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Annexin II inhibits calcium-dependent phospholipase A, and
lysophospholipase but not triacyl glycerol lipase activities of rat liver
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A member of the unnexin family (the heterotetrumeric annexin I1,pl 1, complex purified from porcine inlestinal epithelium) was tested for its ability

to affect different calcium-dependent intrinsic lipolylic activities of rat liver hepatic lipase (ML). Whereas annexin II in the presence of calcium

failed to interfere with HL triacyl glycerol lipase (EC 3.1.1.3) activity, it inhibited HL phospholipase A, (EC 3.1.1.32) and lysophespholipase (EC

3.1,1.5) activities. Inhibition could be overcome by increasing the substrate concentration. Under phospholipase A, assay conditions, annexin il

did not bind to the purified HL enzyme. These results therefore suggest that only inhibitor/substrate interactions lead to inhibilion of HL

phospholipase A, and lysophospholipase aclivities, an obviously general mechanism of phospholipase inhibition by annexins. Possible implications
of HL inhibition in vivo by annexins are discussed.

Hepatic lipase; Annexin; Phospholipase A;; Lysophospholipase; Triacyl glycerol lipase

1. INTRODUCTION

Annexins represent a family of calcium- and phoes-
pholipid-binding proteins [1,2]. Among them the gluco-
corticoid-inducible lipecortins have been considered re-
gulators of phospholipase A, [3.4], C [5] and D [6] ac-
tivities. It has been suggested that phospholipases are
nen-specifically inhibited by annexins through ‘sub-
strate depletion’ [7,8]. This process involves preferen-
tially acidic phospholipids [7], and requires calcium in
the micromolar range [9]. HL is a lipolytic enzyme with
broad substrate specificity and requires calcium for op-
timal activity with triacyl glycerol as well as phospho-
lipid substrates [10-15]. In the present study, we have
addressed the question as to whether annexins affect
phospholipase A, and other intrinsic lipolytic activities
of hepatic lipase (HL) as well.

Abbreviations: HL, hepalic lipase; ['*CIPC, 1,2-di[1-"*C]palmitoyl-sn-
glycerc-3-phosphorylcholine;  ['*CJLPC,  1-[1-"C]palmitoyl-sn-
glycero-3-phosphorylcholine; [“CIPS, 1,2-dioleoyl-sn-glycero-3-phos-
phoryl-L-[3-"“Clserine; ['*C]LPS, l-oleoyl-sn-glycero-3-phosphoryl-L-
[3-Clserine; [*HITO, glycerol tri[9,10(x)->H]oleate.
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2. MATERIALS AND METHODS

2.1, Chemicals and biological material

All reagents and solvents used were of analytical grade and, with
the exception of those named below, were obtiined from Sigma (Dei-
senhofen). Organic solvents and precoated silica gel 60 TLC plates (20
% 5% 0,025 cm?) were from E. Merck (Darmstadi). 1,2-Dipalmitoyl-sn-
glycero-3-phosphoryl{N-methyl-'*Clcholine (52 mCi/mmol), 1-[I-
“Clpalmitoyl-sr-glycero-3-phosphorylcholine (56 mCi/mmot), 1,2-
dioleoyl-sn-glycero-3-phosphoryl-L-[3-"C]serine (53 mCi/mmol) and
glycerol tri[9,10(r)-*H]oleate (500 mCi/mmol) were purchased from
Amersham Buchler (Braunschweig). 1-Oleoyl-sn-glycero-3-phos-
phoryl-L-[3-"C]serine (53 mCi/mmol) was prepared from 1,2-dioleoyl-
sn-glycero-3-phosphoryl-L-[3-'*C]serine, by treatment with Crotalus
adamanteus phospholipase A, (EC 3.1.1.4) at 10 mM CaCl, and pH
7.2 (50 mM Tris-HCl) and purifying the resulting lysophosphatidyl-
serine by thin-layer chromatography (sysiem as described below).
Protein A Sepharose 4B was from Pharmacia LKB (Freiburg). The
radioactive phospholipids were adjusted to the specific radioactivity
required (so that 20,000 dpm were present per assay sumple), by
adding the corresponding unlabeled phospholipid and subsequently
analysing radioactivity and phosphorus. The helerotetrameric an-
nexin I1,pl 1, complex was purified from porcine intestinal epithelium
as described previously [16]. Hepatic lipase was purified from rat liver
homogenale by a modification [17] of the method deseribed by Twu
et al. [18). Theelectrophoretically homogeneous preparation displayed
4 specific calalytic activity of 383 umol fatty acid released per min at
37°C, when assayed with 2.5 mM trioleoyl glycerol suspensions in
arabic gum in the presence of CaCl,, BSA and Triton N-101 {17].
Anti-HL polyclonal antiserum against rat liver HL was raised in
rabbits as described recently [17). The antiserum obtained was capable
of inhibiling approximately 13.6 mU HL/ul serum, when the activity
was assayed with the trioleoyl glycerol subsirate.

