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SUMMARY 

Approximately 8% of the 5'-nucleotidase (5'-ribonucleotide phosphohydrolase, 
EC 3.1.3.5) activity (assayed with AMP as substrate at a pH of 7.4 in the presence of 
io mM tartrate) in a homogenate of rat liver behaved as a lysosomal enzyme when the 
homogenate was fractionated into its subcellular components by differential and den- 
sity gradient centrifugation. The bulk of the activity sedimented with the nuclear and 
microsomal fractions. The 5'-nucleotidases in purified lysosomal and plasma men> 
brane fractions exhibited nearly maximal activity at pH values between 7.0 and ')-5, 
and were similarly influenced by the addition of varying concentrations of Mg 2+ and 
Mn 2+ to the incubation mixture. When a lysosomal fraction solubilized by treatment 
with I O//o Triton X-ioo was passed through a Sephadex G-2oo colunm, two peaks pos- 
sessing 5'-nucleotidase activity appeared in the effluent. The first peak was identical 
chromatographically to the 5'-nucleotidase associated with plasma membranes and 
with a lysosomal membrane fraction. The second peak exhibiting 5'-nucleotidase ac- 
tivity contained a lower molecular weight enzyme which could be extracted from 
lysosomes by I mM NaHCO a. Disc electrophoresis of these same fractions on poly- 
acrylamide gel confirmed these chromatographic findings. 

INTRODUCTION 

Tile enzyme 5'-nucleotidase (5'-ribonucleotide phosphohydrolase, EC 3.I.3.5) is 
generally assumed to be a rather specific marker for plasma membranes isolated from 
homogenates of rat liver by a variety of procedures I s. Nevertheless, Widnell and 
Unkeless 6 in I968 reported data suggesting that the enzyme is associated with mem- 
branes of tile endoplasmic reticulum as well as with plasma membranes. In a recent 
conlmunicationL Widnell presented further data based on electron microscopic histo- 
chemistry substantiating this earlier report ; however, a large part of the 5'-nucleotid- 
ase in microsomal pellets appeared to be associated with vesicles derived from tile 
plasma membrane. In this laboratory s, 5'-nucleotidase was used as a marker enzyme 
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for plasma membrane fragments in studies involving the preparation of highly purified 
lysosomes from rat  liver. A small part  of the 5'-nucleotidase activity of the homo- 
genate was always associated with the most highly purified preparations of lysosomes, 
and in this report the results of experiments designed to assess the significance of this 
lysosomal 5'-nucleotidase are presented. A part  of this work has been presented in a 
preliminary form 9. 

MATERIALS AND METHODS 

Animals  
Female Charles River rats, weighing 200-250 g, were used in all experiments. 

All rats received Purina rat chow and water ad libitum until they were fasted over- 
night before being killed by decapitation. Triton WR-I339 was injected intraperito- 
neally at a dosage of 85 mg/Ioo g body weight, 3.5 days before the animals were 
killed. 

Preparation of subcellular fractions 
Homogenates of rat liver where fractionated by differential centrifugation into 

a nuclear fraction, a combined heavy and light mitochondrial fraction, a microsomal 
fraction, and a supernatant fraction according to the procedure of de Duve et al? °. 
Highly purified lysosomes were separated by density gradient centrifugation from the 
total mitochondrial fraction isolated from the livers of rats pretreated with Triton 
WR-I339 by the method of Trouet 11 as described by Leighton et al. 12. Fig. i gives 
more details of the procedure. Plasma membranes were prepared either from a micro- 
soma1 fraction by the method of Touster et a l )  or from a homogenate of rat liver in 
NaHCO~ according to the procedure of NevillO 3. 

Enzyme  assays 

Acid phosphatase (EC 3.1.3.2), glucose-6-phosphatase (EC 3.1.3.9), and 5'- 
nucleotidase were assayed using a Technicon Autoanalyzer (Technicon Instruments 
Corporation, Tarrytown, New York). The manifold used for all 3 assays and the re- 
agents for acid phosphatase and glucose-6-phosphatase have been described by 
Leighton et al. 12. The substrate mixture for the 5'-nucleotidase assay was prepared ac- 
cording to the method of Michell and Hawthorne 14 and contained in a final volume of 
i .o ml: 0.2 ml of 0.05 M AMP (pH 7.4), o.i ml of 2 M KC1, o.I ml of 0.2 M disodium 
tartrate,  0.2 ml of o.I M MgCI2, 0.25 ml of 0. 4 M Tris HC1 buffer (pH 7.4), and o.15 
ml of water. The tar trate  was included in the incubation mixture to inhibit lysosomal 
acid phosphatasO 5 and the lysosomal acid nucleotidase described by Arsenis and 
Touster 16. Cytochrome oxidase (EC 1 . 9 . I . 3 )  w a s  assayed according to the procedure 
of Cooperstein and Lazarow ~7, and protein determined by tile method of Lowry et al. ~8 
with bovine serum albumin as the standard. The activity of 5'-nucleotidase in seg- 
ments of polyacrylamide gel was measured by the following procedure. Segments of 
the gel o.5 cm in length, were dropped into 1.8 ml of a substrate mixture minus AMP 
containing o.2 ml of I M KC1, o.2 ml of o.2 M tartrate, o.25 ml of o.4 M Tris-HC1 
buffer (pH 7.4) and 1.15 ml of water and the gels dispersed as finely as possible with a 
stirring rod. The reaction was started by the addition of o.2 ml of o.o5 M AMP (pH 
7.4) and allowed to proceed at 37 °C for I h. I ml of I5% trichloroacetic acid was then 
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added and precipitated proteins as well as gel fragments removed by centrifugation. 
The inorganic phosphate in the supernatant was measured by the method of Fiske and 
SubbaRow 19 as adapted to the autoanalyzer by Leighton et al. ~2. 

