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Summary 

1. Lysophospholipase activity solubilized from bovine liver microsomes could 
be precipitated for more than 80% by antibodies evoked in rabbits against the 
purified bovine liver lysophospholipase II. 

2. After solubilization of the microsomes in 1.5% sodium deoxycholate, an 
immunoprecipitate containing lysophospholipase II in enzymically active form 
could be isolated. 

3. Microsomal lysophospholipase activity was completely inhibited by [ 3H] - 
diisopropylphosphofluoridate. Enzyme labelled in this way was isolated by 
immunoprecipitation from control and chymotrypsin-treated microsomes. 
Sodium dodecyl sulfate disc gel electrophoresis of the immunoprecipitates 
showed that chymotrypsin treatment of intact microsomes had no influence on 
the molecular weight of the enzyme. 

4. Attempts to label the lysophospholipase II in microsomes by lactoperoxi- 
dase catalyzed iodination or by reaction with the diazonium salt of [ “‘I]iodo- 
sulfanilic acid were negative, although both techniques labelled other micro- 
somal proteins efficiently. 

5. Antibody absorption experiments gave no indication for the presence of 
lysophospholipase antigenic sites on the outside surface of microsomes. 

6. These experiments are interpreted to indicate that lysophospholipase II is 
exclusively located at the luminal side of the microsomal membrane. 

Introduction 

De Jong et al. [l] purified two enzymes with lysophospholipase activity 
(EC 3.1.1.5) from bovine liver. Subcellular distribution studies showed lyso- 
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phospholipase I to be located mainly in the cytosol and the mitochondrial 
matrix fraction, whereas lysophosphoiipase II exhibited its highest relative 
specific activity in the microsomes [ 21. The solubility of the purified lyso- 
phospholipase II in water and the observation that the enzyme can be solu- 
bilized from microsomes by sonication with complete retention of its activity 
tends to classify it as a peripheral membrane protein. Experiments with 
proteolytic enzymes to determine the transverse localization of the microsomal 
l~~oph~spho~p~e showed that at least the active center of the enzyme is 
located at the luminal side of the beef liver microsomal membrane [3]. The 
present paper deals mainly with immunological experiments to get more insight 
in the transverse localization of the whole enzyme molecule in the microsomal 
membrane. 

Materials. Chymotrypsin Aq, trypsin (both from bovine), trypsin inhibitor 
from soya bean and from hen egg white were all products from Boehringer, 
Mannheim, F.R.G. Lactoperoxidase from milk was obtained from Sigma. 
~l,3-3H]diis~propylphosphoffuo~date (spec. act. 3.4 Ci/mmol) and iz51, carrier 
free, were purchased from the Radiochemical Centre, Amersham, U.K. [1251]= 
Iodosulfanilic acid, as a labelling kit, was a product from NEN, Boston, U.S.A. 
Fresh bovine liver was obtained from the local slaughterhouse. 

Methods. Isolation, incubation with proteolytic enzymes and sonication of 
microsomes were done as described before [3]. In all procedures 0.25 M 
sucrose, 2 mM EDTA, 10 mM Tris, pH 1.4, 0.02% (w/v) NaN, was used as 
buffer (sucrose medium). 

Lysophospholipase assays were done according to de Jong et al. [I] and pro- 
tein was estimated to Lowry et al. [4]. Iodination of purified lysophospho- 
lipase II was done by the chloroamine-T method as described by Hudson and 

Hay i51. 
Antise~m against Iyso~hos~holi~ase II was evoked in rabbits according to 

