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Subcellular distribution of thiamine pyrophosphatase in rat cerebral cortex 

Tile subcellular distribution of thiamine pyrophosphatase in brain has not been 
reported. In the present note the results of the study of the content of thiamine 
pyrophosphatase in several fractions of the rat cerebral cortex and particularly in 
those fractions commonly prepared for the isolation of synaptic structures are pre- 
sented. 

Thiamine pyrophosphatase was determined by a microtechnique based on a 
method described for histochemical assay 1. The enzyme incubation was made at 37:" 

for 6o min using 4 ° /A of buffer substrate and 2o/~1 of the homogenized fractions 
The composition of the mixture in final concentration was 55 mM Tris maleate 
(pH 7.2), 6.6 mM MnC12 and 3.6 mM thiamine pyrophosphate (Sigma Chemical Co. 
St. Louis, Mo.). After incubation, the reaction was stopped by the addition of 3o °o 
(w/v) trichloroacetic acid to achieve 7.5 do (w/v) and the orthophosphate was assayed". 
A tissue blank, prepared by adding triehloroacetic acid before the addition of the 
homogenate, was used in each case. The unit of activity, was defined as the amount 
of enzyme which catalyzed the liberation of I #mole of Pi per h. Proteins were deter- 
mined by the method of LOWRY el al. a with bovine plasma albumin as standard. 

Groups of 4 6 Wistar rats (about IeO g body weight) were decapitated and 
the cerebral cortices were homogenized in o.32 M sucrose adjusted to pH 7.o with 
Tris base (final concentration, 5 ° #M). When the primary fractions were isolated ac- 
cording to the methods previously described in this laboratory 4, 5, most of the thiamine 
pyrophosphatase was associated with the fractions containing the isolated nerve 
endings. Furthermore, the above-mentioned methods were modified to obtain in a 
single pellet most of the nerve endings (see Table I). This fraction was osmotically 
shocked and subfractionated for the isolation of the nerve-ending membranes 6 and 
synaptic vesiclesL 

The assay of monoamine oxidase (EC 1.4.3.4) s and choline acetyltransferase 
(EC ~.3.~.6) 9 as markers for mitochondria TM and intact nerve endings 11 and the electron 
microscopy of the fractions indicated the concentration of mitochondria and nerve 
endings in two separated fractions (Fig. I). 

The assay of thiamine pyrophosphatase has shown that it is a particulate en- 
zyme, not associated with the mitochondrial fraction (M) and that most of the activity 
is found in the nerve ending (NE) and mierosomal (MIC) fractions. After osmotic 
shock of fraction NE, 85 % of thiamine pyrophosphatase appeared with the bulk 
fraction NE 1 which contained mainly nerve-ending membranes and mitochondria 
(Table I). By purifying the synaptic vesicles by centrifugation of the supernatant of 
NE t (NE 2 + NEy) on a sucrose gradient 7, it was found that the thiamine pyrophos- 
phatase present in fraction NE 2 was due to the contaminating membranes. 

At variance with the lack of thiamine pyrophosphatase in the synaptic vesicles 
it is interesting to mention that the regenerating vesicles isolated from the proximal 
stump of the sciatic nerve above a ligature were rich in thiamine pyrophosphatase ~2. 

The centrifugation of NE and NEz fractions on discontinous sucrose gradients 6 
showed that the TPPase was more concentrated in the fractions separated at the 
interfaces of o.8-1.o M sucrose (Table II). The ultrastructural study of these fractions 
has shown the presence of nerve-ending components and in addition a concentration 
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of tubular structures containing dense material (Fig. 2). The same type of structures 
has been reported as arising from synaptic structures TM. Our results indicate that the 
true nerve-ending membranes are separated in the same fractions, being identified 
by their size and the presence in most cases of the postsynaptic attachment (see reI. 6), 
and that these curve elements do not belong to the synaptic region. 

Fig. 2. E lec t ron  mic rograph  of the  pe l le ted  subf rac t ion  separa ted  from N E  a t  the  in ter face  
0.8 o.9 M sucrose fixed in a n l i x tu re  of g l u t a r a l d e h y d e  and pa ra fo rma ldehyde ,  post-f ixed in 
osmiun l  t e t rox ide  and embedded  in Epon  ,412. I t  shows dense t u b u l a r  s t ruc tures ,  vesicles and  
t yp i ca l  curved aur icu la r - shaped  m e m b r a n e s  (arrows). 24ooo × .  

T A B L E  I I  

D I S T R I B U T I O N  O F  T H I A M I N E  P Y R O P H O S P H A T A S E  I N  S U B C E L L U L A R  F R A C T I O N  A F T E R  G R A D I E N T  

C E N T R I F U G A T I O N  

For the  a m o u n t  of t h i a m i n e  p y r o p h o s p h a t a s e  and  p ro te in  in f ract ions  NE,  NE I see Table  I. 
In parentheses ,  the  n u m b e r  of exper iments .  

Sucrose molarity 

0.32 o,8 
0.8 --0.9 
0. 9 - I  .o 
I . O  - - 1 . 2  

Pel le t  

Relative specific activity* 

N E  N E  1 
(3) (3) 

1.72 1.22 
2 , I 2  2 . 2 2  

1 . 0 0  2 . 0 0  

o.59 o.75 
0.65 0.32 

* See Table  I. 
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Histochemical evidence has indicated the presence of thiamine pyrophosphatase 
in the Golgi complex ~4, ~5; the fractions in which we found a concentration of thiamine 
pyrophosphatase have the same specific gravity (1.12-1.14) as the Golgi membranes 
of other tissuesl<17,~2. Furthermore similar curved membrane fragments have been 
observed in Golgi material isolated from liver and other cell types 18. 

From our results and the above-mentioned arguments we suggest that the mem- 
branes accompanying the synaptic structures may be identified as disrupted Golgi- 
complex membranes of the cell. 
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