2.2, Phospholipase A, and lysophospholipase assays
Phospholipase A, and lysophospholipase activities were assayed in



Volume 296, number 3

4 reaction mixture containing, in a total volume of 100 gl, 25 mM
glycine/NaOH, pH 9.5, 5§ mM CaCl,, different concentrations (ap-
proximalely | or 100 4M) of sonicated radioactively lubeled substrate
(phosphatidylserine, phosphatidylcholine, lysophosphatidylserine or
lysophosphatidylcholine), and 0.5-10 ng puritied HL.. Incubation wus
carried out at 37°C for various periods ol time (5-30 min). Termina-
tion of the reaction depended on the subsirate used. As for the
["CJLPC substrate, the radiosctive fatty acids released were extracted
according to Lhe method of van den Bosch and Aarsman [19], and
quantitatively determined by meuns ol a scintillation spectrometer.
With ["*C]PC, ["*C]PS or ["'C]LPS as substrates, the incubation wus
terminated by adding 10 gl of 100 mM Na.EDTA, 10 ul of 200 mM
HCI and lyophilisation, The residue was taken up in 120 g1 80% (v/v)
ethunol and 10 ul of | M HCI and left at rooin temperature for | h.
Afllter centrifugation, the residue was washed 2 times each with 50 ul
80% (v/v) ethanol. The resulting supernatants were subjected to thin-
layer chromatography for separating radioactive substrates (phospha-
tidylserine, phosphatidylcholine or lysophosphatidylserine) and their
melabolites. This was performed con precoated silica gel TLC plates,
with 4 solvent mixture of chloroform/methanol/triethylamine/water
(30:35:34:8, by vol.). R values of 0.48, 0.25 and 0 were obtained lor
phosphatidylserine, lysophosphatidylserine and glycerophosphoryl-
serine, and of 0.42, 0.23 and O for phosphatidylcholine. lysophospha-
tidylcholine and glyceropliosphorylcholine, respectively. Catalytic se-
tivities with the [“C]PC, ["*CIPS and [“C]LPS substrates were cileu-
lated from percent radioaclivity recovered in the substrate and deu-
cylated metabolite fructions, afler correction for non-enzymatic sub-
strate hydrolysis. All assays gave rates of reuction that were constant
throughout the specified periods of incubation, Enzyme uctivities were
proportional to the protein concenirations used within the specified
ranges, and were independent of small changes in the substrate con-
centration. The enzyme uctivities calculated from the initial reaction
rites are expressed in U/mg (gmol of substrate hydrolysed per min per
mg protein at 37°C).

2.3, Triacyl glycerof lipuse assay

Triacyl glycerol lipase activity was measured according to Jensen
et al, [14] as modified by Kresse el al. [17]. Briefly, the standard
reaction mixture contained, in a total volume ol 100 ul: 200 mM
Tris-HCI (pH 9.0), 0.5% (w/v) arabic gum, 0.004% (w/v) Triton N-101,
195 (w/v) BSA, 10 mM CaCl,, 0.3 ng purified enzyme and [*H]JTO
(approximately 1 #M), After incubation at 37°C for 5 min, the reac-
tion was terminated and the catalylic activity determined as described
recently [17].

2.4, Derermination of the binding of annexin I to HL

In order to determine the potential binding of'annexin II to HL, an
immunosorbent gel was prepared first, The IgG fraction was isolated
from decomplemented (10 mM Na,EDTA) rabbit anti-HL polyclonal
antiserum against rat liver HL [17] by chromatography on protein A
Sepharose. 270 mg of this material was coupled to 25 ml CNBr-
activated Sepharose 4B, as recommended by the manufacturer, 500 ug
purified rat liver HL were exposed to an aliquot of 1.5 ml immuno-
sorbent gel equilibrated with buffer A (buffer medium for measuring
phospholipase A, activity, i.e. $ mM CaCl, in 25 mM glycine/NaOQH,
pH 2.5)in a total volume of 3 ml, at 0°C for 3 h. The gel was washed
3 times each with 5 ml ice-cold buffer A, Under these conditions the
irmmunosorbent was capable of binding approximately 10 ug purified
HL/m! gel. A 1 ml aliquot of the immunosorbent gel 10 which 10 ug
HL had been bound was filled into a column. 30 ug annexin 1l,pl1,
in 25 ul were applied to this column, and the column was subsequently
washed with 10 ml buffer A. The eluents were analysed for prolein
content and for their capacity to inhibit HL activity with phosphati-
dylserine as a substrale.

