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Human neurrophil)

fluman blood neutrophils suspended in Na+ -free, high-K+ , phosphate-buffered solution exhibit respiratory
and secretory responses to N-formylmethionylleucylphenylalanine (fMet-Leu-Phe) much higher than thcse
suspended in phosphate-buffered solution containing physiologieal concentration of K+ and Na+. The
differences between the responses are very marked at low doses of fMet-Leu-Phe (10-', 10-BM),
progressively deerease at higher doses, and disappear at the maximal stimulatory concentration of the peptide
(lO -0 M). Ttie higher responses of human neutrophils to fMet-Leu-Phe are not dependent on the membrane
depolarization, that occurs when the cells are suspended in high-K+ bufferèd solution, but on the absence, or
on the low concentration, of Na+ in the suspending medium. In fact (i) the higher respiratory and secretorS,
responses progressively decrease by substituting K+ with Na+ in the suspending solution, without ehange of
the state of depolarization; (ii) the replacement of extraeellular Na+ with choline ions does not affect the
transrnembrane potential of neutrophils but induees higher respiratory and secretory responses to
fMet-Leu-Phe; (iii) the membrane depolarization induced by gramicidin and by ouabain does not result in a
higher respiratory response to chemotactic peptide. These results indicate that in human neutrophils Na+
plays a regulative role in the stirnulation of the respiratory burst and in the secretion induced by the
chemotaetic peptide. This regulation does not influence the maximal responses, but the threshold of the
responses. K+ is also involved at least in the respiratory response, since the effect of the absence of Na+ is
potentiated when the coneentration of K- of the suspending solution is high. FuÉhermore, the finding that a
very high respiratory burst and the secretion of B-glucuronidase and vitamin B-I2-binding protein can be
induced by fMet-Leu-Phe in human neutrophils in the absence of external Na+ indicates that the entry of
this cation and the eonsequent decrease in transmembrane potential are not necessary events for the
activation of respiration and secretion by the peptide. The mechanism underlying the effect of the
modifieation of ionic composition of the external medium is discussed in terms of the molecular eyents
triggered by the stimulus at the level of the plasma membrane and of the recognition phenomena at the cell
surface, that are common steps for the induction of the respiratory and secretory responses in neutrophils.
Introduction

The interactions with phagocytosable particies
and with appropriate membrane-binding factors
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induce in ieucocytes a series of responses such as
chemotaxis, endocytosis, secretion and changes in
the respiratory metabolism with activation of an
NADPH oxidase and production of O1 and HrO,
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f i-Ì21. The cell surfaee and the plasma membrane
pia,r: a ke1' role in ihese responses and manv
moiecular and functlonal changes of these structures are associated with phagocytosis and with
the stimulation of movement. secretion and respiration 12.4-7.10,1 1,13-161" These include. arnong
others modifications of Ca2* fluxes and mobilization from intramembranous stores [17-19]. and
changes in Na" and K* fluxes [18,20], transmemtrrane potential l2l-27J, phospholipid turnover
[28.29], protein phosphorylation [30] and arachidonic acid cascade Ii0,31-34]. However, tire precise nature and the sequence of events triggering
the manifold responses remain to be clarified.
During a series of investigations on the role of
some of the molecular changes associated with the
stimulation of the respiratory metabolism, we
found that when guinea pig neutrophils are suspended in Na*-free, high-K* buffered solution
[35] they exhibit a spontaneous respiratory burst
similar to that induced by phagocytosis or by
membrane-perturbing agents. A spontaneous increase in Ol production in macrophages suspended in high-K+ medium has been observed
also by others [27].
In an attempt to understand the mechanism of
this phenomenon! we have investigated the effect
of changes of external Na+ and K+ concentrations on the respiratory and secretory responses of
human blood neutrophils. This paper reports data

showing that these responses to N-for-

mylmethionylleucylphenylal anine (fMet- Leu-Phe)
are greatly enhanced by the absence or low concentration of Na+ in the external medium.

