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A New Biologically Active Peptlde Sys tem in Serum Related to Classical Anaphylatoxin x 

Classical  a n a p h y l a t o x i n ,  w h i c h  causes  h i s t a m i n e  l ibera-  
t i o n  a n d  l e t h a l  a n a p h y l a t o x i n  shock  in t h e  gu inea -p ig  ~, is 
fo rmed  in  v i t r o  in  m a m m a l i a n  se ra  b y  c o n t a c t  r e ac t i on  
w i t h  va r i ous  hyd roph i l i c ,  inso lub le  s u b s t a n c e s  of h i g h  
mo lecu l a r  weight ,  e.g. d e x t r a n ,  yeas t ,  b a c t e r i a l  e n d o t o x i c  
l i popo lysaccha r ides  or a n t i g e n  - a n t i b o d y  complexes  ~-4 
F o r m a t i o n  of a n a p h y l a t o x i n  in  v i v o  h a s  been  obse rved  s. 
Bes ide  h i s t a m i n e  l ibe ra t ion ,  some o t h e r  b iological  ac t iv i -  
t ies  of a n a p h y l a t o x i n  a re  known,  for e x a m p l e  c o n t r a c t i o n  
of s m o o t h  musc le  ~, c o r o n a r y  cons t r i c t i on  e, b r o n c h o -  
s p a s m  z, s, 7, e n h a n c e m e n t  of c ap i l l a ry  p e r m e a b i l i t y  ~, 4, s, 
a n d  c h e m o t a c t i c  a c t i v i t y  for  n e u t r o p h i l  l eucocytes  9-1~. 

D i f f e ren t  a n a p h y l a t o x i n s  were  r epo r t ed  to  ex i s t  18 w h i c h  
a re  g e n e r a t e d  f rom c o m p l e m e n t  c o m p o n e n t s  C3 a n d  C5 
b y  i m m u n e  a n d  n o n - i m m u n e  processes  (e.g. p ro t ea se  s, ix 
or  v e n o m  ac t ionS) .  A l t h o u g h  t h e  or ig in  of classical  
a n a p h y l a t o x i n  is de f in i t e ly  u n k n o w n ,  i t  m a y  poss ib ly  be  
iden t i ca l  w i t h  a n a p h y l a t o x i n  g e n e r a t e d  f rom t h e  comple-  
m e n t  c o m p o n e n t  C5 s,l~. T h e  b io logica l  i m p o r t a n c e  of 
a n a p h y l a t o x i n s  a n d  t h e i r  role  in  i m m u n e  a n d  non -  
i m m u n e  processes  ha s  no t  been  clarif ied.  T h e i r  p a r t i -  
c i p a t i o n  in  a n y  a n a p h y l a c t i c  r eac t i on  r e m a i n s  to  be  
d e m o n s t r a t e d  ~, a, ~5. Otherwise ,  c h e m o t a x i s  is t h o u g h t  to  
be  a n  i m p o r t a n t  t r a p p i n g  m e c h a n i s m  for  t h e  a c c u m u l a t i o n  
of d i f f e ren t  cel l  t y p e s  on  t h e  r eac t i on  s i te  of i n f l a m m a t i o n  
(for r ev iew seerS). Therefore ,  t h e  r e p o r t e d  c h e m o t a c t i c  
a c t i v i t y  of a n a p h y l a t o x i n s  9-x~ a n d  t h e  e n h a n c e m e n t  of 
c ap i l l a ry  p e r m e a b i l i t y  2,4, s m i g h t  be  effects  of phys io lo-  
gical  s ignif icance,  whe reas  t h e  o t h e r  k n o w n  ac t iv i t i e s  
a re  p r o b a b l y  more  i m p o r t a n t  for  pa t ho l og i ca l  reac t ions .  

T h i s  r e p o r t  p r e s e n t s  ev idence  for  a new p e p t i d e  s y s t e m  
in  m a m m a l i a n  se rum,  fo rmed  b y  i m m u n e  a n d  non-  
i m m u n e  processes  in  v i t r o  w h i c h  is r e spons ib le  for  leuco- 
t a c t i c  a c t i v i t y  a n d  for t h e  i n d u c t i o n  of d i f f e ren t  shock  
types .  T h e  h i t h e r t o  un recogn ized  p e p t i d e  sys tem,  w i t h  
c lass ical  a n a p h y l a t o x i n  as  p e p t i d e  c o m p o n e n t ,  p r o b a b l y  
p lays  a key  role in  t he  m o b i l i z a t i o n  of ce l lu lar  defense  
m e c h a n i s m s  in  vivo,  and ,  in  c & t a i n  cases,  is p e r h a p s  
r e spons ib le  for  t h e  p a t h o g e n e s i s  of al lergic  d iseases  a n d  
of d i f f e ren t  shock  types .  

