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SUMMARY

1 Adenosme deaminase (adenosine ammohydrolase, EC 3 5 4 4), activity n
cerebral hemispheres and cerebellum of mouse brain was more or less of the same order,
expressed per gram fresh weight

2 The mitochondnal fraction had neglgible adenosine deaminase activity
However, sigmificant activity was demonstrable following treatment with Triton
X-100, pownting to the latent particle-associated enzyme

3 Optimum Triton X-100 concentration and time for exposure of the latent
mitochondrial enzyme have been determined

4 Detergents other than Triton X-100 were ineffective although they solubilized
considerable protein

5 Salts and mechanical means for exposing the latent enzymic activity were
also meffective

6 Triton X-100 treatment resulted in true solubilization of the enzyme

7 Reconstitution experiment showed absence of inhibitor or activator of the
enzyme

INTRODUCTION

Brain tissue has been reported to have a somewhat diffuse pattern of localization
of adenosine deaminase (adenosine aminohydrolase, EC 3 5 4 4) JORDAN ¢f al 1 found
that 65 39, of adenosine deaminase activity of rabbit brain was mn the 23 ooo x g,
30 mun, supernatant fraction, a total of 32 29 of the activity was recovered from the
cell debrs, the nuclear, the mitochondrnal and the microsomal fractions The mito-
chondrial fraction contained g 59%, of the activity in the homogenate but the specific
activity was least in this fraction The nuclear fraction, with a recovery of 10 1%, of
the total activity, had a specific activity much higher than that of the other particular
fractions JORDAN ¢t al ! further found that when the 23 0oo x g supernatant of rabbit
brain was centrifuged at 140 000 X g for either I or I 5 h, 96-989%, of the adenosine
deaminase activity remained 1n the soluble fraction The intracellular distribution of
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adenosine deaminase in rat bramn paralleled that in rabbit brain, the intracellula:
distribution of guanosine and guanine deaminases closelv followed that of adeno<ine
deaminase PoLyYAKOvA AND MALISHEVA? reported that adenosine deammase activity
of rabbit bram was highest mn the soluble fraction and considerably lower m the
structural components These authors also studied the activity of adenosine deaminase
1n various parts of nervous system The highest enzyme activity was found n cerebral
white matter, followed by the spinal cord, cerebellum, cerebral grev matter and the
sclatic nerve

In all the experiments reported above, the particrlate fractions, whether inactive
or active, were not subjected to special treatment for exposing latent activity, 1f any
The present authors have been able to show that signihicant adenosine deaminase
activity exists in a latent form bound to the mitochondrial fraction of mouse brain

MATERIALS AND METHODS

Anvmals Adult male mice (about 6 months old), raised on laboratory stock diet,
were used 1n the investigation The animals were sacrificed by cervical dislocation,
followed by decapitation Brain consisting of olfactory lobes, cerebral hemispheres,
corpus callosum, optic lobes and cerebellum was excised as quickly as pessible, freed
from blood and extraneous material and used while fresh Enzyme activity was de-
termined 1in whole brain, cerebral hemispheres and cerebellum

Homogenization 20°, (w)v) homogenate of brain tissue was prepared in o 25 M
sucrose with the aid of Potter—Elvehjem-type homogenizer with Tetlon pestle, tvpe A,
supplied by Arthur H Thomas Co (Philadelphia, Pa )

Subcellular fractionation The nuclear fraction was sedimented by centrifugation
of mouse brain (whole) homogenate at 700 X g for 10 min, washed thrice by suspending
in fresh medium with the aid of the tissue homogenizer and centrifugation, the washings
being added to the mam supernatant The nuclear fraction was suspended 1n sucrose
niedium to give 20°,, tissue equivalent of suspenston The combined supernatant was
centrifuged at 15000 g for 60 min to sediment the total mitochondnal fraction
(consisting of both the “heavy’” and the “light’” fractions) The pellet wa~ washed
twice with sucrose solution and suspended 1n fresh medium to yield a concentration
equivalent to 209, tissue homogenate The final supernatant was equivalent to a 10°,
homogenate All the operations were carried out at 0-2° 1n a model PR-2 centrifuge

