein named anti-LPS factor
 (Muta et al. (1987), Miyata et al. (1989).


They are classified into three distinct groups based on ammo acid sequences, sec-
 ondary structure and functional similarities (Bachere, 2003). The first and large group
 is composed of peptides stabilised by intramolecular disulphide bonds, and the other
 two groups are linear peptides and polypeptides characterized by (1) a-helical structure
 or (2) a high content of proline residues and/or a high percentage of glycine residues.


The haemocytes are found to be the site of production and storage of these peptides.


Degranulation of the haemocytes by stress or pathogenic invasion can lead to the release
of these peptides into the haemolymph. In most cases, anti-microbial peptides were shown
to disrupt microbial membrane by a pore forming action or by a detergent effect.
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1.2.3.4  Reactive Oxygen Intermediates (ROI) 


Another important defence reaction of haemocytes  is  the production of a  series of micro-
 bicidal substances that either inhibit microbial activities or completely digest the microor-
 ganisms.  This response  termed  as  the  respiratory burst,  is  an aerobic  process,  which gen-
 erates highly reactive oxygen species such as  superoxide anions  (0
2), 
hydrogen peroxide 
 (H202 ), hydroxyl  ions (OH-) and singlet oxygen  (02 )  (Reactive Oxygen Intermediates 
 or ROI).  In P. monodon, production of RO!  has  been  induced  by  immunostimulants like 
 jJ-glucan  and  zymosan,  which  confers,  enhanced  protection against  bacterial  or viral  in-
 fections (Song and Hsieh, 1994).  Respiratory  burst has  also  been reported in L. vannamei 

& L .stylirostris (Moullac  et al., 1998).  In  addition,  the  activity  of superoxide dismutase, 
 an  enzyme  scavenging superoxide  anion,  has  been measured  in  shrimps Palaemnotes ar-
. 


gentinus (Kosower and Kosower, 1978) and L. vannamei (Campa-Cordora  et al., 2002). A 
 schematic  overview of the  important factors  in the  crustacean  defence  system is  given in 
 Fig. (1. 1) (Smith et al., 2003). 



1.3  Vaccination in  Shrimps - A Possibility 


Vaccination,  is  a  strategy  developed  for  generating  long  lasting  protection  through 
immunological memory. Adaptive  secondary memory immune  response  of vertebrates 
depends  on  immunoglobulins  (Igs),  T  Cell  receptors  (TCRS),  Major Histocompatibility 
Complex (MHC) and memory T cells (Klein, 1989). It is the ability of the immune system 
to  respond  more  rapidly  and  effectively  to  pathogens  that  have  been  encountered  previ-
ously. It is  very  evident  that  there  exists  an  anticipatory  (memory)  and  non-anticipatory 
immune  response  in  vertebrates,  whereas  only non-anticipatory  immune  responses  were 
observed in invertebrates (Klein, 1997). 
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Figure  1.1: Flow diagram showing Crustacean  defence system 
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There  is  much  confusion  in  the  literature  as  to  the  terms  vaccination  and  immunos-
 timulation  with  respect  to  disease  prevention /  control  in  shellfish.  Sometimes the  terms 
 are used  interchangeably.  Vaccination  is  a term  that should  strictly be applied only when 
 the purpose is  to  confer long lasting protection through immunological memory. It requires 
 primary  challenge  with  antigen  and  is  dependent  upon  clonally  derived  lymphocyte 
 sub-sets  to  be  implemented.  In  vaccination,  a  harmless  inactivated form  of a  pathogen is 
 used  to  stimulate  the  primary  antibody  response,  so  that  when  the  real  pathogen  is  met, 
 there  is  pre-existing  immunity  and  the  secondary  response  can  be  evoked  to  boost  the 
 level of immunity very quickly. It often include the use of adjuvants ( killed mycobacterial 
 cells,  aluminium salts, or mineral oil) to  provide a depot effect and enhance the antibody 
 response. These usually act on one or more non-specific innate components of the immune 
 system,  such  as  cytokines  and  antigen  presentation.  In  essence  they  are  acting  as  im-
 munostimulants to  maximize a particular specific response.  However,  immunostimulation 
 can be  achieved in a more general sense by,  for  instance, targeting complement activation, 
 phagocytosis, and cytokine secretion,  without necessarily or purposefully requiring a spe-
 cific  response  to  a  defined  antigen.  Examples  include  zymosan,  glucans,  peptidoglycans 
 and  lipopolysaccharides  and  these  are  best  described  as  true  immunostimulants  .  Thus 
 immunostimulants,  in  shellfish  aquaculture  refers  to  any  substance  that  is  used  with  an 
 intent to  boost immune reactivity and improve resistance to, or survival following infection 
 by harmful micro-organisms. 


