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In the present investigation, we have demonstrated that three lysosomal-type hydrolases, a-glucosidase, 
a-mannosidase and a phosphatase, are present in lamellar bodies isolated from adult human lung. The 
hydrolase activities that were studied, all showed an acidic pH optimum, which is characteristic for lysosomal 
enzymes. The properties of acid a-glucosidase in the lamellar body fraction and that in the lysosome-en- 
riched fraction were compared. Using specific antibodies against lysosomal a-glucosidase from human 
placenta, two a-glucosidases could be distinguished in the lamellar body fraction: one with a high affinity to 
the antibodies as found in the lysosome-enriched fraction and another with a much lower affinity. Both forms 
showed an acidic pH optimum. The same heterogeneity of a-glucosidase in the lamellar body fraction could 
be observed using immobilized concanavalin A. The lectin was able to precipitate nearly all a-glucosidase 
activity of the lysosome-enriched fraction. In contrast, 30% of the a-glucosidase activity in the lamellar body 
fraction was not precipitable. Furthermore, the lamellar body a-glucosidase with the low antibody affinity 
could not be bound to concanavalin A. The results suggest that lamellar bodies contain at least two acid 
a-glucosidases: one similar to the lung lysosomal a-glucosidase, and another lamellar body-specific isoen- 
zyme with a different immunoreactivity and lectin affinity. The lamellar body-specific a-glucosidase should 
prove useful as a lamellar body-specific marker enzyme. 

Introduction 

The alveoli of the lung are lined with pulmonary 
surfactant, a lipid-protein complex that prevents 
alveolar collapse and transudation by lowering the 
surface tension at the interface of the air and the 
liquid covering the epithelial cells [l]. This surfac- 
tant is produced by the alveolar type II epithelial 
cells [1,2]. Prior to its secretion by these cells the 
surfactant is stored in lamellar bodies [3,4]. Di- 
palmitoylphosphatidylcholine is considered to be 
the most important surface-active constituent of 
pulmonary surfactant [5]. Lipids comprise approx. 

* To whom correspondence should be addressed. 

95% by weight of purified surfactant, while the 
remaining 5% is protein. In many biochemical 
studies it has been shown that hydrolytic enzyme 
activities are present in lamellar body preparations 
[6.7] as well as in the extracellular layer lining the 
alveoli [8]. In addition, hydrolases in lamellar bod- 
ies have been demonstrated histochemically [9]. 
However, it is not known what the relationship is 
between these activities and similar activities in the 
lysosomes. To throw more light on this question, 
we compared the properties of the hydrolase activ- 
ities in lung lysosomes with those found in pre- 
parations of lamellar bodies. Special attention was 
paid to acid a-glucosidase because of the availabil- 
ity of specific antibodies against this enzyme. It is 
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known that lysosomal enzymes [lO,ll], including 

acid a-glucosidase from human liver [12,13], are 
glycoproteins. Therefore, lectin binding assays were 
performed to obtain information about possible 
differences in the oligosaccharide moiety of lyso- 
somal and lamellar body a-glucosidase. In this 
paper we present evidence that isolated lamellar 
bodies contain acid hydrolase activities which are 
not due to lysosomal contamination and that 

lamellar bodies contain a specific lysosomal-type 
a-glucosidase. 

Materials and Methods 

Materials. 4-Methylumbelliferyl-a-D-glucoside 
and 4-methylumbelliferyl-cr-D-mannoside were ob- 

tained from Sigma Chemical Co., St. Louis, MO. 
p-nitrophenylphosphate from Koch-Light, Suffolk, 
U.K., silica gel G from Merck, Darmstadt, F.R.G., 
and glycogen from United States Biochemical Cor- 

poration, OH. Sepharose 4B, Protein A-Sepharose 
CL-4B, concanavalin A-Sepharose and Sephacryl 
were purchased from Pharmacia, Uppsala. Sweden. 
Goat anti-rabbit and goat anti-mouse IgG 
horseradish peroxidase conjugates were bought 
from Bio-Rad Laboratories, Richmond. CA. 

