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A phospholipase A, with an arachidonoyl residue preference wns purlﬂed gbom 11700-fold l‘ ront human platelet soluble fruction to neur homogenei-
-ty. The purified phosphalipase A, exhibited a molecular muss of atiout 90 KD oty SDS polyacrylamide gel electrophoresis and hydrolyzed phosphos.
lipids. with an arachidonoy! residue more effectively. than those with a linoleay] residue. The catalytic activity of the purified enzyme detecled with |
phosphatidylcholine as a substrale increased sharply betweend ¢ 10-7and 10-% M free caleium ion. Thus, the 90-kDa phospholipase A, is consid-
cred to be'a novel emyme, dnstmct froni the-14. kD4 one previously purified from human plateléts. The 90-kDa phaspholipase Aa may purtaexpute
‘ : © mainly in arachidonate mct.lbnhsm of platelets.

Ph’osphclipusc A, Human platelet, Culcium ion -

1. INTRODUCTION

- Intracellular phospholipase A, has attracted con-
siderable attention because it may liberate from mem-
brane phospholipids an. arachidonoyl residue, which
can subsequently be metabolized to various bioactive

lipid mediators, such. as prostaglandins, thromboxane', :

‘and leukotrienes {l] The activation of phospholipase

‘Az has been suggested to represent a rate-limiting step ‘

in the whole process of lipid mediator synthesis,

although  the  molecular basis of the regulatory

mechanism is not fully understood at present [2}. We
‘previously reported the detection in human platelet
lysate of a phospholipase A; activity which preferential-
1y released an arachidonoyl residue (3}, From the acid

extract of human platelet homogenate; Kramer et al. [4].

have purified a 14-kDa phospholipase A, whose pro-
perties were not distinguishable from those of the
human synovial fluid enzyme [5]. Thus, the acid-

extractable phospholipase A; activity ~detected in
human platelet: must be attributed to the' 14-kDa group

Abbrevations: GPC, glycnrophnsahochome GPE, glycerophospho-

ethanolamine; PC, phmphaudylcholme. PE, phosphatidylethariol-
amine, I :
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I phospho'lipase Az thai exhibits no preference for a‘n‘ “

arachidonoy! residue [4,5] and would essentially func-
tion in the extracellular space [6]. The present study was
undertaken to purify human platelet phospholipase Az
without acid treatment. The characteristics of the

" human plateler phospholipase As that most p:obably

funcuons mtracellularly arc discussed.

) MATERIALS AND'METHODS

- Prepuranon of enzyme soliree

Platelet prepared for transfusion were used n.fler the explrduun
date. Washing and disruption of human platelets were performed as
described pr evxously [7]. Platelet lysate in TCB buffer {129 mM NaCl,

- 10.9mM sodmm citrate, 8.9 mM NaHCOz. 1 mg/ml dextrose, 10 mM

Tris-HCI'pH 7.2, 2.8 mM KCl, 0.8 mM KH:PO,4, 2mM EGTA, 10
mM mercaptdethanol) at a concentration of §'x 10’ celts/ml was cen- -
irifuged at 105000 % g for §0 min at 4°C. The resulting supernatant,

-~ witha protun Lomemranon of about T4 mg/ml, was stored at SO“C

C2.3 Standard assay Jor phosplmhpase Al

t-Acyl-2-[1-"*Clarachidonoyl- glycerophosphochohne( GPL) (59.0
mC:/mmol), 1-acyl-2-| “Cllinoleoyl-GPC  (38:5 . mCi/mmol),’
1-aeyl-2- [”C]aracludonoyl-glycerophosphocthanolamme (-GPEY
{58.0 mCi/mmol), or l-acyl-2-[“Clinoleoyl-GPE (59,0 mCi/mmol)
were purchased from the Radiochemical Centre, Amersham, UK and
used zs substrates. The standard incubaiion system (250 ul) for the
assay of pliospholipase Ay contained 100 mM Tris-HC] (pH 9, 0), '
mM CaCl,, 1 rig/mi bovine serum albumin and 0.5 hmol of radiodc-
tive substrate. The reaction was carried out at'37°C for 30 min, The
reaction was stopped by adding 1.25 ml of Dole's ieageut and the
radioactive- free fatty acid released was emacxed using the muhmi
described prevlously 18]. : .