However,  as  in  other  arthropods,  crustaceans  have  a  non-adaptive  (innate)  immune 
system,  which means that there  is  little logic in trying to  immunize these animals whereas 
it is  possible to enhance the  immune capacity for a limited period of time by vaccination / 
immunostimulation.  Attempts  have  been made  to  vaccinate  shrimps  and  lobsters.  Adarns 
(1991) reported vaccination of shrimp by exposure to heat killed preparations of pathogens. 
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It has  been  reported  that  treatment  of P  monodon with  $-1,3-g1ucan (Kenkyu,  1994), 
 killed  vibrios (Timmons  et  al., 2001)  significantly  enhanced  resistance  to  infection  by 
 vibrios. It shows that treatment with dead vibrios and $-1 ,3-glucan is  more effective in the 
 protection  against  vibriosis  than  treatment  with  dead  Vibrios  alone. Keith  et al.  reported 
 that  vaccination  against  gaftkemia  infection  in  lobsters  was  effective  with  inactivated 
 bacteria.  But all  these  responses  are  short-lived  and  usually  last  for  a  few  hours  or a  day 
 or  so. It was  observed  that  treatment  with  $-1,3-glucan  induced  a  higher percentage  of 
 haemocytes  with  superoxide  anions  than  with  other  immunostimulants  in P  monodon 
 (Song  and  Hsieh,  1994). Chaves  and  Sequeira (2000)  observed  a  secondary  immune 
 response in Pjaponicus which can be fit  into the designation of immune memory stated by 
 Hildemann. (1984). It remains  unclear whether such results are  due to  the existence of an 
 adaptive  immune response  in  invertebrates homologous to  that observed in  vertebrates  or 
 to a distinct type of immunoprotective pathway. 



1.4  Immunostimulants and Probiotics in  Shrimp  Aq uaculture 


In  many  countries  diseases  are  a  major  constraint  to  aquaculture  production.  Especially, 
in  the  shrimp  fanning  production  sector,  infectious  diseases  are  considered  the  most 
limiting  factor  for  further  development.  Since  shrimp  fanners  still  rely  on  wild  animals 
fro  the  production  of seedstock,  genetic  selection of resistant  domesticated shrimp  stock 
is  still  not  feasible.  In  addition,  epidemiological  surveys  and  knowledge  of factors  that 
detennine  the  health  status  of shrimp  are  scarce,  adequate  measures  to  control  diseases 
other than management practices are  not available yet.  However, such measures to  prevent 
and  control  diseases  are  essential  for  further development  of a sustainable shrimp  culture 
sector.  Disease  control  depends  on  a  complex  of  three  factors;  diagnosis,  treatment 
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and  preventive  measures  (Sinderrnann  and  Lightner,  1988).  Treament  measures  like 
 the  use  of chemotherapeutics,  has  led  to  the  evolution  of resistant  strains  of pathogens 
 and  questions  of safety (Esiobu  and lke, 2002).  In  shrimp  culture,  new  and  more  often 
 difficult pathogens frequently emerge to replace the solved pathogen problem of yesterday. 


Therefore,  preventive  measures  should  improve  the  control  of diseases.  Prevention  may 
 include  environmental  manipulation,  usage  of  immunostimulants  and  probiotics.  An 
 irnmunostimulant  is  a  chemical,  drug,  stressor  or  action  that  enhances  the  non-specific 
 defence  mechanism  or immune response,  rendering  the  animal  more  resistant to  diseases 
 (Anderson, 1992).  Several  reports  have  been published about  experiments to  enhance  the 
 invertebrate  defense  mechanisms  using  immunostimulants  .  In  shrimp,  several  microbial 
 compounds  have  been  reported  as  the  main  stimulants  of cellular  functions,  such  as  {3-
 glucans ,Iipopolysaccharides (integral component ofthe outer membrane of Gram-negative 
 bacteria)  and  peptidoglycans  (integral  cell  wall  component  of Gram-positive  bacteria)  . 
 These compounds have been researched to evaluate the usefulness of their supplementation 
 against vibrios  and  WSSV  infection (Itarni  et at., 1998).  However,  most of these  studies 
 have  delivered  these  compounds as  heat-killed  bacteria  or cell  wall  of bacteria and  yeast 
 (Song  and Hsieh,  1994).  Enhancement  of the  defense  system  in  the  practice  of shrimp 
 culture is most feasible by oral  administration. 


