Volume 281, namber 1,2, 183187

ADONIS 01 45T9I9100293K

FERS 09348
& 191 Federation of Buropean Biochemival Sovivries 0014399591/43. 50

April 1993

Involvement of a serine esterase in oxidant-mediated activation of
phospholipase A, in pulmonary endothelium

Sajal Chakraborti! and John R. Michael?

Y Department of Biochemdsrry and Biophyyics, University of Kalvani, Kalvani 241238, Indiaand 2 Depariment of Medicine,
University of Utaly Health Setences Centre, Salt Lake € iy, UT 84132, USA

Received § February 1991

Expesure of bovine pulmonary arteriul endothelial ¢olls 1o 1 mM H,Q, stimulated associated TAME-esterase und PLA,; activities, Pretreatment
with the serine osterase inhibitors: PMSF (1 mM), DEP (1 mM), und x,-PL (| mg/m)) inhibited H,0,-induced stimulation of TAME-esteruse nnd
PLA, activities. The TAME-esterase and PLA, uctivities under H,O; exposure were determined to be linearly correlated. Affinity lubelling of the
endothelial cell membrane with PHIDFP demonstrated that the serine esterase vesides in i protein hiving molecular weight of 29000 daltons (29
kDu) which is similitr to that of elastuse. Treatment of the endothelinl cell homogenate with trypsin (1 ug/ml) also stimulited PLA,; activity.

Scrine esteruse; Phospholipuse A, Hydrogen peraxide: Oxidant; Antiprotenses; Trypsing Endothelial cellg

1. INTRODUCTION

Oxidant-mediated activation of phospholipase Az
(PLA;) in bovine pulmonary arterial endothelial cells
has been well documented [1]. PLA; plays a pivotal role
in the production of various types of ecicosanoids under
stimulating conditions which contribute to lung injury
{2,3]. Despite intense interest in elucidating the role of
eicosanoids in the development of pathological conse-
quences in the lung, neither the ability of pulmonary
arterial endothelial cells to activate proteases nor the
processinvolvedin theactivation of PLA; under agonist-
exposed conditions have been adequately appreciated.
Earlier studies revealed that in pancreas PLA; is present
in an inactive form and becomes activated by the addi-
tion of a small amount of trypsin [4]. To gain an insight
into the biochemical mechanisms associated with the
oxidant-caused activation of PLA; and the role played
by the vascular endothelium, the effect of the oxidant
H.O: on serine esterase activity and the role of the stim-
ulated serine esterase, if any, on the activation of PLA>
in pulmonary vascular endothelial cells have been in-
vestigated in this communication.
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2. MATERIALS AND METHODS

0. Cell culture

Bovine pulmonary arterial endathelial celts (ATCC 209) obtained
from the Ameriean Type Culture Collection (Rockville, MD) were
studied between passages 19 and 25, Cells were maintained in DMEM
supplemented with 20% fetal calf serum (GIBCO) and non-essential
amino acids (GIBCO). Cells were subcultured after treatment with
0.25% (rypsin(SIGMA). Allexperiments wereperformed onconfluent
monolayers and. in serum-free medin supplemented with 1 mg/ml
essentially fatty-acid-free bovine serum albumin,

2.2, Preparation of membranes

The cells were grown in T-150 flasks. The monolayers were washcd
twice with ice-cold 10 mM HEPES buffer (pH 7.4) containing 150 mM
NaCl and incubated at 37°C for 30 min with a hypotonic solution of
5 mM HEPES buffer (pH 8,0). The cells were then scraped from the
flasks and homogenized using a Dounce homogenizer with a tight fit-
ting pestle. The homogenate was then centrifuged at 100000 X g for
I hat4°C, The pellet was resuspended by briefly vortexing in 20 mM
Tris-HCI buffer (pH- 8.0) containing 250 mM sucrose and 1 mM
MgCl,, aliquotted and stored at —70°C. Protein coricentration was
measured by following the method of Lowry et al. [6).

2.3, Determination of TAME esterase activity

Trypsin-like activity was assessed by determining the rate of hydro-
lysis of p-tosyl-L-arginine methylester (TAME, SIGMA) based on the
method of Hummel [7]. Briefly, 300 x| of the substrate (37.9 mg/ml
in H2O) was added to 2.4 ml of 0,05 M Tris-buffer containing 10 mM
CaCl; (pH 8.5). The reaction was initiated by the addition of ap-
propriate amount of membrane protein to a final volume of 3.0 ml,
Hydrolysis was measured by an increase in OD at 247 nm. A blank
without enzyme activity was inc¢luded to monitor for spontaneous
hydrolysis of the substrate. For the determination of the effect of
H20: on TAME-esterase activity, the cells were exposed to H»0,
(1 mM) for 20 min. The membrane fraction was isolated and TAME-
esterase activity was determined, The pulmonary arterial endothelial
cells' were pretreated with PMSF (1 mM), :DFP {1 mM) and o-Pl
(1 mg/ml) for 20 min before the addition of H,0,. - Membrane frac-
tions under the inhibitors and/or HaOj-exposed conditions were
isolated and TAME-esterase activity was measured.
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Fig. 1. AlTinity labelling of endothelin) cell membrane and pure
clastase with ["HIDTP; (lane 1) membrane isolated from endothelial
¢ellx (unstimulated), (lane b) pure elastase,

