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13ffnung m i t  B i e n e n w a c h s - K o l o p h o n i u m  (Mischung  1:3)  
be fes t ig te  F a s s u n g  n i m m t  d e n  H a l l - G e n e r a t o r  auf ,  de r  
zur  J u s t i e r u n g  in e i n e m  PaBs t i i ck  s i t z t  (F igur  a). W i r d  
de r  den  M a g n e t e n  t r a g e n d e  S c a p h o g n a t h i t  bewegt ,  so er- 
fass t  die Sonde  die Ver~ tnderungen  des Feldes.  Die Mess- 
we r t e  ge langen  fiber e in  S teuergerAt  3 zu d e n  Regis t r i e r -  
e i n h e i t e n  (Figur ,  B lockscha l tb i ld ) .  W A h r e n d  des  Ver -  
suches  s i t z t  de r  f re ibewegl iche  K r e b s  in e i n e m  d u t c h -  

s t r 6 m t e n  P t ex i g l a s b eck en  (30 × 30;< 12 cm),  d a s  m i t  
e i n e m  Deckel  l u f t d i c h t  ve r sch lossen  ist. Ledig t ich  die  
d i i n n e n  Dr i th te  v e r b i n d e n  das  Tie r  m i t  den  Ansch luss -  
b u c h s e n  im Deckel  des Gef~isses. 

Mi t  d ieser  M e t h o d e  is t  es m6gl ich,  die B e w e g u n g e n  de r  
b e i d e n  S c a p h o g n a t h i t e n  s i m u l t a n  zu messen  u n d  Schlag-  
r i ch tung ,  F r e q u e n z  u n d  A m p l i t u d e  q u a n t i t a t i v  f iber  
e inen  l~nge ren  Z e i t r a u m  zu er fassen  (F igur  b).  Z u r  Aus-  
w e r t u n g  d e r  P h a s e n b e z i e h u n g e n  u n d  a n d e r e r  Gr6ssen,  die 
fiir e ine Ana lyse  de r  IZoord ina t ion  y o n  B e d e u t u n g  sind,  
w e r d e n  die M e s s d a t e n  d i r e k t  ode r  f iber  ein M a g n e t b a n d  
e inem C o m p u t e r  (CAT 400 C) zugef i ih r t  u n d  ausgewer te t .  
S i m u l t a n  m i t  der  A t e m b e w e g u n g  w e r d e n  W a s s e r t e m p e r a -  
t u r  u n d  Sau e r s t o f fg eh a l t  im  Versnchsgef~ss  m i t g emes s en .  

Erg~inzend sei b e m e r k t ,  dass  diese M e t h o d e  m i t  ger ing-  
ffigigen Ve rAnde rungen  zur  R e g i s t r i e r u n g  y o n  v ie len  
r h y t h m i s c h e n  u n d  a r h y t h m i s c h e n  - i n s b es o n d e re  schnel -  
len  - B e w e g u n g e n  a n  f re ibewegl ichen  T i e r e n  e ingese t z t  
w e r d e n  k a n n .  

Summary. A record ing  m e t h o d  for  t h e  v e n t i l a t i o n  
m o v e m e n t  b y  m e a n s  of  t h e  Ha l t -e f fec t  in  t h e  u n r e s t r a i n e d  
c ray f i sh  is descr ibed .  F r e q u e n c y ,  a m p l i t u d e  a n d  d i r ec t ion  
of m o v e m e n t  c an  be  m e a s u r e d  q u a n t i t a t i v e l y  b y  t h i s  
m e t h o d  w h i c h  m a y  be  app l i cab le  also to  o t h e r  phys io-  
logical  p r e p a r a t i o n s .  
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Blockschaltbild der Versuchsanordnung. ST, SteuergerAt; M, Magnet- 
bandger/it; CAT, Computer. (a) Tier im Versuehsgef~iss. MG, Magnet 
am Seaphognathit; H, Hall-Generator. (b) Aufzeiehnung der Sea- 
phognathitenbewegung am Sehreiber. R, reehte Seite; L, linke Seite; 
see, Zeitmarke. 

3 Das Steuerger~it wurde von Herrn Ing. SCH6NEMANN konstruiert, 
dem hierffir gedankt sei. 

4 Mit dankenswerter Unterstiitzung durch Mittel, die die Stiftung 
Volkswagenwerk Herrn Prof. Dr. HUBER zur Verfiigung stellte. 

A p p l i c a t i o n  of the I n d i g o g e n i c  P r i n c i p l e  for the H i s t o c h e m i c a l  D e m o n s t r a t i o n  of R i b o n u c l e a s e  

R e c e n t  s tud ies  in th i s  l a b o r a t o r y  h a v e  led to  t he  h is to-  
chemica l  d e m o n s t r a t i o n  of b o t h  acid a n d  a lka l ine  p h o s p h o -  
m o n o e s t e r a s e  1 ( o r t h o p h o s p h o r i c  m o n o e s t e r  p h o s p h o h y -  
drolase)  t h r o u g h  t h e  use  of t h e  s y n t h e t i c  s u b s t r a t e  
p - t o l u i d i n i u m  5-bromo-4-ch lo ro -3- indo ly l  p h o s p h a t e  2. E n -  
z y m a t i c  hydro lys i s  of th i s  s u b s t r a t e  l i be ra t e s  5 -b romo-  
4-chloroindol-3-ol ,  w h i c h  is r a p i d l y  a n d  i r r eve r s ib ly  
oxid ized  to  5, 5 ' - d ib romo-4 ,4 ' - d i ch lo ro ind igo  a t  t he  s i tes  
of ac t iv i ty .  