Chromatographic procedures 
Sephadex G-2oo (Pharmacia Fine Chemicals, Inc., Piscataway, N.J.) was 

swollen in 0.05 M Tris-HCl buffer (pH 8.0) containing I %  Triton X-Ioo for 24 h at 
60 °C. After cooling, the swollen gel was packed into a 2.5 cm X 35 cm column and 
equilibrated with the same buffer at 4 °C. Tile column was eluted in the cold at a flow 
rate of 0.3 ml per rain and 2.5-ml fractions collected. Tile flow rate of the column was 
controlled by a peristaltic pump (Buchler Instruments, Inc., Fort Lee, N.J.) inter- 
posed between the column and the fraction collector. 

Disc electrophoresis 
The procedure for electrophoresis on polyacrylamide gel was modeled after tile 

procedure of Davis 2° as modified by Dulaney and Touster 21, using a Polyanalyst appa- 
ratus (Buchler Instruments, Inc.). The separating gels (5~o polyacrylamide) were 
polymerized in 0.05 M Tris-HC1 buffer (pH 8.0) containing o . i% Triton X-Ioo. The 
buffer in the upper electrode reservoir also contained o . I% Triton X-Ioo. The samples 
of plasma membranes and lysosomes were dissolved in this same buffer containing i ~ 
Triton X-Ioo and 20% sucrose and then o.I-ml aliquots carefully layered on top of 
the stacking gel. Voltage was applied across the gels and current allowed to flow at a 
rate of 5 mA per gel for 3 h while circulating cold water (2 °C) through the apparatus. 
At the end of tile electrophoresis the gels (0. 4 cm × 6 cm) were removed in the cold 
and cut into IO segments. The first 9 segments were 0. 5 cm in length and the Ioth  seg- 
ment approximately 1. 5 cm in length. Segment No. I extended 0.25 cm on either side 
of tlle interface between the stacking and separating gels and thus contained any 
material which did not migrate into the separating gel. 

Chemicals 
Disodium ~-glyeerophosphate (grade I), dipotassium glucose 6-phosphate, cyto- 

chrome c (type VI), adenosine 5'-monophosphate (type II), Triton X-Ioo and bovine 
serum albumin were purchased from Sigma Chemical Co., St. Louis, Mo. Triton WR- 
1339 was obtained from Ruger Chemical Co., Irvington-on-Hudson, N.Y. All other 
chemicals were of reagent grade. 

RESULTS 

After either an intravenous or intraperitoneal injection of Triton WR-I339, this 
non-hemolytic detergent is taken into the cells of the liver by pinocytosis 2z and even- 
tually accumulates in the lysosomes of both hepatocytes and Kupffer cells. The Triton 
WR-I339 in the lysosomes decreases their equilibrium density in sucrose gradients and 
allows their separation from the mitochondria, peroxisomes, and other membranous 
fragments in a mitochondrial fraction by flotation through a discontinuous sucrose 
gradient (see Fig. I). Table I gives a summary of the distributions of 5'-nucleotidase 
(marker enzyme for plasma membranes), acid phosphatase (marker enzyme for 
lysosomes), glucose-6-phosphatase (marker enzyme for membranes of the endoplasmic 
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~ - 1 6  rnt 1.06p sucrose 

I 

~ 12ml 1.155p 

ML in I0 m~ 
1.21,o sucrose 

81 500 x g 

for 90 min 

Fraction I 

Fraction Z 

Fraction 3 

Fraction 4 

Fig. z. Purification of lysosomes from rat liver by flotation through a discontinuous sucrose gra- 
dient. At the end of the centrifugation period, 1.3o density sucrose was introduced into the bot- 
tom of the tube and the fractions collected into chilled tubes through a collecting cone fitted on 
top of the tube 12. Highly purified lysosomes collect in Fraction z at the interface between the 
I.I55 and I.O6 density sucrose. 

