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An A t t e m p t  to I m m u n i z e  the Blue  Crab,  Callinectes sapidus, w i t h  Vertebrate  Red B l o o d  Cells  

The phy logeny  of i m m u n e  mechan i sms  has  become an 
in teres t ing  area of research  in recent  years,  bu t  ve ry  few 
of t he  h ighly  evolved inve r t eb ra tes  have  been  s tudied.  
More studies on the  in te rna l  defense mechan i sms  of 
h igher  inve r t eb ra tes  could provide  fu r ther  ins ight  into the  
evolut ion of ve r t eb ra t e  i m m u n e  responses  and  a more  
comprehens ive  knowledge of these p h e n o m e n a  t h roughou t  
the  ent i re  animal  k ingdom.  I n v e r t e b r a t e  animals,  unlike 
ver tebra tes ,  do no t  produce  specific ant ibodies  of the  
g a m m a  globulin type .  However ,  inver tebra tes ,  par t icular -  
ly crustaceans ,  are capable  of a va r i e ty  of adap t ive  
i m m u n e  responses~. These include accelerated secondary  
ant igen clearance 2, a, bacter ic idins  4-6, precipi t ins  ~, opson- 
ins s, and passive t ransfer  of xenograf t  recognition% 
Addi t ional ly ,  c rus taceans  possess na tu ra l ly  occurr ing 
hemolys ins  ~~ and  agglut inins  11-13. In  general,  these  
responses  are no t  ve ry  specific, since cross-react ion wi th  
heterologous ant igens  is common~4. Since m a n y  inver te-  
b ra te  animals,  including crustaceans,  possess na tu ra l  
agglut inins  in the i r  serum, a s tudy  of blue crab (Callinectes 
sapidus) h e m o l y m p h  was  unde r t aken  to de t e rmine :  1. if 
na tu ra l  aggIut inins  were present ,  2. if t i t e rs  coutd be 
increased b y  pr ior  immuniza t ion ,  and 3. if there  was 
cross-react ion wi th  heterologous  ant igen.  

Materials and methods. After  the  shell  was cleaned wi th  
70% ethanol ,  a 10.0 ml syringe and a 20 gauge needle 
were used to  r emove  whole h e m o l y m p h  f rom the  peri- 
cardial  sinus of blue crabs. H e m o l y m p h  was placed in a 
t e s t  tube  conta in ing  an appl ica tor  stick. After  2-4 h 
a t  room t e m p e r a t u r e  (27 ~ a clot which  formed a round  
the  appl ica tor  s t ick was  discarded.  The do t - f r ee  serum 
was f i l tered th rough  a Swinnex-25 Millipore fi l ter  
(0.45 ~m pore size) to remove  any  remain ing  debris  and 
bacter ia .  Serum from indiv idual  animals  was kep t  
separa te  and  was not  pooled.  

R a b b i t  red blood cells (RBCs) were ob ta ined  by  cardiac 
punc tu re  and  preserved  in Alsevers solution.  Chicken 
RBCs preserved  in modif ied  Alsevers solut ion were 
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Blue crab hemolyph agglutinin titers following injection of vertebrate 
red blood ceils. Each point represents the mean titer of 5 individual 
crabs, immunized with rabbit RBCs (m--I) ,  chicken RBCs (A -- A), 
and controls which are uninjeeted (�9 �9 or injected with sterile 
saline (0--0). 

ob ta ined  f rom Flow Labora tor ies  (Rockville, Maryland) .  
Pr ior  to  agglu t ina t ion  assay or immun iza t i on  tes ts ,  RBCs  
were washed  3 t imes  in 0 .15M NaC1 and  cent r i fuged at  
2500 r p m  for 10 rain a t  4~ before resuspending  in 0 . 1 5 M  
saline. 

For  agglu t ina t ion  assay, 0.05 ml of a 2.0% (by volume) 
r abb i t  RBC suspension was added  to K a h n  tubes  con- 
ta in ing  1:0 ml  of serial 2-fold di lut ions of sterile c rab  
serum in 0.15M NaC1. Each  agg lu t ina t ion  series was run 
in dupl icate  and the  degree of agglu t ina t ion  was deter-  
mined  af ter  24 h incuba t ion  at  room t empera tu re .  
Reac t ions  were graded f rom very  s t rong ( +  + + + )  to  
very  weak ( + )  wi th  the  aid of a dissect ion microscope 
(30 • ) and  expressed as the  reciprocal  of the  t i t e r  dilution.  
Control  tubes  conta ined  0.5 ml  of 0 .15M saline inocula ted  
wi th  0.05 ml  of 2.0% rabb i t  RBCs. 

