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E ine  wei tere  Kon t ro l l e  der  Me thode  wurde  vo rgenom-  
men,  i l ldem als E n z y m  das  P r g p a r a t  S a c c h a r a s e  (Fa. 
S E R V A  - Nr. 26357) v e r w e n d e t  wurde .  Die F igu r  zeigt, 
dass  die Abh~ng igke i t  der  AktivitSot yon  der  E l lzym-  
menge  bis  zu e inem T i t r a t i o n s w e r t  voi1 e twa  5 m l  Na~S~Oa 
n a h e z u  iden t i sch  m i t  den  n a c h  der  Akt iv i t /~ t sangabe  des 
E n z y m p r ~ p a r a t e s  e r r echne t en  W e r t e n  ist. D a r a u s  geh t  
hervor ,  dass  die h ie r  besch r i ebene  Me t hode  ill d iesem 
Bere ich  zur  B e s t i m m u n g  der  Saccharaseakt iv i t~ t t  geeig- 
ne t  ist. 

U m  zu ve rh inde rn ,  dass  w ~ h r e n d  der  I n k u b a t i o n s z e i t  
d u t c h  die in  der  P r o b e  v o r h a n d e n e n  M i k r o o r g a n i s m e n  
noch  we i t e rh in  E n z y m  p r o d u z i e r t  wird,  empfeh len  einige 
A u t o r e n  a, ~ die Zugabe  yon  Toluol  zum  Ansa tz .  Die Wir -  

Tabelle I. Saecharaseaktivit/it in Abh/ingigkeit von tier Bodenein- 
waage 

Bodeneinwaage Na2S20 a (ml) ml Na2S203 pro g Boden 

1 g 0,49 0,49 
2 g 0,98 0,49 
3 g 1,37 0,46 
4 g 1,82 0,46 

k u n g  des Toluols  i s t  j edoch  d u r c h a u s  u m s t r i t t e n  5. U m  
zu Ull tersuchen,  wie s ich der  Zusa t z  yon  Toluol  zum 
Versuchsa l l sa tz  bei  e iner  I n k u b a t i o n s z e i t  yon  2 h aus- 
wirkt ,  wurdeI1 die P r o b e n  m i t  5%, 15% u n d  25% Toluol  
verse tz t .  Die erz ie l ten  Ergebn i s se  l iessen keiner le i  E in -  
fluss des Toluols  e rkennen ,  alle Ans~tze  zeigte die gle ichen 
Saccharaseakt ivi tS~t  wie der  A n s a t z  ohne  Toluol.  D a  so 
die schon oben  aufges te l l te  B e h a u p t u l g ,  dass  w~hrend  
e iner  n u r  2s t t ind igen  I n k u b a t i o n  ke ine  nen l lenswer te  
P r o d u k t i o n  a n  Saccharase  erfolgen k a n n  noch  un te r -  
s t i i t z t  wird, k a n n  somi t  auf  den  E i n s a t z  yon  Toluol  ver-  
z i ch t e t  werden.  

Es  is t  b e k a n n t ,  dass  T a n n i n  E n z y m e  zu i nh ib i e r en  
vermag6,  7. Dieser  E f fek t  k o n n t e  auch  fiir Saccharase  
b e o b a c h t e t  werdeI1 (Tabelle II) .  D u r c h  eine Zugabe  von  
B o d e n  zum V e r s u c h s a n s a t z  sol l te  u n t e r s u c h t  werden,  
inwiewei t  der  BodeI1 der  I n h i b i e r u n g  der  Saccharase  
d u r c h  das  T a n n i n  en tgegenwi rken  kann .  A n  ande re r  
Stelle s i s t  be re i t s  da r i ibe r  b e r i c h t e t  wirden,  dass  diese 
S c h u t z f u n k t i o n  fiir K a t a l a s e  zu b e o b a c h t e n  ist. Wie  aus  
Tabel le  I I  he rvorgeh t ,  is t  im Fal le  der  Saccharase  d u r c h  
B o d e n  ke ine  1Reduzierung der  d u t c h  T a n n i n  he rvorge-  
r u f enen  H e m m u n g  fes tzuste l len .  