2.5, Chemical analysis

Inorganic phosphorus was determined after washing [20] as de-
scribed by Chen et al. [21]. Protein content was determined according
to Loffler and Kunze [22] using bovine serum albumin as standard.
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Fig. 1. Effects of annexin 1I,p11, on lipolylic activities of purified HL
with different substrates, Phospholipase A, and lysophospholipase
activities were determined as described under section 2. Hydrolysis of
1.3 4M [“CILPC (V) was assayed with $ ng HL and 20 min incubation
time (annexin-free controls: 0.19+£0.01 U/mag), of 1.4 u™M [MC]LPS (A)
with 5 ng HL and 20 min incubation time (annexin-free controls:
0.3620.04 U/mg), and of 122 4M ["*C]LPS (4) with 20 ng HL and 30
min incuhation time (annexin-free controls: 1.88£0.12 U/ng). Hy-
drolusis 0.9 uM [“CIPC (O) was determined using 2.5 ng HL and
30 min «.cubation time (annexin-free controls: 0,33£0.02 U/mg), and
of 98 uhé ["CIPC (@) with 20 ng HL and 30 min (controls: 1.75+0.02
U/mg). Hydrolysis of 1.2 uM [C]PS (0) was assayed with 0.5 ng HL
and 10 min incubation time (annexin-free controls 3.0£0.9 U/mg), and

U/mg). Each data point represents the mean of triplicate determina-
tions. 8.D. did not exceed 9%.

3. RESULTS AND DISCUSSION

HL offers the unique opportunity to study potential
effects of annexins on different lipolytic activities of one
and the same enzyme including its catalytic action on
phospholipid hydrolysis. Since inhibition by annexins
of phospholipases has generally been observed only at
substrate concentrations below 10~ M [3-6], we have
used those conditions also in the present study.

Triacyl glycerol lipase activity of purified HL was
independent of the presence of annexin II. When as-
sayed with 0.3 ng HL and 5 min incubation time, hy-
drolysis of [*H]TO (1.1 M) was 0.41:£0.02 U/mg, and
in the presence of 5 ig annexin I1 0.42£0.03 U/mg. This
indicates that even in the presence of calcium the triacyl
glycerol-hydrolysing activity of HL is not affected by
this annexin.

In detergent-free medium, rates of phospholipid hy-
drolysis catalysed by purified HL were optimal at 5 mM
CaCl, and pH 9.5, irrespective of the phospholipid spe-
cies studied. Absolute values depended on the phos-
pholipid type used. However, it has to be kept in mind
that analyses of substrate specificity and kinetics are
problematic due to the difficulty in controlling the inter-
facial quality of pure substrates [23], i.e. different phos-
pholipids assume different physical structures depend-
ing on their molecular geometry and on the composition
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of the aqueous environment [24,25]. Under our assay
conditions, HL-catalysed hydrolysis of ["'C]PS signifi-
cantly exceeded that of ["*C]PC (Fig. 1). The observed
preference for phosphatidylserine over phosphatidyl-
choline was inversed, when these phospholipids were
presented together with Triton X-100 in the form of
mixed micelles (data not shown). The catalytic rates
which had been measured in the absence of detergents
differ slightly from those obtained in other laboratories
[15,26). This is most certainly due to different assay
conditions, in particular pH, detergent and calcium con-
centrations.

In the absence of detergents, HL displayed intrinsic
lysophospholipase activity. Pure [*C]LPC and ['*C]LPS
in micromolar concenirations were hydrolysed at rates
slightly below those of ['"*C]PC and ['*C]PS, respectively
(Fig. 1), HL also catalyses deacylation of the 2-acyl-
lysophospholipids which initially formed by its action
on diacylphospholipids. Under standard assay condi-
tions, about 69-78% of the metabolites formed from
diacylphospholipids were identified as lysophospholi-
pids.