re t iculum),  cy tochrome oxidase (marker  enzyme for mitochondria) ,  and protein  in tile 
3 subcel lular  fract ions separa ted  from homogenates  of ra t  l iver  by  differential  cen- 
t r i fugat ion  and in the 4 fract ions collected from the grad ien t  used for the fur ther  
purif icat ion of lysosomes. The effects of omi t t ing  the  p r e t r e a tme n t  of tile ra ts  wi th  
Tr i ton  W R - I 3 3 9  on the d is t r ibut ions  of the enzymes in the grad ien t  are also summa-  
rized. As shown m a n y  t imes previously,  p r e t r ea tmen t  of the ra ts  with Tr i ton W R -  
1339 caused a shift  of acid phospha tase  from Frac t ion  4 of the grad ien t  into Frac t ion  2 
(the purified lysosomal  fraction).  When  the mi tochondr ia l  fract ion was isolated from 
the livers of ra ts  not  p re t r ea t ed  with Tr i ton  WR-I339 ,  Frac t ion  2 of the grad ien t  

O/ conta ined 2°/.'o of the to ta l  g rad ien t  acid phosphatase  and Frac t ion  4 08/o,  as com- 
pared  to 63~o in Frac t ion  2 and 29°,~ in Frac t ion  4 when the mi tochondr ia l  fraction 
was isolated from the livers of rats  p re t r ea ted  with Tr i ton WR-1339. P r e t r e a t m e n t  
with Tri ton WR-1339 also a l tered signif icantly the d is t r ibut ion  of 5 ' -nucleot idase  in 
the  gradient .  F rac t ion  2 conta ined I%o of the to ta l  g rad ien t  5 ' -nucleot idase  and Frac-  
t ion 4 96% when the mi tochondr ia l  fract ion under  s tudy  was isolated from the livers 
of animals  not p re t r ea t ed  with Tri ton WR- I339  as compared  to 32% in I ; ract ion 2 
and 64% in Frac t ion  4 when the mi tochondr ia l  fract ion was isola ted from the livers 
of animals  p r e t r ea t ed  with Tr i ton  WR-1339. The mi tochondr ia l  fract ion conta ined 
only 8% of the to ta l  l iver 5 ' -nucleot idase;  therefore the purified lysosomal  fract ion 
(Frac t ion  2 of the gradient)  conta ined app rox ima te ly  2.5% of the to ta l  l iver 5'- 
nucleotidase.  The bulk of the l iver  5 ' -nucleot idase  sed imented  with the nuclear  and  
microsomal  fractions.  When  the combined mmrosomal  and supe rna t an t  fraction was 
separa ted ,  app rox ima te ly  8o~{~ of the 5 ' -nucleot idase  of the fract ion sed imented  with 
the microsomal  pellet.  The d a t a  presented  in Table  I suggest t ha t  a por t ion  of the 5'-  
nucleot idase in the mi tochondr ia l  fract ion is associated ei ther  wi th  lysosomes or with 
o ther  vesicles (~.g. p inocyto t ic  vesicles or some type  of residual  body  filled with 
Tr i ton  WR-1339) whose densit ies are also influenced by  p r e t r e a tme n t  with Tri ton 
WR-1339. Therefore it was necessary to s tudy  the d is t r ibu t ion  of 5 ' -nucleot idase  in 
subcel lular  fract ions free of Tr i ton WR-1339. 

The d is t r ibut ion  of 5 ' -nucleot idase  in a l ight mi tochondr ia l  fract ion and in a 
s l ight ly  modified microsomal  fraction isolated from the livers of ra ts  not  p re t r ea t ed  

Biochim. Biophys. Acta, 276 (1972) r92 205 
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Fig .  z. F r a c t i o n a t i o n  o f  s u b c e l l u l a r  p a r t i c l e s  f r o m  r a t  l i v e r  o n  c o n t i n u o u s  s u c r o s e  g r a d i e n t s .  
(A) A s l i g h t l y  m o d i f i e d  m i c r o s o m a l  f r a c t i o n  ( s e d i m e n t e d  b e t w e e n  2 .  lO 4 a n d  5 ° .  lO 4 × g . m i n  in  
t h e  S p i n c o  5 o. i r o t o r )  f r o m  8. 3 g o f  l i v e r  w a s  s u s p e n d e d  in  5 ml  o f  o .25  M s u c r o s e  a n d  l a y e r e d  o n  
t o p  o f  a c o n t i n u o u s  s u c r o s e  g r a d i e n t  e x t e n d i n g  f r o m  a d e n s i t y  o f  I . I  5 t o  1.25 in  a c e n t r i f u g e  
t u b e  fo r  t h e  S p i n c o  S W  27 r o t o r .  T h e  t u b e  w a s  c e n t r i f u g e d  f o r  3 h a t  25 o o o  r e v . / m i n  a n d  t h e n  
f r a c t i o n s  o f  a p p r o x i m a t e l y  1. 5 m l  c o l l e c t e d  i n t o  t a r e d  t u b e s .  T h e  f r a c t i o n s  w e r e  w e i g h e d ,  t h e i r  
d e n s i t i e s  m e a s u r e d  b y  r e f r a c t o m e t r y ,  a n d  t h e i r  e x a c t  v o l u m e s  c a l c u l a t e d .  (B) A l i g h t  m i t o c h o n -  
d r i a l  f r a c t i o n  f r o m  I I.O g o f  l i v e r  w a s  s u s p e n d e d  in  5 m l  o f  o .25  M s u c r o s e  a n d  l a y e r e d  o n  t o p  o f  a 
c o n t i n u o u s  s u c r o s e  g r a d i e n t  e x t e n d i n g  f r o m  a d e n s i t y  o f  1.I 5 t o  1.27.  See l e g e n d  t o  (A) f o r  a l l  
o t h e r  d e t a i l s .  T h e  d e n s i t i e s  o f  t h e  f r a c t i o n s  a r e  i n d i c a t e d  o n  t h e  u p p e r  g r a p h s .  