Isolation of suhcellulur lung fructions. Fresh hu- 
man lung parenchyma was obtained from patients 

who had undergone a lung resection or lobectomy 
to remove a malignancy. The tissue used for isola- 
tion of the different subcellular fractions was tumor 

free. The lung tissue was rinsed with 0.9% NaCl, 

minced and homogenized in 0.33 M sucrose/O.01 
M Tris-HCl (pH 7.0) (5 ml/g lung tissue) using a 

motor-driven Potter Elvehjem homogenizer with a 
Teflon pestle and, subsequently, a hand-driven 
homogenizer with a ground-glass pestle (clearance 
0.25 mm). Lamellar bodies, a lysosome-enriched 
fraction and microsomes were isolated from the 
homogenate as described in Refs. 14 and 15. The 
lamellar body fraction had the same high phos- 
pholipid phosphorus-to-protein ratio and similar 
high contents of phosphatidylcholine and phos- 
phatidylglycerol as reported earlier [14]. In ad- 
dition, electronmicroscopic studies in this earlier 
work [14] had shown that the lamellar body frac- 
tion isolated by this procedure consists predomi- 
nantly of intact lamellar bodies. All preparations 
were sonicated six times for 30 s at 0°C with an 

MSE ultrasonic disintegrator at 21 kcycles/s and 

an amplitude of 6 pm peak-to-peak. 
Preparation of plucenta and liver homogenates. 

Human placentas were obtained as soon as possi- 
ble after delivery and frozen at -20°C until use. 
Human liver tissue was obtained at autopsy, frozen 
immediately at -20°C and stored at this temper- 
ature until used. Placenta and liver homogenates 
(lo%, w/v) in phosphate-buffered saline (150 mM 
NaCl, 10 mM phosphate (pH 7.4)) were made with 

a Potter-Elvehjem homogenizer. 
Lipid unalyses. Lipids of the subcellular frac- 

tions were extracted according to the method of 
Bligh and Dyer [16]. Phospholipids were separated 

by two-dimensional thin-layer chromatography on 
silica gel G plates impregnated with boric acid [17] 

using chloroform/methanol/water/concentrated 
NH, (15 M) (70 : 37 : 4: 6, v/v) and chloroform/ 

methanol/water (65 : 35 : 5, v/v) as developing 
solvents. After detection by brief exposure to iodine 
vapor, phospholipids were extracted from the silica 

gel [16]. Phospholipid phosphorus was estimated 
according to the method of Bartlett [18]. 

Enzyme USSU_VS. Activities of a-glucosidase and 

n-mannosidase were measured fluorimetrically 
using methylumbelliferyl glycosides as substrates. 
The fluorescence of the liberated 4-methylumbel- 

liferone was measured in an Eppendorf fluorime- 
ter with a 3133366 nm filter for excitation and a 

420-3000 nm secondary filter. Acid phosphatase 
was determined using p-nitrophenylphosphate as 
substrate. The liberated p-nitrophenol was esti- 

mated spectrophotometrically at 405 nm, a molar 
extinction coefficient of 18.5. 10h cm’/mol being 
used. The substrate concentrations in the reaction 
mixtures were: 0.44 mM 4-methylumbelliferyl-a- 
D-glucoside, 0.44 mM 4-methylumbelliferyl-cr_D- 
mannoside or 2.7 mM p-nitrophenylphosphate. In 
addition to substrate, the incubation mixtures con- 
tained 0.1 ml Mcllvaine’s buffer (pH 3.0-8.0) [19], 

varying amounts of protein (50-100 pg) and water 
to a final volume of 0.5 ml. After incubation at 

37°C for l-2 h. the reaction was stopped by 
adding 2 ml 0.3 M glycine/NaOH buffer (pH 
10.6). To determine a-glucosidase activity towards 
glycogen as substrate, the reaction mixture con- 
tained 100 mM sodium acetate (pH 4.0) 10 mg/ml 
glycogen, appropriate aliquots of lung prepara- 
tions and water to a total volume of 0.5 ml. In 
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control incubations either lung preparation or sub- 
strate was omitted. After incubation at 37°C for 1 
h, the reaction was stopped by heating the mixture 
at 100°C for 2 min. The liberated glucose was 
estimated using hexokinase and glucose-6-phos- 
phate dehydrogenase [20]. All subcellular fractions 

were sonicated again just before use. 
Antibody and lectin binding studies. Acid a-glu- 

cosidase was purified from human placenta by the 
procedure described for liver [21]. Rabbits were 

