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In an effo:t to learn more about the transductlon of chemotact;c.

a

| stinuli ‘in hunan nqutrophila, the effects of various phArmcologicaln'

probes on the biochend.cal and physiological events assoc:.ated with the‘;» :

Ju.

' inflammntozy responge were explored. 'Ihe calciun ionophore, A23187, and}j

the protein kinase c activator, phorbol 12-mytistate 13-acetate (FMA),"'

' were both tound to elicit superoxide prodxctxon and 'Lysozyme release in

"the neutrophi-l._ - The responses to sub-’ptiml concentratxons of PMA an

. A2>3.187.~' we"re synergistically enhanced when the two stimu11 were

7 administered in comb:.nation. : 'Ihis synergism apgeared to be based on -

their abiuty to mimxc selecuively "the prote:.n kxnase Cc and calcxun-'

)
‘mobilizarion .'Li.ml_:s of che bifurcating phosphoinosztide-dependent

.‘transduction’ prochsa’. y Interactive effects were alao observed between'
proz:ein kinase C and the adenylate cyclase pathway. While PMA daid not'

,alter cyclic MP levels in rescmg neutrophils, it aid enhance cyclxc‘

f/;% .
~Eﬁand the chemoattractant,

AMP production "in respons to prostaglamdﬂ '

' I'eu-phe), effects which may
. : o %

;.be ascrlbed to the uuppression ot "a deg‘i‘ee of gxanine nuclém:ide

'_r;egu.lnto'xy_ prote}:l,.nv- (G-proted.n-) ;,:ano'se‘d conatraint on' agonz.st-r

stimlated adenylate cyclase'- actfvity. EEE

In@ochction of non-hydrolyzable guanine nucleotide analogzes .Lnto’

the cytonol of aaponin-pemabili:zed cells was found to result :Ln an

- .
, enhancod lysosoml enzpo telease tesponae upon the subsequent addition

of ca'!.ciuntionu'i The site of action ot quanine nucleotide-induced

-iv-
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Fluorlde actxvation .was found to be associated wich an

’>

h ‘thﬁ rvcﬂlplarfcontent of inosxtol phosphates, the _water-
v',’ SV "\# . .‘

M v

Coon e
ions}» as- well as by the’ redistrxbur_lon of pror.ein kinase C
t [~ o
"e cytosalic  xo the membrane conpart:ment. "In conc:aatv to the
o fﬂ.’k 5 .

i"u-phe-evoked superoxide .production, ca?* mobilization, .-and
'phospho_ivnos'icide turnover réilpo'néea,’. those évoked fluoride wgte

resistant to mrtushié‘ to;cin inhibition; s'ugg'es"t’ing thact fluoride serves

. to. activate N by a.&?P—lnd,epende'nt broces‘s which is unaffected by' ADP=

ribdsylation of the Gr-pt'cit‘

Y3

-

_"'_r'i'ei:e'pcqx{s g and ', t:he Qphosphoinoaicide-specitic/ -{
- . 5 o

'*As ﬂuoride ion, . a kncwn activar.or ot bor.h t@er» ‘.‘

piies Y g{,, ek #
roduc'@i bf phosphoin?,sitide curnover. Ihositol:‘ phosp.hace‘.v

xon, was patalleled by a sustalned eleva‘:ion of cytosolic C82+a

/
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AMP -
ATP

AU -

B
cyt. ¢
o«

dpm

fme;-leh-phe/FMLﬁ :

GDP .

oMP
kap(NH)p,'
GTP
GTPYS
HBSS

HEPES

IﬁsP1
Ins(1)P,

' Ins(A)P1‘
‘InsP,
Ins(1,4)P,

InsP3

-

ABBREVIATIONS

"adenosine 3',5'-cyclic

L-4
!
. 4
adenosine 5'-diphosphate L
adenosine 5'-monophosphate
adenosine 5'-triphosphate
: %
absorbance units 4
AN

'monophgsphace

cytochrome ¢

disintegracions per minute

formylmethionyl-leucyl-

phenylalanine
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'manbraﬁe. ené:loged"' vecuoles which in rurn fuse with intracellular

"

q

I, THE TRAﬁsDtk:'{xou OF INFLAMMATORY STIMJLI IN HUMAN' NEUTROPHILS
A. THE NEUTROPHIL * . .
T‘he neu\:rophil is a.terminally differem:iar.ed pha«;ocytxc leukocyt:e

whxch, upon release from the bone marrow, circulates in cthe vascular

system where it nomally : coneucutes, 93 to 96 percem: of the .

gtanulocytic couponenr. of ,hunun blood. Its 4_physxolog1cal role is
o , :

defense of r.he host orqanian against &oreign macenal. ‘Up‘oh acrdivation
: ¥ L . :

.by appxopriate-. stimli, such as .baccemial p oducts Cor complement '

. fac\:‘ora} neucrophils penetrate the endothvelial’ arrier of. the. post-

capillary venules to accumlate at the s:.te of 1nfe\bn in the target

. ltiaaue, a ‘process called chano'caxis. The neutrophxl is equxpped with a

«
<

nunger of cellqler functions insttmlental in the !radxcatx.on of .

_offensive material. Objects recognized as foreign are phagocytosed into

_granules: com:a'iniﬁg hydiolytic. enzymes and antibacterial ‘ facrors. 'I'neq

[

human. neur.rophil.'contain_s' two major classes of granules:  the

N

azurophilic and r.he specific. VWheteas the a'zurophllic granules contain;,

f

myeloperoxidase, acid hydrolases such as B-glucurom.dase, an'ﬂ a luu.t:ed

co

supply of lyaozyne, the apecific granules '-are rich in lysozyme, as well '

a8 containing lactOtetrln 'andv a vitemin B-binding protein (reviey

: - S S
has also been described (Dewald et al., 1982). It is speculated that

‘Gallir'\', 1984) . A chird claes‘ of small gelqtinase—containlng granule'e.

. O

<



' th;.s granular pool may be faced predgminam:ly for tusion ‘with the plasma

Ce s membrage, gs opposed to phagoq'tic vesicles. "

o - <

'I'n_e xpl.avsma _‘ membraae is equipped . wn:h NADPH okidase, ar 0,
rech‘cta,sé_‘, which, in res:gng cells, exists x.n a latent stace (Babxor et:'

‘a,_l_., "197‘67‘“'1‘>atr\1arca et al., 1971,). _-Lpon- acr.xvat:.on, this enzyme:
cqnpiex, generates superoxide radicals,, 'a phenomenon 'kna'vneas" the
 respiratory burst (Tauber, 1982). NADPH oxidase is a flavoénzyme which

4 . <

accepts a pair® of electrons from, NADPH in the course of a hydride<
R a . o : - B . AP .
N N . . ¢ , R . (A"'(‘

traxlsfer' reaction which results in the reduction of two oxygen molecules
. ' . © ’ o . . . .b ) ! \k
. ) . s . Q . ‘:
, '('(Babior et al., 1976). o o

NADPH + 20, —— NADP* + H' + 207 -
T The exact ;;sequen_ce of events in the electron r.ranapor‘t process reminn

¢

(ung:lrear. Gell acr:xvat:.on may be assocxated wich the cranalqcation of

.(V

c%rtaxn conpdnents of t;he electron r.ransporr. cha:.n ftom Lntracellular

. . -
<

organelles to the pléma membrane (Borreagaaxd et al., 19?4; Ohno et
a'l.," 1985). ) axperoxide, in concerc'w:u:hvxts reactive deriva;ives,

hydrogen perox.xde,w the hydroxyl radical, ‘andAothet _prochéts of the

’

C e myeloperoxz.dase-ﬂzoz-halxde system—, has toxic effects on microorganisms

and‘neopl_éstic tissue” (Johnsoq et al., 1975). As for}eig‘n mar._etial is
, phagocyt{olsed by. t}:e ne‘utr‘ophj..l, oxidase 'c‘onple;xea located in the 'plas'ma‘-’

‘v=  membrane become part ef thev pha_g/oc.ytic ve.sicle. The releuae ef _f'xfee

T radical species wit:.hin tﬁe pha:;olysosome eoptri.mtea‘to the des:ru&tion
of }:he enguifed material (Obfxen et al., ‘19‘80)1; However, tfie cq_n_comir.;nt
release of gtacnula‘r' e-nzymee and free :adi’ca"lsv-intv_o‘ vth.eu e)‘ctrdcellular

epace may contribute to in’flammr.o'zy ‘lesions in the host oréanim., in

addition to:the,degradation of forLign and ctan_scfomd mnr.etia 1.



hS

Under most physiological and patholoéi_cal circumstances, ne'utroi)hi}

activation is achieved at the level ofucéll surface receptors ‘bearing

I

recé'gni‘tibn_ sites for ch_enb\:actic_ _ facrors such as ix'nmmc;glo'bul'ins,
complement f:ra_qigye,nr.s,‘ ;and 'f;‘anﬁyl:av‘ﬁg;i-ba‘ctgrial ‘peptides. B vitro, a .
comgnn}y éppiiei stimlus 'is the s}nghetic. tripebtid’e, formy_lmethionyl.-' .
' ‘Leucy'[;—i;hényla"thnilne‘ '.(Qfmet-‘leu-vphe). | Inﬁétactionv of chemotactic-
' substances with appropriate recognition sites on th.e. receptor .x‘n‘olecuies._
indices 'lcon'ftlamtional éhanges ‘ in" the latter which influence their

relaci Ehip with certain integral (membrane proteins, characterized by

Mthg',&bility to bind guanine nucleotides. These gquanine nucleotride~
‘binlc_linq ‘proteins (G-proteins) communicate with a phosphoivnositid_e-

9

specific phospho}iieétetase._ ~In its . activated form, the

phqsphod].esr.eraae éleave“é the polyphogphoinositide, phosphgtidylinos‘itol % .
4,5-bisphosphate, so generatj.ng two ‘second . messenger sﬁbsﬁénées:'i" |
-inovsi,tol 1,4,§-crispho£s_phate’ and - diacflglycgrél. I:iosi‘.tol 1,4,5~-
t_i;isphosphacé .is a .u‘ratez;-so‘lub.le. product which rvesulit;s in the’
" mobilization of calcium fromvi'm:'rac_ellular Qi:ores, a‘response which
appeavrs >l:0 lead <to the‘\ac,tiva,t_ion of vari_ous‘ calci‘un-/calmomliri-
dﬁpende‘nt.prgtein kinases. The lipophilic product, 1‘,2‘-di-a‘cylglyce_rol,’
is a suhstance lselieved to be the physiolbgical activator ‘Qf p'roteln‘_
kln&ﬁe.c; A schemiic rep'reéem:ation of ttim;s ;vaéthwa'y is illuscrated in

Figure 1. The various stages of the transduction process will b§ dealc

with in more detail in the following seci:.ions.
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Figqure 1. ‘Schematic represeniation «.f the major molecular events
involved in neuti‘ophil activation (R = receptor, G = G-protein, GTP =

guanosin,é ﬁriphosphgte, GDP =vgu'anosine diphosphatg, PtdIlns(d,:S).Pz'-

. phosphatidylinositol .4,5-pisphosphate, . PDE = phosphodiesterasge

(phospl’.:olip'ase‘ c), 1,2¥DG =.1,2-diacylglycerol, Ins(1 ,4,5)?5 = inositol
~1,4,5-trisphosphate, E,R‘- = endoplasnig: reticulim, Ca2+, = calcium i;on,

PKC = 'prqtein, kinase C,- Ca2+/CaM Kinasges = 'cali:iun—/cglmchlin-dependenc

kifiases).
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RECEPTORS FOR CHEMOTACTIC FACTORY ST

The 'fmgt-leu;phe recepior is an éextensively-glycosyla;egi,'pr,dngin,.

i having an E:pparem':_ mlecuiar weighc in the Ira'nqe "of 5§K to ~76K~,'

'. esu.mated by the mgration of labeued receptora on aodiun dodeql'

sulfar.e-polyacrylamine gel. eleccrophores:.s (midel et al,, 1980; Paim:et_

et al., 1982). Sedment:ation equilibrim an&lysis ind_icates(fbhaz the
. o ) . g SN R

. L y'a ”
-receptor exists as a molecular mass of 63K ("Allen et al., 1985).

Er\zymatxc removal of the carbohydrate residues leaves a 321( pror.e’x.n

which reta:.ns the capacity for 11gaang (Malech et al. v 1985).»

',Appfox.i.mately 55,0&\ bind%ng sites are ptesenc per cell (Koo 'étl'

'al., 1982). . Oonputer analys:.s of b:.nding da.ta by non-unear 1east

: squates curve fir_\:i

“
is conslstent wirﬁ the co—existence of two classes

" of receptors exhibitin affi i\:y constants (KD) in r.he order of 0 ) and
24 nM,v with cthe hxgh afflnity state re;presenting about '25% of the t:ocal
teceptor populat1on (Koo et al. p 1982). S:Lm.ilar binding parmters were

reported by Mackin et al, (1982) . The identical dissociacion kinetics'

~ obser\red with- chemical and Lsot:opic dilution techniques, suggest the ~

presence of two subpopulations of receptors . rather than' a’ negai:ive

- coogera;ivity phenomenon. The ability of a sgeries ‘_.o‘f' ‘synthetic

formylated peptides <vto -compete with fmec—leu-[aﬂlphe' for receptor

binding, with a potency p'arailelling their efficacy as inflammiory

"stimuli, indicates ~a common receptor - for these .chmoa;nraccan:l .

(Williams et al., 1977). Although, the properties of formylated pép:idé

bxnding are perhaps best charactenzed. ic is :I.mpottant to note that

'.specific binding sices' havev ukewiae been 1dent1tigd for _other

' 'cbdnoattractanté, vsuch.as' the conplunem: frnqunr., CSa, and leukotriene

- f§4 (Snyderman and:Pike;'- 1‘98’4).

S

[ 3
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granulen has been observed to leat{ to an 1ncrease J.n t:he mmb 2y

leu-[3H]phe binding Bites in im:act: cells (Gsllin ‘et al. Y 1978; E’Letcher

-

and Gallin, v 1980; Flef,cher et al., 1199,2) . As bindinq acn.thy is’
‘highest in subcellular fraccions representative of the ?pecific graq_mﬁes

(Fletcher and Gallin, 1983), it is ‘post\ilate"d-'t_hat neutrophils contain
- - i . A . : - ‘ A . ' "‘"v" - E -
“' an intracellular pool of fmet-leu-phe vareqepcsai;‘.s yhich are recruited to |-

the 'planné -membrane 'in -the - course- .of - chemoattractant~induced
d‘éQtanulAtion. L 4 G
E V ° .7

Fbllcwing ligdnd"binding, mch of the receptor b;o;e'ih-' becomes’

a

nondissociable f"rom the ,pla.sxna ‘membrane and i's‘ ., siubsequent'ly. éown-
: regulated by m;ans o.f Van endoqtouc procees, »whereupon ic J.s det:ect:ed )
in asaociatiqn 'wit:h t;he. Golgi apparaq.}_‘s. (sklar et ayl. ' 1984). ' Manbrane L
..p.rbeparati'c;ns vobtvai;ned ' ftom cell.s' atim.'(la;:"eud ’\;itﬁ formylat;ed' peptides-
contain recepuors which are conplexed in a hxgh-effinx\:y '(‘s_low]..y‘-’
‘diuociacing), high-molecuuz. weigh;t “form which, in 'I‘riton‘ x-.1‘6'6'

v ' )

extracted cella, co-isolates wit.h the insoluble peuet: rebre

jtative of

the cytoskeletal mterial (Jeaaitis et al., 1984) . Simi arly,

’ ¢
radiolabelled ‘Leukottiene 34, upon -addition to neutmphils, has been -

- /
found to form rapid aalociations with the cytoakelet:o LNaccache et afl. f

f s /

,1984). Not:ably, actin polymerizat:ion has been used ‘as a measure of\"/

’ }
'nou\:rophil 'activation (Iba and,Varani, 1982: White etv al., 1983) « The

-

{Lndnction of receptor-qtotkeletal im:eract:ions may be instrunen\:al in

ho regxlation of ligand-recept:or endocytoais, as i.ndicated by the

r;é’ " ab!.lity of dihydzocytochalasin B to inhibit the fomtion of - t( high ’
‘ affinit:y ntuot-leu-phc-reg&or-cy:oskeleton conplex, as wen as 1ta

R



subsequenr_ recepnor-med).ated endoqn:osin '(Jesait:is ' e\: ; al. 1985)':. .

Cytochalasin B i‘s a fungal alkalox.d which binds to cthe qrowing ends ‘of

,_'ac,txn filamem:s and to haccln atrtachment sit‘eg ',on plam‘ mmrane‘t

tréated cells is generally thought to be related to its ‘in’f’lu'ence on the

'elucidar.ed. ‘ I S -

A]

I

°
‘.

degrvanu}qt,_i.o.n, As'u'pe‘r‘oxid'e production, a'rlx_d aggregation in ,cytocﬁ_alasin B-

L S
P4

cytoskeleton, \_:he‘ precisg me'chan_isng of ’;':his_;' .effect remnins \f be

‘,f

THE GUANINE NUCLEOTIDE-BINDING PROTEIN T

. The fxrst: indicar_lons of a guanine nucleo:ide-dependent regulat((\ry

evem: in a cell.ular ttanaductzon pathway were observed in t.he gluaegon-
sensitxve adenylate cyclase sysr.em of rar. hepar_ocyte plasm manbranes.,

In this - systan GTP wag found- to. decrease the a([finity of glucagon-‘j

4 b:.nding si\:es (mdbe‘ll et al., 1971a), as wel’l. ‘as t

enhance \:he.- initia 1

,'_p‘ro;exns' "(Lln et al , 1983). However, ','alt:hou_gh' the 'enha'hcanem: of Lt

rate of bor.h baeal and glucagon-sr.imﬁated adenylate cyc'Lase acv.ivity -

e

(F_bdbell_, et ~a1.«,' 1971b). ) mbsequent studies (Iondos et al., 1974;»‘
Schramm and?dbell, 1975) demonstrated t.hm: 5'-quany1yli.midodiphosphate
(_Gpp(NH){:L a non-hydrolyzable analome of ‘cTP, both got:entiated ;hp

eff_éé;;s of hormo‘n‘a.l- agents - tha; sr.imlat:e adqnyl'a;e’ cyclase and

-

’ adti"vsa‘ced the cyclase. in".the absence of horm'o'ﬁal o:imlac'-ion'. ‘Notabty

«
o

vap(NH)p. promoted & persistem:ly activar.ed state of adenyla:e cyclaqe“

X

(O
in com:rast. t:o the readily reversible state ot activation’ achieved with

wi L

G'rP 'Ihese findmga led to the speculation that c;'rmu activity mighr. #

‘.

be respo\nsible for the tranaient durat:ion of G'rP eftects on: th. cyclne. -

D'k.‘ M
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Us:.ng afflnlty chromrograc‘xy, Pfeuffer’ (1977) partz.ally pur,tfxed"

’

r:he G—regulacOry unl_t from der_ergenr excrac& of . plgeon erythrocyte

J - . - N 5

membranep whrch had"been labelled and pre-acr.lvated w:n:h photoreacrxve,

"GTP» :derivatives. _Nprablyy adenylare cycl_ase _adrxv;ry was 1os.t_ upon
passage of rhe Hexrr'act rhrougm, a G'I'P ‘mar_rix,’ where the complek
. . .

,d—rssvclated into two prorem conponenrs, wxrh t:he GTP—blnchng unitc bemg

) retained on the column.. Reactiva
3 . . . . v )
.could be achieved upon elutifig ‘ e 'G—prot_:e’i‘n with GTP or Gpp(&H)p, then

'recomblnxng 10 th:h the un dsorbed fraction.

Additxonal lnfﬁmarxo concerning’ t:he nathre of -this GTli-binding

' protein was obta;.ned from studies uslng nucant stralns of rhe S49nnouse

' lymphom c_ell{line- 'I‘he cytoc1da1 effecr.s of cAMP 1n wxld-t:ype 549_'

= }

cells provide a criterion for the selection 'of genetric variam:s with

‘ olecular aberrations in tre adenyl_at)e cyclase rtransduction. system
- . TEEN o ’ . S

oy

(Bourne er al., 1975a). One mtant,..cfc_, possesses a normal conp'leq\enr

~ of B-adrenergic -recepcors and a’ m?""-sr_iuulatable adenylacte cyclase
activity, but is ‘un&ble to p'roducev‘d'\Mi’ in ‘response’ to B-adrehergic

K

. . . . . /o
toxin, a baccerial toxin which results in pelrs'-istent activation; of t:h_e

LR

( .
adenylate cyc lase Bystem through an ADP—ribosylatxon reaction (Bourne et

'al.,'_ 1975b; I.nael er al.,v 1976). However, reconstm:ur:._on»- qf e yc'

membranes with detergent extracts from the plaana membranes of adenylate.

Cyclase-conpetenr, but B-adrenergic receptor-deﬁlclent, cells conferred

upon the cyc (:yc_lase system the ability to vr_esp»onc_i to hormonal scmxglx

and ‘guanine nucleotides (Ross .and Gilman, 1977a). ‘Notably, such a -

reconstitution was still posgible when the cycyse activity in the doh‘or*_‘ o

T

SN ‘ N )
- ; - ) .

10

‘on- of t_:he adenylate cyclase actxvxry

ago‘nilsts',- flu‘oride,. nonr-hydroly zable gvua'ninv_e nucleotides$ .or cholera

R . - o



- | | L
‘exctract was de_sv;ro?ed by ‘means. of heat inactivarion o.r':reatn_\'enr. with

_sulfhydryl ‘reagents (Koss and Gllman, 1977b; Rbss ‘e‘t al., 1978). These
stud;les led vo t:hévprop'osal that cyc- membranes ‘lgcked, a transdi_xg.i:ng
coﬁéo'nem: which | ﬁs r;ecessazy bot:.h___f.or‘ c:)mnuinicl:a;io'n“becweeh t’h'e"
rec.epx:_o.r :.‘a_,nd the cyclase catalyst and for: activatién by quanine "

nucleorides, fluoride,.and cholera toxin.. The concept of a G-protein
involved in cyclase activdtion (alternatively designated Ngor Gs) wasg -

thus foﬁn’ded. ‘ -

.

S

-

Speculations ‘concerning an inhibitory counterpart '(Ni/Gi) for N

~

evolved from the .observatidh that hormonal inhibition of adenylate

cyclase activity in the presence of uz-adrehergic agonists, expre'ss'e'd‘ a
requirement for GTP which was analogous to that for hormonal stimulation

(Jacobs et al., 1978). Moreover, like Ng. the putar_'ive.Ni' unit appeared.
to act as:a S_ubscrate for an AB roxin.' Katada and Ui (1979) showed that
.islect-activating prorein, one of rche. toxins,.el_aborated by Bordetella

perctussis, 's-uppresses- 'ihe .hormonatl .inhibition' of | aden‘ylar_'le. _cyclase,
while onff.en éhhanci:ng t'h?'.,e.ffect of s:inul;tdry i;npu,t.

Ns_ anleihavé be.een‘ pufified \;.o homoc}eneityb_frvoin numez_'qus_ sou}qes
| (Hanski and Glilmg‘r_x, 198__2,; ﬁ‘anski'et al., 19é1:'Northup et al., >1980;
‘Sternweis et ai., .1981; Bokdch_ et .'aL,v ‘198‘3). | Polyacrylamide»_gel.
eigctrophoreSis shows tha; Ng consists of two polypeptides, occurring in
'ovn-ve tob -one stoichiomerry. 'ﬁne larger éolypepr.id»e exisf.s in ; 45K and a
‘52K form ,which differ by cthe al_ceratiqn of two and thg_.delet_ioﬁ of
v‘fourteen; amino “acid resid;és (Gilman ex a/l., 1986). The small'v‘gr
conpbnem: is a 35K polype;;tide. The 45/52!( pr'ot.eins contain the GTP-

) , _
binding -site and are the substrates for ADP-ribosylation by cholera

.



,t‘;_oxin.- Purification of Ny shows that it is cp&prised of 41K and 35K

12

subunics of which the 41K unit is the substrate for ADP-ribosylation by

pertussis voxin. Peptide maps generﬁ;ed by the prdteolytic degradation

of -the 35K subufiits fr'om,.Ns and N;, as well as studies of amino acid

" composition,. s\igg'esr. that these components are identical between the two -

“

G-proteins"i'(mnning and G#lman, 1983). - 'me 41K ‘unict of N, and cthe

52/45K units &'Ns have'

-,

-

"‘units are known as 5 subunits. A third subunit, having'a molecular

weight of 5 to 101(,"‘ 8 recently been Ldentzfxed ( Bokoch et al., 1984 ;

"(}

‘Hildebrande et al., - 1984). -'mis 'protein; Cwhich * may - also be

been desiénated.the a subunits, while the 35K

indistinguishable among the G-proteins, has been desigﬁaied the Y -

.

eubunic;

.

Studies of the activation of chromatographically resolved Nj and N;

'y

"ty fluoride and. the non-hydrolyzable quanine’ nucled/\’;ﬁde; analogue,

’
k4

guanosine 5'-3-thio-triphosphate (GTPYs),'- show ‘_,r.ha‘tv' ectivacion@ is

assocxated wu:h t:he dxssociatlon of the 45K (Northup et al., 1982;

- Northup et al., 1983&; Northup et al., 1983b) or the 41K (Bdkoch et al.,,

~.

1983) subunits from the intact G-regulatory oligomer. These conclusions

were based on the finding that guanine nucleotides or ‘fluoride treawmment,

-~ allow resolution of acdtivated a subunits which can recensci\:ute eicher .

stimularory or inhibitory adenylate cyclase . activity ‘to cyc 549 -

cells. . Alr_hough't:he re’ﬁersa} of o activation achieved in this manner
occurs only slowly, it can be enhanced by the addition of the resolved B

¢

subuni t. Not:ably, the actlvated G-pror:ein and the resolved u sub\mxt

display ‘similar hydrodynamic qharacteristics (ie.. Ni and Ng behave as

smaller particles upon activation than they-do in their resting states).
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According to. Fodbell's "Disaqgreg‘ati.onj 'IheoryA of Hormone Action™

' (Ro_dbel__l; 1 1980) , ‘G-proteins, ir‘L"r_h‘ei.-r resting states, probably exist in

v

" an oligomeric form, complexed with an appropriate receptor arid with a =

- mb._iécu'i,e of GDP bound at tneir- active sites. ) Agom.sr: bxnding xndxces a

conformtxonal change 1n t,he recep\:or whlch affeccs its relationship

.

with"the -G‘-protein,‘ ,presunably converting the guanine nucleotide-binding

site :from the closed to the dpen:form. GTP is thus free to bind to the

‘active site,’ _di_splacing ‘the  previously bound GDP. = GTP. binding is

associared  with dissociation of the a subunit from the By dimer, a

process which ti‘a‘nsformS the ligand receptér from the high to the low

affinicy Stace’.‘" The free a subunit then presumably»intetécts with its .
target enzyme. . DéaCt/iya/tion of the coupling of ‘the G-protein to its

effector enzymé occurs upon the hydrolysis of GTP to GDP by the

intrinsic‘GTPase actiyitiy of t;he" a subunict. The GDP-bound a. subunit

reassociates with the 8y subunits to regenerate crue inactive complex in'.
which the aquanine nucleotide is nomexcChangeable. Such a ctheory
accounts for the desensitization phenomena common to G-protein-mediated

re'éi)onses’, as -'well as the fact thac Visolgt:ed ground state receptor.

structures display a higher molecular weight ‘ than their activated
g - R . .

_counterparts. ° It also accountg fon 'the guanine nucleotide—xnchced

»
’

disso'ciﬁatibn "of chromtotﬁ'aphn:ally resolved_ G-proi:exns into r_hexr

constituent snbunits, a proc.essv which is readily reversible in the case
of ‘:GTP-,' “but '.prolonged in cthe “ptesence of non-hydrolyzable aquanine

nucleotide analogzes.

Y

It "!.s now becoming apparenc that N and N; are members of a family

- W
- of quanxne nucleou.de-bz.ndinq proteins or G-@:teins Which exist within

L. ,‘ , Y
T & T



cthe’ w:n.x of the. plasma manbr;ne of most cells. . 'mese ptox:eins display.
"a considerable amount of homology in :hat all consxsr_ of trzmers of a,
v BA, and vy gubunits. ' @ereas t:he 35K B and perhaps also the“‘ 10'1( Y
subunits appe.ar o Jbe ih_distinguish_ablé among various meﬁbe:s of che G-
protein .f‘amvifly{ ,th.e"a s.“.ubunitv:s' diéplay*differenées with. i‘éspect to

' molecular weight:s, susceptxblllty to ADP-rJ.bosylaclon by ‘AB . toxlns,'
. i

:Lsoelectrlc poim:s, patterns of proteolytic dJ.gesr.lon by Staph. aureus '

Vaﬂp'to_tease, and immuinological characterlstlcs (Xanaho et al., 1986).

‘Currently there are five recogn'ized G proteins: Ng,

’

‘the intefmediary .

i ¢ the unic involved in

unit involved in adenylate cyclase activaﬁion; N.
aderiylate cyclase inhibition; transducin (T), the ‘activator of CGMP
Fhosphodiesterase in retinal rod outer segment; No" a protein of as yet

_unknowri function; and N (alternatively designated N, or Np), the G-

protein ‘involved in neutrophil ac:ivar;ion. - N is a prdtein with an a-

n

subunit of 40 to 41 K which is ADP-«ribosylated by .pertdssis toxin, a
reaction 'whi"ch inhibits Aits participation in the’ sign;al tra-nsdum:i.ori"
pathway. In its activated. stai:‘e, the free a subunit presumably

im:eraccs with its target ehzyme;_ a calcim-dependénc phosphoinositide~

specific phosphodiestetase (phosphoh.pase C), 80 decreasing the calcxum '

tequi:enem: °:. r.'hev gnzyme to physiological ranges (Smir.h et al.,
I1986).. The exact n\o.le;:u_lar me‘chan‘ivsms temiﬁ to be élucidated.

'rh‘e idea .’_of __(i;-érotein involvement in the signal tfansduc:ion
pro‘cea?s of human ’neutfophils evolved from a nunber of studies addres_sing
the ef'fe.cltsi of.__G“rPF and its non—ﬁydto;y.zable analogues on membrane

pte'parar.ions, _ce.il homogenates,  and perthea’bil‘ized cells. Koobet' al.

{1983) reported  that non—hydr_blyublé GTP derivacives 'converted a

cole
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proportion of the ‘vhi'gh“aff‘inic‘y_» receptors for fmer.‘;-l‘eu,‘- [V3H}p'he to the

low affin’ity state, 'appar‘ently by oausing an: a,ccelez'm:ion in ‘the raoe of

i:.qand dJ.ssocJ.at:Lon from r.he receptors, an observation suggesgive of G-

'proteln -lnvowement- in che sc:umlus-response coupling _‘ of cthe -

chernoatttactant reoep\:or. 'Ihe ré'versxbilir.y of this desensitiza\:ion
phenomenonf:mdlcaces J.nterchanqeability of the high and low affinicy
recepr.or-s'nbcypes. As4g‘nonin‘e 'nucleot:ide-}induoed de_creases in ‘recopnor
affinicy ;g{; ‘av we‘.L‘lj.docmnem:ed phenomena for recepcors involveo' in ‘the

stimilatory and inhibitory adenylate cyclase pathways (Maquire et al.,

; '1976)7;}7? a: zjole for G—pfor:oinsin the transduction of caici{un-mOb{lizing

stimuli was likewise suspected.

