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Abstract-A preparative procedure for the isolation in bulk of two cellular populations of the cerebellar 
cortex of thc immature rat, the granule cells and the Purkinje cell bodies. is described. The procedure 
is used to delineate the developmental pattern of succinate-1NT-reductase (EC 1.3.99. I )  and acetylcho- 
linesterase (EC 3.1.1.7) in the crucial period of cerebellar maturation, i.e. 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 fractions paralleled the yields of RNA. A significant finding was the trend toward diminishing 
specific activities (unitsipg 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 cerebellum 
in that it  reveals specific differences in the enzymatic development of two different cerebellar t)pes. a find- 
ing which was greatly facilitated by the availability of the procedure for their bulk isolation. 

ALTHOt IGH in the past few years several techniques for 
the bulk-isolation of purified nerve cell bodies and glial 
cells from vertebrate brain have been reported (see 
reviews by PODUSLO & NORTON. 1972 and by SEL- 
LiNCitR and ALCURRA, 1974), an assessment of the spec- 
trum of their potential uses and applications in 
research in cellular neurochemistry is still largely out- 
standine. Since the laboratories in Montpellier and 
Ann Arbor share common intcrests in that research in 
the foi-tncr focuscs o n  studies of the influence of hor- 
monal iind nutritional manipulations on  the matu- 
ration of specific cerebellar elements (LEGRAND. 1967; 

LCGRAND. 1973; CLOS K f  a/., I973), while in the latter 
R ~ R I ~ R F .  & LtGRAND. 1970. 1972: CLOS. 1972; C L O S  & 
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.Ahhreriuriori.i used: BSA. bovine serum albumin: PVP. 
pol yvinylpyrrolidone. 

it explores the significance and the determining nature 
of cell-specific patterns of enzymatic composition on 
neuronal development (IDOYACA-VARGAS ef ul.. 1972: 
StLLINCER & SANTIAGO, 1972; MtULlHKAUSKY Cf U/ . ,  

1972; SELLIXER ~t a/.. 1973), collaboration between 
the two laboratories was recently initiated for the pur- 
pose of uncovering neurochemical parameters hich 
might be involved in the specific charactsrimtion of 
the development and maturation of functionall) difcr- 
ent nerve cells. For this invebtigation thc granule cells 
and the Purkinje cells of the inimaturc rat cerebellar 
cortex were selected. The prewnt 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 discovcry of significant 
differences between the developmental patterns of tno 

of their enzymatic activities. succinate dehydrogenasc 
(EC 1.3.99.1) and acetyleholinesterax (EC 3.1.1.7). 

(19731 havc rece'ntly also descrihed procedures for the 
COHEV cf ul. (IY73) and YAKAOIHARA & t~AMIII~RGFR 
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prcpnration of purified cerebcllar cells. hut neither 
group has reported an! titidings dealing M ith their spe- 
citic eiiz! matic composition. Some of our  present 
result\ thus  ex t tnd  pre\ious studies carried out with 
hatid-dissected cellular lajers of the adul t  cerebellar 
COTtC\ ( S H L 1 I . K .  i't d / . .  1970: SFLLIUGtR Pf d.. 1972; 
HIKSCH. 1972) as \sell as :i number of related histoche- 
tiiical developtiiental studies (LEGRAW. 1967; ALrhZAN 

6L DAS. 1970: CLOS. 1972). 

MATERIALS A N D  METHODS 

i IIJUIU/~ u r i d  i w r c r i u l h  

Wistar rats of hoth 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 litter5 were carefull) controlled. 

Boiinc scrum albumin (BSA. fraction V J  was obtained 
from Pentex Biochemicals. Kankakec. Illinois. and poly- 
\in)lp)rrolidoiie (PVP. Plasdoiie c'. average niol. wt 
4O.(KH)) 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. 
Elnisford. New York. 2(p-lodopheiiy1~3(p-nitrophenyl)5- 
phenyl tetrazolium chloride (INT) and acetylthiocholine 
iodide \yere purchascd from Sigma C'o., St. Louis Missouri. 
The specific inhibitor of acetylcholinesterase BW 62C47 
[ I  : S his(4-trimethylammonium phenyl)pentane-3-one] diio- 
dide was a gift from the Burroughs-Welcome Co. 

