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INTRODUCTION

The Occurrence of Phosphatases in the Brain

The interest in brain phosphatases begah in the late
nineteen thirties when Giril and Datta (1,2) reported
~ two phosphomonoesterases in that organ which hydro-
lyzed beta-glycerophosphate at different pH optima:
9-9.6 and 5-5.4. Two years later Cedrangolo and
Ruffo (3) succeeded in separating the two activities
by fractionating with 50¢ ethanol, thus establishing
their identity as two isodynamlic monoesterases.
Simllar phosphomonocesterases, either together or
alone had been previously reported in other animal
organs like thé liver, kidney (4), serum (5) and red
blood cells (6).

At about the same time Reis (7,8) discovered
another phosphomonoesterase in brain that was specific
only for 5' phospho -« nucleotides. Although the other
non-specific phosphatases also split'5' nucleo-
tides this specific monocesterase was recogniged by the
fact that it had a different pH optimum and that 1t
hydrolyzed adenylic acid much more rapidly than beta=-
glycerophosphate.
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The Intracellular Distribution of Phosphaetases.

The distribution of these enzymes has dready been studied
on liver. The teshnique used has besn that of differential
contrifugation intpoduced by Benseley and Hoerr (9) snd
later improved by Claude (10), Schneider and Hogeboom (11)

and others.

| Using 0.88M sucrose as a suspending medium
Novikoff et al (12) studied the intrasellular distri-
bution of the enzymes in liver acting on phenylphosphate
at pH 4.5 sand 9.1, on adenosine 5' phosphate (AS5P) and
on adenosine triphosphate (ATP).

Palade (13), also Berthet and de Duve (14)
studled the distribution of the acid phosphatase
acting on beta=glycerophosphate {optimum pHS) and
found 1t to be asscclated with the mitochondrial frac-
tion of the liver cell.

In the brain, however, only the nuclei of
the cortex have been studied as to phosphatase content
(15). In a study of respiratory engymes Brody and
Bain (16) separated the cytoplasm of brein cells by
differential centrifugation into three fractions:
mitochondria, microsomea, and soluble substance of

the cell (the final supernatant). No such study has yet
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been made on the distribution of the phosphatase of
brain.

Differentisl Centrifugation of Cytoplasmic

Particles. In the present study the centrifugsl speeds
for fractionating the cytoplasm were chosen more or
less arbitrarily since, as shown by Chantrenne (17)
on mouse liver, one can obteln from the cytoplasm a
continuous spectrum of particles of varying size,
the larger ones at the lower centrifugal speeds. The
erbitrary selection was done on thekssumption that
thié may also be the case with brain particles. The
resulting fractions are named in terms that describe
the conditions under which they are obtalned rather
than by such restricted terms as mltochondria and

microsomes.
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METHODS

Preparation of Tissue & NDifferential

gentrifugation. The animal (mature dog) was enes-
thetized with nembutal or ether. The skull was
then carefully opened and the cerebrum removed,
{immediately chilled in e beaker of cracked ice and
tsken to the cold room (1-4°C) where it was freed
as mich a8 poasible from its membranes and the

blood vessels surrounding it.

The tissue wes welghed, crushed in s
mortayr, and then homogenized with an equal volume
of 0,25 N sucrose (¥allinokvodt) in an alleglass
Potter«Elveh jem tube (18). More sucrose sclution
wes added to the homogenate to meke spproximately
8 1:3 (w/v) suspension of the original tissue.
This was again passed through the homogeniser to
insure maximum c¢ell breakage. The resulting homo-
genate wag streined through several layers of
flannel gauge to remove sny unbroken tissue. More
sucrose solution was added to make s final suspension
of 1:5 (w/v). The volume of the homogenste thus
obtained was measured, &n aliquot having been
reserved for sngymatic assay and nitrogen deter-

mination.

The homogenate was centrifuged st 1200
times gravity (1200 G.) for 10 minutes the super-
natant being carefully pipetted out without disture
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bing the residue. The residue obtained, ¢ 1.2/10%,
wag resuspended by shaking in sbout 5 times its
volume of 0,25 ¥ suerose and sedimented again with
the same centrifugal speed for the same duration.
The washings were added to the supernatant, this

waghing procedure being repeated once more.

The supernatant, 31.2/10, was then
centrifuged at 50006 for 15 minutes. The particles
1.2/10G 5/15 were washed once as above. The super-
natant was centrifuged at 20,000 G for 30 minutes,
these particles being washed once. The supernatant,
820/30 was centrifuged at 30,0000 for 90 minutes
yielding a residue 20/30 G 30/90 and 2 final super=
nstant 8 30/90.

Any scum on the surface was included with
its supernstant. The residue 20/30 ¢ 30/90 being
compact was not washed by resuspension but merely
by rinsing very gently with sucrose solution. The
residue adhering to the bottom of the centrifuge
tube was not disturbed.

The particles obtained were resuspended
in ten volumes of 0,256 M sucrose. This suspension
could be stored in the refrigerator for sbout two

weeks without speiling.

# This sbbreviated method of naming the verious fractions
describes at the same time the conditions under which
they were obtesined. Thus 1.2/10 G 5/15 refers to the
particles sedimented between a centrifugation at 1200 G
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The centrifugadions et the lowest and
highest speeds were done in a IRC refrigerated
centrifuge model PR-1 equipped with high speed
sccessories, the remaining centrifugations being
done in a Servell model 331 engle heed centrifuge
in the cold room. The speed of the latter was
measured with the 2id of an electrically driven

sonometer as deséribed below.

During centrifugation st 20,000 G or
above care was taken to allow the centrifuge to
loge speed gradually thus avolding any stirring

of the residues.

Meeasuremsnt of Rotational Speeda. The

following method was used beceause of its sdvantage
in thet measurement cen be effected without any

mechanical contact with the rotating object.

In figure 2 a permanent magnet (M)
mede out of a smell plece of ragzor blade is sffixed
to the center of the non-megnetic lidof the centri-
fuge by means of adhesive tape. The magnet stays
in place at maximum speed, and does not disturd
the balance of the centrifuge. At the same level

with the megnet & ocoil (C) is mounted on the cage

for ten minutes and & centrifugstion st 5000 ¢ for
15 minutes. OGravitetional forces asre expressed in
thousands x gravity in the numerator, while the

duration of centrifugations is expressed in minutes
in the denominator. 8 30/90 denotes the supernatant
of & centrifugetion at 300003 for 90 minutes.
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of the centrifuge (not shown). These form the
elements of an slternating current generator with
the magnet as the rotor and the coll aa the stator,
The slternating current induced in the coil 18 lead
to sn audlofrequency smplifier (A). The smplified
current is then passed through the atring (W) of

a sonometer which passes between the poles (¥,8)

of & permenent magnet. The string, of copper wire,
1s fixed at one end (F¥;) but free to slide over &
fixed gless bridge (Fp). The other end is attached
to an expansion spring (R) which can be stretched
by turning 8 knodb (K) in the form of a pulley. A
pointer (P) is attached to the movable end of the
spring to read over & soale (D). By sdjusting the
tension in the wire & point is reached when its
frequency of vibration is equal to that of the
alternating ocurrent generated by the rotating
object. The wire is then seen to vibrate and the

frequency is read off the scale.

The frequency of vibration, f, of the
sonomster string is expressed as follows: fs I.VLET
cycles per second; where 1. 13 the length of t;fi "
wire, T, the tension of the wire, and m, 1its
weight per unit length. since L snd m are fixed
T becomes kf? where k is & constant that can be
determined experimentally with the 8id of & dispason.
The tension T is found by calibrating the spring
(R) on the scale (D). After determining k the scale



Pig. 2. Schematic dlagram of the apparatus used for
the mesurement of rotational speeds.
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18 regradusted in cycles per second. In speed
measurement the reading 1s taken only at the point
where maximal vibration of the wire is obtalned.
This is important in distinguishing the fundamental

from the harmonics of the wire.

Although the scale of the sonometer does
not reach above 220 cyc. p.s. frequencies 3 times
as great can be measured by obtaining three internodes
on the vibrating wire. The frequency read on the
scele should then be multiplied by the number of inter-

nodes.

The accuracy of the instrument was tested
stroboscopically as follows: A disc with two narrow
slits along its dismeter was driven by & synchroneous
motor at 50 cyc. p«s. A Dblack mnrkqpaintod along the
radius of the centrifuge was viewed through the alits.
The eye thus glimpses at the centrifuge 100 times each
second. VWhen the speed of the centrifuge reasches e
gertain multiple of that of the rotating disc s sta-
tionary image is seen through the stroboscope. The

results sre tebulated below.

atationary figure cycles per cyclea per
seen through second. second with
atroboscope (Stroboscope) sonometer.