HL activity with diacyl- as well as moenoacylphospho-
lipid (lysophospholipid) substrates was inhibited by an-
nexin 11 in vitro (Fig. 1). The degree of this inhibition
depended on the concentration of the phospholipid and
on the nature of the phospholipid’s polar head group.
Thus, inhibition was low with the zwitterionic phospha-
tidylcholine and not detectable with the lysophosphati-
dylcholine substrate, but it became clearly evident with
the acidic phosphatidylserine and lysophosphatidyl-
serine (Fig. 1). Annexin II-induced inhibition of HL
activity with each phospholipid substrate was increas-
ingly reduced by raising the substrate concentration
(Fig. 1).

1t has been suggested that annexins generally interact
only with the phospholipid substrate and not with the
enzyme. This mode of inhibition, i.e. a substrate deple-
tion by annexins, has been demonstrated for phospho-
lipase A, [7.8] and phosphatidylinositol-specific phos-
pholipase C [5]. In our experiments, the lack of inhibi-
tion of trioleoyl glycerol hydrolysis by annexin II in the

presence of calcium already led us to assume that there

is no HL/annexin II interaction. Direct evidence was
obtained by experiments on HL immunoadsorbed to
Sepharose. No binding of annexin I1 to this enzyme was
detectable, since annexin II was completely recovered
when the column flow-through was analysed for protein
and inhibition of phospholipase A, activity (data not
shown). Hence we conclude that the mechanism of in-
hibition of HL phospholipase A, and lysophospholi-
pase activities by the annexin II,pl11, complex is iden-
tical to that of other phospholipases, i.e. inhibition by
inhibitor/ substrate interactions.

Rat liver HL in its mature form is a 59 kDa glyco-
protein synthesised in hepatocytes and secreted into the
bleod stream [27,28). Here it binds to the endothelial
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plasma membranes of liver, adrenals and ovaries [28-
30], where it obviously plays an important role in lipo-
protein metabolism {31,32]. Glucocorticoid-induced
alterations of some plasma lipoproteins [33] have been
reported to be due to decreased HL activity [34,35].
Since it has been found that glucocorticoids inhibit HL
biosynthesis and/or secretion [34,35], lipoprotein
changes mediated by glucocorticoids [33] have been ex-
plained by this mechanism. Our in vitro studies now
suggest that interference of glucocorticoid-induced an-
nexins with HL activity may contribute to the genera-
tion of disturbed lipoprotein patterns. Lack of inhibi-
tion by annexin II of HL-catalysed triolein hydrolysis
seems to be in contrast to the findings that glucocer-
ticoids reduce lipoprotein triglyceride catabolism {33~
35]. However, since phospholipids (and apolipopro-
teins) surround lipoprotein particies, phospholipid hy-
drolysis must precede triglyceride hydrolysis (otherwise
the latter substrate does not become accessible to HL),
In other words, hydrolysis of triglycerides is impaired,
as soon as phospholipid hydrolysis is inhibited,
Whether or not annexin-mediated HL inhibition also
occurs in vivo remains yet to be clarified. Although
some experimental evidence suggests that annexins are
released into the blood stream [36,37], it is not yet clear
whether (prolonged) treatment with glucocorticoids in
vivo increases biosynthesis and secretion of annexins
into the vascular lumen.

Acknowledgements; This work was supporled by the Deutsche For-
schungsgemeinschaft (Ku 588/4-1).

REFERENCES

[1] Klee, C.B. (1988) Biochemisiry 27, 6645-6653.

(2] Crompton, M.B., Moss, S.E. and Crumpton, M.J. (1989) Celi 55,
1-3.

[3] Hirata, F., Schiffman, E., Venkalasubramanian, K., Salomon, D.
and Axelrod, J. (1980) Proc. Natl. Acad. Sci. USA 77, 2533-
2536.

{4] Hirata, F, (1981) J. Biol. Chem. 256, 7730-7733.

[5] Machoczek, K., Fischer, M. and S¢ling, H.-D. (1989) FEBS Leit.
251, 207-212,

[6] Kobayashi, M., Bansal, V.S., Singh, 1. and Kanfer, J.N. {1988)
FEBS Lell. 236, 380-382. ’

{71 Davidsen, F.F., Dennis, E.A., Powell, M. and Glenney Jr., J.R.
(1987) J. Biol. Chem. 262, 1698-1705.

