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Subcellular distribution of thiamine pyrophosphatase in rat cerebral cortex

The 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!. The enzyme incubation was made at 37°
for 60 min using 40 ul of buffer substrate and 20 ul of the homogenized fractions
The composition of the mixture in final concentration was 55 mM Tris-maleate
(pH 7.2), 6.6 mM MnCl, and 3.6 mM thiamine pyrophosphate (Sigma Chemical Co.
St. Louis, Mo.). After incubation, the reaction was stopped by the addition of 30,
(w/v) trichloroacetic acid to achieve 7.5 9, (w/v) and the orthophosphate was assayed?.
A tissue blank, prepared by adding trichloroacetic 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 1 umole of P; per h. Proteins were deter-
mined by the method of Lowry ef 4/ with bovine plasma albumin as standard.

Groups of 4-6 Wistar rats (about 120 g body weight) were decapitated and
the cerebral cortices were homogenized in 0.32 M sucrose adjusted to pH 7.0 with
Tris base (final concentration, 50 gM). When the primary fractions were isolated ac-
cording to the methods previously described in this laboratory4® 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® and
synaptic vesicles”.

The assay of monoamine oxidase (EC 1.4.3.4)® and choline acetyltransferase
(EC 2.3.1.6)® as markers for mitochondria!® and intact nerve endings!! and the electron
microscopy of the fractions indicated the concentration of mitochondria and nerve
endings in two separated fractions (Fig. 1).

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 microsomal (MIC) fractions. After osmotic
shock of fraction NE, 859, of thiamine pyrophosphatase appeared with the bulk
fraction NE, which contained mainly nerve-ending membranes and mitochondria
(Table I). By purifying the synaptic vesicles by centrifugation of the supernatant of
NE; (NE, + NE;) on a sucrose gradient?, it was found that the thiamine pyrophos-
phatase present in fraction NE, 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??.

The centrifugation of NE and NE, fractions on discontinous sucrose gradients®
showed that the TPPase was more concentrated in the fractions separated at the
interfaces of 0.8-1.0 M sucrose (Table I1). 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 (IFFig. 2). The same type of structures
has been reported as arising from synaptic structures'. 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 ref. 6),
and that these curve elements do not belong to the svnaptic region.

Fig. 2. Electron micrograph of the pelleted subfraction separated from NE at the interface
0.8-0.9 M sucrose fixed in a mixture of glutaraldehyde and paraformaldehyde, post-fixed in
osmium tetroxide and embedded in Epon 812. It shows dense tubular structures, vesicles and
typical curved auricular-shaped membranes (arrows). 24000 X .

TABLE 11

DISTRIBUTION OF THIAMINE PYROPHOSPHATASE IN SUBCELLULAR FRACTION AFTER GRADIENT
CENTRIFUGATION

For the amount of thiamine pyrophosphatase and protein in fractions NE, NE; sce Table L.
In parentheses, the number of experiments.

Sucrose molarity Relative specific activity™
NFE NE,
(3) {3)
0.32-0.8 1.72 1.22
0.8 ~-0.9 2.12 2.22
0.9 —1.0 1.00 2.00
1.0 —1.2 0.59 0.75
Pellet 0.65 0.32

* See Table I.
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Histochemical evidence has indicated the presence of thiamine pyrophosphatase
in the Golgi complex!4:15; 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 tissues!®,1%.12  Furthermore similar curved membrane fragments have been

observed in Golgi material isolated from liver and other cell types!®.
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.
The authors are greatly indebted to Professor Dr. Eduardo De Robertis, Director

of the Institute, for his encouragement in all aspects of the work. One of the authors
(L.S.} is from the Departamento de Ciencias Bioldgicas, I'acultad de Farmacia y Bio-
quimica, Universidad de Buenos Aires. This work was supported by Grants of the
Consejo Nacional de Investigaciones Cientificas y Técnicas, Argentina and from the
National Institutes of Health, U.S.A. (z RO1 NS 06953-04 NEUA).

Instituto de Anatomia General y Embriologia, Ltis Serjo
Facultad de Medicina, GEORGINA RODRIGUEZ DE LORES ARNAIZ

Umniversidad de Buenos Atves,
Buenos Aires (Argentina)

1 S.S. Lazarus aND B. J. WALLACE, J. Histochem. Cytochem., 12 (1964) 729.

2 O. H. Lowry aND J. A. Lopgz, J. Biol. Chem., 162 (1946) 421.

3 O. H. Lowry, N. J. RosEBROUGH, A. L. FARR aND R. J. RANDALL, J. Biol. Chem., 193 (1951)
265.

E. DE RoBERTIS, A. PELLEGRINO DE IRALDI, G. RODRIGUEZ DE LORES ARNAIZ AND L. SaL-
GANICOFF, [. Neuvochem., 9 (1962) 23.

. Kataoka aNDp E. DE RoBERTIS, J. Pharmacol. Exptl. Thevap., 156 (1967) 114.

G. RopriGuEz DE LorEs ARNAIZ, M. ALBERICI AND E. DE ROBERTIS, J. Neuvochem., 14 (1967)
215.

I2. G. LaprETriNa, E. F. Soto anD E. DE ROBERTIS, Biochim. Biophys. Acta, 135 (1967) 33.

R. E. McCaman, N. W. McCaman, J. M. Hu~xt aND M. S. SmITH, [. Neurockem., 12 (1965) 15.
R. E. McCaMaN anD J. M. Hunt, J. Neuvochem., 12 (1965) 253.

G. RopricUuez DE LorEs ArRNAIZ AND E. DE RoBERTIS, J. Neurochem., 9 (1962) 503.

E. DE RoBERTIS, G. RODRIGUEZ DE LORES ARNAIZ, L. SALGANICOFF, A. PELLEGRINO DE [RALDI
aND L. M. ZIEHER, J. Neurochem., 10 (1963) 225.

12 A. PELLEGRINO DE IRALDI AND G. RODRIGUEZ DE LoRES ArNAlz, J. Neurochem., in the press.
13 A. H. KorprreN, K. D. BARRON AND J. BERNSOHN, Biochim. Biophys. Acta, 183 (1969) 253.
14 A. B. NOVIKOFF AND S. GOLDFISCHER, Proc. Natl. Acad. Sci. U.S., 47 (1961) 8o2.

15 S. GOLDFISCHER, E. EssNER aND A. B. NovIKOFF, J. Histochem. Cytochem., 12 (1964) 72.

16 C. W. ScHNEIDER aND E. L. KuUFF, Am. J. Anat., 94 (1954) 200.

17 B. I'LEISHER, S. FLEISHER axD H. Ozawa, J. Cell Biol., 43 (1969) 359.

18 D. J. MorrE, R. L. HamirtoNn, H. H. MoLLENHAUER, R. W. MaHLEY, W. P. CUNNINGHAM,

R. D. CHEETHAM aAND V. S. LEQUIRE, J. Cell Biol., 44 {1970) 484.

El

S

-
~ QO &~

Received June 1oth, 1970

Biochim. Biophys., Acta, 211 (1970) 595-598