Materials and Methods
Reagents. fMet-Leu-Phe, ferricytochrome c rype

VI, catalase, cytochalasin B, choiine hydrochloride, gramicidin and vaLinomycin were purchased
from Sigma (U.S.A.). The fluorescent dye 3,3'-dipropylthiocarbocyanine was a generous gift from
Dr. Alan Waggoner. Superoxide dismutase was a
gift from Dr. J.V. Bannister. Stock solutions of
3,3'-dipropylthiocarbocyanine \,r/ere made in
ethanol and of fMet-Leu-Phe and cytochalasin B
in dimethyl suifoxide (DMSO) and kepr frozen ar
- 20"c.
Collection af cells. Leucocyte suspensions con-

raining 85-9A% neutrophils were prepared from
venous blood of healthy voiunteers by employing a

standard lechnique of dextran sedimentation
described by Dunham et al. [20].

as

Suspending buffered salutions. The solutions employed, buffered at pH 7.4 and containing 5 mM
glucose, \r'ere as folio*,s:

(l) Krebs-funger phosphate: [Na-] 152 mM:
lK*l s mM; [Cl-] 130 mM; IpO;- I 16.6 mM;
lMg'* ) 1.22 mM.

(2) Na* -free, high-K* Krebs-Ringer phosphate: [K* ] 157 mM; [Cl*] 130 mM, tpO;- I 16.6
mM; [Mg2+ ] t.2Z m}'/l'.

(3) Krebs-Ringer phosphate containiag different concentrations of Na+ and K+.
(4) Krebs-Ringer phosphate where Na+ was
totally or partially substituted rvith choline.
Metabolic studies. O, consumption by the cells
rl'as measured at 37oC with a Clark oxygen electrode_(Yellow Springs Instrument Co., OH) using
2. 107 neutrophils in 2 ml of appropriate buffered
solution eontaining 5 pg/ml cytochalasin B, i mM
KCN and 0.5 mM CaCl, [35]. The O! production
was assayed by recording superoxide dismutasesensitive cytochrome c reduction [36].
Secretion assays. I . 107 human neutrophils were
incubated for 5 min at 37oC in polystyrene tubes
in appropriate buffered solutions containing 0.5
mM CaClr, 1 mM KCN and 5 pg/d cytochalasin B. Thereafter, fMet-Leu-Phe in 2 pl DMSO
u,as added and the cells incubated at 37oC for a
further 5 min. After this time. the cell suspension
was rapidly pelleted by centrifugarion ar 8000 X g
for 30 s in a microcenrrifuge (Eppendorf). The
supernatants were assayed for released pglucuronidase [37]. as a marker of secretion from
azurophilic granules, vitamin B- l2-binding protein
[38], as a marker of secretion from specific granuies. and lactate dehydrogenase. as a marker of
release of cytosol components.
Membrane potentia!. The procedure used was
mostly that described in Ref. 39 as applied in
Refs. 25, 35 and 40. The fluorescent probe used
*'as 3,3'-dipropylthiocarbocyanine at 2 pM concentration. The changes of fluorescence intensity
were recorded at 37"C with a spectrofluorimeter
(Ciampolini, Itaiy) '*,ith excitation and emission
w'avelengths of 622 and 660 nm, respectively. Al1
the measurements were performed in the presence
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of 550 I.U. catalase anC 2i pg superoxide disin order to avoid quenching oi the <ive by
the intermediates of oxygen reduction [40].
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Results

Effecr of ionic campositian of the suspending medium
on the respiratory response of human neutrophils to
fMer-Leu-Phe
When suspended in high-K- Krebs-Ringer
phosphate, human neutrophils do not exhibit a
spontaneous respiratory burst, as do guinea pig
neutrophils [35], but present a marked modification of respiratory response to the chemoractic
peptide fMet-Leu-Phe. As shown in Fig. 1, the
stimuiation of O, consumption and Of production by 2. l0-8 M fMet-Leu-Phe is much greater
in human neutrophils suspended in high-KKrebs-Ringer phosphate than in Krebs-Ringer
phosphate. The effects of different concentrations
of fMet-Leu-Phe on O, consumption are reported
in Fig. 2: (1) the respiratory response of human
neutrophils suspended in Krebs-funger phosphate
starts at l0-8 M fMet-Leu-Phe, progressively increases at higher concentrations of the stimulant
and reaches a maxirnum value at i0-6 M fMetLeu-Phe; (2) the respiratory response of human
neutrophils suspended in high-K+ Krebs-Ringer
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Fig.2. Respiratory response ol 2- 107 human neutrophils susin Krebs-Ringer phosphate and high-K+ Krebs-Ringer

pended

phosphate as a function

of different concertrations of fMet-

Leu-Phe (FMLP). Each point represent the mean t S.E. of four
experiments. (OO) Human neutrophils in Krebs-funger

phosphate: (o-r)
Ringer phosphate.