Summary. A method ,  qual i f ied  for  d e t e r m i n a t i o n  of 
saccharase  a c t i v i t y  iI1 soil samples ,  is descr ibed.  

CH. KUNZE u n d  H. I~ICKART 

Tabelle II. Hemmung der Saccharaseaktivit~it durch Tannin 

Tannin Saccharaseaktivit/it 
im Ansatz (%) Reine Enzyml6sung 

Enzymltisung (%) und Boden (%) 

0 100 100 
0,5 27 30 
1,0 20 16 
2,0 0 0 
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An underwater Food Dispenser for Conditioning 

R e c e n t l y  a t w o - a l t e r n a t i v e s  r eward  cond i t ion ing  on 
d i rec t iona l  hea r i ng  in cod was car r ied  ou t  u n d e r  a moored  
ra f t  in  a f jord.  The  cod was k e p t  in a t r i a n g u l a r  n e t t i n g  
cage (Figure 1) a b o u t  4 m down t he  surface. 

Two food dispensers  were required ,  t h a t  m e t  t he  
fol lowing cond i t ions :  a) r e m o t e  ope ra t ion ;  b) i n s t a n t  
a p p e a r a n c e  of t he  food on  a c t i v a t i o n  w i t h o u t  apprec iab le  
mechan ica l  p e r t u r b a t i o n  or t he  occur rence  of o the r  
spur ious  s t imul i ;  c) be ing  no t  too  b u l k y  and  no t  too 
dense  or incompress ib le  as c o m p a r e d  to  water ,  to  reduce  
acoust ic  s ca t t e r ing ;  d) c o n t a i n i n g  a b o u t  15 pieces of food 
pe r  magaz ine ;  e) re l iable  ope ra t ion  and,  if necessary,  a 
s imple  t roub le - shoo t ing ;  f) poss ib i l i ty  to  refill  t h e  maga-  
zines w i t h o u t  l i f t ing  t he  cage w i t h  t he  fish, in  order  to  
avo id  d i s t u r b a n c e  of t he  fish. 

The  s y s t e m  shown  in t he  F igures  1-3 works  Successfully. 
The  food d ispensers  are m o u n t e d  on a r e c t angu l a r  
pe r spex  f r ame  (a) t h a t  can  slide as a n  e l eva to r  a long 
2 (parallel) of t h e  3 p a t t e d  n y l o n  l ines suspend ing  t he  
n e t t i n g  cage (Figure 1), b y  m e a n s  of t he  pu l l ing  l ine (b). 
B o t h  bas ic  corners  a t  t h e  u p p e r  side of t he  cage h a v e  a 
pe r spex  cover ing  w i t h  a hole (c), to  al low the  e n t r a n c e  of 
the  food (ac tua l ly  t he  f r ame  (a) res ts  on  t he  cage). 

Fish 

The  food d ispenser  consis ts  of a t u rnab l e ,  d i sc-shaped  
feeding magaz ine  (d) in  a hous ing  (e) shaped  as a pi l l -box 
(bo th  m a d e  of pe rspex ;  F igures  2 and  3). The  disc con ta ins  
18 rad ia l ly  dr i l led holes  ( ~ 8 r am;  l e n g t h  12.5 m m ) :  t he  
c h a m b e r s  (f) for t he  pieces of food. E a c h  c h a m b e r  has  a 
la te ra l  hole (g). I n  a n y  of 18 d i s t inc t  angu la r  pos i t ions  of 
t he  disc, t he  la te ra l  hole  of t he  downwards  d i rec ted  
c h a m b e r  c o m m u n i c a t e s  w i t h  t he  hose  connec t ion  (h). To 
ac t i va t e  t he  fond  dispenser ,  t he  piece of food is b lown 
ou t  of the  c h a m b e r  b y  m e a n s  of a sho r t l a s t ing  w a t e r  
cu r r en t  ( this  pr inc ip le  has  been  appl ied  prev ious ly  b y  
Dr. K. OLS~X, H a v f o r s k n i n g s i n s t i t u t t e t ,  Bergen,  Norway,  
w i t h  a t u b u l a r  t y p e  of magazine) .  To d i rec t  t he  wa te r  
downwards  f rom t h e  r a f t  to  t he  d ispenser  v ia  a PVC 
hose (i), a 12V D.C. solenoid va lve  (Lucifer, Geneva,  
t y p e  121 A 52; no t  shown  in t he  figures) is opened  
shor t ly .  The  w a t e r  comes f rom a con t a ine r  (a 5 1 bo t t l e  
w i t h  b o t t o m  out let)  h a n g i n g  a b o u t  2 m above  t he  surface 
(for suff ic ient  excess pressure) .  The  a d e q u a t e  cu r r en t  
s t r e n g t h  in t he  hose is a d j u s t e d  b y  m e a n s  of a t a p  a t  the  
b o t t o m  out le t .  