with Triton WR-I339 was studied by isopycnic centrifugation of the fractions on 
continuous sucrose gradients. The 5'-nucleotidase in the modified microsomal fraction 
equilibrated around a density of 1.13, the density expected of plasma membrane frag- 
ments in sucrose gradients1, 23 (Fig. 2A) ; however, slightly more than 5o% of the 5'- 
nucleotidase in a light mitochondrial fraction which was low in microsomal contamina- 
tion equilibrated at densities greater than 1.19 (Fig. 2B). The acid phosphatase 
equilibrating in a broad peak around a density of 1.22 in both Figs 2A and 2B is 
undoubtedly associated with lysosomes since this is the characteristic density profile 
of lysosomes isolated from the livers of rats not pretreated with Triton WR-I339. The 
distributions of 5'-nucleotidase and of acid phosphatase in the light mitochondrial 
fraction gradient were quite similar, and, in fact, the 5'-nucleotidase in fractions with 
densities greater than 1.19 most likely was associated with lysosomes since only 
lysosomes from untreated animals equilibrate at such high densities in sucrose gra- 
dients TM. Although the data presented in Table I and Fig. 2 demonstrate that  a small 
portion of the 5'-nucleotidase of the liver is associated with lysosomes, they provide 
no information concerning the identity or nature of the enzyme(s) in the lysosomal 
fraction responsible for the activity. Although tar trate  was included in the substrate 
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mixture for the 5'-nucleotidase assay to inhibit acid phosphatase ~5 and the acid 
nucleotidase of lysosomes a6, it is possible that  a small residual activity of one of these 
enzymes or that  some other nonspecific lysosomal phosphatase was responsible for the 
nucleotidase activity observed at a pH of 7.4 in the purified lysosomal preparations. 
Alternatively, the fusion of pinocytotic vesicles with lysosomes might incorporate 5'- 
nucleotidase of plasma membrane origin into the membranes of lysosomes. Watt ianx- 
de Coninck and Watt iaux 24 have presented data indicating that lysosomal membranes 
may contain the same nucleoside diphosphatase found in the plasma membranes of 
rat  liver and Robinson and Stirling 2~ have suggested this possibility for the A form of 
N-acetyl-/%glucosaminidase. Therefore some properties of the 5'-nucleotidase in 
highly purified preparations of lysosomes and plasma membranes were studied. 
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o ~ ' - ' ~ " " r / l  I I I r I I I 
4.0 5.0 6.0 7.0 8.0 9.0 

pH 

Fig. 3. Activity versus pH curves for the 5"-nucleotidase in purified prepara t ions  of p lasma mem- 
branes  and lysosomes. (A) These activities were measured in the presence of io mM Mg 2+. Highly 
purified lysosomes isolated from the livers of rats  pret reated with Tri ton WR-I339  and p lasma 
membranes  isolated by the method of Touster  et al. 1 were used as sources of enzyme. The lysosomal 
and plasma membrane  fractions were diluted with i mM NaHCO3 containing o.I g/1 of Tri ton 
X- Ioo  to a final protein concentrat ion of 85.6 and 4 °/~g/ml, respectively. A o.8-ml aliquot of 
these diluted fractions was used for the assay. The p H  values on the abscissa are plotted against  
% of maximal  activity at  a p H  of 9.o on the ordinate. (B) These assays were done with no added 
Mg 2+ in the presence of I mM EDTA, Values on the ordinate are plotted as percent  of maximal  
act ivi ty in the presence of IO mM Mg e+. See (A) for all other  details. (5 @, lysosomal fraction; 
O - - O ,  p lasma membrane  fraction. 

