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Abstract— A preparative procedure for the isolation in bulk of two cellular populations of the cerebellar
cortex of the immature rat, the granule cells and the Purkinje cell bodies, is described. The procedure
is used 10 delineate the developmental pattern of succinate-INT-reductase (EC 1.3.99.1) and acetylcho-
linesterase (EC 3.1.1.7) in the crucial period of cerebellar maturation, ie. between 12 and 19 days post-
natally. Although the overall yield of neuronal RNA diminished with age, the proportion of RNA in the
Purkinje cell body fraction increased while that in the granule cells decreased and microscopic examina-
tion of the fractions confirmed this result. The yields of succinate-INT-reductase and of acetylcholinester-
ase in the [ractions paralleled the yields of RNA. A significant finding was the trend toward diminishing
specific activities (units/ug of RNA) with age of both enzymes in the Purkinje cell bodies as against the
opposite. upward trend of their specific activities in the granule cells. An additional finding of interest
was the different ratio of true acetylcholinesterase/total cholinesterase activity in the two cell types, with
the granule cells consistently exhibiting higher true acetylcholinesterase values than the Purkinje cell
bodies. The present report thus supplements the histoenzymological data on the developing rat cercbellum
in that it reveals specific differences in the enzymatic development of two different cerebellar types. a find-

ing which was greatly facilitated by the availability of the procedure for their bulk isolation.

ALTHOUGH in the past few years several techniques for
the bulk-isolation of purified nerve cell bodies and ghial
cells from vertebrate brain have been reported (see
reviews by PopusLo & NorToN, 1972, and by SEgL-
LINGER and AZCURRA, 1974), an assessment of the spec-
trum of their potential uses and applications in
research in cellular neurochemistry is still largely out-
standing. Since the laboratories in Moatpellier and
Ann Arbor share common interests in that research in
the former focuses on studies of the influence of hor-
monal and nutritional manipulations on the matu-
ration of specific cerebellar elements (LEGRAND, 1967,
REBRIERE & LEGRAND. 1970, 1972 Cros, 1972; CLos &
LEGRAND. 1973; CLOS et al., 1973), while in the latter

' This work was supported by grant No. NS-06294 from
the United States Public Health Service and grant No.
72.07.102 from the D.G.R.S.T., France.

Ahbreviations used: BSA, bovine serum albumin: PVP,
polyvinylpyrrolidone.

it explores the significance and the determining nature
of cell-specific patterns of enzymatic composition on
neuronal development (IDOYAGA-VARGAS et al.. 1972:
SELLINGER & SANTIAGO, 1972; MEDZIHRADSKY et ul.,
1972; SELLINGER et al., 1973), collaboration between
the two laboratories was recently initiated for the pur-
pose of uncovering neurochemical parameters which
might be involved in the specific characterization of
the development and maturation of functionally differ-
ent nerve cells. For this investigation the granule cells
and the Purkinje cells of the immature rat cerebellar
cortex were selected. The present report outlines a
newly developed procedure for the bulk-isolation of
granule cells and of Purkinje cell bodies and illustrates
the use of this procedure in the discovery of significant
differences between the developmental patterns of two
of their enzymatic activities. succinate dehyvdrogenase
(EC 1.399.1) and acetylcholinesterase (EC 3.1.1.7).
COHEN ¢t al. (1973) and YANAGIHARA & HAMBERGER
{1973) have recently also described procedures for the
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preparation of purified cerebellar cells. but neither
group has reported any findings dealing with their spe-
cific enzyvmatic composition. Some of our present
results thus extend previous studies carried out with
hand-dissected cellular layers of the adult cerebellar
cortex (SHUTER, ef al. 1970: SELLINGER et al.. 1972;
HirscH. 19723 as well as a number of related histoche-
mical developmental studies (LEGRAND, 1967; ALTMAN
& Das. 1970: Cros, 1972).

MATERIALS AND METHODS

Animals and materials

Wistar rats of both sexes (strain CF of the Centre
National de la Recherche Scientifique. France) were used.
The length of the gestation period and the exact timing of
the birth dates of the litters were carefully controlled.