de Jong et al. [6]. Sera were brought to 45% saturation with (NH&‘X& The 
immunoglobulins were dissolved in water, freed from salt by dialysis against 
water, lyophilized and stored at -20°C. Immunoprecipitation of microsomal- 
bound lysophospholipase II and lactoperoxidase-catalyzed iodination of micro- 
somes with “‘1 and I-I& was carried out according to the method of Welton et 
al. [ 7 f. Labelling of microsomes with the diazonium salt of [ i25f]iodosulfanilic 
acid was done as described by N&son et aI. [S]_ Antibody concentrations were 
determined by incubating fixed amounts of antibody solutions with increasing 
amounts of 12’1-labelled lysophospholipase in sucrose medium. After incuba- 
tion for 1 h at 37°C and two days in the cold room immunoprecipitates were 
isofated by centrifugation in a SS 34 SorvaII rotor at 10 000 rev./m&i for 20 
min. The amount of precipitated enzyme was measured by determination of 
“9 radioactivity in the supernatant. Immunoprecipitates were wasbed three 
times with 1 ml sucrose medium and then dissolved in the protein assay 
mixture to measure the protein content as described by Lowry et al. [4]. “‘1 
radioactivity was determined in an aliquot of the protein assay mixture to 
calculate the recovery of the precipitate after the washing procedure. 
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SDS disc gel electrophoresis was done by the method of Fairbanks et al. [9] 
or of Laemmli [lo]. After staining the gels were sliced in fractions of 1 mm. 
These were destructed with 250 ~1 30% H202 overnight at 50°C. 3H radio- 
activity was measured after addition of 16 ml dioxane containing 10% naph- 
thalene, 0.7% PPO and 0.03% POPOP. 

Results 

In a previous report we have shown that the lysophospholipase activity of 
bovine liver microsomes could be solubilized by sonication [ 31. The super- 
natant obtained after centrifugation of the sonicated microsomes for 1 h at 
200 000 X g was incubated with increasing amounts of antibodies against 
bovine liver lysophospholipase II. After removing the immunoprecipitates by 
centrifugation, the supernatants were tested for lysophospholipase activities. 
Surprisingly, 19% of the lysophospholipase activity could not be precipitated 
with the antiserum (Fig. l), in spite of previous observations that the lyso- 
phospholipase activity solubilized by sonication cochromatographed with pure 
‘2”I-labelled lysophospholipase II on AcA 44 [3] and DE-52 cellulose columns 
(data not shown). However, at least 80% of the lysophospholipase activity in 
bovine liver microsomes can be assigned to lysophospholipase II. 

The total microsomal lysophospholipase activity could be rapidly 
inactivated by treatment with diisopropylphosphofluoridate. SDS disc gel elec- 
trophoresis of [ 3H]diisopropylphosphofluoridate-treated microsomes gave two 
peaks of radioactivity. The major part of the radioactivity (more than 90%) was 
located in proteins with an estimated molecular weight of 65 000. The second 
small peak had a relative mobility expected for proteins with a molecular 

Fig. 1. Immunoprecipitation of lysophospholipase activity solubilized from bovine liver microsomes by 
sonication. Beef liver microsomes (17.5 mg protein) were sonicated during 15 min under N2 at O’C in 
7 ml sucrose medium with a Branson Sonifier at 70 W output. The mixture was centrifuged for 1 h at 
200 000 X y. Aliquots of 0.5 ml of the supernatant were incubated with the indicated amounts of anti- 
bodies in a total volume of 0.7 ml. Control immunoglobulines were added to each tube to give a final 
immunoglobulin concentration of 1.5 mg. After two days at 4OC immunoprecipitates were removed 
by centrifugation and 0.5 ml of the supernatant was used for lysophospholipase assays. 

Fig. 2. SDS disc gel electrophoresis of [3Hldiisopropylphosphofluoridate-treated microsomes. Micro- 
scones (10 mg/ml) were incubated for 30 min at 37’C with 2 mM [3Hldiisopropylphosphofluoridate 
(spec. act. about 20 000 cpm/nmol) in sucrose medium. The mixture was then extracted according to 
Bligh and Dyer [ill and the water/methanol layer was lyophilized. The residue was dissolved in SDS 
buffer and an aliquat corresponding to 1 mg protein was applied to the gel. Electrophoresis was done as 
described by Fairbanks et al. [91. 