N . R A D SR TS WS R W S A W G A R D S G WA D R G R G O W e e U G AR D G G T e A T D ST G D A SN e - -

@ 75 76
G 100 100
@ 125 126
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@ 133.3 154
(I) 150 182
CZ) 166.7 168
6{9 175 177
(:5 200 201

The error of the sonometer is thus & little more than 1%.

Centrifugal foroce can de expressed as follows:
F = 4 T12n%r dynes per gram, where n 1s the number
revolutions per second and » the diastance from the
rotating objeoct to the axis of rotation. For convenlence

this can be expressed in terms of the earth's gravitational

force: O : dfiﬁnsg "genvities? per gram, where 980 is the

980
soceleration due to the earth's gravity.

Enxyme Assay. Each digest was composed of the
following: 0.5 co. engyms, 2.5 es. buffer, 0.5 cc.

sotivator as MaCl, (distilled water was used when no
activator was needed). The mixture wes then allowed to
inoubate for 10 to 15 minutes before adding 1.5 ce. of
the substrate. The digest was then incubated for 60
'minutoa at 379C after whioch time the reaction wes stopped
by 1 ec. of 49 trichlorsacetic acid (TCA). The mix-
ture was centrifuged and inorganic phosphate was deter-
mined on aliguots of the protein-fres nuﬁornntnnt. When
assaying with adenosine 5' phosphate (ASP) one fifth of

the above voluues were used.

The allkeline phesphatase was assayed at pH $.0
(glass slectrods) in the presence of 0,08M veronal
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buffer, 0.,01M Isﬁlz, and 0,015 sodium beta-glycero~
phosphate (Mallinekrodt). The acid phosphatase was
assayed at pH 5.0 in the presence of 0.07M acetate buffer
and 0,015¥ sodium beta=glycerophosphate. The 5 nucleo-
tidage was agsayed at pH 8.0 in the presence of 0,04M
veronal buffer, and 0,0025M adenosine 5' phosphate (Kutri-
tional Biochemicals Corp.)

Preformed inorganie phosphate in the enzyme was
determined by adding 4.5 ce. of distilled water, and 1 oc.
of 48% TCA to 0.5 cc. of the enzyme. The inmrgsnic phos-
phate was then determined in the protein-free supernatant,
Preformed phoaphate was also measured in the substrate
medium composed of 1.5 cc., substrate solution, 0.5 co.
NgCl, (0.1M), 2.5 co. buffer, 0.5 oc. distilied water in-
stead of ernszyme, and 1 oc. of 48{ TCA,

Activity units are expressed es mg. of P
liberated per hour at 37°C, and the specifilc sctivity as
) B3 libereted per hour per mg N.

Inorgenic Phosphate was determined by the
method of Fiske snd Subberrow (19) modified for use with
the Junior Colemen Spectrophotometef at 8 wavelength of
660 w . Standards of known P concentration and blsnks
were prepared containing the same smount of 8f TCA found
in the unknown semple so that Molybdate II could be used
for all determinationa.
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Total Nitrogen was determined by a mioro Kjele
dahl method (20,21) with direct titration of the libe-

rated smmonis (28).



DESCRIPTION OF THR PARTICULATE FRACTIONS

General Desoription. The firat fraction obtained
by eentrifugation G 1.2/10 has & dirty white appesrance

with a red patah of packed erythrocytes at its bottom.
Microscopically sxsmined it is found t6 be composed of
nuclel, erythrocytes, tissue fragments, and unbroken

cells. Praction 1.2/10 6 6/15 is milky white in appea-
rence. Under the misroscope are seen spueroidal par-
ticles renging in sise from 1 micron or less to 4.5 micra.®
An occcasional nucleus may be found. Praction 5/15 6 20/30,
also white, ias composed of particles leas than 1 micron in
size. Praction 20/30 ¢ 30/90 1s & transpsrent gelly-like
pellet of*a faint rose color. MNore vigorous shaking 1is
raguired to resuspend it than for the previous fractions.
It consists of particles smaller than those of the pre-
ceding frastion; thelr size cannot be measured with an
ordinary light microscope.

Staining Propsrties. The dye Jenus Green B

which i3 known as & speciflc supravital stain for mitochondris
at low concentrations (23,24) wes eapplied to the various
particles in &n experiment similar to that described by
Reocknagel (25) on liver tissue. It appesrs that the dye

# As measured with an ooular micrometer scale.
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ia reduced to & pink compound by the respiratory enzymes
which are found mostly in the mitochondria. This orite-
rion, as Recknagel et al suggest, isay be used in turn to
identify particulete m:terial as mitochondria. The dye
was therefore tested on the brain particles to find out
which frastion would shange fhe c¢olor of the dye.

Janus Green B (Coleman & Bell Co.) was dissolved
&t & concentration of 1:20,000 in 0.25M sucrose soluticn.
This mixture was used as a suspending medium for homoe-
genigation, centrifugation, and waeshing of the wvarious
fractions. The differential centrifugation procedurs was
carried out ss described previously. All the particles
thus obteined adsorbed the dye to the extent that the
supernatant and washings were nearly colorless. The
phenowenon resembles the adsorption of cclored substances
by oharcoal. PFraction 20/30 & 30/90, still s transpa=-
rent pesllet, was stsined blue like the previcus frastions.

The brain particles behaved like those of liver
in that the dye was changed to an intense pink when
warmed to 37°C. The results were eas follows:

G 1.2/10: no significant change in color
1.2/10 ¢ 5/15 : changed to intense pink in about 6
minutes. The change was noticeadble
even before wrming.
5/15 0 20/30 : shanged to intense pink in about 15
minutes.
20/80 G 30/90 : no changs in eolor.

Presumably the change in cclor in the brain
particles may also be due to respiratory enzymes as in
the cese of liver tissue. Fractions 1.2/10 G 5/15 end
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8/15 G 20/30 which change in oolor, therefore, sontain
the respiratory enzymes and would accordingly be classi-
fied as mitochondria. The remaining cytoplasmio particles
(20/30 @ 30/90) would then correspond to the microsomes.



DISTRIBUTION OF THE ACID AND ALKALINE PHOSPHATABES

Aoid Phosphatagse. The study of the distribution
of the phosphatases in brain was done in a series of four
ma jor runs each comprising differential centrifugation,
engymatic sssay, and determinations of total nitroéan for
measurement of specific sotivities. The distribution of
acid phosphuatase in the various particulate fractions 1s
shown in tables I to IV inclusive. It is seen that dbout
90 percent of the ensyme activity is present in the cyto-
plasm (tables II to IV). the ensyme may, therefore, be
considered essentially oytoplasmic. The specific activity
of the enzyme 1s, however, nearly the same in the nucleus
and in the cytoplssm since the nucleus contains only about

10 to 16 percent of total nitrogen of the cell {table IX).

In experiment I the nuclear frastion, G 1.2/10,
was inaufficliently washed (one washing instead of the
usual two)e As & result the enzyme activity and the
nitrogen content (table IX) are relatively higher than in
the other experiments. This 1s most probadly due to
oytopleamie contaminants. The risnlts’at this experiment
were retained to show the effects of weshing by resuapen-

sion and recentrifugation of the perticles.

Practions 1.2/10 ¢ 5/156 and 5/15 ¢ 20/30 are
the richest of the cytoplasmio particles in acid phos-
phatase. These two fractions also behave alike with res-

peot to the dye Janus Green. This sugzests that the
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majority of the engyme ectivity is found in what zay be
the mitochondria.

The engyme oontent of the final supernatent,
8 30/90, shows wide veriations snd seems to follow the
nitrogen content of that fraction. This is due to the
amount of mechaniocsl damage done to the particles, and

will be presently discussed.

Alkaline Phosphatage. The distribution of this
enzyme was determined in the same four experiments mon;
tioned above and ia shown in tables V tb VIIT inolusive.
It 1s seen that the nuclear fraction is riohér than any
other fractlion in alksiine phosphatase sctivity. The
specific activity shows more clearly the relative conscen-
trations of the enzyme in each fraction. The nuclear
frection consistently has the highest specific activity
while the frection coming next after it, 1.2 @ 5/15, has
the lowest specific activity. Fraction 20/30 G 30/90 .
shows another peak in the specific astivity of the frace
tions suggesting the probublo presence of anocther 1isoe~
dynemie slkaline phosphatase. The nuclesr fraction of
experiment I shows & relatively high sctivity, also the
result of Afmproper weashing.