Adenosine deaminase assay The assay system for enzyme activity contained
1 o ml of buffer (0 20 M Tris-HCl or phosphate (pH 7 0)) and a suitable aliquot (o0 1 ml)
of enzyme preparation, the volume was adjusted to 1 ¢ ml with water The reaction
was started by the addition of 0 05 ymole adenosine 1n o 1 ml At the end of 30-mm
mcubation at 377, T 0o ml of 109, perchloric acid was added The solution was clarified
by centrifugation, and the absorbance was read at 265 my after a 2-fold dilution with
water A control was simultaneously run, the substrate being added after enzyme
mactivation The absorption of the control was subtracted from that of the expert-
mental tube to give the absorbance change due to the enzyme

In a few experiments, the assay of enzyme was based on estimation of NHy
formed The method employed, using Conway units, was similar to that described by
KUMAR ¢f al 8 for guanine deaminase The activity of enzyme preparation determined
by this method was found to be comparable with that determined by the above method
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0 g-ml portion of the mitochondral suspension was added to o 1 ml of mnorganic
salt and/or detergent solution After an appropriate time at 0°, the suspension was
centrifuged at 15 000 X g for 15 min Activity and protein were estimated 1n the super-
natant In a few experiments, the residue was suspended and assayed for enzymic
activity

Protein was determined by the method of Lowry ¢f al?, using bovine serum
albumin as standard The protein was precipitated by 109, trichloroacetic acid

Enzyme unit A umt of enzyme was the transformation of 1 gmole of adenosine
to mosine under the assay conditions

RESULTS

Characterization of cell fractions

The use of the terms “nuclear’’, “mitochondrial’” and “supernatant’ fractions
in the preceding section was based on generally accepted pattern of sedimentation on
differential centrifugation of homogenates In view of the fact that bramn tissue 1s less
characterized, the brain fractions obtained were subjected in separate experiments to
biochemical characterization, involving the determination of DNA, RNA, succin-
oxidase and total prote:n DNA and RNA were estimated by the method of SANTEN
AND AGRANOFF® on the basis of total phosphorus determination Succinoxidase was
estimated manometrically by the method of SCHNEIDER AND POTTER® The results
recorded in Table I justify the terminology used 1n the present investigation

TABLE I

DISTRIBUTION OF PROTEIN, RNA, DNA AND SUCCINOXIDASE ACTIVITY IN SUBCELLULAR FRACTIONS
FROM MOUSE BRAIN

The centrifugal forces used to separate the fractions were as indicated in the text Separate
homogenates were employed for the determination of protein and nucleic acids and for succinoxi-
dase The whole homogenate per g of brain tissue contained 105 o mg protemn, 2 4 mg of RNA,
r7mg DNA and utilized 290 8 ul of O, per h during the oxidation of succinate

Fractions Dustribution (2, of total in homogenate)

Protan RN A DNA Succinoxidase
Whole homogenate (100) (100) (100) (100)
Nuclear 25 33 88 42
Vhtochondnal 61 43 Nil 83
Supernatant 25 43 Nil Nil

Dustribution of adenosine deaminase wn cerebellum and cevebral hemaspheres of mouse brain

The analytical data obtained n 5 experiments with whole braimn, 3 experiments
with cerebral hemispheres pooled from two animals and 3 with cerebellum (pooled
from two animals) are recorded m Table IT as mean values with standard deviation

Unlike guanine deaminase?, adenosine deaminase was present not « nly in cerebral
hemispheres but also i cerebellum The activity 1n the two regions was more or less
of the same order, expressed per g of fresh weight Whole brain contained a significantly
higher enzyme activity per g than either of the separated parts, although 1t should
have been expected that its activity would not be higher than that of the hemispheres
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TABLE IT

DISTRIBUTION OF ADENOSINF DEAVINASE IN CEREBELLUM AND CEREBERAL HFMISPHERES OF
MOUSE BRAIN

The umts of adenosine deaminase activity 1n yganoles of NH; formed 1 3o minfg of tissue or
tissue equivalent at 37 are expressed as mean values -+ S D, The results are from 5 different
experiments with whole brain ,and three each with cercbellum and cerebral hemispheres

Tissue Lusyme activity
(units|g fresh
weight)