Bovine scrum albumin (BSA, fraction V) was obtained
from Pentex Biochemicals. Kankakee. Illinois. and poly-
vinylpyrrolidone (PVP. Plasdone C. average mol. wt
40.000) from GAF Corporation. Calvert City. Kentucky.
Sucrose and calcium chloride were analytical reagent grade
from Merck and Co., Darmstadt, W. Germany. Nylon bolt-
ing cloth was purchased from Tobler. Ernst and Traber.
Elmsford, New York. 2(p-lodophenyl}-3(p-nitrophenyl)s-
phenyl tetrazolium chloride (INT) and acetylthiocholine
iodide were purchased from Sigma Co.. St. Louis. Missouri.
The specific inhibitor of acetylcholinesterase BW 62C47
[1:35 bis(4-trimethylammonium phenylipentane-3-one] diio-
dide was a gift from the Burroughs-Welcome Co.

Methods

Analytical. RNA was measured by the procedure of
FLECK & BEGG (1965). A factor of 41-6 was used to convert
the A, readings (taken in a final volume of 113 ml) to ug
of RNA'ml. A correction was also applied for the contribu-
tion of fraction V BSA to the absorbance at 260 nm.

Enzymes. Succinate dehydrogenase was determined as
succinate-INT-reductase according to SELLINGER & HIATT
(1968). The procedure of ELLMAN et af. (1961) was used to
determine total and true acetylcholinesterase. For this pur-
pose. in each experiment half of the tubes were incubated in
the presence of the specific acetylcholinesterase inhibitor
BW 62C47 (1 x 107 *M) and the Ay, values obtained in
these tubes were subtracted from those obtained in tubes in-
cubating in the absence of the inhibitor. In addition, since
tubes containing sucrose in excess of 0-1 M gave appreciable
readings at 412nm when carried through the assay pro-
cedure, it was necessary to apply separate corrections for
each cell fraction in which the enzymatic activity was to be
determined. These were read off a calibration curve relating
the absorbance at 412 nm to the molarity of the sucrose in
the samples to be assayed. All units of enzyme activity are
defined operationally as the A/ml per incubation time
(specified in the legends). Specific activities are expressed as
units/ug of RNA. rather than per mg of protein, the princi-
pal reason for this being the presence of 0-1 per cent fraction
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V BSA in all the solutions used to prepare the cell fractions
(see Results for additional reasons).

Isolation of Purkinje cell bodies and granule cells. The pro-
cedure was adapted from that described previously (SkL-
LINGER ¢t al.. 1971 JORNSON & SELLINGER. 1971) for the
preparation of nerve cell bodies from the cerebral cortex. A
representative run is described below. Twenty cerebellar
cortices were weighed. placed on an inverted Petri dish rest-
ing on crushed ice and covered with a piece of premoistencd
Whatman No. 1 filter paper and were chopped with a pre-
chilled razor blade into the consistency of a mince.

The mince was transferred into 4-5 ml of an ice-cold solu-
tion of 7-5°, (w/v) polyvinylpyrrolidone (PVP) 19, (w,v)
BSA and 377 mm Ca’". The resulting suspension was
decanted into a truncated plastic syringe of the type de-
scribed previously (SELLINGER et al.. 1971) and was pushed
manually through a series of nylon filters {333, 110 and
74 um pore size). also described previously (SELLINGER et al..
1971), with three successive passes through each fitter. Three
2:6-30ml aliquots of the sicved cercbellar suspension.
representing about 90 per cent of its volume, werce then care-
fully layered on a 3-step gradient of 0-5 ml of 2:30 M sucrose
in 1%, BSA, 1'5ml of [-75 M sucrose in 1°, BSA and 0-6 m!
of 1-00 M sucrose in 1", BSA and the tubes were centrifuged
in the 3 x $ ml swing-out rotor of the MSE centrifuge at
41.000 g for 30 min. The rather fine band of material at the
1-75M-2-30 M sucrose interface is the fraction of mixed
neurons and is retained while the more voluminous bands
at the two upper interfaces are discarded. After their remo-
val by slight negative pressure of a water aspirator. the
mixed neuron fraction was aspirated manually by means of
a capillary Pasteur pipettc and was diluted with hall of its

Chopped cerebetlor cortex in 7-5% PVF, 377mm Ccz*, 1% BSA
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Fi16. 1. Schematic outline of the procedurce for the bulk-

preparation of Purkinje cell bodies and granule cells from

the cerebellar cortex of 12-24-day-old rats. PVP: polyvinyl-

pyrrolidone: BSA: fraction V. bovine serum albumin (sce
Materials); K: 1000.



