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ABSTRACT: Hemocytes represent one of the most important defense mechanisms against foreign 
material in Mollusca. The morphology, hematological parameters and behaviour of hemolymph 
cells were studied in the southern quahog Mercenaria campechiensis, the eastern oyster Cras- 
sostrea virginica, and the blood ark Anadara ovalis challenged with the bacteria Vibrio vulnificus 
and V. anguillarum. Two general classes of hemocytes (granular and agranular) exist in C. virginica 
and M. campechiensis. In contrast, A. ovalis possesses 3 general classes (granular, agranular and 
erythrocytes). Three types of granules were identified by light microscopy. When hemolymph cells 
were studied by transmission electron microscopy, the cytoplasm of hemolymph cells was noted to 
contain many organelles, including electron dense granules. Both agranular and granular 
hemolymph cells were capable of colchicine-sensitive pseudopodial movement and spreading. The 
results indicate that marine bivalves possess hemolymph blood cells which may play a role in the 
internal defense paralleling mammalian phagocytes. The morphology of these cells, as determined 
by light, scanning and transmission electron microscopy, showed some similarity to mammalian- 
mononuclear phagocytes. The sub-cellular events of molluscan hemocyte phagocytosis of V. 
vulnificus and V~ anguillarum were studied by both scanning and transmission electron micros- 
copy. The role of these cells and the factors which govern their behavior are of economic and public 
health importance. 

INTRODUCTION 

Fi l te r - feeding shel lf ish are we l l  k n o w n  for their  abi l i ty  to in te rna l ly  concent ra te  
both abiotic and biotic mater ia ls  at concent ra t ions  g rea te r  than  their  ambien t  sea wate r  

(Cheng, 1967). The  major  mol luscan  defense  mechan i sms  agains t  such i n v a d i n g  fore ign  

mater ial  is pr imari ly  ce l lu lar  and is c losely associa ted with  the h e m o l y m p h  blood cells  
(Cheng, 1967). These  mol luscan  h e m o l y m p h  cells  have  b e e n  demons t ra ted  to perform 

numerous  functions, including:  pinocytosis,  phagocytos is  and encapsu la t ion  of abiot ic  as 

well  as biotic foreign mater ia ls  (Cheng,  1967~ C h e n g  & Rifkin, 1970}. In this regard  

molluscan h e m o l y m p h  cel ls  are  very  s imilar  to m a m m a l i a n  mononuc l ea r  phagocytes .  
Because of these  propert ies,  the h e m o l y m p h  cells  may  p lay  an impor tant  role  in disposal  
of such invad ing  materials .  

Therefore,  three mar ine  bivalves ,  the southern q u a h o g  - Mercenar ia  campechiens is ;  
the eastern oyster - Crassostrea virginica and the b lood ark - Anadara ovalis, have  b e e n  
examined  for morphology,  hema to log ic  parameters ,  se lec ted  hydrolyt ic  e n z y m e  

activities and phagocyt ic  behav io r  of h e m o l y m p h  cells. 
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MATERIALS AND M E T H O D S  

B i o 1 o g i c a 1 m a t e r i a 1 s. The  eas te rn  oyster (Crassostrea virginica), the south- 

ern quahog  (Mercenaria campechiensis) and the b lood ark (Anadara ovalis)were 
col lec ted  in Tampa  Bay at Tampa,  Florida. 

All  shel l f ish w e r e  ma in t a ined  at leas t  10 days in rec i rcula t ing  seawater  tanks at 