2.3. Purification of phospholipase A3 .
" STEP 1. The sokuble fracnon of human platelel homogenales (|00

' Puf)h‘shed by E(sévier Scicnée Publishers B V.
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rnl) T loadﬂl ante m 2.5 % 20 em DEAE-Sephacel column (Phar-' -

“macla, $weden) pre-equilibraied in 20 M Tiis-HCI phi 7.5 tbuffer

A) cantaining 150 mM NaCl, The column was waihed with bui’fer A

and eluted with buffer A containing 600 mM NaCl, =~

STEP 2. The pooled phospholipase Az wasloaded ontoa 2.5 % [0
em Bmyl-’l‘oynpearl colame ﬂ‘nsch Tokyo} pre- equilibrared in buf:
fer A containing 800 mM NaCl. The salumn was washed thoroughly
" with buffer A containing 600 mM or 200 mM NaCl and then dluved
with buffer A,

STEP 3. The pucled phox;:hnhpnse Ay was lnadw:d [t 7 = 130

i HA-1000 Hydroxyupatite HPLC golumn (T‘amh. Takyo}.in 10
© mM sadium phosghate bulfer (pH 7.4). The protein whs eluted with
n linear geadient from 10 mM 1o 250 mM sodium phosphate buffer,

" STEP 4, The active fraction wag concentrated using a Centricon 10

: (Anmon USA) rnd loaded anto a Supérose 12 (Pharmacia, Sweden)
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‘chr_dmm‘ographlés . an DEAE Scphaeel g Butyl-»'_f
- Tayopearl,. HA-1000 Hydroxyapatite (HPLC), and

© HPLC -.olumn “The protein was eluted with buffer Acanmmmg 150 : '

— Phospholipase. A sctivily tdpm

Superose 12 (HPLC) (Fig. 1), ln the appropriate frac-
tions from ench column chromatography, essentially a
single peak with phospholipase Az acnvuy was

-obsarved.

‘The specific nctwaty of tl;w t‘mal prcparauon was 259 ‘
nmol/min/mg protéin and, starting from the soluble
fraction of human platelet homogenates, the purifica- -
tion achieved was about 11 700-fold (Table [). These are
the highest values so far reported for platelet non-group -
Il phospholipase Az [9-11}. The yicld was 4. 1%. The"
final preparation yielded a single protein band on SDS

- polyacrylamide gel electrophoresis with a molecular o
mass of about 90 kDa (Fig. 2A). The appearance of the .
'90-kDa proteinband in each fraction from the Superose

gel filtration column paralleled that of the enzymatic
activity (Figs 1D and 2B). Addition of mercaptoethanol
did not change the apparent molecular mass (data not -
shown). Thus, the purifed phospholipase Az censisted
of a single polypeptldc with a molecular tnass of about

' 90 kDa. .

| —~— Frospholpase gacthlw Mpm)‘

nmM NnCI
3 RESULTS _ o
3.1. Purification of . an arachidonoyi-preferential
pkosphohpase Az 0
‘Using = l-acyl-2-[""Clarachidonoyl-GPC = as &
substrate the human platelet soluble phospholipase Az’
was purified = by sequemml use of column
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—) and pho&phnhpase Az activity (8} from DEAE Sephacel column chromamgraphy {A), Butyl»Toyopearl s
Nhydrophobic chromatography (1), HA-1000 Hydroxyapatite HPLC (C), and Superose 12 gel filtration HEBLC (D). Flow rate; 10 mi/h(A and B), -

0.3 ml/rmn (€), 0.3 ml/min (D) Fractmn volume! 6 ml (A), 3 ml (B), 0.5 ml (C), 0.3 ml (D). Ahquots used for phospholipase A, assay: 10 ul‘ :

(A and B), 3l (C). 1wl (D).
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o Table | _ . :

