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T a b l e  I I  s h o w s  t h e  e f f ec t  of  t h i a m i n e  d e f i c i e n c y  oil 
t h e s e  e n z y m e  a c t i v i t i e s  in  i n t e s t i n a l  m u c o s a .  B o t h  en -  
z y m e  a c t i v i t i e s  d e c r e a s e d  m a r k e d l y  in  t h i a m i n e  d e f i c i e n c y  
a n d  w e r e  r e s t o r e d  t o  t h e  c o n t r o l  l eve l  a f t e r  t h i a m i n e - H C 1  
( e x p e r i m e n t  1). I n  a d d i t i o n ,  T D P a s e  w a s  r e s t o r e d  c o m -  
p l e t e l y  a n d  o n l y  A L P a s e  w a s  r e s t o r e d  p a r t l y  a f t e r  v i t a -  
m i n  D a w h i c h  is k n o w n  to  i n d u c e  a n  i n c r e a s e  of  Ca  ++ a b -  
s o r p t i o n  a n d  i n t e s t i n a l  A L P a s e  in  r a c h i t i c  a n i m a l s  1~ 
( e x p e r i m e n t  2). T h e  c o r r e s p o n d i n g  c h a n g e s  of T D P a s e  
a n d  A L P a s e  a c t i v i t i e s  in  r e s p o n s e  t o  t h i a m i n e  d e f i c i e n c y ,  
c o u p l e d  w i t h  t h e  s i m i l a r  d i s t r i b u t i o n  of t w o  e n z y m e s  in  
s m a l l  i n t e s t i n e ,  l ed  u s  t o  c o n s i d e r  t h a t  t h e  t w o  e n z y m e  
a c t i v i t i e s  r e p r e s e n t e d  d i f f e r e n t  m e a s u r e s  of  t h e  a c t i v i t y  
of  a s i ng l e  e n z y m e .  T o  i n v e s t i g a t e  t h i s  p o i n t ,  we  c a r r i e d  
o u t  t h e  p u r i f i c a t i o n  o f  A L P a s e  f r o m  i n t e s t i n a l  m u c o s a  in  
n o r m a l  r a t s  b y  t h e  m e t h o d  of  SAINI e t  al. 11, m o d i f i e d  in  
t h a t  e n z y m i c a l l y  a c t i v e  f r a c t i o n s  f r o m  e a c h  c o l u m n  c h r o -  
m a t o g r a p h y  w e r e  c o n c e n t r a t e d  b y  u l t r a f i l t r a t i o n  i n s t e a d  
of e t h a n o l  p r e c i p i t a t i o n .  

Table III. Results of the enzyme purification steps 

Steps Protein Specific activity 
(mg) ([zmoles/mg protein/rain) 

ALPase �9 TDPase b 

Mucosal homogenate 7260 1.73 0.95 
n-Butanol extract 537 8.73 8.50 
Ethanol precipitate 245 30.7 11.8 
DEAE cellulose fraction 81 148 76.2 
Sephadex G-200 Iraction 28 175 190 
DE-32 cellulose fraction 19 187 217 
DE-32 cellulose fraction 2 588 482 

T D P a s e  w a s  p u r i f i e d  t o g e t h e r  w i t h  A L P a s e  (Tab l e  I I I )  
a n d  p - n i t r o p h e n y l p h o s p h a t e  ( P - N P P )  b e h a v e d  as  a c o m -  
p e t i t i v e  i n h i b i t o r  of  T D P  h y d r o l y s i s  ( F i g u r e ) ;  K i  v a l u e  
o b t a i n e d  b y  t h e  m e t h o d  of  DlxoI~*2,  u s i n g  d a t a  s h o w n  in  
t h e  F i g u r e ,  w a s  a b o u t  0.1 m M .  T h e  v a l u e  is in  a g r e e m e n t  
w i t h  K ~  v a l u e  of  P - N P P  h y d r o l y s i s  (K,,, 0.14 m M ) .  
F u r t h e r m o r e ,  t w o  e n z y m e  a c t i v i t i e s  in  t h e  p u r i f i e d  m a -  
t e r i a l  s h o w e d  a s i m i l a r  r e s p o n s e  t o  h e a t  d e n a t u r a t i o n  a n d  
to  L - p h e n y l a l a n i n e ,  a s t e r e o s p e c i f i c  i n h i b i t o r  of  i n t e s t i n a l  
A L P a s e  la ( d a t a  n o t  s h o w n ) .  T h e s e  r e s u l t s  s t r o n g l y  s u g -  
g e s t  t h a t  T D P a s e  is i d e n t i c a l  w i t h  A L P a s e  in  t h e  i n t e s -  
t i ne .  
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React ions  of the Goldfish (Carassius auratus auratus L.) to Quantified Mechanical  and T h e r m a l  
S t imul i  1 

M. SPATH a n d  K .  GROCKI2 

Lehrstuhl /i~r Allgemeine Zoologic der Ruhr-Universitiit Bochum, Post/ach 2748, D-463 Bochum-Querenburg (Federal 
Republic o/Germany), 9 April  1976. 