A m e c h a n i c a l  s t epp ing  device al lows t u r n i n g  of t he  
magaz ine  un t i l  t h e  n e x t  c h a m b e r  w i t h  food is ju s t  over  
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the  hole (j) in the  housing, ensuring t h a t  the  f o o d  can 
drop into the  cage via  the  hole in the  cage. 18 radial  slots 
(Figure 2, k;  dep th :  1 ram) in the  surface of the  disc 
have  a p i tch  corresponding wi th  tha t  of the  chambers .  By  
pull ing gent ly  line 1 (Figure 1) the  l ever  (m) wi th  the  
stainless steel ca tch  (Figure 2, n) ro ta tes  the  disc over  an 
arc unt i l  a locking cant i lever  spring (o) snaps in the  nex t  
slot. By  t h a t  t ime  the  lever touches the  stop (Figure 1, p). 
The  lever  re turns  to its rest ing posi t ion by  means  of the  
weight  (q) leaving the  dispenser ready  to drop another  
piece of food. Shor t ly  af ter  feeding the  fish, the  magazine  
was tu rned  so t h a t  the  click of ti le re turn ing  lever  was not  
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Fig. 1. Sketch of the choice-conditioning setup in the fjord showing 
the cage and both feeding dispensers glued on a frame. 

Fig. 2 and 3. The right food dispenser. Further explanation in the 
text. 

correlated wi th  the  m o m e n t  of food dropping (training 
requ i rement ;  var iable  wai t ing  t imes  were used.) 

We used the  dispensers wi th  pieces of food consist ing of 
periwinkles  (Littorina spec.) of which the  opercule~ had  
been removed  (after crushing of the  shell and removing  of 
the  visceral  mass). To fill the  sys tem the  frame was 
l if ted to the  surface and unhooked from the  lines. The  
dispensers were filled v ia  the  holes (j) by  pushing the  
prepared pieces into the  chambers  b y  means  of a Chip of 
wood. Large airbubbles in the  hose and hose connect ion 
had to be avoided.  The periwinkles had to be  selected on 
size obta in  pieces tha t  f i t ted  fairly f i rmly in the  chambers.  
Any  enclosed air in the  chambers  after  filling was released 
under  water  by  turn ing  the  f rame wi th  the  dispensers in 
an upside down posi t ion before a t t ach ing  i t  again to the  
suspending lines of the cage. 

The  dispensers and the  f rame were made  of perspex 
because it  is ra ther  t r ansparen t  for underwate r  sounds 
(little scattering).  An addi t ional  advan tage  of a clear disc 
is t ha t  inspection, as to whether  the  food pieces are set well 
while filling, is easy. Perspex has the  d i sadvantage  t h a t  i t  
bends af ter  a long submersion. To p reven t  the  necessi ty of 
large torques  the contac t  surface be tween disc and housing 
is min imal  due to the  circular r im (r); i t  also reduces 
fr ict ion by  adhesion effects. 