human neutrophils in high-K* Krebs-

phosphate is already present at 10-e M fMet-LeuPhe and increases with increasing stimulant con-

centration at a raie much higher than that of
hurnan neutrophils suspended in Krebs-Ringer
phosphate. At 10-6 M fMet-Leu-Phe, the respiratory response of human neutrophils suspended in
high-K* Krebs-Ringer phosphate is similar to that
of neutrophils suspended in Krebs-Ringer phosphate.
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Fig. 1. Effect of ionic composition of the suspending medium
on the respiratory response of human neutrophils to 2.10*8 M
fMet-Leu-Phe (FMLP). (A) Polargraphic traces of oxygen consumption

ing of

b_r-

Oi

2' i07 neutrophils. (B) Spectrophotometric record-

production by 2.106 human neutrophils. (1) KRP.
Krebs-Ringer phosphate; (2) KRP-K. high K* Krebs-tunger

phosphate.

Relationship between the higher rate of respiraton'
response and transmembrane depolarization
Fig. 3,{ sho*,s that the suspension of human
neutrophils in high-K* Krebs-Ringer phosphate
induces a marked membrane depolarization. This
is indicated by the higher values of fluorescence
intensity reached by human neutrophils in high-K+
Krebs-Ringer phosphate at the end of the equilibrium (baseline fluorescence). Furthermore, the
addition of valinomycin (a K- ionophore) causes
opposite effects in the transmembrane potential:
hyperpolarization in cells suspended in KrebsRinger phosphate (lou-Ko buffer) and depolarization in cells suspended in high-K+ Krebs-funger
phosphate (high-K* buffer). as expected when the
membrane potential depends on K+ gradients.
Since a transmembrane depolarization correlates and precedes the onset of the respiratorv
burst by ciifferent stimuli in leucocytes 121.22.

pump [24.42]" cause in human neutrophils a decrease in the transrnembrane potential but do not
moCif-r, the intensity of thek respiratory bursr induced by fMet-Leu-Phe (data not shown).
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Fig.3. (A) Transmembrane potential measured as baseiine
fluorescence of 3,3'-dipropylthiocarbocyanine (di-S-Cj(5)) of
human neutrophils (PMlf) suspended in Krebs-Ringei phosphate (a) high-K* Krebs-funger phosphate (b), Ikebs-Ringer
phosphate containing choline (c) and its variations by 2 pM
vaiinomycin. For the experimental conditions see Materials and
Methods. (B) Recording ol polarographic assay of the stimulation of O, consumption induced by 2.10-8 M fMet-Leu-Phe
(FMLP) in 2.107 human neutrophils suspended in Krebsfunger phosphate (a), high-K+ Krebs-funger phosphate (b)
an<i Krebs-funger phosphate containing choline (c).

24-271, it seems reasonable to advance the hypothesis that the high rate of respiratory response
to lMet-Leu-Phe exhibited by human neutrophils
suspended in high-K+ Krebs-Ringer phosphate
buffer is a consequence of the change in transmembrane potential. The validity of this hypothesis was tested by measuring the activation of the
respiration by fMet-Leu-Phe in leucocytes suspended in Krebs-Ringer phosphate buffer, where
all Na* w'as substituted with choline (Krebs-Ringer
phosphate containing choline). In agreement with
previous results [35], the suspension of human
neutrophils in this medium does not change the
transmembrane potential, meaured as the baseline
fluorescence in the presence of 3,3'-dipropylthiocarbocyanine (Fig. 3A), but enhances the respiratory response to fMet-Leu-Phe (Fig. 3B). This
result indicates that mechanisms other than the
change in membrane potential are involved in the
greate, response to fMet-Leu-Phe. Indirect evidence showing that a depolarization state does not
induce per se a gteater responsiveness is supported
by the finding that gramicidin, a ionophore that
increases both Na* and K- permeability [41], and
ouabain, an inhibitor of the neutrophii Na*, K*

Respirator.y' responsitseness of human neutrophils as
a -function of different K * and No+ concentrations

