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- Stimudatian by N-fermyl-Met-Leu- Phe {MLE) of rabbit penlmwul ncmraphuls. in which phu:phnudylchulmc was preferentinlly labeled: with 1-0-
PHjociadeey] Tyso platelel-activating fuctor, aetivated phospholipase D, resulting in the formation f PHIPA fram PHIPC. A discet activator of
GTP-%inding prowing (G-proieing), NaF, ulya stimulated PHIPA farmation, fMLP-xtimulated PH)PA farmation was inhibited by pertussis toxin
(TAP) in u times und dose-dependent manner, TAP alxo inhibited M LP-stimulated 1P, fommution, bul the Inhibition of [P, formation was significant
Iy grester thin that of PH]PA fermation. These results indicante that activation of phospholipase I by MLP in rubbil newtrophils is medinted

‘ by tn IAP-sensitive G-protein that muy be d:slim:t froma phaspholipase C-reguliling prmein

Phospholipase D; Formylmethianyleucylphenylalaning, N-: GTP-binding pratein; Pertussis taxin; Rabbit neuteophil

1. INTRODUCTION

In addition to classical effectors 'such as

phospheinositide-specific phospholipase C (PI-PLC)

‘and phospholipase A, which generate phospholipid-

related second messengers, phosphohpasc D (PLD)ap-

pears to couple with receptors in many types of mam-
malian cells [1]. PLD hydrolyzes phosphatidylcholine
(PC), possibly other phospholipids too, to preduce
. phosphatidic acid (PA) and choline. PLD also catalyzes
- the transphosphatidylation reaction in the presence of
primary alcohols which are receptors of phosphatidyl
moiety - to genérate a characteristic . product
phosphandylalcohols Taking advantage of the latter
reaction, activation of PLD in neutrophils has been wel]
‘examined. A chemotactic peptide N-formyl-Met-Leu-
‘Phe (fMLP) and a complement CSa stimulate the PLD
activity in human neutrophils {2,3]. The PLD activation
by fMLP in human neutrophils seems to be mediated by
a pertussis toxin (JAP)-sensitive GTP-binding protein

.(G-protein) [4]. In the present study, we demonstrated -

‘ that an [AP-sensitive G- protem coupling to PLD in
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rabbit pemoncal neutraphils may bc distinct from that
regulating Pl. PLC

2. MATERIALS AND METHODS

Malermls ‘ ‘

Glyuogcn (from oyster, Type 1), PA (from egg), PC (rrom cgs).
fMLP and cytochalasin B were purchased from Sigma, Medium 199
was from Gibeo, 1Py assay kit and 1-O- [’Hlocmdccyl lyso platelet-
activating factor (*H)lvso PAF} were from Amersham, and IAP-was |
from Seikagaku Kogye Co. Phosphatidylethano! (PEL) was produced
from cgg PC using crude cabbage PLD by the melhod of Yang and
Freer {5))

2.2, Preparation, labeling and 1AP treatment of rabbit heu!_roph{{s
Meutrophils were harvested from rabbit peritqneum 6-10 h a(ter .
the injection of 560 m1 of ‘sterile 0.13% (w/v) glycogen In 150 mM

'NaC}, The ¢ells were washed with Ca®* -free Ringer buffer containing

1.2 mM MacClz, 0.09% (w/v) glucose, O.1% (w/v) bovine serum
albumin (BSA) and 10 mM Hepes, pH 7.4 (Buffer A). The washed
neutrophils were suspended at 23 107 cells/ml §n Medium 199 con-
taining 0.1% BSA and incubated at 37°C for 3 h with [*H}lyso PAF
(0.5 pCi/ml) under 5% COQgy/air atrnosphere. [AP was added to the
cell suspension during the indicated last times of 3 h labeling. After
labeling, neutrophlls were washed twice with and then suspended m
Buffer A. ‘

2.3 PHIPA and [’HjPE.r Jormation in labeled neutrophils

"[*H]Lysc PAF-abeled neutrophils (2 % 107 calls/ml) were
prewarmed at 37°C for 5 min in the presence of 5 xM cytochalasin B
and 1 mM Ca** and, in some cases, 1% ethano| when appropriate.
To 450 ul of the cell suspensiont was addeéd 50 ul of fMLP or NaF.

After incubation at 37°C for the indicated times, the reaction was ter-
minated by adding 2 mil of ¢hloreform/methanal (2:1, by voluma).