Gomperts (1983)"

"’i‘(:'s;"j‘nonhydroly_zable analogues were introduced into mast cells through

permé-abiiity lesions induced in the plasma membrane upon exposure of
cells to micromolar concentrations of ATPY™, Upon subsequent closure of

the 1e'ioA by chelation of -aTP?” w:Lth qu"' . Gomperts was able to

»dénionstrat’ that guanine nucleo;ide#loaded cel"ys exhibited an vexolcytotic :

' degranu_lation response’ upon_addition of cnloiun to the medium. -

‘An additional .study performed by Hyslop ot al. (19:84) demonstrated
a GTPase activit:.y '. in neuf:rophil homooenatos ”which was stinulatabl‘e_ by :
fmet-leu-phe. ,Hiang and shana (1985)‘ showed that the presonk:e of GTP
ennanced the t;rogine~phospnory1a'tion of oercain 6"0-67’!( pzoneino in
‘fmet-leu-phe-stinulated plasma manbranes. Inr.ereatingiy, GDP and GTP
actually xnhlbited this phospho;ylation activi:y in resting cells.

However, speculation as to the actual position and function of the

Ry

G—ptotéin in cthe nedtroﬁnil-;ranaduc:ion pathway aw’éivr.ed the uyse of

I
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. pertussis roxin, an sB t'o:tin known 'i.'.to :ADP-ribo’s'ylate and c'oncpniitantly
'inactiVate the a s{:lv)un_it of certain G-proteins ‘such as NL and
transducin. ',Pertussis toxin: inhibition -of chemoattraccant-inducedb
calci\mvmobilization h;as_ re'ported by Mols_ki.et, al. (1984). Okajima and
Ui (1‘9“84v)f'a'nd Bokoch and Gilman ~(.198{4') demoristz‘ated%’that treaupent. of
neutrophi.llsf‘with 'pertussis toxin‘, s\_ippres'sed superoxide _prodxction,
arachidonic ac-id : relea‘s"e,» and _;;'ranular e‘lnz‘yme release. Similar
’attenuation was. subsequently -)reported for Na""/H‘-a.'ntiport, 46K 'pro.tei.n
phosphorylation (Volpi et al., '1‘9"85), 'a'c_iin i éassociationv with #the
‘ cytoskeletonl (Siefcyk. et a,i. ' 1:985)v,_ chmota;tis, -agqreqati'on, and shape
change (Lad et al., 1985a). ‘As re‘sp'onse‘sf' to the calcium ionophore'.', .
’A23ie7, and the 'protein “kinase C-activating phorbol ester, vph‘orbol
nyristare, acetate, were unaffected by pertussis toxin (kajima and Ui,
“1984; aokbch and Gilman, 1984; Verghese et al., 1985a; Volpi et al.,
1985), an ear‘[y event in the transduction process, prior to prOte‘in
kinase C activation and calci\m mobilization, was implicated.
. Although pertussis toxin inhibition was nOt attributable to

0,

alterations ' in cellular levels of cyclic AMP  or decreased ligand.

° e »

receptor binding, it was related to the ADP-ribosylation of a membrane

e

_protein of about 41K (Okajima ‘et al., 1984). o‘cajima et al. {1985)
_later demonstrated pertussis toxin inhibition of fmet—leu-phe—stimlated
GTPase activity. Pertussis toxin' was .also found. to abolish the
. requlatory effects of G'rP on fmet-leu-phe receptor binding, as well as
on ﬁnet-leu—phe—promoted‘[H]Gpp(NH)p exchange (Lad et al., 1985b).
I’mele findings sugqested the. presence of a G-protein interposed between

chemotactic peptide receptors . and - the phosphoinositide-specific :



phosphodiesterase. ’me'anticipéted ihhibi.tory”effeg:r,'of pér:pssistox_in

on chemoattracranct-indiced phosphoinositide tdrnover. was subsegquently

demonstréted as a pfeven_tion of PrdIns(4)P and PtdIns(4,5)P, hydrolysig,.

(Volpi et al., 1985; Verghese et al., 1985a; Ohta et al., 1985) and

diminished inositol phosphate production (Bradford and Rubin, 1985b

Krause et al., 1985; Ohta et' al., 1985) in response to fmet-~leu-phe

stimula;ion. A-_’recent‘r‘ep‘ort {Verghese et al., 1986), demonstrating

that the 40";41K G-protein of 'neutrophils, monocytes, and .HIESO cells is
. ADP-ribosylated vby”' cholera ‘t.oxin, as ‘well as by pertussis toxin,

. ’ . ® ) s - :
suggests that N -is a subsr:rate for bdth of the commonly used AB Itdxins. ’

mckcroft and Gonperr.s (1985%‘ reported that GTPyS scimulated the“

°~

PtdIns(4 S)Pz-spec:Lfic phospho&testerase of . neutrophil membrane:
preparatxons.' mrrowman\e: al. {1986) subsequently dezwnstra\:ed quanine
nucleOtlde-inchced degranu.laclon regponses from neut:rophils permeablized
with Senda1 virus. Smth et. al.A (1986) showed that, in neutrophil
membrane prepara‘\:io.ns, the ad‘ditionv c->f‘G'rP ep_hanced fméééfgu:phefin&:ced
PrdIns(4,5)P, 'bréqkdown'. 'me p.ohbh_;dro1yzah‘!.e quanine n‘(cleocide_

analogue, GTPyS, was found to promote PtdIns(4,5)P, breakdown of a

simiiar méqnitude to that produced by fmetr-leu-phe 1n3qubinatioﬁ with’

GTP.
The G-protein involved in neutrophil activation was oriqinally'

. s : . _
thoudn: to be identical to N; of the. inh,ibitory adﬂylate cyclase
)

: par:hway. Such a ptopoeal was based on their similar molecular weights

and their s,usceptibiliV:y to ADP-ribosylation vé pertussis toxin. The
4observat:ion t:hat purified Ni from rat brain increased fmec-leu-phe

binding 'affini_ty and rec'eptor-stimlated GTPase activicy updn

17
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reconsi:itution into menbranes from ‘pertusé‘fg toxin—tr.e&c
¥ )

(Okaji.ma et al., 1985) was also advancéd as ev:.dence:x'si,,x’x‘V ;

. 8. - \.u f) .
theory. The attenuatlon ‘of , forskolitf*stimlﬁted adenia

: ERH SRS : e
S i =
activity by fmec-leu-phe in neutrophxl mehbxane preparationg (Lad e

U

al.,' 1985b) appeated to indicate a- por.entiél‘ for reaCtLVJ.'Cy

T

of th
chanoat:tractant recepcor-coupled G-proceing‘z
as well as the phosphoinoait;.de turnover, syﬁ.’ i

; SRR T |
However, coupllng of the fmet&fleuvphe rec 1 ?&g,-.th N;in membrane - >

preparations does not necessarxly Glmply t:ha\: r_hx.sr. i’htez".lae‘iien' is
physiologicelly relevanc. The observation that".s_-:adreriergic_re_cep_\:'ers .
'(As‘eno et'ai., 1985) and rhodopein T(Ch't_ion_e et al., 1985) can cbui;:l’e v
with N, ih recox:st:ituted systems \sugges_t":e‘ tﬁat recepiors and G—prote;.ns
are capable of certain interactions under experunentally com:rrved
-,c'onditions, beyond those funct1onally exploxted ‘by r.he im:acr. cell.l
~ Moreover, biochemical and mnunochemcal analysis procedures haveé now
dmonstr‘ace_dii.mg@rtant differences' between Nn and Nj. - Gierech;k et al. ’
(1986) used an imnunoeheniical approach to demonstra\:e ch‘a't:'. N, is
. . N and

distinct from the other known pert\issis toxin substrates: N,

i’ o’

cran'aducir: ('r‘). 'lhing affinicy pur‘ified,antibevdy specific to N -a, tﬁey
‘were unable 'To detect any labelling in immunoblots of neuerophil
membranes. vbteover, an ant:.serum genetated against T which exhlbn:ed
cross—reactivity with Ni'“ decected less than 10% of the total perctussis
toxin subatrate in neut_rophils, .ag estieuted ' by [32P]ADP—tibose
incorporat:ion in the presence of pertusais toxin or eneaautemem: of the_
‘mount of B subunit by quam:itatxve mmnobLotting, assming that the
com:l'r:}l?:.eion of N, to the total B subunit pepulatibn is negl-igible

N
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&

(Codina et al_.,‘ _1985). It thus ;apééatsrr_hat Ni tepresgnts 6n1y a smal'l"
‘proéortion‘ 'of, the total pertussis toxin 'svubsbytréce,. ‘th'e‘ majo_r“ suSscratie
‘being a nével', imt‘mhochemig:‘ally- dié_.tfinct vp'rOtein'.: o
] vfurch.ermo-r‘e, alf.hougb ;_:he p.reseﬁce of a G-p'r‘ot:ei.r‘\' tranéduéing uni; _
between "ca.lc'i.um-ﬂmobilizing‘" recgpuots’an@ thé phosphoihositide‘-sp‘ecific'
- phbsphodiesterase.appéars' to be ubiquitous, ﬁhere‘i_s evidence tﬁai:v"t:hei
biochemical" char.acteriSticsv,‘of th:;%s_ protein may 'differ among tissue
types.‘ Notably, while pe'rtgs.;iis toxin's inhibitory_ effects on signal

v

transduction in "neutrophils, mast célls '(Nukavnug‘a and Ui, 1983, 1985),

a and” adipocytes (Moreno et al., 1983) are we ll-~acknowledged phenomena,

. . ] . - . . . .
studies tn hepatic (Bla_‘ckmore et al., 1985), cardijc, and astrocytoma
» ‘ S

»cells' {Masters ec-al. ¢+ 1985) have failed to demonstrate any pertussis

goxinﬁnedi'at=kd inhibition of phosphvoinosicide turnover or its resultant |
physiological responses. N ‘ . /

PHOSPHOINOSITIDE TURNOVElR

'nje \iiscovev‘r:y‘"vof hormdnatly=~induced p;hosphoirnositide turnover is
K . ' R s
. ascribed to Hokin and Hokin (1953, 1955) who - noted the- increased '
i'néérp‘o-ra‘}:ion of 32Pi‘ into the phosphatidylinoé:l:tol conponent of .
. Lo

3p36creatic cell phospholipxds follcuing exposure to q_cetylcholine.

Ai/thcugh, at th:.s p01m:, mechanist:.c relationships were obscure, the
» bs.

dokxns auspected \:hat their observation was ‘correlated’ wi-th the abxlicy'
. vag

.‘-

of acet.ylcholine co elicit a secretory response from these cella. Ic is"

now kncwn that the increased 321’ incorpotation obaerved by the Hokins
g

was ac:ually the result of phosphoinositide resynthesis tollowing an

inicial receptormedia:eg:l hydrolysis of thes 1 152 ) mports of

<w

'.»1‘9;. -
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32?1. -and -myo- [2-3H]_-inositol incorporation into' cthe

enhanced
' phosph;:i:nositi_de cénpbnent of’ phagoqtosing rlx_éut:réphils date back to the’
1960's and ‘70'3"(xa'r'qusky and migch, 1v§61:'_,é.aslr,ty and _Ho}ciﬁ, i9és,;
:I'ou and .St fernholm, 1974).‘ 'me abi.}ity_“tlo_ gvokg phosphoi_x%_osit:_ide
‘tv‘urn"over. has vnon':l bee‘}n récognized for a hmbgr of cheﬁic’al sz:imuti}-
_inclﬁdiﬁg‘ihe biogénicami..ne's;; noraérenaling (Pr'pi;:‘et al., 1982; Uchj_'d'aA e
et.a;L., 1982), 5?-5ydr;ox§ir9§canﬁ.ne (Rin ': Ana Bérridge,_' 1979), and.
” hisr.amin'e-(ijlnes ec'al., 1979)_: the'pepu‘;des; vésoPressin .(C::q!pa et ‘él. .
"1‘9\83), suﬁstance P lhnléy et .al._, . 1980), ,cgeruleih (Pm:ney‘ et al.,
1983), - chyror.rOpin-rél’eavsing hémon'e "(mﬁr’:, 1983), .;:);La_ce'llet-de.zjive'dv
.’ growch facﬁor (Habenicht et al.,: 1‘.381)., angiotensin (!;illab and-luich.el.l,
"1979), 'Qnd pancré&ymin (Chide'roﬁ ec al.d',".'19.80), _th;e ysu'g'gr,vt tjiucose.
: (Laych‘o'ck, .1983_.),_ the m:cleotide, ADP {Ieung eE;' al., 1983), <the
'g'ic;oéanoid, ble'uko't;:ien‘é §4 (Bradfbrd :and Rubin, 198S5), and the libid B
derivacive, p‘ia‘.'ntelet-activa'tivng‘facti-_or (ﬁllah and 'Ialpetin'a',' ‘;9855, as
" wéu a§. the pﬁ_y cal stinﬁlus, ljight: (Brown et al., 1984)4;_% |
Pﬁos.pﬁat:_i‘dylinositdl (?tciIn?) 19 a cbup,ara.ti've iy ‘minor ph'os;"ﬁfblé.bid
;A(levas than 1'0§ of t?ot{:’al‘ phoqphdlivpids) which.i_.s foﬁnd g{rincipally in _thé_
iirlmer - leaflex of . the mamm.alian " cell menbfane. o : The
vpoly'i)hosphoinositidea, phoiéhatidylinositol'd-phospha‘te [PtdesN)_P] and
;.ahosphatidylinositol 4;5-bisphosphate » [P;dIns“,S)Pﬁ each Eonsticute 1
- to ’2\ of the tota,ll inositol phosphol;pida.' - They afe_,formed by the
_‘bs_equenv'tial -pvuhospho‘rlyla:t-io'n of phosphatidylj.ygaicol at .the‘ -4fhydro_;xyl,
“folla;e_d by‘ the 5-hydroity,1“,-- bosition of the inositoﬂll headigroup (reviews
Hmn:hérn.q and Pickard; 1979; Irvine, 1982; Downes and meﬁgll, 11982).

e A . -
The: pplyphoqphoinoni,tidea' can be converted back to p_hosphatidylinos_it:oi
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bj( r.-he ‘actvion of"l phosphomonoesterases. ' - The concerted action of the
phosphomos:.c:.de—specxf;.g kinases and 'phosphomenoesr.erases  are

_ o . , ,

responsible - for the " .striCt * contreol of c,he‘ + size  of the -

polyphos;:hoxnosxtlde pool in restxng cells. Ir is worth observing that .

e t:wo J.ndependept polyphosphoinos;.tide pools appear to co-exist in- che

plasna membrane. a metabolically stable homone—xnsensitive poo‘L and a
1abile hormone-a'ensx‘t:.ve one. Depending on the cell type,'.the hormone‘-. '
sens:.r.:.ve pool may:’ represent from 8 to 173 of the toval phoaphoinositlde
couponenr. (Hunaand Berr:,dge, 1979 naco, 1982).

1974, Bokin-Neaverson reported ‘that;r_he nrim_ary event in the
phosphoinositid'e | turnci\'rer,‘ : respons.e | ‘was a “net -~ loss .. of
phosphatic_lyiinos{cei ‘wi.th the prochction ef an approxinmcely eciuimelar |

amount - of pnespharidic acirl. 'Ihese find:.ngs v?ere initially ascribed To,

. the  phosphodiesteratic -cleavage of phosphqtidyl:.nositol o

‘ o . : », - .
dia(:yldﬁyr’:erol,v a product which was subaequently phosphorylared to

k phosphacidic @cid. Agon:.st—;.ndxced degradation of phoaphoinositides .

0

‘im:o :.nosir.ol. phosphar.e metaboli.tes was also gaininq recognxr.xon (mrell )

et al. 1968).. ‘ 'I'n_g~ role T of polyphoeph.oinositid\es_ in  cthe:

phoephodiesreratic reaction was demonstrated by Abel-Iacif dr al. (1977)

who showed that the hydrolyeis of. PrdIns( 4',5.)P£' occurred in|iris kemom:h

‘miscle upon challenge with acetylcholine. Te coincidence between the:

ability of hormonal e.t‘imli to evd:e}pho’sphoino's'it,tc'la- turnover and ctheir

.efficacy as cal'ci\m‘mobilizers'led Michell (1975) to propose that the

cataboliam of these phospholipids might be an invir.ia::i,nq factor in the

mechanism of e;lc.im elfevation. o T _ >
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degtedation in the neutrOphil originated in the work of Cockcroft (1980,
1.981, 1982) who observed that exggsure of cetls to fmet-leu-phe resulted -

in ‘a loss of 32? radioactivity from PrdIns, wfuch was accoupenied by a

_corresponding rise in phosphatidic eci levels. 'me faCt that thisd )

response was celciunfrequiring and uld be elicited by the calcx.un -

.ionop‘hoze, A2'3'187, "led these in’vestigetors ‘to suggest “that

phosphoinositide turnover was a cons_equenée of é.alcim; 'movb'iliAzat,ion. .
However, these contlusions, ‘based’onu totelk‘phosbt{oinositide' degradation .
. B . B - - (’ . ’ . M

" and the generation of phosphatidic acid, ia .secondary “prodict of "
phosphoinositide breakdown, were inadequate to assess i.mmediate temporal
changes among the various inositol phospholipids. - Furthermore, *a. -

“ecritical error was made in confounding caicium depeqdency with calci\up

regqulation.

. E - . . , . o '.l~

. Michell et al. (1981) and Kirk et als (1981) 'shcwed thar, in

' hepatocytea activated by vesopreasin, a Ca2+-independent decrease in" :

PtdIneH 5)P2 levels px:ecedes the subaequent loss of PtdIns. In a s_tudy,’_
{ .

‘of the‘ection ot_ -hydroxytryptamine on insect’ salivaty glands, 'Ber,ridge

«

(19‘8'3) demonstzjetﬁathat the primary substrate of homonally-stimlated‘

phoephoinoei_tide turnov wes not Ptdms, but PtdIns(4 S)Pz and perhaps-

also PtdIn',li 4)P .

_e_rees- the deqredation prodicts of" "~ the
polyphoephoinositide ; In]sP2 and InsP}, ‘uex;e ‘fie\'}h_d'EQ"increaée"Qe#ral '
told within the first 5 sec of stimlation,.no eignificant chanlée in
PtdIna wasg noted until 1 min aftet etinuletion. / 'xhe rapid;nd trensi.ent_ .
nacture of ]:neP2 end IneP3 promction led him’ ta suggest thet either of

.these metabolites might ee:ve es a second messenger in the,mobi}ization "
B " - . % )

L
., <
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. calcium- dependent physiologlcal :esponse.

mobilization thus began to emerge. . . . A

" alternative.’ approaches’ " have been » appl,g?d to the st

Cockcroft et al.’ (1980, 1982a b, 1985) anq Volpi et al. (1983) have

‘magnitude and ;ieth‘ired hi

b NN -

- of calc:.um from mternal storea. . mrthermore, &rridge et a1.~ (1984)
'observed tr,hat S‘-ﬁgdroxytryptmine-inmced InsP3 prodxcr.ion displayed no' ':

: de:ecnable lag, wherees a delay of at least 1 eec typically preceded the‘:"

L 'I'ne*-_- concept " pt'-f

Ll

: pbospi':oipositide . turnover - as a transduction mechanism in c\'adl'c_im‘gi.

. O
e

Ir is now' well acknowledged cthat, " §pon recepf:or occupa'ciOn by -
"ca‘lcium-mobilizing" s‘tinuli, .adtiv&tion o a phosphoinositide-apeﬁif«ic'
phoaphodiesterase results in ' che cleavage of PtdIns(4 S)P2 into 1,2-

dlacy}glycerol and ‘inositol 1 4,5-trisphospha't:e' - (InsP3). o _‘1\10"
Lo . . . X py V‘ . « !

phosphoinositide turnover "'_i"n‘-the neutrophi 1. 32P 1abe1’1ed ells,.

~mon1tored the loss of sphoinositides and the corresponding increase

in ‘phosphatidic ‘acia. .A deford and Rubin (1985& b), ueing r.ells_

prelabelletp with [3H].1nosi\:ol monitored inositol phosphate producr.ion" e

K

in response to fmet-leu-phe. ~ IrmP3 prodxction was found to peak wi\:‘nin .
15. to :3,05 gsec, -followed by slower and. moreé susr.,ap‘ined -i.ncta,as'w‘in -_IneP2 ‘

and InsP, levels;. " leujorriene B,
R

nd to eli'ci;. InaPy
production, .a.l,l;h'ough the r

5 . . P . . -

ponse to this stimilus \was of :smaller

er eoncentrations. s

Both of the two immediate produCts"of P\-.cnne(‘4',5)l>2 breakdewn heve'.
K . L . . ) .

danonetrated secend mesaehger funcﬁien, givinq rise to a bif\u'cetinq }

's:l.gnal transductloq pat:hway. alacylglycerol hel been :anlicated in the

: act;ivation crf protein kinaae C. Screb et al. (1983) deno‘nlzreced nha; S
-« .

-

im:roduction of- the water weoluble . produce, . 'In-(1,4,5)?3,‘ into

'



: permeabxl;zed pancreat;c acxnar -cells was assocxated wlch -a calcxum'.
- o
release r’hponse., This flndxng was conf;rmed xn neutrophlls by Prennkx

- t

et "ai (1984a) vhd‘ observed cha;, in dxgitonln-permeab;lxzed ,cells,
Ins£1 4, 5)P releeses ~caic§um from_ enA ATP- and Qanedate-sensitive,
int;aceklular‘pool. ;Aérchie sétedwee insensitive vo che mitochondrial
’ooisone;‘ ant%mYCin' and - ruthenium red,t iv. appeared to represent a

.Hvesicular,’tather than a mitochondrial, stoke. _ .

- Ins(1,4, S)P3 appeared to Act by e11c1t1nq calc1um efflux from ch;s

2+

Anon-m;tochondtxal pool ‘rather _than by 4inhibiting ‘irs Ca ATPase-

mediaeed calcium upcake proceas, .gince the mobilization xesponse was
~ - . :

I

geill observed ‘after nhibitlng the ca?*-ATpase with vanadate or

depleting Aé? by means of a combination of glucose and hexokxnase.

b

Moreover, tpe time course of the Ins{1,4, 5)93-1nduced calcxum elevation

respo‘se occurred 2 to 3 times more rapxdly than that achieved by uptake

.

biockade with wvanadate or glucose hexokinase. . Subsequent ceLL‘
fractionation experiments showed: thac Ins(1,4,5)P; elicics calcium

release from rat .insulinoma microsomes, particularly those containing

‘

markers'for the endoplasmic reticulum (Prentki»et al.;<1984b).. Isolated
. g )
» . . -
mitochonﬂrxa were not a target for the Ins(\ 4, S)P3-inducéd release.
*

32P labeIlés 152(1 A S)P3 as a ligand,

Using hlgh-specxfic acnxvxty\

Spat Aec al. (1986) demons:rateg receptor siﬁfz. gp theu‘endoplasmlc
s e T - . A J
reticulum of saponin-permeabilized neutrophils -gnd hepatocytes. Binding

i3
A

-was - a saturable “and 4revefsible process_}épﬁ%ific for ?;hoge’ inositol

phosphates. ,having efficacy in the relese of celciqh. Vicinal

'phosphatee ac :he 4- and 5-position gpear to be, neceesary for the

y J o . .
“actioh of Ins(1,4, S)P3 as a calcium 4€leaser . (Irvine et al., 1984b),

.‘,‘ . ) -. ' 7

.



while the re'maini:ng phos;:naté at the '1-.posit:ion mgy be ;saopiated wir.h "
an increase in reéeptor affinity. |

Two alcerr.xa;:ivég 'pathways. appeai to be re‘spoﬁsible for che
termination of "ins'(1,4,S)P3 :acr.ivir'.y a‘s .av‘_s,e,cond‘ mess:eng‘e_r. A‘-family of
inositol -:risphOSph;tasgs, found in. the ‘cy"t:osobl and. plaana. membrane,
remove the phoséhate ,from the 5-position of.'Ins'(1‘,4,5)P3 to produce

1ns(1,,4)P2 which is in turn substrate for an inosirol, bisphosphatase

‘
°

thch‘hydrolyzes it to ins(j)P{ (Micﬁé11{ 1986). ®ih the 4-position-:
speéific bisp’nééphanase_ ax;xd the inosi_tol.’ 1-phosphatase "which fevetts
'1'1‘15(1)131; 1:,0  free inositol are suséeptiblé_ to inhibition by lithi‘u:ﬁ
(‘H(allcher and Sherman,",‘ 1980; Mi_chell, 1986) .( However, Ins( 1\;@&)?2 cén
aiéo be dégfadéd t;_o free inositol thro‘ugh,Ins(‘t)P by ﬁ\eans 6f a iithium— ;v'
.insensictive bhosphatase acti\}ity (Michell, 198.'6). "Iﬁez-efore, lithium
inhi,-';aition rakes r.'hev form of a élowiﬁg of the inositol .phospha‘tg'
déqradation process r;ther than an a.bs’olu‘te blockade.
Aite;na’ﬁively, | -1:-;;3(1,4',5)153 may "b.e ) lph'osphorylated .by an’ lA’fP- |
~ dependent kinase ‘to inositol-  1,3,4,5-tecrakisphosphate. which 1§:"
subsequenctly degraded to inositol. ‘1,3,4-;:x:ispﬁoéphate [Ins(‘l,3,4)P3] by.
remov;a&v of ‘the S-pbsit:'i‘c;n 'phospfuat;e, p'r-ovbably by the same p'hoaph‘atast.:
~ which degrades Ins(1,4,5k),P3 ‘(Micho..al 1, '19_86). The ‘concepr,. of. a (1,3,4)
. iso@r of InsP, derived from thé work of Irvine e’t- al. (1'984) ' ‘perfor;ned
on carbafchol-scimula}:ed rat parotid gland fraqmem.:s.' “They disco;lgred
that< thérpi’edan.ina'n: InsP.'3 afrer 15 min of cavrbach‘ol"stimulatio'n was not
the 1,4,5 isomer‘,.as determined itsl indbil_ity to 'serv'e_ as a substrate of
- the 5'-ph68ph&ta9e of hm.\ar} erythrocyte membrane prépargtioris.l

Ins(1,3,4,5)P, was first detected by Batty et al. (1985), as a product’
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L4
generated within the first 5 geg:' following carbachol stimilation of
w ». ) . 3 ' o . ‘
mugcarinic receprors in rat cortical slices. Identification was based

on its chromatographic behavior, as’ well  as its degradation to

165(1,3,4)1’3 by the 5‘-phosphaca,se of hunan erythrocyte membranes.

Q
[ .

Neither Ins‘(1,13,4,5)P4 ner Ins(1-',3,4)P3 is effeccue} in promoririg’
calcium reiease frqm the endoplaenic reciculum. However, .whether this
pathayv is merely an itnactiva’tion rour,'e"f"or “Insi(1,4,5)P'3 or wﬁecher
Ins(.1,3,‘_4,_5)P4.'is in fact a't,nessenger Q,ubsta‘ncve. in it.s own right;
perhaps opening caicium chanryels‘in the‘ plasma membrane (Hansen et al. ,j
19#’6), remains- a subjer:t‘of dispurte. Norably,‘ formation of.\:he 1,3,4-
iaomevrv of Ins§3 is‘delayed wir.hhre‘spect to the 1,4,5-isomer, ‘as is -irs
) degrad;txon upoh renoval of stimulatxon (Irv:.ne et al), 1985; 'Buvrgess et
al.., 1.985). . However, the absolute rates of synthes;.s and degradar:.on of
these isomers appear to be of the same order. Recent reports of an
'inoeicolspenta’phosphace and hexaphosphate in GH4 cells (}bslop et at.,
1986), as well as 1,2 cyclic derlvatlves of InsP1, Inst, and InsP3 \1:1
brain .(Lapetina ‘and mchell. 1973_) and sheep seminal vesxcles (Wilson et
al. 3 ,19‘85&),.' furrher complicate 'thi'sv‘- scheme. Notably, - Ins(1,2-
cycd, S)InsP3 has been reported t:o r\oblllze calcium 1n permeabilized
cells (Wilson et al., 1985b). A diag}rammatic .representatxon of
Phosph_oinoeit‘:ide'mecabolism is ‘shown in. ‘Jl-"i.gure 2. As the re}at‘ionship.
of the ,cyelic inositol phospﬁaces to this schema remains uncertain,
these coupounds have been omitted from the diagram.

Loss of the pPtdlns conponent of membrane phosphoxnositides dur{g.ng
Henr)naliy-stirulated metabolism was, for some cyim‘e, r_hou_ght to reflect, .

not a phosphodiesteratic breakdown. event, but merely the sequehtial

3



{

Figur'e 2: Diagrammatic representacion of known (coriti'nupus arrow)’ and
;probab_le»‘(broken argow) steps in pﬁdsphoinositidé;;;n\etabdli sm.
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phosphodiesteratic breakd c¥n ngroces's' thus -appeared to be the only "

. | o T 29

"phosphorylatlon of PtdIns to replenish che polyphosphoinositide stores

‘,(Berrldge, 1983, Down-es and Wusr.eman, 1983). ~ However, alchough

PtdIns(4 5)P2 seems r.o be the initial t:arger. for phosphohpase C-

mediaced degradatx.on, v 1: now appears thac Pchns may aleo- serve as'a

""”'éubstr}ate, being broken down to dlacylglycerol and Ins(1)P1.'-- In

e

'-‘_thtombxn-sunulated Qlatelets (w;lson et . al. R 1985) , a cransienr_ fa11~ J.n

.-.

'PtdInsM S)Pz was acconpanled by an approx:um\:ely 50% loss of Pt:dIna,

v

l

while PtdIi‘asM)P levels were unaffecced. " 'To ascercaln “whether this

PtdIns loss could be accou&’f"ed for: by polyphospho:.nosxtide resynchesis,

the rate of conversion. of-'PtdIns to PtdIns(4)P “and PtdInsM S)P2 was.‘

» .
‘I

measured__' by the rate of“1nc;fe_ase_g1‘n;.,“_specif,ic activity o¢currinq,upon

incorporation of -32P_»vinto t:h’e’»,wpolyphosphoinositid'es. Thrombin

]

sr.lmulatxon falled to change the rate of rige in 'che specific activity ‘
of the 4-phosphate of PtdInsM)P. "me rise in specific acv:ivity_of-the

5-phosphate was accelerated, however, . 'an effect which has been

interpreted both as ing:reased pnoephorylation of PtdIns(4)P (Majerus et
al., 1985) and as an artifact resulting from the in-cre‘as_‘e in specific
activity of the y-phosphate of ATP, secondaiy to a thrombin—inchced_

acceleration of ATP turnover . (Verhoeven et al., 1986). A

tenable explanaition ferb,_-lp‘_;dlne' logs in thrpmbin-scinuleted plateleps.
PtdIns(4)P = and Ptdins(4,5)P | hydrelysvis 'appear to be calcium-
independent, ’while. PtdiIns hydrolysia is. aErictIy calcium-dependent.‘
Majerus et al. (1985) eugges'c chat the initial PtdIna(4 5)P2 hydrolyuis
incites”the calcium signal which permits phosphodiesteratic cleavage of

PrdIns. - Diacylglycerol generation, with the resultant protein kinase C .



‘activation and’ arachidonic acid release, could thus proceed for some
o

time after the cessation of IngP4 generation.

