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Summary. T D P a s e  is l o c a t e d  m o s t l y  in  t h e  p r o x i m a l  p o r t i o n  of t h e  s m a l l  i n t e s t i n e  a n d  i t s  a c t i v i t y ,  l ike  t h a t  of  A L P a s e ,  
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  de f i c i ency .  T h e  d e c r e a s e d  e n z y m e  a c t i v i t i e s  we re  r e s t o r e d  a f t e r  t h i a m i n e  or  v i t a m i n  
D a. K i n e t i c  a n d  o t h e r  s t u d i e s  of  t h e  p u r i f i e d  e n z y m e  i n d i c a t e d  t h e  i d e n t i t y  of  t h e  t w o  e n z y m e s .  

I t  is w i d e l y  a c c e p t e d  t h a t  i n t e s t i n a l  t r a n s p o r t  of  t h i a -  
m i n e  is l i n k e d  w i t h  a c a r r i e r - m e d i a t e d  m e c h a n i s m  t h a t  is 
d e p e n d e n t  e i t h e r  o n  t h i a m i n e  p h o s p h o r y l a t i o n - d e p h o s -  
p h o r y l a t i o n  c o u p l i n g ,  o r  o n  s o m e  m e t a b o l i c  e n e r g e t i c  
m e c h a n i s m ,  p o s s i b l y  a c t i v a t e d  b y  N a + K  H o w e v e r ,  l i t t l e  
i n f o r m a t i o n  is a v a i l a b l e  c o n c e r n i n g  t h e  e n z y m e s  i n v o l v e d  
in  p h o s p h o r y l a t i o n  a n d  d e p h o s p h o r y l a t i o n  of  t h i a m i n e  
e s t e r s  in  t h e  i n t e s t i n e .  W e  h a v e  b e g u n  a se r i e s  of  e x p e r i -  

Table I. Distribution of TDPase activity in various tissues of norlnal 
rats 

~zmoles Pi/mg protein/h 

Intestine Duodenmn 25.05 ~ 1.51 (8) 
Je junum 4.44 z[_ 0.36 (4) 
Ileum 2.18 ~2 0.11 (6) 

Kidney 2.69 ~ 0.10 (4) 
Adrenal 1.83 ~ 0.14 (6) 
Testis 1.66 ~= 0.07 (5) 
Liver 1.31 :~ 0.09 (4) 
Thyroid gland 0.99 =c 0.09 (8) 
Spleen 0.46 ~ 0.03 (4) 
Heart 0.43 ~ 0.01 (4) 
Brain 0.38 2t= 0.02 (4) 
Thymus  0.27 ~ 0.03 (5) 
Skeletal muscle 0.09 • 0.00 (4) 
Brain Pituitary 1.20 ~= 0.08 (5) 

Olfactory lobe 0.59 :~ 0.03 (4) 
Cerebral cortex 0.53 i 0.02 (3) 
Medulla oblongata 0.49 ~ 0.04 (3) 
Brain stem 0.46 ::{_ 0.02 (3) 
Cerebelluln 0.37 ~= 0.02 (3) 

Values are given as means ( •  SE). Numbers of experiments are in- 
dicated in brackets. After decapitation, various tissues were homo- 
genized with 10 vol. of ice-cold 0.25 M sucrose. 

m e n t s  d e s i g n e d  t o  e l u c i d a t e  a p o s s i b l e  p h y s i o l o g i c a l  role  
of  t h i a m i n e  m e t a b o l i s m  in  t h e  i n t e s t i n e  a t  e n z y m i c  level .  

I n  t h i s  p a p e r ,  in  v i e w  of  a r e p o r t  3 t h a t  h u m a n  i n t e s t i n a l  
a l k a l i n e  p h o s p h a t a s e  ( A L P a s e )  is ab l e  t o  h y d r o l y z e  t h i a -  
m i n e  d i p h o s p h a t e  ( T D P ) ,  c o m p a r a t i v e  s t u d i e s  on  
T D P a s e  a n d  A L P a s e  in  t h e  i n t e s t i n e  w e r e  u n d e r t a k e n .  
W e  r e p o r t  h e r e  a n  e v i d e n c e  s u g g e s t i n g  t h a t  t h e  t w o  en -  
z y m e  a c t i v i t i e s  m a y  be  p a r t  of  a s ing le  e n z y m e .  