Lipids were extracted by the method of Bligh and Dyer [6] after ter-
minaton of the reaction, and then PA and PEt were added to samples
as standards. Phospholipids were separated by two-dimensional thin- -
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!ayer d\mmmagrnplw Y repurml by Cirughalla ot al. (7). Ench upm
of Upldd vivualizred whti tudine vapaur wax seraped off, the radione
tivity wax caunied, and P H|PA and {"HIPR farmed were calewlated,

2.4, 1P Jurmmation by J‘MLF stimniation. ‘ o .

C Ganirol and [AP-treated neutrephils (2 % 107 cellviml) were
prewarmad a1 7€ for 5 minin the prevece of 3 pM cvtochalasin B
and | s Cal, Stimularien was initiated by adding 30 18 of (MLP
18 270 pl of the prewarmed newtraphil suspensian, After 30 1, the
redetion was werminated by adding 100 ul af 10% perehlorie aetil since

the masimal level af |P; Farmadon xiimvulated by IMLP was obwervest

al M s (data net shown), Samples were tteated o pH 7.0 with. 1 83

M OROHTE mMt Hepes tind then centrifuged (o remave precipitated

K05, {Py content in 100 pl of the resyitant tupernatant was v.lelef-
mined usving the 1P sy kit (3]

-3, RESULTS

As already reported in human neutrophils [2). IMLP
stimulated (*H]PAor [’H!PEL formation in the absence
or presence of 1% cthanol in (*H]}lyso PAF-labeled
neutrophils in a time-dependent manner (Fig. I). [n the
presence of ethano!l, [*HIPE( was formed at the expense
of ['"HJPA praduction. Of all [*H]phospholipids, only

[PH]PC decreased accompanied by the increase of
{*H]PA or [*H)PEt (data not shown), These results in-
dicate that under these conditions [*H]PA produced

upon fMLP stimulation is profoundly derived from

(*H)PC by the action of PLD.

. When neutrophils were treated with IAP for 3 h
" PH]PA formation stimulated by t0~? M fMLP was in-
hibited by IAP in a concentration-dependent fashion,
reaching complete inhibition at 10-100 ng IAP/ml (Fig.
2). This result is consistent with the observation in
human neutrophils [4] and provides evidence that PLD
activation by fMLP is mediated by an IAP-sensitive G-

. 3
L

125 Ethano!

125 Ethanol

—Ethanol

' PP%]PHOSPROLIPID FORMED (% of total)

0 T 2 ) 4 5
TIME (mln} '

© Fig. 1. [*H)PA and [‘H]PEL formation in labeled rabbit neutrophils

stimulated by fMLP. {*H]Lyso PAF-labeled newrophils were prein-

cubated with 5 xM cytochalasin B and 1 mM Ca?" In the absence ()

or presence { a) of 1% ethanol at 37°C faor § min, and then stimulated

with 10-7 M of IMLP. After |ncubatlon ai 37°C for the indicated

times, [PH]PA (upper panel)-and [} HlPEt Uower panel) were deter-
mined.
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Fig. 2. Inhibidon by 1IAP of ML Psilmulaed PHIPA- formaiion,
Rabbit neutraphils weree treated with various coneentrations of IAP
during 3 h labeling, The LAP-treated, labeled cells were praineubaed
with 5 aM evtachalasin Band | mM Ca?" a1 37°C for 5min, and then

: e\moscd to Bulfer A (2) or 10~ M of IMLP (8}, After mwbmlon at

1°C for 2 min. I’H]PA was determined,

protein. We found that ['H]PA formation stimulated

by platelet-activating factor and leukotriene B, was also

inhibited by IAP (data not shown). The involvement of
a G-protein in the PLD activation was further sup-
ported by the finding that a common G-protein ac-
tivator NaF augmented [PH)PA formation in a time. .
and concentration-dependent manner (Fig. 3). It is
well established that in neutrophils an [AP-sensitive G-
protein couples MLP receptors to PI-PLC [9,10]. If a
G-protein coupling to PLD .is the same as that
regulating PI-PLC, IAP could inhibit both PI-PLCand
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Fig. 3. ['HIPA production by NaF in labeled neutrophils. [*H]Lyso

PAF-labeled neutrophils were préincubaled with 5 uM cytochalasin B

and ¥ mM Ca®* at 37°C for 3 min, and then incubated with 10 mM

(*} or 20 mM NaF ( a), After ingubation at 37°C for the indicated
li:’nes, [SH]PA formed was determined.
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Fig. 4. Camparisen of IAP inhibliions of 1Py and ["HIPA farmatiorn
© stimulated by IMLP. (A) Time.dependent inhibiition by IAP of 1P (e)

