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Purified rat liver lysosomes contamed 5’-nucleotldase activity which was 92 & 2% [4] latent This latency 
was lost m response to a permeant sugar at a slmllar rate to that of the lysosomal marker enzyme &N-acetyl- 
glucosammldase indicating that the 5’-nucleotldase was genuinely located m the lysosome and not a plasma 
membrane contaminant Lysosomal S-nucleotldase exhIbIted the followmg properties characterlstlc of ecto- 
S-nucleotldase mhlbltion by specific polyclonal antibodIes bmdmg to a monoclonal antibody, mhlbltlon 
by 1 mmol/l @-methylene ADP, lmmunoreactlve subunits of 70 and 38 kDa Lysosomes m addition con- 

tamed lmmunoreactlve species of intermediate molecular mass 

Rat her lysosome 5’-Nucleottdase Membrane cyclmg 

1. INTRODUCTION 2. MATERIALS AND METHODS 

5 ’ -Nucleotldase (EC 3.1.3 S) has been used ex- 
tensively as a plasma membrane marker but it 1s 
also present in varying amounts m many other sub- 
cellular structures [l]. It is possible that 
5 ’ -nucleotidase may be a plasma membrane com- 
ponent which is not segregated during endocytosis 
and may therefore prove to be a marker for plasma 
membrane elements during this process 12-41. 

2.1. Materials 
All reagents used were of the highest grade 

available. Reagents and detergents for polyacryl- 
amide gel electrophoresis were as in [8]. 

2.2. Antisera, lmmunoadsorbents and lmmuno- 
blottmg 

The lysosome is an important mtracellular site 
for internalized plasma membrane, probably play- 
ing a role in the recycling of endocytosed mem- 
brane components back to the cell surface [6,7]. It 
is therefore important to establish that the 
5 ’ -nucleotidase associated with lysosomes is the 
same enzyme as that found in plasma membrane 
and that it 1s genuinely present in lysosomes and is 
not the result of contamination. We have ad- 
dressed these questions in the present communica- 
tion using lysosomes prepared from rat liver by a 
rapid and simple centrifugation procedure. 

A mouse monoclonal antibody to liver 
5 ‘-nucleotidase coded 5NE5 [8], and rabbit an- 
tiserum to immunoaffimty purified rat liver 
5 ’ -nucleotidase [9], were as previously described. 
Immunoadsorbents were prepared by coupling IgG 
factions to diazo-cellulose as in [lo]. Lysosome or 
plasma membrane 5 ’ -nucleotidase was solubilized 
with Sulphobetaine 14, adsorbed onto a 5NE5 
monoclonal antibody immunoabsorbent, transfer- 
red to mtrocellulose paper and detected with rabbit 
antibodies as in [8]. 

2.3. Preparatron of purified rat liver lysosomes 
A rat liver was gently homogenised (4 up and 
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down strokes on an aldridge-type homogeniser, 
driven at 2400 rpm) in 70 ml of 0.45 mol/l 
sucrose, 0.5 mmol/l EDTA (pH 7.0). The crude 
homogenate was centrifuged at 500 x g, for 
10 min to give a pellet (PI). The supernatant (Sl) 
was centrrfuged at 15000 x ga, for 10 min to give 
a supernatant (S2). The pellet was gently 
resuspended in 20 ml of 0.25 mol/l KCI, 1 mmol/l 
Tes-Trrs (pH 7.4) and centrifuged at 500 x g,, for 
10 mm to give a pellet (P3). This treatment selec- 
tively sediments mitochondria [ 111. The superna- 
tant was diluted to 70 ml such that the final con- 
centrations were 35% (v/v) Percoll, 0.25 mol/l 
sucorse, 10 mmol/l Tes-Tris (pH 7.4), 30 mmol/l 
KC1 and centrrfuged m 2 x 35 ml portions at 48000 
x gav for 10 min. The lower 4 ml of each self- 
formed Percoll gradient were pooled and diluted to 
140 ml with 0.25 mol/l sucrose, 10 mmol/l 
Tes-Tris (pH 7.4) and centrifuged at 12000 x ga, 
for 20 min. The pellet constituted the lysosomal 
fraction (1~). The supernatant was combined with 
the remainder of the Percoll gradient and 
designated the S4 fraction. 