‘Whole bram
Cerebellum
Cerebral hemispheres

{ o115
b o120

o

59 + 1 089
[$31
7

The reason for this 15 not clear, but 1t may be pomnted out that S D of determinations
on whole brain was of much higher magnitude than in those of either of the separated
parts

Since the cerebral hemispheres constitute the greater bulk of whole brain (two
thirds), 1t follows that the hemispheres have more of enzyme than cerebellum

Effect of varving Triton X-100 concentration on exposure and solubilization of the wato-
chondrial enzvme

The eftect of varying Triton X-100 concentration on the exposure of adenosine
deaminase activity (go-min contact) 15 shown in Fig 1 Under these conditions, all
the activaty was found 1n the supernatant, the residue obtained did not have any
activity 19, final concentration of Triton X-100 was found to be optimum for exposure
and subsequent solubilization The values for protein solubilized at various concen-
trations of the Triton X-100 tested are also given

Optumum time of Triton X-100 treatment
Incubation of the mitochondral fraction with 19, (v;v) Triton X-100 released
no activity in 15 nun (Fig 2) Further there was gradual release of activity up to go min
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lig 1 The effect of varving concentrations of Triton N-100 on the exposure of mitochondrial
adenosine deaminasc activity (9o min contact) @— — —@, percentage protein solubilized,
— , enzyme activity

Fig 2 Incubation of mitochondrial fraction with 19, (v/v) Triton X-roo for different times
(mm) — — — ¢ percentage protemn solubilized, <— , enzyme activity
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Fig 3 The effect of detergents (1°, 1n case of Triton X-100 and Tween-8o and o 1, 1n all other
cases) and -alts {0 4 M) on exposure of the mitochondrnal adenosine deaminase activity The
activity 1s shown by white columns and the ©, protemn solubilized 1s shown by black columns
Other details are same as 1n Fig 1 CTAB, cetyl trimethvl ammonium bromide

when the maximum wasreached After this period there wasmactivation of the enzymic
activity, which was 20 and 409 after further contact of 30 and 60 min, respectively
The data further show that 35°, protein 1s solubilized within 15 mn, with little change
up to go min when the values become almost constant

Effect of salts and detergents on exposure and solubilization of the mitochondrial enzyme

The effect of solubilization by salts and detergents 1s shown in Fig 3 Concen-
trations of salts (0 4 M) and detergents (194 1 case of Triton X-100 and Tween-8o and
0 1%, 1n all other detergents) were chosen arbitrarily Under the experimental con-
ditions, no activity could be exposed by o .4 M NaCl or 0 4 M MgSO, although 8 49,
protein 1s solubilized by the action of salts Triton X-100, a nonionic detergent, pro-
duced the maximum activation whereas other detergents were meffective, although
they solubilized considerable amounts of protein Lauryl sulfate, an anionic detergent
solubilized almost the same amount of protem (55°,) as Tnton X-100 - Na(l but
released no enzyme activity Deoxvcholate, which 1s anionic 1n nature, solubilized
32%, protemn but no activity could be demonstrated Digitonin and Tween-80, the
nontonic detergents, solubilized 139, and 169; protein, respectively, which had no
enzymic activity Cetyl trimethylammonium bromuide, a cationic detergent, solubilized
the least protemn (5%,) but brought about 109, exposure of the activity as compared
to that of Triton X-ro0 When the salt (NaCl) was also incorporated along with the
Triton X-100, the activation was exactly the same as with Triton X-100 alone In-
clusion of salt brought higher solubilization of mitochondrial protein

VarTs treatment of the mitochondrial suspension

VirTis homogenization of mitochondnal fraction did not lead to any exposure
of the activity of adenosine deammase When this treatment was followed by Triton
X-100, the activity of the final preparation was the same as that resulting from treat-
ment of fresh mitochondria with Triton X-100 alone

Test for trie solubihzation

That true solubihization of the enzyme from mitochondria occurred was shown
by the fact that on centrifugation of the Triton X-100 suspension at 140 000 X g for
1 h, only the supernatant was active
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1ABLE II1

PARTICULATE ASSOCIATION OF ADENOSINE DEAMINASE IN MOUSE BRAIN

Details are the same as in Table II The ¢, distribution has been calculated from the mean values
taking whole homogenate as 100 lhe results are from 5 difterent experiments