Summary. G o l d f i s h  c a n  d i f f e r e n t i a t e  b e t w e e n  m e c h a n i c a l  a n d  t h e r m a l  s t i m u l i  c o m p o n e n t s  in  c o m b i n e d  s t i m u l a t i o n s .  
R e a c t i o n s  t o  h e a t e d  t h e r m o d e  (AT = + 3 ~ d i f f e r  f r o m  t h o s e  to  i s o t h e r m  t h e r m o d e  b y  u p  t o  3 0 % .  A d d i t i o n a l  p r e -  
t e n s i o n  (0.5 p) i n c r e a s e s  t h e  r e a c t i o n  m o r e  t h a n  d o u b l e ;  a t  s i m u l t a n e o u s l y  v a r i e d  t e m p e r a t u r e  (AT = + 3~  a n d  
+ 5 ~ t h e r e  is a f u r t h e r  i n c r e a s e  in  r e a c t i o n  of  2 5 %  a n d  3 5 % .  T h e  s i g n i f i c a n c e  for  t h e  o r g a n i s m  of  t h e  t w o  s t i m u l i  
c o m p o n e n t s  is d i s c u s s e d .  

B o n y  f i s h  c a n  be  c o n d i t i o n e d  w i t h  d i f f e r e n t  m e t h o d s  to  
r e a c t  to  t e m p e r a t u r e .  B e s i d e s ,  f i s h  a r e  c a p a b l e  of  a n  e x a c t  
t e m p e r a t u r e  s e l e c t i o n  w i t h i n  a t e m p e r a t u r e  g r a d i e n t  3. I n  
a d d i t i o n ,  DIJKGRAAF 4 f o u n d  o u t  t h a t  m i n n o w s  (Phoxinus 
laevis) a n d  c a t f i s h  (Ameirus nebulosus) c a n  be  c o n d i t i o n e d  
t o  w a t e r  j e t s  of  d i f f e r e n t  t e m p e r a t u r e s ,  e v e n  if t h e  l a t e r a l  
l ine  s y s t e m  is e l i m i n a t e d .  D u r i n g  f u r t h e r  i n v e s t i g a t i o n s  of  
t h e  d i s t r i b u t i o n  of  t h e r m a l  s e n s i t i v i t y  o v e r  t h e  sk in ,  
BARDACH5 a n d  SERBENYUK a n d  ~/[ANTEIFEL 6 s h o w e d ,  b y  
m e a n s  of  s t i m u l a t i o n  w i t h  t h e r m o d e s ,  t h a t  t h e  e n t i r e  
b o d y  s u r f a c e  of  t h e  f i sh  is i n v o l v e d  in  t h e  s e n s a t i o n  of  
t e m p e r a t u r e .  

I n  g e n e r a l ,  t h e r m a l  i n v e s t i g a t i o n s  of  a q u a t i c  v e r t e -  
b r a t e s  h a d  t h e r m a l  s t i m u l i  c o u p l e d  w i t h  m e c h a n i c a l  
s t i m u l i .  U p  to  n o w ,  r e s e a r c h  on  t h e  t e m p e r a t u r e  s e n s e  h a s  

n o t  s u f f i c i e n t l y  t a k e n  i n t o  a c c o u n t  t h a t ,  in  t h i s  c o m b i n a -  
t i on ,  m e c h a n i c a l  s t i m u l a t i o n  b e c o m e s  e f f ec t i ve  s i m u l -  
t a n e o u s l y .  T h e  o b v i o u s  c o n n e c t i o n  of  t h e  t w o  s t i m u l i  m o -  
da l i t i e s  h a s  a l so  b e e n  c o n f i r m e d  b y  o u r  i n v e s t i g a t i o n s  
w h e r e  n o  spec i f i c  t h e r m o r e c e p t o r s  c o u l d  be  f o u n d  in  f i s h  
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skin :, s. As in the  na tu ra l  b io tope  the  s t imuli  main ly  ap- 
pear  in the  same combina t ion  descr ibed above, the  ques-  
t ion  arises to  w h a t  e x t e n t  t he  organism is able to  perceive 
and  to use the  two  modal i t ies  d i f fe rent ly  and indepen-  
dent ly .  