PROTEIN KINASE C
Protein kinase C, is a é'alci\m-act_ivated, phospholipid—dependent
enzyme which, under physiological circumstances, appears to be activated

by 1,2-diacylglycerol (reviews Nishizuka, 1983; 1984; 1986). Although
'_diacyl‘glycerol\ is almost absent from the plasma membrane of" restinq
cells, .it is produced. rapidly ‘and traneiem:ly in response to the
phoaphodiesceratlc cleavage of inositof phospholipids in stlnulated
qellg. Diaqlglycerol increases the apparem: gffini}:y of protein
‘kinaae (o] fo; c_:alcium s_u‘qh‘ that the eniym; can bé,acr.ivar.éd at le"ss ;:han
the 10;7 P‘l‘;ghysiologi_call ca_lciunv c‘:_oncenr.ration‘ (Ki‘ghjmétb et z'xl.,‘ .
1980).. Full pzl'otein kin;se C act’ivatioﬁ isdthus possibie in thé a'bsence" ‘
of calcim mobilization (Kishimoto et a'L. ’ ‘i980- Kaibuchi et al. ,"1‘981) .-

’rriacyl- and monoacylglycerols appear to be completely 1neffectua1;
i as protein vki',‘,aee‘ c ~act1vato;s ' (szhimoto ec‘ al., 1980) .
Diac_ylglycerolb functional in this cépa'city h;ve the common feature of
containing at 1eas£ one uns—aturlated ‘fatty qc‘id, generally arva,_chidonié
~acid, at “lpoai‘f.!.‘oh 2 (Mori et al., 1982)‘. ~ Neither 2,3- nor 1,3~
diaqrblglycer.ol_.av have e.ff‘ic:aq’ ‘(Rand’-o and Young,' 1982) . 'Der‘mi‘n'atibnA of
. digly;:etide;nedia\:_g'd_proi:ein'kinase c acti.vin:ion may occur by either of
two route;: diaqlglyce(;;ol'may be phosphorylated to phosph:utidic a;:id
whic;h 'is auﬁaeﬁuén:l& channelied back to \:h_e _ihoa'it:ol éhpspholipids'
throuqh the lnte'tmediate,; cytidine diphocphate-‘dvi,aqlgly".cevrorl,v p.r else
) furthor deqraded by‘diacylglycerol ]. qé, a si:ep which appears to 5e'
g ¥

300
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aggociated with arachidonic-acid re'l.eqse ‘(Berridge and Irvine, 1984),.
e T ' -
Proteolytic degradpciﬁn of the enzyme molecule may also play a rol‘e in

' inactivation of .the  response (Nshizuka, 1986). ~ _Alchough

diacylglycérols such as d'iqleiri, which con\:#in two long chain fatry acid

) . . . .
moieties, are not incorporated into the pla sma membrane in appreciable
quantities when added to cells exogenously, éef:q’in synthetic
derivatives, including 1-oieoy1-2-acetylglj(cetol (OAG) and sn-

- dioc;anoylglycei‘pl, readily _in"t_ercalar.e into the plasma membrane where

they 'sierveh to a'c‘tivat-e- protein kir.xlase FC‘- in ' the a_l.alaencek of
p‘hospho'i.ndsitideftu;:nover (Kaibuchi et al. . 1982;° Lapetina et 'ail.,
1985). - | S R o ‘ .

Wi;h respect to phospho.l‘ipid cofacrors, phéspﬁati;}ylserine appears
to ' »be. : esserif.ial' ) fo_x; ‘pror_ein . kinase C §g£ivacion, whife
phosphatidyletﬁanoimine ~ shows | éqsitivé cgoperhtiy_il.ty , Tailld
phosphAtidyicholiné' and. sphingomyelin show neq:ative' ( cooperativity
' (Kaibuchi et al., 1981) .- Like calmodilin, protei‘n kiqaq'e C is inhibi\:ed
by a nunﬁer df hfdropﬂobic“ phéépholip'id;ini:eracting Arugé such as
dibu¢aine, chlorpromazine, and trifiup}per,azine (M.o'ri et a_1.~, 1980
s<:‘ha1:zmla'n etu‘al.,. 19§1).  The recenr: adventc of the iqoqui.noline‘

sulfonanides; 1-(,5-iaoquinolih&-lsulfor;yl)-Z'ﬁét_hylpi'pex‘azine (H-7) and

-

" N-(2-aminoethyl)-S-isoquinolinesulfonamide (H-9), may provide a series .

of more specific protein kinase C inhibitors (Hidaka et al., 1984).

long. chain sphingoid bases (!hnnuh et al., 1989‘,' as. well as a 17K

rgul'ator_ protein (McDonald et al., 1986), are now being _mplicdtqd as

I3
Ky

possiblé eridogenous—inhibitots of protein kinase C. &
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.Protein kinase C ie a single pclypeptide chain of;molecﬁfar weight

77,000 'dalrons which contains two functionally distinct domains: a

hydrophobic domain which has been implicated in membrane binding and a’

_hydrcphilic,dpmain bearing the catalytic site (Kikkawa et al., 1982{.

Upon proceqLQtic cleavage ‘of the two domains ,with calcium-dependent:

/ thiol proteases, a 51K fragment concaxning the ,carelytic site is

produced which is fully aCtxve in the absence of calc;um, phospholrp;d

. or dlacqulycerol (Inoue et al., 1977). Interestingly,’ these thiol

S

/

pr8€eeaes, which are ‘acrtivated at ‘1 to 10 uM ca?t ‘concentrations,

exhibic a prefererice for the activated, membrane-bdhnd form of protein

u kinaae C (kishimoto. et al., 1983b). Activated protein'Kinase é appears

'(,I

1

'
o

<.

o'internal duplication, is found at the amino.cerminay.fdht the carboxylf

to have a large repertolre of protein substrates which it phosphorylates

at serine and threonine residues with particular preference for those
N

hngoxy amino acids that are located at the amino terminal end (Krebs

.and Beavo, 1985). Furthermore, the phospLorylated seryl and threonyl-

wé

]
! v

_residues are generally situated with bas;c amino acid residues at boch

o 2

theirdfmino and carboxyl sides,(Kishimoto et al.,, 1985). Among thee

Rrorelns subject to in vitro.phosphorylation by protein'kinase C are

[

hietoneﬁ protamine, microtubule~associated ‘pro:eins, myelin basic

‘prote;ne, and-Qarious membrane-bound proteins. Alcheugh prorein kinase"

c cenrundergo.eutophosphorylation, the significence,of this reaction iéf'

bR
[ 3

unknown jNiehizuka, 1986) . ’ ’ e ' T -

‘The completetamino acid saquence of prorein kinase C has recently

:been'felucidaced by means . of 'sequence analysis  and recombinant 'DNA

“ ’ ° .’ - . .
technology (Parker et al., 1986). A cysteine-rich domain, containing an
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T

terminal, a cacalytic domain has :been' | idem:if-ied whicn disp‘lays
cons:Lderable homology o sequences found in octher setine— and. chreonine—
speexflc protein k:.nases. Im:erposed beeweein the cysteine-rich and chve
eataiytic <regions is a doma‘in c‘orﬁ:aining a possible calciun-bindif{g

sn:e, as sugquted by its smularity to the "E-F hand" structure found

in calmod:lln and ouhet calcn.m-blnding prOteina (Vvan Eldik et al.,

1982). Studies usging in situ hybridization and Southern analysis have
localized a famdly of three genes, ceding.‘ for a, B, and.y forms .of - +*

@

protein kinase C, to distinct chromosomes in the bovine, human, and rac’

- genome (Coussen et al.,. 1986). The functional disparaties between the

. “ . . ."
various members of the protein kinase. C family are a subject of

inc‘reasing interest.
The correlation of protein kinase C activation uilth a physiological
response was' first reported in plarelets. Scimulation of these cells

with thrombin results ir S-hydroxytxyptani‘ne release in conjunction with

A .
‘che phosphorylaclon of a 40K proteln (Lyons et al.,‘1975). Upon - -

isolation, this protein can serve as a phosphorylar.ion substrate t'or
. : -3

"prote,i.n kinase C in in vitro ass’ays. Notably, finge‘rprin‘t analysea of

the 40K protein follawing tryptic digest‘ion‘: show identical patrterns

@

whether it is phosphorylated by in vitro protein kinade C preparations
or in yivo by thrombin—stinu:’la,ted.cel‘l.»_. suspensions, suggesting the
participation of protein kinase C in thxjombin-medlated, platelet "

activation (Kaibuchi et al. , 1982). In a recent reporr, Touqui et al, -
v k. 9 . . . .

(1-986) show that the 40K proteih‘,“"mpo'n extraction from platelets,
, R Y 1
suppresses che accivicy of. porcine pancreatis phospholipase Az. This

inhxbicory activity was reduced in 40!( procein fractionl from thrombin~

. , T
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‘étimulaﬁed cell‘s.; These results, coééeh_er jwich'it{:s‘éross;réacr_ivir.y‘
with vmonoclonai ,,antibédies ,. to lipoco'rtin; “have given rise to the
, svugges.tion ttvxat‘r_hev V4'O'K prqcein.kii\;:se Cvsubstrgte in pldtele\;s may be
an endogenous phoepholipaae Az }nhibitor. llgactiv.atio‘n oAf ‘tl"ie' 40K
subs:rate upon phosphorylation by procein ki\:xase Cc might. thus provxde a
possible mechanimm for the arachidonic acid relegse response common To
‘ce‘lls_ acr.iva\:ed" by Qca2+-u|oi>i1izingn stimli (Nishizuka, A19'83, 1984,:
1986) . . | | | | B
Phorbol ester tumor promotors .8uch as phorbol - 12-myristate 13-
.aceca\:e (PMA) are derived from the 01.1 of the séed of Q‘ocg*giglium.

: €
These hydrophobic substances resemble diacylglycerol by virtue of the

acyl moieties-on positions 12 and 13 of their third ring. ' The role of
- PMA as-a protein kinase C activator was originally suggested by studies
‘demonstrating chat, in’ plar.elets, .this tumor pro.motof induces 40K

proteii\ phosphorylat:ion and S-hydroxytryptamine‘ fele&se, bdt: not

» : :
—— s

driacy‘lglycerol formtion (Oastagna et al. .,,‘igez; Yamanishi et al.,- ':4
1983) chh a. tole wag later confitmed by in vicrro stud:.es showing r_ha\:
phorbol estet-mediated protein kinase c activation resembles thac of
diaqlglycetol in .’exhibiting calciun-, and »phospholigi.d-dependenqr and

involving ar'i increase in.phe affinicy  of ‘the 'en.zyn'le for calciixni _and'i ‘
‘phospholipid' (Kikkawa et.ai'.', 41983) . However, as phoi'bol estlétts 'are;*-i:_jgt

tapidlya degraded = by the ‘endogenou-s venzymes whict;“ inactivaté

_ N o,

iacylglycerol, cellular responses to these agents are p:élonge_d, '

perhaps ac’cémh‘t_ing for cheir invqlvemn,t in oncogenic transformationsy.

Notably, non-tumor-promoting phorbol esters, .such ag phorbol 12, 13 2
e o . S ’ s . :;"“
. didecanocate, ‘are ineffectual as protein kinase C activators.

.
¢
s
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The concept of pro:ein kinase C as tghe phorbol'es_t:er‘ receptor

_émerged- from ' the observations that the ctritiated: phorbol 'eeter,

.

[3H]phorbol 12,13dibutyrate binds t:o purified ptotein kinase C in a .
calcium- ‘and ‘phosp‘holipid-dependenc’ manner (Kikkawg et al.,. 1983) and
competes with dia'cylglyce‘rol for binding siteg” (Sharkey et al., “19,84;

. Sharkey and Blumberg, 1985) . mrtﬁemore, protein kinase C acrivity and-

o

oo T ) ' :
phorbol ester binding sites have been found to display similar patterns

'of' tiesue" vdistri:).:n'tion (Ashendel et al., 1983) . In an attéﬁp: to

IS

‘Locallze phorbol ‘ester blnding and protein Junase C activities to
_S

'

parcially purlfied pror.e:.n conponents of cell extracts, Niedel et al.

(1983) collected the particwta e fract on from ra: brain celis incubat:ed

with phorbol esr.e'rs and calc the membrane—

. e ) - . 'U
.bound receprtor by cherla;:.ng' calcium from r_he mediun with EDTA/EGTA
- &
buffer. Solubilized rq}

e

or wae‘subjeCted to paztxal purificacion by
(NH4)2SO4 precipitati’on and DEAE:cel'lulose .c'hronm:ogfaphy.' Assay of the

resu.lt:ing fractions for phorbol escer bindinq ~and protein kxnaae C

’ v

activity‘\r tevealed that the two'functiow co-eluted in :a. eingle,
'sgmm%g@cal peak. A more r‘ecent:_l,etudy, in which neuttophil pz‘ot:ein~
kioeee C was pur',igied to near hombqehei;y, tevealed the co-purification
of phorbol ester biridino an;l ‘kinase -ﬁ-cr.iv_icy throughout ‘the
chromatographic procednre (mristiansen er al., 19.8i.6).' ‘In:ereetingly, a
number of nOn-diaqlqucerol-like tunor pcomotors, inclndinq mezerein,
t:elocidin, and aplysia toxin also .serve ee protein kinase c activu:ors,
--“-althoucl;h.. with less potency (M:l.yake ‘et al.',v 1984; mjinki ot al.,
1984) 'mese_agents have been auqqesr.ed to result in chcnqel in

manbrane properties agaloqous to thou of didcqumo?ol.

¥ L4 \

Py



Althouqh phorbol esters 'ac:i’vate. superox"ide radicel production
(Repine et al., 1974) ‘and spec;f:.c-granule telease t‘n‘.stensen et . al.,
.1974) from neutrophils, it is wqrth recognizinq that these qge'r.gz

’ actually exert negative moduletory effects on some Other laspe'Cts of the

phosphoinositide-dependent siqnal tr&nsductxon pathway. " For example,

Laqast ‘et "~ al. - - (1984) and Schell—h’edetick (1984) observed that PMA‘J?

/

i -

ptetreadent ptevented the subs_equent Acalcxum mqbilization response to
tmet-leu-phe. » Naccache et al. (1985&) .found that fmet-leu-"phe— and
L'I'B4-atimulated degranulation were likewise inhibited by phorbol. ester
treatment. Sha'afi et al. (1986) noted ,that these “inhibitory phorbol

ester effects,  as well as .50K. protein ‘phqsphorylation, ‘could | be

suppressed by the protein kinase C inhibitor, H-7, presumably- indicating )

that the inhibition of chemo.ar.tr’aCtant effECts w:as ettributable to

protein kinase C activation and;;not non-spetific effects of the phorbol

esteru. Although PMA was not found to inhibit fmet-leu-phe-binding

" (Naccache et al.,’ _1985&);' it was found to inhibit fniet-leu-phe-'

stimuiated" GTPase activ'ity (Mat‘sumoto ’et,‘al‘., 1986), a finding ,which

y A

implicaces the”G-protein as a ‘posaible site for protein k:.nase le-
‘med.uted 1nhib1tlon of the slgnal transduction process.

‘Kraft and Anderson (1983), in a study of parietal yolk sac (PYS)
celi’l, demonstrated that ‘pretein kinase € .actiuation -appe‘arav to be

associated with '1ntgace11u'lar_"‘ red.i,sti'ib.ution of the enzyme. Up"—e'n

~ disruption of PYS cells- by homogenization, the cytosolic fraction was -

S

collected J.n the form of the 100,000 X g supernatant. i‘;"he' 100,000 X g

pellex, repreuntative of the , membrane fraction, wae%subjected to

. detergent .olubiliut.ton and re-centrifugation. : Auay of the resulting

‘36 -
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v-freceions .fer. ca_ic':ium- _and vphbsphoupid-dependent klna’se‘ activieﬁ.
‘reveal\ed that pro:e:.n kinase C in untreated PYS cells ‘was - u}cmud
'.predominantly in r_he cycosol.xc frdcc.v.on, ;vhlle 'r_ha\: "in che membrane
.frectxon 'wa's negligibly low. .However, in-cel‘[s exposed te phorbpl ester
tumor: promotors prior to 'homogenizatio_n: vand f'recltiona\tion',‘ vpvzotein'
k:fnase C a.c—tiyj;r.y was di}sc'over'edv. to be drasticall& diminishe'd '1n the
.'e;eosc:li;e _fraction and‘ qortes;;endingly increased . in the membrane
rfke)ﬁioh; ;This phenomeno'n ﬁs rec‘ently cbnfi‘rmecl’ in r.teucrophlls‘ by
;_WO}'f;sori et al. ‘(19‘85) using the phorbol | es\:er.,_ .PMA,‘- to -achieve -
trans];ocation of the kinase., significently;‘\over two.-;hirde of PMA-
induced "pr.i‘t')teinv ki;hase c redieﬁribueion' preceded -NAD?H oxidase
'a.c;ivhtidxlr,b' a finding which is consistent with.the idea that pr’o*’:eii'n
_kinase “c ,‘t"renslocaiion is a '.neces-sary precedent. ‘tO‘ suporoxide
production.- It thua seems that the tight, rapid associatior; of kinase C

wit,h the plasma membrane is an early evenc in ics activation proceu.

A r

‘f'f!-:xactly ‘—-how ,r_hj,s redistribution process‘-occurs ia yet. uncercain.

However, one” iquestion is that phorbol esters somehow mediane the

“l\

tr@pelqcat.j.oh; -.qf soluble, macr.ive protein. kinase C from r.he cytosol to

-

| _here ic is activated‘ “ ‘An* alternative amf]‘ pe;lgipa more

i esis suggests that protein kinaae C exists in ‘J&‘“ of

. Lloose "asaoc'g&%on with t:he plasm membrane. - Hydrophobi¢ phorbol esters
. q - . . N .

. - . .
readily penetrate the plasma mem.brel_':e and somehow intensify r.he kinase's

.y K

asgsociation with the membrane (kraft ana Anderson, 1983). 'rh.ls may'

' occur due o phorbol eater-mdiated chanqes in membtane structute or
. -
composition. Another possi.bil.l i that the intercalated phorbol ester

favours the fomcion of a guaternary complex with protein kinau c,_
’ .

or



calcium, and pnospholipid (Rishizuica',~_1'984').‘ ' &elfﬁ\an et a,l.' (1983)

'repprted :hac the apparent cytosolxc 1ocah.zatn.on of protein klnase C in

unstimulaced cells is probably an alrtlfact \resultlng from calc:.uxﬁ
" chelation by the EDTA-containing bu}ffe;.'usedi'durinq cell disruption.
‘ W}ﬁgn cells 'we.r‘e hqmogenized'_in the ;pge.nvce of éhelators,ivt:he' enzyme.
" expressed a weak ‘affinity for :pe membrbanle fraction, ‘sug"gesti\'re of a
'.’p‘latu‘u_.a‘me@brane prm:g.in. | |

s,

ADENYIATE CYCLASE IN THE'.NEUTROPHILS

4

-

'Ihe neutrophil plasma membrane is equipped with adenylate cyclase, '
the enzyme responsible for che cypllzatlon of. adenosine, trlphosphate
(ATP) to the secpnd messenger s_ubsr.a'nce, cycl;.c BMP' ’ Cyclllc AMP (cAMP)
_is> re;po,nsiblve for .\:he aciiVAtipn pf protei‘h kinase A.; ‘an enzjmié which,

. : =
in its resting state, exists as a tetrameric complex of two regulatory

va_nd‘ r.wb ca’talytic 'sublinits.' Bihding‘ochMP to the regxlatozy dimer of

:'the enzyme promotes dissociatx.on of the catalytlc dimer- inr_o the free

accive monomeric subunics whiéh are responsible for phosphorylatlon of

'l

" the cargec proteins (revxew Hoppe, 1985-).
:"‘Ade‘hylate _cyclgée is subiject _tt; dual .st':"imulacpzy énd inhibitow-
ho:m;érihl .‘i_npu'tv,‘ thrpugh coppli:q with the mtually ancag'oni'_sti'é G-
protgin‘ pransd’ucinig units, : NB’ anc N1 Cyc‘hme @ccvi‘.vation during
’interaqtion @h_ NB is aééopia;e" with a declrease‘ pf ' the enzyme's
magnpsim 'fequ‘irane'ahts'co physiold'gicavllel'evels (J.akobs. et avl_.‘,~ 1983) .
wﬁe:he;-‘ Nifiﬁdv;xcéqd inhibition is "due to di_rec\: interpction' of the a-
subunij: with the cat$i§£i¢ ,moiety"fo'r a 8-subunit—ﬁédidted shift in

"equilibrium favouring the undissociated form of N, remains a ‘m.attet of

-
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‘dispute. In support for the former theory is the vfinding'tha_‘r. Ni'

mediated inhibition affects, not only ﬂguvanine ‘nucleotide- and hormone-
stimulated adenylate cychase (Jakobs et al., 1985a), but also cyclase

accivated by foi‘skolin, a direct svti‘mulator of the catalyt:i.c" uni't (Daly,

s -

1984). Nm.tthermo're, hormonal inhibition of basal ,at'ienyiate cyclase -

. _ / A .
activity has been observed in cyc” membranes which lack a fun-ctional Ng
(H.ildebrandc et al., 1982; 1983). Nevertheléss, Smigel et al. (1984)

have shown that cthe chron\atoqraphically resolved 35K subunit of Ni
, SF

- ~
accelerated cthe deac‘tivacion of fluoride-activat,ed Ng/ whereas the 41K

o

,Nl subunit acx:ually"“s‘i:a‘bilized ‘Ng in the activated form. _'Ihe 41K

‘'subunit was, however, found . to have weak inhibitory effepts ‘on che
X . . . . . ) ": § L.
‘ catalytic moiety, in contrast to ,the 351( subuni't, whbse inhibitory

effects were strictly dependent on xhgfpx;esenée_ of (a‘c»tiva\:ed Ng. It

thus seems likely that both the a and 8 subunits of N,

h rmonally—induced inhibition of adenylate cyclase. A schematic

representation *of ‘some of the major j}e\'renfcs in cyclase regulation is -

s'hown in Figure 3.

In cthe neutrophi}; ‘inhibition of acute chemcattractant-induced . .
- N a '

. . A.. ° - . " , . . - ) .
. inflammacory responses is assaciated with the elevation of incracellulat
»

cyclic AMP levels either ‘through incubation of cells with the lipid -
4\ o
permea_ble- cyclic-nuc_leotide an,alogue, dibutyryl c\yclic_ AMP, ' or . .“
ac\:ivatijc,m ‘of the adenylate cyclase sysr.eméby me'e‘n;g of forskolin, B-

- -adrenergic agonists -or prostaglandins of the E or' I series. "lbit:ion

has been observed at the level of phosphoinosicide turnover (Takenawa et

< E e

al., 1986; Della Bianca et al. ,‘ 1986a), calcium mobilization (De'!bqni et

o

al., 1984), degranulauion (Simchowitz et al. ,\‘1980), and supe:oxide

. . . . B o
\[{' - o . ) ) . \ . o .
. . o . ) . . . . . : s‘ .'

may contribute to



e

7

F}}gué;é 3 : SchanAtic representation of th‘e molecul.ar eventeinvolved in

adenylate cyclase acrivation (H .= stinnlatory. hormone, H; = inhibitory

) .

,'hormone, RB = stj.uulatory receptor, Ri = inhxbxtory receptor, L'RS*HS‘=

activated complex of stumlatory hormone and receptor, Ri -"activated
. :

conplex-w ..\.nhi/b:.tory homone and receptor,. R's' = desensitized

'st:.nulatpry recepto’br/ Ri desensitlzed mh.Lb.Ltory receptor, ag =.a
-’. 01_" \‘, . * B

. K/
’ subunit of N “i = a subu it of N B =8 subunit, y = y subunit, C =

' -
catalytic subunit of cycl se,. Cs = sti}mf'ate"d cgita-lytic subunit of
cyclase, éi‘ = .th.-xbited atalytlc subun;.t of .€yclase, ATP = ad,ehosine

‘ triphosphar.e, pAMP = cycllc adenosine monophosphate).

S- o
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production (Wong and Erehnd, 1981). " various réports_have_ attrib\xtea-

this . inhibition; to either a rediction in ‘the number of chemotactic

: reéep:dt binding gités (Holian. et al. '  1986) or. inhibiciq'n : of

phoépholipa‘ee. C activity (Snyderman et al., 1986). Notably, the

inhibitory effects of cyclic. AMP- are mnife_sted«o_ﬁly with tespeccl.'to_
recepcorme’diated inflamxlmtory' ‘stimuli and appear. not .cbb influence
inflammatory responses induced by fluoride ion ér the phorbol ester.

tumor promotor, PMA (Wong, 1983, mj;.ta et al., 1984) . .
‘It - is the‘n, pethaps, ’rather paradoxx.cal “thac ‘ a ‘number  of
chemotactic stimili such as the formylated tripept’ide, fmet-leu-phe, and

the . complement factor, C5a, induce a transient elevation of

im:r%cellular cyclic AMP lvevels--'-c_lurin‘q- the course of neutrophil

-

_activation (Jackowski and S’xa 'at‘fi, 1979; Simchowitz. et al.,  1980)."

u

However, the early suggestion that chemoatrractant recé'p;ofs' might have
direICt: .ini:eractions wit:h ‘ N, was contradicted ‘by :the fihding tha;,
unlike g-adrenergic agonists or proscaglandins of . the E series, fmer-
leu-phe failed to atimulate adenylate cyclase activ:.ty in neutrophlll
membrane preparacions (Verghese et al. P 1985b). Nelther did it inhibit
prostaqlandin 21—induced cyclase st:uulation (Verghese et al., 1985b),
although fors)plin—i‘ndxced st;unulation’ was somewhat inhibited (Lad et
al., 19855; SIadv et al., 1996). “Fbreover,‘ while pr:‘osr.aglandi”nf-. 6‘:'"'.

adrenergic qgoniét’-ind_:céd CAMP promction in intact_', cells:. was -

* independent of calcium, that activated by chemoattractants p;:oved to be

;alci(m—ret;uiring,_ being rediced under circumstances of extracellular

calcium depletion (Jackowski and -Sha'afi, 1979; Vercghese et al., 1985)

and' almost _to_tglly‘ inhi_bitédA by 8-(N,N-diethylamino)-ocytyl-3,4,5-.

*,



: .” become expressed' (smolen et al., 1980).

~unaffected, -suggestive of a mechanism of cyclase ‘activation independent

¢

trimez:hoxy-'be_,yoane (TMB-B), a druq ‘which blocks; calcium influx in
“ - ~ . . . .

neutrophlls E.V—’erghese e‘c al., 1985) .. Furchermore, while prostaglandin "

43

,E1—1nduced cyclase stumlatxon was mhx.bited by N aCtivation through a--

adrenergic agon15ts~,/ the fmet-leu—phe—indxced' LAMP response - was
» ’ : : '

. L .
- L e s ) .

of G-protein involvement.
¢ . ) ) L~

The observation .‘atha_lt 5-lipoxygenase’ inhibitors . suppress

chemeattraCtant-induc‘ed cAMP elevation suggests chat pe:hans this

response  is attributable to the generation of some eicosanoid

n\et_aboiite-, -such vas_'LTB4 '(l-bpkihs et al., 1983). :An, alternacive ”
suggestion (Vergheée et al., 1985b) is thatvchemeattractants may inhibit

o phdsphodiestetase attiVatiQn. vHo‘weve:r,»;‘these' hypotheseé are, ae of yet,
‘co‘ntr.oyersial.v 'Alth‘oucjh it has b‘een Agoatula»ted_ that cherinoe‘ttreetajnt-'-

“induced eleva‘tion-qf cyclic AMP levels may serve as'erform of negative

feedback regzlation (Vei‘ghese et al., '1985b), other reports tend to

lndlcate that th% gagnitude of the chemoatttacr;ant-induced cyclxc AMP

response does n%"'*attaln the threshold at which inhibitory effects

s
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‘#, :
,In an effort tvo learn more a%the transduction of xnflammatory

Ly s gy "-b'

qtimuli in human neut%op%a.ls, pharmcoloéical'/probes were used to
achieve accivation and suppression of cellular responses at varlous
leve_ls.‘of the tranaduction pqt:jhway. Avserie‘s of studj_.e‘g,_ ;‘.nvolving
‘neutrophil‘ acx::l.vation through ‘the usﬂe of -a phorbol .e'Ster', a calcium
ionophore,', gu"enine’ ‘n'uc‘lv.eot’ide ’ analog:es, ano fluoride iovn,.‘ were
performed in a’ttenp.tAs to eiuc-idate.-ér?itical events in ‘t‘h_‘e’reg‘nla‘cionlof

——

inflaimnator-y' responses at the biochemical level.

(1) syrxergi’s,tic interactions between the calciun mobilization and

procein kinase C branches of' the‘ bifurcating phospharidylinositol

..'.,Z‘ - \15-1"’

,pathway of cell activation were first reported by Kaibuchi et al. (1982,

1983) .and Yamanishi et ‘al. _(1983) who' demonstrated thac the »ca'lcium‘

ionophore, A23187, at concentrati‘ons. which were ”nor. in themselves
stimulatory, synergistically enhanced S-hydroxytryptamine release from
platelets undergoing de.granulation in’ response - to submaxi.ma_l

concentrations of 'the synthetic. diacylglycerol, 1=oleoy1—2-acer:yl—

'

glycerol, and the phorbol ester tumor promotor, phorbol 12-myristate 13-

i

acetate (PMA). These: findings were 'Lar.er extended to 'Lysosomal enzyme -

‘releagse from neutrophils (Kajikawa‘ et al. ’ 1983) ‘and hisr.amine release

. from mast cells (Katakami et al., 1984). - : ¥

In an attempt to “extend these observations to the superoxide
production response of human neutrophils, oxygen radical release from
. A . C ! ! s . . ‘ v C ' L »
reutrophils stimulated with PMA and A23187, alone and in combination,

was 1nve;r;iqat’ea and quantified with respect to lag period, superoxide

.generation' _rate, - and - total ' superoxide’ " prodiction  using a
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'speCtropho:oh\e\:ric_ assay céchnique. ». Toxic effects ar high

concentrations of the ionophore were also addressed.

(2). <Phorbol ester-induced desenisitization of hofnrone-stimulaced

. adenylate cyc_lése activation has been réport:éd .nfor the action of

o

glucagon on hepar.ocy:es (Heyworch et al., 1984) aild ‘for B-adrenergic

agonmts ‘on avxan erythroq(tes (Sibley et am.,' 1984; ‘é‘her et al. .
; .g :

ks

e

‘whether phorbol ester'inhibitio_n of agpnis‘ '

19:84)--.- In avllan-yerythr»ocytes, this desensxtiaati_oh.has.i btAz‘en _correla:ed
with thg V»phols’phor}l'a;iti"dn of Bfad.reﬁergiq rez.:eptors,‘ p'reqim;bly ‘due,
giﬁher di_recr.ly .or ihdiféccly, to: pho'rbo-'L éstet—u\efliapéd' acti‘)ati_or) of
p:§te'in kinase C.‘ | |

On. the basis of these ' repores, . @was desirable to depenpi-ne,'
. : ¢ ER

-stimlated-adenylate cyclase' '

. activity applied to fmet-leu-phe _ahd PGE, effecté_ on the neutrophil.

»

' THis problem was approached through a quantification of the agonist-

induced cAMpP prochm:ion'in phorbol ester-treated and untreated cells by

means of a radioi_mmnoassay-ptocedure.

