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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 .  
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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  
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Labelled substances applied 
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Substance Specific activity Amount in single dose ({xCi) Main metabolic fate 

32P-Orthophosphate 8.8 mCi/ml 0.5 Incorporated in NA 
t4C-Orotic acid 164 mCi/mM 0.5 Incorporated in NA 
3H-Thymidine 6 Ci/mM 4.0 Incorporated in DNA 
14C-L-Leucine 90 mCi/mM 0.5 Incorporated in proteins 
aH-6-Azauridine 19.6 Ci/mM 4.0 Inhibitor of de novo 

pyrimidine biosynthesis 

be  o b t a i n e d  b y  a ful ly a u t o m a t e d  process,  t he  biologicaI  
m a t e r i a l  t e s t ed  does n o t  requi re  a n y  p rev ious  process ing  
a n d  t he  a c t i v i t y  is d e t e r m i n e d  in a n  ob jec t ive  manne r .  

The  de t ec to r  used m a k e s  possible  a suf f ic ien t ly  sens i t ive  
de t ec t i on  of ~- t racers  inc lud ing  t r i t i u m  a t  a t m o s p h e r i c  
pressure  and  room t e m p e r a t u r e .  Up  to t he  p r e s en t  t ime,  i t  
has  been  possible  in  t r ace r  e x p e r i m e n t s  to  use si l icon 
ba r r i e r  de tec to r s  on ly  in e s t i m a t i ons  of the  /%nuclides 
w i t h  a h igher  energy  s p e c t r u m  (e.g., 3~p, 45Ca ' a5S)4-6" 
The  use of diffused si l icon de tec to r s  7 for t r i t i u m  has  been  
e x t r e m e l y  l imi t ed  b y  t he  d e p t h  of t he  e n t r a n c e  window.  
B y  t he  i n t r o d u c t i o n  of s e m i c o n d u c t o g r a p h y  in to  experi-  
m e n t a l  embryo logy ,  we wish  to  offer a m e t h o d  which  
would m a k e  i t  possible  to  d e t e r m i n e  t he  t i m e  and  spa t i a l  
p a t t e r n i n g  of m e t a b o l i c  p a r a m e t e r s  d u r i n g  n o r m a l  as well 
as pa tho log ica l  d e v e l o p m e n t  a t  t he  level  of an  e m b r y o  
a n d  m o r p h o g e n e t i c  Systems of e m b r y o n i c  componen t s .  

/Red'channel 3H+14C+32P 
[shapinglAmplif'and ~--'Green' channel 14C+32P 

Detector- E~ "B lue '  channel 32p 

Shifte/d s u p p 0 r t ~  ~ Diaphragm with a slit 
Slide with an embryo 

Fig. 1. Functional diagram of semiconductographic device for simul- 
taneous determination of 3H-, 14C-, and ~2p-labelled substances 
distribution. 

~mm 

cpm 
15 S 

10 

5 

0 

Fig. 2. Semieonductographic record of 3H-thymidine distribution in 
chick embryo at the HH 10 stage (36 h of incubation). S, reference 
point. The measured counting rates refer to concrete enlbryonal 
structures, making it possible to determine distribution of the labelled 
substance in the longitudinal axis of the embryo. 

Mater ia ls  and methods. The eggs of W h i t e  Leghorns  
were i n c u b a t e d  for 36 h. Subs t ances  labe l led  w i t h  3H, 
a4C, and  32p (Table) were in jec ted  in to  t he  s u b g e r m i n a l  
c a v i t y ;  the  t o t a l  v o l u m e  of a single in j ec ted  dose did  no t  
exceed 10 ~zl. The  closed eggs were r e t u r n e d  in to  t h e  in- 
cuba tor .  Af te r  all elapse of 60 rain,  t he  e m b r y o s  were 
w i t h d r a w n ,  t h o r o u g h l y  r insed,  a n d  k e p t  in a i r  a t  r oom 
t e m p e r a t u r e  on a slide un t i l  dry.  

