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The results reported here show that the activation of the NQDPH 

oxidase in neutrophils by fornyl-methionyl-leucyl-phenylalanine 
(FflLP) and concanavalin R (Con c1) may occur with a stimulus 
response coupling sequence that bypasses the activation of 
phosphoinositide hydrolysis, monitored as accumulation of inositol 
phosphates and glycerophosphoinositol, and the increase in 
CCa”3,. . In fact: i) in Ca"'-depleted neutrophils FtlLP and Con p 
do not induce the respiratory burst and the activation of 
phosphoinositide hydrolysis. The addition of Ca=* restores both 
the respiratory and the phosphoinositide responses ; ii) the 

double treatment of Ca **-depleted neutrophils with FflLP and Con R 
in sequence, before FULP and then Con CI and viceversa, or 
simultaneously, restores the capacity to respond to the second 
stimulus with the respiratory burst but not with the activation of 
phosphoinositide hydrolysis. These findings suggest that, for the 
activation of the NIlDPH oxidase by FflLP and by Con CI: i> the 
transduction pathway including the stimulation of phosphoinositide 
turnover, the Ca” changes and the activity of the protein kinase 
C is not required, or is not the unique, and ii) one stimulus may 
trigger more than one transduction pathway. Possible transduction 
pathways are discussed. 0 1986 Academic Press, Inc. 

Several lines of evidence suggest that the stimulation of 

phosphoinositide turnover, the increase in CCa”‘3, and the 

activation of protein kinase C play an essential role in the 

transduction reactions for the activation of the NBDPH oxidase, 

the enzyme responsible for the free radicals producing respiratory 

burst in leUkOcytG!s: a) leukocyte response induced by chemotactic 

peptides, Con CI and calcium-mobilizing stiauli is constantly 

@$brBy&Bf&BDB-~Bggr FHLP, formyl-methionyl-leucyl-phenylalanine; 
Con p, Concanavalin CI; OCIG, 1-oleyl-2-acetyl-glycerol; DFIG, 1,2- 
diacylglycerol; IP=, inositol trisphosphate; IP=, inositol 
bisphosphate; IP, inositol monophosphate; IPs, inositol 
phosphates; PIP,, phosphatidylinositol 4,5-bisphosphate; PM, 
phorbol 12-mirystate 13-acetate; TCD, trichloroacetic acid; 5-L- 
HETE, %hydroxicosatetrenoate. 
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associated with the activation of phosphodiesteric hydrolysis of 

phosphatidylinositol 4,Fbisphosphate (l-10) with production of 

diacylglycerol, a physiological activator of the protein kinase C, 

and of inositol trisphosphate, responsible for the increase in 

CCa"lI; b) activators of the protein kinase C as phorbol esters, 

1-oleyl-2-acetyl-glycerol (ORG) and fatty acids (11-13) induce in 

leukocytes a respiratory burst (14-16). Furthermore FHLP, acts 

synergistically with Of&G in eliciting the respiratory burst (17); 

c) the respiratory response is often associated with translocation 

of the protein kinase C from the cytosol to the plasma membrane 

(18-20) and with increase in protein phosphorylation (21-24). 

Recent data obtained in our laboratory question the above 

sequence of transduction reactions showing that the activation of 

phosphoinositide turnover and the increase in CCaz'3r may be 

dissociated from the respiratory burst by FtlLP (25,26). In fact, 

i) pretreatment of neutrophils with non stimulatory doses of PM 

depresses the activation of phosphoinositide turnover and CCaz+I, 

change, while potentiates the respiratory burst by FMLP (25); ii) 

the pretreatment of Ca "-depleted neutrophils, with non 

stimulatory doses of PM restores the activation of the 

respiratory burst but not that of the turnover of 

phosphoinositides by FMLP (26). 

The results reported in this paper are a further and stronger 

evidence that the activation of the NClOPH oxidase by FIILP and Con 

fi may occur independently of the increase in phosphodiesteric 

hydrolysis of phosphoinositides and in CCa2+IlI. In fact, the 

synergistic activity of FilLP and Con q allows these agonists to 

stimulate a respiratory burst in Ca*+- depleted neutrophils in the 

absence of any changes of phosphoinositide metabolism. 

