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levels of IgG bear ing lymphocy tes  in aged donors were 
higher  t han  in young  controls  a t  the corresponding experi-  
men ta l  stages. F igure  1 reports  the  effect of blood serum, 
both  f rom young  and aged donors, on the  percentage  of IgG 
bear ing cells in a group of homologous  young  normal  
lymphocy tes  previous ly  submi t t ed  to the  ' shedding '  pro-  
cedure.  Only af ter  incubat ion  wi th  'aged '  se rum was such 
a va lue  enhanced a t  a s ignif icant  level. F igure  2 depicts  
the  values  of C lqb ind ing  ac t iv i ty  of blood sera f rom 
young  and aged donors:  19 out  of 30 'aged '  sera exhib i ted  
a s ignif icant  b inding ac t iv i ty ,  whilst  no pos i t iv i ty  was 
recorded among  the  'young '  sera. 
2 main  results were observed concerning Ig bear ing pe- 
r iphera l  lymphocy tes  af ter  in v i t ro  cul turing.  An increase 
in the  percentage  of IgM bear ing cells t ook  place bo th  
in young  and in aged donors. A similar  increase is ev iden t  
when lymphocy tes  are s t imula ted  with  P H A  aa, 14; thus  
we assume t h a t  a be t te r  expression of the  t rue  receptor  
molecules on B- lymphocy tes  m a y  be due to thei r  s t imula-  
t ion  in vi t ro.  I t  is possible tha t ,  even  if to a lesser degree, 
such a process is opera t ing  also dur ing the  short  in v i t ro  
cu l tur ing  per formed (in presence of FCS) in our  ' shedding '  
process. The second effect observed was a decrease in the  
percentages  of IgG bear ing  lymphocy tes  bo th  in young  
and in aged donors. Such a resul t  suggests t h a t  se rum 
born IgG are pass ively  a t t ached  a t  least  on a f ract ion of 
per ipheral  lymphocytes .  The possibi l i ty  t h a t  bo th  shed- 
ding and regenera t ion  processes of IgG receptors  m a y  
exhibi t  age-related changes seems to be unl ikely if we 
take  into account  the  effect of the  incubat ion  wi th  blood 

sera. Thus the  age-associated differences in the  percentage  
of IgG posi t ive  lymphocy tes  m a y  be a t t r ibu ted  to a higher  
concent ra t ion  of such 'absorbable '  IgG in blood serum 
from aged subjects.  The  effect of se rum from aged donors 
on lymphocy tes  f rom young  subjects  is consis tent  wi th  
such a possibili ty.  2 possible explana t ions  can be advanced  ; 
firstly, an t i - lymphocy te  au toant ibodies  m a y  be present  
in blood seraT, 15-1L Howeve r  the  blood sera employed  
were devoid  of such antibodies,  a t  least  as far  as t h e y  are 
detec table  by  the  l ymphocy to tox ic i ty  test .  An a l te rna t ive  
explana t ion  assumes t h a t  an t igen-an t ibody  complexes  
m a y  be bound on lymphocy tes  th rough  thei r  Fc  or Com- 
p lement  receptors  is 20. Should this  be the  case, the  con- 
cent ra t ion  of such complexes  would be higher  in the  sera 
f rom aged donors. Though  not  conclusive, the  results  
obta ined  in the  125I-Clq binding tes t  are consis tent  wi th  
our  second hypothesis .  
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Summary. An agglut inin  for h u m a n  red ceils has a specif ici ty for sialic acid and a high af f in i ty  for bovine  sa l ivary  
glycoprotein.  Digest ion of the  g lycoprote in  wi th  Pronase  or neuraminidase  indicated t h a t  b inding of sialic acid to 
receptors  in the  agglut inin  is the  first  step in the  mechan i sm of format ion  of a s table complex  be tween  l igand and 
receptor .  