F1G. 2. The appearance of the cell fractions after cresyl violet staining (a—c) and under phase contrast
(d-f). (a) mixed neuronal fraction, 15 days. ~ 560 and > 900. (b) Granule cells (G) 13 days. - 560.

NC—1138



FiG. 2. (c) Purkinje cell bodies (P), 18 days. x 225 and % 900.



- 4000.

- 3000.

Fi;. 2. (d) Purkinje cell bodies, 18 days. ~ 3000. (e) Purkinje cell bodies, 18 days.
(f) Granule cells. 15 days.



Development of Purkinje and granuie cells

volume of 0:30M sucrose in 1°, BSA to 3-3-4-1 ml. care
being taken to disperse all visible clumps of material by gen-
tle up-and-down aspiration in the capillary pipette. From
2-3t0 3:2ml of the evenly suspended and diluted material
were then kayered on a two-step gradient of | ml of 230 M
sucrose in 1", BSA and 2 ml of 190 M sucrose in 1", BSA
and the tubes were centrifuged in the 3 x 5 ml swing-out
rotor ol the MSFE superspeed centrifuge or rotor SW 50-1 of
the Spinco L2 centrifuge at 124.000 ¢ for 2 h. The Purkinje
cell body [raction banded at the sample — 190 M sucrose in-
terface. while the granule cell fraction was collected from the
1-90 M 2:30 M sucrose interface. The assessment of the purity
of the two fractions was done by phase contrast microscopy
and cresyl violet staining ol unfixed preparations. Figure |
outlines the principal features of the bulk-separation pro-
cedure in diagrammatic form.

RESULTS
Yield of cells

The procedure developed for the bulk-isolation of
Purkinje cell bodics and granule cells was applied in
this study to the cerchellar cortex of rats aged 12 24
dayvs. Although in preliminary experiments animals
younger than 12 days were used. the procedure failed
to yield morphologically identifiable, mature Purkinje
cell bodies: on the contrary, these were quite readily
demonstrable in the appropriate fraction derived from
cerebellar cortices ol animals 12 days or older. The
yield of granule cells was inverscly related to that of the
Purkinje cell bodies. being lowest on days 18-19.'
Figures 2fa ¢) illustrate the general appearance
of the fractions.

The results of repeated microscopic examinations
indicate a rather small contribution to the Purkinje
cell bady fraction of what appeared to be Golgi cells
and. very infrequently. of small clusters (3- 5 cells) of
granule cells. The contamination of the granule cell
fraction was mainly due to the presence of cellular
debris. capillary strands, and. occasionally, of damaged
Purkinje cell bodies and naked nuclei. On the basis of
the inspection of about 40 sets of Purkinje cell body
and granule cell fractions. isolated in Montpellier and
in Ann Arbor, we estimate the former fraction to con-
sist of at least 85° ) Purkinje cell bodies and the latter
of at least 90°,, granule cells.

The quantitative vield of the different cerebellar
neurons was estimated by measuring the total RNA in
all the fractions. We chose the total RNA content of
a fraction as the best expression of the number of cetls

" For the sake of convenience results obtained on two
conseculive days were pooled and are expressed as day-
pairs: e.g. {8 9 days refers to results obtained on days (¥
or 19,

