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Effect of various compounds on the agglutination of human red blood cells by Gigalin H 

769 

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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Activat ion of c o m p l e m e n t  by  t r y p a n o s o m e s  1 

K. Nielsen a n d  J. S h e p p a r d  

Department o/ Veterinary Microbiology and Immunology, Ontario Veterinary College, University o[ Guelph, Guelph 
(Ontario, Canada), 2 November 7976 

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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to a final concen t ra t ion  of 1 • 10 ~ organisms per  ml. The 
suspens ion  was m a i n t a i n e d  a t  20~ and  a t  15 rain inter-  
vals, s t a r t ing  immed ia t e ly  af ter  p repara t ion ,  2 • 108 t ry -  
panosomes  were r emoved  and  incuba ted  wi th  2 CHso 
uni ts  of bovine  c o m p l e m e n t  a t  37~ for 30 min.  Af te r  
incubat ion ,  t he  t r y p a n o s o m e s  were  r emoved  by  cen- 
t r i fuga t ion  and  the  c o m p l e m e n t  was  a d d e d  to  10 s r a b b i t  
e ry th rocy te s  op t ima l ly  sensi t ized wi th  sheep  ant i  r abb i t  
e ry th rocy t e  serum. Controls  were t r ea t ed  as above us ing 
P S G  to replace the  t r y p a n o s o m e s  and  were  inc luded wi th  
each 15 min  sample.  All assays  were incuba ted  a t  37~ 
for 60 rain af ter  which  unlysed  e ry th rocy t e s  were r emo v ed  
b y  cent r i fugat ion .  The opt ical  densi t ies  of the  super-  
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Fig. I. Generation of complement activating material by 2 • l0 s 
T. congolense with time. The lag time of inhibition of lysis of the 
indicator system is approximately 31/2 h for 2 CH~0 units. 
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Fig. 2. Dose response curve of activation of 2 CHso unit of bovine 
complement by various numbers of T. eongolense (0-0) and T. 
lewisi (O-�9 The minimum number of T. congolense required to 
activate this amount of complement is 2• ~ while 1.25• 
T. lewisi were equally effective. 
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Fig. 3. Dose response curve of activation of human and guinea pig 
complement by T. congolense and T. lewisi. O-D, T. congolense + 
human complement; �9169 T. congolense + guinea pig complement; 
• - • T. lewisi + guinea pig complement; A-A, T. lewisi + human 
complement. It should he noted that 5 x 107 T. lewisi was capable 
of activating 2 CHs0 units of either human or guinea pig complement, 
while 108 T. eongolense could not activate guinea pig complement 
and reduced the human complement by approximately 1 CHs0 unit. 