Methods. Deta i l s  for  t h e  s e p a r a t i o n  a n d  c rys t a l l i z a t i on  
of pep t ides  a n d  p r o t e i n s  a n d  biological  assays  are  descr ib-  
ed  e lsewhere  x7-22. T h e  c h e m o t a c t i c  a c t i v i t y  was de te r -  
m i n e d  in  v i t r o  in  t h e  B o y d e n - c h a m b e r  ~,  as  rev iewed  b y  
Sork in  e t  al. is. F o r  e x p e r i m e n t s  in  vivo,  gu inea-p igs  of 
b o t h  sexes were  used.  I n j e c t i o n  occured  in to  t h e  j u g u l a r  
ve in  u n d e r  local  anes thes i a .  

Results and discussion. T h e  resu l t s  show t h a t  confus ion  
a b o u t  a n a p h y l a t o x i n  ac t iv i t ies ,  espec ia l ly  c h e m o t a c t i c  
a t t r a c t i o n  of leucocytes ,  is due  to  d e t e c t a b l e  i m p u r i t i e s  in  
a n a p h y l a t o x i n  p r e p a r a t i o n s  iT, is, z4, ~6: Two bas ic  p e p t i d e s  
h a v e  b e e n  i so la ted  f rom hog,  r a t  a n d  gu inea -p ig  s e r u m  
a f t e r  c o n t a c t  r e a c t i o n  of t h e  s e r u m  w i t h  d e x t r a n ,  yeas t  
or  i m m u n e  complexes  a~, ~4-~7. T h e y  were  c rys ta l l i zed  in a 
mo lecu l a r  h o m o g e n o u s  s t a t e  iT, ~t-~7. One  of t h e  pep t ides ,  
t h e  classical  a n a p h y l a t o x i n ( I ) ,  is t h e  we l l -known  h i s t a m i n e  
l i b e r a t i n g  p r inc ip l e  in  guinea-pigs .  T h e  mo lecu l a r  we igh t  
of t h e  a n a p h y l a t o x i n s ,  i so la ted  f r o m  hog  a n d  r a t  se rum,  
is 9500, a n d  f rom gu inea -p ig  s e r u m  is 15,000, as de te r -  
m i n e d  b y  gel c h r o m a t o g r a p h y  x~, ~t-~L T h e  second,  newly  
d e t e c t e d  p e p t i d e  (II),  ca l led  c o c y t o t a x i n  IT, xa, 2o, 2s, ha s  a 
molecu la r  we igh t  of 8,500 (as d e t e r m i n e d  b y  gel c h r o m a t o -  
g raphy) ,  a n d  is also fo rmed  b y  t h e  c o n t a c t  r eac t ion ,  
l ead ing  to  t h e  a n a p h y l a t o x i n  molecule  ~7, is. T h e  phys ico-  
c h e m i c a l  b e h a v i o u r  of t h i s  bas ic  p e p t i d e  ( I I )  is v e r y  
s imi la r  to  a n a p h y l a t o x i n ,  b u t  t h e y  differ  in  t h e i r  b iological  
ac t iv i t i e s  ~, is, ~s. W h i l e  a n a p h y l a t o x i n  causes  h i s t a m i n e  
l i be ra t i on  in gu inea-p igs  in  v ivo ,  l ead ing  to  l e tha l  a n a p h y -  

l a t o x i n  shock  u n d e r  f o r m a t i o n  of l ung  e m p h y s e m a ,  
c o n t r a c t i o n  of s m o o t h  nmscle ,  c o r o n a r y  cons t r i c t ion ,  
b r o n c h o s p a s m ,  a n d  e n h a n c e m e n t  of c a p i l l a r y p e r m e a b i l i t y  
(assayed  o n  guinea-pigs) ,  t he  c rys ta l l i zed  c o c y t o t a x i n  
el ici ts  none  of these  effects.  Otherwise ,  n e i t h e r  h o m o -  
genous  a n a p h y l a t o x i n ,  no r  c o c y t o t a x i n  show c h e m o t a c t i c  
a c t i v i t y  for  n e u t r o p h i l s  as  s e p a r a t e d  c o m p o n e n t s ,  as 
d e t e r m i n e d  in v i t r o  in  t he  B o y d e n - c h a m b e r  *s. However ,  
r e c o m b i n a t i o n  of t h e  2 p e p t i d e s  in  a m o l a r  r a t i o  1:0.01 
t i l l  1 : 8  ( I : I I )19,  ~o-.2 leads  to  c h e m o t a c t i c  a c t i v i t y  for  
n e u t r o p h i l s  such  as  was asc r ibed  ear l ier  b y  m a n y  a u t h  ors 
t o  a n a p h y l a t o x i n  p r e p a r a t i o n s  9-1.. The  c h e m o t a c t i c  ac t i -  
v i t y  of t h i s  p e p t i d e  s y s t e m  is n o t  a l inear  func t ion  of t o t a l  
pep t i de  concen t r a t i ons ,  b u t  i t  is a n  a s y m m e t r i c  s igmoid  
func t ion ,  showing  a n  a c t i v i t y  m a x i m u m  ~°, 2L Hence ,  a t  
c e r t a i n  m o l a r  r a t ios  of t he  2 pep t ides ,  no  re spons iveness  
of n e u t r o p h i l s  to  t h e  pep t ide  s y s t e m  in t e r m s  of chemo-  
t a x i s  is obse rved  in  v i t r o  2°, ,1. 