In  the  field, responses of the cods on the odour  spreading 
f rom the  food have  not  been noticed. P robab ly  the sys tem 
will equal ly  well funct ion wi th  e.g. pieces of spleen, if suita- 
ble cut, bu t  this was not  tried. The  rel iabi l i ty  dur ing calm 
weather  (high surface waves  m a y  result  in some pieces 
going lost) can be es t imated  f rom the  fact  t ha t  as a rule 
only one out  of 15 pieces of food got stuck. 

Zusammen/assung. Fut te rger~ t  fiir Belohnungsdressur  
beim Kabel jau.  Der  Fisch bef indet  sich einige Meter  unter  
der Wasseroberfl / iche in e inem Netzstoffk~fig.  Von der 
Oberfls wird aus kreisf6rmigem Fut te rbeh~l te r  jeweils 
eill Fu t t e rb rocken  (Schneckenfuss-Stt ickchen) losgel6st, 
das in den K/ifig hinunterf / i l l t  (Geh6runtersuchungen all 
Kabel jau  in e inem norwegischen Fjord).  

M. A. VAN ARKEL, W. MAASSE and 
A. SCHUIJF 

Laboratory o[ Comparative Physiology, 
Jan van Galenstraat 40, Utrecht (The Netherlands), 
24 April 7972. 

Zur Bestimmung der Lymphozytotoxizitiit 

PAPPENI-IEIMER I stel l te  1917 lest, dass to te  Zellen in 
v i t ro  mi t  Farbs tof fen  anf~rbbar  sind, die yon lebenden 
Zellen nicht  aufgenommel l  werden. GORER und GORMAN 2 
entwickel ten  1950 auf  Grund dieser Beobach tung  den 
Zytotoxiz i t~ ts tes t .  E r  be ruh t  auf der Tatsache,  dass der 
Farbs tof f  in Zellen eindringt ,  derei1 Membranen  bei der 
Inkuba t ion  ill zy to toxischen  Ant iseren gesch~digt werden, 
wodurch  die Zellen absterben.  Der  komplemente r fo rdernde  
Test  wird zur Bes t immung  des Ant ik6rper t i te rs  yon homo-  
logen und heterologen Antiseren,  z.B. An t i l ymphocy ten -  
seren (ALS) ve rwende t  ~-~. Da  Ausf i ihrung und Ergebnisse  
s tarken Schwankungen  unterl iegen,  wurden  zur Fes t -  
s tel lung der Zahl  to te r  Zellen in einer Popula t ion  such  
andere Methoden entwickel t ,  z.B. die Markierung m i t  
51Cr1~ oder die Z~hlung n i t  dem Coul ter-counter  ~1. Der  
Farbs tof f tes t  wird  aber  als Vergle ichsmethode und wegen 

seines geringen technischen Aufwandes  h/iufig angewandt .  
Eine  Standardis ierung erschien daher  zweckm/issig. 

Material und Methoden, Als Testzel len d ienten  L y m p h o -  
cy ten  und T h y m o c y t e n  12, die in TC 199 (Difco) oder 
Ringer l6sung suspendier t  ycurden, die n i t  1 ,9M H E P E S  
(Catbiochem) gepuffer t  und auf p H  7,3 eingestel l t  war. 
Die Suspensionen enthie l ten  10 x 106 Zellen/ml.  Makro- 
phagen,  die sich im lebenden Zustand ini t  T rypanb lan  
anf~rben und daher  die Zahlen ver/~ndern, wurden durch 
ein Glaswat tef i l te r  wei tgehend entfernt .  Der  Prozen tsa tz  
lebender  lympha t i scher  Zellen be t rug  97-98%.  Als 
K o m p l e m e n t  wurde Meersctlweinchenserum, ftir T h y m o -  
cy ten  1:10, Iiir L y m p h o c y t e n  1:5 verdi innt ,  v e r w e n d e t  13. 
ALS  s t a m m t e  yon Kaninchen,  die n i t  Maus- oder 
Ra t tenze l len  nach der Methode yon LEVEY und MEDAWAR 14 
immunis ie r t  waren. Als Farbs tof f  diente T rypanb l au  