Carbohydra te -b ind ing  proteins,  the  lectins, have  been 
obta ined  f rom bo th  p lan t  and animal  tissues 3. The speci- 
f ic i ty  has usual ly  b e e n  de te rmined  by  compet i t ive -  
b inding studies involv ing  the  abi l i ty  of monosacchar ides  
or  thei r  der iva t ives  to inhib i t  the  agglu t ina t ion  of red 
blood cells by  the" lectin. At  the  same time, it  has been 
demons t r a t ed  t h a t  g lycoproteins  or glycopept ides  have  in 
m a n y  cases a s ignif icant ly  greater  af f in i ty  for the  lect in 
t h a n  the  corresponding monosacchar ide  3,4. The  reasons 
for this i m p o r t a n t  difference remain  to be defined. The 
present  repor t  is concerned wi th  the occurrence and pro- 
per t ies  of the  agglut inins present  in the  h a e m o l y m p h  and 
tissue fluids of the  Pacific oyster  wi th  par t icu lar  emphasis  
on a lect in t h a t  exhibi ts  this difference wi th  regard to 
free sialic acid and t h a t  bound as the  t e rmina l  carbo-  
hyd ra t e  residues in some glycoproteins.  
Tissue fluid, consist ing ma in ly  of haemolymph ,  was ob- 
ta ined  by  collect ing the  clear superna tan t  remaining af ter  
cent r i fugat ion  (30,000 •  for 10 min) of the  freshly dis- 
sected soft t issues of Crassostrea gigas. This  fluid agglu- 
t ina ted  all red blood cells of the  species tes ted as well as 
o ther  cell types  including bacteria.  In  a s t andard  pla te  
assay (equal vo lumes  of di luted t issue fluid and of a 
2% v / v  suspension of red blood cells in saline) typ ica l  

t i t res  obta ined  by  serial di lut ion of the  tissue fluid were 
1/1024 and 1/256 using equine and h u m a n  red blood cells 
respect ively.  These agglut inins are subsequent ly  referred 
to as Gigalin H (human) and Gigalin E (equine). They  are 
separa te  ent i t ies  as judged by  cross-absorpt ion experi-  
ments  and by  the  preferent ia l  absorpt ion  of Gigalin H 
from tissue fluid by  an af f in i ty  column prepared  by  the  
react ion of CNBr  - ac t iva ted  Sepharose 4B (Pharmacia)  
wi th  a p repara t ion  of bovine sa l ivary  gland glycoprote in  
(BSG). The  bound  agglut inin  could subsequent ly  be 
displaced by  the  use of a grad ien t  of increasing ionic 
s t rength  in the  e luant  buffer. In  addit ion,  af ter  t r e a t m e n t  
wi th  neuraminidase,  human  red cells were no t  aggluti-  
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n a t e d  b y  Gigalin H whereas  th is  t r e a t m e n t  of horse  red 
cells had  no de tec tab le  effect  on the  reac t ion  w i t h  
Gigalin E. 
The poss ib i l i ty  t h a t  sialic acid was impl ica ted  in the  
reac t ion  of Gigalin H wi th  h u m a n  red ceils was also sug- 
ges ted  by  a compar i son  of the  effect  of var ious  subs tances  
as inh ib i tors  of haemagglu t ina t ion .  A va r i e t y  of neu t ra l  
hexoses,  pentoses ,  and  uronic  acids were w i t h o u t  effect.  
BSG was  the  m o s t  effect ive inh ib i to r  (figure 1, table).  
The  a m o u n t  of th is  g lycoprote in ,  expressed  in t e r m s  of 
sialic acid, was  a b o u t  16,000 t imes  less t h a n  t h a t  r equ i red  
for e i ther  free N-ace ty l  neuramin ic  acid or N-acyl  neura -  
miny l  2 -+ 6 N-ace ty l  ga lac tosamin i to l  to inh ib i t  haemag -  
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Fig. i. Effect of BSG on the agglutination of red blood cells by 
Gigalin H. Tissue fluid was diluted with a marine saline n, to a final 
titre of 1/32 in a standard haemagglutination plate assay. 0.1 ml of 
a solution containing BSG was mixed with 0.1 ml of the diluted 
tissue fluid. After 30 min, 0.1 ml of a 2% v/v suspension of group 0 
human red blood ceils was added (about 1 nmole of bound sialic acid 
by analysisS). The percentage of red blood cells agglutinated, 4- SD, 
n = 4, in a 2 h period Was determined by a modification of a spectro- 
photometric method TM- 
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Fig. 2. Inhibition of the agglutination reaction by BSG and by a 
Pronase digest of BSG. 50 mg of BSG was digested with 2.5 mg of 
Pronase (Calbioehem) added in 4 equal portions at 24 h intervals s. 
Samples were removed at zero time, at 24 h intervals and the 
reaction was stopped by heating at 100~ for 10 min. The effeet of 
the digest on the agglutination reaction between group 0 human red 
blood cells and Gigalin H (@) was determined as the highest dilution 
of the digest that effeeted complete inhibition under the conditions 
given in the table; the end-point being judged visually. An approxi- 
mate measure of the degree of proteolysis was made by determination 
of the increase in the capacity ol the digest to yield a blue colour 
in the ninhydrin reaction~L The results are expressed as glyeine 
equivalents corrected for both substrate and enzyme controls ('0). 