Three  exper imen t s  were pe r fo rmed  a t t e m p t i n g  to  
immunize  blue crabs. In  each exper iment ,  0.5 ml  of 
sterile saline conta in ing  2% rabb i t  or chicken RBCs was  
in jec ted  into t he  c rab ' s  cheliped.  Un in jec ted  animals  were 
ut i l ized as one contro l  group, while  animals  in jec ted  w i t h  
0.5 ml  of sterile saline served as a second cont ro l  group. 
Whole  h e m o l y m p h  f rom 5 d i f ferent  animals  in each of the  4 
groups was t aken  1, 2, 4, and  8 days  pos t  in ject ion and  
assayed for agglu t ina t ion  t i t e r  agains t  r abb i t  RBCs. 

Results and discussion. Natura l ly -occur r ing  agglut inins  
for b o t h  chicken and r abb i t  RBC were found in t he  
h e m o l y m p h  of blue crabs. The normal  t i ters  ranged f rom 
16-64. These t i te rs  appeared  to  be increased s l ight ly  by 
immuniza t ion  (Figure). The modes t  increase was most  
not iceable  in the  f i rs t  2 days  and  subsequen t ly  declined. 
This  immed ia t e  short- l ive d response is typica l  of inver te-  
bra tes  15,1G. However ,  i t  should be no ted  t h a t  in a t  least  
one inver tebra te ,  a s ipunculid,  an increased secondary  
i mmu n e  response did no t  appear  unt i l  60 days  af ter  
immunizat ion~L Addi t iona l  s tudies  are needed to deter-  
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mil le  pos i t ive ly  w h e t h e r  t he  response  obse rved  in t he  b lue  
c r a b  is t r u l y  a n  a d a p t i v e  i m m u n e  p h e n o m e n o n .  Since 
b o t h  a he te ro logous  an t i gen  (chicken RBC) and  a s ter i le  
sal ine evoked  a s l igh t  increase  in agg lu t in in  t i ter ,  com- 
p a r a b l e  to  t h a t  of homologous  an t i gen  ( r abb i t  RBC),  t h i s  
response  m a y  r ep re sen t  a s imple  v a r i a t i o n  of t he  n o r m a l  
t i t e r  r ange  due  to a n y  stress.  I t  is c e r t a in ly  n o t  u n u s u a l  to  
f ind  a n  a d a p t i v e  i m m u n e  response  comple t e ly  lack ing  in 
invertebrates18,19.  The  c u r r e n t  work  ind ica t e s  a t  be s t  a 
v e r y  weak  a d a p t i v e  i m m u n e  response  a n d  one w i t h o u t  
specif ici ty,  s imi la r  to  t h a t  of o the r  i nve r t eb ra t e s .  S tudies  
of t h e  b lue  c rab  agg lu t in in  are now  u n d e r w a y  to  a sce r t a in  
i t s  phys i cochemica l  p roper t i e s  and  i ts  func t ion ,  since i t  
h a s  r ecen t l y  been  shown  t h a t  i n v e r t e b r a t e  agg lu t in ins  
m a y  p l ay  a s ign i f i can t  role in  t h e  a n i m a l s '  d e t e n t e  b y  
ac t ing  as opsonins  20. 

Rdsumd. Nous  avons  essay6 d ' a u g m e n t e r  le t i t r e  de 
l ' h 6 m a g g l u t i n i n e  na tu r e l l e  qui  se t r o u v e  d a n s  le s6rum du  
c r abe  bleu,  Callinectes sapidus, p a r  l ' i nocu la t ion  d ' h 6 m a t i e s  
de ver t6br6s .  On a no t6  une  a u g m e n t a t i o n  16g~re de ce 
t i t r e  apr~s 48 h, mats  elle n ' 6 t a i t  a p p a r e m m e n t  pas  

sp6cifique, pu i sque  on  p e u t  la p r o v o q u e r  avec  l ' an t ig~ne  
h6t6ro logique  et  une  so lu t ion  sal ine a ins i  que  l ' an t i gbne  
homologique .  I1 a p p e r t  qu ' i l  s ' ag i t  l& d ' u n e  r6ponse  int6-  
r ieure  d6fensive  et  non-sp6ci f ique  due  & que lque  force 
ext6r ieure .  
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A r t e r o - V e n o u s  D i f f e r e n c e s  in  B l o o d  P l a t e l e t  C l u m p i n g  b y  A D P  

The  c o n t r i b u t i o n  of t he  vessel  wal l  (like t h a t  of d i f fe ren t  
t issues) to  t he  b lood  h a e m o s t a t i c  and  coagu la t ive  prop-  
er t ies  has  as ye t  b e e n  scarcely  s tud ied  i-~. T he  l i t e r a tu re  
in  t h i s  f ield is v e r y  conf l ic t ing ;  c o n s e q u e n t l y  we under -  
t o o k  e x p e r i m e n t s  to  ve r i fy  w h e t h e r  t h e r e  are some 
dif ferences  b e t w e e n  a r t e r i a l  and  venous  b lood  in p l a t e l e t  
agg rega t ion  induced ,  in  v i t ro ,  b y  ADP.  