2.4, Measurement of ["CIAA release and PLAy activity

Cells grown in 6-well piates (Coster) were washed twice with
phosphate buffered saline (PBS, Sigma) and incubated for 20 h with
{"CJarachidonic acid {specific activity 54.6 mCizmmol; 2 2Ci/ well).
After incubation, the supernatant was removed and the cells were
washed twice with PBS, To measure HiOpinduced AA release, cells
were exposed to | mM H:O; for 20 min. The medium was then
removed and AA release was measured by following the method de-
s¢ribied by Chakraborti-et al, {1]. To determine H,Oa-induced PLA;
activity, the endothelial cells grown in 6-well plates were incubated
with H0: (1 mM) for 20 min. After incubation, endothelial cell
monolayers were washed twice with PBS (pH 7.2), The cells were then
removed from the PBS with a rubber policeman and centrifuged in a
microfuge at 12000 x g for 2 min at room temperature, The pellet
was suspended in PBS and disrupted by sonication with a cell
sonicator. Twenty microfiters of the broken-cell preparation (1-3 mg
protein, ~ 10* cells) was added to 30 4l of the reaction mixture, which
contained (final concentration): Tris-buffer (100 #M), NaCl
(100 mM), deoxycholate (1 mM), and the phospholipid L-3-phos-
phatidyl choline.L-I-steroyl-2-[1-"*Clarachidonyl (specific activity
58.3 mCi/mmol; 10 #M). Phospholipase A activity was assayed at
pH 9.0 by following the method described by Chakraborti et al, (1],
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Ta dererinineg thie efTecr of sering oerase Inhibitors an AA reliiae ang
PLA activity, eulls were pretreated with PMEF (1 mN3, DFP (T mM)y
and s PLO mgzmi) For 200 min before the additien af 10 O mM).

1.8, Cell viabitiy
The dove of the agents uved io This prevent viudy did not affeet the
eell viability as avsessed by Trypan blue exclusion wudiex,

2.6, In vieew axvay of phosphalipase Ay activity i endeoihelial eell
hamuogenate

Buvine pulmonary srterial endothetial eells grown by 6wt plaves
were washied twice with PBS (pH 2.2), The ¢ells were then remeved
from the PBS with a rubber policeman and proteln vancentration wias
maintained a1 3 mgsmb, The resuluing cell suspension was then treated
with trypsin (1 ag/mil) for 20 min a1 377C, PLA: seilvity wis meds.
ured by following the method of Chakrabert et al. 1),

2.0 Allinity labelling of endathetial eell nembeane and pure elastose
with {*HIDFP

100 pg of membrane preparation isolated from control ¢ty were
placed in & microfuge tube, In another microtuge ube, 100 45 of pure
elastase (Sigma) were placed, The contents of the ubes were then
Iyophylized and reconstituted with 100 #) of 0.1 M Tris-HCl pH 7.5,
and then 10 4Ci of (1,3 "H)DFP (3.2 Ci/mmol; NEN) were added,
The reconstinnted samples were then incubated for 60 min at 37°C,
After incubation, 10 41 af 100 mM ¢old DFP (Sigma) wias added to
the tubex to terminate the labelling reacdon. The samples were then
dialyzed against 0,001 % SDS for 24 h and lyophylized. Thelyophyliz.
ed samples were dissolved in sarnple bulfer containing $% mereapto-
cthanol and analyzed by electrophoresis on a 10% polyacrylamide gel
in the presence af 0.1% SDS by the proeedure described by Laemmii
[3). Gels were impregnated with Enhancer (NEN) for 30 min, washed
4 times with water, dried and exposed for 10 days at = 70*C using
XARS film (Eastman-Kodak), Proteing used as molecular weight
standards “were:  Escherichio coli beta-gulactasidase, - 116000 Da;
bovine serum albumin, 66000 Da; ovalbumin, 45000 Da; und car-
bonic anhydrase, 22000 Da (Sigma),

3. RESULTS AND DISCUSSION

Bovine pulmonary arterial endothelial cells exhibit a
serine esterase profile as evidenced by affinity labelling
of ["H]DFP with membranes isolated from normal cells
(Fig. 1). The enzyme has been found to be preferentially
localized in the membrane fraction and p-tosyl-lL-
arginine methylester (TAME) is the synthetic substrate

Table I

Effect of H,O; and/or serine esterase inhibitors on TAME-esterase and phospholipase A,
activities in bovine pulmonary arterial endothelial cells