injected with the purified enzyme in Freund’s ad- 
juvant followed by three booster injections with 
incomplete Freund’s adjuvant to obtain anti-a-glu- 

cosidase antibodies [21]. A control immunoglobu- 
lin preparation (control Ig) was obtained from 

rabbits injected with Freund’s adjuvant only. 
Varying amounts of antibody were mixed with 50 
~1 packed gel of Protein A-Sepharose Cl-4B and 
phosphate-buffered saline to a total volume of 250 
~1. The suspension was stirred well for 1 h at room 
temperature. The immobilized anti-a-glucosidase 
was centrifuged down at 2000 x ,g for 2 min. Sub- 
sequently, the immunobeads were washed five 
times with phosphate-buffered saline. To obtain a 
1 : 1 diluted gel suspension, 50 ~1 phosphate- 

buffered saline were added to 50 ~1 packed im- 
munobeads. Incubations of lung preparations or a 

placental glycoprotein fraction with immobilized 
anti-a-glucosidase or concanavalin A-Sepharose 4B 

were performed at 37’C for 1 h. Then, the reaction 

mixture was centrifuged at 2000 X g for 2 min. 
The enzymic activities in the supernatant and the 
activity bound to the immunobeads or concanava- 
lin A-Sepharase 4B beads were assayed as de- 
scribed above. 

Electrophoretic blotting procedure. Electrophore- 
sis on a 10% polyacrylamide slab gel in the pres- 
ence of SDS was performed using the discontinu- 
ous system described by Laemmli [22]. The pro- 
teins were transferred electrophoretically from the 
gels to nitrocellulose filters according to Towbin et 
al. [23]. The filters were washed three times with a 
0.05% (w/v) solution of Tween 20 (polyoxyethy- 
lene sorbitanmonolaurate) in phosphate-buffered 
saline (hereafter indicated as phosphate-buffered 
saline/Tween). After washing, the filters were im- 
mersed in 1% bovine serum albumin in phosphate- 
buffered saline/Tween for 30 min, washed again 
with phosphate-buffered saline/Tween and subse- 

quently incubated overnight with polyclonal anti- 
a-glucosidase antibodies raised in a rabbit as de- 
scribed above or with a mixture of three mono- 
clonal anti-a-glucosidase antibodies produced as 
described by Hilkens et al. [24]. The filters were 
then washed six times with phosphate-buffered 
saline/Tween. Following this, the blots treated 
with polyclonal antiserum were incubated for 1 h 
with goat anti-rabbit IgG horseradish peroxidase 

conjugate, whereas the blots treated with the mix- 
ture of monoclonal antibodies were incubated for 

1 h with goat anti-mouse IgG horseradish per- 
oxidase conjugate. Both peroxidase conjugates were 
diluted in phosphate-buffered saline/ Tween 

(1 : 3000). The filters were then washed four times 
with phosphate-buffered saline/Tween and twice 

with 20 mM Tris (pH 7.0) -50 mM NaCI. Im- 
mune complexes were visualized by incubating the 
filters with peroxidase color development reagent 
(Bio-Rad) according to the manufacturer’s instruc- 
tions. The reaction was terminated by washing in 
distilled water. The whole procedure was per- 
formed at room temperature with gentle shaking 
of the filters. 

Enzyme-linked immunosorbent ussay. The spec- 
ificity of polyclonal anti-cw-glucosidase was checked 
by an enzyme-linked immunosorbent assay as fol- 
lows. A 96-well microtiter plate was coated with 

lung homogenate, lamellar body fraction, human 

IgA or human IgG for 1 h at 37°C. Each well 

contained 30 ng-60 pg of protein in 150 ~1 phos- 
phate-buffered saline. After washing the plate with 
phosphate-buffered saline/ Tween, polyclonal 
anti-cy-glucosidase was added to each well and the 
plates were incubated at 37°C for 1 h. After 
washing with phosphate-buffered saline/Tween, 
150 ~1 of a 1 : 3000 dilution of goat anti-rabbit 
IgG horseradish peroxidase conjugate was added 
to each well. It should be stressed that the pres- 
ence of Tween 20 was essential in order to prevent 
non-specific adsorption of protein. After 1 h at 
37°C the plate was washed five times with phos- 
phate-buffered saline/Tween and 150 ~1 of a 
freshly prepared solution containing 11 mM o- 
phenylenediamine dihydrochloride, 0.6 mM H,O, 
and 0.1 M phosphate buffer (pH 6.0) was added to 
each well. The reaction was stopped by addition of 

50 ~1 of 2 M H,SO, and A491 ,,,,, was measured in 
a Titertek spectrophotometer. 