M i ~ ~ I i i ~ ~ l ~  
Ariti l~ricul.  RNA was measured by the procedure of 

F u w  & B i i c a  (1965). A factor of 41.6 was used to convert 
the A:," readings (taken in a final volume of 1.3 ml) to pg 
01 RNA'ml. A correction was also applied for the contribu- 
tion of fraction V BSA to the absorbance at 260 nm. 

€ i r y i i c . s .  Succinate dehydrogenase was determined as  
succinate-INT-reductase according to S~LLINGER & HIATT 
(1968). The procedure of ErLhCAN rt al. (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 ( I  x IO-'M) and the A a I 2  values obtained in 
these tubes were subtracted from those obtained i n  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 412 nm 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 offa 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  
unitsipg of RNA. rather than per mg of protein, the princi- 
pal reason for this being the presence of 0.1 per cent fraction 

V BSA in all the solutions used to prepare the cell fractions 
(see Results for additional reasons). 

lsolutio~~ o/ Purkiuje c d l  bodies air11 gruiiuk cc4.s. The pro- 
cedure was adapted from that described previously (SLL-  

LINGER ct ul., 1971: JOHNSON & SFLLINGLR.  19711 for thc 
preparation of nerve cell bodies from the cerebral cortcx. A 
representative run is described below. Tuent! cerehell;ir 
corticcs were weighed. placed 011 i i i i  inwried Pctri dish r m -  
ing on crushed ice and covered with a piece of premoistcncd 
Whatman No. 1 filter paper and were chopped with ii prc- 
chilled razor blade into the consistency of a mince. 

The mince was transferred into 5-5 ml ofan ice-cold solu- 
tion of 7.5", (w/v) polyvinylpyrrolidone (PVP). I",, (w v )  
BSA and 3.77 mM Ca". The resulting sunpsiision * L I ~  

decanted into a truncated plastic syringe of the type dc- 
scribed previously (SELLINGER ~t ul.. 1971) and WHS pushed 
manually through a series of nklon filters (333. I10 and 
74 pm pore size). also described previously ( S ~ L L I V G E R  c't ul .  
1971). with three successive passes through each filter. Three 
2.63.0 ml aliquots of the sievcd cerehelhr suspensioii. 
representing about 90 per cent of its volumc. were then care- 
fully layered on a 3-step gradient of 0.5 ml of 2-30 !.! sucrose 
in loc, BSA. 1.5 ml of 1-7.5 M sucrose in  I , '< ,  BSA and 0.6 ml 
of 1.00 M sucrose in I 'Io BSA and the tubes were ccntrifugcd 
in the 3 x 5 ml swing-out rotor of the MSE centrifuge at 
41.ooO g for 30 min. The rather fine hand of material at the 
1.75 ~ 2 . 3 0  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 rcmo- 
val by slight negative pressure of a water aspirator. the 
mixed neuron fraction ~ i i s  aspirated manually by iiie:ins o l  
a capillary Pasteur pipette and was diluted with half of its 

U w w d  cerebellar m r k r  In 7 5% PVP, 377mu co", I% ESA 

Mesh @) 
Nylon d o t h o  333-3x - ~ n  ice 

I 9 0  usucrose 

2 3Ou Sucrose 

FIG. I .  Schematic outline of the procedure for the bulk- 
preparation of Purkinje cell bodies and granulc cells from 
the cerebellar cortex of 12-24-day-old rats. PVP. polhviii>l- 
pjrrolidone: BSA: fraction V. bovine wrtiiii  ;1lhu11i111 (\cc 

Materials); K :  1000. 



FIG. 2. The appearance of the cell fractions after cresyl violet staining ( a x )  and under phasc contrast 
(d-T). (a) mixed neuronal fraction, 15 days. . 560 and * 900. (b) Granule cells ( G )  13 days. . 560. 
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FIG. 2. (c) Purkinje cell bodies (P), 18 days. x 225 and x 900. 



FK,. 2 (d)  Purkinje cell bodies, 18 days. \ 3000. (e) Purkinje cell bodies, 18 days. 
3000. 