The  concept  of  biological  control  for  health  maintenance  has  received  widespread 
attention  during  the  last  few  years.  Thus  ,  the  research  into  the  use  of probiotic  bacteria, 
a  live  microbial  supplement,  for  aquatic  animals  is  increasing  with  the  demand  for 
environment-friendly sustainable aquaculture (Gatesoupe., 1999). Probiotics are microbial 
dietary  supplements of benefit to  the host. Probiotics generally include bacteria, cyanobac-
teria,  micro algae,  fungi  etc. It is  the "effective microbiota", which includes photosynthetic 
bacteria, Lactobacillus,  Nitrobacteria, Denitrifying  bacteria, Btfidobacleruim, Yeast  etc. 
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Several bacteria have been used  in  the  larval  culture  of aquatic  organisms. Garriques and 
 Arevalo (1995)  reported that the use  of V.alginolyticus as  a probiotic agent might increase 
 survival  and  growth  of Penaeus  vannamei post  larvae. Maeda  and Nogami (1989)  have 
 reported  the  use  of bacterial  strains  possessing vibriostatic  activity  to  control  vibriosis  in 
 prawns  thereby enhancing growth.  By applying these bacteria in  aquaculture,  a biological 
 equilibrium  between  competing beneficial  and  deleterious microorganisms was  produced 
 and  results  showed  that  the  population  of Vibrio  spp.  was  decreased.  The  application 
 of immunostimulants  and  probiotics  will  certainly  continue  to  play  an  important  role  in 
 disease  control  in  intensive  shrimp  culture.  No  reports  could  be  obtained  on  the  use  of 
 actinomycetes as  immunostimulants and probiotics in shrimp aquaculture. 



1.5  Marine Microbes as  Source of Bioactive Compounds 


Although  the  diversity  of life  in  the  terrestrial  environment  is  extraordinary  the  greatest 
 biodiversity is  in  the  oceans (Donia  and Hamann, 2003).  More  than  70 % of our planets 
 surface  is  covered by oceans and it harbours  more than  80 percent of all life  on earth.  The 
 ocean cover contain over 2,00,000  invertebrate  and  algal  species. These organisms  live  in 
 complex  communities  and  in  close  association  with  other  organisms  both  macro  (algae, 
 sponges)  and  micro  (non  filamentous  bacteria,  fungi  and  actinomycetes)  organisms. 


Marine organisms are capable of surviving and growing in hab itats of extremes. In addition 
 to  high  salinity,  many  of them  have  to  face  high  hydrostatic  pressure  and  low  or high 
 temperature. In order to survive and grow in a highly competi tive habitat, many organisms 
 must compete for  the  limited resources.  A variety of offensive and defensive mechanisms 
 have  evolved to  allow organisms to gain selective advantage and  to  cope with competitors. 


The  physiological  manifestation  of these  defence  abilities  of marine  organisms  is  in  the 
form  of bioactive  metabolites.  The  biological diversity of marine  environment thus  offers 
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enonnous scope for the  discovery of novel natural products  several of which are  potential 
 targets  for biomedical development. 


Marine  micro-organisms  has  been  recognized  as  a  new  source  for  the  production  of 
 bioactive  secondary  metabolites.  The  large  number  and  diversity  of  marine  bacteria 
 suggest that this  resource  will be of significant importance  in the  discovery of new drugs. 


Of all  the  marine  forms,  the  actinomycetes  merit  special  consideration  in  view  of the 
 proven biosynthetic capabilities of numerous  isolates from soil. They are  considered to  be 
 the most economically and biotechnologically valuable prokaryotes. 


Actinomycetes  are  a  group  of gram-positive  bacteria  that  tend  to  form  branching  fil-
 aments,  which  in  some  families  develop  a  mycelium.  They  produce  aerial  mycelia  or 
 substrate  mycelia  or  both.  But  these  structures  may  break  into  rods  or  cocci,  giving 
 bacterial  appearance.  The  diameter  of the  filaments  vary  from 0.5-2JLm. Filaments  are 
 not  always  observed  because  some  families  as  stated  above,  tend  to  fragment  and  leads 
 to  the  formation  of coccoid,  elongate  or  diphtheroid  elements.  In  some  families  true 
 spores  are  formed  on aerial or substrate hyphae.  The  spores  vary greatly  in  shape and  are 
 produced  at  the  tip of filaments.  Spore formation occurs in response to  nutrient depletion. 


Actinomycetes are widely distributed in nature and found  in a variety of habitats. They are 
 temperature tolerant and can withstand desiccation. 