‘ It 18 seen also that the activity of alkaline
phosphatase usually inoreases upon stending in the ref-
figerator. In experiments II and IV &ll the fractions had
increased in activity after standing a few deys. The

specific activities were, therefore, calculated from the



17/

higher sctivities since these are mdre representative of

the true enzyme content of the fraction.



TABLE I = Distribution of Acid Phosphatass in Experiment I.

The enszyme was assayed at pH 5.0 in the presense of 0.015M sodium

Beglycerophosphate and 0,078 acetate buffer.
determined as mg P liberated pesr hr, per cc. of ensyme,

The activities were

This

value was then multiplied by the volume of the fraction to find its

total activity.

Tables II to IV.

The same conditions apply for the results shown in

lst day after fracticnation 16th day
Fraction mg P liberated percent of | mg total K | Specif.activ, | mg P liberat:

per hr.by Homogenate | in frastion| (ng P/hr/mgN) | per hr. by
fraction fraction
G 1.2/10 4,22 30.4 165.5 25.5 8.15
1.2/10 ¢ 5/186 4.02 28.9 76,5 53,2 4.35
5/15 G 20/30 2.24 16.1 19.4 115.5 2.19
20/30 ¢ 30/%0 0.87 6.24 13.85 62 .8 1.52
s 30/90 2.57 18.5 67.0 38.4 2,13
Original Homog. 13.9 Total 100.1 363.0 59.4 17.9




TABLE II « Distribution of Aeld Phosphatase in Experiment II

lst day after fractionation

9th day

Preaction mg P liberated percent of | mg total X Speeif.aétiv. mg P liberated
per hr. by Homogenate | in freection | (ug P/hr/mgK) | per hr. by :
fraction fraction

¢ 1.2/10 1.34 10.2 26.1 5l.4 1.58
1.2/10 6 5/18 2.81 21.4 58.4 48.1 2,66
5/18 G 20/30 2.39 18.2 38.7 60,2 1.89
20/30 G 30/90 1.61 12.3 31.8 5047 1.65
s 30/90 4.46 34,0 84.0 53.1 3.33
Original Eomog. 13.1 Total 96.2 246.0 53,3 12,83




TABLE III - Distribution of Acid Phosphatase in Experiment 1II.

18t day after fractionation

4th d ay
Fraction mg P libera~ percent of| mg total X | Specif.sctiv. | mg P libera~
ted per hr, by Homogenate| in fraction | (pug P/hr/mgN) | ted per hr.
fraction by fraction
¢ 1.2/10| 1.78 10.5 60.6 29.4 1.7¢
1.2/160 6 5/15 5.65 33.4 111.2 50.8 4,78
5/16 @ 20/3%0 3.96 235.4 69.7 5647 4.03
20/30 G 30/90 1,47 8.7 28,0 52,5 1.18
s 30/90 2.72 16.1 97.4 28.0 1.9
Original Homog. 16,9 Total 92,0 377.5 44.8 15.98




TABLE IV = Distribution of Acid Phosphatase in Experiment ]IV.

1st day after fractionation 4th day

Prection mg P liberated percent of | mg total N | Specif.aetiv. |mg P libera-

per hr. by Homogenate | in fraction| (pg P/hr/mgl) | ted per hr.

fraction : by fraction
6 1.2/10 1.56 - T 38,85 40,1 1.55
1.2/10 ¢ 5/15 5.04 30.2 86,2 58.5 4.70
5/15 G 20/30 373 22.4 85.0 67.8 3.71
20/30 G 30/90 1.33 8.0 17.0 78,2 1.24
8 30/90 2.26 13.6 €8.5 33.0 1.70
Original Homog. 16.65 Total 83,6 273.5 61.0 14.25




TABLE V - Distribution of Alkaline Phosphatase in Experiment I.

The enzyme was asasyed at pH 9.0 in the presence of 0.018M

sodiun Beglycerophosphate, 0.01N MgCls

» and O0.03M veronal

buffer. The activities were determined as mg P liberated
per hr. per ¢c. of ensyme. This value was then multiplled
by the volume of the fraction to find its total activity.
The same conditiéns apply for the resuits shomn in Tables

VI to VIII.
2nd day sfter fractionation 24th day
Fraction mg P liberated percent of | mg total N Specif.activ, mg P liberat

per hr. by Homogenate | in fraction | (ug EB/hr/mgR) psr hr. by
fraction fraction
¢ 1.2/10 14,9 51.8 165.5 90,0 16.85
1.2/10 ¢ 5 /15 1.315 4.56 75.6 17.4 1.04

5415 ¢ 20/30 0.672 2.33 19.4 34.6 0.446
20/30 ¢ 30/90 1.896 4.5 13.85 93.5 1.17
3 30/90 2.22 7.7 67.0 33.2 1.90
Original Homogen. 28.8 Total 70.9 383.0 8l.6 29.1




TABLE VI « Distribution of Alkaline Phosphatase in Experiment II.

9th day after fracticnation lat day
Fraction mg P liberated percent of | mg total N Specif.activ.] mg P liberated

per hr. by Homogenate | in fraction | (nug P/hr/mgR)| per hr. by
fraction fraction
¢ 1.2/10 8,16 38.5 26.1 312.0 5.08
1.2/10 ¢ 5/16 1.42 6.7 58.4 24.3 1.26
5/15 G 20/30 1.377 6.5 39.7 34.7 0.92
20/30 ¢ 30/90 £.16 10,2 31.7 68,2 1.10
8 30/90 5.38 25.4 84,0 64,0 3.64
Original Homog. 21.2 Total 87,2 24€.0 86,2 12.60




TABLE VII - Distribution of Alkaline Phoaphatase in Experiment III,

lat day after fractionation T 4th day
Fraction mg P liberated percent of | mg total K | Specif.activ. | mg P liberated|
?::cg;nby Homogenate | in fraction | (g P/hr/mgh) ?er:‘agiénby
¢ 1.2/10 14.35 49.4 60.6 £237.0 12.0
1.2/10 G 5/15 2.68 9.2 111.2 24.1 2,26
5/16 G 20/30 2.99 10.3 69.7 2.9 2,77
20/30 G 30/90 3.42 11,75 28.0 122.1 2.91
S 30/s0 5.18 17.8 97.4 53.2 3.42
orig. Homogenate 29.1 Total98.3 377.5 77.2 24.25




TABLE VIII - Distribution of Alkaline Phosphatase in Expsriment IV.

4th day after fractionation lst day
Pruction mg P libera~ percent of | mg total N Specif.activ, mg P liverated
ted per hr. Homogenate | in frection | (mg P/br/mgN) per hr. by
by fraction fraction
G 1.2/10 7.56 31.5 38.85 194.5 6.70
1.2/10 ¢ 5/15 2.01 8.36 86,2 23.3 1.74
5/15 G 20/3%0 2.05 8.52 5.0 37.3 1.84
20/30 G 30/90 2.11 8.7 17.0 124.0 1.83
8 30/90 2.54 10.6 68.5 37.1 3.19
Criginal Homog. 24,0 Totul67.7 273.5 88.0 2e.1




THE DISTRTBUTIOR OF TOTAL NITROGEX AND THE
EFFECT OF MRCHANICAL DAMAGR

The total nitrogen of each fractlon obtained
by centrifugation was measured in order to calculate
.tha spescifiec activity of that fraction. Table IX shows
the nitrogen content of these frrotions. The total
nitrogen in the original homogenate was also determined

to show the general recovery.

As mentioned before, the nuclear fraction which
wies washed only once (Exp. I) was found tsbe relatively
riehef in nltrogen, probably due to ecytoplasmic conta-
minants. In the other three experiments where the nuclear
realdue was washed twice, this fraction still contsins an
appreciable amount of conteminating material as shown by
mioroscopic examination. A clear cut separation of the
nuclel from the cytoplasm seens difficult if not impossaible
without some loss of either ocomponent. Judging from the
other three experiments it appesars, therefore, thet the
cytoplasm contains at least 84 percent of the total nit-
rogen of the cell.

The total nitrogen of the oytoplasmic particles,
on the other hand, appears tc be greater the lower the
centrifugal speed at which they were obtained (1.e. the

larger the particles)s The final supernatant, however,



TABLE IX - Distribution of Total Ritrogen in the Brain Frections
Obtained by Centrifugation.