1139

in it because RNA measurements best reflect the oper-
ational accomplishment of the bulk-isolation pro-
cedure. namely the microscopically demonstrable fact
that it supplies intact Purkinje cell bodies and granule
cells separated from one another and in sufficient
amounts for subsequent analysis of their specific cellu-
lar and subcellular processes (SELLINGER & AZCURRA.
1974). We preferred RNA over protein. not only for the
obvious technical reason stated in Materials and
Methods, but also because the total cerebellar protein
content increases precipitously between post-natal
days 12 and 21 (GOURDON et al.. 1973: CHANDA ¢t al.,
1973) whereas that of RNA undergoes a much more
moderate increase (GOURDON et al.. 1973: CHANDA ¢t
al. 1973). DNA was not selected despite the relative
constancy of its concentration in the whole cerebellum
(GOURDON et al., 1973, see however CHANDA et al.
1973) as well as in individual nuclei of Purkinje ceil
bodies between days 15 and 25 (SANDRITTER ¢t al.
1967). because of the likelihood that DNA measure-
ments could easily vitiate cell quantitation if the bulk-
isolated cell fractions contained unequal proportions
of contaminating naked nuclei. Admittedly, the choice
of RNA has some disadvantages as well since, in view
of the unavailability of analytical data concerning
possible variations in the RNA/DNA ratio of Purkinje
cell bodies and granule cells during the period of post-
natal development examined in this study, it is not
possible to use the RNA content of a fraction as the
unequivocal marker of the number of cells present in it.
Hence. it is also impossible to determine at any time
the enzymatic activity per cell. The RNA content of the
mixed neuronal fraction diminished markedly with age
up to days 18-19, despite the increased amount of
RNA recovered. after sieving of the tissue, in the cere-
bellar suspension {column 3, Table 1). Table | further
shows (column 4) that only a very small proportion of
the available RNA appeared in the mixed neuronal
fraction, namely 1-63 per cent on days i2- 13 and about
a third of that. 0-54 per cent, on days 18- 19. The parti-
tion of the mixed neuronal RNA also varied with age
(columns 5 and 6, Table 1), thus directly reflecting the
improved vicld with age of the Purkinje cell body frac-
tion over the granule cell fraction. The recovery of the
mixed neuronal RNA between the Purkinje cell body
and the granule cell fractions (column 7. Table 1) aver-
aged about 78 per cent. there being no obvious reason
which could account for the rather wide fluctuations in
recovery observed with age. The single experiment for
which useful data could be obtained on day 24 iflus-
trates that the bulk-isolation procedure becomes less
ctlicient as the cerebellar cortex matures: this is clearly
indicated by (a) the low initial RNA content of the cer-
chellar suspension. (b) the extremely poor yvield of Pur-



1140 O. Z. SELLINGER, J. LEGRAND, J. CLOS and W. G. OHLSSON
TansLe 1. RNA IN CEREBELLAR CELL FRACTIONS
Cerebellar
Post-natal cortex Cerebellar Mixed Purkinje Granule Actual
age weight* suspension (CS)+ neurons (N) cell bodies (P) cells (G) recovery
(days) (2 (ug) (o)} (B8N (BN CH
1213 1:66 + 0-042 4200 + 346 1-63 + 040 10-1 899 616
n="7) n=735) n=275 {(n =4) (n=26)
1415 226 + 0070 5550 + 469 1324+ 025 169 831 834
(n=7) (n="17) n=75) (n=275) (n=2>5)
16-17 2-56 + 0-045 5950 + 300 096 + 0-23 347 653 59-6
(n=275) (n=4) (n=23) (n=23) (n=13)
18-19 2-82 + 0046 6240 + 384 0-54 + 013 704 29-6 800
(n=18) n=9 (n=4) n=7 n=4)
24 297 4650 + 530 006 1000 0 1070
(n=1) (n=2) (n=1)

* Of 20 animals. Mean value + S.E.M. are given. The number of determinations (n) is given in parentheses.
t After sieving through the last nylon mesh. Mean values + S.E.M. are given.

+ As percentage of the RNA in fraction CS. Mean values + SE.M. are given.

§ As percentage of the RNA in fraction N. Mean values are given.