Other methods. A placental and a urine glyco- 

protein fraction were isolated as described for liver 
[21]. Protein was determined by the method of 
Lowry et al. [25]. 

Results 

pH optimu of hydroluses in lamellur bodies of hu- 

man lung 
Several studies have shown that hydrolase activ- 

ities are frequently associated with the lamellar 
body fraction [6-8,26628]. However, except in one 

study on phospholipase A, and A2 in lung lamel- 
lar bodies from rabbit [26], the pH optima of the 

hydrolase activities were not investigated. It is well 
established now, that the intralysosomal pH is low 

compared to that of the surrounding medium (see 
Refs. 29 and 30 for reviews). Therefore, it is to be 
expected that in lysosomes the degradation of 
macromolecules is catalyzed by hydrolases with an 
acid pH optimum [31]. However, several non- 
lysosomal hydrolases without an acid optimum are 
able to hydrolyze the same substrates as the lyso- 
somal isoenzymes do. For example, at least two 
isoenzymes of a-glucosidase are known in human 
liver: a lysosomal acid-a-glucosidase [32,33] with a 

pH optimum at about 4.5 and a cytoplasmic neu- 
tral a-glucosidase [32,34] with a pH optimum at 
6.5. Thus, the neutral a-glucosidase may interfere 

in the determination of the lysosomal cy-gluco- 
sidase even at a low pH as a consequence of the 

considerable activity of this cytoplasmic enzyme at 
acidic pH. 

If the hydrolases in the lamellar bodies have a 
lysosomal character, a low pH optimum can be 
expected. Fig. 1 shows that the lamellar body 
fraction does, indeed, contain hydrolase activities 
with an acid pH optimum. 

Binding of cx-glucosiduse to immobilized concunaua- 
lin A and immobilized anti-a-glucosidase antibodies 

In all current hypotheses on the mechanisms 
involved in the delivery of lysosomal enzymes, 

which are glycoproteins [lO,ll], to the lysosomal 
apparatus an important role is assigned to the 
oligosaccharide moiety [35]. To the best of our 
knowledge none of the authors who claimed that 
lamellar bodies contain lysosomal of lysosomal- 
type enzymes investigated whether these enzymes 
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are glycoproteins. In order to obtain information 

on this point we made use of the lectin con- 
canavahn A, which binds molecules containing 
a-D-mannopyranosyl or n-D-ghicopyranosyl re- 
sidues. 

Fig. 2 shows the effect of preincubation with 
concanavalin A bound to Sepharose 4B on the 
acid ol-glucosidase activity in preparations of hu- 

man lung. As a standard we used lysosomal cr-glu- 
cosidase in a glycoprotein fraction from human 

placenta. Upon increasing the amount of immobi- 
lized concanavalin A the activity of the placental 

enzyme remaining in the supernatant decreased 
abruptly. Addition of 10 ~1 (1 : 1) of the suspen- 

sion of immobilized concanavalin A enabled the 

precipitation of more than 95% of the acid cr-glu- 
cosidase activity. Most of the a-glucosidase activ- 

ity was also precipitated from lung homogenate 
and the lysosome-enriched fraction from lung. A 
rather different curve was observed with the lamel- 
lar body fraction. At low concanavalin A con- 
centrations, the a-glucosidase activity in the super- 
natant fell rapidly. However, ultimately, a plateau 

345670 

PH 

hd phosphatase 

i 
31.5678 

PH 

Fig. 1. The effect of pH on the activity of a-glucosidase. 

a-mannosidase and acid phoaphatase in the lamellar body 

fraction from human lung. The activities of a-glucosidase and 

a-mannosidase were determined with 4-methylumbelliferyl de- 

rivatives as substrates. Acid phosphatase was assayed with 

p-nitrophenylphosphate. The optimal specific activities were 

taken as 100%. The optimal specific activities of n-glucosidase. 

a-mannosidase and acid phosphatase were 0.5. 1.8 and 71.5 

nmol of substrate hydrolyzed/min per mg protein, respectively. 