- (3) Guanine nucleotide regulat:xon of fmet—leu—phe binding (Koo et

Cal., 1983),. as" well ‘as pertussis toxin . inhibition Aofb various

chemoattractant-mediated cellular effects (Okajima and Ui, '1'984‘; Bokoch

LY

and G.iiman, 1984), have led to the concept of G-protein involvement in

- the neutrophil signal transduction pathway. In an effort to demonstrate

‘a positive relactionship between quanine nucleotides and a cellular

response, the effect of non—hydrolyzable quanine nucleotide analogues on

;o

granular enzyme - release was- investigated. Non-hydrolyzable GTP

énalogxea, by virtue of their resistance to the 'GTgane'activit.y of the a

"unit which 'normlly t.erminar.es. G-pro_ceiri 'activation;‘ iead to a’
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N procedxre, ntilig&mg’ the detergenr. sap '
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pereistently act,ivated state of chese transduc:.ng 'ii:s (Scnranu'n. and

. e i . “ . X
Rcdbell, ,19751 N Ebwev*as nucleotides are mpermea t a: the level of

‘!:he cell membrane, ;;‘-qi'c R bénecessary
J g w9

y‘

the’ intracenular sp&c\g. Deyrgnulation from- fr.he nucle’

D]

> . - & i
was examit{ed with respect to calcx.un- and nucleotide-de.peﬁdency using a
speccrophozometric asSay procedure. AR

(-) The abili\:y of fluoride tb"gccivate a respiratory bursr. ‘was

S
3

first recognized by Sbarra and Xarnovsky (1959) - who noted an increased

| oxygen uptake tesponse in cel'Ls wh;.,ch were %eing exposed to che ioh as’

an enolase inhibitor. &1varaj and sbarra (1966) advanced the idea that

* )

this inflammatory effect - was attributable to a hypothetical insoluble
precipitate formed by the interaction of fluoride with othar ions within

~the cells. Fluoride-induced 'superoxide production was subsequently

~

documented in a number of studies (Curhutte and Babior, 1975; Curnucte

et al., 1977; Harvath et al. ,'. 1978). Curnutte et al. -(1979) made some

artctempts  to characterize chis response: they,found that, alchough the

fluoride-reeponee was independent of xt or Mg *, .there. was a sti:ong C32+

ar J R .

‘reQuitement. Ocher halide ions were found' to .be ineffective fas

KN

inflammatory stimuli. Wong (1983) addressed the interactive effects of

fluoride and fmetr-leu-phe. The chemotactic pepc\ide was _f(é\\x.'nd._‘-lto

' ?°‘°“fi“° the slover reaponse to fluoride by decreasing the lag peri6d¢

as Wwell ee accelerating the race at suboptima‘l tenperat:ures, phehomena

which led him to. conclude that the mechanisns of action of the two

etixuuli involved a common component..

o~ -



&

‘hydrolyzable gquanine n‘uc_leot.ide—“analogues, Gpp(NH)p* and GTPYS, elicited’
. . . . v

a persistent. state of adenylate cyclase activation ' .in membrane

' .prepar'ations'from 549 lymphoma cells. ' Stilmla'tion of' cyi:laee 'activit:y

[ C

.by thele agents ‘could not bg observed .in the purified . car.alytic'

, <
moietit Bowever, upon addition of a second procein, which was retained

i,

-on GTP aff:.nity supports and released by C«pp(NH )p, the responeivenesa of

the cyclase to fl_uoride (-plus A13+) and cthe. non—hydrolyzable guanine

to the dissociation of N into :‘.'ts’45 K and 35 X s,ubunit:s. 'Ihe‘ability

of fluoride to aci:ivate N; and transdut:in was subsequerp:ly reported

(Katada et‘al.', 1984a,b; Stéi et al., 1995).

A‘l.r.hough the abilicy of fluoride t:o activate a respiratory ‘burst

(Curnutte et al. . 1979), arachidonic acid release (Bokoch and. Gilman,

i

1984), and proton extrusidn ('nskanaka and O'Brien, 1985) in»the

neutrophil has been recognized for some time, few attempts have been

made to disce}rn the molecular ’mechanism of action of this ion as an

inflmimatory stimilus. - In view of flnoride's efficacy as an activator -’

.

L.

Howlett et al. (1979) observed cthat fluoride, . like the non='

-nucleotide analogues was réestored. - Ativation was found to be related -

of N, Nii and transducin, we have .examined the possibility'_t'hac_

fluoride-induced inflammacory responses may be occurring at the level ofvv

4

a G-protein. Were this the case, vfluoride_ would be expected to mimic
the action of “"calcium-mobilizing” receptor stimuli in a‘c:ivar.ing‘

phospholipase C with the resultant 'degradation of phosphoinoeitidea; as -

L T : \
determined by the accumulation of inositol phosphate metabolites in che

acid extracts of activated cells. Since the second measenger substances

4

; generated during phosphoinositide .‘turnover are associated with cnlcim v



2

‘concentrations was assayed 'using the fluorescent calcium probe,

‘Quin 2. Protein kinase C ac:ivia'tion was studied on the . basis of

>

‘mébilizationtknd pro;ei;wkinase C redistributrion, it was:desirAble to
» g » ~ ‘ - ..‘- . ./-" . . : .
investigate these events. The elevation of intracellular calcium

_ G ‘ : o ‘ i
alterations in the level of calcium- and phoSphplipid-dependen; protein

’kintig‘activityvin the cytosolic and membrane fYactions obtained from

J

actiydted celils.
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A MA;\';I_'ERIALS ' SRR - DR e »
:' the tbildwiﬁg’cﬁépic#lg»and supplieéjwére qb£§ihed?ff9m.‘he'sggfﬁﬁs".‘
iﬁdicé;gﬂ: hqu}1p1£e6 AVacu;ainer' cubéé;‘fggponin :(F;gﬁéfl'séientificli
'Co{, Fair L&wn}. N.Y.),_’HankS' .é;ianced' éakt ‘Solution,, HEPEé* bﬁffer  
(G.tbco Laboratories, Qand Island, NY), Fi“l-Paque (Pharmac;.a Ing.,
Dorvall, ‘ PQ), L-myo[1 2= H]myo-inositol, D-[inosxtol-z- H(N)]-f-'
phoaphate, D-[inosito;-2-3H(N)] 1 4-bisphosphate, D-[;nosxtol 2-3H(N)]—
@1 4 S-trisphosphate,’cyclic AMP radioimmunoassay (New‘Enqland Nucl;at,-‘

g Boston, Mgss.),~ horaeheart ferricy:ochrome- c .(bee %yi),' phofbbl

m?:isuacg' aéeuate, xarithine oxidase, ethidium' bromide, Micrococcus

‘lysodeikticus, lysozyme- standafd, 'cytochalasin B, bformyimethionxl—
leuéyl-phenylalanine, prostaglandin E1,‘ cholera ‘toxin, guanosine §F—'

'monophosphAte, guanosine 5'-diphosphAte, guanosine 5'-triphosphate, 51-
B o Y

.'Limidodiphosphate, adenosine ’ 5'-diphosphate, adenosine ' 5%=

T'-O-dihnfvryladenosine - 3',5'-cyelic monoﬁhosphate,‘

_phenylmethyt ﬂényl ‘ fluoride,_ leupepnin, Tﬁpe II-A  histone,

'phosphatidyiserinénXSigma4chgmiéa1_Co.,-St.‘Louis} MO)}‘IY32P]ArP, ACS
I;j'j‘hersham, Oakville; Ontario), pertuséis toxin (LLSt BioLogxcal :;‘

Ld%o ﬁriea, _ gamp‘bell, CA), guano.ine v 5'-0-(3 thto—trxphoﬁphate)“- '"

-

'c‘a%, m nannhe_m, St. Louis, MO), and. forskolin, A23187, and Quin

n OV
R

2/KA (Calbiochem, San Die&p, CA).

K o

A

All buffera were prepaned uaing deionized distilled water ‘which was'

£ilteted through a Millipore RQ Water Purifier. Stock solutlons of the-v
={fwater-1nsoluble compoundl, phorbol myriatate acetate, cytochalasin B,‘

!ormylmethionyl—leucylwphenyiaiqﬁfbe, torskolin, 523187 and Quin. 2/AM,
: R 5 N
“were ptopared 1n dlmethylsulfoxide‘.. However, the dimethylaulquide

I
. & ’, t . e
T iy "' ﬁ.‘ ! Co BN . -,;‘.‘i.v‘ " L



Y.

~

concent in reactioh mixtu'rés w'as never allo&ed to excéed 0.5% ('vol/{rol)-

(wOng and C'new, 1982) . Ocher agem:s were diisaolved either in disnilled

s ) ,

water or in- the lncubacion buffer in quest:.on.

o
‘w

A

' B. NEUTROPHIL ISOLATION PROCEDURE -

 Blood samples vlere_ obtciped,by venupuncture from healchy human’

N

’ . .
_volunteers and. collected in ‘heparinlized. Vacm:aﬁiner cubes ,-‘(mctoh

Dickinson, Hissiséauga, Ont.). Donors. were of either sex and. ranged in

age ,f_rom' 18 to 60. nautrophx.ls were isolate’d as prev:.ously reported

(Wong and Freund, 1980 Strnad and wdng, 1985) . As neucrophils have a-

'tendericf to adheré to gla‘ss, polypropylene tubes ‘were used for . all
‘8tages in che preparation procedxre (Falcon. Plastic, Oxnard, CA).
R)llowing an init:.al 10 mincentrifugatibn of the who-le blood at

. 400 X g, the plasma wbs relnoved to °a point -hpproximacely 1. cm above the

¢

-conpacted cellular couponents. 'Ihe blood was then diluted “in Hanks‘ .

~ Balanced Salt Solution (HBSS, compdsition: 137 mM NaCl, 5.4 mM KCL, 4.2

™M NaHCO,, 5.6 mM glucose, 1.6 mM CaCly, 0.5 mM MgCl,, 0.4 mM MgSO,, 0.4
mM 10*12!’04, ’0.v3 M NSZHPO4’- ‘and layered ,\in 8 to 10 ‘mL volmes 'ontov
approximately 3 mL of a sterile ;l%oll-sodium diatrimate solution,

ﬁcoll-Paque. Ficoll is a polymeric erythrocyte aggtegat:ing aqent of

low viscosi\:y. mring che course of a 30 ‘min centrifugAtion at 400 X g,

. ‘ s
the ' erythrocyted, upon being agqregated by the Picoll,__ sediment

Q.

completely through the Ficoll -Paque. ukewice', ;He neutrophils, at the

‘ommotic pressure of - the Rl.coll-Paque' soluction, achieve  a de'nl‘ity‘_
sufficienc—for their migration through the PFlcoll layer. However, the

lymphocytes ‘and monocytes, owing to ;heirulower density, are,un.’ablc-,:'o :

b



. microscopic inspection. Qzll Viability, as va_ssesse‘d

€. CYTOCHRQME C ASSAY.

A

'penetrate this barrier and axe found at cthe interface between thé

Ficoll-Paque and the HBSS mediun (Boyun, 1968). . .
R:llowing ranoval of the upp layers of the density gradient, the

neutrophil-ezythrocyte pellet ‘was tesuspended‘ </n -a' _hyp_ox:onic salc

i Y

‘solution (0 15 M NH‘E‘L 0.01 M Nd-lcoa, and 0. 1 mM NazEDTA, pH "7.2) to

~achieve 'lysis of the ery‘th_roojte conponent. A 10 min centrifugation ac

52 .

400 X g was used to sed<iment t-he isolated n‘eutrop‘nils. . Tis ste'p was -

repeated once.. - Finally,: cells were washed twice by resuspenSion and
: v i -

:centrifugation in HBSS; Oell yield was determined and cell density

a_‘-(adju‘sted through . tse of a Ooulter counter, Model ZBI high-speed'

~

. ’ oo . 0 .
to 5 X 108 cells/nL ot whole blood This p

L]

cell auspension which was gteater than 94% neutrophi

[,

edure typically yikglded a

, as dertermined by

Trypan Blue

exclusion, was greater the 98%.

" The release of superoxide.ﬁanions generated by activated neutrophils

.

was monitOted continuously by means of the increase in absorbance of the

indicator spec:.es,» ferricytbc_hrane -G, occurring upon its redxction by

oxygeh free'radicals.'(ojhen and dnovaniec, 1978; wong, 1983).

o ‘ o
s 04 * tochrome c —-——b + tochr e
: g + cyrc gtl cy ome <l

'Absorbance changes were followed ac a wavelength of 550' nm and a slit

width of 1 nm against a distilled water blank in either a Perkin Elmer

(modeu 552) or a shimadzu UV—240 spectrophotometer. ‘

e

e(lectronic particle counter. Cell yield was generally in the range of 2



Reaction mixtures cons:.sred of 0 1 fprricycochrome c end 1:':

. : A
T AN
cells. d;lvuced’ to 1 mL in Hanks' Bal.anced'..-;Salt ,_So‘Lution (HBSS) . _' RE"

‘

reagents in question were added-ar the desired concen@rations. Samples

were assayed in 1'-cm po_lysr.yrene cuvettes in themoscatted cell hoidere a
adjus,;ed tqg,37°C. 'I‘o control for poss:.ble effects of r.he tested: agerxts

K L e -

on the ferriqtoc_hrome c z_‘.édxction process, a cell-free superoxide-
. 3 : * . ' -7 . / ”'." . !

generating system, consisting of 0.0125 units of xanthine oxidage as the
superoxide production source ,and 50 uM xancthine as the substrace, was

- °
-

used in the place of cells in prelmnary studxes. L

-

Reactlon progress tracs.ngs, obtalned from a moving %mrt recorder,
»

vgefe used in data ana\lysis. . Iag perlods :were determined by
extrapolatlng the linear portion of che reacr.ion progrese tracmg to the
vr_J.me -axls. 'Qberoxide generar_xon rates were. determined by the division
‘of the rate ‘of the absorbance change (calculated as the s‘Lope of. t:he
I;nee; porr.lon of the t,racing) by the moliar extinction'coefficx.ent :

- (21/cm/mM) for t:he absorbanCe dxfference between rdchced and oxxdized

cjtochro’rne Ce. . ’Ibta‘L superoxlde production was determ.i.ned by divxding

‘D. LYSOZYME ASSAY o,
Lysozyme, by virtue of its ability to hydroly ze 'the 8-1,4-

_ glucosidic 1linkages - in ' the micopolysaccharide cell wall of the

.

bacterium, Micrococcus lysodeikticus, -causes the ' lysis of this

organi sm. Assays for lysosomal enzyme release were conducted by

‘méhitoring for the decrease int absorbance at 450 nm in a suspension of -

t-h'ie t;a'z'gec microorgani sm (Shugar, 1952)." Reaction mixtures comprised.




| @45 mL ef a suepensxon of M.
' buffer (67 my Naazpo4, 67 mM NaZHPO4, PH 6.7) and 0.50 ml, of sample,

.c’onsis;i'ng of the 1.5 ,000' X g supernatanr. obtalned from ,'cellg pelleted

: through"silicone oil. after e-‘xpo'Sure- to the 's'\:‘imul‘u-e :_n q'\iee;ion. Por -

the phorbol esrer/calc:.um .Lonophore study, a 10 min :prei'ncubetion of

-

AN

cells..wn:h 10 uM cytochalasxn B wa's performed, such _that granular

/‘

Adlscharge into the extracel'l.ulat medlum was promoted‘ (Sxowell et al.,

1983) . ‘This step was’ excluded from the studies 1nvolv1ng permeablllz;ed

A
cells. 'Posi‘tive concrols were'obtained by lysn.ng' cell samples w11:h 1%
" . - . B B o .o

“Priton x-1od. A decreaae' in absorbande of 'b..001/m.in at 450 nm and 25°C
is representative of one unir. -of lysozyme actlvxty. : Samples were’
assayed in polystyrene cuvettes at a slit width of 1 'nm ;.'aga'inst_: a

. ‘
.discilled water blank in a Perkln_ Elmer (model 552) spectrophotometer.

R Y

£, LacrIC szYDRocssasE ASSAY
L:actie_ de.h‘y'dro_genasel esvée'ys were pex_'fle»nVne.ci» as preyiously repefted

by .'vweAcke‘r et.,al.;; (1956).. As lactic.deﬁydrogenese ‘is ef:E::)osolié e.nzy’me-,
its vre".L_ease‘ 'i’negv'rthe ex\:racel'nxler ‘medim can lée vie';veyd'asv a criterion
for eytot;oxiciey, ,I.ict‘ic dehydi‘ogenaee,. 'i.n the presence of. L-lectete,
, c._vatalyzea: the, : ‘r'edxctioe" of ‘r.l;ae‘ ‘diphosphopyxi.ci_ir‘\'e 'nu'c‘leotide,ﬁ- B’-.
: »ni.._co‘\-:‘inamide adenine‘di'nbu:eleotid_e (NAD), with the ceneoﬂthnt'genefaeibh ; ‘
of pyru;ate: s | |

‘L-lactate + NAD 1~°Cti°v dehydrogenase $ L-pyruvate + NADH + Ht

This r’e’a'ct_i,qn can be monitored spectropﬁotém;kically at a wavelength of

’34.0"_nm and a slit vvi'dth ©f 1 nm aga"inst a blank cohtaini‘né 0.15 mL NAD

(0.05' M, pH 7«5) and 1.35 mL aistilled waker. ) An increase in absorbance

Ay



. ’ ) Lo »‘
a, . (4
L4 R-2 N o . e

55 -

of 0 00‘r AU/nu.n at _ 25eC “3 representative of(one unic b,o'f 'iaCtiei

‘vdehydrogenase activity.

Reaction nu‘.xtixre's consisced' of 0.75~ mL sodiunx .K’bheséhate buffer (0 1

M N32HP04, pH 8.8), 0.5 mL sodxum Lactate (0.16 M, pH 7. 0), 0.15 M NAD

(0.5 M; pH 7-5),: and 0.1 mL of 1.5,000 X g supernat_ant from cells

-exposed to the treatments in question. “The 15,000 X g supernatant f.rom -

a suspension of cells ruptured by -four 15 sec bursts. at .60 Watts on a
Braunosonic 1510 sonicator was- used to obtain a measure of the total

" lacric dehydrogenasé conten‘t?i‘h cell‘s'v.. o

F. CYCLIC AMP‘RADIOIMMUNOASSAY L T

Samples fo_::\«L CAMP rad.\.o_unmunoassays ‘were prepgred" as; previously ‘ :

Y . “ . . . . "‘
described (Wong, 1983). IsoLated neutrophé,l.s wez‘e’ dlluted to 1 xr 106

Cs B R Chee 'a

cells/r'nL' in Farnks' bZlanced salta sohution, then .mcubated at 17°C for’

N . X 3 . . F- ¢ .
30 min.. Upon approprlate treatment with trhe agente of xntereSt, 0 5 mL

. . . -
, . ' e . .
[PIN

: al:.q\mts of cell b{xepension were removgd‘ from the reac:ion mixtures at

e '~.,

. “ * _ ° ‘ .
desxgnated t;.me intervals, transferred to 12 nul\ glass culture tubes, and

P
v ‘_

¥
sub;ected@oxhe‘ét mactivatlon by placing 61:‘ the tubea over ¢ the -flame of

- ¢

<

a bunsen burner for, 2 o 5.0 sec - tim periods suc‘h that the samplea

‘ >
Ly A

stariéd_ to boiL, Each heat-inactj.vatﬁ samp'le 'w’as then sonicated for 15

sec at 60 Watts: .'Ln_"a Braunosonic: 1510 sonicator. Sonicated samples were

» *

'then trana’f_erred to plastic conijcal tubes -and centrifuged for 1 min in

an Eppendorf"'micrbfuqe at 15,000 X g. The resulcant superna;ants were"

.transferred to 12 mn glass culture tubes and stored on ice until use in

the cAMP radioimmunoassay. Phosphodiesterase inhibitors were not used
. % “ . . : ' s

duridg the, sample preparation procedure.. -



©

'I'he New England Nuclear cAMP rad.touununoassay kit - used in this

study employed, fd'the labelled antiqen, a. succxnyl tyrosine [’2511—

125

methyl : ester deri_vatxve of CcAMP (ScAMP-TME( I]tracer) . Non-

adioactive antigen (cAMP in Standards or unknown) was allowed to.

R

e

x.nteract withfa foej amount of ant.Lbody in the presence of a constant

' amount’ of gx ’;ab "éd CAMP antigen. The ‘antibody conslsted of a pre-
~ .,,ﬂ .
reacted ptlm&rgi aﬁd secondary antlbody complex. The p'r'.i.mary ,antibody

-was obta:.ned from rabbits :challenged iwith a,’ succinyl cAMP-albumin
conjugate,. while the second antibody was generated in. sheep, following

.-“ﬁin ¥

‘ immu'ni_zat‘ion against rabbit globulin.

56

v0w1ng to the small amount of cAMP present in the samples, .Lt was -

L

deslrable to acetylate both. . standards and unknOvms to produce 2'-—0-

acetyl cAMP. Cyclic nucleotides substituted at- the ‘2'-0-posxtion are

,'reported (Steinet et, "l., 1972).to expressi a higher aff‘ini‘ty ‘for the .
‘5 : .

.a'ntibody';_ This: enables them to compete more readily for binding sites..

‘with "{he ‘than ‘do  their . unsubstituted

counterparts .

_ Standard solui:_ions were prepared containing 0.1 to 4.0 picomoles/mn

cAMP  standard in 0.05 M sodium acérate buffer, PpH 62 _Aliquots of 100

uL of standard or sample were placed’i.n paired tubes and acetylated

using S uL of acetylation reagent, ‘consiStim‘; of 2 volumes of
i’ . . ) . . T )

triethylamine to 1  volume "of acetic anhydride. Tubes ‘were mixed

[N

ingnediately by vortexing for a tew seconds.

“A 100 pL’ volume of working tracer solution consxsting of one. volume

&

of Scm-mtubfl tracer to one volume of cAMP carrier serum, was addedr

to each tubs. After the subsequent' addition of 10(f‘uL of the . cAMP

-
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. @ ' - o
antJ.sermn complex, the tubes were vortexed, covered with a‘Luminum foi'l.

and alloded to Lnaxbat:e 16 to 18 hr at 4°C.

w0

‘After 'cbmplegion of ;he J.ncubatxon; -1 mL of c_:q'Ld : sodium. acetate
.bu‘ffet was add'ed.toi each tube”fo'l'lwemd\g aror;ex mixidg. : 'mbe_s'were"..
"t;h‘en‘ centri’fuéed At‘4°¢ for_ 15 min.ac 2,000 X g.’ The s‘_upetnacar‘it.a ;iar-e_
decanted into a 'ra"di‘oactiye_ waste ‘con%:ai,r;-’er after which the aubea %reré :
RS e v ‘ , . .

inverted 6ver’absorbe,n_t‘ paper for a few mj.nutes,t:o' facilitate draining- -
of the last drops. The precipitate-containing tubes were. then counted

)

g’gamma couhtér (LKB-mllac "Cli_niGamina 12‘7 2) for Smin
| To obta:.n a VAlue of normalized percent bound (¥B/B.), tha ave'rage'
‘net coum:s per uu.nuce dbtained for each d\MP standard or san-xple was -
exp*essad ae.a percen\: of the average net counts per :ainute obtained for
the zero standard which com:ained 'antiserv;m complex and labeiled an_\:ige‘n "
in the‘abs_er}de df_ additional dnlabe.‘ﬁed' cAMP/"ani:igv'ven. .

B

'%B/Bo '=_'Ave'rage Net Oounts for Scandard/Sample X 100
L3 Co . Average Net Counts. for Zero Standard

v

. ‘ “ S .
" A standard curve was then constructed on semi-log paper in whxch

the %B/B .value for each .s\:andard was plotted agains\:ﬁ_;he nunber of
picomolee of GAMP added to thar. tube. 'Ihe cyclic AMP cén"i:'énr. of each

sample tube was detemined by interpolatioh from r.he standard curve. v

G. NEUTROBHIL PEiRMEABILIZﬁTION PROCEDURE  *°
Ne_u_t;ropht[l‘ permeabilization was carried out "according to a
. o - [ : i _. ’ 5 .

inodification ~o£-the 'procedure of ‘Snole'n' and. Scoehr (1985). Isolated
heutroph-ils v)lere's'uspended ih‘Buffer K (100~mM 1«:1,' 20 mM NaCl, 1 mM
EGTA, 30 mM HEPES, pH 7), y’sdlution deaiqned to mimic the intragellular

.ion.tc conpoeition, as well.as' to prevemr prcna\:ure calcim-dtpendem:
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. s . . (- . . L. - Ll
activation of .the cells._ Stock solutions of the cho’l’est'e’r-ol"conple'xing .

agent, saponin, were prepared daily in this mediun. Although sapo,nin
- .suspensions were agitated prior to use, no Jpecial pregautions; were
. - ) i ,,’ 1~ K
¥

taken to ensure homogeneity of detergent dispe}'s‘fon in.. th‘e solutioq.‘

‘ ‘t" {\1

Incubations‘ were performed at 25°C at a cell den%ty oﬁ 2; x loffmnk. ‘\'1‘"’
. - 9 ,“ "" '
- Permeabilization was: achieved by means of a 5 to 7 u;in 1neuh'ation yit'h ,;ﬁ
R ) . RS o ,3‘ * "t ‘ .
° ‘ ’# B,
.005% saponin, in the presence or absence of 9uanine nucleﬁt’xdes. { At _' vk
. \ . .',_ Q & \l‘%‘
R4 .

‘the . end of the . incubation, » cell suspensions were diluted With excess
Buffer K and sedimented by a 10 min Centrifugation at 400 x gt

Cells were then resuspended in either normal HB& or’ else in -

P S w

HBSS containing 1 nM EGT.A, bOth prewarmed to 37°C. Oalls.'
-.1 b LI

‘resuspende‘d in calciun-containing media would be able to restore »t*heir -_ .

‘;’_

'normal intracellular cal le%ls throuqh the action of calcium punps on

3

the plagma membrane. I.ncubations at 37°c were sustained for fixed time

e

intervals whi'ch were' te‘rminated by a 1 min centrifugation throqgh

S

silicone oil at’ 15,000 X g in an Eppendorf microfuge. fme .sup_erna‘tan__ts_

were retained and stored on, iée for use in enzyme. assays.

As Mg-ATP has inhibitory effects on thL saponin-permeabilized cell
. (Snolen» and Stoehr, .1985), it was“ ex_cluded from the permeabilization
‘medium. This is in contrast to the study of Barrouman et al. (1986), in

which metabolic support in the form of Mg-ATP was a requirement.

1

Howéy'er, it seems conceivablle thart, in perme‘bilized cells which have

1

undergone 'partial' .""resealing" : followinq resuspension in normal
physiological media, endogenous processes may provide an adequate supply

of ATP for;support of the enerqy-dependent degranulation process.

Lo ¢
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Neutrophil permeabllizat.ion was monitored by the incre'a‘se,in'

oy
]

.fluorescence signal of \:he nucle’ar dye, e_thidium bromide (Gomperts,

1983) . upon addition of saponin. ‘ Béing impermean'c ‘at the level of the

plasma membrane and fluorescent only when complexed with nuclear DNA to

b4

- indicator with which to detecr the. extent and time course of, cthe

R generation of plaasna membrane l_esions.
. . . , ’

Cells at ¢ density of 5 X v10§/mL in Buffer»l( were moni’tore'd for
penneability lesions in t:he presence of 25 uH erhidium bromide ac

25°C. 'muorescence was measured at an excitation wavelength of 365 nm

vform the vethldl.lm-DNA fluorochrome-, ethidiun brom.i‘e is a suitable

and *enoe'mission wavelength of 580 nm in a Pe;kin Elmer Model MPF-4

"_.f'fuorescenice'” spect‘:rophotometer.- Slit widths were 2 and 12 nm

_xespecuively.: 'me posxtive control consisced of . a sample of cell

B

‘ suspension which had been disrupted by sonication.

A

" 'I. QUIN 2 FLUORESCENCE ASSAY -

S oG

‘ _:,.1 . _Qui'n‘r 2, is' a fluorescent tetvracarboxylate anion which undergoes

‘,ab"out:', a-" fivefold increase in fluorescence signal upon the binding of

J

alciun which ic chelates with a 1:1 stoichiometzy ('I\sien er al., 1982,
1984).‘,- Owing o its highly ‘charged natur.e, .Qx‘in 2 does not penetrace

plaana R membran‘es appreciab‘ly. However, o escerification of the
'> a . v’ #,“, o
carboxylat:e qroups to pfaduce Quﬁ z-acetoxymet:hyl ester (Qxin 2/AM)

°

result:s -in a derivative ‘which, being uncharged and 1lipid soluble,

readily érosses t:he plasma manbrane bilaye r. Ihside the cell, cytosolic

Q

esterases cleave Quin 2/AH bmdc to the lipid insoluble tetracarboxyla:e

.



o = . . - ‘?' — v
. . . B s
P
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' coupound which is thus trapped in the cel l. Quin 2 appears to diffuse
. . A . . ), - i« - / o
cytosol and. nucleus}, ‘withoutr penetrating ’ .the

e B te

»mitochgn r ‘,a, lysoeomes, secretory granules, and endoplasmlc reticulum.

Neutrophx.ls were suspended ;\.n HBSS, pH 7. 4, at’ a density of 10 X

17

106 cell~s/m.L and .mcubated for 30 uu.n in the presence or . absence of

1ug/mL pertus,sis tox_in. Afvter 30-‘nu'.n, Quln 2/AM, ‘at a fJ.nal'

) o ‘ V
‘ concentration of 10 M, -was added to each cell suspension and the>
. incubation was continue.d for another 30 min. Ar the end of the ctotal

/

1 hour ivncubation ‘time, _cells were centrifuged and Wash‘éd once,’ then

reeuepended in HBSS at a concentratxon. of .'2 X {06 cells/mL for

.o/ ’v"ll

fluorescencg measu.rements. , ’n\e latter were conducted in“a Perkin mmer
.Model MPF-4 fluorescence spec..rophotometer, themostatlcally controlled

at 37°c. The excitation and emission"yavel‘engtbs were 339 nm and 492 nm

with S mm and"ls nm slits reepectiveiy. Maximal-‘\"x and minimal

'fluorescence signals were obtained by lysing the Quin 2—loaded cells

: with Triton X-100 (1 &) in the presence of either 1. ) uﬂ calcim (F )

max
or 2 mM EG.'I‘A (Fmin)' , However, it 15 worth noting that,- at neutral pH,
the F, .  value will be artifactuaL as ‘the calcium affinity of EGTA is
inadequate to effectively chelate all of the freeqcalciuam at pH values
less than 8. . . _ 4 ;

Althouqh Quin 2 has achieved prominence‘ as the most sitable probe
for‘vthe' inveetic';ati-on- of calcium elevation in .t‘he neutr)ophil, a 'nunber'
of propers:ies of this dye render iit unsuitable ‘ »for ‘\,Lqua'ntitativo
determinati,on of calcium levels (Tsien et al., 1984). ' The fact that the
excitatlon‘wavelength,, 339 nm, is known to excite aixtofluoreacence from

w8

~ certain endogenouc cowounds, 1nc‘lud1ng reduced. p‘yridine nucleotides,

T
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\

misleading Furthermore, owing to its high:
quin 2 saturates above 1 to 2 uM, concentrations which |
y . - ;
3 . .

f cyroplasmic calcium levels in the activated cell.

Quenching of quj ',Qtluorescence by 'end'oqénous heavy metals is another

potential source &t'&rrifact (Arsian et al., 1985).