4000. 
( f )  Granule cells. I5 days. 
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volume of 0 . 2 0 ~  sucrose in I",, BSA to 3.3-4.1 ml. care 
being taken to disperse all \risible clumps of matirial by gen- 
tlc up-and-dow,n aspiration i n  the capillar) pipette. From 
2 - 7  to 3.2 ml of the evenly suspended itnd diluted material 
were thcn labered on a tao-rtcp Sradient or I ml of 2 . 3 0 ~  
siicrube in I"(! HSA and 2 ml of 1 . 9 0 ~  sucrose in I " , ,  RSA 
iind tlie tuhcs \\ere ccntrilugcd ui tlir 3 Y 5 ml swuig-out 
ro to r  ofttic MSE huperspecd centrifuge or rotor SW 50.1 of 
the Spinco L2 ccntrifiigc ;it I2J.IKX) g for 1 11. The Purkiiije 
cell body lraction banded a t  the sample - 1.90 M sucrose in- 
terlacc. \\ hile the granule  cell fraction w:is collected from thc 
1.90 \f 2 3 0  %I sucrose intcrlacc. I hc ii 

of the t u u  fr;iction\ \ \ a s  d o n i  h! pha\c conmist mici-oscopb 
,ind crcabl \ i ~ l c t  .ctalniiig 01 u n l i w J  prepamtion\. Figiirc I 
out l inis  tlic principal fcnturm of the bulk-separ:ition pro- 
ccdure in diagrammatic form. 

RFSL'l.TS 

Yield c!f'cclls 

The procedure developed for the bulk-isolation of 
Purkinje cell bodics and granule cells was applied in 
this stud! to thc ccrehell~ir cortex of rats aged 12 24 
daks. Although in preliminary eaperimcnts animals 
younger than I.! days were used. the procedure failed 
to yield morphologically idcntiliable. mature Purkinjc 
cell bodies: on tlic contr:ir!. these were quite readily 
demonstr:ible in the appropriate fraction derived from 
cerebellar cortices of animals 12 days or older. The 
yield ofgrmule cells was inversely related to that of the 
Purkinje ccll bodies. being lowest on days 18-19.' 
Figures c )  illustrate the gencral appcarance 
( i f  the frnctionu. 

The results of repeated microscopic examinations 
indicate a rnther small contribution to the Purkinje 
cell bad! lraction of what nppwrcd to he Golgi cells 
and. vcr! infrcquentlj. of small clusters (3- 5 cells) of 
gr:inulc cells. Thc contamination of the granule cell 
fraction was inirinlq due to thc prcscncc of ccllular 
debris. capillnrx strands, and. occnsionall x. of damaged 
Purkinjc cell bodies and naked nuclei. O n  the basis of 
thc inspection of about 40 sets of  Purkinje cell body 
;ind gr:inulc ccll li-xtions. iwlatcd in Montpllier and 
in ,Ann Arbor. we cstimatc the forincr fraction to con- 
hist o f  a t  Ic;i.;t X.i",, Purkiny ccll hodics and the latter 
of ; i t  Ic:ist W'#, granule cells. 

The qiiantitatibc >icld of the dilierent cerebellar 
neurons ~ i i s  estimated b j  measuring the total RNA in 
all the fractions. We chose the total RNA content of 
:I fraction :is the hcst euprcssion or the number of cells 

' For the s:ihc crl con\'cnience re.;ulta ohtalncd o n  I H O  

Herr pooled and arc uspressed as day- 
I X  

con'iicuti\c 
pairs: e.g. I X ~  I Y  da)a refers to results ohtiuned o n  
o r  19. 

in it because RNA measurements best reflect the o p r -  
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 (SELLINCER & AXLRRA. 
19741. We preferred RNA over protein. not only for the 
obvious technical reason stated i n  Materials and 
Methods. but also because the total cerebellar protein 
content increases precipitously between post-natal 
days 12 and 21 (GOL'RIWN et a/.. 1973: CHASIIA 1'1 d.. 
1973) whereas that of RNA undergoes a much more 
moderate increase (GOLXI~X cr ul.. 1973: CHANDA v i  
d.. 1973). DNA was not selected despite the relative 
constancy of its concentration in the whole cerebellum 
(GOl!RIX)N el d., 1973, see however CHANDA Y r  01.. 
1973) as well as in individual nuclei of Purkinje cell 
bodies between days 15 and 25 (SANI)RITTF.R et 01.. 