Fig. 3 shows a pH v e r s u s  activity curve for tile 5'-nucleotidase in purified lyso- 
somal and purified plasma membrane fractions. Since Song and Bodansky ~6 found two 
pH optima (pH 7-5 and 9.2) for rat liver 5'-nucleotidase in the presence of Mg 2+ and 
only a single optimum (pH 7.5) in the absence of added Mg 2+, the pH v e r s u s  activity 
curves were done in the presence and absence of added Mg 2+. The incubation mixtures 
containing no added Mg 2+ were also made I mM with respect to EDTA in order to 
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eliminate the possible influence on the enzymatic reaction of endogenous Mg ~+. In the 
presence of Mg ~+ (Fig. 3A), the enzymes from both sources exhibited maximal activity 
over a broad pH range from 7.o to 9.5 ; however, there was a suggestion of two pH 
optima for both the lysosomal and plasma membrane 5'-nucleotidase. In the absence 
of added Mg ~+ (Fig. 3B), the 5'-nucleotidase activity in the two fractions decreased by 
approximately 75% at a pH of 9.0 and by approximately 5o% at a pH of 7.5. Only a 
single pH optimum at a pH value near neutrality was observed. In contrast to the 
plasma membrane fraction, the lysosomal fraction possessed a significant amount of 
5'-nucleotidase activity at pH values below 6.o. Examination of the data illustrated 
in Figs 3A and 3 B reveals that the nucleotidase activity of the lysosomal fraction in 
the acid pH range was not significantly increased by the addition of Mg 2+, suggesting 
that either acid phosphatase or some other lysosomal phosphatase not requiring Mg 2+ 
may have been responsible for the hydrolysis of AMP at these acid pH values. A 
typical plasma membrane fraction released approximately 21 #moles of inorganic phos- 
phate (Pi) from AMP per mg protein at pH 7.4 using the assay conditions and incubation 
period employed in this study (assays were done using an autoanalyzer; therefore it is 
difficult to estimate the exact incubation time) as compared to a release of 5.4 #moles 
of Pi per mg protein by the purified lysosomal preparations. The plasma membrane 
fraction used to prepare these curves was free of contamination by mitochondria 
(cytochrome oxidase) and lysosomes (acid phosphatase) ; however, based on glucose-6- 
phosphatase measurements, the fraction was rather badly contaminated with mem- 
branes of the endoplasmic reticulum which undoubtedly lowered the specific activity 
of 5'-nucleotidase in these preparations. As will be discussed later, this should not 
influence the results since the 5'-nucleotidase in microsomal and purified plasma mem- 
brane fractions are electrophoretically identical; furthermore, the pH v e r s u s  activity 
curves of the 5'-nucleotidase of crude microsomal pellets are nearly identical to the 
curves for the 5'-nucleotidase in purified plasma membrane fractions (unpublished 
results). 

The effects of varying concentrations of Mg ~+ and Mn 2+ on the activity of the 5'- 
nucleotidase of lysosomal and plasma membrane fractions are illustrated in Fig. 4. 
The 5'-nucleotidases in both fractions were maximally activated in the presence of I 
mM Mg 2+ (Fig. 4B). Song and Bodansky 26 demonstrated that low concentrations of 
Mn 2+ (o.I mM) in their assay system stimulated the 5'-nucleotidase of rat liver and 
that higher concentrations (I mM) inhibited the enzyme. Similar results were obtained 
with the 5'-nucleotidases examined in this study (Fig. 4A); however, the 5'-nucleo- 
tidase of the plasma membrane fraction was inhibited to a much greater extent by 
higher concentrations of Mn ~+ than was the 5'-nucleotidase in the lysosomal fraction. 
Although the pH v e r s u s  activity curves for the 5'-nucleotidases in lysosomal and plasma 
membrane fractions were similar at neutral and alkaline pH values (Fig. 3), and al- 
though both activities were also influenced similarly by the presence of Mg 2+ and 
Mn 2+ in the incubation mixture (Fig. 4), the data must be interpreted with caution 
and cannot be used as evidence for the identity of the enzymes in the lysosomal and 
plasma membrane fractions since many uncontrolled factors, e .g .  the environment of 
the enzymes, could influence these parameters. The environment of the 5'-nucleo- 
tidase tightly bound to the plasma membranes is obviously quite different from that 
of the enzyme associated with lysosomes; therefore, further chromatographic and 
electrophoretic characterizations of the enzymes were undertaken. 
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Fig.  4- E f f e c t  o f  M g  2+ a n d  M n  2+ on  t h e  a c t i v i t y  o f  5 ' - n u c l e o t i d a s c  in l y s o s o m a l  a n d  p l a s m a  m e m b r a n e  
f r a c t i o n s .  T h e  p l a s m a  m e m b r a n e  f r a c t i o n  u s e d  in t h e s e  e x p e r i m e n t s  w a s  p r e p a r e d  b y  t h e  m e t h o d  
o f  N e v i l l O  a. D i ] u t i o n s  o f  t h e  l y s o s o m a l  a n d  p l a s m a  m e m b r a n e  f r a c t i o n s  c o n t a i n i n g  44 .5  a n d  17.9  ,ug 
o f  p r o t e i n / m l  w e r e  u s e d  a s  e n z y m e  s o u r c e s .  (A) i l l u s t r a t e s  t h e  e f fec t  o f  M n  2+ a n d  (B) t h e  e f f ec t  o f  
M g  =+ o n  t h e  5 ' - n u c l e o t i d a s e  in t h e  t w o  f r a c t i o n s .  See  l e g e n d  t o  F ig .  3 f o r  a l l  o t h e r  d e t a i l s .  ( 5 - - ( ) ,  
l y s o s o m a l  f r a c t i o n ;  Q - - O ,  p l a s m a  m e m b r a n e  f r a c t i o n .  