‘ ‘ Summary of 1he purification af phospholipase Ay frem human pisitler soluble fraction
Swp . Prowin . - Taal activity Spegific avivity Yl ~ Purifision

s ‘ {mg) : “{pmolimin) (Pmol/min-mal - (%) {foddy.
100 000 % g supernaiamt. . 1400 BV ST R S0, ‘ 1
DEAE-Sephace) AT S 34T 66 - 124 ‘ AL
Butyl-Toyopearl =+ - R % ‘ g m 13 381 5B SR 11
Hydroxyapatite L0080 3 A8 43 12l : e & U784
Superaose 13 - 0008 o 1294 239 000 a1 (B 0o I

3.2, Enzymatic properties

* When  assayed using l-aéyl-z-[l-““‘C,}nrachidonoyl-‘
GPC as a substrate, the 90-kDa phospholipase Ay was:

sensitive to d micromolar concentration of calcium ions
(Fig. 3); an addition of 2 mM EGTA ‘inhibited the
hydrolyzing - activity.. No appreciable activity was
observed at 3 x 10" M free caleium concentration,
and the activity increased sharply as the free caleium
concentration was increased from 3 x 1077 to 107% M,
At 107% M, almost full activity was obsérved. A similar
calcium  jon . requirement was observed  when

I-acyl-2-[1-"Clarachidonoyl-GPE was hydrolyzed by.

Eiebdar,

' —e— 200KkDa
—— 116KDa
—~— 97kDa

~— §7kDa

—~=— 45kDa

'the 90-kDa phosphalipase Az (data not shown). It

should ‘be noted that the human l4-kDa group I
phospholipase Az required a higher concentration of
caleium fons for the maximum activity (5], - -

_The purified 90-kDa phospholipase Ay hydrolyzed
1-aeyl-2-[1-"*Clarachidonoyl-GPC  more  effectively

~ than l-acyl-2-[1."*C]linoleoyl-GEC (Fig. 4A) A similar

Fatty acid preference was also abserved when phos-
phatidylethanolamine (PE) was used as a substrate (Fig.
4B). The human 14-kDa group II phospholipase Az did

- not exhibit such a fatty acid preference [5].

Exposure of the purified 90-kDa phospholipase Az to

 ~=— 200kDa

. —— 116kDa
. T<— 97kDa

" =— 67kDa

—— 45kna :

20 30 31 32

Fraction number

Fig. 2. SDS-;?'olyac‘rylamide‘(‘1“0%) gel electrophoresis of the purified bliosplxolipase Az (A) or of each fraction from Superose 12 HPLC (B). AL
Lane a contains purified_ phospholipdse A (about 100 ng as protein).. Lane b contains marker proteins: rabbit muscle myosin (molecular mass 200
kDa), E. coli B-galactosidase (116 kDa), rabbit muscle phosphorylase B (97 kDa), bovine serum albumin (67 kDa) and egg albumin (45 kDa). B.

10 ¢l of each fraction was applied,
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Fig. 3 F!’feu af enlc:um ions on the purihcf.l humnn piatelet
phospholipase Ay, The purified énzyme (6 ngy was incubated with (.5
- nmel of l-ncyl-z {-"*Clarachidonoyt GPC in 100 mM Tris-HCI (pH

© 7.4} containing 2 mM EGTA and various concentrations of CaClv in.

a total valume of 230 pl for 13 min at 37°C. The absoluie concentra-

.'tmn of free calcium was calculated as deseribed (22). Results are -

shown as_means a!‘ three sapamw e\cpcrimcms

Protein (ng) .. . Pratetn "ing)

- Fig. 4. Sul_:strate specificity of purified human pime!m phospholipase

Az, Activily was assayed with indicated amounts of purified enzyme

undet standard assay conditions except that a nmol of radioactive
* substrate. was used. ' A, l-acy-2-{1-**Clarachidenoyl-GPC (&), -
_l-acyl-2-[1-*Cllinoleoyl-GPC (C). B, I-acyl-2-[1-"Clarachidonoyl-

GPE (), 1:acyl-2-[1- ‘"‘C]lmoleoyl GPE (O).

 acidic conditions caused irreversible loss of the activity; -
when incubated in 100 mM- glycine-HCI buffer (pH 2).
- for 60 min at 4°C, neutralized, and then assayed, no en-

‘ Zym'atic activity was detected.