25 7oo sal ini ty  and 20 C us ing  es tab l i shed  t e chn iqu e s  (Rodrick & Cheng,  1974). 
C o 11 e c t i o n o f h e m o 1 y m p h. In all  three  molluscs,  h e m o l y m p h  samples  were  

col lec ted  from the anter ior  adductor  musc le  sinus by us ing  endotoxin  free hypodermic  

need le s  and syr inges  (Feng et al., 1971). 
P r e p a r a t i o n  o f  h e m o l y m p h .  One  half  mi l l i l i ter  of freshly drawn 

h e m o l y m p h  was i m m e d i a t e l y  d i scharged  on to the center  of an endotoxin  free glass 

microscope  s l ide and p laced  in a humid i ty  dish and the hemocytes  a l lowed  to spread 
undis turbed.  At p r e - d e t e r m i n e d  t imed  intervals  (0, 5, 10, 15 and 20 min) spread ing  cells 

w e r e  f ixed for e i ther  l ight  microscopy (Guida & Cheng ,  1980); t ransmission electron 

microscopy (Cheng  & Cali,  1974) and scann ing  e lec t ron microscopy (Cheng  & Foley, 

1972). 
I n v i t r o p h a g o c y t i c s t u d i e s. Cul tures  of Vibrio anguillarum, V. vulnificus. 

Escherichia coli, Bacillus megaterium and Staphylococcus aureus were  grown, har- 

vested,  w a s h e d  and  counted  us ing  es tab l i shed  t e ch n iq u e s  (Cheng,  1975; Tampl in  et al., 

1983), 
All  bac te r ia  were  suspended  in 0.01 M Sorensen ' s  buffer, pH 7.2 and added  to 

hemocy te  prepara t ions  from Mercenaria campechiensis, Crassostrea virginica and 

Anadara ovalis at a ratio of at least  2:1. 

The  bac te r i a -hemocy te  prepara t ions  were  incuba ted  at three  different  tempera tures  

(4 °, 22 ° and 37 °C). In addit ion,  ident ica l  expe r imen t s  w e r e  per fo rmed  with  hemocytes  

reconst i tu ted  in (1) steri le sea wate r  (mil losmomolles) ,  (2) se rum hea ted  at 56 °C for 30 
minutes ;  (3) se rum t rea ted  wi th  1 mg  trypsin (units); and (4) serum with  500 mi l l igrams of 

colchicine.  The  bac te r i a -hemocy te  phagocytos is  was  s topped at p r e -de t e rmined  t imed 

intervals  of 0, 30, 60 and 90 minutes  wi th  e i ther  Far ley 's  f ixat ive or 1 %  g lu ta ra ldehyde  

(970 mOsm) at room tempera tu re  for one hour then  as descr ibed  by Guida  & Cheng  

(1980). 
The  m e a n  n u m b e r  of bac te r ia  associa ted wi th  the two types of hemocytes ,  granulo-  

cytes and agranulocytes ,  was de t e rmined  by recording  the n u m b e r  of bac ter ia  associated 

with  the first ten cells  of each  type observed  in each  preparat ion,  cells  s tated to be in 

associat ion with  bac ter ia  inc lude  those i n  the first and second s tages  of phagocytosis  
(e.g. wi th  bac ter ia l  adhe r ing  to their  surfaces, as we l l  as those wi th in  in t racel lular  

phagosomes) .  
Since di f ferences  in cel l  surface areas of spread h e m o l y m p h  cells  could theoret ical ly  

affect the n u m b e r  of bac ter ia  that  make  contact wi th  the cel l  over  a g iven  t ime period, 

cons idera t ion  was  g i v e n  to the  de te rmina t ion  of the m e a n  surface area  of each  cell  type 

exposed  to bac ter ia l  suspensions.  Approx imate  m e a n  surface areas  for granulocytes  and 
agranulocytes  w e r e  compu ted  from the d imens ions  of ten  cells of each  cell  type chosen 

at random. 
E n z y m e a s s a y s. All  e n z y m e  assays were  m a d e  on cel l  pe l le t  resul t ing from 

cent r i fugat ion  of fresh h e m o l y m p h  at 3000 g. 
For the de te rmina t ion  of lysozyme activity, a modif ica t ion  of the method  of Shugar  
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(1952) was employed.  This involved us ing  a 0.1 M glycylglycine  buffer at pH 5.5 and  0.2 
mg/ml  of Micrococcus lysodeikticus as substrate.  The activit ies of acid a nd  a lka l ine  
phosphatases were ascer ta ined by moni tor ing  the hydrolysis  of sod ium-p-n i t rophenyl -  
phosphate spectrophotometrical ly at 405 m~ and  25 °C at pH 4.8 and  10.5 respect ively 
(Shugar, 1952; F i shman  & Lerner, 1953). 