Txperiment ho. T & 4 111 v

mg total [percent of | mg total | percent of | mg total | percent of| mg to- percent

F:action | Homogenate N Homogenate N Homogenate| tal N of Homog|
¢ 1.2/10| 165.5 46.9 26.1 10.8 60.6 16.06 38.85  14.2
1.2/10 ¢ 5/16 75.5 21.4 58.4 23.7 111.2 29.5 86.2 31.6
5/15 G 20/30 19.4 5.6 39.7 16.25 69.7 18.45 55.0 20,1
20/20 G 30/90 13.85 3.9 31.8 12.9 28.0 7.4 17.0 6.2
8 30/90 €7.0 _19.0 84.0 34,1 97.4 25.8 68,5 25.1
Ooriginal Homog.| $53.0 96,7 246.0 97.5 377.5 97.4 273,5 97.3
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shows en inconaistant nitrogen content. An explanation for
this o0dd result was sug ested by de Duve et al (26,27).

They find that the mitochondria of liver lose part of thelr
protein content (acid phosphatase) into the suspending medium
upon rough treatment. The following sxperiment was, therefore,

devised to test this on breln particles.

One cerebral hemlisphere was removed from a dog under
anesthesis and immediately homogenized in a Potter-Elvehjem
tube in the ocld room with sbout an equal volume of 0.85M
sucrose. More sucrose solution was added to mske & suapension
of 118 (w/v) which was strained from debris through seversl
layors of flannel gsugze. Thils Potter~Elvehjem homogenate was
divid.q into two aliquots one of which wias subjeoted to the
action of the waring dblendor for B minutes in the cold (1 mi-
nute at s time to prevent heating). The resulting homogenate,
WH, was diluted 2.5 tines® with sucr.se solution resulting in
2 d1luted homogenats, W. The other sliquot of the Pottere
Elveh jem homogenate was alao dlluted 2.5 times resulting in
& guspension, E. This was further subdivided into two sli-
quots, one of which waa also subjected to the Waring blendor
for 5 minutes giving a suspension Eﬁ. The other aliguot of
E together with aliquots of W and EW were centrifuged at
30,000 G for 90 min ylelding supernatants 3SE,SW, and 8EW
respectively. The residues were discerded. Figure 3 rep-~

resents & scheme of the experiment.

The fractions thus obtained were sasayed for enzyme

activity on the serme day of the experiment. Table X shows thnt
conte

enzyme concentrations in the fractions as well as the total N /

# This dilution gives a supernatant of ahout the seameé consen-
tration in total nitrogen ss that of 3 30/90.
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Potter-Elvehjem
Homogenate
135 (w/v)
r”/ \

p
Waring blemdor Diluted
for 5 min 2.5 times

e AN

v

]

Centrifuge :
lc* R — i
v

Pig. 3. Scheme of the experiment to show .the effect of
mechanicql damage by the Waring blendor. The
suspending medium is 0.25 M sucrose.



TABLE X =« The Action of the Waring Blendor

Enzyme activities are expressed as mgP liberated per hr.
per cc. enzyme suspension. BSee figure 3.

Praction mg total | Inorganie Acid Alkaline

¥ por c¢c.| phosphate Phosphatase Fhosphatase
mglper cc.

- 0.0185 0.0483 0.0485

0.731 0.0218 0.04%6 0.0382

EW 0.728 0.,0230 0.,0519 0.0390

sw 0.206 0.0152 0.0264 0.0097

SEW 0.181 0.0163 0.0275 0.0093

SE - 0.l181 0.0146 0.0096 0.0081
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The results show that the concentrated homo-
genate (1:5 suspension) is more sensitive te mechanical
damege administered by the Waring blendor blades than is
the diluted homogenate. This is evidenced by the fact
that the final supernatant SW has a higher concentration
of total N than the supernatants SEW and 3K. Prsotions
W and E¥% theoretloally should heve the same concentration
of total K, the difference is due to experimental error.
stngo mechanical damage during homogenigation cannot be
controlled these results may explain the wide differences
in the nitrogen oontent of the supernatants S 30/90 4n
the four dxperiments on the fractionation of cerebral
tisaue. The same Potter-Elveljem tube wia used through

all experiments for the sske of uniformity.

That the ensyme concentration of S 30/90 1s
also affected by wechanicsl deumge was demonstrated by
the same experiment. Table X shows thet the acild and
alkaline phosphatases of the supernatant fluid is of a
greater concentration in the supernatants coming from e
homogenate subjected to the Waring blendor. The acid
phosphatase appears to be more sensitive to such treatment
than the alkaline phosphatese. It is seen thet the acid
enzyme ls actuslly activated by mechanical dsmsge when
treated in the diluted suspension, ¥k. When the concen-
trated homogenate is "blended™ before dilution both en-
symes appesr to be slightly inmotivated ag compared to
the activity in E. The causs of this inactivation has
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not been investigated. It may be that the blades of the
blendor are releasing traces of inactivating metal (28),
or that the mechanical 1‘damnga by surfscedenaturation itself
insctivates these on;y*»a which are proteina. Mechanical
injury may explain why incomplete resoveries are obtained,
especially so with the alkeline phosphatase.

Another experiment was undertsken to find out
whether dilution has any effect on the concentrsation of
total K in the finsl supernstant.

As before, cerebrel tissue was homogenized in
the cold in a Potter-Elvehjem tube and a 1:5 suspension
was made thereof with 0.25¥ sucrose solutiocon. Two all-
quots of this suspension were used as follows:

&. The concentrated 1:5 homngenate was diluted
twice with 0.25M suerose
b. The concentrated homogenate was diluted 3
times with O0,25M sucrose
(a) and (b) were sllowed to stand for 2 hrs. in the cold
room. An aliquot of each was then centrifuged at 30,0000
for 90 min ylelding supernsatants SA and SB. Figure 4
summarizes the experiment. The results are shown in table

XI.
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Potter-Elveh jem
Homogenate
1:5 (w/v)

Tiluted Diluted
2 times 3 times

A‘{// B
Centrifuge

30 000 @
“Wuln oot >

: v

SA 38

“‘d—”“fﬁ“

Filg. 4. The effect of dilution on the soluble nitrogen
in brain homogenate.

TABILE XI. The solubility of total nitrogen in the final
supernatant fluid.

Fraction mg total N | Factor Product
per oc. (or equivalence)
’ ng N
B 0.8386 xS 2.50
3SA 0.330 x 2 0.66
. 8B 0.233 x 3 0.697
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The results show that the more dllute the suspendion the
more the amount of total nitrogen "dissolved" in the final
supernatant (prob&bly in the form of proteins). Thus the
amount of total N in S 30/90 depends psrtly on its finsl
volume. This may be ancother rerson for the wide variations
of total nitrogen in the final supernatants, S 30/90. 1In
experiment I which had the least number of washings the

supernatant has the lowest percentage of total N.



ON THE ACTIVITY OF 5-NUCTEOTIDASE

The Measurement of S5~-Nucleotidase Activity. The

assay of the specific engyme S~-nuclectidase presents s
difficulty in that its substrate (5' phosphoric esters of
nucleorides) is alsc hydrolyzed by the non-specific alkaline
and scld phosphatases. Thus the inorganic phosphate libe-
rated by digesting & 5! phosphoric nucleoside with a mixture
of these enzymes will not be due to the activity of 5=
nucleotldase alone, nor will it represent the sum of the
activity of these enzymes because of possible competition
for the substrate. Since the acld phosphatsase acts at an
optimum pH of 5.0, while the 5' nucleotidase acts wilthin

the range 7.5 to 8.5 (8,29), the effect of the aecid phos-
phatese wlithin these limlts will be negligable. The non
specific alkaline phosphatase, however, is expepted to
dephosphorylate nucleosides quite readily since its op-
timum pH of 9,0 1z not far from pH 8 = the optimumfor 5

nuclectidase.

To estimate the true activity of 5 nusleotidase
Reis (7,8), who first reported its presence in brain, com-
pared the rates of hydrolysis of sdenosine 5' phosphate
and of Beglycerophosphate. later, in an estimation of the
S=nucleotidase activity of various humen tissues (30), the
same author deduced the activity of the enzyme " by measu-
ring the activity against adenylic scid and subtracting
that measured againat some other phosphoric ester" (eg.,

phenyl phosphorie scid). This method, however, 1s valid
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only if the non-specific phosphatase hydrolyszes both
substrates at the same rate, and 1f competitive effects
are meglected. Rels makes no mention as to whether this

i1s the case or not.