weight of 45 000 (Fig. 2). It appeared possible to isolate specifically the lyso- 
phospholipase II by immunoprecipitation from the rest of the microsomal 
proteins after solubilization of the microsomal membrane with 1.5% sodium 
deoxycholate according to Welton et al. [7]. Thus, when unlabelled micro- 
somes were solubilized with sodium deoxycholate the added 12sI-labelled lyso- 
phospholipase II was recovered for about 90% in the immunoprecipitates 
(Table I). In addition, the lysophospholipase in the immunoprecipitate was still 
enzymically active. The fact that only about 40% of the enzymic activity is 
recovered in the immunoprecipitate may be related to the presence of 
inhibiting antibodies. We have previously observed that the activity of the 
enzyme in immunoprecipitates amounts to 50% of that found for the free 
enzyme [6]. The further loss of enzymic activity is ascribed to the treatment 
with the rather high concentration of sodium deoxycholate required to solu- 
bilize the microsomal membranes. At any rate, the amount of lysophospho- 
lipase activity precipitable by antibodies is not significantly decreased by pre- 
incubation of the microsomes with trypsin neither in the absence nor in the 
presence of 0.05% deoxycholate. Analysis of immunoprecipitates by SDS disc 
gel electrophoresis (Fig. 3) showed four main bands. With the aid of marker 
proteins (bovine serum albumin, ovalbumin, bovine immunoglobulin G and 
lysophospholipase) these bands were assigned to lysophospholipase (fraction 
38, M, 64 000), immunoglobulin heavy chain (fraction 45, M, 53 000) and 
immunoglobulin light chain (fraction 65, M, 26 000). The nature and origin of 
the fourth, contaminating, band (fraction 48, M, 48 000) was not further 

TABLE I 

IMMUNOPRECIPITATION OF LYSOPHOSPHOLIPASE II FROM BOVINE LIVER MICROSOMES 

SOLUBILIZED WITII SODIUM DEOXYCHOLATE 

Microsomes (5 mg protein, 26 mU of lysophospholipase) in 0.5 ml sucrose medium were incubated for 30 
min at 37’C with 0.5 mg trypsin and 0.25 mg sodium deoxycholate as indicated. Trypsin activity was 
blocked by 1 mg of trypsin inhibitor from hen egg white. Microsomes were solubilized by addition of an 
equal volume of 3% (w/v) sodium deoxycholate in sucrose medium. A small quantity of 12SI-labelled 
lysophospholipase II (2 fig; 0.8 mU) was added and the mixture was centrifuged for 1 h at 200 000 X g to 
remove traces of insoluble material. The 1 2 S I radioactivity was quantitatively recovered in the super- 
natant. Excess antibodies (10 mg protein) were added to the supernatants. which made the final sodium 
deoxycholate concentration 1% (w/v). After 1 h at 37’C and 2 days at 4’C. immunoprecipitates were iso- 
lated by centrifugation and washed three times with 1 ml sucrose medium containing 1% sodium deoxy- 
cholate. The precipitates were resuspended in sucrose medium to measure 12S1 radioactivity. protein con- 
tent and lysophospholipase activity. Calculated total amounts of protein were obtained from measured 
values corrected for recovery of 1251~labelled lysophospholipase. 

Addition Immunoprecipitate 

Trypsin Sodium Recovery Total protein Total protein Lysophospholipase 
deoxycholate 1 2 S I&belled (measured @g) (calculated activity (mu) 

lysophospholi- !Jg) 
pase (%) 

- 95 310 326 9.1 

- - 82 285 348 10.2 

+ - 73 220 301 10.2 

+ - 92 360 391 8.5 

+ + 94 320 340 9.0 

+ + 88 300 341 11.3 
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Fig. 3. SDS disc gel electrophoresis of [jHldiisopropyIphospho-lysophospholipase II isolated by immuno- 
precipitation. Microsomes (30 mg protein, 90 mU lysophospholipase) were incubated overnight at 4’C 

with 250 CtCi [3Hldiisopropylphosphofluoridate (spec. act. about 0.5 fiCi/nmol) in 1.2 ml sucrose 
medium. Excess [3Hldiisopropylphosphofluoridate was removed by centrifugation. The pellet was 
resuspended in 3 ml sucrose medium and divided in three fractions. One fraction served as control, the 
other fractions were incubated with 1 mg chymotrypsin either in presence or absence of 400 nmol egg 
lysophosphatidylcholine/mg microsomal protein. Chymotrypsin action was stopped after 0.5 h by addi- 
tion of trypsin inhibitor from soybean as described before [31. Microsomes were pelleted by centrifuga- 
tion (1 h at 200 000 X g), resuspended in 1 ml sucrose medium containing 3% (w/v) sodium deoxycholate 
and centrifuged as above to remove traces of insoluble material. To the supernatants 2 ml immuno- 
globulin solution (16-mg protein/ml) were added. After two days in the cold room the immunoprecipi- 
tatcs were isolated and washed three time with 1% sodium deoxycholate in sucrose medium. An aliquot 
equivalent to 100 pg of protein was applied on SDS disc gels according to Laemmli [lOI. After staining 
with Coomassie blue the gels were sliced and 3H radioactivity in the slices was determined. (A) immuno- 
precipitate of control microsomes; (B) ibid of chwnotrypsin-treated microsomes; o-------- 0, 3H radioact- 
ivity distribution in gel (A): X -----X, ibid in gel (B). 