HRTERICILS MD tlETHODS 

!lRgRDlg&SA Win-2 Ml was purchased from Calbiochem-Behringer (La 
Jolla, Cc\); Cmyo-2-3HJinositol (lo-20 CiAnmol) from Clrersham; QG 
l-X8 resin from Biorad; FULP, Con p, cytochalasin B, were 
purchased from Sigma, Pertussis toxin was kindly provided by dr. 
R. Rappuoli from Centro Ricerche Sclavo (Siena-Italy). 
Neutreeh~l_er~e;3r;~~g~~ Human neutrophils were prepared from 
venous blood of healthy donors as in (10). The cells 
were resuspended in a Ca ‘+-free Hank’s balanced salt solution 
containing 20 r&l Hepes and 5.6 mfl qlucose (pH 7.4). 
Preparation of labelled and Ca2*- -----_* ----I--___-- -_l--_,-l-_--_-_deel~~~~-~~~~~-o~~~~ee~~~~~ 
Human neutrophils <20x107/m1) were labelled for 2 h at 37-C with 
3OpCi/ml C3Hjinositol in the presence of 0.025% bovine serum 
albumin. During the second hour l&l EGTFl and 6OpU quin-2 were 
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added to the incubation medium according to (27) in order to 
deplete the cells of Ca”‘. 6#t the end of incubation the cells were 

uashed tuice and resuspended in Hank’s balanced salt solution 
containing 1 nfl EGTFl and 1Omtl LiCl to a final concentration of 
3x107/ml. This treatment results in a decrease of CCa2*Tl to < 

lOntl, monitored according to (28). 
Hetabolics studies ~~~~~---.e~~~------l 0~ consumption was measured at 37°C uith a 
Clark oxygen electrode using 3~10~ neutrophils/sl in Hank’s 

balanced salt solution containing 1mTi KCN and 5pg/ml cytochalasin 
b, and when required, 2 q U CaClz added 5 min. before the 

stimulants. In some experiments neutrophils were pretreated with 
pertussis toxin (1 pg/al) for 2 h at 37W, then depleted of 
calcium with quin-2 and EGTfi as described before. 

The phosphoinositide turnover was investigated by measuring 
the accumulation of inositol phosphates according to (291, in the 
same conditions of incubation and treatment used for Oz 
consumption. Briefly aliquots of cells suspensions were drawn and 
quenched with TN, final 7.5X, and kept on ice. The sample were 

extracted four times with diethyl eter, neutralized with sodium- 
tetroborate (final pH 8.0) and resuspended in 2 ml of distilled 
water. The radioactive phosphate-esters uere separated on GIG resin 
(l-X8, 200400 mesh formate form) exchange column. The column 
was eluted sequentially with water (for free C*H3inositol); 5 ah 
Na-tetraborate/60 mh sodium formate <for glycerophosphoC3HIl- 
inositol); . 0.1-H formic acid/0.2+ ammonium formate (for 

C3HJIP); 0.;~h formic rcid/0.5-U ammonium formate (for C3HJIP,); 

0.1-h formic acid/l-h ammonium formate <for C3H31Pa). Samples of 1 
ml of each eluate were taken for liquid-scintillation counting. 

RESULTS 

Double treatment uith FHLP and Con CI restores the respiratory - -.--.---..- ----” _--- -It------- _..----. “--- .--.---..” .-..-. I -.I- - _.I._. -.--.-- .--. - -.-.. 

responsiveness of Ca*‘-dep&eted neutrophils _,.-_- .._ “_- . .._.... “..” .._.,.-..-__.-.- -.-.-- _--___ - -_ --_“-- -,_-_- _ “-- 

Fig. 1 and table I show that in hu.man neutrophils, depleted of 

Pa’+ by Quin-2 loading in Ca *+-free medium containing EGTCl , FMLP 

and Con R do not induce the activation of the respiratory burst. 