. ‘ /
J.. SAMPLE PREPARATION PROCEDURE FOR STUDY OF . moy{'ror. PHOSPHATE

"

PRODUCTION
The sa:np'leupre.para‘tior; proced;_re used in phosp?}oinoaitide turnover
‘étudies. waé based on. al-modifi‘cati‘.pn of the ptoceci\;;e of Bradforad ‘and‘_
Rubin'(]éeséjl." Radi__olgbelii'ng of the phosphoinosit;ides was aéhieved by
incﬁb,ating neutrophil susperisions '.fo‘r 2 hr af, 37°C with 75 to 100 .u C_i of. .‘
'[3H]myo-inositol (16 .C‘i/mmol)" . 'Dme’neu_t’roéhils* were suspended af. a cell’
d.ensirt:y’ of. 109 cells/mL in HBSS which ‘was guppleniem:ed with v10\ fecal
calf serum to mini&ize cell clumpiné. In -an efforc ‘r.o' ‘maximize
metabolic actlvity‘, incubations 'w‘ete éarried oiu;a-_'-;.‘un;ler ;a 95% 02/5\5" co,
-aunosphere with periodic agitation. |
» At .che end of th; incubation, cell sudpensions were diluted with
) HBS"S and subject:edr to two 10 vmin- washes by centrifugation ac»400'-x ge
.The neutrophils, upon resuspension at 40 X 1 06 'Vc.ells/mL 1n" protei!n- and
i.m_)sitél-f‘reg HBS_S,F were then incubatéd for varying time ;ntervals ac
37°¢C. - Pretreaments with diburyryl cyclic AMP,’ perﬁussis toxin, anad ?MA
were carried out at;. ~this time.  During the last 10 min of the
incubation, 1”0 nﬁ,LiCI.'bwas adndhi'atere'd, lithium ion being a well-
est?blished iﬁhibitor of InsP, bréakdown by inositol ;1-

phosphomonoest:erasé '(Hallchet and Sherman, 1980). Aliquots of 500 yL.
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(containing approximately 20 X 106 cells) were then sr.mulat.ed by the

' reagents in question for fixed time J.nt:ervals. kac:ionvwere r.ermnated .

by the addit:ion of 500 uL of ice-cold 10% tr:.chloroacetii acid.u

5amp1es were then set on Lce for at least 10 ming

eobo_x g_icencrifuga’tion_rfor 5 min ac 4°C 'ih_e superne
Qnile ‘the 'pe_‘l.l,et was resuapended in 0.4 unileof 5% {ci‘ichl cacetic a'ci;i,
. con:aining 1 mM EDTA. 'me oentrifugation procedure wes r.nen"r:epe‘at;ed,
' t_:he~ supernetant ':er,,a‘ined,' and the'pellet '_wa_sh_ed once mor_e, this tixne
with 0.?@ deionized discilled water. - aipernatant_s'.' from the three
contriflngations we‘re tnen pooled forvindividxla_l_ semples and washed with

‘a fourtol'd"excess' 'of diethylether, to remove organic'contaminenté. ' E&ch

sample was subsequently adjusted to pH 7 To. 9 by the dropwlse addition
O

followed by La

was retained

.ot 0.5 M KOH. ’ Sanples ‘were either subjected to chromatogrephlc

resolutioq of the inoqitol phosphates immediately or else stored for 12

-

"~ to 26‘ hour periods 83‘_—, =-70°C.

K. CHROMATOGRAPHIC SEPARATION OF INOSITOL PHOSPHATES

v

‘Inositol phosphates were separated by anion exchange chromtog‘rapnyl

as desfribed by Berridge (1983). AG1 X8 200-400 mesh (BioRad, formate

form) was suspended in 0.1 M formate supplemented with 5 mM inositol. -

The suspended resin w_an added to disposable _15" mL polypropylene columns
»(Econocolrumn, '.Biom‘d) in 0.3 to 0.5 mL vol.u‘nes.‘ © To eliminate non-
'specific binding, the resin was washed initially with 1 mL of'che
a’ulpenaion' buffe: prior tolapplication of the s'anple. ) bpon draining'of
the s_amples':o thetop.of -t'he teain bed, the columns were eluted ':;:l‘.th 10

ml of doioni_zed water in order to remove labelled inositol. This was



followed by elucion. w:.th 8 mL volumes of a ser:.es of fornnte buffets.
Buffer 1 c_onte_in-xng ‘S\mM sodium borate and 60 m\H ,sodiun formate, eluted
.glycerylphosphatid'ylinositol. Buffer '2, containing 0.T M fc:rnﬁ.c acid
and 0.2 M ammonium formate, eluted Lnositdl l—phosphate. Inositol 1,4-
"blsphosphate was eluted by buffer 3 th.ch contained 0.1 M formic acid'
and 0. 4 M ammoniun - formacte. Buffet 4, containing 0.1 M formic acid and .
1 M'anundnium formte, eluted inoait‘ol 1,4 5’-trisphoaphatek.

COIlected frac:xons wer.e“v counted in 80t ACS II U.quxd scintillant"
in a Beckman LS. 6800 1iqu1d scmtillatlon counter.';‘ -_(bunts per minute“
were converted r.o disiﬁtegrations per minute (.dpm) by a Beckman ptogtain
kbas\ed on a quench curve generated for a group of commercially supplied '
trltiun ‘standards. ; mdioactive -sample peaks were _identified by.
conparlson-with the peak\s‘ obtained using commercially prepared standards
._Ffor [3H]inosltol, [H]InsP.l, [H]Inst, and [3H]InaP3. Results were
| expressed as the percent increase in [ H]in‘ositol phosphate level_e‘i‘n
scimulated, as corpared to unstinulated, ‘cells.;. |

L& PﬁOTE_'IN KINASE . C ASSAYA
{ Eollowing isolation, neutrophils were resuspended at a denhity of.'
20 X 106 cells/mL in Tris buffer containinq 5 mM ED’I‘A, 0 25 M sucrose,
10 ,w 2-mercaptoethanol, 2 m‘_ﬂ phenylmethyl’s_ulfonyl fluoride (e non-
specific protease inhibitor), and 0.1 mM leupepti‘n‘ (a e‘er..tne:-specific'
p;otease ‘inhibitor), pH 7.4 ‘and pteincubated for 30 ‘m.in ac 37?c. The
latter ingredient wae necessary to prevent convereion of protein kinaee
(o] to protein kinase M. by the aetine-epecific protease, calpain (Melloni_

‘et al.,’ 1985). Rﬁllowing the' appropriate atinulation conditions, 1 oL -

N\
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S T

_ rea&'tion. n{iktdres ‘we",re 'terminatedv by SOnicatio‘n of the cell suspensions

by six'w sec burSts (70 Wates) t’rom a Braunsonic 1510 sonicator. Oeli

.

» fractionation  was achieved by - a 60 min centrifugation at 100,.000 X ‘Ge
The supernatant was retained as the cytosolic ftaction. ‘The ‘pellet,
' rapresentative of the membrane fraction, was reeuspended in'the ’n'is'
. butfar sup%anented with 0.2 % 'rriton x-1oo to achieve solubilization of
»N : :
_ protein kinase C activity
The protein kinase C assay was performed according to the procedxre -

of Parente et al._ (1986). . The standard assay buffer: consisted of 25 mM

'-Y'Tria (pH 7..4), 5. nﬁ H9C12’ 0.1 xtM ATP, 0.1 M leupeptin, 1 uﬂ CaClz, 160.

' nM H‘lA, 0.625 mg/ml Type II-A histone. 62 5 ug/ml phosphatidylserine,
e ﬁ‘ .
and 10 uM [y-3ZP]ATP. Protein kinase C. acr:ivity wae determined on the -

basis of histone phosphorylation occurring upon the addition of 0.2 mL

of aaaay buffer tp 50 uL of the cytosolic or membrane fraction., Non— ov.

-

-'protain kinase- C-mediatad phosphorylation was quantified in controls
using - a modified asaay buffer containing 25 mH EDTA from which calciun,

A

phoaphatidylserine, and PMA we~e om:l.tted.
trmination of phoaphorylt}ion reactions”afte,r 15 min was achieved-
by the simltaneoua addition of 15% trichloroacetic acid and’ 0 .8% bovine,
serum albunin,’ as ‘tha carriar. Te p'raci_pitate waq\ collected on 2.5‘ cm__:
%lass mic‘ro_fibre' filcers an.dv .co_un-te.d in scintillated. tolucn'e in. a

" Beckman LS 6800"liquid acintillation'géuntar. " Results were exprcééed as

the parcant increase and decrease in protein kinase C activ_i'ty in the |

membrane and cytosolic fractions, respectively . B

-



“M. sTATISTICAL NALYSIS OF DATA

8 .

65 L

. Most 'dat-a- points have been expressed as _lthe mean t standard error .

'.o-‘f the mean (SEM). Student's gnp_aifed ‘_'t“tesr.,w_aé used to assess the
significance of differences between means. At p<b,05, 'd_if’fez_‘ence ‘was
: _cénsidered'significant. ‘-

C o,



o
R
’
.
[
P
A

[

:
-« -
“
+

;
‘.
-
3

' CHAPTER III

RESULTS

N -
.
¥
.
Ay " "

; ]

. - v Nt
- - RN
N . -

oo .
.
. .
Lt
LR
.
. .
. A N ;
’ . .
. R
.
. .
.
L Y N
. .
- Do
- -

e

>t
»
.

y s
. “
v e
'
. .
v s
[./
.
1
_
. o



. A23187 was ixives;_.igeted a;r'x__g. quar.n:ified' with respect to lag period,

‘superoxide generation rate, and total su

. . RESULTS -

N

A. EFFECT OF THE CALCIUM IONOPHORE, A23187, ON SUPERGXIDE GENERATION IN

PHORBOL ESTER-STIMULATED HUMAN- NEUTROPHILS

 Oxygen: radical :elease from ,ne,_uérop_hil_s_ stim_ulat':'ed with PMA en_d#:

¢

ro _ . [

[

roxide g);qduc:‘]:'en. '
— et ) - A ’ . . ‘
A Sbuper‘oxi'de' production in  regpons
R C RN : . - T
feﬁ‘ge - from 0.5 nM to ‘1 uM, -is shown 3in Figure 4. = The -superoxide

to 'PMA, .over a concencratﬁ,on'.

", prodiiction response ar all concentrations tended to converge at the ‘same.

.plateau level, 2 feature indicative .of ;cy.tbchrcmé: c lefels _~becon;in"g

iy

'~ limiting. For 1 nM PMA'-'.,a_lcne, the average lag period was 17 0 t 6. 5 .

. (-SE)‘ nun. A2'3187) 'et c‘oncentrai:iorl's' t‘:elcw SctuM, failed to eli(’:lt. eny.

=i

_“:f::.nd)‘ced superqxide proch.xcad;oh in )e‘doee-depenQem: man’"

.range of 10"8 o 10 -5, pl, decreased the lag lnterval precedinq PMA-

/

superox:.de production when used alpne. A transient respiratory uburht,

w.Lth a- lag period of -4, 0 + 0 2 (SE) m.in,,was obsef:\red with 10 uM

»

.A231B7.‘ Simultaneous stin‘lulatz.on with A23187, over the concentration -

B .. /’

. ™ X o‘.
S
<N

Y. fFigure S) .

' 1The average supercx:.de producd,oq rate for 1 b ‘PMA alone was 0 97

 + 0. 67. (QE) nmd‘l/nunﬂofs Cells'. For 10,AM A23187, the z‘\'ai;e averaded 2.2

+ 0.3 (SE) nmdl/m;tnmo? cella. . Simult:aneous,additidn ’6‘f'5231a'7 and PMA

. had"a bxphasic effect on the auperoxide generation rate (F,l.gure 6). At

L8
a fixed PMA concentrat:.on of 1 ,nM, t.he presence of A23187 increased t:he N

. . :, .
superoxide genetat.t.on tate in a doee-dependem: mnnet, with maximal

°

\
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\Eigure G:A.Time courle and dose-dependency of PMA-activgted superOxide

;production in the neutrophil. superoxide ptoduc‘ion was monitored b

~cytochrome c reduction, as described in Methods. The results shqun/were'

- obtained trom a ainqle experiment which is teprasentative of at le&St 10

%

'exper%ment’. : ’ T ‘}}_
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E"he lag period pteceding superoxide geﬂeration in a 1.Xx 1()6 celI/mL.

-'suspensxon of neutrophi 1s.

t' 605 llﬂ.n.

~For 1.nM_BMA alone, \r.he lag petiod was- 17.’0 ‘

Each’ point represent:s the ‘mean : SEM of at: leaat five S

-

]



4 e »4'7:0.
l. bl ' (
"‘, 5 \ .
.‘. ’ -
. 80t .
. ”
£ o
S_ B Sk,
'
o
, 2 60t
‘e
$ 'S T :
@ .
. 5% ;
- R : .
- £
R : =
g 2 40 '
R .. Y o
g a
N ' c . ‘
R = 1 :
o . . ’ b
, g eor . A
) . . o - ~
P S B -t ] . - vl ." o . l’, .' ) .V’ :.v‘
e C -Log[A23187] A R
) gy 4 :'//" . "-t. : L. '

B . S RS RN
..l—' ~ ;‘ . .,.‘ 4 !‘I A ‘ - N . “I ( ’ e il A
) . . N . . (A 4 . e N Lot e,

. ﬁ(‘ S AT T T T R O SV S F R
« 1 s B o N (3 ',- v': ~. - ‘x._ - .
Q‘ ‘~'I ,‘ e "'.'A-’ - |,: [ " e ‘ L‘Y‘ v . ""A'-— .
5 Fi.qu’te 6: mfeck of the sinult:aneous wdicion A23187 on the rate of .

h

LN

v 1y

‘ nuperqxidc atométién in a 1 x 106 cell/nt. suspension of neutrophlls-',"

stimpqted \déi ‘l nM PMA

“:\‘
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R:u: 1 hM ‘MeA alone. ch& average rate of

Each poim:

LA

ropreum:s thg mean t SEH of at least five different experimencs.»
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o
'p,o'tem:ia_tion occurring over the A23187 concentration ‘range between 0.1
‘and 1 pM. At higher A23 1_8K‘co'ncventrat;io_ns,' the. ratesof - PMA-iriduckd

;.'a:'g\iperoxide-.‘éeneration_ was redu‘_cedf At " 10 ;fM’ ,‘cc').n'é"evntratlohs of"the :

"it‘)n.o;'iho‘re, tvh'e. -absorbance tracing hed a biphasic aspecr. -due to an- R

b

’“"%;,-_f.init:ial ‘transient burst ~accounted for by r.he ionophore. -Rate-was SRR

.. 3

L J
. in” spurxous *teaus due ta %

e

v g:oncent‘:atlons of »,lcytochrome -

-

esnxmates of total superoxide Buction  were;based on experﬁ\ents “in

which' celi' dehsit‘ies v wé're reduced » -c'ob 2.5 X :10'S cplls/xiiL." 'fbtal -

superox:.de produCtion for 1 nM PMA withoue A23187 averAged 59.4 + 16.2 |

: q)g :
. (SE.’) nmol/w6 cells,,wh%; 10’uM A23187 produced’on%.y‘ 5.4 % 1.1 (SE.)

',‘

u I N

mnol/106 cells. The A23187 :eaponse qerzrally- reacbef a 'plateau i‘n

- ahout 10 min, whlle t,he PMA response offen- com:imued for 50 80 m,n

be:;é’e a.ttain.i,_ng a plae‘eau ‘leveil, ALuhough A231B7, at lc‘:o.:ncen‘traticnal‘ e :
- b'é. oW 0 5 uM ‘nad no effecc on - tf)tal PHA-'_\.nduced. supero;c‘i.de produc\tion;b‘
‘1' hi.gher -cor;:.emtra.\:ions_ b.roq{gh_t abeut a marked- ridx}xc_tion,:.n | the: _o‘v.era_lbl.}
quam:n:y of ‘.su.pbe:.:oxide. "gen‘\;rated (Fiqure 7). "I,'he‘; IDgg ' of ih_iis.

” . . -

inhibxﬂ:orv effec'\: wes.‘ esr.imhtdd :o be 4.3 uM. .._: "' cTs . -7
. , v . ) e ' ST A T o
. 2 ¥y j ’[. L e
i ‘f!he ceIcium deﬁen.dence of thesé st..Lmulatory &nd .thiblt:ory effects RN b
S 3 - -
R was. demonstrated by & comparlson of ovetall superoxide product:io? i.n o
B - v ’

- o - L2 Rt IS
cell suspensions exposed 1:0 PMA and - 1\23187 in caz+-free and Ca2+ B o

'enriched (1.6 ‘mu) extracellulat .med.ie (Table 1). In agreement ;withj

St "prev.xous reports (Lehﬁeyet et al., 979), superoxide genera:.lon by PMA-

..>.
K

. &
_activated cells was. not. affected by the abeence of extraceliular Ca2+

) AL . o . . . Lo , e,
+ 3 . . . Lol PN . .
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neutrg.)phils_.; Each* poin_t"!:epijéqénts the ,'mean"_;t'SEM for at lea‘s:‘ thre® - .

-
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» .

dlftéw: experiments, ‘.
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: Table 1: - -Bffect of extraceiwlat chicium on iahibi
. release by A2318%  _ = | % - -

X - i ‘(‘ . - e ’ -
* . Condition : Superoxide released

3

t:io}r'\ ‘ of f_sgipqr’okida

’

. . .
[ 1

SRR ) = ., (mois10® celis) .

v

1nM évd.é:(i' Ca2+) . » : . p ’ 59-4 t 16.'.24(1'\1.3‘.)‘?‘.
: ",I'.l‘,‘ - ‘ 5 . . » ‘ | c, . " .
1 nM MR (- Ca“") s : 57.0 £ 10.3 (n.s8.)

/" 1M PMA € 1 uM A23187 (+ ca?t) 1269 & 5.7 (p<0.05)

T i m;r-o-1tm 23187 (- ca?t) 6041 £ 13.7 (n.s.)

I

“

Y IR i . . ’ L
. Each value represents the mean + SEM of at least three experiments.,
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S independem; procesees.

e o

A23187 and BA on the. lyso

.

mobilization were evident with respect to the reléase of this enzyme, in

7' .’ .

Howe'ver,.Eqneitherfinhi_bitory nor synergistic effects were observed in the
prese‘nce‘ ‘of - A23187: ‘in the Ca?*-free medium, thus - eliminating the .
AR YN wy o o . ) ;

'poseibilit_:_’\'r that the ionophore modulates neutrophil functions through

dier_uption vof».membr;ng}" structure or ,acvt:‘iva\:ion"of enzynl‘es by calcium-

: Ar.talpts were’ also made to haracterlze the J.nteractlve effects of
- ’ ;J
e ‘release. response. .5ynergi5tic
N 3 . . R .
5

interactions 'between"“-.prote;_l.n Jﬁﬁnase C . actjvation and calcium

confirmation of the work of Kajikawa et -al. '¢f¥883) and White et al.

'(1984_)."' As degfanulation- appeared td.be 1gss ive to phorbol ester

effects than was superoxide pxodz}c‘ti_o’n; a 25 ncentration'of PMA

was used for.this partc of r.he‘sx:udy- '__Syne ] '_ pronounced only_ :

during the first few*minutes of exposure to the s;:imuli (l-'iqure 8).
L}

t:he five minute time point, 0 ‘1. uM ‘A23187 or 250 nM PMA alone caused Lo

»,“1 1‘

<1ess than 5% rel %é of lysosomal enzyne st:ores, while adminxstracion of’

3

t)\e two st:.muli ‘,n comb.tnation resulted in the release of over 25% of ‘

L ' -

rgranular lysozyme.‘ At 10 minutes, the response was merely additive,-‘

.

L

. white at. later time points \che massive Ca2 -dependent release evoked by o

¢ S
4
the ionophore maeke-d 'the phorbo\l eater-inmced com:rxbution.

c v

. d.
PR

~

~In an attenpt to detemine whether high A23187 concentrauons/.-:“

‘exer;ed inhibir.ozy effects ‘on che deg;anulation, -'a‘s' well ‘as ‘the

T, . - .

’ euperoxide product:ion, _conponent of the inflamntt&‘y response, 'Lyeozyme

* -

releaee was auayed follaing a fifr.een mimn:e exposure JT0 250 nM PMA

N 13
:v‘and 10 uM A23187, alone and 1n conblnation. PMA al e caused t:he'

releaee ot 22 t 3 (SE) ? ?t lyampe etores under theee condicioneﬁ
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Lysozyme Release (% ‘Confrol)
o

0. 5 310 '--157' 20 N
c Tnme (mln) '

f‘igure» 8:  Effect of m 'and):hhé318';l_'~"orx\‘ ifeoso@l enzyme releade.

Lysozyme releese was assayed following expoaure of neutrophils to 2.5 X .
4 o

-10‘.7 M. m (A) a d 1 X 10‘7 M m3137 (.), ‘alone and in combinatioh

T ' - .
'1 aee s a,ssaye_d spectrophotometricelly by v

wv (’). Lysoz*ne

. w ",_ y ‘.
reductioxﬁ 1n ebsor:bence qf a- suspension of M. ‘Lgsodeikticus, as 7

\ : ) . k K .‘v.’.‘__ o o N2
descri:b&& in'Me'thnds. 'm'e tesults shovm rlepresent the' mean -t’s-l-:HAof at . f"'

.;/ i

least 7 de.termj.ne\:.\ons. At che 2. 5 and 5 mih time poinr.s, the responee

4
obtained in 'che presence of bot:h A23187 and PHA was significenr.;ly . E

greecer then the sum obteined when t:he two atlmll were edminin:ered ~q

separe:e_ly (p<0._0_5). 4 ‘. : | R .



-

‘while A231B7 caused 40 t 6 (SE) ) release.j NOtably, the response to ‘5

10 uM 523187 exhibited no apprec;.able lag and reached a plateau din about '

>

5 min. A23187 and PMA in combination at: these conCentrations were foundt

o to - result in the release of 42 t 4 (SE) % of lysozyme s:ores., Even when-_

.earlier-points'in the time course were addressed, the combined.effects

" of - the o stimuli did novt appear to exceed the effect achieved with

A23187 alone (data not shown). The face, that the combined. effect was'

. less than additive may represent tnhibition of. the PMA~induced component

of . the response at high concentrations of the ionophore. ‘1f "ChLS were
~

the case, it would suggest that the inhibitory effects of A23187 are -

exerted at ‘an intermediate stage in the transduction pathway, perhaps ac T
the level of protein kinase C or at steps closely following protein» "

kinaee C activation. However,. an alternative, and doubtless more'

probable, )élanation is: .that 10 uM A23187, itself, eliCJ.ted a maximal
release response from cells such that potentiation of PMA effects could
not be resolved (ie. the fraction of g‘ranular stores available for PMA-~-

. ‘- S
‘induced reLease was released by A23187). 'i‘his interpretation, if

correct, would :mely that _ A23187 'is speci"fically voxic 'for' the

-

superoxi(‘lg\eneration component of the inflammatory response.

p‘levated 'A23187 - concentrations.‘ appeared .not be cytOtoxic to

B

'-.neutrophils by the criterio§ of 'lactic_ dehydrogenase re‘lease (E‘igure' R

3 9).:': 'rhe raleeee ot tnis cytésolic enzyme neve‘%exceeded the basal level

”"
)

i._-of <5\,' even with supramicromolar concentrationsa,of the ionophore. * AB

inhibitory effecte vere not . obs&ved in the cell- Tee xanthine oxidase
"l'eductase system, A23187 did not appear to -affect the cytochrome c'

e reduction nathod by reoxidizing reduced cytochrohe ¢ or scavenging

*euperoxide redicels._ .
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' Fligure 9: fmctic-dehydrogendsé release frorft .vne‘-ut‘:rbph.{‘l.;-, following a-._:1"0 :
min incnbation - with varyinq concentrations of A23187. . ' lactic ’

-dehydrogenase release from untteated cells averaged 4.0 ¢ 0 3’ of"the

?

total cell_ular content:_ of 1_acr.j.c dehydrogenase. ksulta sham teptoaenc '

the mean + SEM for a"c‘leaé.\: 3 experiments.
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B. PHORBOL ESTER. r-:n'sc'rs ON cassonr'rmc'rm- AND PROSTAGLANDIN-INDUCED

CYCLIC AMP PRODUCTION

Fmet-leu-phe-induced superoxide _ produCtion vas inhibited " by
“elevation of intracellular cyclic AMP - levels through simultaneous A'

addition of prostaglandin E1, a 90 min preincubation with cholera toxin,

Ca 10-min preihcubation wich forskolin, or a 30, min preincubation with

o dibutyryl cycfﬁcih

S

superoxide production vere markedly reduced by the elevation of cAMP

(Table 2). éoth the rate and total amount &f

levels under these circumstances- Conversely, the superoxide production
-
0 y .

;response elicited by 10 nM PMA ~was unaffected by manipulation of

. intracellular cAMP levels through use of these agents.}

qw%,,ﬁggff ~»cyclic - AMP radioimmunoassay was used to quahtitate CAMP
Production in response £o fmet-leu-phe a@d to prostaglandin E,."These .
» agents were selected because, owinq to their action at the lev - of cell

surface receptors, elevated ' CAMP levels can be achieved in the absence
x

of an appreciable lag period. Fmet-leu-phe,‘at a concentration of 1 uM, |

‘4

‘was found to elict a detectable elevation in CcAMP levels within 15 sec
(Figure 10). The maximal response, represented by a 2 fold elevation of -

cyclic AMP levels. occurred within 30 sec oﬁ addition of the stimulus, S’f _

¢

. F)

after which there was a prdqressxve decline to basal levels between 1

)

' ~and 3\m1n.' The elevation in cAMP' levels induced by prostaqlandin E1 wag

.

R also evident vithin 15 -aec (Pigure 11). However, this response was of
greater magnitude, achieving a 3 fold elevation ‘over basal cyclic AMP
levels which peaked at 1 ain end renained elevated over 5 min, after‘

o

which time a qradual decline in the direction of ‘basal levels was noted.



ki

-,

'mble 2: Effecc of cyclic AHP and adeny‘Late cyclase agonis:s on, l'mat-

leu-phe— and PMA—.Lndxced superoxide ptod.tcu.on. » v ) ’ IR
L fmen-Leu-phe (10 :ij_} (10'.8 W
S N ] ‘ ‘
B o _ (nmol/w6 Cell (nmo1/108° celis)
- 'no addition . .° . 21 4.0 60 ¢+ 12°
prostaglandin Ey (1 wM) - 3% 0.6 (pOOS) 59 1 9 {n.s.)
~ cholera voxin (1 pg/mL) - T t 0. 6 (p<0 05) 61t 8 (n.s.)
forskolin (0.1 mM) @6 % 1.1 (pe0.05) 59 % 7 (nes.) Y
. ,' ! L ” : ':‘ .
dibutyryl cAMP (1 mM) . 4 tvo.e (p<0.05) . 62 £.10 (n.s.)
i | ‘ Cee i ) _
Each value ' represents t;hgi mean + SEM o_f'A ac least: five d;fterent o
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PMA. Cyclic AMP levels: vyer;-‘ detémi_ngd by tadiovim:.nunoassay, as ;

(%

describe in Méthods.

v

~ :
a |

S 0.6 ‘4
a 04r ) .

.

‘!
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Figure 10: Effect of 1 uM 'j;fmet":.‘-‘leu-pl'ie "5n- cAMP levels in the neutrophil’

in" the presencé (O) or a.bsenc'e(.) of a 10 pre_lnc’ubacion.wi.th ~0.1_v'uM

) .

The va},déé" shown were obtained from a single

- q

experiment which is représdﬁtativh of at least 5 expérimencl.'».'

80




‘“ .. v_“ § o
. 1.2¢
.
. B 0.8F
o’

oo Time (min

‘ - ‘ } ' 81
b x - LI 4‘
- . N
A
'/" ¢
ot ' ' . " g
BN ‘, ’
1
- x
o

7/

[ N
e Qv’l .

“pmol cAMP/ 108 cells

3

» ’ :
. B ) ' .
N ) . : ' e

Ht&é N1:  Effect of 1 uM PGE4 on d\MP levels in the neutrophil in the

pr”sence (O) or ablence (@) of a’ 10 min pteincuba\:ion thh 0.1 uM PMA, .
The values shovn vere obtained from a single expetiment . which is_

repreaentacive of at leas: 7 expetiments.
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PMA pretreatmenc,' x.n .u:self had no effec: on‘basal. ‘CAMP 1evels in.

[ M
unstm\ula\:ed cells (Fx.gure 12) . A 10 min prelncubatlon with 0 1 uM PMA,
- : ‘ T
- prior to, add.u:.xon of fmet—leuhphe or PGE,, was nor. found to :.nhibi: the
. )
cyc 11C APP reSponses indxced by e.u:her of” these stimuli. In facv:, bonh

&

fmet—leu-phe (Figure - 10) and I=*Gl-:1 (I".Lgure 11) CAMP respOnaes were mildly

e

B

‘ enhanced by phorbol ester pre\:reatmem:, fmet—leu-phe by 20 t S8 (N-S) “

‘and’ lr'GE:1 hy-ae t 9% (N=7) ac, their peak ‘levels. 'me time’ course of t.he

LN

cAMP responsés were, however, parallel in phorbot em:ertreat:ed and
A - ‘

untreated cells.~ bbtably, this ph_orbol ester-induced f)otentia't.ion could

not -be consisr,ent.’ly‘ detected at lower concentrations of the tumor
promotor.

P - . -

C. BFFECT OF GUANINE NWLEO’I‘IDE AMLOGUES ON LYSOZYME SECRETION‘ FROM

: SAPONIN-PERM‘EABILIZED NEUTROPHILS e

Neutroph.v.l pemeabilizatlon in " the presence of saponin was

monitored by the incr-ease' in ethidium btomide fluorescence signal.

mo'niitored _over vime in a 5°X 106"ce11/-mL' s‘uspensioh (Pi.guter 13) .

Sapom.n, when present at 0.005&, resulr.ed in a grachal increase in cell -

pemeabllity which was half-maximal at about 8' min, ._'mat sub—maxi.mal
pe,mebiliutiox{'w;s not eesociated vgith »irr@yer’sible cytotoxity was
de:ibf\‘Stx:aeed'by 'vth‘e flcet‘:hatr eellg washed in sa}:bnin—free Buffer K a&
resuspended in HBSS reqained ehe abili\:y to exclude ethidium btomide, as
well as "I.‘rypan blu_e.' Although theﬂ ethidium brqm:l.de sj.gnal -tor
pern\eabilize'd eﬁd ‘regsealed’ cells wasg somewhat higher than tl';e resting

level for cells which had not Deen subjected to pe.n_neabilization,' this

¢

level was stable and ;lid ;iot increase with time. 'mrehermore,' cells

f

&
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‘Figure 12: Effect of 0.1 uM EMA op GAMP -l_éveia in the neutrophfl. The
values shown represent the mean t SEM of at least 3 experiments. |
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0.05mg/mL
‘Saponin .-
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“‘Resealed’ Cells

‘Fluorescence Intensft

Ethidium Bromide:
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&

’

'E"igure-..13‘:.‘ Pern\eabilizai:ibn of a ”5 X 1 0% 'c_ell‘/mLf.,b ;epension of_ i E

: ..',.' ueutrophile in ‘the presence of O, 005% saponin. Permeabiliza\:ibn was

i monico‘red by the incx“be in fluorescence of the nuclear stain, ethidium _
'. ."‘. 2 2 C .l@ o . v ,

bromide, as described in Methodn A sonicacted cell 'suapension .serv'ed as
r.he positive cohtrol. 'ksealed cells ‘consisted‘of a aample of cell
suspension which haad been expoeed to 0 005\ saponin for 7 min, . chen.
washed repeatedly in detergent-free buffe r. "me tracing- ahown depict

’ 4 che resules obcained from a single experimenc which is represem:ative of

a

at least five experiments. IR S co SO
p N N " . -;- . ,‘. v B : . o .



’y‘ -the cytosolic enzyme, lactiF dehydrogenase, at fixed time intervals over 4

-

~—~

7Tat a teduced level. -dt ":1ﬁ o

b the loas of which can be considered a measure of cytotoxicity.

'-fpermeabilized and 'resealed' in this manner retained their capacity o

respond with a respiratory burst in the presence of fmet-leu-phe, albeit

':f' . PR '.
. o .

