
1092 Specialia EXPERIENTIA 31/9 

Erythrocyte Agglutinins in the Blood of Certain Ascidians 

The coelomic fluid of m a n y  inver t eb ra tes  possesses 
na tura l  hemagglu t in ins  specific for a va r i e ty  of e ry th-  
rocytes  1-s. A l though  these  subs tances  are pro te ins  and  
funct ion  as opsonins,  t h e y  differ in m a n y  aspects  of the i r  
molecular  s t ruc ture  f rom ve r t eb ra t e  immunoglobul ins  9-12. 
Li t t le  is k n o w n  abou t  na tu ra l  hemagglu t in ins  of pro to-  
chordates .  Recen t  s tudies  la carr ied out  on the  p lasma  of an 
Ascidian have  sugges ted  t h a t  hemagglu t in ins  p resen t  in 
the  p lasma  of th is  an imal  m a y  be polysacchar ides  or 
mucopotysacchar ides .  

Since i t  is well known  t h a t  the  U r o c h o r d a t a  represen t  
a precocious b ranch  f rom the  evo lu t ionary  line of the  
Chorda ta  1~, t he  s t u d y  of na tura l  agglut inins  in Ascidian 
species migh t  supp ly  addi t iona l  da t a  on the  evo lu t ionary  
origin of immunoglobul ins .  In  t he  p re sen t  paper  we 
repor t  on the  occurrence and  some proper t ies  of the  he- 
magglu t in ins  in the  p l a sma  f rom Ciona intestinalis L.,  
Ascidia malaca F r a u s t  and Phallusia mamillata Cuv. 

Table I. Hemagglutinating activity of plasma from 3 different 
species of Ascidian against erythrocytes from various vertebrates 

Erythrocytes used for 
hemagglutination tests 

Hemagglutinating activity 

Ciona A scidia Phallusia 
intestinalis malaca  mamillata 

Anguilla sp.. (Eel) -- -- + 
Uranoscopus scaber 
(Star-gather fish) -- -- + 
Discoglossus pictus (Frog-like) -- -- + 
BuJo vulgaris (Toad) -- -- + 
Chicken -- -- + 
Ziphius cavirostris (Dolphin) -- + + 
Rat + + + + + 
Rabbit + + + + + + 
S h e e p  -- -- + + + 
Pig -- + + 
Horse -- -- + + 
Calf -- + + 
Human-blood group : 0 -- + + + 

A -- + + +  
B - -  + + +  

Hemagglutination titres obtained from repeated tests and expressed 
as reciprocal of the last dilution given agglutination; +,  includes 

2, 2, 4; + + ,  includes 8, 16, 32; +-t- +,  includes 64, 128, 256. 

Table II. Hemagglutinating activity of absorbed plasma from 
Phallusia mamillata and Ascidia malaca 

Ascidian Erythrocytes 
used for 
absorption 

Hemagglutinating activity 

Rabbit Sheep Rat 

Phallusia mamillata no absorption + + + + + + + + 
Rabbit -- -- -- 
S h e e p  -- -- -- 
Rat -- -- -- 

A scidia malaca no absorption + + + 
Rat -- -- 

Rabbit -- 

Hemagglutination titres obtained from repeated tests and expressed 
as reciprocal of the last dilution given agglutination; +,  includes 
<~ 2, 2, 4; + + ,  includes 8, 16, 32; + + + ,  includes 64, 128, 256. 

The animals  were collected in the  Gulf of Pa le rmo 
(Sicily). Animals  were bled into a beaker  by  cardiac 
puncture .  The plasma,  ob ta ined  b y  cent r i fugat ion  a t  
4000 • was dyal ized  agains t  p h o s p h a t e  buffered  saline 
p H  7.4 (PBS). Hemagg lu t ina t ion  tes t s  were per formed 
in mic ro t i t r a to r  p la tes  (Cook Enginer ing  Co., Alexandria ,  
Va.) following the  s t an d a rd  m e t h o d s  1~. Ti t res  were ex- 
pressed as the  reciprocal  of the  last  d i lut ion which  gives 
a clear agglut inat ion.  

Dif ferent  resul ts  have  been ob ta ined  wi th  each species 
examined :  the  p lasma  f rom Ph. mamillata agglut ina tes  
e ry th rocy te s  f rom all the  species of ve r t eb ra t e s  employed  
and  shows the  h ighes t  hemagg lu t ina t ion  t i t re ;  p l a sma  
f rom A.  malaca agglut inates  e ry th rocy te s  f rom cer ta in  
species of mammals ,  including h u m a n s ;  t h a t  f rom C. 
intestinalis only agglut ina tes  r a t  and  rabb i t  e ry th rocy tes  
and  shows the  lowest  hemagg lu t ina t ion  t i t re  (Table I). 