Actinomycetes  are  responsible  for  the  production  of  about  half  of  the  discovered 
bioactive  secondary  metabolites  (Berdy,  2005),  notably  antibiotics  (Strohl,  2004),  anti tu-
mar agents (Cragg et af.),  immunosuppressive agents (M ann, 2001) and enzymes (Oldfield 
et af.  (1998) & ?).  About 75 % of worlds antibiotics are  derived from  actinomycetes.  Be-
cause of the  excellent track record of actinomycetes in this  regard,  a significant amount of 
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effort has  been focused  on  the successful isolation of novel actinomycetes from terrestrial 
 sources for  drug screening programs in  the past fifty  years.  Recently,  the rate of discovery 
 of new  compounds  has  decreased,  whereas  the  rate  of re-isolation  of known  compounds 
 has  increased (Fenical  et  al., 1999).  Thus  it  is  crucial  that  new  groups  of actinomycetes 
 from  unexplored habitats be pursued as  sources  of novel  bioactive secondary metabolites. 


As  marine  environmental  conditions  are  extremely  different  from  terrestrial  ones,  it  is 
 sunnised that marine  actinomycetes  have different  characterstics  from  those of terrestrial 
 counterparts. It is  likely  that  this  is  reflected  in  the  genetic  and  metabolic  diversity  of 
 marine  actinomycetes,  which  remains  largely  unknown.  Indeed,  the  marine  environment 
 is  a virtually untapped source  of actinomycete diversity and therefore,  of new metabolites 
 (Lam,  2006). 


The  present  work  is  aimed  at  the  utilization  of marine  actinomycetes  as  a  source  of 
 antiviral  compounds and  as  probiotics for application  in  penaeid prawn growout systems. 


A detailed  study  of the  immunological  and  antioxidant  responses  of Penaeus  monodon 
 administered with  actinomycte diets  is  also  dealt  with.  The  present study was  undertaken 
 with  the following objectives. 


Isolation of marine  actinomycetes  and  screening  for  antiviral  activity  against  white 
 spot virus in Penaeus monodon. 


2  Screening of marine actinomycetes for hydrolytic and antagonistic property and seg-
 regation of potent strains as  putative probionts for prawn culture systems. 


3  Testing  selected probionts  for  immunostimulant property  in Penaeus  monodon cul-
 ture systems. 


4  Testing selected probionts for antioxidant property in Penaeus monodon. 
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The thesis  comprises of 6 Chapters. In Chapter I,  a general  introduction on the various as-
pects of penaeid shrimp aquaculture, its present status and various constraints confronted by 
the industry is dealt with. A focus on the defence mechanisms of crustaceans, and the prob-
able  measures  undertaken  to  combat diseases  and  the  relevance  of marine  actinomycetes 
as  source  of bioactive compounds is  also  discussed.  In  Chapter 2,  a  study on the  efficacy 
of marine actinomycetes as source of antiviral compounds against WSSV in P.monodon is 
done.  Chapter 3  deals  with testing  the  efficacy  of marine  actinomycetes  as  probiotics in 
Pmonodon . Chapter 4, gives a detailed account on th~ immunological responses of marine 
actinomycete  fed P.monodon  to  white spot viral disease.  In  Chapter 5,  a  detailed  account 
on  the  antioxidant  responses  of marine  actinomycete  fed P.monodon  to  white  spot  viral 
disease is carried out, followed by summary and conclusion in Chapter 6. 
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CHAPTER 2 



Screening of Marine Actinomycetes for  Antiviral Activity Against White  Spot Viral 



Diseases in  Penaeus monodon 



2.1  Introduction 


Shrimp aquaculture has grown into a major commercial venture in the tropics, particularly 
 in the Asian subcontinent. The intensification of shrimp farming over the last few decades 
 has  been  accompanied  by  development  of infectious  diseases  of viral,  bacterial  and  in 
 some  cases,  fungal  origin (Destomieux  et al., 2000).  Approximately about 20  viruses  has 
 been  reported  in  shrimp  culture.  Among  the  various  viruses 0 f the  penaeid  shrimp,  the 
 white  spot syndrome  virus  (WSSV)  is  responsible  for  a  major proportion  of the  diseases 
 plaguing  commercial  shrimp  ponds,  and  has  resulted  in  high  mortality  and  economic 
 losses  (Lightner (1996),  Flegel (1997».  In  cultured shrimp,  WSSV  infection can  cause a 
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cumulative mortality  upto  100  %  within 3 to  10  days (Lightner, 1996).  The first  reported 
 epidemic due to  this virus  is  from  Taiwan  in  1992 (Chen, 1995) , followed by outbreaks in 
 Japan  and  Korea  in  the  same  year,  Thailand,  India  and  Malaysia in  1994  and  by  1996  it 
 had severely affected  East Asia and  South Asia (Cai  et al. (I 995), Flegel (1997)).  WSSV 
 was  reported  from  the  United  States  in  1995 (Kosower  and Kosower, 1978),  and  from 
 Central and South America since early 1999 (Rosenberry, 2001). In India, WSSV infection 
 was  first  reported  from  the Kandaleeru creek-fed shrimp  farms  in Andhra  Pradesh during 
 1994 and was  subsequently reported from  ponds located all  along the Indian coasts. 