The addition of 2 ntfl Ca” restores the respiratory responsiveness 

to FMLP and Con 0. The Ca’+-restored respiratory burst by FMLP is 

inhibited by pertussis toxin, while that by Con CI is only slightly 

sensitive as previously reported (6). 

Fig. 1 and table I show also that Ca"-depleted neutrophils, 

firstly exposed to (primed with) FMLP or Con ?t, recover the 

capacity to respond with a respiratory burst to the subsequent 

addition of Con FI and FMLP respectively, The characteristics of 

these respiratory bursts, in terms of maximal velocity and of 

onset (lag time) of oxygen consumption, are similar to those 

induced by the single treatment in presence of CS’. Furthermore, 

the duration of the respiratory response by FHLP in Con CI 

pretreated neutrophils is longer than that by FtlLP alone in 

presence of Ca2+. The respiratory responsiveness of Ca'+-depleted 

neutrophils is restored also uhen the two stimuli are added 

3 
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Fig.1 Poloragraphic traces of the 0 a consumption by 3~10~ human 

neutrophils. 
CIl Stimulation with 50 ntl F?lLP: ax) in the absence of Cal+; a=) 

in the presence of 2 l kl Ca”*; as) in the absence of Ca’+ after 
pretreatment with 100 pg/ml Con R. 
51 Stimulation with 100 pg/ml Con R: br) in the absence of Cal+; 

ba) in the presence of 2 nH Ca=+; b:. in the absence of Caa+ after 
pretreatment with 50 nR FULP; b+) in the absence of Ca” 
sinultaneously with 30 nh FMLP. 

simultaneously. In this case the characteristics of the 

respiratory burst are similar to those of the burst by Con fi alone 

in presence of Caz*, indicating that the priming agonist is FHLP. 

Table I 

Respiratory burst by FHLP and Con R in Ca”+-depleted human 

neutrophils 

Stirulus 
01 Consumption <nmoles/min/3x107 cells) 

Second Control Pertussis Toxin 
stimulus 

FMLP -- 2.8 -+ 1.1 (14) --- 

FllLP (Ca”) -- 52.5 + 10.3 (14) 3.4 -+ 1.2 (3) 
Con CI -- 2.7 -+ 1.4 (141 --- 

Con p (Ca") -- 37.3 f 9.4 (14) 32.8 f 6.0 (3) 
FflLP * Con CI 33.7 f 5.0 (141 6.7 f 1.3 (3) 
Con CI * FHLP 46.2 f 8.0 (141 7.2 f 1.8 (3) 

FRLP + Con R 29.0 f 4.2 (5) --- 

simultaneously 

Where indicated 2 mtl Cal+ was added 5 ain before the stimulants. 
* Cells were exposed to the first stimulus for 2-4 n in. 
Neutrophils were treated with pertussis toxin as described in 
materials and nethods. For other conditions see fig. 1. Data are 
means _+ 5.D. of the experiments indicated in the brackets. 
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Panel A. Stimulation with 50 nli FMLP: (0-O) in the presence of 2 
ml4 Cal’; (0-O) in the absence of Cd=*; (A-A ) in the absence of 
Cd” after pretreatment with 100 pg/rl Con fT for 4 min. 
Panel B. Stimulation with 100 pg/ml Con CI: (0-O) in the presence 
of 2 alI Ca’*; (0-O ) in the absence of Ca’*; (A-A ) in the absence 
of Ca** after pretreatment with 50 nfl FiiLP for 4 min. 
Panel C. Stinulation with FflLP and Con CI added simultaneously in 
the absence of Cd”‘. Basal values Of C=HJIP, CJH31P,, C=HIIP= were 
2100, 550, 216 and 1800, 272, 118 cpm in the presence and absence 
of Cal+ respectively. Data are of one experiment representative of 
four. 

In all the conditions, when the first stimulus is FIILP and the 

second is Con 13 and viceversa, the respiratory burst requires 

cytochalasin B and is inhibited by pertussis toxin. 