(P + G/N) x 100, except for 24 days where (P/N) x 100 = 107%,. Mean values are given.
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FiG. 3. The effect of post-natal age on the RNA content of
the isolated fractions. The mixed neuronal (N), Purkinje cell
body {P) and granule cell (G) fractions were prepared from
20 cerebellar cortices (see Methods for details) and RNA
was determined according to FLECK & BEGG (1965). The
ordinate values refer to maximal recoveries in relation 1o the
RNA of the unfractionated cerebellar suspension made
equal to 100 per cent. The actual values (in ;) were: Frac-
tions N and G: 163 and 1-56 on days 12-13 and Fraction
P: 042 on days 18-19. See Table 1 for the number of deter-
minations for each fraction.

kinje cell bodies, and (c) the total absence of granule
cells. The inverse age dependence of the yield of RNA
and thus, operationally, of the Purkinje cell bodies and
the granule cells, is illustrated in Fig. 3 which shows

the common downward trend of the mixed neuronal
and the granule cell RNA on the one hand and the
highly specific upward trend of the Purkinje cell body
RNA on the other.

Succinate-IN T-reductase

Table 2 illustrates the developmental pattern of cere-
bellar mitochondrial succinate-INT-reductase (column
2) and the partition of the activity between the Pur-
kinje cell bodies and the granule cells. while Fig. 4
depicts the developmental pattern of the specific acti-
vity of this enzyme. Column 3 of Table 2 shows that
the recovery of the enzyme in the mixed neuronal frac-
tion decreased with age and that the decrease paral-
leled that shown by the RNA (column 4, Table 1). The
partition with age of succinate-INT-reductase between
the Purkinje cell body and the granule cell fractions
(columns 4 and 35, Table 2) also paralleled that of the
RNA (columns 5 and 6, Table 1). The relationship
between its activity in either of these fractions and their
RNA content, which is a measure of its specific acti-
vity, showed an inverse age dependence. Figure 4
further shows that between days 12 and 15, but not
later, the specific activity of succinate-INT-reductase
of Purkinje cell bodies exceeded that of the enzyme in
the granule cells by 2-3-fold, while that of the enzyme
in the mixed neuronal fraction remained intermediate
between the two cell fraction values.

Acetylcholinesterase

The activity of cerebellar acetylcholinesterase
expressedas A, , units per 20 cerebella in the cerebellar
suspension (column 2, Table 3) or calculated per gram
of cerebellar cortex (see column 2, Table 1) increased
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TABLE 2. SUCCINATE-INT-REDUCTASE IN CEREBELLAR CELL FRACTIONS
Post-natal Cerebelar Mixed Purkinje Granule Actual
age suspension (CS)* neurons (N) cell bodies {P) cells (G) recovery§
(days) (A 400 units) (Asso) (ot (VA (6454 %%
12-13 372 + 31 474 + 062 1-27 350 65-0 827
(n=6) n="7) (24:6-51-8) (48-2-75-4)
14-15 547 + 47 543 + 098 099 367 633 870
n="1 (n=26) (31-2-45-4) (54-6-68-8)
16-17 696 + 49 412 + 050 0-59 509 49-1 802
(n=275) (n=4) (35:6-631) (36:9-64-4)
18-19 918 + 70 438 + 146 0-48 610 380 770
(n=29) (n=6) (41-7-84-1) (15-9-58-3)
24 1610 — — — — —

(=1

* Cerebellar cortex mince prepared from 20 animals and sieved through all nylon meshes. Mean values + s.E.M. are given.

The number of determinations (#) is given in parentheses.

+ As percentage of the enzyme activity in fraction CS. Mean values are given.
+ As percentage of the enzyme activity in {raction N. Mean value with range is given.

§ (P + G/N) x 100.

rather moderately over the 12-19 day period but then
underwent an apparent two-fold increase between
days 18-19 and 24. The recovery of acetylcholinester-
ase in the mixed neuronal fraction (column 3, Table 3}
decreased with age in a manner quite analogous to that
noted in the case of RNA and succinate-INT-reductase
(Tables 1 and 2). The partition of the enzyme between
the Purkinje cell body and the granule cell fractions
differed, however, for it remained rather constant over
the entire time period studied, namely at about 35 per
cent in the former fraction and at about 65 per cent in
the latter fraction (columns 4 and 5, Table 3). Another
feature of interest was the different distribution with
age of the true acetylcholinesterase in the two cell-frac-
tions (Fig. 5), for while this component accounted for
no more than 45 per cent of the total acetylcholinester-

ase activity in the mixed neuron fraction, it represented
a much smaller proportion (as low as 20 per cent on
days 14-15) in the Purkinje cell body fraction and a
much greater proportion (up to 65 per cent on days
18-19) of the total acetylcholinesterase in the granule
cell fraction.