On  t h e  bas is  of t he se  f indings ,  e f for t s  were d i r ec t ed  to  
t h e  a p p l i c a t i o n  of t h e  ind igogenic  p r inc ip le  to  t h e  h i s to -  
chemica l  loca l i za t ion  of p h o s p h o d i e s t e r a s e s  I a n d  I I  3. T h e  
syn theses ,  w h i c h  were mode l ed  a f t e r  t hose  desc r ibed  b y  
RAZZELL a n d  KHORANA 4 for  n i t r o p h e n y l - p T  a n d  Tp-  
n i t r o p h e n y l ,  p roceeded  f rom 1-ace ty l -5 -bromo-4-ch loro-  
indol-3-ol  to  give 5 -b romo-4-ch lo ro -3 - indo ly l -pT  a n d  Tp-  
5 -b romo-4-ch lo ro -3 - indo ly l  in  m o d e r a t e  yields.  I t  was  
des i r ab le  to  e x t e n d  t h e  ind igogenic  p r inc ip le  for  t h e  h i s to -  
chemica l  d e m o n s t r a t i o n  of r ibonuc lease  s ince a m a j o r i t y  
of p r e s e n t  t e c h n i q u e s  to  d e m o n s t r a t e  t h i s  e n z y m e  are  
i nd i r ec t  coup l ing  p rocedure s  or  f luorescen t  a n t i b o d y  
t e c h n i q u e s  5-~. T h e  m o s t  r e c e n t  coup l ing  p rocedu re  in- 
v o l v e d  t h e  use of u r id ine  2 ' :  3 '  n a p h t h y l  p h o s p h a t e  s. A 

specific s u b s t r a t e  for  r ibonuclease ,  5 -bromo-4-ch loro-3-  
indo ly l -u r id ine  2'  (3') p h o s p h a t e  was  s y n t h e s i zed  in o u r  
l a b o r a t o r y  mo d e l ed  a f t e r  t h e  t e c h n i q u e  for  t h e  indo ly l  
s u b s t r a t e s  for  p h o s p h o d i e s t e r a s e s  1 a n d  113. Th i s  sub-  
s t r a t e  offers  t h e  a d v a n t a g e  of precise  e n z y m e  loca l iza t ion  
w i t h  no  or  v e r y  s l igh t  di f fusion.  Moreover ,  t h e  s u b s t r a t e  
a f fords  a s imple  a n d  d i rec t  m e t h o d  for  d e m o n s t r a t i o n  of 
th i s  e n z y m e  w i t h o u t  t h e  need  for  a coup l ing  reac t ion .  
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Fig. 1. Section of rat small intestine fixed with ~-hydroxadipaldehyde 
and stained for alkaline RNase II utilizing the substrate 5-bromo- 
4-ehloro-3-indolyl-uridine 2"(3") phosphate at pH 7.6. A blue-green 
indigo is present in the cytoplasm of the small intestinal mucosa 
at the site of alkaline RNase II. × 800. 

Fig. 2. Section of rat kidney fixed with ~-hydroxadipaldehyde and 
stained for acid RNase II utilizing the substrate 5-bromo-4-chloro- 
3-indolyl-uridine 2"(3") phosphate at pH 5.5. A blue-green indigo 
is present in the cytoplasm of the renal tubular cells at the site 
fo acid RNase II. × 800. 

Methods. R a t  t issues were  used in th is  s tudy .  Repre -  
s en t a t ive  pieces of t issue f rom each o rgan  were  r e m o v e d  
and  cu t  in to  blocks  2-4  m m  in th ickness ,  and  quick  
frozen by  placing t h e  t i ssue  in a glass t u b e  and  immers ing  
i t  in a Dewar  f lask con ta in ing  ace tone  and  d ry  ice a t  
-- 70°C. The t issues  were e m b e d d e d  in op t ima l  cu t t i ng  
t e m p e r a t u r e  (O.C.T.) compound ,  pu rchased  f rom Lab-  
Tek, composed  of water -so luble  glycols and  resins m a t c h e d  
to  a specific cu t t i ng  zone t e m p e r a t u r e  of -- 20 to -- 35 °C. 
The  e m b e d d e d  t i ssue  was  t h e n  p laced  on the  quickfreeze 
b a r  of a Lab -Tek  c r y o s t a t  for  1 min  unt i l  t he  e m b e d d i n g  
m e d i u m  was  f rozen and  became  t h e  p rope r  cons i s t ency  
for cu t t i ng  6 ~ sect ions  a t  -- 20 °C. F resh  frozen or  f ixed 
t issue sect ions  were incuba ted  in solut ions  con ta in ing  
5-bromo-4-chloro-3- indolyl -ur id ine  2" (3') p h o s p h a t e  as 
t he  subs t ra te .  The  incuba t ion  solut ion : for alkal ine R N a s e  
I I  cons is ted  of: 11 ml  Tris buffer  0.1 m p H  7.6, I ml 
5- b r o m o -  4- ch loro-  3 - indolyl  - ur id ine  2' (3') p h o s p h a t e  
2 m g / m l  buf fe r ;  for acid R N a s e  I I :  11 ml  sod ium ace t a t e  
buffer  0.1 m p H  5.5, 1 ml 5-bromo-4-chloro-3- indolyI-  
ur id ine  2' (3') p h o s p h a t e  2 m g / m l  buffer .  