investigated. In the experiment depicted in Fig. 3A the microsomes were pre- 
incubated with [3H]diisopropylphosphofluoridate to label the lysophospho- 
lipase. As expected the microsomal proteins with an estimated molecular 
weight 45 000 (compare Fig. 2) did not show up in the immunoprecipitate. We 
have shown previously [3] that chymotrypsin could not inactivate the lyso- 
phospholipase in inact microsomes, indicating that at least the active site of the 
enzyme was either buried in the membrane or located at the luminal site. It 
could not be excluded from such experiments whether a peptide had been 
removed by chymotrypsin from the enzyme at the cytoplasmic side with reten- 
tion of lysophospholipase activity. To investigate this possibility the chymo- 
trypsin treatment was repeated with microsomes prelabelled with [3H]diiso- 
propylphosphofluoridate. As can be seen in Fig. 3B the molecular weight of the 
lysophospholipase isolated after this treatment is identical to that of the 
enzyme in control microsomes. Moreover, the total amount of radioactivity in 
the immunoprecipitate is identical to that of control microsomes. When the 
prelabelled microsomes were treated with chymotrypsin in the presence of egg 
lysophosphatidylcholine, an agent known to disrupt the microsomal permeabil- 
ity barrier [3], no immunoprecipitate could be isolated. These results indi- 
cate that chymotrypsin does not cleave any peptide from the lysophospho- 
lipase in intact microsomes, either because no part of the lysophospholipase is 
exposed at the outside surface of the microsomes or the part exposed has no 
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chymotrypsin or trypsin-cleavable peptide bonds. To further investigate 
whether any part of the lysophospholipase is exposed at the outside surface of 
the microsomes use was made of impermeable labelling reagents. Thus, intact 
microsomes were incubated with lactoperoxidase and ‘*‘I in the presence of 
Hz02 according to Welton et al. [7] or with the diazonium salt of [‘*‘I]iodo- 
sulfanilic acid according to Nilsson et al. [8]. Although membrane proteins 
were labelled efficiently in both cases, no label was found in the lysophospho- 
lipase after immunoprecipitation. 

In another approach to see if part of the lysophospholipase was located at 
the outside surface of the microsomes use was made of an immunoabsorption 
technique. A solution containing antibodies against lysophospholipase II was 
treated with excess microsomes. After removal of the microsomes by centrif- 
ugation the amounts of residual antibodies in the supernatants were determined 
by incubation with increasing amounts of ‘2sI-labelled lysophospholipase II. 
Fig. 4 shows the amounts of immunoprecipitates obtained with the treated 
antibody solutions. It is obvious that the optimal amount of immunoprecipi- 
tate that can be obtained from antibody solutions pretreated with either 
control or chymotrypsin-treated microsomes is about half that obtained with 
the original antibody solution. This can be caused by random absorption of 
immunoglobulins to the microsomes or by a specific absorption of antibodies 
against lysophospholipase II. It is possible to distinguish between these two 
possibilities by determining the ratio of antibody to antigen in the immuno- 
precipitates in the antibody excess zones of the curves in Fig. 4. At each point 
the pg lysophospholipase in the total immunoprecipitate can be calculated from 
the “‘1 radioactivity. As expected [ 51, when the ratio of antibody to antigen 
in the zones of antibody excess are plotted as a function of added antigen, 

