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ItAUSER 8 in a p r o g r a m  ~ w r i t t e n  for a H e w l e t t - P a c k a r d  
9100B Calcu la tor  f i t t ed  w i t h  a 9101A E x t e n d e d  Memory .  
The  c o m p u t e d  e igenva lues  a n d  s ingu la r  va lues  are  g iven  
in t h e  Table .  

Compar i son  of t h e  s ingu la r  va lues  of t h e  Tab le  w i t h  
the  s t a n d a r d  d e v i a t i o n  of t he  m a t r i x  e l emen t s  ind ica tes  
4 s ingu la r  va lues  g rea t e r  t h a n  twice  t he  s t a n d a r d  devia-  
t i on  and,  therefore ,  nonzero .  The  m a t r i x  t h u s  appea r s  
to  be  an  a p p r o x i m a t i o n  to  a m a t r i x  of r a n k  4, as or ig inal ly  
sugges ted  b y  WALLACE a n d  KATZ 4. 

verg l ichen  werden.  Die Zah l  der  K o m p o n e n t e n  aus  e inem 
L6sungsgemisch  k a n n  aus  d e m  R a n g  der  M a t r i x  der  
E x t i n k t i o n s k o e f f i z i e n t e n  b e s t i m m t  werden.  
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Zusammen[assung. Neues V e r f a h r e n  zur  B e s t i m m u n g  
des Ranges ,  w o n a c h  die Q u a d r a t w u r z e l n  der  E i g e n w e r t e  
m i t  der  S t a n d a r d a b w e i c h u n g  der  E x t i n k t i o n s m e s s u n g e n  

8 H. RUTISHAUSER, Numer. Math. 9, 1 (1966). 
9 Available on request from the authors. 

Multiple Binding Functions of Sheep Ant i -DNP Antibodies 

A n  i m m u n e  se rum is genera l ly  a s sumed  to e x h i b i t  a 
h igh  degree of specif ic i ty  aga ins t  t h e  a n t i g e n  used  to 
induce  t he  i m m u n e  response.  Th i s  genera l  rule  ha s  become  
ques t i onab le  b y  t he  r ecen t  f ind ings  of severa l  workers  t-~ 
sugges t ing  t h a t  i n d i v i d u a l  a n t i b o d i e s  m a y  c o m p e t i t i v e l y  
b i n d  severa l  s t r u c t u r a l l y  d i s s imi la r  hal) tens .  These  
obse rva t i ons  i nd ica t e  t h a t  ha l ) t en  b i n d i n g  b y  t he  an t i -  
b o d y  m i g h t  n o t  be  a n  a l l -or -none  func t i on  b u t  r a t h e r  t h a t  
t he  a n t i b o d y  c o m b i n i n g  s i te  m i g h t  be  a l )o lyfunc t iona l  
region,  capab le  of b i n d i n g  severa l  s t r u c t u r a l l y  d i ss imi la r  
ha t ) tens ;  however ,  w i t h  d i f fe ren t  affini t ies.  

The  p r e sen t  work  was u n d e r t a k e n  in o rder  to  e x a m i n e  
th i s  h y p o t h e s i s  in sheep an t ibod ie s  t owards  t he  2, 4-dini-  
t r o p h e n y l  (DNP)  d e t e r m i n a n t  a n d  to  e s t ab l i sh  t h e  degree 
of p o l y f u n c t i o n a l i t y  of these  an t ibod ies .  

Material and methods. Ant ibod ie s  were ra ised  b y  i.m. 
i n j ec t ion  of 5 m g  D N P - B G G  ill comple te  F r e u n d ' s  
a d j u v a n t .  I n  regular  1 m o n t h  in te rva l s ,  t h e  sheep were  
boos te red  w i t h  t h e  same a m o u n t  of an t igen .  Af te r  6 boos te rs  
t h e  a n t i b o d y  t i t e r s  r eached  an  ave rage  of 0.5-1.0 mg/ml .  