The  slide w i t h  t he  sample  was con t i nuous ly  m o v e d  in t he  
c ran iocauda l  d i rec t ion  a t  t he  r a t e  of 20 m m / h  be low a 
0.1 m m  h igh  golden d i a p h r a g m  equ ipped  w i t h  a sl i t  
p e r p e n d i c u l a r  to  t he  m o v i n g  d i rec t ion  (Figure  1); s l i t  
wid th ,  0.5 mm,  d i s t ance  of t he  d i a p h r a g m  f rom slide, 
0.3 mm.  In  t h e  d i s t ance  of 0.1 m m  a b o v e  t he  d i a p h r a g m ,  
t he re  was p laced  a de tec tor .  In  the  s i m u l t a n e o u s  de te rmi -  
n a t i o n  of 3H, a4C, a n d  ~2p, t he  reso lu t ion  of r ad ionuc l ides  
was accompl i shed  b y  an  a m p l i t u d e  ana lys i s  in t h r ee  
c o u n t i n g  channels .  D i s c r i m i n a t i o n  levels of channe l s  were 
ad ju s t ed  accord ing  to  t he  ene rgy  r ange  of e m i t t e d  spec t ra  
and  accord ing  to  the  noise of the  c o u n t i n g  device,  namely ,  
f rom 9 to 18 keV ( the ' r ed '  c h a n n e l  for a H +  14C @ a2p; 
backg round ,  0.09 • 0.02 cpm),  f rom 22 to 156 keV ( the 
'g reen '  c h a n n e l  for 14C and  a2p; b a c k g r o u n d  0.17 ~: 0.02 
cpm),  a n d  f rom 160 to 250 keV (the ' b lue '  channe l  for  
32p a lone;  backg round ,  0.11 • 0.02 cpm).  The  p r o p o r t i o n  
of p a r t i c u l a r  nucl ides  was d e t e r m i n e d  ana logous ly  to 
m e a s u r e m e n t s  on  t he  l iquid  sc in t i l l a t ion  s p e c t r o m e t e r  s . 
In  t he  case of s imple  label l ing,  t he  lower d i s c r imina t i on  
level  is def ined b y  t he  r e q u i r e m e n t  to  exclude  noise f rom 
the  record  (9 keV) whi le  t he  u p p e r  level  is d e t e r m i n e d  b y  
the  m a x i m u m  energy  of t he /3 - spec t rum (all and  ~4C) or b y  
t he  dep le ted  layer  (32p). The  record  of c o u n t i n g  ra t e s  
was pe r fo rmed  v ia  a n  i n t e g r a t o r  a n d  c h a r t w r i t e r  m o v i n g  
a t  t he  r a t e  of 120 m m / h .  

Fo r  t he  e v a l u a t i o n  of records,  reference  m a r k s  were p u t  
on  t he  record ing  p a p e r  a n d  each  sample .  The  con tou r s  of 
t he  e m b r y o  and  t he  p r inc ipa l  e m b r y o n i c  s t r u c t u r e s  were 
d r a w n  u n d e r  t he  d rawing  device  (Wild) and  t he  c o u n t i n g  
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ra te  curve of the  par t icular  radionucl ide was correspond- 
ingly enlarged in relat ion to the  moving  rates of the  record- 
ing paper  and the  sample  (Figure 2). For  each substance 
or combina t ion  of substances,  there  was evalua ted  a 
group of 4-6 embryos  appl ied a t  H I t  9-11 stages. Mult i-  
pl icat ion of the  average peak  count ing ra te  by  the  peak  
abundance  in the  corresponding locat ion and a l lo tment  
of the  values thus  obta ined to the  embryo  drawing afforded 
an i l lus t ra t ion of the  d is t r ibut ion  of labelled substances in 
these stages (Figure 3). Differences due to self-absorption 
of t r i t i um were neglected since in the  central  nervous 
sys tem the  cellular dens i ty  on the  craniocaudal  axis is 
a lmost  cons tant  at  the  stages employed.  To ver i fy  the 
absence of any  contaminat ion ,  we have  de termined  the  

cpm A M P 

10 

s / X  

2550( / ~ . [.'. :~ ..:, b) 