Results of a typical experiment from a series of three are 

shown. 
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was reached, which was caused by 30% non-pre- 

cipitable a-glucosidase activity. These data suggest 

that the lamellar body fraction contains at least 
two a-glucosidases: one with a high affinity to 
concanavalin A (hke the activity in the other pre- 
parations) and another with no affinity to con- 
canavalin in the test used. This shows the existence 
of at least two a-glucosidases in the lamellar body 
fraction. Binding to uncoated Sepharose beads was 
insignificant (Fig. 2). 

As Table I shows, the highest specific activity of 

the a-glucosidase not binding to immobilized con- 
canavalin A was observed in the lamellar body 

fraction. Whereas in whole lung homogenate, and 

in the lysosome-enriched and microsomal lung 

fractions specific activities below 10 pmol of sub- 
strate hydrolyzed/min per mg protein were mea- 

sured, the specific activity in the lamellar body 
fraction was at least an order of magnitude higher. 

I / 

100 
i 

I 
10 

I 
10 20 30 40 

Sephorose 4 B with or without Con A (,ul f 

Fig. 2. Effect of titration with concanavalin A-Sepharose 48 on 

the acid a-glucosidase activity in preparations from human 

lung and placenta. The sonicated preparations were prein- 

cubated with concanavalin A-Sepharose 4B as described in 

Materials and Methods. After centrifugation. a-glucosidase 
activity at pH 4.5 was determined with methylumbelliferyl-a- 

D-glucoside as the substrate in the supernatant from the lamel- 

lar body fraction (e) the lung homogenate (F) the lysosome 
enriched fraction (A) and a glycoprotein fraction isolated from 

placenta (m). The same procedure was followed with uncoated 

Sepharose beads and the control values obtained in this way 

are indicated by the corresponding open symbols. All incuba- 

tions with the tectin were performed with the same total 

amount of a-glucosidase activity. Results of a typical experi- 

ment from a series of four are shown. 

It should be noted that the concanavalin A-nega- 
tive a-glucosidase activity in the microsomal frac- 

tion is not only low compared to that in the 
lamellar body fraction (Table I), but moreover has 
no acid pH optimum and no affinity to glycogen 
(data not shown). The latter is in contrast to the 
concanavalin A-negative a-glucosidase activity in 
the lamellar body fraction. Therefore, the non-bi- 
nding cu-glucosidase activity with affinity to glyco- 
gen and with an acid pH optimum seems to be 
lamellar body specific. Furthermore, this activity 

seems to be specific for lung. Whereas in whole 
lung homogenate the non-binding activity could 

be estimated to be between 5 and 10 pmol of 

substrate hydrolyzed/min per mg protein, no 

non-binding activity could be detected in homo- 
genates from human liver and placenta (data not 

shown). 
A further investigation of the properties of 

cu-glucosidase in the various subcellular fraction of 
human lung was performed with a polyclonal anti- 
serum raised against lysosomal a-glucosidase from 
human placenta. These antibodies were immobi- 
lized by binding them to Protein A-Sepharose 4B. 
The purified placental a-glucosidase preparation 
showed a high affinity to the immobilized antibod- 
ies (Fig. 3). We found no significant differences in 

TABLE I 

TOTAL a-GLUCOSIDASE ACTIVITY AND n-GLUCO- 

SIDASE ACTIVITY WITHOUT BiNDING AFFINITY TO 

IMMOBILIZED CONCANAVALIN A IN PREPARATIONS 

FROM HUMAN LUNG 

The a-glucosidase activity was determined with tl-methyl- 

umbelliferyl-a-D-glucoside at pH 4.5. For experimental details 

see Materials and Methods. Data represent mean-t S.E. The 

numbers in parentheses are the number of preparations used. 