glu t ina t ion  by  50% (table). Moreover  the  a m o u n t  of 
bound  sialic acid p re sen t  in the  red blood cells in the  
assay sys t em (figure 1) was abou t  300 t imes  t h a t  p r e sen t  
in t he  a m o u n t  of BSG used in t he  assay to inh ib i t  
h aemag g l u t i n a t i o n  by  50% (table). In  con t r a s t  to these  
resul ts  i t  has  been  shown 4 t h a t  the  agglu t ina t ion  of horse  
red blood cells b y  a p a r t l y  pur i f ied p repa ra t ion  of Limulin,  
a lect in of the  horse-shoe crab Limulus  po lyphemus ,  is 
inh ib i t ed  to t he  same e x t e n t  by  b o t h  BSG and by  the  
de r iva t ive  of the  c a r b o h y d r a t e  p ros the t i c  group,  N-acyl  
n e u r a m i n y l  2 -+ 6 N-ace ty l  ga tac tosamin i to l  - an obser-  
va t ion  leading to t he  conclusion 4 t h a t  t he  l igand speci- 
f ici ty of Limul in  is for the  comple te  c a r b o h y d r a t e  
p ros the t i c  group of the  glyeoprote in .  
Diges t ion  of BSG wi th  an endopep t idase  of b road  speci- 
f ic i ty  such as Pronase  resul ted  in a ve ry  s ignif icant  de- 
crease in the  affect iveness  of the  diges t  to  ac t  as an 
inh ib i to r  of haemagg lu t ina t i on  (figure 2). This was mos t  
ma rk ed  af ter  d iges t ion for 24 h, cor responding  to  abou t  
a 95% decrease  in ac t iv i ty .  Af te r  exhaus t ive  diges t ion for 
96 h the  res idual  g lycopept ides  were still more  effect ive 
inh ib i tors  of h aemag g l u t i n a t i o n  t h a n  free N-ace ty l  neura-  
minic  acid. U n d e r  similar  condit!ons,  Carubelli,  Bhava -  
n a n d a n  and  Got t scha lk  a, showed t h a t  t r e a t m e n t  of BSG 
wi th  P ronase  resul ted  in the  fo rma t ion  of a m i x t u r e  of 
g lycopept ides  w i th  an average compos i t ion  of 4 amino 
acid residues to 1.3 residues of N-ace ty l  ga lac tosamine .  
T r e a t m e n t  of BSG wi th  neu ramin idase  (10 mg  BSG in 
0.01 M ace ta te  buffer,  p H  5.5 con ta in ing  0.002 M Ca 2+, 
was  d iges ted  wi th  1 IU enzyme a t  37~ for 60 min):  t he  
reac t ion  was s topped  b y  hea t ing  at  100~ for 10 min  
reduced  the  inh ib i to ry  t i t re  of the  diges t  by  abou t  90%. 
Analys is  of the  digest  for free and  bound  sialie acid ~ 
showed  t h a t  a b o u t  75% of the  t e rmina l  sugar  h a d  been 
re leased f rom t h e  g lycoprote in .  
I t  is genera l ly  accep ted  t h a t  BSG is mic rohe te rogeneous  
and  consis ts  of a po lypep t ide  chain  wi th  several  h u n d r e d  
re la t ive ly  s imple c a r b o h y d r a t e  p ros the t i c  groups  ~, pr in  - 
c ipal ly N-ace ty l  and  N-glycolyl  n e u r a m i n y l  2 - ~  6 
N-ace ty l  ga lac tosamine  8, l inked to  t he  p ro te in  core by  
0-glycosidic bonds  involving the  ga lac tosamine  and 
h y d r o x y a m i n o  acid residues.  On this  basis,  i t  is possible 
to  conclude f rom the  p re sen t  resul ts  t h a t  Gigalin H m u s t  
have  mul t ip le  b ind ing  sites w i th  an a f f in i ty  for N-acyl  
neuramin ic  acid residues.  At  the  same t ime,  the  resul ts  
of d iges t ion of B S G  w i t h  P ronase  (figure 2) would  
ind ica te  t h a t  t h e  o r ien ta t ion  in space and  cons t r a in t s  on 
the  m o v e m e n t  of t he  t e rmina l  sialic acid residues in t he  
p ros the t i c  groups  d i s t r ibu ted  along the  in t ac t  po lypep t ide  
chain  are of crucial  impor t ance  for the  s tab i l i ty  of t he  
BSG-Gigal in  H complex.  Similarly,  t he  re la t ive  effec- 
t iveness  of t he  sialoganglioside as an inh ib i to r  of t he  
h a e m a g g l u t i n a t i o n  reac t ion  (table) m a y  be a t t r i b u t e d  to  
t he  o r i en ta t ion  in space of the  sialic acid res idues  in t he  
wa te r  phase  a t  t he  l ip id-water  in t e rphase  of the  micelle 
of t he  l iposaceharide.  The b ind ing  of sialic acid res idues  
to  r ecep to r  si tes in Gigalin H m a y  thus  be an essent ia l  b u t  
only  a f i rs t  s t ep  in t he  overal l  m e c h a n i s m  of complex  
format ion .  W h e n  the  l igand is a soluble or m e m b r a n e -  
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nmole required to 
Compound inhibit agglutination by 50% 