1967). because of the likelihood that DNA measure- 
ments could easilq vitiate cell quantitation i f  the bulh- 
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 RNAiDNA 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 o f  the number ofcells presunt in it. 
Hence. i t  is also impossible to determine at any time 
the enzymatic activity per cell. The RNA content of the 
mixed neuronal fraction diminished markedl! with ape 
up to d a j s  IX-19, despite the increased amount o f  
RNA recovered. after sieving of the tissue. in the ccre- 
hellar suspension (column 3. Table I ) .  Tahle I further 
shows (column 4) that only a vcrq small proportion 01 
thc availahlc RNA appeared in the mixed neuronal 
fraction, namely 1.63percentondays 12- 13andahout 
a third of that. 0.54 per cent. o n  days I8 19. The parti- 
tion of the mixcd neuronal RNA also varied ~ i t h  age 
(columns 5 and 6. Table 1 ). thus directl) reflecting the 
improved lield with age of the Purkinje cell bod! frac- 
tion o\er  thc granule cell fraction. The recowr! 0 1  t11c 
mixed ncuron:il RNA hetueen the Purkinje ccll hod? 
and the granule cell fractions (column 7. -Table I )  aicr- 
aged ahout 7 8  per cent. there k i n g  no obvious rciison 
H hich could account for the rather wide fluctuation< in 

rcco\crq ohwrved with agc. The single expcrinicnt lor 
\\hich uwful data could hc ohtaincd on  d;i! 24 i l l t i+  
tratcs that the hulk-isolation procedure heconic\ lcl'i 
ctlicient a s  the cerehellar cortex matures: this IS cle:irl> 
indicated b! (a)  the low initial RNA content ol the ccr- 
c k l l a r  suspension. ( h )  the extremcly poor ! icld of Pur- 
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Cerebellar 
Post-natal cortex Cerebellar Mixed Purkinje Granule Actual 

age asight' suspension (CS)t neurons ( N )  cell bodies (PI cells (GI recovery 
k h ) S )  (g) ( / l a  (""1: ("A (""x' r " ) l l  

12- I ?  1.66 0.042 4200 f 346 1.63 i 0.40 10.1 89.9 61.6 

I4 15 2.26 c 0.070 5550 i 469 1.22 +_ 0.25 16.9 83. I 83.4 
( 1 1  = 7) ( I 1  = 5) (11  = 51 ( I t  = 4)  ( 1 1  = 6) 

111 = 7) ( n  = 7 )  (11 = 5) ( I 1  = 5 )  (I1 = 5 )  
I &  I7 2.56 f 0.045 5950 +_ 300 0.96 f 0.23 34.7 65.3 59.6 

IX-19 2.82 i 0.046 6240 f 384 Q54 +_ 0.13 70.4 29.6 80-0 

24 2.97 4650 f 530 0.06 100.0 0 107.0 

( I t  = 5) ( I t  = 4) (11 = 3) ( 1 1  = 3) ( n  = 3) 

( a  = 8) (11 = 9) ( n  = 4) (I1 = 7) ( I t  = 4) 

( n  = I )  ( n  = 2 )  ( n  = I )  

* Of 20 animals. Mean value f S.E.M. are given. The number of determinations ( 1 1 )  is given in parentheses. 
t After sieving through the last nylon mesh. Mean values f S.E.M. are given. 

As percentage of the RNA in fraction CS. Mean values +_ S.E.M. are given. 
$ As percentage of the RNA in fraction N. Mean values are given. 
!; ( P  + GIN) x 100. except for 24 days where (P/N) x 100 = 107"; Mean values are given. 

oL 121-13 1 4 L  1217 l*L 
Past-natal age. days 

FIG. 2. 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 & BECC (1965). The 
ordinate values refer to maximal recoveries in relation to the 
RNA of the unfractionated cerebellar suspension made 
equal to 100 per cent. The actual values (in :.;) were: Frac- 
tions N and G :  1.63 and 1.56 on days 12-13 and Fraction 
P: 0.42 on days lb19. See Table I 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-reducrase 
Table 2 illustrates the developmental pattern of cere- 

bellar mitochondria1 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 developniental 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 I) .  The 
partition with age of succinate-INT-reductase between 
the Purkinje cell body and the granule cell fractions 
(columns 4 and 5,  Table 2) also paralleled that of the 
RNA (columns 5 and 6, Table I ) .  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. 