75] c) 
50 II  

25 

3001 d ) 

f 0fA A 
f) 

Fig. 3. Mean distribution of labelled substances after the application 
in developmental stages ttH 9-11. a) 4 [zCi 3H-thymidine; b) 0.5 [zCi 
l~C-orotie acid; c) 0.5 ~xCi l*-leucine; d) 0.5 txCi 32P_orthophosphate; 
e) 4 ~xCi 3H-6-azanridine + 0.5 [xCi 14C-orotic acid + 0.5 [zCi 32p_ 
orthophosphate; f) 4 [zCi ~H-6-azauridine + 0.5 [~Ci 14C-leucine + 
0.5 [xCi ~3p-orthophosphate. A, M, P indicate position of the peaks in 
the anterior, middle and posterior regions of the embryo. 

ac t iv i ty  d is t r ibut ion  after  tu rn ing  the  slide wi th  the  
embryo  by  90 ~ ; t f t e r  this turning,  the  ac t iv i ty  occurred in 
the  sample onl? 

Results and d~scussion. The main  peak of 3H-thymidine,  
14C-orotic acid, tC-leucine, and 32p-orthophosphate was 
found above th.~ caudal  morphogenet ic  sys tem of the 

embryo  (Figurt 3, a-d)  which in these deve lopmenta l  
stages represen!:s the  pr incipal  morphogenet ic  centre 9. 
The considerabl  " lower secondary peaks are located above 
the  head and the  hear t  region in the  case of l~C-orotic 
acid or SH-thym'dine ,  and in the  case of 14C-leucine, above 
the  dif ferent ia t ing somites and the  neural  tube  in the  
middle  par t  of the  t runk.  W h e n  3H-6-azauridine was 
s imul taneously  a p p l i e d  in the  tera togenic  dose (30 ~g), 
remarkable  d is turbance of the  l~C-orotic acid, 32p_ 
or thophosphate ,  and 14C-leucine d is t r ibut ion  was observed, 
the SH-6-azauridine being not  incorpora ted  at  all (Figure 
3 e and f). The  dis turbance involved  not  only lowering of 
the  peaks bu t  also changes in the i r  pa t t e rn  wi th  respect  to 
t ha t  obta ined in the  absence of the  teratogen.  The sam- 
ples did not  exhibi t  any  ac t iv i ty  when 4 txCi of 8H-6- 
azauridine alone was applied. 

The  effect of 6-azauridine on the  synthesis  of nucleic 
acids and proteins  demons t ra ted  by semiconduc tography  
is in accordance wi th  findings obta ined by the  classical 
b iochemical  methods  1~ Semiconduc tography  thus  makes i t  
possible to eva lua te  rapid ly  and precisely the  dis t r ibut ion 
of p recursors  in par t icu lar  phases of prote0synthesis  in 
ear ly  deve lopmenta l  embryona l  stages; and fur thermore,  
to examine  the  quan t i t a t i ve  and topical  changes of this 
d is t r ibut ion  after  appl icat ion of substances wi th  tera to-  
genic effects. In  o ther  words, i t  is possible to analyse 
relat ions be tween  the  pro teosynthe t ic  ac t iv i ty  and 
morphogenesis  11. 

Zusammen/assung. Es wird eine Halb le i te rde tek tor -  
Methode beschrieben, durch die ein gleichzeit iger Nach-  
weis der Verte i lung yon 3H-, 14C- und 3~P-markierten 
Stoffen in Somi t t en  des Hi ihnerembryons  erm6gl icht  
wird. Nachweisvorgang sowie Regis t r ierung werden mit te ls  
eines dem Sys tem angeschlossenen Computers  program-  
miert .  
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