3. RESULTS AND DISCUSSION 

3.1. Purity of Iysosomes 
The combination of low-speed centrifugation in 

0.25 mol/l KC1 and rsopyanic centrifugation in 
Percoll allowed us to prepare lysosomes rapidly 
(~2 h) and led to a preparation exhibiting high 
latency of P-N-acetylglucosaminidase. The rapidly 
prepared lysosomes contained 17% of the marker 
enzyme ,MV-acetylglucosaminidase with a specific 
activity 25-fold higher than the homogenate (table 
1). For the present study it was important to use an 
intact lysosomal preparation. Tritosomes, al- 
though pure (57-fold purification), were previously 
shown to be less intact [12]. The main contami- 
nants of the preparation used here were mito- 
chondrra, peroxisomes and microsomes; all < 1.8% 
of their homogenate values. As these structures are 
not thought to contain 5 ‘-nucleotidase their 
presence is not relevant to the present investiga- 
tion. However, it was important to establish that 
the amount of 5 ‘-nucleotidase associated with the 
lysosomal preparation was at least as low as m the 
most highly purified preparations. The recovery of 
5 ’ -nucleotidase compared with ,&N-acetylglucos- 
aminidase was 3%. This figure is similar to that 
found with 57-fold purified tritosomes [12] and 
about half that found by Pletsch and Coffey with 
34-fold purified tritosomes [ 131 and by Wattiaux et 
al. with 70-fold purified lysosomes [14]. 

Table 1 

Drstrrbutron of marker enzymes m the fractions obtained during lysosome preparation 

PI Sl 

Percentage in fraction 

s2 p3 s4 lY 

Recovery 

(%) 

fl-N-Acetylglucos- 
ammidase (4) 50 8 f 3.9 49.3 f 3.9 8.3 f 1.3 5.0 Y!Z 0.4 10.3 f 2.1 17.0 f 2.1 91.3 f 1.7 

5 ’ -Nucleotidase (3) 80.0 f 4.1 20.0 + 4 1 12.0 f 2.0 3 7 f 0.9 2.4 + 0.95 0.5 + 0.2 99.3 f 0.33 
Catalase (3) 36.3 + 0.9 63.7 f 0.9 35.7 f 1.2 8.0 f 2 1 17.8 f 4.7 0.8 + 0.2 98.7 f 5.4 
Glucosed- 

phosphatase (3) 52.0 f 2.7 48.0 f 2.7 21.7 Z!Z 3 4 8.5 + 1.3 6.6 +- 2 3 0.90 f 0.4 89 7 + 0.7 
Cytochrome oxrdase 

(3) 46.0 + 1.0 54.0 f 1.0 2 2 f 1.0 32.2 f 2.7 1.9 f 0.2 1.6 f 0.4 83.7 f 2.9 
Galactosyl 

transferase (1) 49 52 29 nil N.D. 0.1 80 
Protein (4) 49.5 f 2.5 50.5 It 2 5 34.3 f 2.1 8.2 f 0.8 5.2 f 1.3 0.68 f 0.06 96.0 f 2.1 

The following markers were assayed as described: ,&N-acetylglucosammldase (EC 3.2.1.30) [12], 5’-nucleotldase (EC 
3.1 3.5) 191, catalase (EC 1 11.1.6) [23], glucose-6-phosphatase (EC 3.1.3 9) [24], cytochrome oxrdase (EC 1.9.3.1) [25], 
galactosyltransferase (EC 2.4.1.38) [26] and protein [27] Each tabulated value is the mean + SE of the number of 

experiments m parentheses 
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3.2. Latency studies 
Enzymes within intact lysosomes exhibit 