Acet ylchol inrsterase 
The activity of cerebellar acetylcliolint.sterase 

expressedas A,,? unitsper 20cerebella in the cerebellar 
suspension (column 2, Table 3 )  or calculated per gram 
of cerebellar cortex (see column 2, Table I )  increased 
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TABLE 2. SUCCINATE-INT-REDUCTASE IN CEREBELLAR CELL FRACTIONS 

Post-natal Cerebellar Mixed Purkinje Granule Actual 
age suspension (CS)* neurons ( N )  cell bodies (P) cells (G) recovery4 

(days) (Adq0 units) (AAwJ ( 7 3  (00-i (06): (%) 

12-13 372 ? 31 4.74 k 0.62 1.27 35.0 6 5 0  82.7 

14-15 547 * 47 5.43 0.98 0 9 9  36.7 63.3 87.0 

1 6 1 7  696 ? 49 4.12 f 0.50 059  509  49. I 80.2 

18- I9 918 f 70 4.38 f 1.46 0.48 61.0 38.0 77.0 

( n  = 6 )  ( ! I  = 7) (24.&5 1%) (48.2-75.4) 

( I 1  = 7) (n = 6) (3 1.2-45.4) (54.6-68.8) 

( n  = 5) (n = 4) (35,663.1) (369-64.4) 

( I 1  = 9)  ( 1 1  = 6) (4  I .7-84.1) (15.9-58.3) 

( I 1  = I )  
~ - - - - 24 1610 

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

t As percentage of the enzyme activity in fraction CS. Mean values are given. 

3 (P + GIN) x 100. 

Thc number of determinations 01) is given in parentheses. 

A s  percentage of the enzyme activity in fraction N. Mean value with range is given. 

rather moderately over the 12-19 day period but then 
underwent an apparent two-fold increase between 
days 1%19 and 24. The recovery of acetylcholinester- 
ase in the mixed ncuronal fraction (column 3, Table 3) 
decreased with age in a manner quite analogous to that 
noted in the case of RNA and succinate-1NT-reductase 
(Tables I 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 specfic 
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. ACETYLCHOLIN~STEKASE IN CEREBELLAR CELL FRACTIONS 

Post-natal Cerebellar Mixed Purkinje Granule 
age suspension (CS)* neurons ( N )  cell bodies (P) cells ( G )  

(days) (A,,2 Units) (";)t (7% (";,A 

11-13 376 f 78 1.15 k 0 2 6  309 69. I 
( I 1  = 41 (7.2 -48.0) (52.@9!.8) 

1 4 1 5  505 + 85 0 7 3  i 0.18 25.6 74.4 

1 6 1 7  576 + 91 0.36 * 0.02 40.5 59.5 

18-19 579 76 0.42 0 I 3 25.6 74.4 

( n  = 3) (14.1-39.8) (60.2 35.91 

(n = 3) ( 1  7.9-57.2) (42%-82. I )  

( I 1  = 5) (8.3-49.0) (5  1 . ~ 4 5 )  
- - 24 1290 0 1 7  

( I 7 =  1 )  

* Cerebellar cortex mince prepared from 20 animals and sieved through all nylon meshes. Mean values f S.E.hl. are given 
t A s  percentage of the enryme activit) in fraction CS. Mean values are given. 

The number of determinations (n )  is given in parentheses and is the same for all columns. 
As percentage of the enzyme activity in fraction N. Mean value with range is given. 
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FIG 4 The post-natal development of succinatc-INT- 
reductaw in ccrchellar cellular fractions. The cerehcllar suz- 
pension (Fraction CS) and the cellular fractions were pre- 
pared azdescrihcd in Methodsiind the activity of siiccinate- 
INT-reductaw determined. The ordiiiiite values arc 
cxprcsaed as units o f  A,.,,, activity per pg of R N A .  The 
numhr.r\ ahovt. the symbols rclcr to the ;ictual numhers of 
\pccific a c r i v i t ~  determinations. These numbers may d i t k  
lroin the corrcqwnding zcts of I I  numhers listed in Tahlcs 
I and 2.  Thus. lor e\ample. while  the numhers uho\c the 
,)mhols plotting curve (3  signil! that the me;in\ of the 
iictu;tll~ detcrmincd A,.,,, activit) values were dibided by the 
meiiiis of a n  q w i l  numher of  actually determined RNA 
\31ucs lor each time point. the numher J obovc the IX-19 
5ymhol on the curve lahclled N signifies that. although a 
tot:il of h A,.,,, acti\it> determinations were made (column 
3 .  Tahle 1L R N A  was determined onl! in 4 out o l  the h e\- 
pcrimcnts (column 4. Tahlt. I ). The specific activit! indi- 
cated wiis thus calculated by dividing the meiin value 
ohtaincd lrom J x t i v i t )  measurements by the mean value 
of -I RNA mcasurementz and hence i s  dimerent from the 
\iilue that aoi i ld he obtained hy direct calculntioii from 
columns 4 and 3 of Tables I and 2, respectirelj. Thc i 
S.I .M. x 10' zcrc as follows (values listed in chronological 
order for each fraction): Fraction N: 1.35: 1-97. I 30. I-S6: 
Fraction P: I .XO:  1.38. I.10.0.15:and Fraction G: iM2. 0.50. 