Fig. 4 shows that the irigh respiratory response
to fMet-Leu-Phe exhibited by human neutrophils
in high-K* Krebs-funger phosphate progressiveiy
decreases on substituting Na+ for K*. The comparison between the changes in the respiratory
response and in the depoiarization state caused by
the substitution of K- with Na- in the medium
(Table I) shows that the respiratory response to
fMet-Leu-Phe decreases without modifications of
the depolarization state induced by K*. These
results indicate that the degree of response of
human neutrophils to fMet-Leu-Phe is an inverse
function of Na* concentration in the external
medium and that the greatest response occurs in
the absence of this cation.
Changes

of

transmembrane potential induced bt,

fMer-I*u-Phe
Fig. 5 shows the changes of transmembrane
potential and the stirnulation of O, consumption
induced by fMet-Leu-Phe in human neurrophils
suspended in Krebs-funger phosphate and in
high-K+ Krebs-funger phosphate. It can be seen
that ffuIet-Leu-Phe induces both a decrease in the
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Respiratory response

to 2' i0-8 M

t52 mv
5 mM

irc'
lK'

fMet-Leu-phe

(FMLP) Lry humaa neutrophils (PMN) as a function ol difierent K+ and Na* concentrations in the suspending buffered
solutions. The values are the mean + S.E. of six experiments.
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TABLE I

in high-K+ Krebs-Ringer

RESPIRATOR}' RESPONSE TO 2.IO_s M f]T{et-Leu-Phe
,aND TR-A,NSMEMBRANE pOTEt{TiAL (Fb/F") OF HU_
h,,,4N NEUTR.OPFIILS AS A FUNCTION OF EXTERNAL

CONCENTR,ATION

OF Na* AND K=. .4,ND ITS
2 pM VALINOMYCIN

CHANGES BY ADDITION CF
( F, iFr;

Fn is the fluorescence intensitv of the leucccyte suspensions at
the end of equilibrarion and .f, that of 3.3,-dipropylthiocarbo_
cvanine solution. The ratio Fo/\ rs a function of transmembrane potentiall the lower the value. the higher the transmembrane potential. F,/Fo, is the ratio of changes of fluorescence
of ieucocyte suspensions after the addition of 2 g,M valinomycin ({,) to that at the end of equilibration before the addition
of valinomycin (Fb). The decrease in this ratio indicates hlperpoiarization, an increase depolarization. (a representative experiment).
Conditions

of incubation

Ft/ Fo

02
consumption

F"

/Fa

(nmol Orlmin

lK*l

(mM)

157
137
117
97
77
5

[Na*]
(mM)
0
20

per 2'1A7
neutrophiis)
4.45

t.22

0.45

1.22

4A

35.5
29.2

4.45

1.22

60

16.2

0.4r

t.l6

80

10.1

437

1.02

i52

t0.1

0.29

0.72

transmembrane potential and a respiratory burst
suspended in Krebs-funger
phosphate. In contrast. in neutrophils suspended

in human neutrophils

phosphate. the peptide
induces a higher respirator].response which is not
associated with modification of the transmem_
brane porential. These results indicate that Na- is
required for the depolarization induced by fMet_
Leu-Phe and that the change of membrane poten_
tial does not show a positive correiation with the
presence and intensity of the burst.

Effect of ionic composition of the suspension ntedia
on the secretory response to fMet-Leu-phe
Table II shows that the secretory response ro
fMet-Leu-Phe is also influenced Uv tire external
ionic concentration. The secretion bv cvtochalasia
B-treated human neutrophils of B-glucuorriaus.,l
marker of azurophilic granules. and of vitamin
B-I2-binding protein, a marker of specific gran_
ules, is rnuch greater when the cells are suspended
in high-K+ Krebs-Ringer phosphate.
Fig. 6 depicts the secretory responses as a func_
tion of different concentrations of fMet_Leu_phe.
The data show that the stimulation of secretion
behaves simiiarly to that of the respiration re_
ported in Fig. 2. \n fact, the differences between
the secretion induced in human neutrophils sus_
pended in high-K+ Krebs-Ringer phosphate and
in Krebs-Ringer phosphate are much greater at
low doses of fMet-Leu-phe, progressively decrease
at higher doses and disappear at the maximai
TABLE II
RESPoNSE To IO_E M fMet.Leu-Phe oF
HUMAN NEUTROPHILS AS A FUNCTION OF EXTERNAL CONCENTRATION OF NA+ AND K+

SECRETORY

LLl

J

a
J
I

)

22.5
nmol

\

L!
lrl

,J

Z
U
t)
a

t)U

tr-r

C'

o

)

J

L.