T A  F;LE 11 

PARTITION OF ENZYMES AND PROTEIN BETDTEEN A SOLUBLE AND A MEMBRANE FRACTION VROM 
LVSOSOMES ANI) PLASMA MEMBRANES 

T h e  I y s o s o m a l  p e l l e t  i s o l a t e d  f r o m  4-4 g o f  l i ve r  f r o m  a r a t  p r e t r e a t e d  w i t h  T r i t o n  W ' R - I 3 3 9  w a s  
s u s p e n d e d  in  4 ml  o f  i c e - co ld  I m M  N a H C O  a, t r a n s f e r r e d  t o  a d i a l y s i s  t u b i n g ,  a n d  t h e n  d i a l y z e d  
w i t h  s t i r r i n g  a g a i n s t  2 1 o f  i m M  N a H C O  a f o r  i2  h a t  4 ~C. A p e l l e t  c o n t a i n i n g  t h e  p l a s m a  m e n >  
b r a n e s  f r o m  6. 5 g o f  l i v e r  w a s  s u s p e n d e d  in  4 .o  nfl o f  t m M  N a H C O a  a n d  d i a l y z e d  as  a b o v e .  T h e  
p a r t i c u l a t e  m a t e r i a l  in t h e  d i a l y z e d  s u s p e n s i o n s  w a s  c o l l e c t e d  b y  c e n t r i f u g a t i o n  a t  4 ° o o o  r e v . /  
r a i n  f o r  3 ° m i n  in t h e  No.  4 ° r o t o r  f o r  t h e  S p i n c o  Mode l  L 3 - 5 o  p r e p a r a t i v e  u l t r a c e n t r i f u g e .  
V a l u e s  a r e  e x p r e s s e d  a s  p e r c e n t  o f  r e c o v e r e d  a c t i v i t y .  

Enzyme or protein % Activity 

Lysosomal fraction Plasma membrane fraction 

Pellet Soluble Pellet Soluble 
fraction .fraction 

5 ' - N u c l e o t i d a s e  29.7 7 o.3 i oo  o 
A c i d  p h o s p h a t a s e  58 .3  4 L 7  - - "  - -  
P r o t e i n  36 . o 64 .o 92 .8  7- i 

* A c i d  p h o s p h a t a s e  w a s  n o t  m e a s u r e d  b e c a u s e  t h i s  f r a c t i o n  e x h i b i t e d  v i r t u a l l y  no a c i d  
p h o s p h a t a s e  a c t i v i t y .  
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A lysosomal fraction isolated from the livers of rats pretreated with Triton 
WR-I339 was dialyzed against I mM NaHCO a in the cold, and then separated into a 
soluble and membrane fraction by the procedure of Trouet2L The partition of 5'- 
nucleotidase, acid phosphatase and protein between these fractions was studied. A 
plasma membrane fraction was studied in the same manner (Table II). The activity of 
the enzymes in the fractions was in the range expected on the basis of previous experi- 
ments with purified lysosomal and plasma membrane fractions ; therefore, the dialysis 
did not appear to inactivate the enzymes under study. The distributions observed for 
acid phosphatase and for protein in the lysosomal fraction are very similar to those 
reported by Trouet 27. The specific activity of 5'-nucleotidase in the soluble and mem- 
brane fractions of the lysosomes can be calculated by combining the data presented in 
Table II with the data already presented concerning the specific activity of 5'-nucleo- 
tidase in purified lysosomal fractions (5.4 #moles Pi released/mg protein). The esti- 
mated specific activities arrived at by this method are 5.9/,moles Pi released per mg 
of soluble lysosomal protein and 4.4 #moles Pi released per mg of lysosomal membrane 
protein. The amount of soluble acid phosphatase adsorbed onto the lysosomal mem- 
branes during the separation procedure is not known ; therefore the data do not neces- 
sarily mean that 60% of the acid phosphatase of the lysosomes is associated with the 
lysosomal membrane in vivo. The fusion of pinocytotic vesicles with lysosomes does 
not appear to be the sole mechanism for the incorporation of 5'-nucleotidase into 
lysosomes since 5'-nucleotidase incorporated into lysosomes by this mechanism would 
presumably be tightly bound to the lysosomal membrane. The possibility that lyso- 
somal enzymes may digest away a portion of the newly incorporated plasma mem- 
brane fragment and thus either release the 5'-nucleotidase into the soluble phase of 
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Fig. 5. Chromatography of solubilized subcellular fractions on Sephadex G-2oo columns. Samples 
(1. 5 ml) of a solubilized plasma membrane fraction (A), a solubilized lysosomal fraction (B), a 
solubilized lysosomal membrane fraction (C), and a soluble fraction from lysosomes (D) containing 
o.9, 8.6, 2. 4 and 6.9 mg of protein, respectively, were applied to the column. See text for all other 
experimental details. • • ,  5'-nucleotidase activity; C)--©, protein. 
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the lysosomes or weaken the bonds between the enzyme and the membrane cannot be 
eliminated. 

