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We examined the distribution of acid NADPase activity in 
rat hepatocytes by cytochemistry and subcellular fraction­
ation. Cytochemical studies revealed strong NADPase ac­
tivity in many lysosomes and Golgi saccules situated be­
tween the medial and trans aspect of the stack. Light, spotty 
deposits of reaction product also were observed frequently 
within elements of the Golgi-associated endoplasmic retic­
ulum lysosome (GERL) system. Biochemical studies with 
liver homogenates indicated that NADPase activity was dis­
tributed across various subcellular fractions in a pattern 
resembling typical nonspecific acid phosphatase activity, as 
monitored using β-glycerophosphate as substrate. Thus, by 
differential centrifugation, most cellular NADPase activity 
was found in the large granule (ML) fraction (61%). The 
microsomal (P) fraction showed about 17% whereas the nu­
clear (N) and cytosol (S) fractions each accounted for about 

11% of the remaining NADPase activity, respectively. Sepa­
ration of the ML fraction into endosomes and secondary 
lysosomes revealed most of the acid NADPase activity as­
sociated with lysosomes. An alternate one-step method for 
isolation of fractions indicated that 3% of the recovered 
acid NADPase activity, but 5 5 % of the Golgi marker en­
zyme galactosyl transferase, was associated with a purified 
intact Golgi fraction. Cytochemical studies with ML and in­
tact Golgi fractions indicated that bona fide reaction prod­
uct was localized to lysosomes and to the same saccules that 
were reactive in vivo. We propose that saccules making up 
the trans half of the Golgi stack may represent a site for ac­
cumulation of a biogenetic precursor of the lysosomal acid 
NADPase in hepatocytes. 
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Introduction 
Initial interest in NADPase has focused on the unique association 

of this acid-dependent phosphatase with saccules that make up 

the intermediate, or medial, region of the Golgi stack in many 

cells (4, 11, 27, 36, 37, 39, 42). There have been reports, however, 

of strong NADPase activity in other subcellular compartments, in­

cluding trans Golgi saccules (2, 36), elements of the Golgi-

associated endoplasmic reticulum lysosome (GERL) system (2, 

36), and lysosomes (4, 5). The biological reasons for these differ­

ences in the distribution of NADPase are unclear at present. 

Except for crude isolation of NADPase from plants by Jacob 

and Sontag (22), distribution of NADPase activity has not been 
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assessed by subcellular fractionation. Liver is ideal for this purpose 

because it is bulky and easy to dissect, and the procedures needed 

to isolate specific subcellular compartments by differential and 

rate-zonal centrifugation have been well defined. The results of 

this study are of interest because they provide evidence that the 

bulk of NADPase activity is contained in the lysosomes of hepato­

cytes. NADPase-reactive lysosomes include typical residual bodies 

and a variety of other structures possessing spherical, signet, elon­

gate, reticulate, or bizarre shapes. 

Materials and Methods 
Four young female Sherman rats of 160 g body weight and 26 mature fe­
male Sherman rats of 250 g body weight were used in the cytochemical 
and the subcellular fractionation studies, respectively. 

Cytochemical Studies: Intact Liver 
Fixation. Rats were anesthetized with chloral hydrate (0.4 mg/g body 

weight) and perfused for 6-20 min via the ascending aorta with 
glutaraldehyde (2% or 2.5%) as described previously (36, 39-41). Narrow 
rectangular strips were cut from the left median lobe of the fixed livers 
and were immersed in fresh fixative for an additional 1-3 hr at 4°C. After 
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Figure 1. Hepatocytes from liver fixed in 
situ with 2.5% glutaraldehyde and in­
cubated for 4 hr at pH 5.0 with 4 mM β-
NADP+. Heavy deposits of reaction product 
are localized in Golgi saccules (GS, arrow­
heads) and lysosomes (L). Reactive sac­
cules are seen in each of the various Golgi 
stacks (GS1-GS3) arrayed at the periphery 
of the nucleus (N). Traces of reaction prod­
uct also appear occasionally in structures 
lying adjacent to the lateral edges and 
trans aspect of the Golgi stack (arrow, t). 
Reactive lysosomes often appear to be 
clustered near Golgi stacks or the plasma 
membrane. Some lysosomes contain 
spotty deposits (arrow, s) whereas others 
appear unreactive (arrow, u). SN, sinusoi­
dal surface; BC, bile canaliculus; P, peroxi­
some; GY, glycogen. Original magnifica­
tion x 14,000. Bar = 1 µm. 

fixation, a portion of the liver strips from one animal was washed on a rota­

tor for 3—4 hr at 4°C in several changes of 0.1 M sodium cacodylate buffer 

containing 4% sucrose (w/v), pH 7.4 (CS buffer), immersed in 4.13% 

ethylene glycol (bis)tetraacetic acid (EGTA) (Sigma Chemical Co., St. 

Louis, MO), pH 7.3, for 16 hr at 4°C, and re-washed for up to 2 days in 

frequent changes of cold CS buffer. The remaining liver strips from this 

animal were washed continuously in cold CS buffer for the same period 

of time. The liver strips from the other three animals were washed for 1 

or 2 days in frequent changes of cold CS buffer. 