.a o

Cell permeabilization wag, also monitored by,assaying for release of

A

a 15 min,exposure to 0'005%v3aponin (Fiouvev14). Although a general

Ky

;great deal of variability in their ability to withstand exposure to

‘atprocedure,_ often'. had to“'be individuali‘ed' 'for.vfdifferent cell

77§reoarations. 'Beyond'the 10.min time point,VlaCtic‘dehydrogenase.loss'

generally exceeded 50\ of - the total cellular supply, a situation likely

to be associated ‘with a considerable amount of cytotoxicity._‘:

Ii\ subseq\gnt studies a 5 to 7 min permeabilization was performed

in the prosenoe of various nucleotides and their analogues.' Fbllowing

.

T

resuspended in either normal or calcium-free HBSS. After fixed time df

- —
intervals of incubation/acells

these 'atudiea. as cells which been permeabilized tended " to. ‘release

qranular stores into the extracellularomedium quite readily (Smolen and
‘Stoehr, e1985).' Whereas lysozyme is a granular enzyme Yeleased in

/
response o’ cell activation, lactic dehydrogenase is a cytosolic ‘enzyme,

COntrol cells resuspenszd in normal HBSS lost approximately 15% of

their granular enzyme stores over a 16 min time interval, presumably by

<

e

"trend was’hvident, cell samples obtained from different donors showed u R

'saponin. For this . reason, _the duration,.of the npermeabilization. o

P

_rebeated washings in detergent-free permeabilization buffer, cells were L



' Figure 14: Pemeabiliiatioh‘_"“~ £ a 10 X _106 céll/mL neutrophil

‘-s,uspension, as monitored'by re‘lea\s‘\.e "of the cy;oabli‘c _eniyﬁe,' lactic
E . . . o o . . . '

dehYdroge.ria'se. 'Thé, v’aﬁgxes shown feprgsent the means of duplj.cate'

‘determinations from a single e_xger.l'me'r'\"t, which is Eepreaentdtive of at

least 3 experiments.
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NEUTROPHILS

L

means ot celc:.um leqkege through incompletely sealed lesrons (Figure

v

15) . In cells r'esuepended 1n calciun-free HBSS, basal lysozyme loss was
only abouta " Cells loaded w:.th A;‘P, ADP, GTP, GDP and cGMP showed no .

consistent chhnqe in lysozyne release over r.hat observed in com:rol" ’

R t -
Cells which had been permeabilized in the absence of nucleotxdes (Pigure

/‘W

_fB). } Bowever, cells pemeab_ilized in the ‘presence ofg-ché non—.

9

-i:"v hydrolyzehle gxanine : _nucleotide-ahelogues; . @p(NH)p .and G'rpy.-s, '

t
.\.
\

'.:_rd.{.splayed an enhancanem: of lysozpe release in the presence of calc:.un-
:vscontainlng, ‘but not celc:.um—free, HBSS (Figure 17). mhancen'ent reached

) P app_roximerely 40% at optimal concentrations of bop}jvj-'analogues.' qells'

bl

\._fvrom_ a‘ll’{ euspensions,l‘ regardl_essv of’ rre'a't.ment, showed a small. and 7

\\' R

] ,co*'qi,ft':a_ri.t‘ degree of  lactic dehydrogenase release under . these
L clrcu';!ita'nces', "‘whi'ch 'did " not - generally ‘exceed 10% - of che lactic

R \

dehydrogeneee content of resealed cells (Pigure 18) .

N

FLUORIDE-ACTIVA!ED SUPEROXIDE RADICAL PRODIrTION‘, IN HLHAN._
. v
. Upon expoeure to millimolar concentration of NaF, human neutrOphils

responded by th ' generation of superoxide radicals, as monitored . by t:he

.

'_rechction of, ferricyrochrcme c (Figure 19). . 'A8 reported previously‘

'(Curnut\:e et™ al., 1979:’-' Tbng; 1983), fluoride-lnduced " .superoxide
_ i | : e e e . )
prodiction was characterized by a ‘1ag period'of 4 to 20 min. 'Ihis delay\

= g

l,diltinguilhed the fluoride response from ‘that evoked . by fmet-leu-phe

which had a _rapid onset of 15 sec .folvlowing' addition of the
chenbettrecrent. mrrhermre, whereas fluoride ‘elicited a sustained

recpon'le of 30 to 60 min duration, the 'fmeﬁ-leu_—phe reei:onse tended to

_ plateau abruptly after about 2 min _‘ RN

9
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I-‘igiu:e 15- Basal lysozyme. loss from permeabilized and

Time (min)

'reseale 4a' 10 X

10 cell/mL suspenaions in 16 mM an* (O) and Caz*-ftee HBSS (.).

Values shown represem: the mean t SEM of at least S expet?nts.
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Y

" ‘Fiqure 16:' Lyeozynevrelease from ‘resealed’ cell auepeﬂkions~which had

"been permeabilized in the presence of the nucleouidea GTP (8), ATP (D),

-6 5 -\QJ "'-',3;

. cGMp- (o), GoP (Q), and Aoe (m), then res\mpended in normal HBSS for

7 min. Lyeotyme release from control cells, vhich ‘hed been .

pctmeabillzed in . the abeence ot nucleotides, was typically in the range f

of 10% cf the cotal lyeozyme stores.- Ertor bars have bee//excluded for

the sake of clarity, but were cypically in the range of t 3,5!.
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‘ vfy‘igure 17:. Effect%f non-hydrolyzable gmnine nucleotide. ana],oguea on

'_lysozyme release. 'Ly soz yme acr:ivir.y was asaayed. in the su

ltpatancs
obtained from resealed' 10 X 106 cell/mL suapens.tona wh-ich had heen »
vpemeebilized in the presence of r.he quanine nucleotide anelog,xes,.

GPP(NH)p (0 ®) or c'rpy-s (aa), then reauspended in normal (1.6 mM Caz*)" v

HBSS. (cloaed symbols) or Gaz+~free HBSS (open smbols) tor 7 min.

_vlypical basal values for lysozyme release in t:he abaence of wanine,

%nalqgaea were in the range of 108 .ln t.he prelence of Ca2+,

BENF

‘he absence of Caz"' * Valnee ahown reprelent the mean t S!M of

o
at leastBexperiments.v _ S T

<
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»°~} Piqufe 18: erct of G'rpy-s on the release of I&ctxc dghydrogenase.‘

..

L

Llctic dchydrogena-e loss from permeabilized and 'resealed‘ 10 x 106.

cell/mL lutponnionl was nonitored in control (0) qroups and- cella wh.tch'

hld wn loaded vith 1 =M G'rpy-s (Q) .' values shuwn repteaent the mean :

2

sr.u oﬁ‘lt loan: 3 oxporinnt'. ' o : .
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Figure 19-' 'rime cou.rse and dose-dependent:y of aupe de production iﬁ
. L N

neutrophils in the presence of vatyinq concentrations of NaF (0) and .
0 “6 M tmet—leu-phe ( Q Yo | axperoxide production was monlcbted by
cytochrome c x‘echction as described in Methods.. Te rosult- choun were Q———-'

obtained ‘from a single experimem: which in repte-om:aclve ot et lee.t 1o .

5

exper.inents. K



respiratory burst was 9 to

14

“tonicity might, be a céntributing» factor in the response, studies were

however.

"The usual threshold conceptration for the fluoride-induced
. _ . SR o

- P

. optimal concentration bf - 18 mM, - above wh,i.éh’_)-)au‘toinﬁibitory efféces

 became manifest. To exclude the possibility cthat alter;tidns- in

v

ﬁerformed using - modified 'HBSS in. which the vNa’Clwr concentration was

reduced such thag- tﬁe:v final” salt _cbn'cehctaribn, following the addition

. B . TR o ) - .
ungtimulaced conrrols. These manipulations were- not found to affect the

kinetics of_. f}vride-inﬁuced ‘superoxide productién (Table 3). It is
worth hot:.jLng that, owing to fluoride's ‘ability to complex with calcium
&hd magnesium ioha x.n the medium, actual flu,or};de ion -concentrations in

the reaction mixtures may be somewhat lower than anticip&ated. No

- n

obvious precipitates were observed in the course of experiments,

-l
L3

93 .

10 -mM-'_:',Reductic')n in ;:he', lag period and .

atceleration of the rate were observed’to be dose-dependent up to an' -

S -

"of NaF, would be_isox:d"nic. Equal ‘concentrations .of NaCl were added to

As shown in Table,b 4, a 30 min ‘pre’incubaci%a‘ with dibutyryl CAMP

reduces the fmet-leu-phe superoxide response by approximately:- 80%.

Likewise, fmet'—leuQPhe-induced superoxide -generation is' almost wholly

a Py

abciished by a. 90 mm preincubation w:.th 1 ug/mL pertussis -_'to'x:‘ir’i.,

Figure 20 shows the time course of: this- inhibitory effect. Fluoride-
K ) . ’ .

induced superoxide production differed from that ‘elicited by the
& R I T

'
-

chem'oca_ctic‘ ﬁeptide in" being revsis'tant.- to the inhibivory effects of
A . v

pertussis toxin or elevated intracellular cAMP _levels (Table 4).

. .

_presence of extracellular calcium, as indicated by the reddction in both

%

. However, the fluoride-activated respiracory burst was dependent ‘on -théu



Table 3: Kinetic parameters of the supero
18 mM.sodium fluoride in normal Aand modified HBSS . |

&

¥

. Normal HBSS " Modified HBSS
. . % ] . . . v 14 L )
lag (min) =~ . =8.0 + 4.0 L 7.0 £ 3.5 (n.s.)"
rate (nmol/min) ‘ 2.0 + 0.6 » 2.2+ 0.4 (n.s.) \,
. . . o
total 05 (nmol/10) . 385 : 37+ 6 (n.s.)
- - B [ _— o P V

Values shown represent the mean + SEM of ar least 3 experiments.

s,

-3

94

xidé production response for -
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Tablé 4: Effect of pé:tussis toxin and dibﬁtYryl cAMprfeinéubation on.

J . - : o : S o e

total superoxide production by fmeg-leu-phe- and fluoride-stimulated
. - . .

neutrophils. R : YA - o , )
@ . '
: i\ T . .
‘fmet-leu-phe (1 uM)> NaF (18 mM)
no addition ) 217+6 | . 38 ¢t 5
1 pg/mL pertussis toxin (90 min) 2 £ 0.9 (p<0.0S) . - 36t 6 (n.s.).
' ' b ’ o '3 .
1 mM dibutyryl cAMP (30 min) - 5% 1 (p<0.05)- 37 £ 2 (n.s.)

-
’

- ' o~ . ’ . N - . .
Each value represeﬁtg‘che mean + SEM from at least five experiments.

. ®
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Figure 20: Time course for pertussis toxin inhibition of _f.met—léu-ph/e’-
evoked. superoxide production in human neut;'t,ophils.‘ , Neptro,éhil

suspensions at a density of v10 x 108 c’ella/ml; were ivncubated' with

1 pug/mL. (O) or 0.5 ug/mL (@) pertussis toxin for the indic&ted t'ime,

‘intervals, then assayed for superoxide production upon exposure to 1 uM

fmet-leu-phe. "Ihve‘ results are expressed as the percent dectease, in
superoxide production in pertussis toxin-treated cells, ‘as compared to
control cells at ‘each time point indicated. . The values shg@g’n are the

. “f
mean + SEM for at least five determinations. .
r .
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: - ) N ‘.‘ :. s, .’
br.he rate and total amount of q.uperoxlde produced in a calcium-free

_modified HBSS, containxng 1. mM EGTA (Table 5)._ ' ' '( '

’
Uow -

A'Lum.mum (Al3 ) contaminants ptesent 1n solutxons st:ored in common'

'glassware are-believed to’ represent a-necessary cofa-ctor‘ for fluorxde s

aCtL@ G-proteins (Sternweis and Gilman, 1982). . As one report P

suggesta chat fluoride responses can be - enhanced by additional alum.i.num
v AN

supplemenc&tion of. solutlons (B}leckmore et _al., ' 1985),‘ qytgchror@e c

assays were performed in the presence of added AlCl,3. "In my scudies,{’

»

addit,ion of nu.cromolar amounts of - Alc13 to incubatlon uu.xtures had~no
por.enc:.ating effect upon cellular responses, even ‘at submxmal fluorxde
i:orjxcent:z:at;ons, and, in face, resulted -in 1nhi§_1tow eéfecns '(Ta}:’)le
6)e ihhibi\:i_on was concentration dependeﬁt for aluminixm in the 1 _r;p,"
10/0, UM range and"influ_en_ced 'lag'pefied',' _r;ete, and the total amoﬁr;t of
s‘uperoxide;genera:ed. .At 10‘6;1:M ah‘minum," t':idta_l‘ »superoxide prqagction
‘was sup.preesed by 78%. I:‘or'v this reasen, suppleﬁenu‘;‘;i.on 6f assay
mixr.jures with gluminluﬁt salts was not indicaced. Iﬁ;ereStkihgli;',_f.theSe’
inhibicoﬁ‘ eflf'ects-;veze sﬁecific' to the f}uori.de-induced reepir;tory_ .
‘burse, ‘_as the .fmet-leu-phe-indeced response was unaffected, e;ren at ’theclu-

highest aluminum concentration used (results not showr).
: o _ A

E. FLUORIDE-INDUCED ELEVATION OF @fpsbmc CALCIUM CONCENTRATIONS IN
HUMAN NEUTROPHILS
Upon exposure to millimolar concen*ationé of ' NaF, human

\ < . (e
,neutrophils respond with an 1ncrease in cytosolic free calcxum levels

(Cav )i' as monitored throuqh use of the fLuorescent calci.um probe,

S . 3

Quin 2 (Figure 21). The ‘fluoride-'inducb'ed increase in .c‘ytosq'lic calcium '

97"
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Table S:‘.Sffeéc.of extracéilﬁlar calcium on the klng:gc paramecers of

I

[
o, ) . ) ) , .
. 4, . , )

‘. +Calcium - .. -calcium .

,superbxidé.prpductibn,induced”by 19me.NaFy‘

lag (min) 8t2.1 - 8% 2.3 (n.s.)"

~toral 0, (nmol/ios cells) ' 38 3 o 16 t 4 (p<0.0S5) -
*Values shown_:gptésenp the mean + SEM of at least five experimerits.

- ~ ¥ P
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' ‘Table 6: Etfe(:t of Added AlCly-on 05 \\produétiop.in the presence of
- 15 mM NaF - T
S _ . ' CLt e N

- BN . 4
N . . _co

" _[Alcl) - Lag (min) . FRate (nmol/min) 7 ral 0; Production
My © ' (nmol/10% cells). o
00 13 £1.0 0 1.140.2 . 36.8 % 5.6"-
. T a . . . o

1 13.3 £ 11 0.9 % 0.1 . 29.8 £ 4.7 Ca
10 13.8 £ 1.0 0.8+ 0.1 - . - 29,2 £ 4.7 .

100 | 2642 + 4.0 0.3t 0.2 8.1 % 2.1

Ca ’ : PN T S R :
- Values shown represent the-mean % SEMiof at;keast four experiments. .
; . - - 5, . .
. T <

. . —x' " ‘- - N .
- . "G( . 4G L
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Figure 21: klationshi§ of ca?* mobilization to ﬁaF.édncentratiQn' in a .

2 x 10§ cell/mL suspension of neutrpphilé. The arrw.‘inéicatea the vime

vexperimém:s.

of addirion of stimilus. - ‘These lresults depict the tracings obtained

from a. single experiment which is representative of at least eight

.
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conceﬁtt&tipn was‘chargéterized by a prélonged lag peziodiOE’g to 10
min. chéié?ation éf theznaﬁé of calcium_ mobilizaéion was ébse;veﬁ to
‘be doge-dépendenc ﬁp to an optimal concentratxon .of 18. mM.. -vAc
.conceﬁtrqcions abd%é'}d mM, the ca* mobilxzatxon response?éppearéd.co

decling-dﬁq to"auﬁoinhibitory effects. B ‘»_?‘

As reported previqusly (Moiski et .al., 1984), pertussis roxin:

inhibits the fmec-leu-p'e-evoked rise in (Ca2+). (Figure 22), .as well as’
S . . X1 .

the associateq'»guperoxide production. Fmet=-leu-phe-induced calcium
{ .

mobilizacion d;ffﬁred from that elicited by fluoride in being of more

N
raptd _bnsec‘ (maximal response within 15 sec), smaller magnitude

(approximacely  30450%), and rapid termination (1-2 -mih).' The time
courgse of’ thej fmeﬁ-legiphe4stimulated rise in (Caz+)i COrresponas to

that of the agsociated regpgratory bursct. . . .
. A - ’
Results illustrated in Figure 22 show that fluoride-activated

calcium mobiliiation wéa registant to inhibition by bertussis toxih,
suggest;ﬁgsyhac its mechanism of G-protein ictqution is‘uﬁaffécted by
ADP-riboﬁ}lacion of ‘ the ptotéin. However,‘the fluoride—induced calcium
refbonﬁe waa.largély abolisﬁed iﬁ cells pretreated with é mM EGTA'fq;

10 min pfeceding the addition of NaF,bindica;ing a strong dependence on
" calcium influx from the extracellular medium (Figure 23). However, as

: o . . .
- extracellular chelators also lead to a depletion of intracellular ca?t

.

with time, these results should be interpreted with caution.

, The. simultaneous .administration of fmet-leu-phe served to

§otqnt1a;e Caz_+ mobilization  in response to fluoride (Figure 24), a

J

~phenomenon which has also been'repofted'f?éﬁﬁgg superoxide production

<

vreiponae (Wong, 1983). Potentiation was m&nifegted by q,dééreaaé.in the '

v

101
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2

NaE‘-evbked calcium mobilization. ca‘?t mobiliiation‘ by T

(A and B) and 18 mM NaF (C and D) was monitored in th
D) and absence (R and C) of a 60 minute preincubacion with 1 wg/mL

pertussis toxin. The results depict the tracings obtained from a singlew
. . ) o N : .

o

‘experiment which is representative of at least five experimencs. Sy
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+2mMEGTA
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Figure 23: .C;2+ ﬁoﬁilii&tion by 18 mM NaF in the presence and absence

of 2 mM EGTA. The arrows indicate the time Gf ‘addition of stimulus.
Q;T\l . - .

The results depict the tracings obtained frdn_l a single experiment which

is representative of ‘at_;"aat, five experiments.

B 1 = B
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~

4o"f cytos'olic ca-lciun. (2.2"' mobilization tesponses were monitored tor'

1 uM fmer.-leu-phe (FMLP) and 18 mM . NaF alone and in combinatlon. The,

resulta_d_epicz the tracings obtglned from a slnqle experiment ,whi_'c":h ii'

" ]

&presentaﬁivg of at least five exper imentcs.

™

|

W

Fig\iz:e 24: Im.eract‘:ions" between 'fmet-leu-phe and NaF in the elevation



'lag ' .cpor,tod preceding the fluoride componem: of f.he response (as

-

detemined by extrapolating the initial linear portion of the t;racing to

- - \

s
t:he ba-eune, repreaented, in this case, by the plateau of the fmec-leu-

- .phe portion of. the t:rac.lng), as well as acﬁeletatxon of the in.u::.ql rate- -

' : e
(estimated from .the sIOpe of the tracing ‘at the onset of \:he fluonde'_

“Q

pon:ion of the teaccion) /

s

F.' FLUORIBE-INDUCED ACCUMULATION OF INOSITOL PHOSPHATE METABOLITES IN

. NEUTROPHILS -

. The aquebus' ,'samp'les obt:éined frbm acid extracnion of control and _

tluoride-stiﬂmlated neutrophil suspensions were’ found ‘to con\:ain f;.ve
n : v

peaks of [3H]-activity when eluted through the anion exchange columns.

N : . .
Identif'icatio,n of the metabol_it:es waa performed by compa’ri\h('the elution‘
pattern of . the unknown peaks ‘with: _.t.hose of r,h.e commercially obta:.ned

s o .1/ >

standards for [3H] inositol, [ H] InsP1, [ H] Inapz. and | H]InsP3.

\\ ‘ The first peak waa not retained .on the? resin and appearedu.Ln

.//

-disi:ill_ed_ ‘vater wash', in a manner- identical to that of szandardg,
[3H]inosltol; 'rhe next . four peaks, here deaignated A, B, C,Ind D, are Lo

) R i ) [ : 5
“shown ' in Figure 25, - . Peak A, previously ide}n ified as
glycero;:hosphoinosicol (Berridge ‘et al. ,1983), eluted with ; buffer 1

o N

n.. ‘»45 .m. sodlum bora‘te, 60 m sodium tom’te). Peak B. and the InsP,

A

% -

e andam eluted J.n the same posit.ton with bufter 2 (0.1 M formic acid,
0‘??%;; ";

,gi". '-ﬂl.

3 nnmonium !’omte), vhile peak C and the In392 standard co-elur.ed

wit%? bu*f.fet 3 (0 L3 M formic acid, 0.4 H amonium fomce).' Peak D
clut:od with- bu!fer 4 (0.1 M formj.c acid, RN ) ammonium fomte), in. a

, unnor which coincided with the. Inal-"3 utandal'd. ~ Fluoride stimulation



' the_ identicate.d t:ime, points.. Peaks A through D were elut-.ed tnom anion.
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'&'qure 25: ‘Emtioh'pr‘ofile'a'f' water-soluble’"ekt’racts obta.tned from 20 X

108 cell/mL aliquo:s of [3!{] inositol—labeued neutrophils before (O) and‘

T

al’.i:er. ('.’)'a‘“ 20 min exposure to . 18 o™ NaF. ’&11 euapenn.lons were_

pretreaced for 10 m.tn ‘with 10 M LiCl ptior to removal of al.lquoca ac

:.‘

S

exchange resin of AG‘I %8 200-»400 mesh by a sr.ep gradient of the

“follcwing elut:ion bnfferr M 5 mM disodium tettabbtate/eo mM sod!.um

AN

‘fomte, B) 0.1 M fomic acid/tl 2‘ M ammonium fomtc,»C) 0.1 H formic

~acid/@ A4 M anmonim tomte, and D) 0 T M torm.lc acid/1 oM mnon.tum

-

‘.fotmte. o
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caused a large increase in peaks B and C{‘wich'afsmellerginctease in’
peak DAand'no change in peak’ A. . \\«’75

Owing':0'ph05ph&;e$e-ﬁedla€ed inosizol pﬁosghene_deéredatign,.whicn
?tends to preclude the net accumelatlon of. these met;oolltes durlng long
term E:sponses,110 mM.litnium chloride wes:added;to reaction‘mixtures
10 minutee preceding the addltion‘of stlnulus to lnhlblc the breakdown

‘of InsP1 by’ InsP1-phosphom0noeeteras (Berridge et al., 1983; Drummond
. . . * o [4 .

et -al., 1984). Figure - 26 shows'the_effectvof lithium action on InsP,

Ly X - . . : . PR v ) .
acéumulation in response to fluoride. Thevtime course of the generation
: . | y '

of inositol 1-mbnophosphate ( sP )P anBitOI 1 4~ blsphosphate (Inst),

and inoeitol 1,4,5- trlsphospha e (InsP3), followlng exposure of cells to

18 mM NaF, is shown in Fiqure-27‘* As is consistent with the sgperoxlde
P N . . - ~ : . B ,_"-
production and calcium . mobilizatidn abpects ' of -fluoride-induced

neutrophil activation, phosphoinositidé turnover was characterized by a
‘sustained duration of .action. TMue to ‘thF site of accion'»of this

inhibitor, the majorjinoe&tol bhosphd;e'detected w3s InsP,. Because,

levelsbof InsPé and Insé3ushowed a fairly high' degree of variabilicy
under conditions'of lithium'inhibition,.subeéddenc studies focused on

‘the IngP, formation. -
) . ) : ® e .

The time course of fluoride-induced inositol phosphateﬂproduoplon_

_differed from chat e}%cxted by fmet-leu-phe (Figure 28). The, latéer

-

.agonist caused a rapid elevation of Inst and InsP3 levels Wlthln the‘

first 20 sec of ~stimulation, . followed by"a slower increase in mInsP1

levels which became ptonounced at 40 sec and .remained elevated for
i~ .
approximanely '2=3 min following addition of the scimulus. Conversely,

. . .
the InsP, and‘InsP2 peaks-declinedvrepidlybover the first 60-90 sec of
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Figure 26: Effect of lithium on fluoride-activated IheP1 production.

Radiol;b'e’lled cell suspen.sions‘ were preincubated for - 10 min in che

_presence (@) or absence (O) of 10 mM- LiCl prior to challenge with 18 mM

NaF.  values shown reptesén: the mean t -‘SEM for at least 3

”,



-for Inst3 per 2.X 10

. 1
A & . - . 0y

Figure 27: 'I‘ime cour.se of xnositol phosphate accmmﬂat:.on in fluoride-

a‘ctivat'ed neutrophils. Aliquots conta.m:.ng 2 X 107 cells, radlolabelled

with [ H] inosltol and pretreated with 10 mM LiCl, were acuvated with 18
mM; NaF:fo’r the time perxods shown. Reaction periods were terminated by
the addition of acid, wheteupon the i.ntracell.ular levels of . the inositol !

phosphates were quantitated as 'describe'd in Methods. Résults are

I3

expressed as percent of control vahe (.Le. levels in resting cells prlor'

to Nal’ addition). 'Ih%values fok InsP1 (O) represent the mean t SEM. forA

at least 6 indepe‘ndent expecdients. The values for InsP2 (.) and Insl?3

(A) represent the avérage ot _pl:.cate samples from a single exper;unent

- "f i:,

which is representats.ve of ac least. 8 experiments. Control’ levels were_

1,122.5 £ 450 dpn for In8P1, 469 t 126 dpm for InBPz, and 277 x 90 dpmv

7 cell sampl e,
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Figute 28: ‘Time,coutge of’;nositol phosphate production in neutrophils

activated with 10"6 M fﬁet-leu-phe.v The valués for InsPi (c»,‘Inst

(@), and InsPy (W) represent the mean * SEM for at least 5

. experiments. Coritrol levels ian the absence of lithium were in the range

of 1,000 dpm for InsP;, 450 dpm for Inst,;and 300 dpm fdt IngPq per 2 X
107 cellisample.

iy



stimulation._‘ As lithiun has no prqnounced effect on short ‘term

responses (Bradford and Rubin, 1985a), it was excluded from the fmet-

leu-phe time course study However, in subsequent inhibitor scudihs,

involv:.ng a conparison of fmet—leu—phe and fluoride responses, lithiun

was included in fmet-leu~phe . 1ncubation\mixtures for cthe s_ake of

»:consistenq .

~ As reported previously (Becker et al., 1985; Bradford and Rubin,
- 1985b), pertu'ss,‘i;g;f‘ toxin inhibited = the - fmet;leu-phe-evoke'd
. . R ' ) .

phosphoinositide turnover response,_ reinforcing. the theory of G;.protein

’inuolvement inﬁ the transduction pathway (Figure 29). met-leu-phe'-'

"~ induced phosphoinos:.tide tur'nover differed from that elicited by»

'fluor&e in being of more rapd

onset (approx 15 sec), and termination,

(1-2 HM‘E;' . The time- ourse - of fmet—leu—phe—stimulated InsP1~

'accumulation correlated with that of the associated calcium mobilization,

>

and superoxide procl_iction. The comparative brevity of the chemotaCtic'.

-

bpepti‘de-induced responses may 'be due to desensiti‘zation .or down-
r-egulation of cthe et-leu-phe receptor 'and/or inaCtLvation of the G-
- protein, as a result ’of G'rP hydrolysis or covalent modification.

‘inhibition by pertussis toxin (!-‘igure 29), suggeStinq thAt its mechanism
of G-protein activation is unaffected: by ADP-ribosylation of the
protein. . Fluoride-induced InsP1 production also differed from that

elicited by fmet-leu-phe in being resistant to inhibition by a 20 min

' Conversely, fluoride-activated ‘IngP, 'accunulation was. resi’stant to :

preincubation with dibutyryl oAMp (I-‘igure ‘30), a findinq“ whicn

"corroborates our previous observation that fluoride-indiced superoxide

production is unaffected by adenylate cyclase aqonists. However, a ten
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"Flgure 29: Effect of pertussis toxin oh;:fluox;ide and. fmet-leu-phe-
~activated 1InsP, prodiction Radiolabelled cell sguspensions - were
'_'ptéincubated for 90 min in the presence (crosshatched bars) or abseﬁce

~ g%

(open bars) of 1 ug/mL perﬁuaéis toxin prior t§ challéﬁz‘.;e-wich 1 uM
-fmet-xeu-éhe or 18 M NaF for 60 sécf'and 20 . min, time intervals;
respectively.. ﬂthi\xﬁ' ‘c_hlo'ride‘ was added__10i min bp:ior to fmet~leu-phe
or Na!-‘»; . Values v'r”eptesem:'_ th_e mean t+ SEM of at least .S'cieté‘;ﬁina:ions.

‘The m'eani for the two fluoride-i;reated groups were not sit';nificantlyv

diffe(:tlent, wﬁe‘r’eas' those ftor the fme’t-leu'-p_he-treated groups were

5

(p<Q.05) .
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Figuré 30: Effeet_of dibui;}ryl AMP 6n fluoride- and 'fmec%e{x-éhe-,
aci:ivat.ed’ IngP, production. - &diola_b‘el}ed’ cell suspensions wé_fe
preiﬁcubated for 30. min in the preggﬁcé"fshaded bdrs) or absence iopen
bars) of 1 mM dibutyryl cAMP prior to 4'chalienge with‘.1 }uM fmet'-l‘evu-p'he
or 18 nM; NaF. Values rep?esent thé;_mégh b 1 SBH of #t 1lehsc/ 5
detemina:ib;ms. . 'mé:, ‘meansv for the'two fluo1:1'.(1;’5-1:1:e¢n:eclﬂrcmpsi wex.'e »no;'
sigﬁificantly diffééént, whereas thosé fof the fmet-leu-bhe—treatedf._

4 v

groups were (p<0.0S5). ‘
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minuce preincubgti'c‘fn of cells -with " S BMA
‘subsequent pHosphoinusitide ' turnover ix?respor;gg}

' o .
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e LT e

o

| MEMBRANE COMPA RTMENT ‘ o o
Y‘Inos-itol phosphate prodiction in & st'intxlated"cell"’:S'ystén J.S
‘associated with t‘h‘e‘concomitant g'e.nerat-ion ‘uof 12-diacylglycerol a
prodxct linked with the activation of protein kllnase c. I.n' the teStlng
cell, t‘he majority o_f protein kinase‘c activity (5.8 t 0.4.. prol 321;/mg :
protein) was found ’l‘to reside in the 100, 000. x g supernatant,
representative' of the cytosolic fractlon. A minor conponent (-0.55 ;t
0 04 pmol ‘32P/mg prOtem) was localized in ‘the 160\000 x g pellet,

representAtive of the membrane fraction. ) Protexn content in the samples. ,

was based ‘of the mass og bovine serum albunin added, assuning that the

amount of prote.tn contributed by the samples was neéligible. As the
fractionation procedure used here involved no attanpts to discrminate
between the contribution of the various subcellular structures to the
particulate fraction,b the sun of the soluble and particulate fractions
should be representative of the total* c,e'l'lular,n protein _kinase c
‘activity. )In‘de'ed, a'svreportéd by Wolfson et al. (1985), recovery of
prote'in kinase C in the 100,000 X g soluble and partlculate fracti:ons;'}'
generally exceeds 100\ of the total protein kinase C activity in whole

cell sonicates.
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Fiqure 31: ° Effect. of "BMA on fluoride-activated VInsP{ ptogﬁ;ction.
Radiolabelled cell éuspénsions were preincubated for. 1.0 ntin'g'd:‘n the
‘presenc_e or abé'ence ot mA prior te challenge with 18 mM NaF.. Values k

represem: the mean t SEM of atc leasc 5 determinations. A significant

r

d;fference was detected only for cells treated wir.h 1 uM PH
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Activarion of neutrophils with 18 mM NaF was characterized by the

‘Lovssj‘r'of ‘pro“tei’n‘ lgihas‘e (o] aétiyity_frjém the cytosolic fractiqn and a
" cénéomitqn_t‘ :increase' in‘ ma'i\bfane;as‘socia;ted' protein kinase C acti;_ity
‘(E‘ivgur‘e 32)‘.3 'lhé.s-'tranlslocation event was-bp'rec‘e.ded by a lag interval of
5 to 10 min and 'displ;a}ea ;a prolom;;ed dui:a-tion',..a :img »<.:our,§e

: . / :
cox:._:'eapohding to that of the associated superoxide generation (Figure

29). Prorein kinase C ;r&nélocacion appeared to be most pronounced T
cellé incubated with ‘fluoride for 15 "nﬁ.n, ar which. tiu_le a loss of
N . N . “i} N M

approximately B85% 'ofvcytqsolic protein kinase C‘wé's"obsefvéc_l. Afrer the

15 min time poinct, 'cytosdlic kinase activity,was’ obs’erved to undergo a
slow return to baseline leve_is over the next 10 min. Protein kinase C

. activity in cthe p'articulla’te fraction increased with a time course which

c0rr§1ated with that of ﬁhe loss
. o . \ .
approximately 60% over éon;rolJ wis evident at the peak. A similar

'n cytosolic activity. An increase of.

redistribution ‘phenomenon was not detec&able‘in cells stimulated with

1 uM fmet—leﬁ-phe over 30 sec.to 5 min time intervals.

i

Notably, . the point of ’ maximal tranaiocation in 'response to

fluoride,"correspohde'd to .that at’ which €hé rate of fluori&e—inmced
supe:éxide production was maximal (15 to 20 min). Termination of the

re‘spitatozy' burst normally ocurred 30 to 60 min after the adaiqion of

fluoride to the cells, i;\dicating thgi: NADPH oxidase, the superoxide

'generating complex, continued to turn over for some -a’:&me after conplle.te '

recovery of cytosolic pfocein kinase C activicy.

