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10 days,  t h e  p l a n t l e t s  were  wel l  deve loped  w i t h  a n o r m a l  
morpho log ica l  s t r u c t u r e  of b o t h  l eaves  a n d  roots .  T h e  
p l a n t  g r o w t h  was  c o n s i d e r a b l y  in f luenced  b y  t h e  c a r b o n  
source  (Tab le  I). 

T h e  be s t  g r o w t h  was  o b t a i n e d  w i t h  f ructose ,  glucose o r  
sucrose  as a c a r b o n  source ;  w i t h  al l  o t h e r  c a r b o h y d r a t e s ,  
t h e  g r o w t h  was  m u c h  poorer .  W i t h  mal tose ,  ra f f inose  a n d  
inul in ,  leaf  g r o w t h  r a t e  was  h i g h e r  t h a n  roo t  g r o w t h  r a t e  ; 
ga lac tose  a n d  lac tose  i n h i b i t e d  g r o w t h  a l m o s t  comple te ly .  

Table I 

Carbon Leaf Root Ratio 
source Mean Mean leaf length/ 

length length root length 
(ram) (mm) × 100 

Control 0 0 - 
(no sugar) 

Glucose 9.38 -V 1.55 27.13 4- 3.9 34 
Fructose 15.23 ± 1.22 31.49 4- 2.5 48 
Saccharose 10.00 4- 0.94 14.62 4- 1.26 68 
Maltose 5.7 4- 0.7 2.00 4- 0.26 285 
Lactose 1.37 + 0.25 0.54 4- 0.1 25 
Galactose 0.21 4- 0.17 0.00 
Raffinose 5.00 4- 0.45 1.53 -4- 0.19 326 
Xylose 2.4 4- 0.47 2.4 4- 0.38 100 
Dulcitol 0.0 0.0 - 
Inulin 0.97 4- 0.53 3.27 4- 0.24 151 

F value (leaf, significance level 1%) : observed, 25.67; theoretical, 2.18. 
F value (root, significance level 1%) : observed 4.37 ; theoretical, 2.51. 

Table II. Effect of light on the growth of wheat plantlets in sub- 
merged 10-day culture 

Culture a Leaf Root 
con- Mean length Mean length t 
ditions (ram) (mm) 

Dark 10 :~: 0.94 3.8 14.62 ~ 1.26 0.05 
Light 15.9 ~ 1.2 P > 0.01 14.63 i 1.5 P -< 0.05 

a Sucrose was the carbon source. 

T h e  m a x i m u m  d r y  w e i g h t  of a whole  s ingle p l a n t  
o b t a i n e d  w i t h  f ruc tose  as  t h e  c a r b o n  source  was  13 m g  
a n d  t h e  t o t a l  p l a n t  d r y  w e i g h t  pe r  f l ask  was  a b o u t  130 mg.  

W h e a t  e m b r y o s  were  also c u l t u r e d  in  f l uo re scen t  l i gh t  
(3000 lumens )  u n d e r  t h e  s a m e  c o n d i t i o n s  as  in  t h e  da rk .  
T h e  m a i n  d i f fe rence  was  n o t e d  in  t h e  m e a n  leaf  l e n g t h ;  
t h e  m e a n  roo t  l e n g t h  was  n o t  s ign i f i can t ly  in f luenced  b y  
l igh t  (Tab le  I I ) .  

S imi la r  r e su l t s  h a v e  been  o b t a i n e d  b y  g rowing  o t h e r  
g r a m i n a c e o u s  p l a n t s  such  as  rye  a n d  bar ley ,  or p l a n t s  
such  as Ipomoea rubrocaerulea a n d  Digitalis purpurea in  
s u b m e r g e d  cu l t u r e  w i t h  sucrose  as c a r b o n  source. 

P l a n t  g r o w t h  u n d e r  t h e  c o n d i t i o n s  desc r ibed  was  f o u n d  
to  be  d e p e n d e n t  on  t h e  c o n t i n u o u s  a g i t a t i o n  of t h e  f lasks,  
i.e. on  t h e  c o n t i n u o u s  a e r a t i o n  of t h e  l iqu id  c u l t u r e  
m e d i u m .  U n d e r  s t a t i o n a r y  cond i t ions ,  t h e  e m b r y o s  d id  
n o t  e v e n  s t a r t  g e r m i n a t i n g .  Th i s  t y p e  of p l a n t  g r o w t h  in 
a s u b m e r g e d  s h a k e n  cu l tu re ,  such  as  t h a t  u sed  for  g rowing  
bac te r i a ,  s t r e p t o m y c e t e s ,  a n d  fungi ,  is o b v i o u s l y  q u i t e  
d i f f e ren t  f rom soil-less cu l tu re .  I n  t h e  l a t t e r ,  roo ts  on ly  
are  in  c o n t a c t  w i t h  t h e  m e d i u m  n u t r i e n t s ,  whe rea s  in 
s u b m e r g e d  s h a k e n  cu l t u r e  b o t h  roo t s  a n d  leaves  are  in  
close c o n t a c t  w i t h  t h e  l iqu id  m e d i u m .  I n  n a t u r e ,  on ly  t he  
g r o w t h  of a q u a t i c  p l an t s ,  in  p a r t i c u l a r  on ly  t hose  whose  
leaves  are  s u b m e r g e d  in wa te r ,  r e sembles  t h e  s u b m e r g e d  
cu l tu re  of p l a n t s  desc r ibed  above .  