I m m u n o a d s o r b e n t s  cons is ted  of ha l ) t en -p ro te in -con-  
juga tes  mech an i ca l l y  e n t r a p p e d  in to  p o l y a c r y l a m i d e  gels 
accord ing  to t h e  m e t h o d  of CARREL 7. Ac t ive  p ro t e i n  was 
desorbed  w i t h  0.2 M glycine,  l )H 2.3. 5-acetyluraci l -  
BSA,  l )ur ine-6-oyl-BSA,  nuc leo t ide-  a n d  nucleoside-  
p ro t e i n - co n j u g a t e s  were syn thes i zed  as descr ibed  b y  
BEISER e t  al. s, n i t r o a z i d o l ) h e n y l - B S A  b y  t h e  m e t h o d  of 
FLEET 9. D N P - B S A  a n d  D N P - B G G  were p r e p a r e d  accord-  
ing to  LITTLE an d  EISEN 1~ E q u i l i b r i u m  dialysis  was 
pe r fo rmed  as descr ibed  b y  EISENll,  us ing  t r i t i a t e d  e-N- 
DNP-L- lys ine  (New E n g l a n d  Nuclear) .  The  r e l a t i ve  
assoc ia t ion  c o n s t a n t  w i t h  var ious  h a p t e n - p r o t e i n - c o n j u -  
ga tes  were s tud ied  b y  t h e  i n h i b i t i o n  of t h e  b i n d i n g  of 
r a d i o a c t i v e l y  labeled  D N P - B S A  to  a n  inso luble  an t i -  
b o d y  p r e p a r a t i o n . T h i s  m e t h o d  has  t h e  a d v a n t a g e  t h a t  t he  
r eac t ion  w i t h  t h e  i m m u n o g e n  i tself  m a y  be  s tud ied .  
Es sen t i a l l y  a n t i b o d y  coupled  to  b romoace ty lce l lu lose  1~ 
was r eac ted  w i t h  1~5I D N P - B S A .  Af te r  c en t r i f u g a t i o n  a n d  
washing ,  t h e  r a d i o a c t i v i t y  in  t h e  s e d i m e n t  was  counted ,  
g iv ing  100% of b ind ing .  T h e  re l a t ive  aff in i t ies  aga ins t  t he  
c ross - reac t ing  h ap t en - l ) ro t e i n - co n j u g a t e s  were  ca lcu la ted  

Isoelectrofocusing pattern of the whole anti-DNP antibody popula- 
tion and of the subfractions isolated from the 5-acetyl-uracil-BSA 
immunoadsorbent and the purine-6-oyl-BSA immunoadsorbent 
respectively. 
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f rom the  m o l a r i t y  a t  50% inh ib i t ion .  The  reac t ion  w i t h  
t he  homologous  an t i gen  D N P - B S A  was set one. D N P - B S A  
was label led  w i t h  t he  iodine monoch lo r ide  m e t h o d  of 
~gl CFARLANE 13. 

Results. B y  us ing  D N P - B S A  as i m m u n o a d s o r b e n t  and  
D N P - B G G  as i m m u n o g e n ,  on ly  DNP-spec i f ic  b u t  no 
car r ier  specific an t ibod ie s  were isolated.  This  a n t i b o d y  
p o p u l a t i o n  p r ec ip i t a t ed  D N P - B S A  as well as D N P - B G G .  
The  ave rage  in t r ins ic  assoc ia t ion  c o n s t a n t  (Ko) w i t h  
DNP-L- lys ine  was 2 . 0 •  ~. P rec ip i t i n  reac t ions  were 
also obse rved  w i t h  5 -ace ty lu rac i l -BSA a n d  w i t h  pur ine-  
6-oyl-BSA. B y  m e a n s  of i m m u n o a d s o r b e n t s  cons i s t ing  of 
5 -ace ty lu rac i l -BSA and  pur ine-6-oy l -BSA,  i t  was possible  
to  i so la ted  t he  f rac t ions  c ross - reac t ing  w i t h  these  two  
hap t en -p ro t e in - con j uga t e s .  The  co r re spond ing  yields 
were a b o u t  20 to  25% for a ce t y l u r ac i l - B SA  and  be tween  
15 a n d  20% for pur ine-6-oy l -BSA.  The  two  cross-react-  
ing sub f r ac t i ons  were c o m p a r e d  w i t h  t he  whole  a n t i - D N P  
p o p u l a t i o n  b y  isoelec t rofocusing in p o l y a c r y l a m i d e  gel, 
us ing  a p H  g r a d i e n t  f rom 3 to 10. (Figure).  As m a y  be 
seen f rom t h e  Figure,  no  s ign i f ican t  differences  be tween  
the  whole a n t i - D N P  a n t i b o d y  p o p u l a t i o n  a n d  t he  f rac t ions  
e lu ted  f rom the  5 -ace ty lu rac i l -BSA or t he  pur ine-6-oyl -  
B S A  i m m u n o a d s o r b e n t  r e spec t ive ly  were de t ec t ab l e  in  
t he  isoelect rofocusing p a t t e r n ,  i n d i c a t i n g  t h a t  t h e  isola- 
t i on  of these  s u b p o p u l a t i o n s  does no t  lead to  a d iscernible  
decrease  in he te rogene i ty .  