1.48. 2.9. 

should also be noted that the observed relationship 
between the specific activities oracetylcholinesterase in 
the Purkinje cell bod) and the granule cell fractions 
stands in direct contrast to the respective changes in 
the RNA content of the bulk-isolated fractions. Thus 
i t  may be seen that as the yield of the Purkinje cell 
body fraction increased (Fig. 3). the specific activity or 
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F.K. 5.  The c fkc t  01 i i y  011 tlic contribution 0 1  true acctJl- 
cholincstcrasc to thc total cholir~c>tci-azc :icti\it! (II'  is01;ited 
cerehcllar cellular traction>, All Iriictioii\ !\crc prcpircd and 
the total and true : i c c ~ ~ I c I i o I i ~ i c ~ t ~ r ~ i z ~  ;icti\ itic\ dttcrmined 
:is described in Methods. For numhcrz of sxperimrnts car- 
ried out to ohtain tlic mean \slues plotted. .ice coliinin 2. 
Table 3. The 5.1 .%I. values \+ere a s  follows (v;ilucs listed 
in chronological order lor each fraction): Fraction CS: 2.55. 
5.7. 5-X.  4-5: Fraction N ,  (1.74. I ? .  h.0. 6 3: Fractioil P :  9.4. 

1.5. 2-4. h.:: Fraction (i. 7-0. 10.3. 15.9. -7-3. 

its acet~lcholinesterase decreased (Fig. 6). the reverse 
situation holding true for the gunule  cell fraction. 

DISCUSS I 0  N 
In this report we describe a hulk-isolation procedure 

which permits the preparation of two highly enriched 
cerebellar fractions. each predominantly containing a 
single neuron;il cell type. The lighter of these fractions 
consists almost exclusively of Purkinje ccll bodies. 
while the heavier one con almost entirely of 
granule cells. The procedure IS  both an extension and 
a refinement of the procedurc dercrihcd prebiously lor 
the preparation of nerve cell bodies and glial cells from 
the cerebral cortex (SELLIIGLR pi ( I / . .  1971: SLLLII\;C;LK 
& AZCURRA. 1973). for it also avoids the use of proteo- 
lytic enzymes (BARKLEY v r  ( 1 1 . .  1973) andlor the eapo- 
sure of the cerebellar tissue mince to temperatures 
exceeding that  of CriIShed ice (YANACi lHAKA & HAM- 
B + . K G ~ K .  1973). I t  thus resembles most closely. at least 
in its initial phase, although not in its entirety. the pro- 
cedure of CoHm Y I  ti/. ( 1973). 

The results of Table 1 show that although ilic lield 
of R N A  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- 
~ i ince  whcn otlc considers the viibt numerical prepon- 
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b IG. 0. The post-natal devclopment of acctylcholincsteras 
i n  ccrchelliir ccllular liactions. All fractions were prepared 
and the actwit) of acetylcholinesterase determined as de- 
scribed in Methods. Thc ordinatc wlues are expressed as 
,I4,: unit \  per pg of  R N A .  The numbers above the symbols 
reler to the ;ic!u;iI number of spccific ;rctivily delermim- 
tioil\. Scc lsgend to Fig. 4 ror addirionril explanatory com- 
ments. Bccause the number of determinations was rather 
small. the range. inatcad of thc S.t.M.. of the cpccific acti- 
\'it> v;iIucs. i s  giwti. These were as follows (listed. x 10'. in 
chronological order for each fraction): Fraction N :  3.3- 
10.7: 1.7-7.8: 2-9-7.0: 2.1-8.8: Fraction P: 14% 14.3: 1.1- 
4.8: 3.3 3.7: 0.3-3-9: Fraction G :  I+.F.5: 1 . 1  4.6: 2 4 8 . 8 :  

6.8-21.X. 

