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The submitachondrial location of dinucleoside mphcsphm.ua (EC 3.6.1.29), previausly shown to bein part associated with muoehnndnu. has

been studied in rat liver, The precipitability and laténcy of activity in erganclle suspensions, und the profile of solubilization by digitonin, were

like those of The matrix space marker glutamate dehydrogenuse, and differed from those of ather submitochondrial fractions. This, and the synthesis

of dindenosine polyphnsphmes by mitochondrial aminoacyl-tRNA synthetases, suggest the oceurrence of a pathway for the m(ramncchondm)
© o wurnover of dmdcnusmc 5.5 PV Ptriphosphate (Ap,A).

Dmuclccsldc mphosphnmsc. Diadenosine tnphoxph.ne. Dinueleoside polyphcsphme, Muochondrm (rat liver); Dngammn Submitochondriul fme-
tionation

1. INTRODUCTION

Ap:A is synthesized by aminoacyl-tRNA synthetases ‘

{1-3] and has potential significance in the response to
different kinds of stress [4-6], blood platelet function
{7,8], vasomotor activity [9] and hepatic function [10]
control. Two enzymes hydrolyze NpaN compounds in
rat - liver, PDE hydrolyzes phosphodiester- and
pyrophosphate-containing compounds, - including

NpaN {11]. It is a membrane-bound enzyme located, at |

least in-part, in the outside of the plasma membrane
[12~-151.
NpsIN to the cognate nucleoside 5'-mono- and
diphosphates, e.g., ApsA to ADP and AMP. It is parti-
tioned between the cytosolic and mitochondrial frac-
tions [13,19]. In sucrose gradients, part of rat liver
NpiNase co-sediments with mitochondria with a pat-

tern different to other subcellular fractions. [19].

“Mitochondrial ‘Np;Nase  is - solubilized by freeze-
thawing, which suggests that it is not an mtegral mem-
brane protein {13,19},

The cytosolic and mitochondrial NpgNases are so far

undistinguishable from each other except for their loca-
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Np;iNase [16~18] hydrolyzes  specifically

tion [13,16]. This picture can be explained by separate,

“ecytosolic and intramitochondrial NpiNases or by one

cytosolic enzyme binding to the outer mitochondrial

- membrane as, e.g., hexokinase or glycerol kinase
- [20,21]. The submitochondrial location of Np;Nase is

relevant as, depending on it, the enzyme bound to
mitochondria could act on the same pool of Ap;A as
the cytosolic Np;Nase. Here we show the location of
Nps:Nase in the mitochondrial matrix, what may be put

. together with evidence that mitochondrial aminoacyl-

tRNA synthetases may synthesize ApyA [22,23].

2. MATERIALS AND METHODS

2.1, Materials
Female Wistar rats weighing 200—250 g were used. Digitonin was
from Calbiochem; Triton =-170, Triton WR-1339, Ap;A, Ap:A,

- cytochrome ¢ (type I1I) and hexokinase from Sigma; other enzymes

and bovine serum albumin (fraction V) from Boehrmgcr. sucrose,
Tris, MgCl: and EDTA frem Meérck.

' 2.2. Preparation of mitochondria

In- order to better separate mitochondria from lysosomes (see
below), a s.c. injection of 0.75 g Triton WR-1339 per kg was. given
to rats 4 days before killing by decapitation. The livers were minced,
washed in saline and in buffer TS, homogenized.in 3 mi of buffer TS
per gram of tissue;. and filtered through cotton gauze. A crude
mitochondrial fraction was prepared by differential centrifugation as
follows: the homogenate was centrifuged for 10 min at 150 X g; the
pellet was resuspended in buffer TS up to the initial volume and cen-
trifuged again; both supernatants were separately centrifuged for
20 min at 40000 X g; the 40000 x g pellets were resuspended together
(final volume 0.55 ml/gliver) in buffer A with 0.8 M sue¢rose, Crude
mitochondria (5 ml samples) were centrifuged for 2'h at 60000 x g,
in 50 ml, 1-2 M sucrose gradients prepared in buffer A. Fig. 1 shows
the profiles of one mitochondrial (glutamate dehydrogenase; EC
1.4,1.3) and one lysosomal marker (acid. phosphatase; EC 3.1.3.2).
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Fig. lv Purification . of mitochondria by sucrose . gradient

centrifugation of crude mitochondrial pellets obtained from rats

treated. with - Triton - WR-1139. - (@)  Mbochondria (glutamare
dehydrogenase); (%) lysovomes (aeid phosphaase).