N-acetyl glucosamine 
N-acetyl galactosamine 
N-acetyl neuraminie acid 
N-glycolyl neuraminic acid 
Sialolaetose (N-acetyl neuraminyl 2 -+ 6, galactose 1 -+ 4, glucose) 
BSG-disaccharide (N-aeyl neuraminyl 2 -+ 6, N-acetyl galactosaminitol) 
Disialoganglioside (sialosyl galactosyl - N-aeetyl galactosaminyl (sialosyl) - laetosyl-eeramide) 
Fetuin 
BSG 

1350 
1120 

57 
56 
44* 
47* 

1.7" 
1.3" 
0.0035* 

* Expressed in terms of content of sialie acid. The BSG-disaccharide was obtained by treatment of BSG with alkaline borohydride 13 followed 
by ion-exchange chromatography li. Sialolaetose was obtained from Sigma and the 2 -+ 6 isomer was isolated from the mixture of 2 -+ 3 and 
2 -+ 6 isomers bypa per chromatographylK Disialoganglioside was obtained from PL Biochemieals and purified by thin layer chromatog- 
raphylK All other compounds were obtained from Sigma and were used without further purification. 

b o u n d  macromolecu le ,  mu l t i p l e  b i n d i n g  of sialic acid 
res idues  to  g roups  or c lus te rs  of r ecep to r  si tes may ,  b y  
ana logy  w i t h  o t h e r  l i gand- recep to r  mode ls  of t h e  allo- 
s ter ic9 or i nduced - f i t  1~ type ,  r e su l t  in  a c o n f o r m a t i o n a l  
t r a n s i t i o n  in Gigal in  H w i t h  t he  s u b s e q u e n t  d e v e l o p m e n t  
of o t h e r  cohes ive  forces t h a t  s tab i l ize  t h e  complex  a t  
equ i l ib r ium.  
The  d a t a  r epo r t ed  here  are insuf f ic ien t  to  j u s t i fy  f u r t h e r  
discussion.  D i r ec t  s tud ies  on  equ i l i b r i um  b i n d i n g  k ine t i c s  
i n v o l v i n g  t h e  pur i f ied  lect in  will be  necessa ry  to cha rac -  
ter ize  t he  specific a n d  o t h e r  cohes ive  forces t h a t  t o g e t h e r  
d e t e r m i n e  t he  a f f in i ty  c o n s t a n t  of com p l ex  f o r m a t i o n  a n d  
to def ine t he  p o t e n t i a l  use of Gigal in  H as a m e m b r a n e  
probe.  
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Summary. Fac to r s  e x h i b i t i n g  a n t i - c o m p l e m e n t a r y  a c t i v i t y  re leased f rom t r y p a n o s o m e s  a f t e r  i n c u b a t i o n  a t  20 ~ were  
descr ibed.  The  ac t ive  m a t e r i a l  was  s h o w n  to  consume  the  f i rs t  c o m p o n e n t  of b o v i n e  c o m p l e m e n t .  Whi l e  t he  an t i -  
c o m p l e m e n t a r y  factor(s)  f rom T. lewisi could a c t i v a t e  bovine ,  h u m a n  and  gu inea  pig  complemen t ,  t i le factor(s)  f r om 
T. congolense  was obse rved  to a c t i v a t e  b o v i n e  complemen t ,  b u t  n o t  gu inea  pig  a n d  on ly  s l igh t ly  h u m a n  c o m p l e m e n t .  
The  roles of c o m p l e m e n t  a c t i v a t i n g  factor(s)  of t r y p a n o s o m e s  ill t h e  p a t h o l 6 g y  of t h e  disease  are discussed.  