Figure 6 illustrates the time course of the specific
activity of acetylcholinesterase in the different cell frac-
tions. An opposite trend characterized the specific acti-
vity in the Purkinje cell body fraction, where its values
decreased throughout the 12-13 to 18-19 day period
and in the granule cell fraction, where, on the contrary.
the specific activity increased about three fold during
the same time. A striking feature of these findings was
the rather uneventful pattern of the specific activity
time course in the parent, mixed neuron fraction. It

TABLE 3. ACETYLCHOLINESTERASE IN CEREBELLAR CELL FRACTIONS

Post-natal Cerebellar Mixed Purkinje Granule
age suspension (CS)* neurons {N) cell bodies (P) cells (G)
(days) (A4 Units) o)t (VA ("R
12-13 376 + 78 1-15 + 026 309 691
(n=4) (7:2-480) (52:0-928)
14-15 505 + 85 073 + 018 256 744
(n=3) (14-1-398) (60:2 859)
16-17 576 + 91 036 + 002 405 59-5
tn = 3) (17-9-57-2} (42-8-821)
18-19 579 + 76 042 + 013 256 744
(n=275) (8-:3-49-0) (51-0-84-3)
24 1290 017 — —

(n=1)

* Cerebellar cortex mince prepared from 20 animals and sieved through all nylon meshes. Mean values + S.EM. are given.
+ As percentage of the enzyme activity in fraction CS. Mean values are given.

§ As percentage of the enzyme activity in fraction N. Mean value with range is given.

The number of determinations (n) is given in parentheses and is the same for all columns.
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Fii. 4. The post-natal development of succinate-INT-
reductase in cerebellar cellular fractions. The cerebellar sus-
pension (Fraction CS) and the cellular fractions were pre-
pared as described in Methods and the activity of succinate-
INT-reductase  determined. The  ordimate  values  are
expressed as units of A, activity per ug of RNA. The
numbers above the symbols refer to the actual numbers of
specific activity determinations. These numbers may differ
from the corresponding sets of # numbers listed in Tables
I and 2. Thus, for example. while the numbers above the
symbols plotting curve CS signifly that the means of the
actually determined A ,,,, activity values were divided by the
means of an cqual number of actually determined RNA
values for each time point. the number 4 above the 18-19
symbol on the curve labelled N signifies that, although a
total of 6 A 4, activity determinations were made (column
3 Table 2). RNA was determined only in 4 out of the 6 ex-
periments (column 4. Table 1), The specific activity indi-
cated wus thus calculated by dividing the mean value
obtained [rom 4 activity measurements by the mean value
of 4 RNA measurements and hence is different from the
value that would be obtained by direct calculation from
columns 4 and 3 of Tables | and 2, respectively. The +
st.M. x 107 were as follows (values listed in chronological
order for each fraction): Fraction N: 1'135: (:97, 130, 1-56:
Fraction P: 1-80: 1:38. 1-10. 0-15;and Fraction G: 0-82, 0-50.
148, 29,

should also be noted that the observed relationship
between the specific activities of acetylcholinesterase in
the Purkinje cell body and the granule cell fractions
stands in direct contrast to the respective changes in
the RNA content of the bulk-isolated fractions. Thus
it may be seen that as the yield of the Purkinje cell
body fraction increased (Fig. 3), the specific activity of
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Fi1G. 5. The effect of age on the contribution ol true acetyl-
cholinesterase to the total cholinesterase activity of isolated
cerebellar eellular fractions, All Iractions were prepared and
the total and true acetylcholinesterase activities determined
as described in Methods. For numbers of experiments car-
ried out to obtain the mean values plotted. see column 2,
Table 3. The + st.M. values were as follows (values listed
in chronological order for each fraction): Fraction CS: 2-55,
370880450 Fraction N: 074, 12, 6:0. 6:3: Fraction P: 94

1'5, 24 6:3; Fraction G: 7:0. 10:3, 159, 33,

its acetylcholinesterase decreased (Fig. 6). the reverse
situation holding true for the granule cell fraction.