Riassunto. Viene  d e s c r i t t o  u n  m e t o d o  p e r  la  c o l t u r a  
s o m m e r s a  s ter i le  di p i a n t i n e  i n t e r e  di g r aminacee ,  di  
Ipomoea sp. e di  Digitalis sp. ~: s t a t a  s t u d i a t a  l ' i n f luenza  
dei  va r i  zuccher i  sul ta  c r e sc i t a  delle foglie e de l la  radice .  
~: s t a t o  t r o v a t o  che  le p i a n t i n e  c rescono  r a p i d a m e n t e  in  
p r e s e n z a  di glucosio,  f ru t to s io  e saccarosio,  m e n t r e  sono  
in ib i t e  in  v a r i a  m i s u r a  d a  a l t r i  zuccher i .  L ' i n f l u e n z a  del la  
l u t e  sul la  c resc i ta  si m a n i f e s t a  solo sul  cu lmo  e sulle 
foglie e n o n  sulle radici .  L ' a e r e a z i o n e  @ u n  f a t t o r e  de t e r -  
m i n a n t e  sul la  c resc i t a :  in  a s senza  d i  ag i t az ione  l ' e m b r i o n e  
n o n  g e r m i n a  e le p i a n t i n e  n o n  crescono.  
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M e t h o d e  z u r  k o n t i n u i e r l i c h e n  R e g i s t r i e r u n g  d e r  A t e m b e w e g u n g e n  a m  f r e i b e w e g l i c h e n  K r e b s  
(Potamobius  astacus L e a c h )  

Die  A t e m b e w e g u n g e n ,  d .h .  da s  Sch l agen  de r  Scapho-  
g n a t h i t e n ,  in  d e n  K i e m e n r ~ u m e n  des  K r ebs e s  k o n n t e n  
b i s l ang  n u r  d u r c h  B e o b a c h t e n  u n d  Z$h len  be i  e rS f fne t em 
C a r a p a x ,  d u t c h  H e b e l - S c h r e i b e r - A n o r d n u n g e n  ode r  m i t -  
te ls  m e c h a n i s c h - e l e k t r i s c h e r  U m f o r m e r  i n d i r e k t  ode r  
d i r e k t  gemessen  werden .  Diese M e t h o d e n  b e i n h a l t e n  F e h -  
lerquel len,  y o n  d e n e n  h ie r  n u r  die TrAghei t  de r  Mess- 
s y s t e m e  u n d  die v e r / i n d e r t e n  S t r 6 m u n g s v e r h / i l t n i s s e  bei 
g e 6 f f n e t e m  P a n z e r  e rw/ ihn t  seien. Z u d e m  m u s s t e  das  T ie r  
w/~hrend des Ver suches  f e s tgeschna l l t  sein. 

Bei  e iner  U n t e r s u c h u n g  f iber  die K o o r d i n a t i o n  u n d  
S t e u e r u n g  de r  S c a p h o g n a t h i t e n b e w e g u n g  b e i m  Fluss-  
k r e b s  wi rd  h ie r  e ine  M e t h o d e  v e r w e n d e t ,  die es e r l aub t ,  
die Schl~ge b e i d e r  S c a p h o g n a t h i t e n  k o n t i n u i e r l i c h  u n d  
n a h e z u  o h n e  m e c h a n i s c h e  B e l a s t u n g  a m  (wieder) ge- 
sch lossenen  K i e m e n r a u m  bei  r e l a t i v  f re ie r  Beweg t i chke i t  

des  Tieres  au fzuze i chnen .  A u s g e n u t z t  wi rd  de r  Ha l l -  
Ef fek t ,  m i t  dern  s ich V e r ~ n d e r u n g e n  e ines  m a g n e t i s c h e n  
Fe ldes  m e s s e n  lassen  1,*. Dieses  Fe ld  s t a m m t  y o n  e inem 
au f  d e m  S c a p h o g n a t h i t e n  be fe s t i g t en  M a g n e t e n  ( K r u p p  
Koer f lex  300, D u r c h m e s s e r  0,3 ram,  L~inge ca.  2,5 ram,  
Gewich t  1,5-1,8 rag) u n d  wi rd  m i t  e inem H a l l - G e n e r a t o r  
(S iemens  Ax ia l f e ld sonde  R H Y  11) reg is t r ie r t .  

I n  d e m  C a r a p a x b e r e i c h  f iber  d e m  S c a p h o g n a t h i t e n  
wi rd  d e m  K r e b s  ein Loch  v o n  5 m m  D u r c h m e s s e r  d u r c h  
den  P a n z e r  gefr/ is t  u n d  de r  M a g n e t  m i t  e iner  P l a t i n d r a h t -  
sch l inge  a n  de r  G l i edmasse  befes t ig t .  E i n e  f iber  de r  

1 H. gk'ElSS, Solid-St. Electron. 7, 279 (1964). 
G. HENmG, Elektronik 8, 225 (1965). 
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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 .  

Zoologisches Institut der Universit~it, 
Lehrstuhl /iir Tierphysiologie, 
5 K61n-Lindenthal (Deutschland), 
76. Mai  /968. 

M. ~TAYN:ERT 4 

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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