n a t a n t s  were measured  at  541 n m  in a spec t ropho tome te r .  
Figure  1 shows t h a t  t h e  genera t ion  of a n t i c o m p l e m e n t a r y  
ac t iv i ty  is t ime  d e p e n d e n t  the  lag phase  being approx-  
ima te ly  3.5 h. A l though  the  c o m p l e m e n t  ac t iva t ing  
mater ia l  has  no t  been  identif ied,  the  kinet ics  of its pro-  
duc t ion  and /o r  release is s imilar  to  t h a t  observed in a 
classical en zy me  ca ta lysed  subs t r a t e  convers ion curve.  
In  addi t ion ,  the  mater ia l  which  was found in the  super-  
n a t a n t  of t r y p a n o s o m e  suspensions  incuba ted  for a mini-  
m u m  of 3 h a t  20~ was s table  a t  56~ for 30 min b u t  was 
des t royed  at  100~ for 15 rain. A dose response curve 
(figure 2) using t r y p a n o s o m e s  incuba ted  a t  20~ for 9 h 
indica tes  t h a t  the  n u m b e r  of organisms required to acti- 
va t e  2 CHs0 uni t s  of bovine  c o m p l e m e n t  is 2 •  for 
T. congolense and  1.25 • 107 for T. lewisi. 
The first  c o m p o n e n t  of c o m p l e m e n t  (C1) was  isolated 
f rom fresh bovine  se rum b y  the  m e t h o d  of Ba r t a  e t  al. s. 
This  mate r ia l  was  r econs t i t u t ed  to  the  original  se rum 
vo lume  as was the  r emainder  of the  se rum (free of C1). 
The equ iva len t  of 2 CHs0 uni ts  of C1 and of the  se rum 
conta in ing  C2 to C9 were each reac ted  wi th  1 .8•  
9-h-old t r y p a n o s o m e s  for 30 rain a t  37 ~ Af te r  incuba-  
t ion,  t he  t r y p a n o s o m e s  were r emoved  b y  cen t r i fuga t ion  
and  2 CHs0 uni t s  of C2 to  C9 conta in ing  serum was added  
to  the  C1 previous ly  incuba ted  wi th  t he  t rypanosomes .  
2 CH~0 uni ts  of C1 was added  to  the  C2 to  C9 serum 
previous ly  reac ted  wi th  t rypanosomes .  Controls  t r ea t ed  
s imilar ly w i th  P S G  b u t  no t r y p a n o s o m e s  were included.  
The  ind ica to r  s y s t em was  t h e n  added  and  lysis was  mea-  
sured as above.  The  resul ts  p r e sen t ed  in t he  table  clearly 
indica te  t h a t  t he  t r y p a n o s o m e s  ac t  a t  the  level of C1 
and  would  therefore  be assumed to  ac t iva te  c o m p l e m e n t  
by  the  classical p a t h w a y  of ac t iva t ion .  
T. congolense (10 8) and T. lewisi (2 .2•  8) incuba ted  
for 9 h a t  20~ were reac ted  wi th  2 CHs0 uni ts  of guinea 
pig or h u m a n  c o m p l e m e n t  in an expe r imen t  similar to  
t h a t  i l lus t ra ted  in figure 2. These f indings are p re sen ted  
in figure 3. I t  is clear t h a t  T. lewisi can  ac t iva te  b o t h  
h u m a n  and  guinea pig c o m p l e m e n t  in add i t ion  to  bovine  
complemen t ,  while  T. congolense was  unable  to ac t iva te  
guinea pig c o m p l e m e n t  and  could only  s l ight ly reac t  w i th  
h u m a n  complement .  This  obse rva t ion  is diff icul t  to  re- 
concile consider ing t h a t  T. lewisi is a p a t h o g en  of ra t s  
only, while T. congolense is pa thogen ic  for a wide va r i e ty  
of mammal s .  
Discussion. The significance of d i rec t  ac t iva t ion  of com- 
p l e m e n t  by  t r y p a n o s o m e s  is manifold .  Thus  in micro-  
e n v i r o n m e n t s  p rov ided  b y  local izat ion in capillaries the  

7 S.M. Lanham and D. G. Godfrey, Exp. Parasit. 28, 521 (1970). 
8 O. Barta, R. A, Nelson Jr and C. Y. Kuo, Immun. Comm. 5, 

75 (1976). 

Incubation 
Component(s) 1.8 • 108 Component(s) % Lysis 
2CH50 T. congolense 2CH~0 