Results. The  h i s tochemica l  reac t ion  t ime  for alkaline 
R N a s e  I I  was  10 min  and  for acid R N a s e  II ,  2 h. A blue- 
green indigo was  p r e sen t  a t  p H  7.6 in t he  cy top l a sm of 
renal  cort ical  p rox ima l  and  dis ta l  t ubu l a r  cells, pan-  
crea t ic  ac inar  cells, smal l  in tes t ina l  mucosa l  and  R E  cells, 
liver, t hy ro id  follicular cells, submax i l l a ry  acinar  cells, 
t r achea l  mucosa ,  and  adrena l  co r t ex  (Figure 1). At  p H  5.5 
a b lue-green  indigo was  ev iden t  in t he  c y t o p l a s m  or renal  
cor t ical  p rox imal  and  dis ta l  t ubu l a r  cells, panc rea t i c  
ac inar  and  duc ta l  cells, liver, ep id idymus ,  t hy ro id  follicular 
cells, submaxi l l a ry  ac inar  (serous) and  duc ta l  cells, pre-  
pu t ia l  ac inar  cells, t r achea l  mucosa ,  adrena l  cor tex  and  
re t icu loendothe l ia l  cells in spleen,  l y m p h  nodes  and  smal l  
in tes t ina l  mucosa  (Figure 2). The enzyme  local izat ion was  
only  cy top lasmic .  F r e s h  f rozen sect ions  were  infer ior  to  
f ixed t issue sect ions  for local izat ion and  i n t ens i t y  of 
react ion.  The  bes t  f ixa t ives  were  4% calc ium formol  and  
~ -hydroxad ipa ldehyde .  Alkal ine R N a s e  II  was found  to  
be magnes ium ion d e p e n d e n t  since E D T A  caused a 90% 
inhib i t ion  of the  h i s tochemica l  r eac t ion  a t  p H  7.6. How-  
ever,  E D T A  did  n o t  inh ib i t  acid RNase  I I  ac t iv i ty  a t  
p H  5.5. 

Our  r ecen t  syn thes i s  of the  unique  s u b s t r a t e  5-bromo-  
4-chloro-3- indolyl -ur id ine  2' (3") p h o s p h a t e  has  fac i l i ta ted  
t h e  h i s tochemica l  d e m o n s t r a t i o n  of a lkal ine R N a s e  I I  

and  acid RNase  II .  Alkal ine RNase  II  is p r imar i ly  found  
in l iver and  k idney  while acid R N a s e  I I  is p re sen t  in 
pancreas  and  o the r  t issues.  Alkal ine R N a s e  I I  hydro lyzes  
in te rnuc leo t ide  b o n d s  a d j a c e n t  to  t he  3" p h o s p h o r y l  g roup  
of py r imid ine  bases.  Thus ,  RNA,  poly-C and  po ly-U are 
hydro lyzed  to  yield smal l  f r a g m e n t s  b u t  po ly-A is not .  
Acid RNase  II  p roduces  ol igonucleot ides  f rom R N A  and  
no t  mononucleo t ides .  I t  appea r s  to  be specific for pyr i -  
mid ine-3 '  p h o s p h o r y l  bonds  since poly-A is no t  hydro -  
lyzed 0. We  conclude:  (a) a new unique  subs t r a t e  5-bromo-  
4-chloro-3- indolyl -ur id ine  2' (3") p h o s p h a t e  has  been  
syn thes i zed  for t he  h i s tochemica l  d e m o n s t r a t i o n  of a lka-  
line R N a s e  II  and  acid R N a s e  I I ;  (b) th is  p rocedure  was  
found  to be more  direct ,  rapid  and  precise t h a n  prev ious  
coupl ing t echn iques  for t he  h i s tochemica l  d e m o n s t r a t i o n  
of th is  enzyme  10. 

Zusammen[assung. Es  wurde  ein neues  I n d o l s u b s t r a t  
fiir die h i s tochemische  D e m o n s t r a t i o n  v o n  a lkal ischer  
R N a s e  I I  und saurer  R N a s e  II  syn the t i s i e r t .  Dieses Ver-  
fahren  ist  besser,  schnel ler  und  pr/iziser als die b isher igen 
K u p p h m g s t e c h n i k e n .  
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