Lysosomal density was lighter than normal dug to the previous treats

ment . with. Triton’ WR-1329, that faeilitates the purification of
mitochiondria [24]. Mitochondrial fractions were pooled, diluted with

2 vols of buffer TS with 0.5 "M EDTA, cemrimged for IS min at

25000 x g, and the pellet was gently resuspended in the same buffer
(o a concentration of 10.mg protein/ml. All the steps were earued out
at4*C or on-an ice-water batly, :

2.3, Extraction of milaclmudual enzymes

‘Mitothondria diluted to. 5 mg protein/m! in burfcr TS, 0.8 mM
EDTA, and detergent as indicited, were shaken gently for IS min on
ice, and centrifuged for 20 min at 12500 X 8. Activities were assayed
in the supernatants,

2.4, Enzyme assavs
Except “when Jindicated, . glulamate - dehydrogenase 'md md
phosphatase were assayed as in (19], monoamine oxidase as in [25],
and adenylate kinase as in [20] except that, in the latter ease, Tris buf-
fer was used, Cytochrome ¢ oxidase was assayed with 10 4M
cytochrome ¢ (reduced with ascorbate [26)), in 0.2 M Tris-HCI, pH
7.5, 1 mg/ml Triton X-100, recording the decrease in Asso. Total
ApiA(ApzA)-hydrolase activity was assayed [17] measuring Pi form-
‘ad in -the presence of alkaline. phosphatase, 50 mM Tris pH 7.5,
5 mM: MgClz, and 225 M ApsA(AmA). When the assay of ApiA-
hydrolase was intended to reflect the dctivity of the specific Np;Nase,
mitochondrial extracts (1.3 ml) were chromatographed in a Sephadex
- G-100 column (0.9 x 49 cm) equilibrated and eluted with 20 mM
Tris-HCI, pH 7.5, at 6 ml/h, NpiNase eluted as a peak with Ve about
18-'m! (e.g. Fig. 3) whose ApsA-hydrolase activity was quantified.

3. RESULTS AND DISCUSSION

To find out the submitochondrial location of
NpsNase, we studied, in a preparation of rat liver
mitochondria, the latency, the precipitation due to
association to - sedimentable particles, - and - the
solubilization by digitonin of the ApsA-hydrolase ac-
tivity and of emyme markers of submltochondnal
fractions.

Latency of an enzyme is defmed as its 1nacce551b1hty
to exogenously added substrate: and, in particulate
preparations, it is shown by enzymes entrapped within
compartments -delimited by membranes not freely
permeable to substrate(s). Latency of mitochondrial
enzymes may be lost as a consequence of damage to
mitochondrial membranes which may also give rise to
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leakage of enzymes from the intermembrane or matrix
spaces. We have estimated enzyme latency in mitochen-
drial suspensions by measuring, in. isotonic sucrose
reaction mixtures, the increase in activity promoted by

- Triton X-100, In the same experiments in which latency

was measured, the precipitability of enzymes was also

- assessed. The results are summarized in Fig. 2

Glutamate  dehydrogenase was  95%  bound -
prempxmble particles and 90% latent. reflecting us‘
location in the mitochondrial matrix as well as the ac-
tion of the inner membrane as a barrier to enzyme and
substrates. Adenylate kinase, a marker of the in-
termembrane space, was only 70% precipitable, in-
dicating some damage to the outer membrane, and not
latent at all, indicating the permeabmty of the outer

 membrane to kinase substrates. ApaA-hydrolase activi-

ty behaved like glutamate dehydrogenase.
Two experiments confirmed that the ma_\or part of