1 C1 + C2 to C9 0 
2 C2 to C9 + C1 93.9 
3 C1 - C2 to C9 42.7 
4 C2 to C9 C1 85.2 

- 0 5 C1 
- 0 6 C2 to C9 

Interaction of T. congolense with functionally pure bovine C1 and 
C2 to C9. The C1, purified by the method of Barta et al. 8, tended to 
aggregate and as a result centrifugation after incubation removed 
some of the C1 needed to react with the C2 to C9 to produce complete 
lysis of the indicator system. Barta et al. 8 recommend the use of 
1.0 M urea to solubilize the C1, but it was felt such treatment would 
be detrimental to the trypanosomes in tubes 1 and 2. 
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pa ras i t e  could avo id  i m m u n e  d e s t r u c t i o n  b y  a c t i v a t i n g  
C1, t h e r e b y  r e n d e r i n g  t he  lyr ic  process  i nope r a t i ve  e v e n  
in t he  presence  of c o m p l e m e n t  f ix ing a n t i b o d y .  In  addi -  
t ion,  t r y p a n o s o m e  infec ted  hos t s  are p red isposed  to sec- 
o n d a r y  infect ions ,  p e r h a p s  p a r t l y  as a resu l t  of genera l  
d e s t r u c t i o n  of l y m p h o i d  tissues,  b u t  also as a consequence  
of d imin i shed  ly t ic  processes  of in fec t ive  agents .  Depr i -  
v a t i o n  of c o m p l e m e n t  has  been  s h o w n  in e x p e r i m e n t a l  
an ima l s  b y  P e p y s  et  al. T M  (mouse) a n d  W h i t e  e t  al. 13 
(chicken) to  cause  d i so rgan iza t i on  of t he  a r ch i t e c tu r e  of 
l y m p h o i d  t issues.  This  could also be  t h e  case in t r y p a -  
nosomiases  in some ins t ances  of wh ich  m a r k e d  de ter io-  
r a t i o n  of t he  t h y m u s ,  l y m p h  nodes,  sp leen a n d  bone  
m a r r o w  has  been  r epo r t ed  ~. F u r t h e r ,  t h e  decrease  in com- 
p l e m e n t  levels in t r y p a n o s o m e  infec ted  an i m a l s  a long  
w i th  t he  r epo r t ed  increases  in  s e rum IgM 3 raises  some 
in t e r e s t i ng  ques t ions  w i t h  respec t  to  t he  inf luence  of th i s  
pa r a s i t e  on  t he  h o m e o s t a t i c  m e c h a n i s m  gove rn ing  an t i -  
b o d y  p roduc t ion .  Koh le r  and  M u e l l e r - E b e r h a r d  1~ in ad-  
d i t i o n  to  G lovsky  a n d  F u d e n b e r g  15 r epo r t ed  t h a t  in  some 
ind iv idua l s  w i t h  W a l d e n s t r o m s  m a c r o g l o b u l i n e m i a  C1 
levels were decreased.  In  fact ,  t h e  fo rmer  a u t h o r s  dem-  
o n s t r a t e d  a d i r ec t  co r re l a t ion  be t w een  C l q  levels a n d  IgG  
levels.  These  f indings,  a long  w i t h  those  ot Pepys  9,12 a n d  
Nielsen and  W h i t e  ~6 who r epo r t ed  h o m e o s t a t i c  defects  

in an ima l s  t r e a t e d  w i t h  cobra  v e n o m  fac to r  s u p p o r t  
p remises  m a d e  w i t h  r ega rd  t he  necess i ty  of c o m p l e m e n t  
for  p r o d u c t i o n  of a n t i b o d y  of d i f fe ren t  i m m u n o g l o b u l i n  
classes. 
F ina l ly ,  i t  becomes  essent ia l  to  s t u d y  f u r t h e r  t he  m e c h a -  
n i sm  b y  w h i c h  t r y p a n o s o m e s  are able  to  a c t i v a t e  com- 
p l e m e n t  in  o rder  to  u n d e r s t a n d  t h e  pa thogenes i s  of th i s  
disease.  Secondly,  i t  will be  necessa ry  to a sce r t a in  t h e  
i m p a c t  of th i s  o rgan i sm on i m m u n o g l o b u l i n  r e g u l a t o r y  
mechan i sms ,  as i t  would  a p p e a r  to  be  essent ia l  knowledge  
no t  on ly  to  research  on p r o t e c t i v e  i m m u n i t y  to  t h e  pa ra -  
site b u t  also for i ts  use as a n a t u r a l  a n i m a l  mode l  for t h e  
fu tu re  e luc ida t ion  of t he  h o m e o s t a t i c  m e c h a n i s m  of an t i -  
b o d y  b iosyn thes i s .  