As l euco tac t i c  a c t i v i t y  is d e p e n d e n t  on  t h e  sub t l e  
i n t e r p l a y  of t he  2 pep t ides ,  a n a p h y l a t o x i n  a c t i v i t y  of 
a n a p h y l a t o x i n  (I) is e n h a n c e d  b y  c o c y t o t a x i n  ( I I )  
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Never theless ,  both,  t he  leucotac t ic  and the  anaphyla -  
tox in  ac t iv i ty ,  are inf luenced in a different  m a n n e r  by the  
concent ra t ions  of the  2 pept ides  21, ~3. Therefore,  leucotac t ic  
and  anaphy la tox in  effects represent  di f ferent  ac t iv i ty  pha-  
ses wi th  only a p a r t i a l o v e r l a p  in cer ta in  concent ra t ion  areas 
of the  b inary  pep t ide  sys tem 31, 33. Thus,  the  homologous  
anaphy la t0x i  n can ac t  biological ly (in te rms  of chemo- 
taxis) as a componen t  of the  pept ide  sys tem wi thou t  
d isplaying toxic  effects itself (in te rms  of induct ion  of 
le thal  shock in vivo,  and of guinea-pig i leum cont rac t ion  
in v i t r o ) / T h e  eva lua t ion  of the  existence of such pa r t i a l ly  
over lapp ing  ac t i v i t y  phases of anaphy la tox in  effects m a y  
expla in  physiological  (e.g. mobi l iza t ion  of cel lular  defense 
mechanisms)  and pathologica l  react ions (e.g. some types  
of anaphylac t i c  react ions) . in  which  par t ic ipa t ion  of ana-  
p h y l a tox in  in v i v o  is discussed (for rev iew see s, 38). 

The  a n a p h y l a t o x i n  (I) and the  cocy to t ax in  (II) levels 
can be regula ted  by  t h e  ac t iv i ty  of a leucotact ic  pep t ide  
sys tem regula tor  enzyme  (LSRE)lV. This  h i the r to  un- 
known enzyme,  which has been h igh ly  puri f ied ~9, is most  
l ikely a pep t idy l  t ransferase or a ligase. The  mechan i sm 
of act ion of this  enzyme  is under  s tudy,  bu t  i t  is conceiv-  
able t h a t  i t  catalyses  a normal  t r anspep t ida t ion  react ion 
as known f rom model  studies 3°, 31. I n  serum (hog, ra t  and 
guinea-pig),  this  enzyme is no rmal ly  inact ive,  bu t  i t  is 
ac t iva t ed  by  var ious part icles  wi th  high surface act ivi-  
t y  1~ at  neut ra l  p H  (e.g. cer ta in  lots of Sephadex  G 25, 
cer ta in  types  of chorcoal2*). Ac t ive  L S R E  links the  2 
pept ides  of the  leucotac t ic  pept ide  system, thus  forming 
mul t ip le  prote ins  (refered as p ro te in  A, B, and  C) wi th  
a molecu la r  weight  of 28,000, 56,000, and  112,000, 
respect ively ,  as de te rmined  b y  gel c h r o m a t o g r a p h y ~ .  
The  first  h i the r to  ident i f iable  p roduc t  of enzymat ic  
cata lys is  is pro te in  A. 