“the ApyA-hydrolase activity in mitochondrial prepara-

tions was due to the specific NpyNase rather than to the
unspecific PDE (see the introductory paragraph). On
the oneé hand, the hydrolytic activity. on  Ap;A,

measured in the preparation of Fig. 2 (not shown), was
about 25% of the ApiA-hydrolase activity. Since Ap:A
and ApaA are hydrolyzed at the same rate by rat liver
PDE ‘[11], it can be concluded that only 25% of the
total Ap;A-hydrolase activity of Fig, 2 may.correspond
to that unspecific enzyme. On the other hand, NpiNase

~and PDE can be solubilized from the particulate frac-

tion of liver with Triton X-100 and resolved by gel-
filtration chromatography [13]. Such a procedure, ap-
plied to mitochondrial preparations, showed that about
90% of the solubilized Ap;A-hydrolase activity eluted

_ devoid of Ap;A-hydrolase and corresponds in fact to

NpsNase (Fig. 3).

Glutamu(e‘ ‘ 3A-
dEhydrogenuse hydroluse
100 . (3300 (6
e Adenylute mal
rinase
s o (1500)
t_ i
= 50
r-
(3}
g i
0‘ PL P L P L

Fig. 2. Enzyme latency and precipitability. in mitochondria. Total.
activities (100%), measured in. 5 mg/ml Triton X-100 and 0.25 M
sucrose, ‘are .shown in_ parentheses (mU/ml).. Latency- (L) was
obtained by subtracting from 100% the activities measured omitting
Triton - X-100- (i.e., the non-latent ~activities). To . measure
precipitability (P), mitochondria were diluted {:6 in buffer TS with
0.5 mM EDTA, like for the enzyme assays, and non-precipitable
activities were assayed in 12500 x g superhatants and subtracted
“from 100% values,
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Fig. 3. Np:Nase Identification and quantification by gel filtration, -

Mitochondrial extracts (1.3 ml) prepared with S mg/m! Triton X100

were analyzed in a Sephadex G-100 column (xee sextion 2). The

ApA-hydrolase peak that did not spliv Ap:A Is NpalNase (13]. (e)
ApyA-hydrolase; (0) ApaA-hydrolase; fraction volume, | ml.
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Fig. 4. Solubilization of mitochondrial enzymes by. extraction with

digitonin. (#).NpyNase (see Fig. 3); (0) submitochondrial fractions
(marker) as follows! IS, intermembrane space (adenylate kinase); M,
matrix - (glutamate  dehydrogenase);  OM, - outer membrane
{monoamine oxidase); IM, inner membrane (¢ytochrome ¢ oxidase).
Percentages are relative to values found with § mg/ml Triton X-100
substituting for digitonin. Blank extract (no Triton or digitonin used)
activities were subtracted from detergent-extracted activities.

Another proof that NpsNase is located in the matrix -
of mitochondria was provided by the sequential

‘solubilizatidn of submitochondrial compartments with
digitonin (Fig. 4). The. solubilization profile of the
specific NpsNase (assayed after .chromatography of
digitonin supernatants as described in Fig. 3), within
the range 0-0,5 mg digitonin/mg protein, was like that

of the matrix m'a‘rker glutamate dehydrogenase and.
clearly different to those of the markers of other sub- .

mitochondrial fractions: adenylate kinase (intermem-
brane space), monoamine oxidase (outer membrane)
and cytochrome ¢ oxidase (inner membrane) (Fig. 4).

ApsA  -and  other adenylated = dinucleoside
polyphosphates are formed by aminoacyl-tRNA syn-
thetases of  several -origins -and specificities [1-3).
Mitochondrial synthetases from yeast [22] and Euglena
gracilis [23] synthesize ApsA and may be also Ap:A.
The matrix location of Npi;Nase reinforces the idea of

an intramitochondrial -~ pool of ApsA or other
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dinucleoside triphosphate. The possible role of |
diadenosine polyphosphates in relaton with mitochon«
drial t’unctions was discussed in an earlier paper [19].
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