Heppel and Hilmoe (29), who later purified
Benucleotidage from dull seminal plaama, found that the
enzyme was heat-stable (20 minutes at 60°C) while the
non-gpecific alkaline phosphatase lost most of its scti-
vity under these conditions. It appears, therefore, that
by subjecting a preparation to heat one should be able to
measure the Se-nucleotidease activity in the absence of other

interfering activities.

Our preliminary experiments showed that the
activity of Senucleotidase decreases gradually when hested,
but at & much slower rate thean the non-specific alkaline
phosphatase. A study of the decrease in activity with time
showed that 1t is a reaction of the first order, the equation
being

Apg = he-kt », Where
Ag = initial activity
A gz activity at time t.
k¥ = & conatant dependent on the nature of the enzyme and

on the temperature st which 1t is being destroyed.

The initial sctivity can be estimated by plotting
the logerithm of A against time, the relationship being
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linear. The value of logarithm Ag is then obtained by
extrapolagion to the ordinste.

It was found that the hvdrogen ion concentration
has no significant effect on the rate of densturation of
the engyme between pH 5.5 and 7.5. Beyond these vaslues

denaturation is more rapid.

Figure 5 summarizes the results of an oxperimant
on the denaturation of B-rucleotidsse by heat. Cerebral
tissue (dog) wes homogenized in the cold in e Potter-Elvehjem
tube in 0.25M sucrose, making & 1:5 (w/v) suspension of the
originel tlissue. The mixture waa then placed in & water
bath at 60°C, samples being removed &t known intervals for
enzyme assay and chilled in ice. The graph (Fig.5) shows
the results immediately after hest treatment, and also two
days subsequent to such treatment (the samples being stored
in the refrigerator). Activity is expressed in mg.P libe-
reated per hour per cc. of enzyme suspension. The relatione
ship between the logarithm of sotivity and time appears to
be linesr only within the first two hours, after which time
the reaction behaves erratlically. The activity of the
alkaline phosphatase on the same preparaticn is summarized

in table XI1I.

Now, it was found that the activity of the un-
heated mixture containing both the non-spscific phoaphatases
and 5-nusleotidase was always less than the value obtained
after heating and extrapolating to serc time. If both enzymes
were acting simultaneously the activity of the unheated
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’ Fig.5: Destruction of S-nucleotidase at 60°C

at pH 6.0. Activities are expressed 2s mg P liberated
per hr. per cc. engyms when assayed at pi 8.0 in the
presences of 0.04M veronal buffer, 0,01 MgClp, and 0,00285M
ASP at 37°, The arrow indicates the value for the aoctivi-
ty of the unheated aliquot. S8ymbol (® ) denotes the
logarithm of activities immediately after heat treatnent,
and symbol (B ) two days later. The same conditions

hold for figures 6,8,9,10,11,12 and 13.

TABLE XII. Alkaline Phosphatase Activity of the same
samples whose B-nucleotidase activity is glven
in fig.8. The conditions of assay are the
same as those given for table V.

Minutes | mg P libe- percent of
at 600C | rated per unheated sample
hyr. per coc. ’
0 0.298 100
30 0.018 6.1
60 0,015 5.1
90 0.013 4.5




28/

mixture should be greater than after heating. 1If, on the
other hand, the non-specific phosphatases were sbaent to
begin with the extrapoclated zero value and that of the
unheated mixture should be identical.

T™he fact that the extrapolated zero value for
the activity of S-nucleotidase is higher than the unheated
sample may be prlqinod by one of the following two hy-~
poth.aQns |

1) A nnt#rll inhibitor present with the S~mucleotidase
is dqbtroyoé‘by heat fagter than the enzyme.
2) A portion of the ensyms is present in & bound
inactive form and is relessed by heat.
It ia of eourse possible that both explenations may epply

&t the ssme time.

¥o attampt was meds to test the validity of the
firat hypothaslu. The segond presenta several possibilities,
one of th&m being*thut the enzymes wey be bound within
partlaloﬂ\having an outer membrane;-thus releasing the en-
myme.

!o teat thla possibility s brain suspension

was m&da in. diatillod water instesd of 1sctonic sucrose
soldtlon and it wa p sub jected to mechanical damage through
tﬁc action of tha~*ar1ng blendcr for & minutes in the cold,
- The ﬂgtivity of thé unheated enzyums suspension was now
!bundyto be almost the same as the extrspolated zerc value
obtaﬂmad by hesting st 60°C. 1If all the enzyme hed been
 irn1uauud 8 higher wvalue should have been obzerved for the




20/

unhested prepsration because 1t contains also the
non-specific¢ phosphatage. Since this was not the

case, one may conclude that & portion of the enzyme

is bound to a protein in an insctive form (& condition
similar to that found for trypsinogen and trypsin). The
possibility that the enzyms is confined within a par-
ticle with an outer membrane is ruled out by the fact
that the final supernatant fluid, S 30/90, also shows
an apparent activation by heat treatment (Fig. 12).

That the activity of 5-nucleotidase actually
first increases and then decreased during the first
twenty minutes at 60°C wes demonstrated in ancther
experiment. The results are shown in Pig. 6 and
indicate that the higher value upon extrapolation to
zoero time is not due to s latent period before the
onset of denaturation but that heating actually causes

an increage in aoctivity.

The alkaline phosphatase was also measured
in the same aliquots taken for S-Quclootldaao /aasay.
The results (PFig. 7) show thet the alksline phosphatase
behaves similarly to B-nucleotidase, the extrapolated
zorc value being higher thean that of the original
‘unheatsd sample. The activity of the enzyme drops
to a low value within 256 minutes then remeins prectie

cally oonstant on further heating. Table XIV shows

the asctiwvity of the heated alkaline phoasphatase in the
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Fiz. 6. Destruction of 5-nucleotidase at 60°C at pE 6.7

Measurements of enzyme actlivity were done at short
initervals in the first stages of heating at 60°C.

The hump in the curve within the first 20 min of
heating shows that the enzyme is slightly activated
by heat during the denaturation process. The arrow
points at the logarithm of the activity of the unheat-
ed sample. Fige 7 gives the alkaline phosphatase act-
ivity of the samples in the same experiment.
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Pig. 7. Destruction of alkaline phosphatase at 60°C at pH 6.7

Activities are expressed as mg P liberated per hr.

per cc of enzyme when assayed at pH 9.0 in tie pre-
sence of 0.03M veronal buffer, 0.01¥ MzClp, and 0.015M
Nag B-glycerophosphate at 37°C. The arrow pointa at
the value of the activity of the unheated alliquot,

At 30 min. there remains only 9.2/ of the activity

of the unheated aiiquot, or 6.1% of the value found
upon extrapolation to zero time.
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various fractions of experiment III. The results seem
to indicate that, irrespective of the initial concen-
tration, the low activity reached after heating 1is

practically the same in all fractions.

The Distribution of 5-Nuclsotidase. The

above method of uweasuring the %true® sctivity of 5~
micleotidase was applled te & study of the distrlibution
of this enszyme in & brain homogenate in which acid and
alkaline phosphatase were slsc determined (Experiment
IIT). Table XV shows the activity of the "raw"
fractions on AS5P. An &liquot of about 50 cc. éf each
fraction (pH 6.7-7.0) was then heated in & water bath
at 60°C, samples being removed at regular intervals

for enzyme assay. The assay wis made immediately after
heating, since the activity decreases upon standing
subsequent to heat treatment (see Fig.5). It is inte-
resiing to note, however, that this is not the case with
the unheeted ensyme (Table XV). This tends to suggest
that the ususl slight activation in the first stages

of heating is merely a hastening of %ho process of

autolysis.