These results i) confirm that the sequence of transduction 

reactions for the activation of NClDFH oxidase by FMLF and by Con D 

requires Ca"+; ii) show that this requirement nay be bypassed; 

iii) demonstrate that the Ca*+-b ypassing sequence involves a GTP 

binding protein also when the final stimulus is Con ?I, which 

usually does not require this step. 

oouble_rre~tlent-of_Ea_____ ___-__ --__---_-__ =+-depleted neutroehils with FhLP and Con CI -.I.----.I.-.“.----. .._..--___-_” _._._ 

dses_snt-.rnsrers-the.-e~e~e~e~~e~~~~~~-.~~~ee~~~ 

Uith the aim to understand the stimulus-response coupling 

sequence of this Caz*-' independent respiratory burst we have 

c 



Vol. 140, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

b c 

FMLP 

1 

ConA 

. . 
0 1 0 4 i 

Time (min) 

ConA 

l 4 
0 

0 

0 2 4 0 4 6 8 

Timc(min) 

Fig.3 Relationship between the respiratory burst (0-O) and 
stimulation of tW3IPs formation (0-O). 
CI) Neutrophils stimulated with 50 nH FIILP: a) in the presence of 2 
et4 Ca*+; b) in the absence of Ca*+; c) in the absence of Ca*+ 
after pretreatment with 100 pg/ml Con CI. 
0) Neutrophils stipulated with 100 pg/ral Con CI: d) in the presence 
of 2 et4 Ca=*; e) in the absence of Ca=‘; f) in the absence of Ca”’ 
after pretreatment with 50 nli FtfLP; g) in the absence of Ca”+ 
simultaneously with 50 nil FMLP. Basal values of C3H31Ps were 2800 
and 2100 cpm in the presence and‘absence of Ca” respectively. 
Data are of one experirent representative of four. 

investigated the behaviour of the phosphoinositide response by 

measuring the formation of IPs, the product of the activation of a 

phospholipase C, and of glycerophosphoinositol the product of 

phosholipases Cl. Fig. 2 reports the formation of the single 

classes of IPs, fig. 3 the correlation between formation of IPs 

and O= consumption, and fig. 4 the formation of 

glycerophosphoinositol. The data show that: il The treatment of 

Ca”-depleted neutrophils with FHLP or Con CI do not stimulate the 

formation of IPs and glycerophosphoinositol ; ii) when Ca”* is 

0 2 4 

6 
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Fi4.c Time course of glycerolphosphoC3H3inositol formation in 
human neutrophils stimulated with 50 ntl FULP (0-O) and 100 pg/al 
Con f-I (0-O) in the presence of 2 mH Cazf; with FtlLP <A-A) after 
pretreatment with Con CI; with Con CI (A-A) after pretreatment 
with FMLP for 4 min. in absence of Cal+. Basal values of 
glycerophosphoC3H3inositol were 550 and 320 cpn in the presence 
and absence of Cam* respectively. Data are means f  5.D. of four 
experiments. 

added to t!a"-depleted neutrophils, FHLP and Con CI stimulate, 

beside the respiratory burst, the formation of IPs and 

qlycerophosphoinositol; iii) the double treatment of Cat’-depleted 

neutrophils with FULP and Con CI, in sequence or simultaneously, 

while restores the activation of the respiratory burst does not 

restore the activation of the formation of IPs and 

glycerophosphoinositol. 

These results demonstrate that the activation of respiratory 

burst by FHLP and Con R may occur with a sequence of 

transduction reactions that bypasses the activation of the 

hydrolysis of phosphoinositides by phospholipase C and by 

phospholipase p, 

DISCUSSION 

The first finding reported here is that the activation of the 

phosphoinositide response and of the respiratory burst by FHLP and 

by Con p requires Car+, and that in the presence of Ca’* the 

activation of the NDDPH oxidase and the phosphoinositide turnover 

are strictly associated. These data agree with the sequence of 

transduction reactions involving the activation of a phospholipase 
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t with hydrolysis of PIP=; the generation of IP= and DCIC; and the 

activation of the protein kinase C (30,311. 