The method of F i shman  et al. (1948) was used to detect  the activity of [3-glucuronid- 
ase. This involved employ ing  pheno lph tha l e in  as the substrate  and  the react ion was 
moderated as 57 °C and  pH 6.8. One  uni t  of ~-g lucuronidase  activity is that amoun t  
required to cleave 1 mmol  of pheno lph tha l e in  g lucuronic  ac id /min  at 57 °C. 

Amylase activity was assayed spectrophotometr ical ly  by the method  of Somogyi  
(1938). One  in te rna t iona l  un i t  of this enzyme  is def ined as that  amoun t  that will  cause 
the formation of a reduc ing  capacity equ iva len t  to 1 mg of glucose in  30 min  at pH 6.8 
and 40 °C. The l ipase activity was measured  by t i t rat ing the hydrolysis  of an  emuls ion  of 
olive oil and  1 s igma-Tietz  un i t  of activity is equa l  to 1 mmol  of acid p roduced /min  at 
25 °C and  pH 7.5 (Tietz et al. 1959). 

The activities of GOT and  GPT, expressed as S igma-Franke l  un i t s /mg  protein, were 
assayed spectrophotometrical ly at 505 mU by the method of Rei tman & Frankel  (1957). 
The protein contents  of all  the enzyme solut ions were  ascer ta ined by the method  of 
Lowry et al., (1951). Glycogen was de te rmined  by  the method  of Montgomery  (1957). 

G r a n u 1 e i s o 1 a t i o n. Three tools of fresh hemolymph  were collected by use of a 
plastic syringe con ta in ing  3 mls of a 5 % solut ion of e thy lene  d i amine  tetraacetate  
disodium (EDTA), pH 7.0. The resul t ing  mixture  of EDTA-hemolymph mixed  thoroughly 
then discharged through a cel lulose ni t rate  m e m b r a n e  (25 mm, pore size 8 microns). 

The resul t ing filtrate was then  layered over three layers of glycer in  (33 %, 67 % and  
100 %), then centr i fuged at 58,000 x g for 45 rain. 

The centr i fuged filtrate was then  fract ionated into 1 ml samples  and  assayed for acid 
phosphate (Shugar, 1952). Fractions exh ib i t ing  high acid phosphates  activity were  
microscopically inspected for the presence  of hemocyte  granules .  

RESULTS 

H e m o l y m p h  ce l l  c o m p o s i t i o n  

When  the three molluscs were  examined  to de te rmine  the ce l lu lar  composit ion,  
Mercenaria campechiensis and  Crassostrea virglnica were  very similar;  however,  Anad- 
ara ovalis differed significantly,  since it conta ined  erythrocytes (Table 1). All of the 
molluscs conta ined  both agranulocyt ic  and  granulocyt ic  cells. Transmiss ion  electron 
microscopy of hemocytes  revealed  a p rominen t  nucleus ,  the presence  of numerous  
cytoplasmic organel les  and  numerous  electron dense  granules  (Figs 2 and  3). In both M. 
campechiensis and  C. virginica granulocytes  were sl ightly h igher  in  concent ra t ion  than  
agranulocytes.  However,  in  A, ovalis the agranulocytes  o u t n u m b e r e d  granulocytes  2:1. 
The total n u m b e r  of non-erythrocytes  in  the Blood Ark was  approximate ly  equ iva len t  to 
that seen in the two other molluscs. 
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Fig. 1. Electron micrograph of Mercenaria carnpechiensis granulocyte with prominent nucleus (n), 
mitochondria (m), electrondense granules (g) and filapodia (f) 