L--_-1-- . , 1 ~j~ j 1 --L 
10x,30405060708090m 10 20 30 40 50 60 

,“.LL LYSOPHOSPHOLIPASE --fit LYSOPHOSPHOLIPASE 

Fig. 4. Quantitative immunoprecipitation of fixed amounts of antibodies with increasing amounts of 
1 251-labelled lysophospholipase II. Antibodies (40 mg protein) in 4 ml sucrose medium were incubated 
for 30 min at 25’C with 4 ml sucrose medium (0~), with 4 ml sucrose medium containing micro- 
somes (82.5 mg protein; 250 mU endogenous lysophospholipase) (X -X) or with 4 ml sucrose 
medium containing the same amount of microsomes after chymotrypsin treatment (U --O). The 
mixtures were centrifuged for 1 h at 105 000 X g to remove the microsomes. Aliquots of 0.5 ml of the 
supernatants were incubated for two days in the cold room with increasing amounts of 12s~-labelled lyso- 
phospholipase II (84 pglml, 2000 cpmlpg) as indicated. Immunoprecipitates were isolated by centrifuga- 
tion and washed three times with sucrose medium before measurement of protein contents. 

Fig. 5. Antibody to antigen ratio in immunoprecipitates at different levels of antibody excess. Ratios were 
calculated from determined amounts of 12sI-labelled lysophospholipase II and total amounts of protein 
in immunoprecipitates. Symbols as in legend Fig. 4. 
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straight lines are obtained. The intercepts on the vertical axis give the antibody/ 
antigen ratios in the immunoprecipitate at a infinite antibody excess (Fig. 5). 
For the original antibody solution this value amounted to 24.2 rt 0.7, corre- 
sponding to a molar ratio of antibody to antigen of 10. If the treatment of the 
antibody solution with excess microsomes had resulted in the specific absorp- 
tion of antibodies to one or more antigenic determinants of the lysophospho- 
Iipase the immunoprecipitate at infinite antibody excess would show a lower 
antibody/antigen ratio. On the other hand when the microsomes absorb anti- 
bodies randomly due to nonspecific pro~in-protein interactions the amount 
of residual antibodies in the supernatant will be less as observed in Fig. 4, but 
the composition of the immunoprecipitate at infinite antibody excess will 
remain unchanged. This is in fact observed in Fig, 5. The intercepts obtained 
for the antibody solutions after treatment with either control or chymotrypsin- 
treated microsomes were calculated by least-squares analysis from the data in 
Fig. 5 to be 25.3 t 0.7 and 23.0 it 1.1, respectively. These data are not sig- 
nificantly different from the one obtained for the original antibody solution. 
From this we conclude that no antigenic sites of the lysophospholipase are 
located on the outside surface of bovine liver microsomes. 

Discussion 

It is not quite clear why the antibody preparation against lysophospholipase 
II did not completely precipitate the enzyme after it had been solubilized from 
bovine liver microsomes by sonication (Fig. 1). It has previously been shown 
that antibodies against lysophospholip~e II do not cross-react with lysophos- 
pholipase I [6]. Therefore, the residual lysophospholip~e activity in Fig. 1 
could be due to the presence of lysophospholipase I in the microsomes. How- 
ever, several arguments make this explanation unlikely. First, subcellular 
distribution studies have shown that lysophospholipase I is located in the 
cytosolic and mitochondrial matrix fraction and it contributes for at most 6% 
to the total lysophospholip~e activity of the microsomal fraction [2]. 
Secondly, purified lysophospholip~e I is not or only very slowly inhibited by 
diisopropylphosphofluoridate [ 121. Yet, all lysophospholipase activity in the 
microsomal fraction was rapidly inactivated by diisopropylphosphofluoridate 
(data not shown). Thirdly, the microsomal lysophospholipase activity after 
solubilization by sonication cochromatographed with purified 1251-labelled lyso- 
phospholip~e II on ~~AE-cellulose and AcA 44 columns 133. Perhaps the 
lipids present in the supernatants after sonication prevented a complete 
precipitation of the lysophospholipase II. Removal of the lipids by n-butanol 
treatment has previously been shown to yield protein extracts from which lyso- 
phospholipase II could be completely precipitated by antibodies [6]. 