Materials and methods. I n  o r d e r  to  e x c l u d e  i n o r g a n i c  
p h o s p h a t e ,  T D P  w a s  p u r i f i e d  b y  c h r o m a t o g r a p h y  o n  a 
c o l u m n  of  A m b e r l i t e  I R C - 5 0  (H +) 4. Ma le  S p r a g u e - D a w l e y  
r a t s ,  2 0 0 - 2 5 0  g, w e r e  u s e d .  T h i a m i n e - d e f i c i e n t  a n d  p a i r -  
f ed  r a t s  we re  p r e p a r e d  b y  t h e  m e t h o d  of  IWA'rA e t  al.K 
T h e  w e i g h t  of  t h e  i n t e s t i n a l  m u c o s a  r e d u c e d  to  t h e  s a m e  
d e g r e e  in  t h i a m i n e - d e f i c i e n t  a n d  p a i r - f e d  g r o u p s  c o m -  
p a r i n g  to  c o n t r o l  a n i m a l s .  D u o d e n a l  m u c o s a ,  s c r a p e d  off  
w i t h  a g l a s s  s l ide,  w a s  h o m o g e n i z e d  w i t h  20 vol .  of  5 m M  
E D T A  ( p H  7.4) a n d  t h e  h o m o g e n a t e  w a s  d i l u t e d  w i t h  
40 m M  Tris-buffer ( pH  7.4) (Tab l e  I I ,  e x p e r i m e n t  1) o r  
d i s t i l l ed  w a t e r  (Tab l e  I I ,  e x p e r i m e n t  2). 

T D P a s e  a c t i v i t y  w a s  d e t e r m i n e d  as  p r e v i o u s l y  re-  
p o r t e d L  e x c e p t  t h a t  a n  i n c u b a t i o n  t i m e  of  10 m i n  w a s  
u s e d  for  t h e  e x p e r i m e n t  s h o w n  in  T a b l e  I I ,  I I I  a n d  F i g u r e .  
A L P a s e  a c t i v i t y  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  of 
RUSSELL e t  aI.L P r o t e i n  c o n t e n t  w a s  m e a s u r e d  b y  t h e  
p r o c e d u r e  of LOWRY e t  al. s. 

Results and discussion. A s  s h o w n  in  T a b l e  I,  T D P a s e  
a c t i v i t y  w a s  h i g h  in  t h e  i n t e s t i n e ,  k i d n e y ,  l i ve r  a n d  
p i t u i t a r y ,  a n d  in  e n d o c r i n e  o r g a n s .  W e  f o u n d  a s i m i l a r  
d i s t r i b u t i o n  for  T D P a s e  as  KRAWYrT e t  al.  ~ f o u n d  for  
A L P a s e .  B o t h  a c t i v i t i e s  we re  m u c h  h i g h e r  in  t h e  m u c o s a  
t h a n  in  t h e  m u s c l e  c o a t  ( d a t a  n o t  s h o w n ) .  

Table II. Effect of thiamine deficiency on TDPase and ALPase 
activities in the intestinal mueosa of rats 

Specific activity 
(~zmoles/mg protein/rain) 

N TDPase ALPase 

Experiment 1 
Control 15 0.42~0.04 1 .41i0 .08  
Thiamine-deficient 15 0.24~_0.02 o 0.38~0.03 o 
+ Thiamine a (24 h) 6 0.36• 0.67• c 
q- Thiamine~ (48 h) 6 0.35• 1.23-E0.19 

Thiamine~ (72 h) 5 0.26~0.01 ~ 1.14 L-0.10 

Experiment 2 
Control 8 0.82• 1.65~ 0.17 
Thialnine-deficient 8 0.51~0.05 ~ 0.46~0.06 ~ 
q- Vitamin Dab (40 h) 9 0.75 L0.09 0.76• ~ 

Values are given as means ( z  SE) N, nmnber  of experiments. 
a4 mg/kg, s. c., b500 IU, p. o., ~  < 0.01 from pair-fed control 
(Student's t-test). Pair-fed rats were used as control. 
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Double reciprocal plot of TDP hydrolysis in the presence and ab- 
sence of P-NPP. TDPase activity was determined by measuring the 
rate of formation of thiamine monophosphate (TMP). 
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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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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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