Conditions

TAME-esterase

PLA, activity

None

H:0; (I mM)

PMSF (1 mM)

PMSF (I mM) + H;0: (1 mM)
DFP (1 mM)

DFP (1 mM) + H;02 (1 mM)
a1=Pl (1 mg/ml)

<Pl (1 mg/ml) + H,0; (1 mM)

activity
- (ODa47/min/mg) (pmol AA/min/mg)
0.47 £ 0.11 3.96 % 0.47
3.54 4 0.59° 10.48 + 0.85°
0.09 = 0.008" 2.85+ 0.42
0.82 + 0,089¢4 4.81 x 0.59¢
0.08 = 0.007" 2.91:£0.31
0.91 2 0,14%¢ 4,87 + 0,644
0.19 £ 0,032¢ 3,08+ 0.42
1.18 - 0.21%¢ 4,97 + 0,72¢

Resultsare mean + S.E.M. (n = 4); statistical analyses were by Student’s f-test; ® £ < 0,001
compared with control; ¥ P < 0.01 compared with control; © P < 0.05 compared with con-
trol; ¢ P < 0,001 compared with H;0; treatment condition,
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Fig. 2. The regression line of phospholipase Ax aetivity () against
TAMEesterase acrivity (o) based on the observed dara (Table 1),

f‘or the enzyme (data not shown). The autoradiogram of
[*H]DFP binding with endothelial cell membrane shows
that the TAME-esterase activity resides in a protein of
active molecular mass (M) 29000 Da (Fig. 1). TAME-
esterase activity in the cell membrane isolated from
HaO;-exposed cells has been found to be stimulated
compared to the control condition (Table I). Pretreat-
ment of the cells: with serine esterase inhibitors; PMSF
and DFP inhibit the TAME-esterase activity for both
controland HaOz-stimulated conditions (Table [). Thus,
from the:above results it appears that the endothelial
cells possess @ serine esterase in membrane-bound form
and H:0; stimulates the esterase activity. From Table |
it-also appears that HaO; stimulates phospholipase A;
activity in bovine pulmonary arterial endothelial cells
and that pretreatment of the cells with serine esterase in-
hibitors (PMSF and DFP) prevents the PLA: activity
caused by H;Oa. The stimulatory profile of PLA; ac-
tivity has been found to correspond well with the TAME-
esterase activity as evidenced by linear regression and
correlation analysis (Fig. 2).

Because of the previous report of the involvement of
trypsin in the activation of pancreatic phospholipase A»
[4] the effect of trypsin on PLA: activity in bovine pul-
monary arterial endothelial cell homogenate has been
measured. Treatment of the cell homogenate with tryp-
sin has been found to activate PLA; activity (Table II).
Overall, it appears from the present study that H,O, ac-
tivates a trypsin-like serine esterase activity which sub-

sequently enhances PLA; activity in bovine pulmonary -

vascular endothelial cells. The underlying mechanisms
of the oxidant-mediated activation of TAME-esterase
and the subsequent stimulation of PLAx activity is cur-
rently under investigation,

To determine whether the physiologically occurring
antiprotease has any effect on the HO;z-induced stimu-
latory profile of TAME-esterase and PLA; activities in
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Table 1}

Eftect of trypsin an PL Az activity in bavine pulmenary arerial ende-
__thelial cell homogenate

Canditions

PLA; amiviw % »hangt
e ipmel AA/min/mg)
Nunc 3532028
Trypﬂn(l ﬂwmu l“ 46 %, II‘ 1254

Results e mﬂan;nz& Ei M (nra 4). ummieﬁt analym were by

Student's ety *P < Q001 compared with control.

bovine pulmonary arterial endothelial cells, the eells
were pretreated with a-PI (1 mg/ml) before the addi-
tion of HaOy. The results show that a-PI inhibits the
increase in TAME-esterase and PLA;z activities caused
by HaO; (Table 1),

Oxidants, including HzO3, have been shown to in-
crease pulmonary vasoconstriction and pulmonary
edema [3,8]. The vasoconstriction and pulmonary
edema caused by a variety of agonists have been found
to be prevented by antiproteinases [9]. There are nu-
merous antiproteinases present in the body and one of
these, ay-Pl is believed to be particularly important in
controlling the proteolytic events in tissues, especially
against proteolytic attack of the lungs [10]. The present
study of the effect of &-Pl in preventing Ha02-mediated
stimulatory profile of TAME-esterase and PLA; ac-
tivities in pulmonary vascular endothelial cells raises the
possibility that antiproteases may prove useful in the
treatment of arachidonic acid mediated tung diseases. It
could be of physiological significance to determine the
effect of the oxidant H2O2 on the activation of TAME-
esterase, the subsequent stimulation of PLA; activity,
and the role of antiproteases in this scenario involving
other pulmonary cells.
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