B i n d i n g  d a t a  of t he  whole  a n t i - D N P  a n t i b o d y  popula -  
t ion  for  va r ious  h a p t e n - p r o t e i n - c o n j u g a t e s  are given in 
t he  Table .  As expected ,  t he  h ighes t  a f f in i ty  was obse rved  
w i t h  t h e  homologous  an t i gen  D N P .  S imi la r  resu l t s  were 
ob t a ined  With r a b b i t  a n t i - D N P  an t ibod ie s  (wi th  a Ko 
va lue  of 3 • 107), i n d i c a t i n g  t h a t  t he  o b t a i n e d  resu l t s  are 
no t  species specific. 

W h e n  t he  a n t i b o d y  p o p u l a t i o n  o b t a i n e d  a f te r  i m m u n o -  
adso rp t ion  of t he  f r ac t ion  c ross reac t ing  w i t h  5-ace ty lura-  

c i l -BSA was s tudied ,  t he  same i n t e r ac t i ons  could sti l l  be 
observed .  The  re l a t ive  a f f in i ty  for 5-ace ty lurac i l -BSA,  
however ,  was now a b o u t  3 orders  of m a g n i t u d e  smal le r ;  
t he  re la t ive  aff in i t ies  for  t he  o the r  h a p t e n - p r o t e i n -  
con juga t e s  were also decreased b u t  to  a lesser ex ten t .  
The  a f f in i ty  for DNP-L- lys ine  o f  th i s  f rac t ion  did  no t  
differ  f rom t h a t  of t he  whole  a n t i - D N P  popu la t ion .  

Discussion. These  resu l t s  ind ica te  t h a t  essent ia l ly  
eve ry  single a n t i - D N P  a n t i b o d y  shows mul t ip l e  b ind ing  
func t ions  w i t h  var ious  h a p t e n - p r o t e i n - c o n j u g a t e s ,  b u t  
t h a t  t h e  r e l a t ive  aff in i t ies  t owards  these  c o m p o u n d s  
differ  w i t h i n  ce r t a in  sub f rac t ions  of t he  whole  a n t i - D N P  
popu la t ion .  