. ' .
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Figure 32: Time course of proteih kinase C translocation and superoxide

prod:ction rate in fluoride—activat:ed neutrophil‘s. '-Chll suspeneiona'

.anubated wlth fluor.y.de for fixed time 1nte,rvals were aasayed fot‘

protein kinase C activity in t:he cyt:osolic {(®) ,and membrane (0O)

fractions, as described in Methods. 'Ih_e values ahowh'.'represent the mean

t SEM -of 6 -experiments. The rate of superoxide producrion (®), as .

- .
i

determined by the rate of 'reducd.‘on of _c'yr.ochtome ‘e, wae‘ determined ac
various t.ime poim:s on a ’contiﬁ{xous tracing curve, 'Ihe values shdm are
based on a single experinem: vhi.ch is representative ot ac 1eelr. 10

experiments.
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. THE- CALCIm Ionomonz,. A23187, ON SUPEROXIDE - HRODUCTION . IN. _HU‘!M. "

NEUTROPH ILS

.

.

ade

A. - INTERACTIVE EFFECTS OF THE PHORBOL ESTER TLHO PRCHOTOR, PMA, AND’

The major conclus:.on of r.his study was that protein kinase c‘

)

acr,wat;on by means . of :he phorbol esr.er, IMA, and” cytosoLlc calcium-

elevatxon by the Lonophore, A23187, xnteracted synerg:l“qr.j.cally to elici\: \

accelerat:ed superox.tde production and qranular enz yme »'e’se~responsee'

-

in hunan neutrophils. -..'m_ese ﬁ;’lings are in ac.cord'an'ce wlth those of

. Fobinson e_t al. (1984) in the irea pig neutrophil system and Whice et _

al. (1984) in rabbit neutrophlls.r ‘

Synergistlc effeccs on the respiratory burs: were observed in the -

-

. form of a decreased lag 1nterval preceding superoxlde producv:ion, as_

superoxxde producclon. was . obaervad, howev nomolar
; - : R § A
conceﬁtrat;ons', PMA continues to a

r.'_he' responee is ‘exhausted. Cbss tion of the reapiratory burst:

-appears to be detemined by limir.ing concentra;ions of some. conponem: of

L 4
N\

the supero,xide generatiixg - system, "possibly.-_ NADPH (anq ‘,a’nd» Chew, .

dde vo the slow metabolism of cthis p'horboi'ester,,within_ the plaqha

membrane (Nishizuka, 1983f. | L

¥
1

well ‘as an J.ncrease in superoxide .generation rate. No- _chanqe in toaﬁ-

ivace superoxide promction until ’

"1985). < The prolonged duration of PMA-indiced responses is presumably

In\:eraCtive effects on neutrophil degranulation were ekmined’l’w‘ith

[

respect‘“'to the release of lysozyme, an enzyme prei’erentially ioc_eliz'ed_ :



i

fmet-ieu-phe. . 5‘

/ T :. . PE ) - 1'21,

&£

- dn thej'specific granules. ',Nm:ably',‘lﬁA—'ir}_duced degranulation appears to’
.-affect the epecific, buk not the azurophilig, "granular pool _j(‘Go}.ds,tein
qt al., 1975; wojght et al., 1977). As reporved by white et al. (1984),

* synergiam between PMA and A23187 could be resolved on'ly within cthe first

10 minutes following the addii;ion of the sti,hruli,"since, at maximally
elevated ;_alcj:ﬁn.concen;rations, A23187 eliqits a'massive-degranulation
response from the azﬁrophili_'c, as well as the specific, granuie.s which

obscures resolution of the PMA couponem:-of-the response. While ‘0.1 M

A23187 and 250 nM PMA evoked elow release responSes wm:h:.n the first

5 min’ when appl:.ed alone, the comb;.natlon of the two resulted in a rapld

it

. exocytotic teepons:e‘, which exceeded the sum obta.med with the two st,i.mull

@
appfied ¢ separarely. - Notably, "th sgperoxide .prodzct;ion and
degranulation 'Ccilg:‘;onentgd of t_h'e .i.'nfla‘mma'r_o'ry responee exﬁibited
dif“,ferem:ial ser;sltivity,toit:he t:wo stimuli, wir.h deg’ranulacion being
— Y ;
more potentl‘ evoked by the Lonophore and superoxlde products.on by the

..phorbol ester. . 'Ihese flndings suggest that, in. circumstances of"

recepto.'r-mediated st i‘mlat}ion, ‘the ,respitato‘ry burst may be

‘pr}edominantl'y influem:‘ed by protein- kinase C .activaticn, while.

[y

3

degtamilacio'n may' be more . significantly controlled ‘by calcium
: v o : : ' oL

mobilization. , However, the recent findings that the prot;ei;{ “Minase C
: N o . . C Ve s '
£ ..
inhibit:ora, polymyxin B and 1-(5—isoquinolines*fon?1) Ppiperazine
oo .
inhibited PMA-indJced degranulation (Naccache et % 1985b) and
e -

b

superoxide pl'oduction (Gerard ‘et al., 1986), respectively, +but not: the

chanoat:r:raccant—ind.\ced responses,  has led to some}questionxntj of the

lnpor:tance of procein kinase C in the transient r,’m

ponses elicited by #

| 3N
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Previous studies have demonstrated that neurrophil -activ;r.i'on by v
PMA leads to cthe phospnorylatx.on of a 50,000 Jmolecular welght pro:ein,
whs.le elevated Lntracellular Ca2 levels result in myosin light chain
phosophorylatlon, probably through a calmodulin—dependent pathway. Bonh‘
of these pronelns are phosphorylat:ed during’ neutrophil act,wation by the
chemotactic peptide, frnet-leu—phe (Fechheimer and’ Zigmond, 1983; White.
et al., 1984). ' V
. "Robinson es a;.. (1984) suggest that ché synezgisn berween A23‘187
endl, PMA may repr'esenvt part.ial active.ti’o‘n of.. p;‘otein kinasge ‘C by .sub-
op;imal’ PMA ooncentracion.s," . such that the kinase ‘exhibits a‘_",calqiu_n_
affinicy whicﬁ, - although St;i.ll '_somewh.at ‘gréater than ambiem:
intracellular concentrations, is p'arcicqiariy "sen.sir;ive to intrvacellu:‘iﬁr o
calcium 'e.‘ieva‘tioh.& by A23187.> 'However, v,it is .eqﬁally aetractive .to
‘s‘ugge.st:‘ 'tv:ha\:AA23187 end PMA eech ; st:imulate ‘independent tfansduCt.Lon
.p:roces'ses which interact :sy/nergiscically» in the _ac'r'.ivation..of NADPH |
.oxi.dase and exocytotic processes. A23187 probably com:ti.hxtes through- a
calmodulxn-dependem: process activatéd by the xonophore-induced influx
of extraceliular Ca2+ | PMAvpresunably 1m:erca1ates inro the plasha.
membrane ;vtiere it substitutes for diac?lglycerol, one of the pro&xcts'of
phosphoinositlde ‘€urnover, in' the ectivati-on} /2+ and .
phospholipid-dependent protein kines'e,”prot_ein ,kin_ase c (Nishizuka,
\\1963) + "Since physiological stimmli, ‘sﬁch as ‘fmec-le‘t'x-phé, are known to
.Lnduce both phosphoinosieide breakdown ((bckcroét 1‘982)“and an”increase
in cytosohc Ca2+ (thte et al., .1983), it seems plauzible that both

protein kinase C- and .calmodulin-dependenc mechan.i_,sms ‘are at work in

- naturally occurring inflammatory responses, prodicinq e‘ff_iclen‘t cellular
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4‘ ¢

responges to small amounts of the second messenger substances, InsP3 and

,diacyl'glycerol. The synergistic interaction of phorbol esters and
9 : ) N

-

© ¢alcium ionophores has been " extended ~to a nmlctitude of other
experimental systems, including histamine release from rat mast cells
(Katami et al., 1984), pmir.cgen stimilation of peripheral 1lymphocyre

(Y

'p‘;oliferation .(Mastro ‘and  Smith,. 1983), steroidogenesis in bovine

adrenocortical cells (f,‘ulty et al., 1984), insulinvfe'lease frém-ra:

pancreatic islets (Zawalich et al., 1983), and catecholamine release

from bovine adrenal medullary cells (Knight and Baker, 1983).

when A23187 concem‘:ravc'ions -ekcgeded 1 uM, inhibition of superoxiae
.production rate and total superoxide production was readily observed in
~ - B . .

. PMA-stimulated neutrophils. The ionophore appeared not to be cytoti‘%xic

-

by the criterion of lactic dehydrogenase release. Furthermore, - a
" maximatl _ degranulation response under <hese’ circumstances suggested ‘a

specif_ic r.oxi,c_ity .for the superoxide production component of ‘the

" NADPH oxid&se, dicself, or):, interference with some event m the
. : 2. ) - .

transduction processes preceding activation of the oxidase complex. &As

neither synergism nor inhibition_were observed in Ca'2+-fre-e.n\edia, these

E

effects did noc.'appear to be &ttributablg to nomrspecific disruption of

‘the membrane by the ionophore. Perha;is' when 'cytosolic ca?*

concem:ratiqns exceed a critical level, certain Ealciun-sensitive steps
in the activartion pathway become desensitized. Although A23187

concentrations above 0.5 uM are'vknown to result in nonspecifi¢
»ACtivatlon of phospholipase C, ph’ospholipase.l\z, and protein kihas'é; C
(Nishizuka, 1984), it is unclear how any of these events would have a

2

negacive effect on supei'oxide radical production. L .

.

]
N



uM and . more. Br exanple, h‘;.gh doses of _phorbol ester h‘a'\;.'e‘ been‘

2 .
~ .

wr N o~ . 3
" . " . i

If botrh calcm;m and protein kx.na§e C are requ.tred to achxeve the

necessary phosphorylatlon pattern for a maximal resPLracozy butst, why
'E‘

do high PMA c0ncentratlons evoke maximad superoxldex production alone? A

)

p0551ble explanatlon for this phenomehon resxdes in the non-specific

effects of phorbol esters whlch beoome ev1dent at concentratxons of 0. 1

v -

reported to promote the fusion '(Kaibuchi et al., 1983) and perturi:aticn _

(Yamanishi et a-l. , 1983) of cell membran‘es, effects wh'icki'mayv modify the
ST o
. .
locallzatlon and actxv;ty of various molecular couponents ainvolved in

superoxide generation. mrthemore, much lnformatx.on is accumulating to

¢

suggest that . ma is noc ent.u'ely specxf.v.c for'.the calcium— and
3 . . :

J-J Lt

-phosphollpxd‘dependent protexn kxnase. Calcnm-dependent hydrophobic

r
~

.Lnt‘eractxon chromto,graphy-; -(mlviya et al., 1986) -ha's 'enabled the

4, s

resolution of a ca.‘ici\m-ipdependent,. but phoapholxpid-dependent and

PMA/d.Lacylglycerol—actlvated, kxnase from the calcium— and phospnolipid—

B

dependent prote.m kinase . C"couponent of bovine ‘brain extract. .

o

B ¥

Activacion of protexn kinase L, as thxa novel kinase eyStem has beemsﬁ'._;'-"

{ : H ‘

termed may account for the ab;lity of hlgh PMA concentratxons r.a»elxcit
']

. |
3 5 . sivd k|

. maximal responses Ln the absence of calcium. -B\c{dentlolly, ,xt is’

presently uncleat whether protei‘n kinase L represents a sinqle eutyme or .
t B L i’ ,'.

a family of kinases. -
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- B PHORBOL . ESTER EFFECTS ON PROSTAGLANDIN— ARD  CHEMOATTRACTANT-

sl'rpmm'rap CYCLIC AMP PRODUCTION

Ir}ﬁthe g}eu'trophil, elevation of ‘cytosolic cAMP.levels through use

toxin, or forskol.m caused -u;h:.b.u::.on of chemoattractant-lnducedv.

rr'

superoxide prodxcc:.on. ~&Jch fJ.ndlngs are in conf:.rmau.on ofq;he work of

Simchowitz et al. (19850) and w:mg and Reund (1983). Gnversely, the

. \
phorbol ester-induced respiracoxy»burstrya“'s exempt from these inhibitory
_effeccs; In view of. r)\'mer'oué'v reports of phorbol ester-mediated

ihhibit,i"on of hormonally stjnulate:d»adenyliate cyclase, PMA's effects on
‘ ' ‘ . e

prost&glandir& and ch'enbat't.raCtant-indxfCedu AMP accumlation were
investigated.

Preincubation of human neutrophils with 0.1 -yM PMA was not found to
. ) . o [

inhibit' cyclic AMP elevation in response to either 'P‘GE1 Qr the

chemoar.cractant,‘ fmet-leu~-phe. In fa.c‘r,, phorbol estér pre\;.}eaanent
&cuiall& served to enhapc; ‘the subsequent cycllc ‘AMP elevatlon in
response to th'éyse' agents, yi’ti’nout affecting the ba_s;al'c_AMP' levels in
‘unéy.lmﬂi.vfl"{&ced cells. Such a finding;co‘ntr_a'sts with the situation iﬁ
avian erythrovcy\;.es .(Keileheyf .et al,, 1§84), mouse -leydig cells
(Mukhopadhyay et al., ‘1984“), ‘and' rat 'hepacocg';es (Heyworth et a'?CL. , 1984)
in whiéh; éhorboi ester hpre‘treaunen; leads to a. 're‘dnc'tioﬁ of homonal}?-
- induced diblic Aﬂmlpx:oducf:tion. | | ‘ ’
mése results. are,. l}\uwever:, in acco‘t‘da’nce:,with studi’es uging

,menbranq,( preparations from m&-pretreated plateleta (Jakobs et al.,

' . 1985) nlhich show thgr., whereas cyclase atimlation in thé presence of



o
PGE1 and GTP ‘was' greAtly enhanced - by the phorbol estet, hornonal

1nhlblt10n Was severely 1mpaired. This phenomenon was asgociated with

increased phosphorylatibn of a 41K prOtein,. upon exposure: of human

126 .

pla 1et membranes to exogenous, pertially purified prOtein kinase c

[y
-

(Katadqﬁet al;, 1985). , The 41K substrate has been suggested to be the

"l

aCtivated form of N on” the basxs of studies using purified N, and itsz

N NN

subunits, which indicate that the a; monomer wes a good .phosphorylation
AT - o L ‘ .

substrate, whiie the aBy Ni oligonerruas not. Significantly, addition'

of the purified B8 subunit of ,Ni Ee. platelet memhranes specifically

' * inhibited 41K phosphorylation‘ This, nterpretation was reinforced by a .

‘ i:‘

. . - . 5 “, .
studvy using cyc S49 celléf which lack:funCtional Ng but noc Ni' G-

a»'

'regulatory prOteins. While’ phorbol eSter trQatment did not stimulacte -

R :',1"

forskolin-mediated CAMP elevation in this cell line, it did impair N, -

induced inhibition,of the cyclase by somatostatin..

Although 8- adrenergic agonists and prostaglandins of the E geries

are known To operate predominantly through .activation of Ng, a certain

e,

“amount of N;-mediated cyclase inhibition is also observed'(nureyena and .

Ui, 1983; Asano et al., 1985). Murayama and Ui (1983) have speculated

o-

z

- that - this phenomenon may represent an N ;mediated 'activation of Ni'

Alternatively, Asano ‘et al. (1985) hgve suggested the possibility of a
'degree of receptor cross-talk," whereby B adrenergic agonists may have
secondary‘interactions with N, in addition tO'the'primary receptoreN

1
’

interactions. Regardless of the mechanism, it is appealing to interpret

thesge results as being indicative of an inherent control mechanism

-whereby excessive stimulatory input can be diminished. In my intacc

cell studies, it appears plausible that the 'observed ‘enhancement of
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PGE1-Act1vated CAMP ptdductionf‘in .phorbol ester-treated cells may

réptesent the relief pf a dgg:ée -of  inhibitory tone which normally

imposes some congtraint on agonist-induced cyclase activation. However,

 since ic is uncleaf,ﬁhethet CAMP production in response to fmet-leu-phe

is a result of eicosanoid generatvion (Hopkins et al., 1984), cAMP-

.phosbhodiesterase inhibition (Verghese'et al., j985b), or perhaps some

as yet unsuspected mechanism, we cannot be certain whether phorbol ‘ester

enhancement of the chemoattractant-induced cAMP response is attributable
To Nibinactivation or vo influences at some other site.

The fact chat fairly high phorbol_ éster concentrations are

. - . . . N
necessary to observe enhancement of cAMP accumulation suggests that

perhaps- this effect of protein kinase C activation may be of minor
physiological relevance. . Howevef, ¢onsidering, the susceptibily“ of

chemoattrac:anﬁ-induced cell activation to inhibition by cAMP, it -is

* conceivable that,‘ under circumstances of a high level of cell

activation, protein kinase C's effects on the adenylate.cyclase system.

“may promote‘pEYGioiogical,antaqonism byiproataglahdins and other cyclase
‘activators, thus serving. as a form of protection Agains; over

" response. While enhancement of fmet;leu-phe-induced CAMP elevation is

of 'lesser»‘magnitudp, it, 'too, may repfésént a negative regulatory

. mechanism in sgituactions of éxcegéive-procein kinaﬁe C activation.

*
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' C. ACTIVATION OF LYSOZYME RELEASE BY GUANINE NUCLEOTIDE ANALOGUES
: + ‘ . ! '
‘The - calcium-dependent release of - lysozyme occurring in

p'erme'abilize'd and z;eseal-ed cells loaded with t:he non-hydrolyzable

el i

guanine nucleotide analogues, Gpp(NH)p and GTPY-S, pr/ovides evxdence for'

the lnvolven;gnr. of one or more auanine nucleotxde-b:.ndlng proteins in

the stumlus—seg:retlon_ coupling - mechanism. ‘mese effects were not

mimicked or influenced by any of the adenine nucleo'cides i:e'sr.ed nor by

GDP. Ef fects of GTP were errat.Lc, probably due to the rapid metabohsn

of this nucleotxde by intracellular phosphar_ases.

Presunably, the non—'nydrolyzable guanine n_ucleo:ide analqghe's would

'nromote— a persistently activated . state of . Npo
‘intermediating . betwe'en ehanoattraceant rve‘ce'p_tors and the
o ph‘oeph‘oinoei;ide-epecific phosphodiesterase; ;!he resulting lstimler.i_on
of phosphpdies:erdtic_ phdei)hoinositide metabolism ;'vould'_be ma‘nifes;ed b}'
caleium mobiljization a"nd. prdtein kinaee < act‘t‘vat'ion; By analegy with
the si-cuetion in intact ,eells, the resultant calcium mobilization and

protein kinase C- activation would elicit _Ca2+-dependent and ca?*-

independent sec;:etory signals which would," .through -disii‘nct

-the G-protein.

phosphorylaﬁion ev‘ent;ls} contribute 'to‘ the ‘deg’ra_nu}dtion . response .

rd
observed.

L2+

The fact that Ca“ -independent degranulation was not observed may

be reflective of excessive depletion - of - intracellular catcium

concentratipns during permeabilization in the calciun-free EGTA-

& v : .
containing buffer. While, protein kinase C appears not to be a calcium

o0 .

requlated enzyme, its activation by diglyceride is degf,endentf on the

‘ presence of approximately 19"7 M calcium in the cyrtosol (Kishimoto et

t
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\
L

al., 1980). Likewise, it is probable that guanine nuc}eOtide-activated
phospholipase4C'activity might be,suppressed under conditions in which

cytosolic caicium levels were severely depleted. ' Furthermore; as

a

protein kinase C, in its resting state, exists mainly as either a

soluble or loosely membrane'Bound(enzyme*(xraft and Anderson, 1983}, it

is possible that, during a ‘detergent"permeabilization procedure,f an

- - o

appreciable 1loss of che enzyme may occur through plasma, membgane

lesions, as'ig evidently the case for lactic dehydrogenase.
" 2 - - . )

The putative localization of quanine nucleotide sanalogque-mediated -

) .
cell acﬂivation-to a_G-pIOtein transducing unit communicating with the

phoephoinositide—specific phosphodiestetase was later subStantiated by
. ( l B L
Cockcroft and Gomperts (1985) who observed that GTP7-S can activate “the

polyphoephoinositide phosphodiesterase in human neutrophil membranes at .

_the 10i§ ¥

M calcium concentration characteristic of the intnacellular

milieu ‘(mﬂl&molar calcium congentrations are required for the ca?*-

dependent aCtivaﬂion of the enzyme). Phosphodiesterase activation was

monitored by :hg ioss in PtdIns(d;S)Pz, as uell as the.increa‘se‘in‘lnsp2
) s
and ineP3:. Further evidence that G-protein involvement is responsxble
.ifor phosp'odieetFrase activation was prcvided by the demonstration that,
in mas%/cella loaded with GTnyS together with 10 to 100 uM neomycin, a
d;ug,which prevents pnosphoinositide hydrolysis, the gﬁanine nucleotide-

oy . ’ :
induced degranulation response upon subsequent addition of calcium was

“abolished.

Smith'et’al. (1986), usiny plasma membranes obtained from human
. ’ . ; ) .

neutrophils, discovered that receptor occupation by fmet~leu-phe in the
o

ptiaonce “of GTP ‘'was associated with a reducrion in the calcium i

?
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requirement ‘for ‘ph,ospholipa"se c acnivation from millimolar

: |
concentrations to the physrolog_\.cal 10 =7 ‘M range, possibly due to an

increase in -the affinicy of the phosphodiesreras‘e for calcium. This
response could be prevented by prerreaument of the ‘membranes with
pertussis voxin.

Although cthe use of membrane  preparations imposes certain

: : .o . B .
constraints, such' as the §nability to observe functional responses to

[}

biochemical changes, ‘it has the advantage of unequivocaily dissocia:ihq

5

'the' effect of agem:s ‘on. plasma membrane structures frem posai'bl;e sitesn
of ecribn on ’._'i.'n_tracellulbar" requlacory proteins. As_ discnvsee’d‘ by
Berrow;r\ah et al. '(1986’.1) ,‘ .r.hi"sl ie‘probabvly hot the case when deaiihg
with guaniﬁe nucleotideﬁleaded' permeabilized cells. - In _‘a study
in\rolvin'g the effect of calciun and gquanine _nucleotides on 8- :
A giuchron.i.das'e releese" 'fr'om"ra'bbitv r;eutrophilg penheabilized with Sendai
vir'us, theyn found that "GTPYV-‘s can  induce éranulqr eecreclon ang, '
activation of the phosph_odiesrerase in the absence of cal-ciun (ie. inv
cellsu ';.oaded with cheiator subsi:ancee during permeabilizatlon), an
observat.i.on which tiiey feel may be indlcacive of anouher GTP—sensitive
site involved ac 'a,dis,tal point in ‘the exocytotic process. AS GTP
sens'vitivity has been re.port‘ed for both membrane fuad.oh '(Pai.emerllt, 1984)

and microrubule assembly processes (Sandoval and weber, 1980), either of

' chese furictions may be possible targets for GTP involvemem: in secretory
-7

v : : Ty

.. events. : . R

e . - ‘ » ’-‘ s v

,‘;‘ In my studies, (h%"'--inaensit;ve release could -portentially be
occurring during the actual 10adin® procedure. However, when lysozyme

release was monitored during the interval of exposyre to saponin, no

IS



dei:ecﬁab,le increase in 1lysozyme release oould} be observed for cells

permeabilized in the presence, as opposed to <the absenbe, of guanine .
) . . - . . : - 2 B . .
nucleocide - analoques. Furthermore, it “is important to note that

leozyme release,” which was ad'dressed in -our studies, and B~
glucutonidase release, whlch was examined by Barrowman et:*’al. (1986a),

-

represent the exoc.ytosis of two separate granular pools wh.!.ch are known

to be subjecc to different regulatory mechanlsms. B-Glucuronidase is »

‘Localized in the azurophilic granules, while lysozyme, though common to
O
both classes of granules, is found predominantly in ;:he 8&)&C1fl¢.‘

.Whereas lysozyme’ release can be el:.cited by either the calcium or

3

protein kinase e pathways' independently or synerqistically UL)both

(wnite _er. al.,,’ 1984)', PMA is reported to inhibit the Ca2+-ac§:ivated
release of B-glucuronidase (Barrowman et al., 1986b). Moreover,
although .PMA was found to elicit B-glucuronidase release in

permeabilized -,ce:lls, this “effect of the phorbol ’ﬁter ’wa'.s’ not
A : L) ‘ . 2 .
characteristic of- intact neutrophils (Goldsee:.n et al., 1975; Wright ex

(]
: \

al., 1977) =~ *

In vj.ew of some -yof the discrepancie_s between results obé'a'ined in
.im:act a_nd permeabilj...zed‘ neutrophils, it is necessary‘ to mention that
cell permeat:ion techniques are not without inherent disadvant:ages wh.Loh )

%

render it difficuit to extrapolate all of the results observed in these
s , : | , '
state of equilibration attained during loading of exogenous solutes is
ditﬂcult to Quantify. "Ihe administered concentration of loading solute
will rarely reflecr. that ach;eved’ in the intracellular coupartmenc.

Moreover, the inevltable loss of lactic dehydrogenase'and other

131

st:udies to normal physi,olog'ic.al situations. On_ewmajor ‘issue is thar. the *



g

{ -
. .

132

cytosolic factors makes t:he permeebxlized ce'l.l a pocentielty erclfectual
: ;_,‘-—\»/ i [

. System. Altefed plaana membrane properr.:.es may be infetred from che

cells’ tendency to clunp following the permeebiuzatxon procedure.'

@ .
Furthermore, different neurrophxl preperationa .Showed e fairly wide

often’ rendering it necessary to alter cthe ”dixretionﬂ.of, the actual’

- T (b .
permeabiliZation procedure between indiv:.dxel experiments. These

P

','i:ange of verleb;h.ty in their ebxlity. to g,olerar_e exposure to seponin,‘

problans led us to seek an alternqcive approach to ‘G~protein act:ivation‘

.,

,wh.v.ch would be applxceble -to studxés usinq intace, unpermeabilized

. . R A
cells. ' :
i | ~
LR s . v

Y

',1'~h§. v . ’ . :
D. FLUORIDE ACTIVATIQN OF THE N@TROPBIL RESPIRATORY BURST ’ -
-Exposure of hu'man neuttopnils to millimolar concentrations of
sodium fluor:.de was‘ observed to result in th,e release of superoxide Lnto

the exttacelluler med;.um. o ’Ihis response ‘wasg ﬂharec'cerized by a

[

prolonged lag peﬁiod whxch may refleCt: ‘the time xncervel required for

. ,.r_v.,w

the ion. ﬁo reach ics alte of action in the menbrene, sugqeetive of an
7 .

integral membrane protein as the receptor sit:e. As the cell has no

-

,speeiaJlized transport’ system . for - fluoride, its ‘passage across the

,_,meﬁi‘br‘ane piesunebly tepfesente a passive p,rocve\ae."- The usual :hx‘lkeehoﬂld

_‘concentration was 9 to 10 ‘mM with 16 to 18 - pfovingato be the opr,imel

resulted Ln.the premeture termination of the response. " A8 this'

S

‘euto:.nhibitozy phenomenon is even more pronoqnced in isotanic sucrose

(L\xrnutte et al.,\- 1979), ic iOes not eppeer to bé a refleftion of

-y \

. ‘4
f .

"c'oncentrm‘:ione. Ar. high- fluor:.de concentretiona, eptoinhibitory effecu;

i ;ncreased hypertdn.tgity. mrthemore,, concrola pertomed in modified



»

' the absence of Ca

(

FHBSS,-in which - che NhCl'cgncehtfa;ion w@s reducea‘iq cé;resgondehce to

133

the amount of NaF added, did_ndt show'ahy appreciable alteration in the

h I . ) i . .
kinetics of fluoride-induced superoxide production.

N 8

The. fluoridefinduced’~supetoxide production responge Qas tocaliy

!

- @ibucyryl CAMP which almost completely. abolished the fmet-leu-phe-
. . - /. - . : ) B
induced respirarory burst, suggesting that fluoride's mechanism of

‘action is resistant to the ﬁgjor negative modulator processes, perhaps

:

. . < . D 4
- unaffected by ppeincubation procedures with ‘pertussis toxin. and

parcially: acéountinq for its sustaxned' duration with respect vto t:he~

chemoartractant-induced responses.
Fluoride pétibation' of the respiratory burst was, ‘hBWever, a

calcidm-sensitive-phenomenon, as observed by the decrease in .the rate
v - o -

and total ambunﬁ'ofvauperoxide gqneratéd'in the presence¢of Ca?*-free

. . _ : . . i
@edia supplemented with ' EGTA. Conversely, PMA-induced superoxide
= . o .

‘production was unaffected under the same circumstances, indiéatinq that

2+ must incerfere with che transduction of the fluoride

_ Stimdlug, rather’ than with the 'actuai superoxide generation proceés.

These findinqs proﬁpced, us to perform  a qualitative examination of'

‘inttucellular'Ca2+ changes.dufing neutrophil activation by fluoride..

..