latency - they can only be detected when the 
lysosomal membrane has been disrupted. Both 
5 ’ -nucleotidase and ,0-N-acetylglucosamimdase 
were approx. 90% latent in purified rat liver 
lysosomes. Lysosomes remain intact for hours m 
isotonic solutions of impermeant substances such 
as sucrose, but are disrupted in low osmotic 
strength solutions [15]. When placed in Isotonic 
(i.e., 250 mM) solutions of permeant substances 
such as glucose, a time-dependent rupture of 
lysosomes occurs. This is believed to be due to en- 
try of the substance into the Iysosome, followed by 
water being drawn into the lysosome with resultant 
swelling and eventual rupture leading to release of 
lysosomal enzyme activity [ 151. The permeability 
of the lysosomal membrane towards the permeant 
substance determines the rate of release of 
lysosomal enzyme activrty [ 16,171. 

When the lysosomal preparation was placed in 
0.25 M glucose, P-IV-acetylglucosaminidase actrvi- 
ty was progressively released (fig.1) m agreement 
with earlier findings [ 16,171, indicating that pro- 
gressive rupture of the lysosomal membrane occur- 
red. As the lysosome ruptures, 5 ’ nucleotidase ac- 
tivity was also released (fig.1). The simplest ex- 
planation for the simultaneous release of 
lysosomal marker and 5 ’ -nucleotidase activity 1s 
that they are present in the same organelle - the 
lysosome, and that the active site of 
5 ‘-nucleotidase is directed towards the interior of 
the lysosome. This result contradicts the earlier 
findings of Widnell and Little [l] who showed lead 
phosphate deposits on the cytoplasmic side of 
lysosomes in a cytochemical study of rat liver 
parenchymal cells. 

3.3. Inhlbrtlon studies 
When lysosomes were incubated with rabbit 

polyclonal antirat 5 ’ -nucleotidase antisera in the 
presence of 0.1% (w/v) Trrton X-100, 85% inhibi- 
tion of activity was observed (table 2). However, 
only 15% inlnbition was observed if the lysosomes 
were incubated in the absence of detergent (table 
2). Thus, m intact lysosomes, approx. 85% of the 
5 ’ -nucieotidase was not accessible to antisera. The 
figure is in good agreement with the latency @No) 
of the 5 ’ -nucleotidase of the preparation, and fur- 
ther supports the supposition that the active site of 
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Fug.1 Release of enzyme activity m 0.25 mol/l glucose 
Purrfred rat liver lysosomes were suspended in Ice-cold 
0.25 mol/l glucose, 10 mmol/l, Tes-Tns (pH 7.4) At 
time zero the suspensions in thin-walled glass tubes were 
placed m a water bath at 37°C and the actrvrtles of ,6-N- 
acetylglucosamimdase [ 121 and 5 ’ -nucleotrdase [2] 
determined at intervals as indicated. The enzyme assays 
were m osmotically protecting buffer such that no 
further loss of latency occurred during the 20 mm assay. 
Total actrvmes (m O.l%, w/v, Triton X-100) were 
determined at the end of the mcubatron. The error bars 

represent the SE of 4 separate experrments. 

the enzyme is drrected towards the interior of the 
organelle. 

Lysosomal 5 ‘-nucleotidase was 80% inhibited 
by 1 mmol/l &-methylene ADP (table 2). Thus, at 
least 80% of lysosomal 5 ’ -nucleotidase is im- 
munologically and catalytically similar to ecto 
5 ’ -nucleotrdase and different from cytoplasmic 
5 ’ -nucleotrdase [ 181. The remaining lysosomal 
5 ’ -nucleotidase activity may not be due to ecto 
5’-nucleotrdase but to an acid phosphatase, since 
a similar proportion was mhibitable by 1 mmol/l 
tartrate, which does not mhrbrt ecto 5 ‘-nucleoti- 
dase but does inhibit lysosomal acid phosphatase 
v91. 