FRACTION NUMBER 

Fig. 2. Fractionation of Mercenaria carnpechiensis 3000 mg cell pellet using a glycerin gradient and 
acid phosphatase activity as a marker. Solid black denotes acid phosphatase activity and dashed 

line denotes percent glycerin 
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Fig ,  3, E l e c t r o n  m i c r o g r a p h  o f  a g r a n u l o c y t e  a f t e r  6 0  m i n  e x p o s u r e  to  Bacillus megaterium; m f  = 
m i c r o f i l a m e n t s ,  rn  = m i t o c h o n d r i a ,  g ----- g l y c o g e n ,  n = n u c l e u s  
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Table  1. Hemolymph cell composi t ion of Mercenaria campechiensis, Crassostrea virginica and 
Anadara ovalis. All values  are expressed as percen tages  

Species Granulocytes  Agranulocytes  Erythrocytes 

Mercenaria campechiensis 58.4 41.6 0 
Crassostrea virginica 54,6 45.4 0 
Anadara ovalis 1,6 3.3 95,1 

P h a g o c y t o s i s  o f  b a c t e r i a  b y  C r a s s o s t r e a  v i r g i n i c a  

W h e n  C. virginica w a s  e x a m i n e d  for  i ts  a b i l i t y  to p h a g o c y t o s e  four  s t r a i n s  of 

b a c t e r i a ,  r e s u l t s  w e r e  d e p e n d e n t  o n  t h e  p r e s e n c e  of s e r u m  in  t h e  m e d i u m  ( T a b l e  2). In  

t h e  a b s e n c e  of s e r u m  Escherichia  coli w e r e  e n g u l f e d  m o r e  e f f i c i e n t l y  t h a n  e i t h e r  

Staphy lococcus  aureus, Baci l lus  m e g a t e r i u m  or Vibrio anguil tarum. H o w e v e r ,  w h e n  t h e  

s e r u m  w a s  p r e s e n t ,  p h a g o c y t o s i s  w a s  3 - 1 0  t i m e s  g r e a t e r  d e p e n d i n g  u p o n  t h e  b a c t e r i a  

e m p l o y e d .  W h e n  h e m o c y t e s  w e r e  r e c o n s t i t u t e d  w i t h  h e a t  t r e a t e d  s e r u m ,  p h a g o c y t o s i s  

w a s  d e p r e s s e d .  T h i s  e f f ec t  is  m o s t  l i k e l y  d u e  to a s e r u m  fac to r  w h i c h  w a s  l a b i l e  to  

h e a t i n g  a t  57  °C for  30  m i n .  H e a t i n g  a b r o g a t e d  t h e  s e r u m  e f fec t s  a n d  a c t u a l l y  r e d u c e d  

p h a g o c y t o s i s  to  l e v e l s  e q u a l  to  or  l o w e r  t h a n  t h o s e  s e e n  i n  s e r u m - f r e e  m e d i u m .  

In  a d d i t i o n ,  i n c u b a t i o n  of ce l l s  for  60  m i n  i n  t h e  p r e s e n c e  of 500  m g  of c o l c h i c i n e  

r e d u c e d  p h a g o c y t o s i s  to  l e v e l s  e q u a l  to o r  l o w e r  t h a n  t h a t  s e e n  w i t h  s e r u m - f r e e  m e d i a .  

T h e  e f f ec t s  of t h r e e  t e m p e r a t u r e s  u p o n  p h a g o c y t o s i s  w a s  t e s t e d .  T h e  i n c r e a s e  of 

t e m p e r a t u r e  i n c r e a s e d  t h e  n u m b e r  of b a c t e r i a  a s s o c i a t e d  w i t h  t h e  h e m o c y t e s  of M. 

campech iens i s  a n d  C. virginica ( T a b l e  3). 