In  the  p resen t  exper iments ,  goldfish were sub jec ted  to 
mechanica l  and  t he rma l  s t imuli  which  were quant i f iable  
separa te ly .  3 animals  ( length 10-12 cm) were t e s t ed  over  
a per iod of 11/2 years.  In  an isolated aquar ium,  the  fish 
were condi t ioned  to  come to  a par t i cu la r  place th rough  
l ight-food condi t ioning.  Tempera tu r e  in the  aquar ium 
was kep t  a t  s t eady  20~ by  c o n s t a n t - t e m p e r a t u r e  con- 

ff 

Fig. 1. Schematic drawing of the experimental arrangement for 
mechanical and thermal stimulation of the conditioned fish when 
fed through an illunlinated glass tube. F, food; L, lamp in an iso- 
lated box; MT, steel spring for mechanical pre-tension of the ther- 
mode; R, resistance for varying temperature of the thermode; Th, 
thermode; WS, water surface. 
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Fig. 2. Reactions to various mechanical and thermal stimuli com- 
binations. Reaction: Force (p) of the fish pressing against the ther- 
mode; numbers at the base of the columns represent the different 
stimuli combinations. Long vertical lines at the top of columns 
SD (:i: s); lines close to the top of columns = :t: SEM. 

trot. Food  was  given t h ro u g h  an i l luminated  glass tube,  
l ight  served as a signal st imulus.  The feeding spot  was 
equipped  in such a w a y  t h a t  the  animals  while be ing fed 
had  to  touch  a t h e r m o d e  wi th  t he  body  wi th in  an experi-  
men ta l  c h a m b e r  (lucite). The t e m p e r a t u r e  of the  ther -  
mode  and  its mechanica l  pre- tens ion  could be var ied se- 
para te ly .  In  th is  way  the  fish became accus tomed to  the  
spot  condi t ion ing  as well as to  the  l ight  touch.  Press ing  
the  f ron t  p a r t  of the  t h e r m o d e  was regarded as reac t ion  
(measured in p). The f ron t  surface of the  electr ical ly 
hea ted  t h e r m o d e  was ca l ibra ted  wi th  a thermis tor .  This 
s l ight ly domed  surface, d i rec ted  at  the  animal,  measured  
80 m m  2, t he  area effect ively touched  abou t  10 m m  2. 

Four  successive feedings were carried out  every  3rd 
day  wi th  co n s t an t  s t imula t ion  over  4-6 weeks. The inter-  
val  be tween  2 feedings was abou t  2 min. The food con- 
sisted of small  slices of a mix tu re  of d ry  food and gelatine.  
The whole a r r angemen t  was h idden  beh ind  a wall so t h a t  
the  fish could no t  see the  exper imenta to r .  Af ter  only  4-6 
successful spo t  condit ionings,  could the  series of inves t i -  
gat ion be begun.  

Figure 1 demons t r a t e s  the  appara t ive  a r r angemen t  
schematical ly .  4 d i f ferent  s t imuli  combina t ions  were used 
in the  course of inves t iga t ion :  1. I s o t h e rm  t h e rmo de  
( thermode  t e m p e r a t u r e  = wa te r  t empera ture ) ,  p re - ten-  
sion of the  t h e r m o d e  = 0 p. 2. H ea t ed  t h e rmo d e  (ther- 
mode t e m p e r a t u r e  = wa te r  t e m p e r a t u r e  + 3~ pre-  
tens ion of the  t h e r m o d e  ~ 0 p. 3. I s o t h e rm  thermode ,  pre-  
tension of the  t h e rmo d e  = 0.5 p. 4. a) Hea ted  t h e r m o d e  
( thermode  t e m p e r a t u r e  = wa te r  t e m p e r a t u r e  + 3~ 
pre- tens ion  of the  t h e r m o d e  = 0.5 p. b) Hea ted  t h e rmo de  
t empera tu r e  = water  t e m p e r a t u r e  + 5~ pre- tens ion  
of the  t h e r m o d e  = 0.5 p. 

During the  course of t he  exper iments ,  react ions  showed 
a small  decreasing t endency .  Slight  g rowth  of the  fish did 
no t  have  any  serious influence. 