Preparation a-Glucosidase activity 

(pmol methylumbelliferone/ 
min per mg protein) 

total non-precipitahle 

Lung homogenate 

Lung lysosome- 

enriched fraction 

Lung lamellar 
body fraction 

Lung microsomal 

fraction 

106.4i 6.0(6) 7.2 + 3.3(6) 

483.3+26.3(3) 5.4 f 3.6(3) 

371.1 rt 18.314) 115.8 + 12.0(4) 

59.2 + 6.6(3) 8.1 k 1.2(3) 
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percent immunoprecipitable activity between this 

placental preparation, the lung homogenate and 
the pulmonary lysosome-enriched fraction (Fig. 3). 
With the lamellar body fraction a biphasic precipi- 

tation curve was obtained (Fig. 3). This hetero- 
geneity in the a-glucosidase activity indicates again 
the existence of at least two cr-glucosidases in the 

lamellar body preparation, one with an affinity to 
the antibodies similar to that of the placental 
enzyme and another with a much lower affinity to 
anti-a-glucosidase. As a control, non-specific rab- 
bit immunoglobulins immobilized to Protein 
A-Sepharose 4B were used. Binding to these con- 

trol beads was insignificant (Fig. 3). 
Both the experiments with immobilized con- 

canavalin A and those with immobilized anti-a- 

glucosidase antibodies show that a lamellar body- 
specific type of cr-glucosidase exists. The following 
experiment was carried out to investigate the rela- 

tionship between the isoenzyme with low affinity 

towards concanavalin A and that with low affinity 

towards anti-cu-glucosidase. The pH dependence of 

25 50 75 100 125 150 175 200 225 250 

Fig. 3. Effect of titration with polyclonal anti-u-glucosidase 

bound to Protein A-Sepharose 4B on the acid a-glucosidase 

activity in preparations from human lung and placenta. After 

preincubation of the sonicated preparations with immobilized 

anti-cx-glucosidase for 1 h at 37°C the suspension was centri- 

fuged and the a-glucosidase activity with methylumbelliferyl-a- 

D-glucoside as substrate was measured at pH 4.5 in the super- 

natant from the lamellar body fraction (0) the lung homo- 

genate (v) the lysosome-enriched fraction (A) and a glycopro- 
tein fraction isolated from placenta, (0). Controls (correspond- 

ing closed symbols) were obtained by incubation with beads 
coated with preimmune serum. The same total amount of 

a-glucosidase activity was used in all incubations performed. 
Results of a typical experiment from a series of three are 

shown. 

the a-glucosidase activities present in the lamellar 

body fraction was measured after a preincubation 
with immobilized concanavalin A, immobilized 
anti-a-glucosidase antibodies or uncoated control 
beads. After the preincubation the beads were 
spun down. We determined the pH dependence 
both of the unbound cY-glucosidase activity re- 

maining in the supernatant and of the activity 
bound to the beads. The results of a typical experi- 
ment from a series of three are shown in Fig. 4. 
Upon preincubation with Protein A-Sepharose 4B 

(control beads), optimal activity was observed at 
pH 4.5. More than 90% of the enzymic activity did 

not bind to these control beads. Hence, aspecific 

binding was less than 10%. After preincubation 

with anti-cY-glucosidase coupled to Protein A-Sep- 
harose (immunobeads), about one third of the 
activity was found in the supernatant. while the 
rest could be detected on the immunobeads. Both 
isoenzymes. that with a high affinity and that with 
a low affinity to anti-a-glucosidase, show an opti- 
mum at pH 4.5. Fig. 4 also shows that the cy-gluco- 
sidase with a low affinity to the antibodies cannot 
be precipitated by immobilized concanavalin A. 
This strongly suggests that the a-glucosidase with 
a low affinity to the antibody and the one without 

affinity to concanavalin A are identical. The (Y- 
glucosidase activity which is not bound to Protein 
A-Sepharose can be partly bound to immobilized 

concanavalin A. The amount of cu-glucosidase ac- 
tivity which is not bound to concanavalin A beads 

is equal to the amount of activity unbound to 
immobilized anti-cY-glucosidase alone. This strongly 
suggests that the a-glucosidase with a low affinity 
to anti-cY-glucosidase and the one without affinity 
to concanavalin A are the same. Fig. 4 also shows 
that the a-glucosidase activity that can be removed 
by the second incubation with concanavalin A 
beads is about equal to the amount of activity 
bound by anti-a-glucosidase beads. These observa- 
tions also suggest that the a-glucosidase activities 
with a high affinity to concanavalin A and the 
antibodies are identical. It should be emphasized 
that both isoenzymes identified have a low pH 
optimum. 