A purified lysosomal fraction was prepared by flotation of Triton-filled lyso- 
somes through a discontinuous sucrose gradient and a plasma membrane fraction by 
the method of Touster et al. 1. In this procedure for the purification of plasma mem- 
branes, the livers are homogenized in isotonic sucrose; therefore, these plasma mem- 
branes were not subjected to a hypotonic shock in I mM N a H C Q  during the isolation 
procedure. The fractions were dissolved in o.o5 M Tris HC1 buffer (pH 8.o) containing 
I°{~ Triton X-IOO and aliquots then applied to a Sephadex G-2oo column which had 
been previously equilibrated with the same buffer. In addition, the lysosomal fraction 
was separated into its soluble and membranous components as described above. Tile 
membranes were dissolved in the Tris buffer containing I %  Triton X-Ioo and then 
both fractions chromatographed separately on the Sephadex G-2oo column. The 
results are shown in Fig. 5. The 5'-nucleotidase in the plasma membrane fraction 
chromatographed as a single peak which eluted from the column very near to tile w)id 
volume (Vig. 5A); however, two peaks with 5'-nucleotidase activity appeared when 
the solubilized lysosomal fraction was passed through the column (Fig. 5B). The first 
peak which contained 35~o of the activity eluted from the column in the same position 
as the 5'-nucleotidase in the plasma membrane fraction while the second peak which 
contained 65~o of the activity behaved as a protein of considerably lower molecular 
weight. The percent distribution between the two peaks was very similar to the distri- 
bution observed for 5'-nucleotidase between the soluble and membrane fractions of 
the lysosomes (Table II)  suggesting that  the high molecular weight 5'-nucleotidase 
may represent the membrane-bound form of the enzyme and the lower molecular 
weight 5'-nucleotidase the soluble form. Furthermore, when the lysosomal membrane 
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Fig. 6. Elec t rophores is  of  solubilized subcel lular  f rac t ions  on 5CYo po lyac ry lamide  gel. Sanlples  
(o. I ml) of  a solubilized lysosomal  f rac t ion (A), a soluble f rac t ion f rom lysosomes  (B), a solubil ized 
lysosomal  m e m b r a n e  f rac t ion  (C), and  a solubilized p l a sma  m e m b r a n e  f ract ion (D) con ta in ing  
362, 32o, 241 and  234 #g  of  protein,  respect ively,  were careful ly  layered on top  of t he  gel. See t ex t  
for all o the r  expe r imen ta l  details.  
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fraction was chromatographed on the Sephadex G-2oo column, only a single peak of 
5'-nucleotidase activity appeared near the void volume of the column (Fig. 5C). The 
bulk of the 5'-nucleotidase in the soluble fraction of the lysosomes chromatographed 
as the lower molecular weight enzyme (Fig. 5D). The small peak of activity at the 
void volume of the column probably reflexes incomplete sedimentation of membra- 
nous components in the dialyzed lysosomal extracts by the centrifugation procedure. 

These same fractions were subjected to disc electrophoresis on polyacrylamide 
gels containing o.I% Triton X-ioo and the results are shown in Fig. 6. The fractions 
were again solubilized in Triton X-Ioo in preparation for electrophoresis. The 5'- 
nucleotidase in fractions containing plasma membranes (Fig. 6D) and lysosomal mem- 
branes (Fig. 6C) migrated as single bands in the polyacrylamide gels. The enzymes 
from the two sources had identical mobilities and moved to the midportion of the gel. 
The lysosomal fraction contained 2 overlapping bands of 5'-nucleotidase activity 
(Fig. 6A). The faster moving band had a mobility in the gel identical to that of the 
5'-nucleotidase in the soluble fraction of the lysosomes (Fig. 6B). Although the slower 
mo~ing band of 5'-nucleotidase in the lysosomal fraction migrated slightly farther 
into the gel than the 5'-nucleotidase of the plasma and lysosomal membranes, it 
seems likely that it is the same enzyme. 