The results of these experiments are shown
in figures 8 to 13 inclusive. The logarithm to the
base 10 of Ag of each fraction found by extrapolation
to zgero time is given in table XIXII. The antilo-
gerithm thus repreuohts the activity in mg P liberated

per hour per oc. of suspension. Thils value multiplied
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Pig. 8. Destruction of 5-nucleotidase in fraotion G1.2/10 (muclear
fraoction) . Activity by extrapolation to sero time == 0,220 ng P
liberated per hr, per cc of enzyme,

80 60  minales

Pig. 9. Destruction of S5-micleotidase in fraction 1.2/10 G 5/15, Initial
activity by extrapolation to sero time & (.309 mg P liberated
per hr. per oc of ensyme.
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Fig. 10. Destruction of 5-micleotidase in fration 5/15 G 20/30. Initial
activity by extrapolation to sero time = 0.653 mg P liberated
per hr, per cc of ensyme,
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Fig. 11. Destruction of 5-nucleotidase in frastion 20/30 G 30/90. Initial
activity by extrapolation to sero time = 0,171 mg P liberated
per hr per cc of ensyme,
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Pig. 12. Destruction of S-micleotidase sctivity in fraction $30/90. Initial
activity by extrapolation to zero time m 0.0729 mg P liberated per
br, per cc of ensyme. ‘
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Pig. 13. Destruction of 5-mucleotidase in the original homogenate.
Initial activity by extrapolation to zero time m 0,266 mg P
liberated per hr. per cc of enzyme.



TABLE XIII « The Activity of "Purified" 5-Nucleotidase

The enzyme was assayed at pH 8.0 in the presence of 0.0025)
A-5-P, 0.01M MgCl,, O0.04M veronal buffer, and was incubated
for 1 hr. The total activity of each fractioniscalculated
by multiplying the aetivity per cc. (antilog.) by the final
volume of esach fraction. (Bee figures 8 to 13 for values
of logarithms).

Praction logarithm to Antilogarithm | mg P libe~ percent of | Specif.activ,
base 10 of or rated per Homogenate | (mg P/hr/mgN)
activity (by mg P/hr/ce ‘hrs by

N extrapolation) fraction

G 1.2/10] -0,687 0.280 13.2 10,3 218

1.2/10 ¢ 5/18 ~0 510 0.309 21.63 16.9 194

5/16 G 20/30 “Q04185 0.653 39.2 30.4 563
20/30 G 30/90 -0.767 0.171 25.1 19.6 897
S 30/90 1,137 0.,0729 23.0 18.0 7 236
Original Heomog. -0.576 0.266 128.0 Total9h.4 339




TABLE XIV - Alkaline Phosphatase Activity on the same Brain
fractions shown in tables XII, XIII and XV (experiment III).

Fraection Unheated Heated percent of
unhsated
ng P/hr/fecc ng P/hr/ee fraction
¢ 1.2/10 239.0 3.6 after 20 min. 1.5
1.2/10 ¢ 5/16 38.3 4.1 " 40 * 10.8
8/18 s 20/30 49.8 4.5 " 4 " | 9.04
20/30 G 30/90 23.3 6.3 " 20 " 37.0
s 30/90 16.4 s.6 " 40 " 21.9
Original Homog. 60,6 3.3 * 4 " 5.45




TABLE XV « 5 Nucleotidase activity of the variocus unheated fractions of

brain homogenate.

The conditions are

glven under Table XIII.

e same as those

Fraction mg P libera-| logarithm | Vclume of | mg P libe~ percent of | mg P libera-
ted per hr. to base 10| fraction rated per hr. Homogenate | ted per hr.
per oc, cc by fraction by f raetion

(lst cay) (5 days later)
G 1.2/10 0.219 «0.659 80 1335 10.8 14.2
1.2/10 ¢ 5/16 0.294 =0,532 70 20.8 16.9 20.7
5/15 G 20/30 0.539 ~0,269 60 32.35 26.7 32.2
20/30 ¢ 30/90 0.186 0,73 147 27.4 22.5 29.8
8 30/90 0.0631 «1.20 316 19.9 16.3 26.9
Original Homog. 0.2538 =0.596 480 121.8 Total 833 136.8
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by the volume of the fraction gives 1ts totel activity.

The percentage distribution of S-nucleotidese
(table XIII) throughout the fractions is more uniform
than that of the acid and alkaline phosphatases. The
specific activity of the frroetions, however, shows that the
Senucleotidase concentration 1s inversely proportional to
the size of the cytoplamsic particles, thorhigheat value
being found in fraction 20/30 G 30/90.

The nuclear fraction has & higher aspecific ac~-
tivity than that of the fraction coming next after it.
Unlike the case of acid phosphatase this tends to show
that the nucleil do have some S-nucleotidase activity of
théir own, and that the higher velue could hardly have re-
sulted from contamination of the nuclear fraction with part

of fraction 1.2/10 ¢ 5/15.

In general the results show that the percentage
distribution of "purified" 5S-nucleotidase is not very
different from that of the "raw" frretions containing also
the non-specific alkaline phosphatase. This indicates that
the latter enzyme 1s not very active under the conditions

of assay for 5-nucleotidase.

Fraction 20/30 G 30/90 is exceptional in that
the activity of S5-nucleotidase found by extrapolation to
gero time is less than that of the "raw" fraction (Fig. 11).
This may be explained by the lcas of alkaline phosphatese
sotivity, there being very little Se-nucleotidaase present in



the "bound® state.
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DISCUSSION

The Effect of Anesthetlcs. The only work with

any bearing on the effect of anestheala on the ecid and
alkaline pheosphatases was done on dog'!s cerebral cortex by
Swank and cdmmurmmyer (33)s Their semiqusntitative
histochemiocal study showa that the acld end alkaline
phosphatases exhibit oscillatory changes in seotivity

over a perlod of 7 hours, and that these changes are depen=-
dent not on the depth but on the duration of narcosis.

The anesthetics used were sodium amytal and ether. Since
the control brains they used were obtained by killing the
animal immediately after anesthesia, 1t is. impossible

to tell ag yet what are the immediste effects of anestheala

on these enzymes.

Homogenigation. The Potter~Elveh jem tube (18)

was chosen as the instrument of homogenizstion rather

than the Wering blendar. 1Its adventages are that 1t has
no metal parts and that it does not damesge the nuclei or
mitochondria. These advantages &re discussed by Schneider
and Hogeboom in a review on the isolstion of cell components
(11). Berthet et al (27) have also shown the need of
evoiding unnecess~ry mechanical damage when desaling with
such aystems @s the aclid phosphatase of mitochondria.

They also suggest for this reason that the number of
washings be reduced to & minimum during the fractionation
procedure. The detrimental effect of the Waring blendor

on alkaline phosphatese as well, and the possible errors
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in distribution that would ensue have been demonstrated
by the data in table X. The only occssion where the
shearing action of the Waring blendor blades can be made
use of is prohably in the isoletion of chromosomes (34).

The necessity of avoiding electrolytes in
the suspending medium has been ddscussed by Schneider
and Hogeboom (11). Clumping of particles occurs when
electrolytes are present in the medium. Isotonic suc-
rose (0.25M) has been claimed as the most prefersble
medium for fractionation studies on the intrecellular
distribution of enzymes by the same authors as well as
by Boﬁthet et al (14) and Brody and Bain (16). Isotonic
sucrose was therefore selected as the suspending medium

for homogenizetion and centrifugation.

Differentisl Centrifugation and the Isolation

of Cytoplasmic Granules. Differential centrifugation has

been used extensively in the isolation of mitochondrila
and other cell particles ever since the technique was
introduced by Bensley and Hoerr (9). Yet, even when the
same suspending medium was used different centrifugsl
speeds were chosen by different authors for the isolation
of what they all name the mlitochondries and micorsomes of

the cell.

Chantrenne (17), on the other hand, has shown
that one can obtain & continuous array of particles of

& wide range in size with an equally wide range of centri-
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fugal speeds, snd that there exists no sharp dividing

line in thesize of the "large granules® and the "mkorosomes®.
In apite of what Chantrenne has clearly demonstrsted,
dirfofant authors have continued to use different speeds

for the isclation of these cell components. Table XVI

liats & few instances to show the diversity of conditions
under which these operations were carried out. The terms
"mitochondria®™ and "miocrosomes"™, for this reason, have

been used non-commitally throughout this text. The
centrifugal speeds in the present study were also chosen

more or less &rbitralily.#

Praction 1.2/10 G 5/15 had originally been
selected in an attempt to 1solste Niassl bodies (35,36,37).
However, in the absence of any specific evidence for the
presence of Nissl bodies in this fraction {or in sny other)
it was declded to leave this frection unnemed, but rather
to compare its chemicsl properties with those of cther
fractions. The grestest obstacle to the fracticnation of
Nissl bodles sppears to be that chromatolysis mey have
destroyed the msa jor portion of them (if not all) by the

time such a frastion 1s obtained.

when compsred to lliver tissue brain tissue is
struoturally more diversified. This presents a difficulty
in the s tudy of the intracellular distribution of enzymes
by differentlal gentrifugation. The results of fractionation

# The conditions for the nuclear fraction sre an exception.
They are such that no nuclel are left in the cytoplasmic
material, & minimum samount of the lstter being ssorificed
along with the nuclei.