The following results  can be s ta ted .  The exper iments  
w i thou t  a mechanica l  p re - tens ion  show a react ion which 
is low at  i so therm as well as a t  hea ted  thermode .  On the  
average,  the  fish presses to abou t  0.2 p. Bu t  a d i s t inc t  in- 
crease in react ion can be observed when the  t h e rmo d e  is 
heated .  The rise in reac t ion  a t  the  hea ted  t h e r m o d e  of 
d T = + 3 ~ a l ready signalizes t h a t  the  animal  senses 
the  higher  t empera tu re ,  because only the  p a r a m e t e r  
' t empe ra tu r e '  is changed.  The l ight  pressing of the  ther-  
mode corresponds  wi th  observa t ions  made  by  ]3ARDACH5 
who also not iced  a sl ight  t h igmotax i s  react ion a t  con- 
dit ioning. W h e n  the  series wi th  i so therm and hea ted  ther -  
mode  are repea ted ,  the  same effects can be seen. The re- 
suits  of a s t ronger  reac t ion  wi th  hea ted  t h e rmo d e  are 
r a the r  conclusive, since the  difference of the  s t imulus  is 
above the  th resho ld  found  by  BARDACH s and SlgRBENYUK 
and MANTEIFEL ~ at  Cyprinids  (2 ~ difference t e m p e r a t u r e  
a t  2 m m  ~ resp. 0.9~ at  5 m m  2 of skin area a t  s t imula t ion  
wi th  a thermode) .  

Mechanical  p re - tens ion  of the  t h e rmo d e  of F = 0.5 p 
clearly increases t he  react ion.  This  reac t ion  is abou t  21/2 
t imes s t ronger  t h a n  the  values ob ta ined  wi thou t  a n y  pre-  
tens ion;  i t  amo u n t s  to abou t  0.5-0.6 p. The addi t iona l  
pressing of the  fish cor responds  fair ly well wi th  the  force 
of the  t h e r m o d e  itself. A possible in te rp re ta t ion  of th is  
effect  is t he  effor t  of t he  fish to  compensa t e  the  dr i f t  pro-  
duced by  the  pressure  when  coming to  the  feeding spot  
(Figure 2). 

The n e x t  series of inves t iga t ion  wi th  same mechanical  
pre- tens ion  and  addi t iona l ly  hea t ed  t h e rmo d e  show re- 

7 M. SPfi~TH, Z. vergI. Physiol. 56, 431 (1967). 
8 M. SPATH, Abh. Rhein.-Westf. Akad. Wiss. 53, 251 (1974). 
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act ions  increasing fu r ther  a t  h igher  t empera tu res .  Com- 
pa red  to  react ions  a t  i so therm condit ions,  these increases 
a m o u n t  to abou t  25% when  the  t h e r m o d e  is 3 ~ warmer ,  
and  35% at  5 ~ more.  Here  too, subsequen t  expe r imen t s  
w i th  the  same mechanica l  p re - tens ion  and i so therm ther-  
mode  show the  values ini t ial ly received. Observa t ions  by  
BARDACH 5, who did no t  get  any  react ions  to i so therm 
touches  af ter  t e m p e r a t u r e  condi t ioning,  conf i rm this.  As 
the  mechanica l  force of the  s t imulus  was no t  changed  
here, and the  react ion increased r igh t  af ter  the  beginning 
of the  new st imuli  combina t ion ,  th is  change of react ion 
m u s t  be associated to  the  changed  t empera tu re .  

The react ions  of a single an imal  to the  various st imuli  
combina t ions  are represen ted  in Figure 2. Each  column 
consists  of abou t  50 measurements .  

On the  basis of these  results,  one has to  inquire  abou t  
t he  significance of the  t e m p e r a t u r e  c o m p o n e n t  in these  
s t imul i  combinat ions .  The s t ronger  react ions  w i t h  treated 
t h e r m o d e  are under l ined  by  the  fact  tha t ,  according to 
the  t - tes t  by  S tuden t  9, the  differences be tween  the  4 pairs 
of s t imuli  combina t ions  are s ignif icant  (0.27%-level), 
excep t  for the  last  one (see Figure 2). 