4, DISCUSSION

From_the soluble fracnon of human platelet

_homogenates, we purified a phospholipasé A; with a o
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mnlecumr mass a!’ abam 50 kl’ﬁa b catulyses the relv.-nsv:'
“of an arachidonoy! residue lrony the sn-2 position of <
- phosphatidylcholine {PC) and PE more effectively than -
that of a linoleoyl residue. The catalytic activity of the -
purified 90-kDa enzyme increased sharply between 3 x: -
107 pnd 10°% M ealeium fons. This calelum fon
‘ dépﬂnden«.c roughly eorrespands to the increase in free |

calelum fons induced upon stimulation of platelets {12].
These observations may indicate that the 90-kDa

phospholipase Ay participates  in the stimulus<

dependent relense or‘ s\rachulonaw from mther PC ar

"PE,

Seveml investigatars htwe ‘detected and pamally‘
purified a phospholipase A; activity in acid-extracted
fraction of human platelets {13,714}, In 1988, Kramer et
al. [4]) purified this acid-stable human platelet enzyme
and found its molecular massto be about 14 kDa, They’
concluded that it3 properties resembled those of the
phospholip‘\se Az purified from synovial fluid of pa-

- tients with rheurnatoid arthritis, suggesting that their

enzyme can most probably be categorized as a mam-

) malian group Il phospholipase A;. Antibodies raised” -
. against rat platelet secretory [15] and human synovial

fluid (16] phospholipases Aj, both of which belong to - "

the class of mammalian group [1 phospholipase Az, |

failed to neutralize the purified 90-kDa phospholipase

Az activity (data not shown}. Thus, the 90-kDa enzyme
o distinetly differed from the mammalian group 11 én-

zyme,  The findings thar the . purified 90-kDa
phospholipase A; was labile under the acidic condition .
and thar it exhibited a unique fatty acid preferenc: and
a high sensitivity to free calcmm fon further strenglhcn-
ed this conclusion, -

- Besides the acid-extractable enzymc. the emstencc in
human phtelets of another type of phospholipase A; -
lias becn suggested by several authors [4,9,10,17,18).
For instarice, a deoxycholate-solubilized activity was -

 detected in human platelet homogenates which were

prepared at neutral pH [9,10]. Judging from the
subcellular distribution, the present 90-kDa enzyme

“with an arachidonoy!-residue pteference would corre-
spond to that activity.

-~ We recently purified the 88- kDa phosphohpase Az

- from rabbit platelet cytosolic fractxon[l‘)] The human
- 90-kDa and -rabbit 88-kDa enzymes exhibited very: -

similar properties to each other. Like rat platelets [8], . -
rabbit platelets contam a. secretory 14-kDa group. II

‘phospholipase Az ' [20], - Since 'the group II -

phospholipase A preseut: i rabbit platelets - is
measurable. without acid iréatment,  we previously

~detected two distinet phospholipase Az activities in ‘the.

soluble fraction of rabbit plaiclets [21]. The data ac-

-cumulated so far and discussed in part aboveare consis-
“tent with the conclusion that humian platelets also bear

at least two distinct phospholipase Az; i.e. a secretory

14-kDa group 11 and intracellular 90-kDa ones. Indeed, -
when the human platelet homogenate was extracted‘ '

' _‘329 :
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with an aeidic. mlutian‘ the phmpholipme Ag amivhy

observed was complewly neutralized with anti-human -

synovial ﬂuid antibady, indicating that it wits due to the
mammalian group Il enzyme (10 be published),

should, however, be: emphasized that no addhinnai””

phosphalipase Ay activity was found during purifica-

ilon of the 90-kDa enzyme, suggesting that the human:

I4-kDa group I enzyme activity present in @ ¢rucde
platelet homogenate could not be detected under the

conclitions employed here. Some inhkibitory factor(s)

thut is lablle under acidic <onditions might have
prevented us from detecting it.

rlrkmnwledgenm:u Tl work was supnoried ln part 'by Citants«ins

nict Tér Selentifie Reseavels (Nox, 63480490 and 02557080 from me
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