DISCUSSION

In this report we describe a bulk-isolation procedure
which permits the preparation of two highly enriched
cerebellar fractions, each predominantly containing a
single neuronal cell type. The lighter of these fractions
consists almost exclusively of Purkinje cell bodies.
while the heavier one consists almost entirely of
granule cells. The procedure 1s both an extension and
a refinement of the procedure described previously for
the preparation of nerve cell bodies and glial cells from
the cerebral cortex (SELLINGER ¢1 al.. 1971; SCLLINGER
& AzCURRA. 1974), for it also avoids the use of proteo-
lytic enzymes (BARKLEY ¢r al. 1973) and’or the expo-
sure of the cerebellar tissue mince to temperatures
exceeding that of crushed ice (YaNaGiHARA & Ham-
BERGER. 1973). It thus resembles most closelv. at least
in its initial phase, although not in its entirety. the pro-
cedure of COHEN et al. (1973).

The results of Table t show that although the yvield
of RNA in the mixed neuron and the granule cell frac-
tions diminished with age, the Purkinje cell body frac-
tion represented an ever-increasing portion of the total
neuronal RNA. a finding which gains added signifi-
cance when one considers the vast numerical prepon-
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Fii. 6. The post-natal development of acctylcholinesterase
in cerebellar cellular fractions. All fractions were prepared
and the activity of acetylcholinesterase determined as de-
scribed in Methods. The ordinate values are expressed as
A,y units per g of RNA. The numbers above the symbols
refer to the actual number of specific activity determina-
tions. See legend to Fig. 4 for additional explanatory com-
ments. Because the number of determinations was rather
small. the range. instead of the + sk.M., of the specific acti-
vity values. is given. These were as follows (listed. x 10°, in
chronological order for each fraction): Fraction N: 3.3
10-7; 1-7-7%: 29-7-0: 2-1-8-8: Fraction P: 1-0-14-3; 1'1-
48: 33 37 003-39; Fraction G: 1'0-550 1) 46: 2:4-8:8:
6-8-21-8.

derance of granule over Purkinge cells in the intact cere-
bellar cortex (Fox & BarNArD, 1957: CoHEN ¢t al.
1973). The point is confirmed by a calculation which
reveals that on days 12-13 the Purkinje cell body frac-
tion contained 0-16 per cent (10-17,, of 1-63°,, sec Table
1) of the 4200 ug of RNA present in the cerebellar sus-
pension. or a total of 675 yg. while on days 18-19 the
RNA content of this fraction rose to 23-6 ug. This is
further illustrated graphically in Fig. 3 which plots the
RNA recoveries in the three cellular fractions {as per
cent of their respective maxima) against age. Recaleu-
lating the RNA values per gram of cerebellar cortex
reveals 4405 pg g in the Purkinje cell body fraction on
days 12 13 against 830 pg/g on days 18-19. or an ap-
proximate 100 per cent increase in yield in a week's
time. The reasons underlying such a converse relation-
ship between age and vicld denive. most likely, from the
prevaiting state of the two cell types in sitiw. Thus the
vield of Purkinje cell bodies improves with age because
between davs 12 and 19 these cells lose their perisoma-

glement and contacts with climbing fibers, two features
which facilitate their unencumbered passage through
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the presized nylon filters used for their isolation. Con-
versely. the yield of the granule cells decreased during
the same period because these cells begin to engage in
the formation of dense cerebellar glomeruli at about
14-15 days, a feature which renders their isolation by
the bland procedure described in the present study
more difticult by the day. The success of the bulk-isola-
tion procedure correlated well therefore with the chro-
mological sequence of events characteristic of cerebel-
lar maturation in the rat, a finding which constitutes
the principal trademark of its validity and which guar-
entees its future usefulness in cellular neurochemistry
research.