(8] Aarsman, A.)., Mynbeek, G., van den Bosch, H., Rothhut, B.,
Prieur, B., Comera, C., Jordan, L. and Russo-Marie, F. (1987)
FEBS Lett. 219, 176-180.

9] Gassama-Diagne, A., Fauvel, J. and Chap, H. (1990) J. Biol.
Chem. 265, 4309-4314.

[10] Waite, M. and Sisson, P. (1973) J. Biol. Chem. 248, 7201-7206.

[11] Waite, M. and Sisson, P. (1973) J, Biol. Chem. 248, 7985-7992.

[12] Waite, M. and Sisson, P. (1974) J. Biol. Chem. 249, 6401-6405,

[13] Ehnholm, C., Shaw, W,, Greten, H. and Brown, W.V. (1975) 1.
Biol. Chem. 250, 6756-6761.

[14] Jensen, G.L., Daggy, B. and Bensadoun, A. (1982) Biechim.
Biophys. Acta 710, 464-470.

[15] Belcher, J.D,, Sisson, P.J. and Waite, M. (1935) Biochem. J. 229,
343-351.

[16) Gerke, Y. and Weber, K. (1984) EMBO J. 3, 227-233.

239



Volume 296, number 3

[17] Kresse, H,, Loffler, B,-M. and Kunze, H. (1991) Biochem. Int,
23, 885-893.

[18] Twu, J.-8,, Garfinkel, A. and Schotz, M.C. (1984) Biochim.
Biophys. Acta 792, 330-337.

[19] Van den Bosch, H. and Aarsman, A.J. (1979) Agents Aclions 9,
328-389.

[20] James, B.N. and Dubin, D.T. (1960) J. Biol. Chem. 235, 769-775.

[21] Chen, P.S,, Toribara, T.Y. and Warner, H. (1956) Anal. Chem,
28, 1756-1758.

[22] Loffler, B-M. and Kunze, H. (1989} Anal. Biochem. 177, 100-
102.

[23] Verger, R, (1981) Methods Enzymol. 64B, 340-392,

[24] Cullis, P.R. and de KruifT, B. (1978) Biochim. Biophys. Acta 513,
31-42,

[25] Cullis, P.R., Hope, M.J. and Tilcock, C.P.S. (1986) Chem. Phys,
Lipids 40, 127-144,

[26] Kueera, G.L., Sisson, P.J., Thomas, M.J. and Waite, M. (1936)
J. Biol, Chem. 263, 1920-1928.

[27] Laposata, E.A., Laboda, H.M., Glick, J.M. and Strauss (1987)
J. Biol. Chem. 262, 5333-5338.

{28] Hixenbaugh, E.A.,, Sullivan, T.R., Strauss, J.F., Laposata, E.A,,
Komaromy, M. and Paavola, L.G. (1989) J. Biol, Chem, 264,
422-430,

240

FEBS LETTERS

January 1992

[29] Kuusi, T., Nikkila, E.A., Virtanen, [. and Kinnunen, P.K.J.
(1979) Biochem. J. 181, 245-2406,

{30] Doolittle, M.H., Wong, H,, Davis, R. and Scholz, M.C. (1987)
J. Lipid Res, 28, 1326-1334,

[31] Simard, G., Perrat, B,, Durand, S., Collet, Y., Chap, H. and
Douste-Blazy, L. (1989) Biochim. Biophys, Acta 1001, 225.233,

[32] Azema, C., Marques-Vidal, P., Lespine, A., Simard, G., Chap,
H. and Porret, B. (1990) Biochim. Biophys. Acta 1046, 73-80.

(33] Hilsmann, W.C. and Dubelaar, M.-L.. (1986) Biochim. Biophys.
Acta 875, 69-75,

[34] Schoonderwoerd, K., Hillsmann, W.C. and Jansen, H. (1983)
Biochim. Biophys. Acta 754, 279-283.

[35] Jansen, H,, Schoonderwoerd, K., Baggen, M.G.A, and De Greef,
W.J. (1983) Biochim, Biophys, Acta 753, 205-212,

[36] Pepinsky, R.B., Sinclair, L.K., Browning, J.L., Maualiano, R.J.,
Smart, J.E., Chow, E.P., Falbel, T., Ribolini, A., Garwin, J.L.
and Wallner, B.P. (1986) J. Biol. Chem, 261, 4239-4246,

[37] Chrisimas, P., Callaway, J., Fallou, J., Jones, J. and Haigler, H.T.
(1991) J. Biol. Chem. 266, 2499-2507,