White  spot  syndrome VIruS  (WSSV)  is  an  extremely  virulent  pathogen  of  penaeid 
 shrimp  and  is  a  large  dsDNA  virus  belonging  to  the  virus  family  Nimaviridae,  genus 
 Whispovirus (Mayo., 2002).  Wongteerasupaya  et  at.  (1995)  ,  first  described  the  TEM 
 morphology of WSSV by negative staining  to  reveal  tail  like  appendages.  WSSV virions 
 are  enveloped,  have  a  bacilliform  to  ovoid  shape,  are  about  275  nm  in  length  by  120 
 om  in  width  and  have  a  tail-like  appendage  at  one  end (Rajan  et at., 2000).  The  nucle-
 ocapsid  have  striations  perpendicular  to  the  rod  shaped  long  axis  of about  300  x  70  nm 
 (Wongteerasupaya  et al., 1995). It has  a broad host range  including marine and freshwater 
 crustaceans such as crabs, crayfish, insects and lobsters (La et al., 1996) and are reported to 
 get infected with variable severities depending on the life stage of the host and presence of 
 external stressors (temperature, salinity, bacterial diseases, pollutants etc).  Clinical signs of 
 WSSV  include a sudden reduction  in  food  consumption,  lethargy,  loose  cuticle  and often 
 reddish discolouration and the  presence of white spots of 0.5  to  2.0 nm in diameter on the 
 inside  of the  carapace,  appendages  and  cuticle  over the  abdominal  segments.  Chemical 
 composition of the  spots  is  similar to  the  carapace  , calcium  forming  80-90%  of the  total 
 material  and  is  suggested  to  have  derived  from  abnormalities  of the  cuticular epidermis. 


(Wang  et a!., 1997).  The complete  DNA sequence of WSSV  genome has  been assembled 
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into  circular sequence of 292,967 base pairs (Hulten  et al.,  200 I). 


Transmission  of the  virus  is  mainly  through  oral  ingestion  and  water  borne  routes  in 
 farms (horizontal transmission) and from  infected mother prawns (vertical transmission) in 
 case of shrimp hatcheries. Rapid and specific diagnosis of the virus is presently carried out 
 using two step-nested polymerase chain reaction (Kim et al.,  1989) and in situ hybridisation 
 assay (Wongteerasupaya  et  af.  (1996),  Chang  et  al.  (1998)).  Histopathological  changes 
 include  prominent  intracellular eosinophilic to  basophilic  inclusions  in  the  infected  cells 
 and  cellular  degeneration  with  hypertrophied  nuclei  and  chromatin  margination  in  the 
 cuticular epidermis,  gill  epithelium,  antennal  gland,  haematopoetic  tissue,  nervous  tissue 
 and  connective  tissue  and  cellular  necrosis  and  detachment  of intestinal  epithelial  tissue 
 (Wongteerasupaya  et al.,  1995). 


Numerous  works  are  being  undertaken  all  over  the  world  to  con trol  the  spread  of 
 the  disease.  Strategies  for  prophylaxis  and  control  of  WSSV,  theoretically  include 
 improvement  of  environmental  conditions,  stocking  of  specific  pathogen  free  shrimp 
 post-larvae  and  enhancement of disease  resistance  by  using  immunostimulants (Citarasu 
 et al.,  2006). 



2.2  Measures Undertaken to  Enhance Disease Resistance  Against WSSV Infection in  Penaeid Shrimps 


The use of aquatic plants and animals for biomedical research and the potential of microor-
ganisms  as  sources  of pharmaceuticals  have  opened  new  vistas  to  the  whole  scenario  of 
aquaculture  activities.  Recent studies revealed that the extracts  (containing polysaccharide 
fraction)  from  several kinds of seaweeds had an impressive ability to improve the immune 
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