The  isolated 3 prote ins  as me tabo l i c  products  of ana- 
phy la tox in  and cocy to tax in  show no chemotac t i c  a c t i v i t y  
for neutrophils ,  ne i ther  alone nor  in combina t ion  wi th  ana-  
p h y l a tox in  or cocy to tax in  ~. I n  view of t he  fact  t h a t  
these proteins  also conta in  the  anaphy la tox in  moiety ,  
t h e y  were assayed for anaphyla tox in- l ike  activitiesS2: 
Pro te in  A (tool. wt.  28,000) has  s imilar  ac t iv i t ies  to 
anaphy la tox in  pept ide  (I). Shock induced by anaphy-  
la toxin  on guinea-pigs results in dea th  af ter  4-5 rain 
wi th  h i s tamine  l iberat ion and lung e m p h y s e m a  (pre- 
ven tab le  by  ant ihis tamines) ,  whereas  prote in  A causes 
a fa ta l  shock wi th  dea th  af ter  5-8 mid  wi thou t  fo rmat ion  
of Iung emphysema .  Never theless ,  t he  behav iour  of t he  
an imal  resembles  the  behav iour  dur ing  anaphy la tox in  
shock. Typ ica l  s y m p t o m s  are  dyspnoea  and spasms. 
Pro te in  ]3 and C cause p ro t r ac t ed  lethal  shock wi th  dea th  
af ter  40-60 rain or 2--I 2 h, respect ively .  Typica l  s y m p t o m s  
of this p ro t rac ted  shock are successive and a l te rna t ing  
appearance  of dyspnoea,  exci ta t ion,  sleep and drowsiness 
and, depending on the  appl ied  concent ra t ion  of proteins,  
screaming spasms. Dea th  is caused by  c i rcula tory  insuf- 
f ic iency with  symptoms  of r igh t  vent r ic le  d i la ta t ion  and 
edema  (especially af ter  appl ica t ion  of pro te in  ]3, tool. 
wt .  56,000). Shocks induced by  pro te in  A, t3 or C canno t  
be p reven ted  by  an t ih i s tamine  or pro tease  inhibi tors .  The  

physiological  func t ion  of these  pro te ins  is a t  p resent  
unclear,  bu t  obviously ,  t h e y  produce  shocks which are 
s imilar  to  those  p ro t rac ted  shocks observed  in experi-  
men ta l  anaphylax i s  3, as, 3,. 

W i t h  the  isolat ion of different  media tors  of shock on 
guinea-pig,  m a n y  repor ted  con t rad ic to ry  results  on the  
biological  act ion of anaphy la tox in  prepara t ions  which 
have  been produced by  dif ferent  con tac t  substances (for 
review see2,3), m igh t  be explained by  the  in te rp lay  of 
di f ferent  mediators ,  formed as a consequense of enzymat ic  
react ion wi th  anaphy la tox in  as one of the  substrates.  
Ev idence  remains  to  be establ ished as to  how far the  
isolated components  of this  sys tem are  ac t i v i t y  principles 
in s imilar  p h e n o m e n a  in vivo,  such as the  Ar thus  react ion 
for which  the  par t ic ipa t ion  of anaphy la tox in  is discuss- 
ed 3, 38 and the  S h w a r t z m a n  phenomenon  35. Otherwise,  
on the  basis of t he  biological  act ivi t ies  of the  repor ted  
componen t s  of t he  leueotact ic  pept ide  system, a h i the r to  
unrecognized med ia to ry  re la t ionship  is suggested be tween  
chronic in f lammat ion ,  anaphy la tox ic  and o ther  patholo-  
gical react ions wi th  s y m p t o m s  of c i rcula tory  insufficiency 
and cardiac  disease 3~,3v 

Zusammen[assung. Produk te  einer enzymat i schen  
Reak t ion  mi t  klassischem Anaphy la tox in  als Substra t ,  
das als P e p t i d k o m p o n e n t e  des leukotak t i schen  Sys tems  
/dent i l /z /err  und kristal l is iert  wurde,  k6nnen als Mediato-  
ten  verschiedene Typed  des p ro t rah ie r ten  Schocks 
verursachen.  
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Radioprotec t ive  Effect iveness  of S o m e  Sero ton in -L ike  C o m p o u n d s  

Recen t ly  i t  was shown 1 t h a t  some sulphur  analogues 
of 5 - h y d r o x y t r y p t a m i n e  (serotonin) gave good pro tec t ion  
in s u p r a l e t h a l l y  i r radia ted mice. The  radioprotec t ive  
effect iveness  of 5 -mercap to t ryp tamine ,  as well as of so- 
cal led ' su lphur  analogue of serotonin '  [SAS, i.e, 3-(fl- 

aminoethyl) -5-hydroxy-benzo(b) thiophene~ 3, was close to  
t h a t  of serotonin.  Fur the rmore ,  5 - m e t h o x y t r y p t a m i n e  
was found to be also a po ten t  rad iopro tec tor  in mice3,4, 
ra ts  s and, to a cer ta in  degree, in Rhesus  monkies  ~. 
Therefore  i t  seemed wor thwhi le  to  examine  2 o ther  