The specif ici ty of the  hemagglu t in in  f rac t ion was exam-  
ined by  the  absorp t ion  m e t h o d  of mixing  p lasma prep-  
ara t ions  f rom Ph. mamillata or A.  malaca w i t h  an equal  
volume of packed e ry th rocy te s  f rom rabbi t ,  r a t  or sheep. 
I t  was observed t h a t  in b o t h  species the  ac t iv i ty  of the  
p lasma was comple te ly  e l imina ted  by  incuba t ing  1 h 
a t  37~ or 2 h a t  4~ (Table II).  

P l a sma  p repara t ions  were incuba ted  a t  t empe ra tu r e  of 
0~ 37~ 75~ and  100~ for 10, 20 and  30 min.  The 
hemagg lu t ina t ing  ac t iv i ty  was comple te ly  des t royed  a t  
100~ for 30 min and  decreased by  shor te r  periods of 
incuba t ion  (10 min) and  lower t e m p e r a t u r e  (75 ~ 

Aliquots  of p la sma  previous ly  dialyzed agains t  0.15 M 
NaC1 were  dialyzed a t  room t e m p e r a t u r e  for 12 h agains t  
buffer  solut ions of various p H  values  (2 to 10) and then  
dialyzed aga ins t  PBS.  No change  of the  ac t iv i ty  was 
observed in the  p H  range of 2 to 10. 

Since i t  was found t h a t  calcium ions m a y  be i m p o r t a n t  
in stabil izing the  s t ruc ture  of hemagglu t in in  9,z~ the  
effect  of b iva len t  cat ions on hemagg lu t ina t ing  ac t iv i ty  of 
p lasma was examined.  P lasma  p repara t ions  were  dialyzed 
agains t  saline (0.15 M NaC1) con ta in ing  0.01 M and 0.05 
M E D T A  or against  Tris-HC1 (pH 7.4)-0.15 M NaC1 
conta in ing  0.002 M,  0.005 M, 0.01 M,  and  0.02 M CaC12 or 
MgC1 v The same results  were ob ta ined  b y  using Ca++; 
Mg++ free p lasma  prepara t ions  or p lasma conta in ing  
these  cat ions  : the  ac t iv i ty  did no t  change  as a resul t  of the  
dialysis. 
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Under  cer ta in  conditions,  per iodate  oxidizes poly-  
saccharides. Consequent ly  p lasma of C. intestinalis, A .  
malaca, or Ph. mamillata was incubated  a t  p H  5.4 wi th  
sodium metaper iodate ,  0.02 M and 0.04 M final concentra-  
tions. The  react ion mixtures  were incubated  in darkness  
for several  hours  a t  25 ~ and then  dialyzed against  PBS.  
The hemagglu t ina t ing  ac t iv i ty  of the plasma prepara t ions  
was not  affected by per iodate  t rea tment .  The  ac t iv i ty  of 
the per iodate  concentra t ions  was verif ied by incubat ing  
react ion mixtures  for 1 h in which the  p lasma was 
replaced by  0.01 M glucose or saccharose solutions and 
1% starch solution. The per iodate  consumpt ion  was t raced 
by  reading the  absorbance at  223 nm 16. 

Since molecules wi th  definite size, shape and charge 
can be character ized by  their  solubi l i ty  in a given medium, 
a t t empt s  were made to f rac t ionate  hemagglut in ins  on the 
basis of their  solubil i ty in a m m o n i u m  sulphate  solutions ~7. 
The exper iments  were carried out  wi th  p lasma from ph .  
mamillata and A.  malaca which have  shown the  highest  
hemagglu t ina t ion  titres. Al iquots  were incubated  at  0~ 
for several  hours wi th  increasing concentra t ions  of 
a m m o n i u m  sulphate  (25, 50, 75, 100% final concentra-  
tion) and then  centr i fuged at  18,000 •  for 60 rain at  0~ 
The precipi ta te  was dissolved in saline. All the  samples 
were dyalized against  P B S  and then  subjected to a 4-fold 
concent ra t ion  in a Diaflo equipped wi th  UM2 membrane  
(Amicon Corp., Lexington,  Mass.). The  act ive  fract ion 
precipi ta tes  comple te ly  at  75 and 100% a m m o n i u m  
sulphate  sa tura t ion levels and the  hemagglu t ina t ing  
ac t iv i ty  was found in the  precipitate.  

In  a fur ther  exper iment ,  we a t t emp ted  to see whether  
or no t  2-mercaptoethanol ,  a reagent  t h a t  breaks the  S-S 
l inkage in prote in  molecules, affects hemagglu t ina t ing  
ac t iv i ty  of the  p lasma preparat ions.  Al iquots  of the plas- 
ma  were t rea ted  for 1 h at  room tempera tu re  wi th  2- 
mercap toe thanol  (0.1 M and 0.2 M final concentrat ion) in 
saline; the  react ion was s topped by addi t ion respect ive ly  
of 0.2 M and 0.4 M iodoacetamide,  and the react ion 
mix ture  were dialyzed against  PBS.  Bo th  2-mercapto-  
e thanol  concentra t ions  destroyed the  hemagglu t ina t ing  
ac t iv i ty  of the plasma. 