The second finding reported in this paper is that with FtlLP 

and Con R the activation of NfWPH oxidase may occur independently 

of Ca2* and of the activation of phosphoinositide response which 

generates IP= and DCIG, provided that the neutrophils are primed by 

challenging with both the stimuli, either in sequence or 

simultaneously. We have previously reported that in neutrophils 

primed with the protein kinase C activator PM the activation of 

the NCIDPH oxidase is dissociated from the Ca2+ changes and from 

the activation of phosphoinositide turnover (26). These data do 

not agree with the above sequence of transduction reactions for 

the activation of the NClDPH oxidase. 

The explanation of these contradictory results is that with 

FfiLP and Con fl the transduction pathway involving Ca'* changes and 

the protein kinase C activated by products of phosphoinositide 

hydrolysis (1 of fig.51 either, is not required or is not unique. 

Some hypotheses may be advanced on the nature of these alternative 

pathways for the oxidative responses of Caz’-depleted neutrophils 

presented in this paper (2,3,4,5, of fig.5). a) The protein kinase 

C is activated by messengers (arachidonic acid and its 

derivatives, phosphatidic acid, DCIG) produced independently of the 

phosphodiesteric hydrolysis of PIP= 12 of fig. 5) (32-38), or by 

protease (39). The fact that in our conditions the burst by double 

stimulation in Caz+-depleted neutrophils is not associated with an 

increase in the formation of glycerophosphoinositol excludes that 

fatty acids are formed by deacylation of phosphoinositides by 

phospholipases 0% and &. Some of the above mentioned messengers 

(arachidonic acid, phosphatidic acid) are able to activate the 

protein kinase C (13,39), while others (endoperoxide and 

thromboxane cl=) are activators of phospholipase C (40), and others 

<5-L-HETE and leukotriene B+l act sinergically with the protein 

kinase C stimulator DClG in the activation of leukocytes (411. It 

is worthy pointing out that the formation of the above messengers 

requires Ca=+ -dependent reactjons, while the activation of the 

respiratory burst in the conditions presented here, occurs in the 

absence of Ca”. b) plternatively, the recruitment of the protein 

kinrse C could be due to mechanisms different from those which 

require DCIG, fatty acids, phosphatidic acid (3 of Fig.5). c) 

pnother hyphothesis is that the transduction pathway independent 

of Ca” and phosphoinositide turnover does not involve the protein 

8 
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Fia.9 Possible transduction pathways for the activation of the 
NCIDPH oxidase by FMLP and Con CI. 
1) Pathway including GTP binding protein, phosphoinositide 
turnover, Cal’ changes and protein kinase C. With Con CI, the GTP 
binding protein is bypassed (dotted line). 
2) 3) 4) 5) Pathways proposed on the basis of the findings 
presented in this paper, that the oxidase nay be activated 
independently of Cal+ and phosphoinositide turnover. For 
explanations see the text. 

kinase C but other protein kinases (4 of Fig.5). In this case the 

phosphorylation remains the final reaction responsible, in some 

uay,for the activation of the NCIDPH oxidase. d) The last 

hypothesis is that the pathway indepedent of Caz* and 

phosphoinositide turnover involves neither protein kinase C nor 

other kinases (5 or Fig.5). In this case the activation of the 

NFlDPH oxidase is due to other reactions different from the 

phosphorylation, while the stimulation of phosphoinositide 

9 
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hydrolysis, the protein kinase C and Caa+ changes are coupled with 

other responses and functions. Evidence has been presented that 

the protein kinase C is not required for the respiratory burst by 

chenotactic peptides (42-441, and it does not play a critical role 

in the initiation of other responses (45,46), 

Whatever is the case, the results presented here and those 

previously reported by our group <25,26) suggest that one stimulus 

may trigger more than one transduction pathway for the activation 

of the NFlDFH oxidase, and agree with the view that an essential 

role of the protein kinase C in the responses of leukocytes should 

be reconsidered (42-46). For example, it has been proposed that 

this kinase has a negative role in the stimulation of phosphoinos- 

itide hydrolysis by phospholipase C in leukocytes (25,261 as in 

other cells (47,48). 

Investigations are in progress in our laboratory on the 

validity of the above hypotheses and on the mechanisms by which 

the state of the cells and the conditions of stimulation may 

regulate the choice and the activity of the transduction pathway. 
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