9 M. Papamichail, C. Gutierrez, P. Embling, P. Johnson, E. J. 
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12 M.B. Pepys, D. D. Mirjah, A. C. Dash and M. H. Wansbrough- 

Jones, Cell. Immun. 2/, 327 (1976). 
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S o m e  p r o p e r t i e s  Of t h e  g o a t  p l a c e n t a l  l a c t o g e n  

S. Be~ka, J. Bflek, J.  Slaba,  J. S k a r d a  and  I. Mikul~gl  
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27 October 1976 

Summary. G o a t  p l a c e n t a l  l ac togen  was p a r t i a l l y  pur i f ied  f rom a m e d i u m  collected a f t e r  p l acen t a l  t i ssue  i ncuba t ion .  
T h e  d a t a  o b t a i n e d  b y  disc e tec t rophores i s  a n d  isoelectr ic  focus ing  expe r imen t s ,  as well  as b y  m e a n s  of r ad io recep to r  
a s say  me thods ,  p ro v i de  ev idence  of t he  s imi l a r i t y  b e t w e e n  t he  goa t  a n d  ovine  p l acen t a l  lac togen.  

Recen t ly ,  ov ine  and  b o v i n e  p l a c e n t a l  l ac togens  h a v e  been  
pur i f ied  2-4 a n d  t h e  ex is tence  o f  goa t  p l a c e n t a l  l ac togen  
ha s  b e e n  d e m o n s t r a t e d  s-7. I n  t he  p r e s en t  paper ,  some 
p rope r t i e s  of p a r t i a l l y  pur i f ied  goa t  p l a c e n t a l  l ac togen  
(gPL) are  descr ibed.  
Materials and methods. PIacen ta l  t i ssue  of Czech w h i t e  
goats  a t  week  17 of p r e g n a n c y  was used. E x p l a n t s  of 
a b o u t  20 m g  were p r e p a r e d  and  b a t c h e s  of 10-15 e x p l a n t s  
were p u t  in to  P e t r i  d ishes  c o n t a i n i n g  4 ml  of W a y m o u t h ' s  
m e d i u m  8. The  m e d i u m  c o n t a i n e d  2 mg/ml  glucose, 
0 .01% penici l l in-G,  0 .005% s t r e p t o m y c i n  a n d  0 .002% 
my cos t a t i n .  The  t i ssue  exp l an t s  were i n c u b a t e d  a t  37~ 
in an  a t m o s p h e r e  of 95% 0 2 a n d  5% CO 2. The  i n c u b a t i o n  
m e d i u m  was replaced  w i t h  f resh  m e d i u m  e v e r y  24 h. The  
p ro t e ins  of t he  col lected m e d i u m  were gel f i l t r a t ed  on  a 
S e p h a d e x  G-25 co lumn,  equ i l i b r a t ed  w i t h  0.1 M NH4HCO, ,  
a n d  freeze-dried.  Disc e lec t rophores i s  was  m a d e  on 7 .5% 
p o l y a c r y l a m i d e  gel (pH 8.9)9. Isoelect r ic  focus ing  was  
p e r f o r m e d  on 7.5% p o l y a c r y l a m i d e  gel co lumns  p r e p a r e d  
b y  p h o t o p o l y m e r i z a t i o n  10. Lac togen ic  a c t i v i t y  of t he  pro-  
t e ins  was e s t i m a t e d  us ing  a mouse  m a m m a r y  g land  bin-  
assay  in v i t ro  11. P l a c e n t a l  l ac togen  was  m o n i t o r e d  b y  a 
r a d i o r e c e p t o r  a s say  for  p ro l ac t i n  ( R R A - P R L )  us ing  t h e  
r a b b i t  m a m m a r y  g land  recep to r  12. S o m a t o t r o p h i n - l i k e  
a c t i v i t y  was e s t i m a t e d  b y  a r ad io recep to r  a s say  ( R R A -  
GH)  e m p l o y i n g  r a b b i t  l iver  r ecep to r  la. The  fol lowing 
h o r m o n e s  se rved  as t h e  t r a ce r s  a n d  t h e  s t a n d a r d s :  ov ine  
p r o l a c t i n  (30 I U / m g )  14 a n d  b o v i n e  g r o w t h  h o r m o n e  
(1.4 I U / m g :  p r epa red  accord ing  to  t he  m e t h o d  of P r u s i k  
a n d  B r a u n  15). The  i od ina t ed  h o r m o n e s  were p r e p a r e d  b y  
t h e  l ac toperox idase  m e t h o d  16. 
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