3.4. Immunoblottrng 
Rat liver lysosomal 5 ’ -nucleotrdase could be ab- 

sorbed onto monoclonal antibody immunoabsor- 
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Table 2 

Inhrbmon of lysosomal S’nucleottdase 

Inhrbitron Activity % 
of control 

Non-immune rabbrt serum 101 + 5 
Rabbit antr-5 ‘-nucleotrdase serum 15 It: 3 
Tartrate (1 mmol/l) 85 + 7 
cY-&Methylene ADP (1 mmol/l) 20 + 4 

Antrserum mhibttron experiments were carried out by 
mcubatmg lysosome samples with 1: 1000 drlutrons of 
rabbit anhserum or non-Immune serum for 1 h at 37°C 
m the presence of 0 1% (w/v) Trrton X-100, prror to 
addmon of radioassay cocktarl. Incubatron wrth 
antrserum m the absence of Trrton X-100 resulted in the 
retention of 85 f 2% of control activity. Other 
mhtbrtors were added to the enzyme at the start of the 
radtoassay The fmal concentratrons in the S’-nucleo- 
trdase assay were 0.3 IU/I of S’-nucleotrdase, 0.2 mM 
[l-3H]AMP, 1 5 mM adenosme, 2 mM MgS04, 20 mM 
P-glycerophosphate, 0.25 M sucrose, 0.1% (w/v) Trrton 
X-100 and SO mM Trrs-HCl (pH 8.0). Assay mcubation 
was for 20 mm at 37°C. Each tabulated value is the 
mean f SD of the quadruphcate observatrons from a 

single representative experrment 

bent after solubilization with sulphobetaine 14. 
Subsequent electrophoresis, blotting and locahza- 
tion with polyclonal anti-rat liver ecto 5 ‘-nucleo- 
ttdase antibodies revealed a major band at 70 kDa 
and a minor band at 38 kDa. These bands were in 
identical positions to bands produced by immuno- 
affinity purified rat liver 5’-nucleotidase (fig.2). In 
addition, some broadenmg of both bands was 
shown by the lysosomal enzyme with antibody 
staimng proteins between the two major bands. 
The 38-kDa subunit of the ectoenzyme is formed 
by a proteolytrc cleavage of a 70-kDa subunit 
which loses a cell surface glycosylated domam [8]. 
It is tempting to speculate that the 38-kDa frag- 
ment is generated m the lysosomes by proteolytic 
digestion with the other mmor bands observed 
bemg intermediates m this breakdown process. 

In contrast wrth previous studies where different 
5 ’ -nucleotidase activities have been observed in the 
lysosome [l, 13,201 the present results show that 
the majority of the rat liver lysosomal enzyme is 
identical to the ectoenzyme with its active site 
directed towards the intra-lysosomal space. Inter- 
nalisatton and phago-lysosomal inactivation of the 

Fig.2. Immunoblottmg of rat liver lysosomal 
S’-nucleotidase. Ahquots of lysosomes (ly), plasma 
membrane (pm) [22] and rmmunoaffmrty purrfred 
S’-nucleotidase (E) [8] each approx. 100 mU enzyme 
were solubrlised with 2% (w/v) sulphobetaine 14 and 
absorbed onto 0.5 mg monoclonal antibody (SNES) 
immunoadsorbent, 60 h, at 4°C. Binding of enzyme to 
rmmunoadsorbent was 90% in each case After SDS- 
polyacrylamrde gel electrophoresis the protein was 
electrophorettcally transferred to nitrocellulose. This 
was treated with polyclonal rabbit anti-(5 ‘-nucleohdase) 
IgG (20,~g/ml) and labelled bands visuahsed with 
rmmunoperoxidase labelled second anttbody. The 
markers on the left show the posrtions of molecular mass 
standards 200; 116; 92.5; 66; SO, 45, 25 and the arrows 

on the rrght mdrcate the 70 and 38-kDa bands 

ectoenzyme has previously been shown in 
macrophages phagocytosing latex beads [2], 
though in this system plasma membrane com- 
ponents become trapped m the phago-lysosomes. 
In liver only a small proportion of the total 
5 ’ -nucleotidase (3%) is found in lysosomes and we 

125 



Volume 180, number 1 FEBS LETTERS January 1985 

do not yet know the extent to which mternalised 
5’-nucleotidase needs to pass through the 
lysosome on recycling routes, whether the 
lysosome IS an important functional site for the en- 
zyme or whether it IS simply a site for its ultimate 
degradation. 
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