The concanavalin A-positive and -negative cr- 
glucosidases in the lamellar body fraction, like the 
a-glucosidase activity in the lysosome-enriched 
fraction, were able to hydrolyse not only the artifi- 
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cial substrate 4-methylumbelliferyl-a-glucoside but 

also the natural substrate glycogen (data not 
shown). There is evidence from studies in other 
tissues that neutral a-glucosidase has little, if any, 

activity towards glycogen [36]. 

30 35 ‘0 L5 50 55 60 65 70 75 

PH 

SDS-polyacrylumide gel electrophoresis and im- 
munoblotting 

The different preparations were also analyzed 
by SDS-polyacrylamide gel electrophoresis in the 
presence of 2-mercaptoethanol as a reducing agent. 
The proteins were transferred to nitrocellulose 
sheets using the electrophoretic procedure. Fig. 5 
shows an immunoblot treated with monoclonal 

mouse anti-a-glucosidase antibodies. Several 
immunoreactive bands were detectable. A glyco- 

protein fraction from human urine was used as a 
reference. The urine preparation (lane 6) shows 

one main band of M, = 110 000, a second of M, = 

2 34 5 6 
Ar-lllrlr-lr-l 

Fig. 4. Effect of pH, immobilized concanavalin A and anti-a- Fig. 5. lmmunoblot with monoclonal anti-a-glucosidase anti- 

glucosidase antibodies on a-glucosidase activities in the lamel- bodies. The samples, containing 25 pg of protein, were added 

lar body fraction. a-Glucosidase activities were determined to the SDS and 2-mercaptoethanol-containing sample buffer 

with methylumbelliferyl-a-o-glucoside as substrate after differ- described by Laemmh [22] and proteins were separated on a 

ent preincubations. Lamellar body sonicate was preincubated 10% SDS-polyacrylamide slab gel. The proteins were electro- 

with Protein A-Sepharose 4B beads. After centrifugation the phoretically transferred to nitrocellulose paper. The immunob- 

unbound activity was measured in the supernatant (m) and the lot was treated with a mixture of three monoclonal antibodies 

bound activity on the beads (0). Part of the supernatant of the against lysosomal u-glucosidase. The antigen-antibody com- 

first incubation was subjected to a second incubation with plexes were visualized using horseradish peroxidase-labelled 

concanavalin A-Sepharose 4B beads. After centrifugation the goat antibodies to mouse IgG. The molecular weights of the 

activity in the resulting supernatant was assayed (v). The same protein standards used were: phosphorylase b, 94000; bovine 

procedure with immunobeads (polyclonal anti-a-glucosidase serum albumin, 67000; ovalbumin, 43000; carbonic anhydrase, 

coupled to Protein A-Sepharose 48) yielded a bound u-gluco- 30000; trypsin inhibitor, 20100, a-lactalbumin, 14400 (not 

sidase activity (0) and an unbound activity in the supernatant visible on the immunoblot). Lane 1: lysosome-enriched lung 

(0). Subsequently, part of this supernatant was incubated with fraction. Lane 2: lamellar body proteins without binding affin- 

concanavalin A-Sepharose 4B beads and the unbound activity ity to concanavalin A-Sepharose 4B. Lane 3: lamellar body 

determined in the resulting supernatant (A). The same total fraction with binding affinity to concanavalin A-Sepharose 48. 

amount of a-glucosidase activity was used in all incubations Lane 4: total lamellar body fraction, Lane 5: whole lung 

performed. Results of a typical experiment from a series of homogenate. Lane 6: a glycoprotein fraction from human 

three are shown. urine. 
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76000 and a doublet band with M, of about 

70000. The molecular weights of the protein bands 
are in accordance with those reported earlier for 
lysosomal a-glucosidase from human urine [37]. 
The major bands of M, 70000 and 76 000 are 
detectable in all lung preparations (lanes l-5). The 
pattern observed for the concanavalin A-Seph- 
arose-treated lamellar body fraction (lane 2) re- 
mained the same when the concanavalin-Seph- 

arose treatment was repeated to remove possibly 
remaining traces of the concanavalin A-positive 

a-glucosidase (not shown). The band observed in 
urine (lane 6) with a molecular mass of 110000 

Da, which represents a precursor form of a cy-glu- 
cosidase, is also observed in homogenate of whole 

lung (lane 5). The polyclonal antiserum could not 
be used in the immunoblotting experiment with 
lung material because of the presence of traces of 
anti-IgG and anti-&A antibodies as shown by an 
enzyme-linked immunosorbent assay. 