According to  electrophysiological  inves t igat ions  of the  
fish skill ~, mechanica l  s t imula t ion  and  s imul taneous  

hea t ing  lower the  react ion wi th in  the  skin nerve.  This  
corresponds to  a cold- receptor-charac ter i s t ic  of those  
mechanorecep tors .  I t  can  be assumed t h a t  the  same 
character is t ics  are p resen t  in behav iour  exper iments .  
Therefore  t he  increased reac t ion  of tile goldfish can be 
seen as compensa t ion  of t he  reduced  skin nerve act iv i ty .  
However ,  th i s  effect  has  to be coupled wi th  a s imul tane-  
ous t e m p e r a t u r e  percept ion,  since, 1. there  is no evidence 
so far t h a t  the re  is a special receptor  sys t em for t empera -  
ture  in fish, and  2. t h e y  can still be well condi t ioned  to  
small  t e m p e r a t u r e  differences as low as 0.05 ~ 1~ :1. I t  is 
in te res t ing  t h a t  s t ronger  press ing of the  fish a t  hea ted  
t h e rmo d e  corresponds  wi th  observa t ions  of WEBER~ 
who noted  t h a t  w a r m  subjec ts  seem l ighter  for man.  

In  which w a y  t e m p e r a t u r e  in fo rmat ion  is effect ively 
perceived and  processed in the  CNS has  to be clarified by  
fur ther  invest igat ions .  

9 L. SACHS, Statistische Auswertungsmethoden (Springer, Berlin 
1969). 
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The Effect of Sugar  Nutr i t ion  of in vitro Pol l inated Placentae on Seed Set and D o r m a n c y  in Nicot iana 
t a b a c u m  L. 

V. ]~3ALATKOVs E. HRABETOV2{ and J. TuP-2 

Department of Genetics, Institute of Experimental Botany, Czechoslovak Academy o/ Sciences, Flemingovo ndm. 2, 
CS-160 00 Praha 6 (Czechoslovakia), 5 April 7976. 

Summary. The subs t i tu t ion  of sucrose in the  nu t r i en t  med i u m for in v i t ro  pol l ina ted  p lacen tae  by  glucose and f ructose  
favours  seed fo rmat ion  and cons iderably  enhances  the  germina t ion  of seeds jus t  a t t a in ing  ma tu r i ty .  This effect  of 
inve r t  sugar was wholly suppressed  in the  mix tu re  wi th  two par t s  of sucrose. 

The pol l inat ion of excised p lacen tae  cu l t iva ted  on ar- 
t ificial media  resul ts  in ovule fer t i l izat ion and viable seed 
fo rmat ion  1, 2. In  cer ta in  cases, t he  seeds formed in v i t ro  
ge rmina te  d i rec t ly  on placentae*-% However ,  ve ry  of ten 
no exac t  da t a  concerning the  per iod be tween  seed ma t -  

6 0 - -  
% 

5C 

,,, 4C 

3c 

~ 20 

10 

4 

6 

5 

6 8 10 12 
Weeks after pollination 

Fig, 1. The course of germination of seeds formed on excised pla- 
centae cultivated on various media: 1 and 2, media with sucrose 
(0.15 M); 3, medium with sucrose (0.1 M) + glucose (0.025 M) + 
fructose (0.025 M); 4, medium with glucose (0.075 M) + fructose 
(0.075 M); 5, medium with glucose (0.1 M) + fructose (0.05 M); 6, 
medium with glucose (0.05 M) + fructose (0.1 M). AI1 media were 
sterilized under normal pressure, except the medium 2 which was 
autoclaved. 

ura t ion  and the  beginning of ge rmina t ion  are given. In  
our expe r imen t s  wi th  Nicotiana tabacum, seed germina-  
t ion in situ var ies  f rom expe r imen t  to exper iment  and  in 
some cases all seeds d ry  out  and pass to  a d o r m a n t  s ta te  
as under  na tu ra l  condit ions.  For  t e s t - t ube  ferti l ization, 
sucrose has  been  the  only  sugar c o m p o n e n t  of the  med i u m 
so far used. I t s  subs t i tu t ion  b y  glucose and fructose is 
shown here to affect  seed fo rmat ion  and seed germina t ion  
on placentae .  

Material and methods. E x p e r i m e n t a l  p l an t s  of Nicotiana 
tabacum L., cv. Samsun were grown in free soil in a glass- 
house. The techniques  of excision, pol l inat ion and cul t iva-  
t ion of p lacen tae  were the  same as descr ibed earlier L The 
basal  med i u m prepared  according to  NITSCI~ s was supple-  
men ted  b y  W h i t e ' s  v i t amins  and  0.05% casein hydro l -  
ysate,  the  final  concen t ra t ion  of sucrose being 0.15 M 2. 
The med ium was ei ther  autoc laved for 20 mill a t  0.15 
MPa or steri l ized under  normal  pressure  successively 
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