Methods. Blood  samples  were col lected f rom a d u l t  , rats  
l igh t ly  a n a e s t h e t i z e d  w i t h  e t h e r  a n d  t h e n  w i t h  u r e t h a n  
(Carlo E r b a ,  Milano,  400 m g / k g  b o d y  wt.) and  N a  
n e m b u t a l  (Abbot ,  Apri l ia ,  30 m g / k g  b o d y  wt.)  b y  a p las t ic  
syr inge  f rom d i f fe ren t  vessels :  f emora l  vein,  r ena l  ve in ,  
a b d o m i n a l  aor ta .  Col lect ion f rom t he  h e a r t  was  pe r fo rmed  
f rom the  r i g h t  a n d  lef t  ven t r i c l e  in  openches t  a n i m a l s  
s u b m i t t e d  or n o t  to  ar t i f ic ia l  ven t i l a t i on .  Blood was 
i m m e d i a t e l y  added  to  t h e  sod ium c i t r a t e  so lu t ion  in a 
s i l iconized cen t r i fuge  t u b e  (1 vol  of 3.8 % sod ium c i t r a t e  t o  
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Fig. 1. Changes in O. D. induced by ADP (final concentration 9.2 • 
10-SM) in PRP (700,000 platelets/[xl) obtained from aorta (a), 
femoral vein (b), renal vein (e). 

9 vol. of blood).  The  samples  were cen t r i fuged  for 13 ra in  
a t  100 •  The  s u p e r n a t a n t  p l a t e l e t - r i ch  p l a s m a  (PRP)  
was col lected b y  s i l iconized P a s t e u r  p ipe t s  and  t r ans -  
ferred in to  a p las t i c  c o n t a i n e r ;  t h e  p l a t e l e t  c o u n t  was  
t h e n  e s t i m a t e d  accord ing  to  REES a n d  ECKER 6. The  
r e m a i n d e r  of t he  samples  was cen t r i fuged  a t  700 •  for 
15 ra in  to  o b t a i n  p la t e l e t -poor  p l a s m a  (PPP) .  

P R P  was d i lu ted  w i t h  P P P  to  a s t a n d a r d  n u m b e r  of 
700,000 platelets/F1. Th i s  P R P  was d iv ided  in to  poly-  
s ty rene  tubes ,  s tored  a t  room t e m p e r a t u r e ,  a n d  t h e n  
A D P  (Na3ADP- C.F. Boehr~nger  a n d  Soehne  H - M a n n h e i m  
- f ina l  c o n c e n t r a t i o n  9.2 x 1 0 - 6 M )  was added  for  t h e  
e x a m i n a t i o n  of t h e  opt ica l  dens i ty  (O.D.) b y  a 169 
P l a t e l e t  Aggrega t ion  Meter  ( E v a n s  E lec t rose len iun  Ltd) ,  
a t  a s t i r r ing  r a t e  of 2,800 rpm.  The  O.D.  v a r i a t i o n s  were 
recorded  b y  S p e e d o m a x  X L  690 Series Recorde r  (Lees 
and  N o r t h r u p ,  N o r t h  Wale s  a n d  Ph i lade lph ia ) .  P P P  
se rved  as a b l a n k  to a d j u s t  t h e  100 p o i n t  a n d  P R P  se rved  
to a d j u s t  t he  zero p o i n t  on t he  op t ica l  dens i t y  scale for 
each  assay.  

Results. Figures  1 a n d  2 show t h e  O: D. changes  obse rved  
in P R P  o b t a i n e d  f rom a o r t a  (Figure  la) ,  f emora l  ve in  
(Figure  lb)  and  r ena l  ve in  (Figure lc),  f rom lef t  ven t r i c l e  
of r a t s  s u b m i t t e d  to  ar t i f ic ia l  v e n t i l a t i o n  (Figure 2 a) or 
no t  (Figure 2b),  a n d  f rom r i g h t  ven t r i c l e  (Figure 2c). 

The  n u m b e r  of e x p e r i m e n t s  was :  r i g h t  ven t r i c l e  18; 
lef t  ven t r i c l e  w i t h  v e n t i l a t i o n  19; lef t  ven t r i c l e  w i t h o u t  
v e n t i l a t i o n  18; ao r t a  15; f emora l  ve in  9; rena l  ve in  12. 
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