Fractions Luzyme activity
W ithout Triton X-100 Wath Triton X-100 added
to fraction
Units[g tissue Dastri- Uats|g tissue Daustri-
equivalent bution equuvalent bution
(%) (%)
Whole homogenate 371 4+ 085 (100) 661 +13 (100)
Supernatant 259 «— 007 69 8 259 + 007 39 &
(15 000 X g)
Residue (15 000 - g) 065+ 01y 8 292 t 078 142
Reconstituted 373 + 073 100 6092 075 104

Localization of adenosine deaminase

Expenments were performed with sucrose—o0 2 M Trnis-HCI bufter (pH 7 o)
homogenates of mouse brain The total particles sedimenting at 15 ooo x g had 189,
of the activity of homogenate Treatment of this particulate fraction resulted in an
mcrease of over 4-fold of the activity Reconstitution experiments showed that mixing
the sediment with the supernatant did not lead to either activation or mhibition,
whether after treatment with Triton X-100 or not Theresultsare reportedn Table I11

Tvpical results obtamed on analysis of brain homogenates and 1solated cell
tfractions left in contact with 19%; Triton X-100 for go min n the cold are given mn
Table IV

The results obtained <show that the supernatant fraction contained the greater
part of the activity of bramn homogenate The mitochondrial and nuclear fractions had
either no activity or very little adenosine deaminase activity when tested as such

However, on treatment with Triton X-100, significant enzymic activity was

TABLE 1V

SUBCELLULAR DISTRIBUTION OF ADENOSINE DEAMINASE A\D LFFECT OF TRITON X-I0O
Details are same as 1n lables 11 and 111

Fractions Ensyme activity
Without Tiiton X-100 Wath Triton X-100 added
to fraction

Units|g Dastribution Units|g Distribution
fresh wt (%) fresh wt (%)
equivalent equivalent

‘Whole homogenate 34 (100) 57 (100)

Nuclear (700 x g) 042 12 071 12

Mitochondrnal 025 7 108 19

(15 000 X g)
Supernatant 3 08 90 25 50
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found to be associated with the particles, the nuclear fraction showed 12-199, ade-
nosine deaminase activity of the brain homogenate Treatment of the homogenate
with the detergent resulted 1n 46489, increase in activity The treated mitochondral
fraction contamned about 16-199, of the activity of Triton X-100-treated whole
homogenate The activity of the 15 000 ~ g supernatant was not affected by treatment
with Triton X-100

DISCUSSION

The general concept of the exclusive location of adenosine deaminase in the
supernatant fraction of tissue homogenate needs revision The existence of latent
enzymes and their exposure by detergent action 1s a well-recognized phenomenon A
number of enzymes have been shown to be associated with mitochondna derived from
liver’12, heart!® or brain!%14.15 which are latent and elicit maximal activity only on
treatments which disrupt the structural integrity of mitochondria Triton X-100 15
one of the most effective nonionic detergents employed 1n exposure of latent enzymic
activity or 1n solubihzation of enzymes!416-18 Our studies have clearly indicated that
adenosine deaminase 1 quantities of 15-20°, of the activity 1n mouse brain homo-
genate resides 1n the mitochondrial fraction essentially 1n a latent form The mito-
chondrial enzyme could not be exposed by the use of mechanical means, salts and
detergents other than Triton X-100 However, these treatments cause the solubilization
of protein to a different extent, but the enzyme 1s not exposed This may be attributed
to the selective disruption or removal of subcellular membranous structures which
results 1n the exposure of enzyme The possibility that other detergents may have an
mactivating or mhibitory effect on the particle-bound enzyme cannot be ruled out
Thus, Triton X-100 treatment by 1tself was able to expose and to solubilize the mito-
chondrial-bound adenosine deaminase of mouse brain

In mouse brain there are at least two forms of adenosine deaminases, one 1s the
soluble enzyvme present mn cell sap and the other 15 particle-bound essentially 1n a
latent form and associated with the mitochondria Added support was forthcoming
from the observation that the enzymes purified from the mitochondrial and cytoplasmic
fractions reveal distinction in many respects, including electrophoretic and immuno-
chemical characterization, pointing to distinct molecular forms (results to be reported
elsewherel®)
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