TABLE XVI - Various conditions under which Mitochondria and Microsomes
have been 1soclated.

Mitochondria “Mlcrosomes Medium Tissue Authors

0.6/30 v 2/10% - 0.85¢ NaCl | Liver Hoerr, 1943. (39)

1.5/3G6 G 2/26 18/4 ¢ 18/90 " " Clsude, 1946 (10)

0.7/10 ¢ §/10 5/10G 87/60 0.25M sucrose| * Schneider & Hogeboom,
1950 (40)

1.6/10 ¢ 29/10 29/10 G 130/30| 0.88M " " =onon "

1.2/10 ¢ 18/30 18/30 ¢ 41/150 " " n Palade, 1951 (13)

0.8/10 G 8.5/10| 8.5/10 ¢ 20/30 | 0.25M " " & kidney Berthet et al,1952(14)

1.5/10 ¢ 12/15 | 12/15 G 23/30 " " Brain B?gg & Bain, 1952

# The numerators atand for rounds per minute in thousands, and V atands for angular
velocity (standard size International Centrifuge).
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studies therefore represent an average value for the
"brain cell™., This difficulty is not as great with the
more homogensous llver tissue, and this fact has to be

born in mind when working with brain.

Distribution of the Phosphatases. The conditions

of assay for the three phosphatases were such that the
amount of inorganis phosphorus liberated besrs a linear
function with time for at least the first 70 minutes of

incubation.

The acid phosphatase of liver hes been shown
by the following authors to ocour mainly in what is celled
the mitochondrial fraction. Pslade (13) using 0.83¥ sucrose
obtained 40 percent of the activity in fraotion‘l.ﬂ/io
G 18/30, Berthet et al (14) using 0.25M sucrose needed
leas ocentrifugsl force and obtained about 60 percent of
the activity in freaoticn 0.6/10 ¢ 8,5/10. The nuclear
fraction with both workers contained very 1littls activity
which led them both to suggest that the nuclei may be
devoid of this enzyme and that the little metivity found
in this fraction may be solely due to cytoplasmic cone-
taminants. The acid phosphatase of doxz csrebrum (tables I
to IV) 1s found to be in general very much like that of
liver. bout half of the activity 1s found in the two
fractions 1.2/10 G 5/16 and 5/15 G 20/30. (tables III and

IV). These fractions together correspond roughly to what
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others have called mitochondria. The acld phosphatase

of cerebral tissue 1s also senslitive to mechanical damsge
as de Duve et al heve revorted for liver tissue (26,27).
This is shown by the experiment described in Figz.3 and
table X. In experiment II the ectivity of the two above
menticned fractions does not quite reach $0 percent, an
unusuflly large amount being lost to the final supernetant
'possibly the result of excessive mechanical damage. The
distributions of experiment I are not very representative
of true conditions since an appreciasble amount of cytoplasm

contaminates the nuclear meterial.

The results of experiments II to IV on alksline
phosphatase aseem to agree with what Richter and Nullin
{15) nave alreazdy reported on cersbral cortex, and Dounce
(38) on liver tissue. Therce 13 a high concentration of this
engyme In the nuclel. These authors, however, did not
atndy the distribution in the cytoplasm. This was studied
by Novikoff et al (12) on liver tissue using phenyl phos=-
phate as substrate. The disiributicn they find is sltogether

different from that of brain tissue.

The latter alsoc find & completely different .
distribution when AGP is used as & substrate. Unlike brain
tissue they find an equally high concentration of e ngyme

in the nuclear and mitochondrial fractions (40-45 percent).

It appesrs that the method presented above on

the assay of S-nucleotidase by denaturation with heat
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deserves furtherstudy. Since this 1s a reasction of the
first order the value of t /) omlled the half period of

the resction ought to be the ssme regsrdless of the initial
concentration.®# The specific reaction rate, k,* or the
slope of the log. asctivity - time plot, being also charace
teristic, should be the same in &11 cases. From table

XVIT it appears that easch fraction has a different half
period (and slope). This e°n herdly mean that each frac-
tion contains a differ:nt 5~nudleotidnua, since the original
homogenate also hags a helf period very far from the ave-
rage of the other brain fractions. 1If the csuse for such
variations were due to an initisl latent period (or period
of activation) before the onset of denaturation then the
half periods of the various fractions should not differ
more than 30 minutes. The datas in table XVII show that
there 1s no correlation between the half perliod of a frace
tion and its protein (mz N per ¢c.) or inorgenic phos-

phate coneentration.

It 1is possible that these varlstions on the
velue of tk&are due to experimental error. It will be
noticed from Fig. 6, thaet the curve (disrezarding the
hump) acproaches the ordinate at a narrow angle. This
makes extrapolation to gern time subject to more error than
if the curve approached the ordirate slmost perpendicularly.
This error may be partly overcome by denaturating the engyme

at a lower temperature than 60°C.

# See equation page 26,
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TABLE XVII - Halfeperiodwlues in the destruction of Senucleotidase in the
various fractions obtained in experiment II1I.

Fraection Slope half period mg N Inorgénic
- | (Logyg units/min (t§ in min.) per cc. phosphate
or k/2.30 x 10%) rg/cc

G 1.240 -1.67 180 10.1 15.2
1.2/10 ¢ /15 -2.60 116 15.9 24.0
5/15 G 20/3%0 -2.90 110 11.6 28.4
20/30 ¢ 50/90 -1.90 160 1.9 4.3
8 30/90 -1,59 188 3.08 22,3
Original Homog. -3.32 80 7.86 29.0




SUMMARY

1. Dog's cerebrum was hopogenized in 0.25M sucrose by the
Potter-Elvehjem technicgue and frectionated by differen-
tial centrifugstlion,

2. The following five consscutive fractinns were obtained:

(a) &8 "nuclear" fraction after 10 minutes at 1,200 ¢
containing also erythrooytes and cytoplaamic
material as impurities (G 1.2/10),

(b) 1.2/io G 5/15, eytoplasmic granules after 15 minutes
at 5,000 G spheroidal in shape measuring from 1
to 4.5 miora,

{c) 5/15 6 20/30, cytoplesmic grenules after 30minutes
at 20,000 G measuring 1 micron or leas in diameter,

(4) 20/80 G 30/90, cytoplasmic granules after 90
minutes at 30,000 G, submioroscopic in size, and

(o) $ 30/90, the final supernatant fiuid

3. The phosphatase distribution in these fractions is ss
follows:
(a) Acld phosphatase activity is mainly loceted in the
larger oytoplssmic pearticles (1.2/10 G545 and
6/15 G 20/30). Mechanical demgge will easily re-
lease part of it into the surrounding fluid.

(v) Alkaline phoasphatase has the greatest concentration

in terms of specific activity - in the nueclear fraoc-
tion and in & freaction consisting of submicroscopic

particles (20/30 ¢ 30/90).
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(c) 5-Nucleotidaase activity is more uniformly
distributed throughout the cytoplasmie fractions
tqhn the other two enzymes. JIts specific ac=-
tivity is greater the smsller the cytoplasmie
phrciclas of the frasction.

The soluble nitrogen (tctal nitrogen) in the finsl
supernsetant increases the greater the mechanical damage.
celllar
The oytepinemic particles lose pnart of their soluble
nitrogen on dilution with 0,26M sucrose.
A method of msesuring the activity of 8-nuscleotidase
when contaminntéd with alkeline phosphatase i3 presented.
It is based on the fact that alkaline phosphatage is
rapidly destroyed at 60°C while S-nucleotidase is more
hestegstable. The destruction of the latter enzyme by
heat 1s & reaction of the first order. The "true®
activity of the enzyme 1s determined by plotting the
logerithm of its sctivity against time of treatment at

809 and extrapdlatdng to zero time.

By this method it was found that the non-gpecific alka~
line phosphatase exhibited very llttle activity under
the conditions of assay for S-nucleotidaase and in the

presence of this engyme.
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ADDENDUM

The experimental work presented in this theds
has relsed geveral questions which remsin unanswered. A
continuation of these studles should, therefore, include

investigation of the projects outlined below.