It w a s  a l so  n o t e d  t h a t  d u r i n g  in v ivo e x p o s u r e  of M. campechiens is ,  C. virginica, a n d  

A. ovalis  to  E. coli a n d  V. angui l larum a n d  t h a t  g l y c o g e n  c o n c e n t r a t i o n s  i n c r e a s e d  i n  t h e  

h e m o l y m p h .  S p e c i f i c a l l y ,  g l y c o g e n  l e v e l s  i n  t h e  h e m o l y m p h  of M. campech iens i s  ro se  

f r o m  27.8 _+ 1.3 ~ g / m l  to 39.7 __ 1.2 ~ g / m l  i n  o n e  h o u r  a f t e r  e x p o s u r e  to  E. coli a n d  V. 

angui l larum.  In a s i m i l a r  f a s h i o n  C. virginica a n d  A, ovalis h e m o l y m p h  g l y c o g e n  l e v e l s  

i n c r e a s e d  a f t e r  a o n e  h o u r  e x p o s u r e  to  E. coli  a n d  V. angui l larum ( T a b l e  4). In  a d d i t i o n ,  

t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  r e v e a l e d  t h e  p r e s e n c e  of e n d o p h a g o c y t i c  v e s i c l e s  

c o n t a i n i n g  g l y c o g e n  (Fig. 3). 

Tab le  2. Phagocytosis of Bacillus megaterium, Escherichia coli, Staphylococcus aureus and Vibrio 
anguillarum by hemocytes  of Crassostrea virginica in  the p resence  of normal  serum, seawater,  heat-  
t reated serum and  colchic ine- t rea ted cells. Values  are the m e a n  n u m b e r  of bacter ial  cells associ- 

a ted wi th  hemolymph  cells of Crassostrea virginica in vitro at 25 °C for one hour  (n = 80) 

Bacteria With serum Without  serum Heat - t rea ted  Colchicine- 
fraction fraction serum treated cells 

Bacillus megaterium 9.48 1.01 0.09 0.1 
Escherichia coli 10.51 3.54 2.01 0.4 
Staphylococcus aureus 10.44 1.84 1.04 0.6 
Vibrio anguillarum 6.51 1.06 0.51 0,6 
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Table 3. Differential counts of spread, fixed and stained hemocytes of Mercenaria campechiensis 
and Crassostrea virgin±ca exposed to viable Vibrio vulnificus and Bacillus megaterium at three 

different temperatures  

Species Control Vibrio vulnificus Bacillus megaterium 

4 °C 22 °C 37 °C 4 °C 22 °C 37 °C 

Mercenaria campechiensis 
granulocytes < 1 4.5 6.0 11.1 4.4 6.3 7.5 
agranulocytes < 1 < 1 < 1 < 1 < 1 < 1 

Crassostrea virgin±ca 

granulocytes < 1 3.9 6.4 10.3 3.6 6.1 8.4 

agranulocytes < 1 < 1 < 1 < 1 < 1 < 1 < 1 

Table 4. Hemolymph glycogen concentrations (~g/ml) before (above) and after I h (below) of in vivo 
exposure to Eschenchia col± and Vibrio anguillarum 

Species Escherichia col± Vibrio anguillarum 

27.8 4- 1.3 27.4 ± 1.1 
Mercenaria campechiensis 

Crassostrea virginica 

Anadara ovalis 

39.7 ± 1.2 38.8 ± 1.4 

21.4 ± 1.1 22.6 ± 1.1 
32.3 +-- 1.6 33.1 -- 0.4 

11.3 +--- 0.6 10,4 -- 1.1 
14.1 ----- 1.2 14.4 ± 1.4 

Table 5. Specific activities of selected hydrolytic enzymes in the 3000 xg cell pel let  of hemolymph 
from Mercenaria campechiensis, Crassostrea virgin±ca and Anadara ovafis 

Enzyme Mercenaria Crassostrea Ana data 
campechiensis virgin±ca ovalis 

Lysozyme (AOD/mg protein) 38.75 
[3-glucoronidase (Sigma U/mg protein) 15.12 
Acid Phosphatase (mU/mg protein) 15.16 
Alkaline Phosphatase (mU/mg protein) 8.16 
Lipase (Sigma-Tietz U/mg protein) 0,03 
SGOT (Sigma-Frankel U/mg protein) 82.48 
SGPT (Sigma-Frankel U/mg protein) 71.41 