E. _cAch»thsostrzmIou IN Ftuenrns-ncnm"rsb-iNsu'rsops'rt.'s --

' The results of this study show that fluoride ind_xc.ed an‘-increase in.
: vi‘ntracelg.v-lu'lar free calcium levels, as monitored ‘by the fluorescent
e'aldciun probe,, ‘Qn'.n 2 (Strnad and wong, 1985b). . ‘The calciun |

mobilization response paralleled that of fluoride-activated superoxide

_ ‘prodxc ti A"‘

on, LAR havxng a prolonged . lag period and sustained duration of
action. 'Ihis finding is consistent with the. hypor.hesis that fluoride
velicits a respiratoxy bursc by means of the pers{.gten; activation of a

G-protein. 'me extended duration of the fluoride-evoked_calcium

r

' response, . as coupared with that elicited by fmet-leu-phe, is consistent

. with the fact that fluoride is known to induce dissociation of G-

*

proteins into their constituent subunits, in a manner which- is pot

readily revera.ible (Katada et al,, 1984a).
F'iuoride-indxced activation of the putative N, was unaffected by

preincubation of cells yith pertussis toxin under conditions which ,
o )'} L “l R 4

larQelyv abo],}i‘sh d the-ﬂ ’fmet—leu—phe response. 'Ihis finding is in

' N »',.'fr A S : .

accordance ua.r,w.‘ T vation that pertussis. toxin fails o interfere ¥

with N--mediated' R v"ion of agonist-stinulated adenylate
T, %¢ 5 3
when Ni aCtivation is eéhieved through the ‘use of fluoride Hmtada et

al., 1984a,b). It should be noted thac Bokoch and Gilmn (1984) diid f

observe pertussis texin inhibition of fluoride-stimlated arachidonic B

;acid release.. l-bvever, the dose-resp‘a profiles for the calciun and

‘.superoxide responses d.iffered from vipr for arachidonic acid release,
Y

with optmal conc:ntrations being 18 mM for tne former, and S0 mM for

- the ,latter. Since marked inhibition of arachidonate releale by

pertussis toxin ocwrred only at £1uoride concentrations of 20 mM and
‘ )
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’ . . " S .. e . !( . ' - “
‘above, concentrations at which calcium mobilization and superoxide
‘production were already subject to autoinhibition, it 'is difficult ro

correlate these two phenomena. - -

Fluoride-induced caléium - mobilization "appeared to be largely
. LZ.

indiéate’d.by. the reduction of this response in E':GTA-contaibning medium.
" It thus appears that the fluoride-induced elevar,jion‘-of cytosolic calcium
levels is not wholly dependent on Ins(1,4,5)Py~induced calcium release

-from the endoplasmic réticulum 'ax)A probably also i_nvdlves an element of

135

. dependent upon calcium influx from the extracellular medium, as

calciun influx at the plasma membrane level. However, at present, the =

. \ ) )
molecular mechanisms involved in the regulation of calcium movement

across the plasna membrane remain unresolved. . Morgov'ex:, as EGTA
treawment is associated with a certain amount of intracelluiar, as well

as extracellular, ?*

.

intracellular and extracellular calcium supplids to . the calcium
> ) : '

C ok
depletion, the respective .contribution of

mobilization responsé is difficult to estimate on the basis of chelator -

. effects. - . . . ‘ - Y

The potentiating effects " of- ﬁneté-l.eu-iphe on :_fluoride-indu\ced_'i

calcium mobilization may be acc'oum:'ed: for by ‘an iacceleration-’_,of»

' fblu’o;iffe' 8 ability to gain _access.to ;hé guanine_‘nucleotide-binding site

&°n the GéprOtein, where it is postulated to exdYt its pharma?:ologiéal,

effects (Bigay et A'l.-; 1985), as will be .discussed in more detail

-

below. '.k:cording to Rodbell's "Dlsi:ggregax:ion Theor of Hormone Action”

"(‘Rodbel‘.[, 1980), G-proteins, in their inadtive state, exist with their

gdanine nucleotide-binding sites in  a predondnant'lf;closed state.

B

'_-Opériing af this site would preswmably occur at a slow ratce. A‘Interac_ti’on -
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of the G-proteins wich ago,nis*t—acx:ivated receptors f»avour's an incx‘ease ’

‘in \:he rate of - open.mg and closz.ng" of the guarune nucleotxde—binding :

. . -
. 2 -~
P

"sa.te, s:.multaneously promor:.‘.ng access of fluors.de to its actlve site.

‘a e .. .

ConceJ.vable, in the absence of t:he fme:—leu—-ohe "priman"‘effect:; the. .
- amount of fluor;de-actlveted‘G-proteJ.‘n does not reach threshold amoum:s~
um:xl the observed 1ag‘ lnter\ial hds elapsed.
TR paospuomosrrios""m'mnoym 1IN ELboa'IvDE,-Ac.:'rx.vA';ED NEUTROPHILS
" By monitoring the acéumulation of inositol .ph'os'phates, t.he.wa'cer-
soluble produccs of phosphoxnosxtxde turnovef, we demonstrated that the ;.-;ﬂ

generatxon of these metabolites occurned w:.th a time course adequately

account:.ng for the assoclated calcium mobilxzation response (strnad et'

.als, 1986), ‘Fluo-rlde-induced }:nsP1 accunulatiogf\vas unaffeot'e'd by o
Aiiher perfussis toxin or dibutyryl = AMP, " but ‘iva‘g inhibited’bj’. h%gh
ooricem:rat‘ ns of fﬁk. : o | °
'I'he failure pf Inst and InsPy to be hlghly'elevated throughout the

’_response is pattlally Attrxbutable to t:helr rapid breakdown to InsP, in
. L) .
lithiun-treaved c.ells_ ~(Ber__rldge et al. , 1982) . However, by analoqy with
B - 4 .
other systems, it Ls probable thazt, gn the neutrophxl PtdIns(4, S)P

degradatxon and the conconu.tam: generamon of Ins(1 4 S)P3 occur only

»

¥ .
,durxng ‘the -im.t::.al Stage of stimulation,' with Pt:dIns breakdown and

Ins(l)P generacion predomxnatxng in the latter phases of the responae Lo
by .

-(Maj’erus et al., 1985), It is also 1ikely‘:hat the Insp,
- N | : a

which is
detected é\:--chese 1ater time points is mot Ins(1 4€S)P3, but

' Ins(1 3,4)p, (Irv:.ne et al., 1985; Burgess et al., 1985). The fact that

A

intracellular. ca?* levels remain elevacedv :n:oughout the response,
3 : ' .
LW )

=
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. ‘degpiye ».'axe‘ f"i‘cgthia\t Ins:(.1,4,5)1:'3 levels are probably not consistently.

.; ‘._:v’,’..‘ - >‘:._ , N . oo - . "

’ elevete’;d, ‘suggests’ the involvement.of some factor moduléting ca?* fluxes

.
-

. 'ar théd level of the ‘pla'sma membrane., - Such a mediator would account for

'-thel extracellular Ca2+-dependenq of fluoride-evoked superoxide
production and calc.unn mobilization., Although there has ‘been some-r-
, e ;

speculation that Ins(1 3,4 S)P prodxced by the phosphorylation of

'Ins(1 4, 5)P3, may éer’ve to regulate Ca2 ..channels in t,he plasma membrane,,

(Hansen et .al.-,' 1986), this hypoth Bis _yet- to .,b‘e,y sub,stant‘iated.

. - e
‘ + *

mrthermore, in v1ew of recent report concerning ‘a putative 'G-protein
. ) = y . - ” . »
mediating calc.um’ release at .t level of the endopl‘a'snic reciculum

- . \
(Gill. e,t al., 1986), 1t is conceivgble that fluoride effects on calcium

.elevation may be ttrimtable to actions at si,tes on: both the plasna
E nie:tbrane,and the mmf S , © : o

L Unfortunately, the iso,topi'c techniques“cur're_ntlly available preclude
the possib"ilit}; of actually ciua'ntitating' .thee‘z‘.' ievels of inositol
. ' «

,'f.phosphAtes prodxced»in stmulated cells, In ad%tlon to the problem of

?

.pool equilibration, a situation never approxcimqted in the- conparatively '

"short incubation procedxre suitable ;orﬁ"neutrophils, the ex15tence of

i

‘ Atwo iso.mers of inositol trisphosphatefjms(‘l 4,:,5)P3 and Ins(1 3, 4)P3,

. fand inositol phosphate, Ins(1)P1 a;nd Ins(4)P1, which co—elute on the
L7 ape
e

"'.:,':standard anion exchange procedur:éd (Michel 1, 1986), furcher complicate

: attempts to estimate the g\owa? concentration of these metaboLites
. 14‘
o]

y chieved durinq activatio?’"‘ As: the cyclic derivatives of the inositol

4;‘.'phoaphates do not survive acid eXtraction procechres,‘ there is no

"‘_"potential for deteC:ting these metabolites by the technique reported

ar} -~

here.v bbreover, the tetrakisphosphate, Ins(1 3,4, 5)P4, a promct which




v is gaining increasinq recognition, canndt be adequately vekolved by

el

pa531ve

r’ * B
‘in this labdratory.f L - "‘. '”‘gf
v . , 1‘ ' . oo o :

G. PRO’I‘EIN KINASE c REDISTRIEUTION IN FLUORIﬂEJ“?ACTIVATED NEUTPOPHILS
(}. . (‘; P ;»
The translocation of prOtein kinase C activity from the cytosolic

]

gnion\exchange‘chromatography._ rbsolution of thece species'

development, Of/-hlgh pressure liquid chromatographic '

to the membrane fraction of" fluoride—activated cells was found to’ occur'

»
¥

with.- a time course which:‘correlated” with. the associated- cellular
. - SO )’_{ . . R <

responses (Strnad et al., 4986). Protein kinase: C adtivation can be

" -

fiewed as an indirect"measure of diacylglﬁcerol.formationiresulting from

. phosphoinositide degradation. e T . T

While protein kinase  C activiti'was localized primarilyf_in the

. o ) oo e -
. . N B . . . F S . ]
- cyrosolic fraction of resting neutrophils, fluoride activation was

1

associared withvi dramatic loss of'thié‘soluble kinase activitvahich

was‘_accoupanied by - increased kinase activity kh the particulate

fraCtion, presunabky indicative ' of the enzyme f‘rming a state of;

intimate assOCiation with ‘the plasma membrane upon itﬁ conversion to the
- * I ]

¥

activated form (Kraft and Anderson, 1983).

’
3

Incxdentally,‘the apparent localizati(ﬂgcaf protein kinase C in-the e

v

cytosolic fraction of unstimulated cells is probably an artifact of the

EDTA-containing buffer used during cell disruption. ‘ Divalent ion:

chelation would tend to extract those peripheral membrane prOteina bound f

v ~ al

to the membrane in a calcxum-dependentemanner. ihlfman et al..(1983)-

>

reported that when - cells were homogenized in cthe abaence of calcium
¢

chelators, protein kinase C exprea(ed a - weak affinity ffor"the
. P ) . : . . \ : :
‘particulate fraction, typical of a peripheral /protein.
. ;

4

v _ L g
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égll : s.ixrface receptors appear to .be minimally dependent on protein

q" . . L : . . .
kinage ¢ activation. In our studies, fmet-leu-phe did not elicit -

d‘gnéc‘tpble ptOtein‘kinasé C.t:an'slocation, an o_bSer\}atioh corroborating
thoseiof Nishihira et al. (1986) with respéct to fmet-leu-phe, platelerx-

© #activating . factor, and leukotriene 84. " These investigators have
A . ’ . . . : : ' Lo R .

/éfs'quegtevd that the readily: reversible state of cell activation elicited

by ﬁhese,chemoa;grac,tants may bypasé pro;ein kinase C activa_,tion,- in’

Inieres'tingly, the majoricy of chgnoa:t:écn:ari’t's v}h-ich interact with

39

spi'ie of a considerable degree of phosphoinositide metabolism.  An

" alternative interpretation, -would be that protein kinase C activation

k)

° thirough recepror-mediated évents involves a mch smalie: proportion of

"\ the total kinase pool than that available for dc_tivation by fluoride or

. . ' o o : )
MA. PMA would h&ve, 'as potential targets, the entire protein ki-nase o}

’ "po'ovl, while fluoride would affect t:hat propon:ion of the pool wh;.ch

~

g :
would be in prox:.mty to the dxacylglycerol generated by the N -

activated phosphodiesterase. However, ch‘emoattra,ctant activation wou\‘,Ld

\
\

J.nfluence only that subpopulatlon of N, re.cmit"ed by the receptor typé\
in quesr_ion, thus- resultinq in a much sma ller. quam:ity of dlacylglycegg}
" »generated_._ ' It is. thus conceivable thac, while chemoattractant-induced
)gihase t:ranaloCar.ion ‘may occur,. ‘the magnitude of this response defies
- t:h.e resolution capaéities of the ;ssay system’ etﬂpioyed.I .‘

The fact th&; the. loss of protein kinase C activity from the

cytosol was not associated with a quantitative recovery of activity in°

the membrane frac;f.on of fluoride-activated cells is a common feature of

this type of assay (Wlfson et al., 1985), Ic appears that detergent

solub.tlizat:_lon is either insufficient to extract all of the membrane

\



.

' assocxar_ed kinase actxvxt&nn else resuh:s in a partial inact.wation of -
:klnase functlon. Indeﬁ.q the unus"(xal resxstancy of neuttophil pror.ein
yk;nase C to detergem: extractlon has led Vblfson et al. (1985) to

propose t:hat the ptoteln klnase/C conplex may be associa:ed winh the

v - '
cytoskele;on. This is partxcularly .mteresting in view of the findlng

-

of 'Nisl;xihira et al. (1986) tharc, wh'.xle fmet-le‘u—phe alone did not re'sult
" . . [ . . .

140

in detectable protein kinase C translocation,’ challenge of cells with’

this ‘chemoattractant in the presence of t:h'e_'acnin-interac_;ing drug, -

cyrochalasin B, a.].ldw_eq~ the resolution of a certain amount of kinase

redistribution. Purthermore',v it is kn'own thare, once‘bound'.to :he

membrane, protein kinase ‘C is sub]ect: to inactivation by proteolytic'

deqradau.on ('I‘apley and Murray, 1984) and phosphozylation (Kikkawa ‘et
al,, 1982; Rozengurt et al., 1983), situatxons whxch despite the use of

protease inhibitors in the assay buffer, may_part_:iauy account for the

" lack of quantitative recovery of activity in the membrane fraction.

Y

H. USE OF FLUORIDE ION AS &}ROEE FOR THE GUANINE NLCLEO’I‘IDE-BINDING

o -

PROTEIN IN'VOLVED IN PHOSPHOINOSITIDE TURNOVER

:I'he- abxlxty of fluoride to induce superoxide . production, ca2*

mobil:.zatlon, and pfbtein kinase C"tr'énsloca;ion, _Lri association with

. 7 x’f H!
phosphoinositide turnover, .unpl.tcates an early stage in the transduction

process As the gite of action of this inflammat,ory stimilus. I-'Lu_oride-

evoked effects were” characterized by a slow onser and sustained

.¢

dquration.. ® This time course contrastyg with that of chemoattractancs,

such as fmet-%eu—phe, which 'e)cpioit a traditional cell surface .receptor

mechanisﬁ that invaria’biy displays a le'g_period' ef 15 sec or less and
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B
L4

) fapid dersensit’iza‘tion‘." The delayed and prdlonged response to fluor:.de
‘thus seems more, lx.kely. to represent the‘é;i’%ent actlvatlon of an
integral membrane pz;oeeln anolvedg xn‘ the signal transnu.ss.ton process.
Such a :site of acx:ion'si'sv'i:onsisteml:.w.ith our proposal -thet tne G-pror__ein
transducing. unit,' interposed betiveen ' .t‘he. r_ecepr.of ‘ and x:thié
'p_nos.obpc.lies.ter;lse, is the ptoﬁeble -s‘.i.te of .aeti'on of fluoride "as an
infla,mmlatoryv stimilus. Alchougv‘h&o_ur present deta cannot preclude t:he‘
po'ssibiii{:y that fluoride is acting direcr.ly'gn_‘ r.he pnosphodiesterese,
we regard this possibiliey,' .as unlikel‘y,‘consi.'der‘i'n‘g fluoride's w'ellf

. established role ae an acti\}aﬁor‘ of éuanine'nucleotide-binding proteins

AT

in’ the adenylate cyclase'system. Howevez, in vx-ew of che recent finding
' (G:.ll et al., 1986) that calcium release at the level of the endoolasnic
»‘reticulum may involye a gum‘ine nucleotide-sensj.txve regdlatory protei‘n,
we cannoe ignore the poseibility chat fluoride-evoked .calciun“
n\obiliza‘tion7 may be o_cc:\;r_ring at two sir_'es‘: one’ involving G-*pfor.ein
.activation of phospholipase _Cv and anocher invo}ving acvtivlaw:ion of a G-
protein-mediated .sign.al tren'sduction process ’ ln ‘the endopfasmic

'reciculum .

- '

m

In support of these interpretations, a . study conduct‘ed
simltaneotlely and independen‘tly by' Hacknore et al (1985)" has
-docunented the effect. of NaF on che percussxs tox;n-insensx.&we quanine
<nuc1eotide-binding procein involved in <the. phosphomos.h:ide-dependenc
ceu activat,ton mechanian of the‘hepatocyte. .In this cell syscem,
‘nd.lllmolar concentrations of ‘NaF were found to elicit activat.lon of
'phosphozylaoe, inactivation of glyc.ogen sy‘nthase, calciun _efflux,

.-ealevation of 'qtoaoii'c. .calcium concen\:tations, end a decrease in



. @ a2
Pt:dIns(4,5;2 | levels o with ~ a -,congomitant eleva.t‘.:;on of InsP3 and
ddiaquglycerol.‘ 'Ihese changes ocdxrred v'uthva more rapld time cou{ree
Q’;. \:han theJ.r counteréa?ts ln the neutro;)hll the lqg‘jp’eriod belng_r'only
1 min-and the dgrat:‘lon 2'to S uLi."n." - |

R ) o B . - < ~

Taylor et al. (1986) subsequently demonstrated InsP3 accunula :
N ! ¢
in eleccrxcally permeabxllzed cells from rat parotid glanc‘ upon exposure '

_to NaF, as well as Ln ‘the presence of G'I,‘Pys. 'Ihese.lnvebthators'
mentloned the fact chat fluoride's abxlxty to inhibit the Ins(1 4, S)P3
L -phosphatase (Storey et al.,. 1984) . whlch degrades Ins(1,4, 5)1»"3 to
, .'Ins(1 4)1-"2 may contrlbut:e sot!lewhar: .to the InsP3 conponenr_ of - fluoride-"
induced- ‘p})osphoinositid'e tu’rnover, altho’ugh _ c’hl$f'fec_t could not i
explalr: the increase in other phospnoinositide n\ztabolltes noted in the
hepatoqte and che ‘neuerophil.
| 'Our. findings (Strnad and ang, 1§8'S)-- concerning 'fl‘uoride-l'nduced
calc:.um moblllzats.on in neucrophlls led Poll et 41. (1986‘) to readdress
the effect of NaF on human plat:_elets, in which fldoride haa’“av recognized

'ability to ' evoke dense granule releese (Murer, 1968; Murer et al.,

1981) .. They found t:hat fluorxde—inmced degranulat:lon in platelets was

’acconpanxed by elevated .cytoeolic " calcium concentration_s and t‘:h’e'
generation of thromboxane 82. lag’ periods lnv platelets: tended. ro .be
shorter than in neu‘trophils; buc, doee-erfects \gere e.i_mi.la.r. 'I.hey .also _
confirnie_d' the deoendence of fluoride-in‘d_.\c‘ed calcium mobillzati‘on-on

“ extracellular calcium, report.:.ng inhibition of this reaponse, as well aa'

degranulacion and thromboxane B, generatlon, in cells exposed to 2 mM

EGTA -1 min before fluoride at.urulat:ion. 'lheir findinq of MMA 1nh1b1cion

o

of: fluoride—inmced intracellular calciun elevation corresponds well
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with our finding that;'high conghwrations of MMA suppressdd the

1. MECHANISM OF ACTION os‘ n.uonmr: AS & G~PROTEIN ACTfVNrOR
: "
trace amdunts of allminum (sxernweis and ‘Gilman, 1982). Indeed, th‘e, )

. ) ) N X L s
quancities of aluminum present in solucions stcgyﬁu‘in ‘common glassware,

are q\ii\:e adeé/;uar.e for this ‘purpose (Gabler:' et al., 1983). Efficiency

appears to: be maximal ac those concentrations of so‘um fluoride at

which g;he fiuoroaluminate complex, AI.F4, is favoured (GoldStein, 1964,
. R S

‘

Matwiyoff and Wageman, 1970) .
Biyga.y' et al. (1985) advanced an 'at/:tr;acr.ive' 'proposal for the
@echanism of action of fluoride as a G-protein activator. F‘thein'g thg
, light—activated rhodopsin-transducin—c@lp phosghodiesterase system
(Stryet ‘et al., 1981) as their model,f they de‘_\.relppedl reconstituted
: ‘vaystens in _'which' the purified »tra.nsducin a subdnit I(Ta_-fc_.;D'P.)‘ and the-v o
part:.iall'y’ purified bhgspHOdiestetase vqere .restored te r‘eﬂtin’al outer
'segmenc (ROS) membranes which hadvrgeen. deprived of all protein
» components excepi: tnc)depsin. The addition of NaF and A1C13 to: this
vreconecituted systan conferred upon T -GDP the abillty to activate the
yphosphodieer.etase in the absence of a light stimlus, in a manner
comparable to that of T -GTPyS. '

4

,m .an extension of ‘this study, using purified bovine ROS membraneé .

\

containing a native conplement: of transducin and phosphodiesterase, they

.

dqnonsr.ra\:ed that the addition of NaF and A1C13 in r.he dark inchced

dissociation of T -GDP from TBY' Notrably, the pre@f GDP in the



)

':*"'nding site  appeared 'to be a strict requiremenct. Fluoride was
. @
LneffeCt:Lve in cases where the site was empty, a condit_ion achieved by

remov1ng atl qnnine nucleotides in «the presence of  a.

s

, Py

.

r.o the dxspladement of bound GDP from Ty ‘but not _i:_s,su,bsequenc
replac_anem:‘. - Significantly, fluorid‘e activecien Qes rescored' by the
additioﬁ of GD'P.._ Howeve,r occupation of the guanxne nucleoctide site by
GDPyS prevented fluor,Lde action,- indicating cha: the 1arge s atoLn
someh ow encroaches on the AiF4 b.lndlng domai nA.

Dose-activation ‘curves suggested that the sgtoichiomerry of chisg

144

strong

lllumxnatlon stmnlus--clrcm\sz:ances in wlvch accwated rhodopsin leads‘

"'effect involved the bi_nding ‘of one l\l% per T, unit with a binding.

constant of 1 uM or higher. Apparently, fluoride, in the millimolar

range, was capable of inducxng conformatlonal changea in the GDP-
boun‘d a-subun_u: whlch were equivalent to cthose of the GTP—bound state.

'Im.s was reinforced by the findlng that AI.F4-activated Ty ~GDP exhlbited

the same proteolytn.c sensitivxty character;.stlcs as T -GTPyS (Stem et -

! 'al., 1984 1 1985), ’Ihese findings led Bigay et al. (1985) to propose
that AlF, acts by mimicking the qamm' phosphaz:e bf GTP.

This m.uxu.cry ig belxeved to be accounted for by certain atructural

simxlerlties between AlF4 and P043.’ Notably, 'both are tetrahedral. The:

‘central aluminum and phosphorus atoms are the same size. Fluoride and -

oxygen bot:h have van der Waal's rad11 of 1.35 Angstroms. ‘Te P-0 bond

length is 1, 55 to -1.60 or Angscroms, while the Al-F bond is 1.65-1.70

' Anqsx;roms. The extended duration qf fluoride-induced activation can be

attr.ihxted to !:he‘hig.h electrohegativity of fluoride which would result
B L [ -
Lin st_‘ron,_gerfbihding than that possible for the gamma phosphate of GTP

‘g! Tl g
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TURNOVER

which - is readily removed by the intrinsic GTPase actiVlty of the a-
&£ .
subunit (Bigay et al., 1985) .

ey L

Q.

J. REGULATION OF CHEMOATTRACTANT- AND FLUORIDE-INDUCED PHOSPHOINOSITIDE

Fl

145

' Both protein kinase A and protein kinase C avc'tivation, as well as . -

pertussis toxin-mediated ADP-ribosyiatibn, have been .fout’rd to ;ex'er»t_

negative effects on the activacion of ‘the phosphoinositidevtu’xfnbver':

pathway in the neutrophil (Della Bianca et al.,  1986a; Della Bianca et

al., 1986b; Bradford and Rubin, 1985; Smith et -al., 1985; Volpi et al.,’

1985). RAs regulation by these inhibitbr_e_-:seems to be relared to various -

funcrional aLteratidna in the"GTPQbinding or GTPaSe'pfoperties of N, ,' it

. B . ‘ N - . . -
~was interesting to examine the effects of these changes on the fluorigde

.

activation process. - o " . ,
- o ‘ - PR +
Unlike chemoattractant-inducéd - cellular responses, superoxide

production, phosphoinositide turnover, and calcium mdbiliz.;tion in

'sponse  to. fluoride lon were un‘affected by pettussis- -toxin,"

‘pretréatment. As - ADP-ribosylation by pertussis toxin inhibits GTPyS

' appear tmat this toxin brings about inhibition by interferinq with the

1

ribos‘tion of N, by pertussis toxin is inhibited by G'rpys, suggesting

a pruference for the inactive undissociated G—protein as a substrate.

' binding To N, but not GTPYs-indxced aCtivation of the protein, it would '

. GDP-GTP ‘exchange .process (Smith and Snyderman, 1986). .Notably, ADP-

A8 fluoride' '8 mechanism of action is a GTP-independent ptocess targetted..

ac the GDP-bound form of N, ra\not aurpx;ising that ADP-r}boaylation

does_no: affect fluoride acti on/of. tn:;eu?ﬁreteiln.

3

.?:;”.
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Cyclic AMP-mediated 1nhxbiuon of neutrophil responses is exploited ?,

‘u? ‘a number of physxologlcal antagonlsr.s sucg)aa prostaglandins of the E.
s ,L'_ o %

serxes (Lad et al., 1985b‘ 'Ihkenawe et al., 1.9_86_'). lLikewise, .the

?&nsient chenoattractant-.tndxced elevation 'of' cAMP levels' My' '

]

,*M:rxbute to 1inut.mg the extent of cell activation (Verghese ec al.,

1985b) . Nocably, ‘the actlvat.tbn of cellular responses by phorbol ester. ¢
. _ 3 o

-

cumor promotors and calcxum :.onophoresv xs unaffecred by cyclic AMP,
v‘whxle chemoattracta‘nt responses are xnhlbited (mjita et al.; 1‘984, -
Della manca et al., 1986). '_ Cbnfhct.mg reports state that fmet-leu-phe , |
binding is. 91ther unaffected (&gdemn et el., »1986) or inhibitedh_

(Hol.Lan'et al., 1986) by cyclic. AMP pretredtinent. ‘Ihe finding thar: cAMP

inhibits. chemoattractant-;ndxced Phosphoxnositxde turnover has led to;"'-:"-'

§ B
the suggestlon that either N, or phospholipase c may. be a potential‘
A
target of cAMP-mediated .mhibition.' er finding that fluoride—lnchced_
‘ 5 .
, phospho.mosltxde turno\rer was unaffected by preincubation of cells w.tth

iQ

.

. '.‘

-d.tbutyryl &MP, ,under cond.ttiona"whxch almost conpletely qbolxshed fmet-

leu-phe—;nduced phosphoxnofﬁg’ﬁe °turnover, indicate tha‘t phOspholipase c:

L.l Al

. ..LS unllkely o be the target of cAMP lnhibigg.qg.» Thisg would implicate -
. , i _

‘ elther or both t;:e fmet-leu-phe receptog‘-mnd theiG-protein as the sites'
W i '

of proteinﬂ‘ﬂxnase A phosphorylatiOn. If the latter po'ssibility is
]l .

correcg ic would imply tha.‘t fluoride acv;ivation of -the G-proteim rusc

somehow be reaistant to the inhibitozy effeCts Of cAMP. _This would

o’

_est that the inhibitory mechanism is dependent on the preeence of a

‘rolyzable phoaphace group "in the vy poa.ttiOn of the active slte.
'Inhxbit.xon miqht take the: fotm of a decreased race of quanine: nucleotide.'

exchange, a form of -inhibition _which would not affect the action of.
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fluoride ’whose- target is the GDP-bound G—protein.-' Altetnatively, it

‘might involve ‘an increese in the ternu.neting GTPase ectiv.v.ty :.n which

- case, agein, a hydrolyzable y pOSphete would be ne&sery for’ the
expression of the inhibitory effeCts. ?
Hiqh 'cont_:'entretions. -of PMA‘ hdve been found to inhibit calcium
. v N . [y . . o .

mobilizatiom (Legest et aL:,- . 1984' SChell—l-Yederick, ‘i9§4) R
degrenuletion (Neccache et al., 1985e) and phosphoinositide turno;er dn
response to fmet~1eu—phe (Delle Bianca et el., 1986b). _ In -'contrast. to
' pe:rtussi:s toxin, mA appears to lnhlbit GTPys-induced phOBphOanSltlde

turnover, bat- not- fmet-leu-phe-inchced G'rpys binding (Smi—th -and” .

.Snyderman, 1986).. Interesting, Katada et al. (1985) indicated that RMA

’pr'eferen_tiillyv' 'sphozylated dissociated 'u., ‘but. not o‘ligomeric Ny.

f 'e s.n substretes might be anticipated for
N\,

a8) noted that phorbol esters inhibited both -

nceivably, the

N . ’Ma'tsunoto et al.

-the basal and . fmet-leu-phe-activated high-efiinity GTPese activity of -

neutrophil hMetes, as well as increasing the’ pertussis toxin—
2.

'induced ADP-?&O fetion of 5 4‘1!( protein. mtably the latter eff'ect

-

o

' wee not obsﬁfve m,hhomoqenetes, suggesting that inhibition may be
S

!l

exe«rted at mox‘e than one 1evel of G-px?btein function.

):»
N

Although PHA was  found to- ° attentuate flu‘oride—induced
- o ,v'~ .
;phoephoinoeitide turnover, the hiqh conceptretion required for ‘this

'inhibition.‘ exceeded those at which a” substantial degree of cell
‘ - o~
vectivation and protein kinase c trens“l)oce?ifn occur. 'I.his probably
reflecte that fact that fluoride qc;iuetion otlﬁ 1involves, as potential
te'rgets, the entire N, pool. wheﬁeasﬁbh:moettractent-induced ectivation‘
’ !.

.’,"of thil G—protein would influence Only those N, oligp;ners which are .

.~

1a7r
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the level of protein kinase ‘Co activation necessary To reduco a

> -
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'associated ‘with - the cell surface receptor in. question. ¢ Presumably, B

Oaturating concentrations of phorbol ester are necessary to result in -

_substantial conponent 'of'»_ the fluoride activatable" pool of N

Nevertheless, ac these levele of phorbol ester, the possiblitx of - non- ‘

speCific effects cannot be ignored. It is, therefore,»ﬁp‘ropriate ro -

/

inhibition of phosphoinositide turnover observed under these conditions.
. " . $ .
'rhe implications of fluoride ion as a probe for the gquanine

nucleotide~binding protein in neutrophils are mltifold. Although ic ﬁs

regrettable that no pharmacologiml activator has yet been identitied

. with the ability to selectively distingxish between various forms of the

- o

"jneutrOphil activation at the level of« -N lwithout resortin'g to the

n

pOtentially artifaCtual membrane preparations or cell permeabilization

o

".suggest the possiblity that protein kinase L inVOI.Vement or phorbolﬂ_

, ; 1
estev-ind.tced ‘changes in membrane properties may contribute to' the -

»G-proteins, fluoride provxdes a useful tool"’witb which .to stimulate

]
procedures necessary for G—ptotein activation wish GTP or its analoguqs, ‘
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