Incubations. Liver strips were embedded in 7% agar and cut at 40-

50 µm or 75-100 µm thickness along their length on a Sorvall TC-2 tissue 

chopper. The sections were washed and incubated with various substrates 

at pH 5.0 and 37°C using procedures described previously (39, 40). Sub­

strates (obtained from Sigma) and incubation times for this study were as 

follows: a) 4 mM β-NADP+ for 3 and 4 hr, b) 1 mM 3'-NADP+ for 1 and 

2 hr, c) 10 mM β-glycerophosphate (β-GP) for 15, 30, and 60 min, and 

d) 4 mM 2'-adenosine monophosphate) (2'-AMP), 3'-AMP, or (5'-CMP) for 

30 and 60 min. When CMP was used as substrate, the media also con­

tained 10 mM manganese chloride (29). Some of the sections from animals 

perfused with 2% glutaraldehyde were incubated for 20 or 40 min at 37°C 

and pH 3.9 in the medium described by Doty et al. (16), with 

trimetaphosphate (TMP) as substrate. A portion of the tissue chopper sec­

tions from two animals was pre-washed continuously in CS buffer and then 

incubated for 1, 1.5, or 2 hr at 37°C and pH 7.5 in media prepared with 

4 mM thiamine pyrophosphate (TPP), 80 mM sodium cacodylate buffer, 

5 mM manganese chloride, 3 mM lead nitrate, and 5% sucrose (w/v) 

[modified method of Novikoff and Goldfischer (30)]. Where necessary, 

freshly prepared media were filtered through two sheets of #50 Whatman 

paper prior to incubation. In some cases media were replaced after 1 hr 

(TPP) or 2 hr (NADP) of incubation with freshly made and warmed me­

dia. Vials containing the sections and media were agitated by hand every 
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Figures 2 and 3. Lysosomes from intact hepatocytes incubated tor 4 hr at pH 5.0 with 4 mM β-NADP+. Heavy and fairly uniform deposits of reaction product are 
found in many lysosomes (L) which display a variety of shapes including reticulate (Figure 2), spherical (Figure 3), and elongate (Figure 3). The lysosomes often 
appear interconnected by NADPase-positive channels (arrowheads). GS, Golgi saccules; M, mitochondria; P, peroxisome. Original magnification x 30,000. Bar 
= 0.5 µm. 

15 min throughout the entire incubation period. Controls for all experi­

ments consisted of incubating sections in duplicate media prepared with 

all components except substrate. 

Processing. After incubation, tissue chopper sections were washed and 

post-fixed as described previously (36). In some cases, block staining of sec­

tions was carried out with lead aspartate as described by Kopriwa (26). Af­

ter dehydration and embedding (36), thin sections were cut on a Reichert 

Omu4 ultramicrotome and examined without grid staining in a Philips 

400 electron microscope. 

Cytochemical Studies: Fractions 

Large granule and intact Golgi fractions (see next section for details) were 

fixed for 20 min at 4°C in 1% glutaraldehyde (v/v) and 0.05 M sodium 

cacodylate buffer, pH 7.4. The fractions were recovered onto Millipore 

filters (0.45 µm pores; Millipore Corp, Bedford, MA) by gentle pressure 

filtration (3), and the resulting membrane pellicles were washed and in­

cubated as described for tissue chopper sections with β-NADP+, β-GP, or 

TPP as substrate. The fractions were washed in CS buffer and then post-

fixed and processed for electron microscopy, as described by Paiement et 

al. (35). 

Subcellular Fractionation and Enzyme Assays 

Preparation. The protocol of Amar-Costesec et al. (1) was followed to 

prepare fractions by differential centrifugation. This resulted in N (nu­

clear), ML (large granule), P (microsomal), and S (cytosol) fractions. The 

homogenate was as defined by these workers (1), namely, the combined 

N and E (extract) fractions. The ML fraction was separated further into en-

dosomes and lysosomes according to a protocol to be published in detail 

elsewhere. Briefly, the ML fraction was resuspended in 1.16 M sucrose over 

which a continuous gradient of 0.25-1.15 M sucrose was formed. Following 

centrifugation for 1.5 hr at 285,000 g maximum, endosomes were recov­

ered at a density of 1.10 and lysosomes were found in the pellet. The su­

crose gradient flotation method for preparing an intact Golgi fraction 

from liver homogenates has been described in detail elsewhere (6). 

Assays. Crude homogenates and fractions taken from the gradients 

were assayed directly for NADPase or /3-GPase activity at pH 5.0 and 37°C 

for 1 hr or 30 min, respectively, by a method similar to the one previously 

described (40). In this study, the components of the assay system for acid 

NADPase activity were 0.05 ml of 0.5 M sodium acetate buffer (pH 5.0), 

0.05 ml of 1% Triton X-100, 0.1 ml of enzyme (crude homogenate or frac­

tion), 0.1 ml of 20 mM β-NADP+, and 0.2 ml distilled water. For β-GPase 

activity, the components were 0.05 ml of 0.5 M β-GP dissolved in 0.6 M 

Figure 4. Lysosomes from ML fraction of liver homogenates (see Figure 11) 
incubated for 4 hr at pH 5.0 with 4 mM β-NADP*. In this fraction reaction product 
is localized specifically to lysosomes (L). Note that the deposits appear more 
diffuse compared to the in situ preparations (Figures 2 and 3), and that 
NADPase-positive "tails" can be identified at the periphery of some of these 
isolated lysosomes. M, mitochondria (arrowhead). Original magnification 
x 46,000. Bar = 0.5 µm. 