Treatment of liver microsomes with diisopropylphosphoffuoridate not only 
inhibits lysophospholip~e activity (EC 3.1.1.5) but also nonspecific carboxyl- 
esterases (EC 3.1.1.1) [ 131. Liver carboxylesterases from a number of 
mammals such as pig, ox, rat and human consist of three subunits with a molec- 
ular weight of about 60 000 each [ 14-161. De Jong et al. [l] showed that OX 

liver carboxylesterase had no lysophospholipase activity. In addition, isoelectric 
focusing [l] and immunological experiments [63 indicated that lysophospho- 
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lipase II and carboxylesterase are different protein entities. These findings show 
convincingly that the radioactivity peak seen in the SDS gel of Fig. 2 at the 
migration for proteins with a molecular weight of about 64 000 must represent 
more than one protein species. Therefore, the total amount of radioactivity 
measured in this peak cannot be used to calculate the amount of either lyso- 
phospholipase II or carboxylesterase. Similar arguments hold, or course, for 
other organophosphate inhibitors. In this respect, the assumption made by 
Kunert and Heymann [ 171, that the amount of bis[p-nitro-[‘4C]phenyl]phos- 
phate bound to pig liver microsomal proteins is a measure for the amount of 
carboxylesterase present may not be valid, in spite of the fact that these 
authors observed only one radioactive peak in SDS gels corresponding to pro- 
teins with a molecular weight of about 60 000. In principle it should be 
possible to calculate the amount of lysophospholipase in bovine liver micro- 
somes from the specific radioactivity of [ 3H]diisopropylphosphofluoridate and 
the amount of 3H radioactivity in the immunoprecipitate. However, since lyso- 
phospholipase, as discussed above, is not the only labelled protein it becomes 
impossible to determine the quantitative recovery of the 3H-labelled lysophos- 
pholipase in the immunoprecipitate. In addition, the exact specific radioactiv- 
ity of [3H]diisopropylphosphofluoridate is difficult to determine due to 
instability of this reagent in aqueous solutions [ 181. A rough estimate for the 
amount of lysophospholipase in bovine liver microsomes can be obtained from 
the data in Table II. Assuming that the recovery of the microsomal lysophos- 
pholipase in the immunoprecipitate is the same as for the added 1251-labelled 
enzyme the total immunoprecipitate obtained from 5 mg microsomal protein 
amounted to about 340 I-(g. It can be seen from Fig. 5 that the ratio of anti- 
body to antigen in the immunoprecipitate in the antibody excess zone can 
vary from 14 till 24 depending on the antibody excess. With this much varia- 
tion the amount of lysophospholipase in the immunoprecipitate can be cal- 
culated to be from 23 to 14 pg. In the experiments of Table I, 2 ,ug of “‘I- 
labelled enzyme were added. Hence, from 21 to 12 1-16 lysophospholipase was 
present in 5 mg microsomal protein. On the other hand, the amount of lyso- 
phospholipase in microsomes can be calculated from measurements of the 
activity of the enzyme, assuming that neither microsomal phospholipids nor 
the purification of the enzyme influence the activity. The specific activity of 
the lysophospholipase in the microsomes used in Table I at saturating substrate 
concentration was 5.2 nmol - min-’ - mg-‘. The activity of the purified enzyme 
was 1400 nmol * min-’ - mg-’ [ 11. From these data a value of 3.7 pg lysophos- 
pholipase/mg microsomal protein can be calculated, which is in the range of the 
values deduced from the immunological experiments. 

Several arguments support the view that bovine liver microsomal lysophos- 
pholipase is a peripheral membrane protein which is exclusively located on the 
luminal side of the microsomal membrane. Treatment of microsomes with 
proteolytic enzymes resulted only in loss of enzymic activity when the micro- 
somal permeability barrier was destroyed, e.g. by lysophosphatidylcholine [ 31. 
As shown in Fig. 3 treatment of intact microsomal vesicles with proteolytic 
enzymes caused no decrease in the molecular weight of the enzyme. Further- 
more, no part of the enzyme molecule could be labelled by reaction of intact 
microsomes with lactoperoxidase and “‘1 or the diazonium salt of [‘*‘I]iodo- 
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sulfanilic acid. Finally, no antigenic determinants of the lysophospholipase 
could be detected at the outside surface of the microsomes (Figs. 4 and 5). The 
finding that the enzyme is located at the inside of the microsomal vesicle will 
be used to determine transbilayer movements of lysophosphatidylcholine over 
the microsomal membrane. 
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