31.75 4.11 
17,45 2.84 
14.61 3,11 
7.28 2.17 
0,02 0.01 

84.6 19,38 
75.48 21.41 

H y d r o l y t i c  e n z y m e s  a s s o c i a t e d  w i t h  m o l l u s c  h e m o l y m p h  c e l l s  

L y s o s o m e s  of m a m m a l i a n  p h a g o c y t e s  a r e  k n o w n  to  c o n t a i n  l a r g e  a m o u n t s  of 

h y d r o l y t i c  e n z y m e s ,  t h u s  t h e  m o l l u s c a n  ce l l s  w e r e  e x a m i n e d  for  s e v e r a l  e n z y m e s  

c o m m o n l y  f o u n d  in  m a m m a l i a n  cel ls .  T a b l e  5 i n d i c a t e s  t ha t  s u b s t a n t i a l  l e v e l s  of m a n y  of 

t he  h y d r o l y t i c  e n z y m e s  a re  p r e s e n t  in  M. compechiens i s  a n d  C. virgin±ca, w h i l e  l e v e l s  in  

A. ovalis w e r e  c o n s i d e r a b l y  lower .  L i p a s e s  w e r e  p r e s e n t  on ly  in  t r a c e  a m o u n t s .  C e l l  
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f rac t ionat ion  s tud ies  on M. campechiensis 3000 x g cel l  pe l l e t  us ing  ac id  phospha ta se  
ac t iv i ty  as  a m a r k e r  r e v e a l e d  a s ing le  p e a k  of ac t iv i ty  (Fig. 1). Light  microscope  
e x a m i n a t i o n  of the  p e a k  ac id  p h o s p h a t a s e  ac t iv i ty  r e v e a l e d  the  p resence  of numerous  
granules .  

DISCUSSION 

Severa l  a t t empts  have  b e e n  m a d e  to desc r ibe  the  h e m o l y m p h  cells  of var ious  mar ine  
shel l f ish  (Takatsuk,  1934; Galtsoff, 1964; F e n g  et al., 1971; Ruddel l ,  1971; Foley  & 
Cheng ,  1972) and  to s tudy  the i r  phagocy t i c  ac t iv i ty  towards  var ious  bac te r i a  (Foley & 
Cheng,  1972; C h e n g  & Cali ,  1974; Cheng ,  1975; H a r d y  et  al., 1977). In genera l ,  two 
dis t inct  c lasses  of cel ls  exis t  and  they  are  g r anu la r  and  a g r a n u l a r  hemocytes .  In the  case 
of Crassostrea virginica and  Mercenaria campechiensis, the  p re sence  of ag ranu la r  
hemocy te s  and  g r a n u l a r  hemocy tes  wi th  ref rac t i le  g ranu le s  r epor t ed  in this s tudy are  in 
a g r e e m e n t  wi th  those  of F e n g  et al., (1971) and  Foley  & C h e n g  (1972). 

Rela t ive  to the  funct ion of hemocy tes  of M. campechiensis, C. virginica and  Anadara 
ovalis the  g ranu la r  cel ls  s eem to be  more  h igh ly  phagocyt ic .  These  f ind ings  are  
cons is ten t  wi th  resul ts  p u b l i s h e d  for C. virginica by  Galtsoff  (1964) and  C h e n g  & Rifkin 
(1970). 

It is of in teres t  to note  tha t  severa l  m u l t i n u c l e a t e d  cel ls  were  occas iona l ly  obse rved  in 
both  M. campechiensis and  C. virffinica prepa ra t i ons  as repor ted  by  Sparks  & Pauley  
(1964) in  m o r i b u n d  Cras$ostrea gigas. Such  m u l t i n u c l e a t e d  hemocy tes  m a y  occur  under  
cer ta in  pa tho log i ca l  condi t ions  (Cheng  & Gal loway ,  1970). 

The  factors r equ i r ed  for C. virffinica hemocy te  phagocy tos i s  of bac te r ia  are  not wel l  
known.  In the  a b s e n c e  of humora l  factors (serum free) phagocy tos i s  is r e d u c e d  to a low 
leve l  bu t  not  e l imina t ed .  This  low leve l  phagocy tos i s  m a y  b e  due  to specif ic  recogni t ion  
factors on the  h e m o c y t e  or to non-speci f ic ,  phys i co -chemica l  me c ha n i sms  as sugges ted  
by  H a r d y  et al., 1977. 