Discussion 

Several studies have shown that considerable 
hydrolase activities are present in lamellar body 
fractions isolated from the lungs of various species 
[6,8,26-281. However, with the exception of phos- 
pholipase A, and A, [26], the pH optima of these 
hydrolases were not investigated. In the present 

investigation we demonstrate that purified human 
lamellar bodies contain hydrolase activities with 

an acid pH optimum. The present observations 
suggest that it is unlikely that the acid hydrolase 
activity in the lamellar body fraction is due to 
contamination with acid hydrolases from lyso- 
somes. 

We paid special attention to the a-glucosidase 
activity in lamellar bodies. The availability of 
polyclonal and monoclonal anti-acid a-glucosidase 
antibodies offered us the opportunity to char- 
acterize this enzyme in a highly specific way. No 
differences were found in immunoprecipitability 
between the acid cY-glucosidase in lung lysosomes 
and that from placenta, which was used as a 
reference. The results indicated that the lysosomal 
fraction contained an a-glucosidase with high af- 
finity towards both concanavalin A and anti-a- 
glucosidase. The lamellar body fraction also con- 
tained this protein but, in addition, an isoenzyme 

was present which had a low affinity towards both 
concanavalin A and anti-cy-glucosidase. Both CY- 
glucosidases are characterized by low pH optima 

and are able to degrade glycogen, the natural 
substrate of lysosomal ol-glucosidase. 

Immunoblotting using monoclonal anti-a-glu- 
cosidase antibodies shows that the lamellar body 
fraction contains lysosomal a-glucosidase. The two 
immunoreactive main bands of M, = 70000 and 
76000 as described earlier for placenta [ll] were 

observed not only in the concanavalin A-binding 
fraction but also in the fraction that does not bind 

to concanavalin A. Thus, we cannot distinguish 
between the concanavalin A-negative cy-gluco- 

sidase in the lamellar body fraction and the nor- 
mal lysosomal a-glucosidase by this immunoblot- 

ting technique. We conclude that a lamellar body 
fraction from human lung contains an cy-gluco- 

sidase identical to lysosomal a-glucosidase from 
lung, and a lamellar body-specific acid a-gluco- 
sidase with a different immuno- and lectin affinity. 
The absence of a significant concanavalin A-nega- 

tive a-glucosidase activity in the lysosome-en- 
riched fraction strongly indicates that at least one 

acid hydrolase activity in the lamellar body frac- 
tion is not the result of lysosomal contamination 
caused by the isolation procedure. In addition, it is 

very unlikely that the concanavalin A-negative 
a-glucosidase in the lamellar body fraction is 
caused by mitochondrial or microsomal con- 
tamination. An earlier study showed that the 
lamellar body fraction contains no mitochondria 
and less than 5% microsomal contamination [14]. 
We found that although the microsomal fraction 
contains a significant amount of concanavalin 
A-negative a-glucosidase, this activity differs from 

that in the lamellar body fraction by not having an 
acid pH optimum and not having affinity to glyco- 
gen. Therefore, the concanavalin A-negative acid 

a-glucosidase in the lamellar body fraction is 
probably endogenous to these organelles. This 
makes it useful as a lamellar body-specific marker 
enzyme; until now. no marker enzyme has been 
available for lamellar bodies. In placenta and liver 
tissue we could not measure any concanavalin 
A-negative a-glucosidase activity at all. This sug- 
gests that the non-binding enzyme found in lamel- 
lar bodies is lung specific. 

Specific functions of lamellar body-associated 
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hydrolases in general and lamellar body-specific 
a-glucosidase in particular are not known. Bour- 
bon and Jost [38] suggest that in fetal lung, lyso- 
somal a-glucosidase is involved in glycogen 
breakdown and that lamellar bodies may play a 
role in this process. However, the role of acid 

hydrolases in general in adult lamellar bodies re- 

mains unclear at present. The presence of acid 

hydrolytic enzymes within these surfactant secre- 
tion organelles implies that the lamellar body- 

specific a-glucosidase can be expected in lung 
surfactant. Indeed, hydrolytic enzymes have been 
found in the extracellular lining of the terminal 
airways and alveoli [8]. However, further identifi- 
cation and characterization of these enzymes need 
to be done to shed light on their physiological role. 
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