An a t t e m p t  was made  to digest p lasma prepara t ions  
wi th  proteolyt ic  enzyme to see if the fract ion carrying 
the hemagglu t ina t ing  ac t iv i ty  was prote in ;  0.9 ml 
plasma preparat ions  were dialyzed overn igh t  against  
0.05 M KCI-HC1 buffer (pH 2) and then  incubated  wi th  
0.1 ml  pepsin (Sigma) solution (4 mg/ml)  at  37~ for i h. 
The  react ion mixture  was dialyzed against  P B S  and the  
hemagglu t ina t ing  tests were performed a t  37~ or 4~ 
This  t r e a t m e n t  complete ly  dest royed the  hemagglu t ina t -  
ing ac t iv i ty  of plasma prepara t ion  f rom A scidia malaca 
and Phallusia mamillata. Since the  hemagglu t ina t ing  

ac t iv i ty  was no t  influenced when enzyme-free react ion 
mix ture  were incubated,  possibly hemagglu t in in  is 
digested by  the  enzyme.  

Conclusions. Data  presented in this paper  show tha t  
Ciona intestinalis L., Ascidia malaca Fraus t  and Phallu- 
sia mamillata Cur.  possess in thei r  p lasma agglut inins for 
a number  of ve r t eb ra t e  erythrocytes .  In  each Ascidian 
species, the  agglut inins are specific for a given va r i e ty  
of erythrocytes .  Absorpt ion tests suggest t ha t  the  react ive  
sites of these molecules have  similar  properties.  

P lasma from Phallusia mamillata shows the  highest  
ac t iv i ty  and agglut inates  e ry throcytes  f rom all ver te-  
bra te  employed.  By  contras t  p lasma from Ciona intesti- 
halls presents  the  lowest  spec t rum of hemagg lu t ina t ing  
act ivi ty .  Possibly there  are small  phylogenet ic  differences 
in the  molecular  s t ructure  of the  hemagglut in ins  which 
could account  for this  range of specificity. 

Other  invest igators  1~ found t h a t  hemagglu t in in  of 
Styela plicata is v e r y  heat -s table  (140~ for 30 min), 
res is tant  to t ryps in  digestion and dest royed by  periodate.  
Therefore  t h e y  suggest  t ha t  this molecule is a polysac-  
char ide or a mucopolysaccharide.  

Our results, ob ta ined  by  physical  and chemical  
t r ea tmen t s  of the  plasma, exclude the possibi l i ty  t ha t  
hemagglut in ins  f rom Phallusia mamillata and A scidia 
malaca are polysaccharides.  They  are res is tant  to perio- 
date, sensi t ive to mercaptoethanol ,  digested by  pepsin, 
inac t iva ted  by hea t ing  at  IO0~ and prec ip i ta ted  by  
a m m o n i u m  sulphate.  These da ta  suggest  that ,  at  least 
in these two Ascidian species, the  hemagglu t in in  m a y  be a 
protein or a protein- l ike substance in which the  molecular  
s t ruc ture  is character ized by a high molecular  weight,  
high resistance to the rmal  dena tura t ion  and insensi t iv i ty  
to p H  and cat ion action. 

Summary.  Plasma from Ciona inlestinalis, Phallusia 
mamillata and A scidia malaca possess hemagglu t in in  for a 
va r ie ty  of erythrocytes .  Results  obta ined by  physical  
and chemical  t r ea tmen t s  suggest t h a t  hemagglu t in in  
for Phallusia mamillata and Ascidia malaca m a y  be a 
protein or a prote in- l ike  substance. 
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B i o - E l e c t r i c a l  C h a n g e s  Induced  by  a R e a c t i o n  B e t w e e n  Rabbi t  Ig  and A n t i - R a b b i t  Ig on  the  
Surface  of the Rat  Cerv ica l  G a n g l i o n  

The present  exper iment  concerns the  ini t ial  phase of 
ac t iva t ion  of the cell by  immunological  means, and is 
based on the  following inferences drawn from immune-  
sciences and neuro-seiences: the  recognit ion of ant igen by  
lymphocytes  is media ted  by  immunoglobul in  molecules 
incorpora ted  into the  membrane  surface1; there  is a 
close relat ionship be tween membrane  potent ia ls  and 
macromolecules  of the  neuronal  membrane ;  the  anti-  
brain ant ibodies combine  specifically wi th  antigenic 
de terminants  of the  neuronal  membrane  2, and the  basic 

processes under ly ing the  response of the l ymphocy te  and 
the  neuron to s t imuli  are similar 3. 
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