The development of the mitochondrial enzyme suc-
cinate-INT-reductase shows a steady increasc in the
cerebellar suspension (GARCIA ARGiz et al. 1967
(column 2. Table 2). while concomitantly its recovery
in the Purkinje cell body fraction increased between
days 12 and 19 from 350 to 61-0 per cent. The specific
activity profile of the enzyme reflected the recovery
data (Fig. 4). in all except the Purkinje cell body frac-
tion. in which 11 actually reached values that were
lower on days 18- 19 than on days 12-13 despite the in-
creased yield of RNA in this fraction (Table 1). Our
findings thus demonstrate that during the crucial per-
iod of post-natal development the specific activity of
mitochondrial succinate-INT-reductase undergoes
characteristic but different changes in two functionally
different cerebellar cell types. a discovery of cellular
specificity which could only be made because the bulk-
isolation procedure made these cells available in the
form of separated populations. Our findings agree with
the numerous histoenzymatic observations (sce
LEGRAND. 1967) which show that Purkinje cell bodies
stain very intensely during the first ten days and less
intensely by the end of the second week, when a diffuse
succinate-INT-reductase reaction begins to be
observed in the molecular layer and when the staining
appears in the glomeruli cerebellosi. It therefore
appears possible to suggest that the decrease of the
specific activity of succinate-INT-reductasc in the Pur-
kinje cell body fraction may be related to a decrease
of enzvme per cellular body. for the number of mito-
chondria in the cell body may indeed be diminishing
as a result of the intensive growth and branching of the
Purkinje cell dendritic tree.

Table 3 illustrites the fact that the post-natal devel-
opment of acetylcholinesterase proceeded in spurts.
since after an increase from 376 to 5035 units between
days 12 and 15 (column 2) the activity stabilized at
about 3735 units between days 16 and 19 and then dou-
bied again by dav 24. As noted for RNA and succinute-
INT-reductase (Tables 1 and 2). the vield of acetylcho-
linesterase in the mixed neuron fraction also decreased
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with age. However, unlike with RNA and succinate-
INT-reductase, its partition between the Purkinje cell
body and the granule cell fractions proved to be rela-
tively age-independent, there being on the average
between I-5-3 times more enzyme in the granule cell
fraction than in the Purkinje cell body fraction (Table
3). An additional constant feature was the lower contri-
bution of true acetylcholinesterase activity in the Pur-
kinje cell body fraction than in the granule cell fraction
(Fig. 5). Finally, Fig. 6 illustrates for acetylcholinester-
ase what Fig. 4 depicted for succinate-INT-reductase,
1.e. an age-related increase in specific activity in the two
fractions whose yield diminished with age (the mixed
neuronal and the granule cell fractions) and a decrease
in the fraction whose yield increased with age, ie. the
Purkinje cell body fraction. The latter observation
agrees with and complements the recent histoenzyma-
tic findings of CLos (1972), who noted that cholinester-
ase activity disappears in Purkinje cells of the nodulus
by post-natal day 14. Whether the low acetylcholines-
terase activity which associates with the Purkinje cell
body fraction beyond 14 days (Fig. 6) reflects conta-
mination of this fraction by the highly reactive Golgi
cells or by highly active synaptic fragments cannot be
ascertained at this time. It is to be noted that by day
14 the cerebellar glomeruli stain positively for cho-
linesterase activity and that the staining increases with
time, an observation entirely consistent with the timing
of the steep increase of the specific activity of acetyl-
cholinesterase in the granule cell fraction (Fig. 6).

In conclusion our findings reveal a different time
course for the early post-natal development of mito-
chondrial succinate-INT-reductase and of the mem-
brane-bound acetylcholinesterase in the Purkinje cell
bodies and the granule cells of the rat cerebellar cortex.
Whereas in the Purkinje cell bodies the specific activity
of both enzymes exhibited a downward trend during
the time period under study (Fig. 4 and 6), the converse
was found to characterize their development in the
granule cells. The feasibility of the present study and
of similar ones in the future requires, as a condition
sine quua non, the availability of the Purkinje and
granule cell populations separated from one another
and in amounts sufficient for comparative biochemical
analysis. Figures 1 and 2 document the fulfilment of
this condition.
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