Decreased  levels of h e m o l y t i c  c o m p l e m e n t  h a v e  b e e n  
r epo r t ed  in t r y p a n o s o m e  infec t ions  of m a n  ~ a n d  ca t t l e  ~. 
Th i s  d rop  in h e m o l y t i c  c o m p l e m e n t  coincides w i t h  a 
decl ine in pa ra s i t emia ,  t he  a p p e a r a n c e  of c o m p l e m e n t  
f ix ing  a n t i b o d y  to t h e  o rgan i sm and  t he  onse t  of a n e m i a  4. 
I n  add i t ion ,  a l t e r n a t e  p a t h w a y  f ixa t ion  of c o m p l e m e n t  
to  g lomeru l i  in  th i s  disease ha s  been  r epo r t ed  b y  Nagle  
e t  al. 5. Cons ider ing  these  pa r am e t e r s ,  i t  would  a p p e a r  
t h a t  t he  c o m p l e m e n t  levels co r respond  closely to i m m u n e  
complex  f o r m a t i o n  and  to  p r o d u c t i o n  of a n t i b o d y  to 
an t igens  assoc ia ted  w i t h  e ry th rocy te s .  As t he re  is ev idence  
to sugges t  t h a t  t he  recorded  decl ine in p a r a s i t e m i a  is a t  
leas t  p a r t l y  a r e su l t  of adhe rence  of t he  o rgan i sm to b lood  
vessel  walls  a n d  invas ion  of solid t i ssues  b y  t he  pa ra s i t e  6, 
t he  b lood pa ra s i t e  c o u n t  c an  the re fo re  n o t  be  solely 
respons ib le  for  t he  loss of c o m p l e m e n t  a c t i v i t y  b y  im-  
m u n e  complex  fo rma t ion .  Such  a r g u m e n t s  would  indi -  
ca te  t he  ex is tence  of o t h e r  m e c h a n i s m s  of c o m p l e m e n t  
c o n s u m p t i o n  in th i s  d i s e a s e .  
W e  p r e sen t  ev idence  to show t h a t  T r y p a n o s o m a  con-  
golense (s t ra in  T R E U  112) can  a c t i v a t e  b o v i n e  comple-  

m e n t  d i r e c t l y  b y  t he  classical  p a t h w a y  of consumpt ion .  
I n  add i t ion ,  T. lewisi was  s h o w n  to a c t i v a t e  no t  on ly  t h e  
b o v i n e  c o m p l e m e n t  cascade  b u t  also those  of h u m a n  a n d  
gu inea  pig  sera. 
Material and methods. T. congolense  and  T. lewisi were  
cu l tu red  in r a t s  a n d  pur i f ied  f rom t h e i r  b lood  b y  t he  
m e t h o d  of L a n h a m  a n d  Godf reyL  F r e s h l y  pur i f ied  T. 
congolense  were su spended  in 0.04 M p h o s p h a t e  buf fe r  
p H  8.0 c o n t a i n i n g  0.04 M NaC1 a n d  1.0% glucose (PSG) 
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