The  re la t ive  aff in i t ies  aga ins t  t he  c ross - reac t ing  com- 
p o u n d s  seem to  be  a t  leas t  two  or more  orders  of m a g n i t u -  
de smal le r  t h a n  for t h e  i m m u n i z i n g  an t igen .  These  
differences in  a f f in i ty  would sti l l  be  c o m p a t i b l e  w i t h  a 
r a t h e r  h igh  specif ic i ty  of a n  i n d i v i d u a l  a n t i b o d y  molecule.  
Moreover  one could a rgue  t h a t  t he  obse rved  reac t ions  
on ly  occur  in  vi t ro .  VARGA et  al. 1~, however ,  were able  to  
d e m o n s t r a t e  t h a t  2 s t r u c t u r a l l y  d i ss imi la r  h a p t e n s  cou- 
p led  to a car r ie r  m a y  s t i m u l a t e  t he  p r o d u c t i o n  of a i m m u -  
nog lobu l in  b i n d i n g  b o t h  hap tens ,  p r e s u m a b l y  b y  ac t iva -  
t i on  of t he  same cel l-surface receptor .  This  suggests  t h a t  
these  mu l t ip l e  b i n d i n g  reac t ions  do no t  on ly  occur  in  
v i t ro ,  b u t  t h a t ,  i l lspi te  of t he  differences  in t he  re la t ive  
affini t ies,  t h e y  p l ay  a s ign i f ican t  role in  t he  s t i m u l a t i o n  
a n d  p r o b a b l y  also t he  m a t u r a t i o n  of an t ibodies .  Moreover  
t he  ex is tence  of po ly func t i ona l  regions  w i t h i n  the  an t i -  
b o d y  c o m b i n i n g  s i te  would h a v e  t he  consequence  t h a t  
fewer a n t i b o d y  species would be  r equ i red  since one an t i -  
b o d y  molecule  m i g h t  b i n d  severa l  s t r u c t u r a l l y  d i f fe ren t  
an t igens .  

On t he  o the r  hal ld,  i t  r e m a i n s  to  be p r o v e d  w h e t h e r  t h e  
resu l t s  r epo r t ed  for an t ibod ie s  el ici ted b y  the  D N P  
d e t e r m i n a n t  are also va l id  for  o the r  a n t i g e n - a n t i b o d y  
sys tems .  

Binding inhibition data 

Compound Concentration at K (rel.) 
50% inhibition 
(M/l) 

Zusammen[assung. S p e z i f i t g t s u n t e r s u c h u n g e n  an  an t i -  
D i n i t r o p h e n y l - A n t i k 6 r p e r n  u n t e r  V e r w e n d u n g  einer  Me- 
thode ,  die eine B e s t i m m u n g  der  r e l a t i ven  Assozia t ions-  
k o n s t a n t e n  gegeni iber  ve r sch i edenen  H a p t e n - P r o t e i n -  
K o n j u g a t e n  ges t a t t e t .  

W. RIESEN and  A. MORELL 

2,4-Dinitrophenyl-BSA 3 • 10 -1~ 
NitroazidophenyI-BSA 9 • 10 -s 
5-Acetyluraeil-l-BSA 1.5 • 10 -:  
Guanosine-BSA 6.5 • 10 .7 
Purine-6-Oyl-BSA 5.5 • 10 -~ 
Uridine-5'-Monophosphate-BSA 4.0 X 10 -~ 
Adenosine-5'-Monophosphat e-B SA > 10 .4 
Cytidine-BSA > 10 .4 
p-Azobenzenearsenate-B SA > 10 -4 
Dansyl-BSA > 10 -~ 
BSA > 10 -4 
RNA > 10 -4 
DNA native > 1 mg/ml 
DNA single stranded > 1 mg/ml 

1 
3.3 • 10 -3 
2.0 • 10 .3 
4.8 • 10 .4 
5.5• 5 
7.7• * 
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Automat ic  Assay  of the Distr ibut ion of 3H-, 14C- and 32P-Labelled C o m p o u n d s  within  an 
Early Chick Em b ryo  by a Semiconductor  Detector 

A u t o r a d i o g r a p h y  1 has  h i t h e r t o  been  used as a single con t ro l led  device w i t h  a special  s i l icon ba r r i e r  de tec to r  a, 
n o n - d e s t r u c t i v e  assay  of t h e  d i s t r i b u t i o n  of /~-nuctide consis ts  in  a q u a n t i t a t i v e  d e t e r m i n a t i o n  of the  p a r t i c u l a r  
label led subs t ances  in embryology .  The  m a i n  a d v a n t a g e  /5-nuclides in  t he  presence  of each  o the r  a t  each  loca t ion  of 
of t he  s e m i c o n d u c t o g r a p h i c  m e t h o d  2, us ing  a c o m p u t e r -  t h e  d i f fe ren t i a l ly  label led  sample.  Moreover,  records m a y  