4 min

Total cell enzyme acrivities were:

KRP.K

C.

c

lphthaleinl4h per

rvip \ \a

]Ì KRp-r

* 55.3 nmol

pheno_

for B_glucuronidase: g65=
104.0 pg vitandn B-12 bound/106 neuirophils
for vitamrn

tr,
'\

i""*=*-=-

Fig. 5. Stimulation of ox),gen consumption (upper curves _
polaroeraphic recording) and modifieation of transmembrane
potential (lower curves - spectrofluorimetric traces) induced by.
6
5 . l0 - M fMer-Leu-Phe (FMLp) in human neurrophils (plt{N
)
suspended in Krebs-funger phosphate (A) and in high_KKrebs-funger phosphate (B). For details see Materiais and
Methods.
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107 neutrophils

B-l2-binding prorein. Dara represent the mean -FS.E.
of four
For experimentar condtions see Materials and

experiments.
Methods.
Conditions

of incubation

tK*l
(mM)
5

157

[Na*]

(mM)

152
n

Vitamin
l2-binding
protein release
B-

(pg vitamin
B-12 bound/106
neutrophiis)
44.7+11.1
162.i + 10.7

f-Gìucuronidase
release

(nmol phenolphthaieinT'4 h

per 107 neutrophiis)

4.7

=0.3
36.2+ 3.6
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Discussion

The general opinion that ions are imporranr in
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the rnultifold responses of leucocyte to
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Fig. 6. Secretion of B-glucuronidase and of vitamin B-l2-binciing protein (Br2 BP) by human neutrophils (PMN) suspended
in K-rebs-funger phosphate and high-K+ Krebs-funger phosphate as a function of different concentrations of fMet-Leu-Phe
(FMLP) (a representative experiment). (c--O)
High-K=
Krebs-funger phosphate; (O-O)
Krebs-funger phosphate.

stimulatory concentration of the peptide, i.e., at
10-6 M.
The data of Fig. 7 demonstrate that the enhancement of the secretory response is due to the
absence of Na* in the suspending media. In fact.
by substituting K+ with Na+, the secretory activ-

ity induced by fMet-Leu-Phe progressiveiy
decreases and become similar

to that exhibited by

human neutrophils suspended

in

Krebs-Ringer

phosphate when the externai concentration of Nareaches 40 mM. A greater secretory response to

fMet-Leu-Phe has been observed aiso

in

?
ò

human
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neuirophils suspended in Krebs-Ringer phosphate
where all Na- has been substituted with choline.

f

20

157 137

40
117

152
5

Fig. 7. Secretion of B-giucuronidase and of vitamin B-12-binding protein (B, BP) induced by 10*8 M fMet-Leu-Phe (FMLP)
in human neutrophils (PMN) as a function oi different K+ and
Na* concentrations in the suspending buffered solutions. The
values are the mean + S.E. of four experiments.
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otactic factors and to other stimuiants is based on
a series of experimental observations. The first,
given in our laboratory, \À'as that ionophores which
transfer monovalent and./or divaient cations
through the plasma membrane. are abie to induce
resoiratory and secretory responses [16,43]. Thereafter, many molecular events invoiving movements
of ions at the level of the piasma membrane of
phagocytes have been shown to occur during or
before the onset of various responses. These include, among others, modification of Ca2- fluxes
and mobilization from celi membranes [17-19].
changes of Na+ and K+ fluxes [18,20], transmembrane potential 121-271, and the Ca2- dependency
of the respiratory and of secretory responses [44,
45] to various stimulants.
The results presented here show that human
neutrophils suspended in Na* -free, high-K'
buffered solutions exhibit respiratory and secretory responses to fMet-Leu-Phe greater than those
of neutrophils suspended in medium containing
physiologicai concentration of Na+ and K*. The
role of Na- and K+ in the various functions of
leucocytes is at present not clear. It has been
shown [46] that the removal of all Na* from the
external medium increases the spontaneous motility but depresses the chemotactic response of rabbit neutrophils. Furthermore. the replacement of
Na+ with varying concentration of K* causes an
increase in chemotactic reactivity, indicating that
physiological concentration of K* in the external
medium enhances the effectiveness of chemotactic
factors [a6]. The presence of K- u'as aiso show.n
to enhance the secretion induced by chemotactic
factors and by Ca2* ionophore, and the substitution of Na+ with K* induces a stimulation of the
spontaneous secretion and an increase in the
Ca2-dependent secretion by fMet-Leu-Phe [47].
Other workers have found that the absence of
or decrease in Na* cause a decrease in the leucocyte responses. The replacement of extracellular
Na- with either K* or choline ions depresses Of