dcrilnce olgrnnulc over Purkinje cells in the intact ccre- 
hellar cortex (For; & BAKNARI). 1957: C O H L ~  ct d.. 
1973). The point is confirmed by a calculation which 
reveals that on days 12-13 the Purkinje cell hody frac- 
tion contained 0.16 per cent (10.1",, of 1.63",,, see Table 
1 )  o f  the 4200 / I &  of RNA present in the cerebellar sus- 
pension. or  ;I to ta l  of 6.75 jig. while on days 18-19 thc 
RNA content of this fraction rose to 23.6pg. This is 
further illustrated graphically in Fig. 3 which plots the 
RNA recoveries in  thc threc cellular fractions (as per 
cci i t  01' their respective ina.iima) against age. Recalcu- 
lating thc RNA values per gram o f  cerebellar cortex 
rc\c;ils 3.05 pg, p in the Purkinje cell body fraction on 
da!s I 2  13 q a i n s t  8.30 jig;& on days I 8  19. or an ap- 
prouimate 100 per cent increase in yield in a week's 
tiiiic. The rc:i\onh tinderlying such a converse relation- 
ship h a u c e n  age a n d  !icld derive. mnst likely. from the 
prc\:iiliiig statc of the two cell t>pes i r i  .\itit. Thus the 
)ield of Purkinjc cell bodies improves with age because 
hct \ \wn tla)\ 12and 19 these cells 1 0 s ~  their perisoma- 
tic proccsgs and become free of their tcmporar) entiin- 
element and contacts with climbing fihers. two features 

hich Facilitate their unencumbered passage through 

the presized nylon filters used for their isolation. Con- 
verselj. the yield of the granule cells decreased during 
the same period because these cells begin to engage in 
the formation of dense cerebcllar glomeruli at about 
14-15 days, a feature which renders their isolation by 
the bland procedure described in the present study 
more diRicult by the day. The success of the hulk-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 mitochondria1 enzyme suc- 
cinate-INT-reductase shows a steady increase in the 
cerebellar suspension (GARCIA AKGk 41 a/.. 1967) 
(column 2. Table 2). while concomitantly its recovery 
in the Purkinje cell body fraction increased between 
days 12 and 19 from 35.0 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 it actually reached values that were 
lower on  days I X -  I9 than on  days 12- I? despite the in- 
creased yield of RNA in this fraction (Table I ) .  Our 
findings thus demonstrate that during the crucial per- 
iod of post-natal development the specific activity of 
mitochondr ial succinate- I NT-reductase undergoes 
characteristic but different changes in two functiona\l) 
different cerebellar cell types. a discovery of cellular 
specificity which couldonly 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 (see 
L E m A N i ) .  1967) which show that Purkinje cell bodies 
stain ver) intensely during the first ten days and l e s  
intensely by the end of the second week. when a d i f l k  
succinate-INT-reducta~ reaction begins to be 
observed in the molecular layer and when the staining 
appears in the glomcruli arrekllosi. It  therefore 
appcars possible to suggest that the decrease of the 
specitic activit) of succinate-INT-reductax in the Pur- 
kirije cell body fraction may be rclatcd to :I dccreast 
of enrymc per cellular hody. lor the numhcr of mito- 
chondria in the LA bod) ma! indeed he diminishing 
B S ; ~  result o f  the intensive growth and hraiiching of the 
Purkinjc cell dendritic trcc. 

Table 3 illustrates the fact that the post-natal devel- 
opnient of ucetjlcliolincstera~ proceeded in spurts. 
since after an increusc from 376 tu  505 units hctucen 
da!s I2 and I5 (column 2). thc acti\il> stahilixd iit 

iihout 575 unit, bst\\c.cn Ja!s I6 and I9 and then dau- 
bled again b) da! 24. A s  noted for RNA iind succiii:ttc- 
IUT-rcductasc (Tables I and 2). thc ) ield o f  acci! Icho- 
linesterase in the mixed neuron f rx t ion  ;11so dccrcasd 



uith age. Honever, unlike with RNA and succinate- 
1NT-reductase. its partition between the Purkinje cell 
bod) and the granule cell fractions proved to be rela- 
tively age-independent, there being on the average 
betuceen 1.5- -? 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, 
i.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. i.e. the 
Purkinje cell body fraction. The latter observation 
agrees with and complements the recent histoenzyma- 
tic findings of C ~ o s  (19721 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 quu r i m ,  the availability of the Purkinje and 
granule cell populations separated from one another 
and in amounts sufficient for comparative biochemical 
analysis. Figures I and 2 document the fulfilment of 
this condition. 
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