The Measurement of Engyme Activity

Acid Phosphatage. It was found that the relative

activity of scld phosphatase in the supernatant fractiocn

S 30/90 increased upon dilution with water. A plot of en-
syme concentration against activity gave the results shown
in Fig. 14. Enzyme consentrations are expressed as frace
tions of the original undiluted sample, the latter being
given the arbitrery oconsentration of 1.0, As shown by 'the
graph, the relation between enzyme concentration and acti-
vity appears to be linear. When the stralght line is ex-
tended to gzero concentration there remains an apparent acti-
vity, M. (Pig. 14). 1If enzyme activityais represented as
v, and enzyme concentration as E then, v =« KB + M where

k and M are constants. This is not the case with €érude
S-nucleotidage (containing alk.Pase) where the straight

line appears to meet the origin (Fig. 15).

If there were neither agtivation nor inhibition
on dllution then the relative sctivities of acid phosphstase

ought to be the same at all enxyme concentrationas. Thus a
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plot of v/E against E should give & straight horigontal
1ine &8s in the cese of S~nucleotidase (Fig. 16). However,
with saeid phosphatase the apparent activation upon dilution
is more clearly seen in the plot of v/E against B (Pig.l7).

This activation on dilution may be explained by
one (or both) of the following hypotheses.
l. A natural inhibitor occuring together with
the enzyme completes with asubstrate in forming
2 oomplex with the enzyme. Thus,

234-3:*3_::_ Es +* EI LIS S A I (1)
active inactive

where E » enzyme; I » inhibitor; and 8 = subatrate
Inhibition ocours because I removes part of E
avajlasble for S. Now equaticn (1) represents
essentially two reactions:

(B5) = kg (E) (S) cveavessescsss (2)
snd(EI) = kg (E) (I) ecsscacscncces (3)
where brackets are used to dencte consentration,
ko and ky being equilibrium constants. Upon
dilution (E) and (I) deorease in the same propor-
tion (equa.3) bit (3) remsins constant under the
conditions of asssy. Hence upon dilution the con-
centration of EI is decressed relatively more then
that of ES. Since the activity of an enzyme is
proportional to the enzyme-substrate complex, (RS),
(41) then the above hypothesis may explain why aoic
phosphatase exhibits a relatively greater activity
upon dilution.
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l4. The activity of acid phosphatase in fraction
3 30/90 as related to enzyme concentration.

Fig. 15. The activity of "paw" 5-nucleotidase (containing
also alkaline phosphatase) in frastion S 30/90
a8 related to enzyme consentration.
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Flge 16, Relative activity of S~nucleotlidase at different
enzyme concentrations. This 1s plotted from the
same data given in Fig. 15,
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Fige. 17+ Relative activity of acid phosphatase at different
engyme concentrations. This is plotted from the
same data given iff Flg. 1l4.
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2. Part of the enzyme oocurs in a bound inactive
form ppobably linked to a protein. Dilution
liberates the enzyme by denaturing the complex.

The second hypothesis can be tested in a pros=
oedure very similar to that followed with S5-~nucleotidase.
The deatfuction of the enzyme by heat can be observed at
definite time intervals and the "true" activity can be

cealculated as was done with S5-nucleotidase.

Such a procedure, on the other hand, cannot be
applied to test the first hypothesis unless the inhibitor,
I,is more heat lablle than the acid phosphatase. If this
is not the case the messurement of the true activity of
acid phosphatase presents a more complioated problem since

the concentration of I is unknown.

It would be Interesting to inveatigate whether
each of the brain fractions behaves similarly, or whether
the hypothetical acid phosphatase inhibitor is more concen-

trated in one particular fraction.

Heat Activation of Purified 5«Nucleotidase. It

wes ghown that "raw" Benucleotidase was slightly activated
by heating to 60°C (Fig. 6) for a short time. One expla-
nation was that the engyme is found partly in a bound insce
tive form (probably linked to & protein). Heat tresatment
released the bound enzyme. It would be interesting to find

out whether purifited b-nucleoctidase behaves similarly.
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This enzyme coan be purified by the teshnique of Heppel

and Hilmoe with ammonium sulfate fractionation (29).

If the enzyme is frund partly linked to & protein then

the purification procedure mey elther dissociate the pro-
tein or remove the protein-enzyme complexX. The result would

be an enzyme soluticn that 1s not activated by heat.



The Intracellular Distribution of Enzymes

The Distribution of Pyrophosphete, An engyme

ocapeble of hydrolyzing inorgenic pyrophecaphate was demone
strated in brain by Gordon (42,43). This enzyme — pyro-
phosphatase — had already been reported in muscle (44) and
other tissues (45, 46). Its intracellular distribution was
studied only in liver by Swanson (47). She finds the

ma jority of the activity to be located in the scluble
fraction of the cell.

As & pioneer experiment, therefore, the inorganic
pyrophosphhtase activity was determined in the brain frac-
tions of experiment IV. The engyme was agsayed at pH 7.4
in the presence of 10-9K tetrasodium pyrophosphate (Merck),
0.02M MgClp, and 0,03M veronal buffer. The rpocedurs was
the same a&s that described under Methods (page 9), excent
that the enzymes waa incubated for only 20 minutss. The
action of the Wering blendor was also trled on the enzyme,
which was found to be very labile to mechanical damage
(see table XIX). Activities are empressed as mg P libe~

rated per hr. per cc. of engyme.

The distribution of pyrophosphatase is similar
to that of liver: the enzyme appears to be located mainly
(70-804) in the soluble fraction of the cell. This beihg
the result of & single experiment, further confirmatory

experiments sre necessary.



TABLE XVIII -~ Inorganic pyrophosphatase dlstribution

in experiment IV.
at pH 7.4 in the presence o

10=9

The enzyme wag assayed

¥ tetra-

sodium pyrophosphate, 2x10<M MgClg, and

Aotivities are ex~-
pressed as mg P liberated per hr. per cc. of
engyme .

3x10=2M veronal buffer.

lst day after freotionation

4th day
Fraction mg P liber/hr| percent of | Specif. | mg P 1iber/hr
by fraction Homogenate | agctiv. by fraction
ug P/hr
mg N
g 1.2/10 63 1.45 162 4,11
1.2/10 ¢ 6/15 46,0 10,5 534 47.7
5/15 G 20/30 30.4 7.0 554 28.8
20/30 ¢ 30/90 3.3 0.76 194 2.31
8 30/90 321.0 73.6 4700 267 .6
Original Homog. 436,0 Total93,0 159 449,0

TABLE XIX - The effect of the Waring blendor on brain

pyrophosphatase.

This wes performed in the

same experiment described in Filg. 3.

Fraction mg P liber/hr percent of
per occ. engyme E
E 1.12 100.0
0.561 50.0
BEW 0.834 74.5
SW 0,270 24.1
SEW 0.399 35.6
SE 0. 96 885,€
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The Distribution of Ribonucleis Acid. 3ince

S«nucleotidase hydrolyzes ribonmucleotides, the components
of ribonucleic acid (RNA), any correlation between the
distribution of nuclelc acid and the enzyme misht throw

some lizht on the function «f the latter.

The distributiocn of RNA was determined in a
single experiment (No.IV) by the procedure of Sehmidt end
Thannhauser (48) modified for use with the Beckman spectro-
photometer. After alkaline hydrolysis the ribonucle otldes
were detormined spectrophotometrically at 257.5 mu , the
molar extinoction coefficient per phosphorus belng taken
as 12070 - an aversage value (49). The results are shown
in table XX. It appears that there is little correlation
in the percentage distribution of the engzyme and that of
RNA, yet both components are present in all the cerebral
fractiona. As a further Study along this line the distri-
bution of ribonuclease should be determined in the brain

frections.

The distribution of Phosphodiesterase. No

phosphodiesterase has yet been reported in braln. This
investigation would require the following experimental

.work:
8) a8 pH-aotivity curve,

b) a study of optimum substrate concentration,
c) a study of activators and inhibitors.

A sultable subastrate for this enzyme is diphenyl phosphate.



TABLE XX - The distribution of ribonuclsic acid in the eerebral fractions
cbtained in experiment IV. The total wlue asc alculated from
the original homogenate is 1532 ug of RNA P per gr. fresh

tissue.
Praction mg RNA P percent of Homogenate ’pg ENA P
in fraction RKA P| bSenucleotidase per mg total K

G1.2/10 | 0,575 19.9 10.3 14.8
1.2/10 G 5/15 0.640 22.1 16.9 7.4
5/16 G 20/30 0.518 17.9 30,6 9.4
20/30 G 30/90 0.241 8.3 19.6 14.2
S 30/90 |. 0.70 24.2 18.0 10.2
Original Homog. 2.89 Total 92,5 To0.95.4 10.6
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