- and [PH]Pa ¢4 ) formation, Each ser af rabbit nesirophils was ins

cubated In Medium 199 at 37*C for 3.1 in the absence or the presence
af [*H]lysa PAF for 1P, ar ["H)PA assay, AP (50 ng/mly was ndded
during the last 8.5-2 hef 3 b incubation. Preincubation and stimula-

von with 10" M {MLP of neutrophils were carried our as deseribed

in Fig. 2, and then 1Py and [*HIFA formed were dessrmtined. [Py level

in mnucl neutrophils (0,202 0.12 pmal/10% celis) was incrensed by

10" "M fMLP 10 2.402 1 .13 pmol/10® cells (B) Comparison of 1AP
inhibitions of 1Py (opcn column) and ("HIPA ¢haiehed calumn) for-
mation in the same set of neutrophils. Neutraphits were fabeled with
PH)lyse PAF at 37°C for 3 b LAP (50 or 100 ng/ml) was added dur-
ing the last | h of the [abeling periods. After washing with Buffer A,
: ncutraphits were divided inta 1wo portions and then EPy eontent and
'HIPA level before and afier stimulation with lO" M fMLP were
dc:ermmed

PLD activity stimulated by fMLP with the same or

- similar kinetics. Ta Lest this, we compared time courses

of 1AP inhibitions of fMLP-stimulated PLD and PI-
PLC activities, which were assessed by [*"H]PA and IP;
formation, respectively (Fig, 4). When neutrophils were

pretreated with' 50 ng IAP/ml, the extent of inhibition -
in fMLP-stimulated 1Py formation was significantly

greater than that in ‘[SH]PA formation up te 1 h (Fig.
4A). To firmly confirm the result shown in Fig. 44, the
experiments were carried out inh the same set of celis:
IAP (50 or 100 ng/m!) was added during the last 1 h of
the labeling period, the labeled and 1AP-treated
neutrophils were divided into two portions, and then
fMLP-stimulated [P3 and [PHIPA levels were determin-
ed (Fig. 4B). Consustent with the results in Fig. 4A, IP;
formation was greatly- inhibited (80 and 100% inhibi-
tion by 50 and 100 ng IAP/ml, respectively) whereas
[*HIPA formation was only partially inhibited (30%
and 60% inhibition by 50 and 100 ng IAP/ml respec-
tively).

4. DISCUSSION
Stimulation of PLD through receptors in some types

of mammalian cells appears to be mediated by G-
proteins [4,11,‘12_]. The type of G-proieins dh‘_i‘ers from
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" ane type of eoll to another. In human neutrophils, an

[AP-sensitive G-protein xeems to cauple receptor ro
PLD vince IAP blacks fMLP stimulation of PLD [4),

‘We confirmed this report in rabbit neutrophils as

shown In Fig. 2. Furthermore; we found that NaF also -
stimulated ['H]PA formntion (Fig. 3) and that IAP had
no effect of NaF stimulation of the enzyme activity
(rlata not shown) . Based on these observations, oneean:
propose a mechanism for PLD activation that fMLP
activates an [AP-sensitive G-protein through the recep-
tor stimulation, and the activated G-protein, in turn,
enhances PLD aclivity either directly or indirectly. ‘

[t is believed that in some types of cells protein kinase
C, which is activated by diacylglycerol produced by Pl.
PLC, enhances PLD activity (1), In neutrophils fMLP-
stimulated PI-PLC activation is mediated by an [AP-
sensitive G-protein 19,10}, These results together sug-
gest a possibility that PLD activation is a consequence
of the PI-PLC activation. However, PI-PLC was more
sensitiveto IAP inhibition than PLD (Fig. 4). Fram this
observation, we liypothesize that a different subtype of
IAP-sensitive G-proteins couples {MLP receptors ta
each of effecior enzymes, PI-PLC and PLD.

Thus, it has to be consndered that a single receptor in.
teracts with two or more G-proteins and signal -
transduction through a single receptor may branch out
between a receptor and G-proteins to regulate multiple
effector systems. Rabbit neutrophils contain two 1AP
substrates; one is the predominant LAP substrate G,
and the other is a small amount. of Gy [13). Gierschik
et al. have recently indicated that both Giz and Gi; cou-
ple to the FMLP receptor by demonstrating that f{MLP
stimulation of membranes from myeloid differentiated
HL-60 cells ‘markedly enhances the cliolera toxin-
dependent [*P)ADP-ribosylation of Giz and Gis [14].
These observations support the notion cited above,
Alternatively, different states of G-proteins, e.g. the
ADP-ribosylated and nonribosylated G-proteins, may

_regulate distinct effectors. At present, however, it is
cmere difficult o elucidate which subtype of AP

substrates, Gjz or Gjs, or which state of G-proteins a
regulates which effector system, PI-PLC or PLD in

. rabbit neutrophlls
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