DISCUSSION 

The data shown in Table I and Fig. I clearly demonstrate that a certain part of 
the 5'-nucleotidase activity in homogenates of rat liver has the sedimentation proper- 
ties and characteristic density in sucrose gradients of a lysosomal enzyme under 
varying experimental conditions. A comparison of the recoveries of acid phosphatase 
and of 5'-nucleotidase in highly purified lysosomal fractions (Table I) shows that ap- 
proximately 8% of the 5'-nucleotidase in liver homogenates behaves as a lysosomal en- 
zyme. A similar percentage can be arrived at from the data in Fig. 2. The assumption 
is made that the two enzymes are homogeneously distributed among all lysosomes. 
These data simply indicate that 8~o of the liver 5'-nucleotidase as measured in these 
experiments (activity based on the release of inorganic phosphate from AMP at a pH 
of 7.4 in the presence of IO mM tartrate) has the properties of a lysosomal enzyme in 
centrifugal fields and sucrose density gradients, and yield no information concerning 
the identity of the enzyme(s) responsible for the activity. If  other assay procedures 
were used, the results might be quite different. The data of Widnell and associates6, 7 
demonstrating that the membranes of the endoplasmic reticulum contain 5'-nucleo- 
tidase and those presented in this paper demonstrate that the 5'-nucleotidase activity 
in liver homogenates is not associated exclusively with fragments of the plasma mem- 
brane; however, on a quantitative basis the plasma membrane fragments probably do 
contain the major part of the activity. These facts should be considered when using 
5'-nucleotidase as a marker enzyme for the plasma membranes of rat liver. 

The results presented in Figs 5 and 6 concerning the chromatographic and 
electrophoretic properties of the 5'-nucleotidases in purified lysosomal and plasma 
membrane fractions illustrate, even more clearly, the complexity of the system. The 
lysosomal fraction contained two 5'-nucleotidases which were chromatographically 
and electrophoretically distinct. One of these enzymes was associated with the lyso- 
somal membrane fraction isolated by the procedure of Trouet 27, and the other with 
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the soluble fraction of the lysosomes. Tile chromatographic and electrophoretic prop- 
erties of the 5'-nucleotidase associated with tile lysosomal membrane fraction were 
identical to those of the enzyme associated with purified plasma membranes. Although 
the data suggest that lysosomes contain two 5'-nucleotidases, i.e. different enzymes 
capable of catalyzing the hydrolysis of AMP, the possibility does exist that  the higher 
molecular weight form of 5'-nucleotidase may be an artifact resulting from the incom- 
plete solubilization of the membrane bound enzyme. Tile enzyme associated with 
lysosomal and plasma membranes may not be dispersed in a molecular form by treat- 
ment with Triton X-Ioo. Tile 5'-nucleotidase in solubilized lysosomal membranes and 
plasma membranes did not accumulate at tile interface between the stacking and 
separating gels during electrophoresis, and in fact migrated rather rapidly in the 5('.~ 
polyacrylamide separating gel suggesting that  the enzyme was not associated with 
fragments of undissolved membrane. Widnell and Unkeless 6 purified the 5'-nucleo- 
tidase of rat liver to the point where the specific activity of the purified enzyme was 
4oo times greater than the specific activity of the enzyme in crude microsomal pellets. 
This purified enzyme was associated with only one phospholipid, sphingomyelin; 
however, the enzyme preparation contained approximately equal amounts of protein 
and phospholipid. When chromatographed on a column of 6°,'o agarose, this purified 
5'-nucleotidase also eluted near the void wflume of the column ; however, it is difficult 
to assess the influence of the phospholipid in the preparation on the behavior of the 
enzyme on this hydrophilic gel. 

I f  the lysosomes do contain two 5'-nucleotidases, the effects of Mg z+ and Mn" ~- 
concentrations on the activities of the enzymes and tile pH versus  activity curves 
should be done on the individual enzymes rather than on the whole lysosomal fraction. 
These experiments have not been undertaken. I t  is very unlikely on the basis of the 
pH versus  activity data (Fig. 3) that  a lysosomal phosphatase with an acid pH opti- 
mum is responsible for the nucleotidase activity observed at a pH of 7.4 in the lyso- 
somal preparations ; furthermore, no inorganic phosphate was released from fi-glycero- 
phosphate by these lysosomal fractions at a pH of 7.4 in the presence of xo mM 
tartrate demonstrating that  acid phosphatase is totally inactive under these condi- 
tions. The question as to whether lysosomes, particularly the lysosomal membrane, 
contain the same 5'-nucleotidase found in plasma membranes remains unanswered. 
The data indicate that  the 5'-nucleotidase in the soluble fraction of the lysosomes is 
probably distinct from tile 5'-nucleotidase associated with the plasma membrane; 
however, more specific methods, perhaps immunological, will have to be applied to 
the problem before a final answer can be given. The 5'-nucleotidase in the lysosomal 
membrane fraction is chromatographically and electrophoretically identical to the 5'- 
nucleotidase in purified plasma membranes; however, in this case it is impossible to 
rule out the possibility that the lysosomal membrane fraction may be slightly con- 
taminated with fragments of the plasma membrane. 
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