Hemocy te s  recons t i tu ted  in hea t - t r e a t ed  se rum pha goc y to se d  bac te r i a  at low levels  
and  is ind ica t ive  that  the  factor(s) r e spons ib l e  for phagocy tos i s  i s /a re  hea t  Iabi le .  It was  
also no ted  tha t  co lch ic ine  t r ea t ed  C. virffinica hemocytes  p h a g o c y t o s e d  bac te r i a  at a 
lower  level .  This  m a y  ind ica te  that  the  mic ro tubu les  p l ay  an  impor tan t  role in the  
phagocy tos i s  of fore ign  mater ia l .  

The  fate  of the  p h a g o c y t o s e d  m a t e r i a l  is of interest .  G l y c o g e n  concent ra t ion  
i n c r e a s e d  s ign i f ican t ly  in the  hemocy tes  after  60 min of bac t e r i a l  exposure .  Transmiss ion  
e lec t ron  mic roscopy  r e v e a l e d  numerous  g l y c o g e n  roset tes  in numerous  phagocy t ic  
vesicles .  These  resul ts  ag ree  wi th  p rev ious  inves t iga t ions  by  C h e n g  & Cal i  (1974) and 
C h e n g  & Rudo (1976). 

It is we l l  k n o w n  that  of the  hydro ly t ic  enzyme s  s tudied,  [3-glucuronidase,  ac id  and  
a lka l i ne  phospha tase ,  lysozyme and  l ipase  occur  in lysosomes  (Tappel  et al., 1969). 
Therefore ,  it is not  unusua l  that  h igh  specif ic  hydro ly t i c  e n z y m e  act iv i t ies  were  found in 
the  3000 × g h e m o c y t e  pe l l e t  and  h igh  ac id  p h o s p h a t a s e  ac t iv i ty  assoc ia ted  with  
i so la ted  granules .  

In addi t ion ,  two t ransaminases ,  GPT and  GOT were  assoc ia ted  with  the  3000 × g 
hemocy te  pel le t .  The  occur rence  of t r a n s a m i n a s e s  in mol luscs  are  wel l  known  (Read, 
1962; A w a p a r a  & Campbe l l ,  1964; G o d d a r d  & Mart in ,  1966) however ,  the i r  or igin 
r em a ins  unknown.  
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F l u c t u a t i o n s  o c c u r r e d  in  t h e  s p e c i f i c  a c t i v i t i e s  of a l l  t h e  e n z y m e s  a s s a y e d .  T h e s e  

f l u c t u a t i o n s  m a y  b e  e x p l a i n e d  b e c a u s e  t h e  o p e n  c i r c u l a t o r y  s y s t e m  is i n  d i r e c t  c o m m u n i -  

ca t ion  w i t h  t he  e x t e r i o r  ( C h e n g ,  1963; Gal tsoff ,  1964; Rodr ick ,  1979). 

In s u m m a r y ,  m o r e  d e t a i l e d  s t u d i e s  i n v o l v i n g  t h e  m o l l u s c a n  h e m o c y t e s  a r e  n e e d e d  to 

e l u c i d a t e  t he  m e c h a n i s m s  tha t  m a y  a f fec t  or i n f l u e n c e  t h e  s u s c e p t i b i l i t y  or n o n - s u s c e p t i -  

b i l i ty  of m o l l u s c s  to i n v a d i n g  f o r e i g n  m a t e r i a l .  S u c h  i n f o r m a t i o n  is  e s s e n t i a l  if r a t i o n a l  

a p p r o a c h e s  a r e  to b e  t a k e n  to p r e v e n t  m i c r o b i a l  d i s e a s e s  t h a t  w e a k e n  or d e s t r o y  

e c o n o m i c a l l y  i m p o r t a n t  s h e l l f i s h  ( C h e n g ,  1975). 
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