503

generation in human neutrophiis exposed to concanavalin A or immune complex, and the repiacement of Na+ with choline aiso decreases the reiease of B-glucuronidase and of iysozyme [a8].
Results in contrast with those reported in this
paper have been published by Simchowitz and
Spilberg [49] whc, have found that fMet-Leu-Pheinduced O, generation in human neutrophils requires the presence of Na-, and by Miles et al.
[27] who have shown that in the presence of
zymosan, rat alveolar macrophages release less O"
when suspended in low-Na+. high-K* buffered
solution. These discrepancies could be due to the
marked differences in the experimentai conditions
and to the type of cells empioyed. As regards the
differences with the results presented by Simchowitz and Spilberg, it is worthwhile pointing out
that our experiments have been done in the presence of cytochalasin B, which greatly potentiates
the respiratory and secretory responses to fMetLeu-Phe 147,50-521, and also in the presence of
cyanide which, by impeding the destruction of the
stimulant via HrO, myeloperoxidase released
[53.54], assures optimal conditions of stimulation
and of response.
The results presented in this paper can be discussed in relation to the relevance of ion changes
in the stimulus-response coupling in leucocytes. It
has been shown in different laboratories that the
interaction between fMet-Leu-Phe and the surface
receptors is followed by an influx of Na+ [18,49,55]
which, in turn, would be responsibie for the transmembrane depolarization 121.22,24 -261. The finding that a very high respiratory burst can occur in
the absence of external Na+ indicates that the
entry of Na- and the consequent change of membrane potential are events not necessary for triggering the activation of respiration.
The main point to be discussed is the mechanism by which the changes of ionic composition of
the medium influence the responses by the respiratory system and of the secretory apparatus to
fMet-Leu-Phe. Since in a high external K* concentration the leucocytes are depoiarized, it seems,
at first sight, that a direct correlation exists between the decrease in transmembrane potential
and the greater response to fMet-Leu-Phe. This
correlation wouid be in agreement with the concept that membrane depolarization is invoived in

ieucocyte acrivation 121,.22.24-27]. However. the
ciata presenred in this paper indicate that the
enhanced responsiveness of neutrophils to fMet_
Leu-Phe is not tinked to the changes of membrane
potential. ln fact: (i) the higher response is progressively decreased by substituting K* with Nawithout modification of the state of depolarization; (ii) the replacernent of all extracelluiar Nawith choline ion does not affect the transmembrane potential but induces a high response to
fMet-Leu-Phe: (iii) the decrease in transmembrane
potential induced by gramicidin and by ouabain
does nol result in a greater respiratory response to
fMet-Leu-Phe.
All the data presented in this paper indicate
that modification of the responses to the peptide is
directly linked to the change of monovalent cations
in the medium, mostly to the absence or low
concentration of Na+. However, it is worthwhile
pointing out that also the change in the concentration of K+ is involved at least in the respirator.r.
response, since the effect of the absence of Na- is
potentiated when the concentration of K- is high.
In considering the role of the plasma membrane in
the stimulus-response coupling, it is iikeiy that the
main mechanism responsibie for the modification
of the responses to fMet-Leu-phe consists of
changes of intramembrane ionic composition of
human neutrophils. These produce molecular and
structural modifications of membrane components, which result in variation of the intensity of
the responses to fMet-Leu-Phe. This variation does
not affect the maximal responses, i.e., the O, consumption and the secretory activity induced by the
maximaÌ stimulatory doses of fMet-Leu-phe, but
the responses to suboptimal concentration of the
stimulant, i.e., the threshold of the responses. Thus.
as far as the NADPH oxidase is concerned, the
higher response is not expressed as an increase in
its maximal velocity, but by the activation of a
greater number of enzyme molecules in the pres_
ence of suboptimal concentrations of the stimulant.
The molecular level and the nature of the events
responsible for the higher response of the respiratory system and of the secretory apparatus remain
to be elucidated. One possibility is that the movements of Ca2* from and to the extracellular
medium or the release of membrane-associated
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are involved. Another possibility' is thal the
change of the responses is due to modifications of

the recognition system, i.e., of the number and/ar
the properties of the receptor specific for the
stimulant. Il is know that Na= may play a regulative role in the affiniti, of surface receptors for
various agonists in different cells [56,57].
In the accompanying paper. dala are presented
on the effect of the changes of ionic composition
of the suspending solution on the properties of the
surface receptors of fMet-Leu-Phe in human neutrophiis.
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