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LEUKOCYTES DURING THE RESPIRATORY BURST*
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Abstract—The changes in plasma membrane polarity of polymorphonuclear leukocytes (PMN) during the activation
of the respiratory burst were investigated by measuring the steady-state fluorescence emission spectra of
2-dimethylamino(6-lauroyl) naphthalene (Laurdan), which is known to be incorporated at the hydrophobic~hydro-
philic interface of the bilayer, displaying spectral sensitivity to the polarity of its surroundings. Laurdan shows a
marked steady-state emission blue shift in nonpolar solvents, with respect to polar solvents. Our results show a blue
shift of the fluorescence emission spectra of Laurdan during activation of PMN with phorbol myristate acetate or
N-formyl-methionyl-leucyl-phenylalanine. These results suggest that the activation of the respiratory burst of PMN
is accompanied by a decrease in polarity in the hydrophobic-hydrophilic interface of the plasma membrane.

INTRODUCTION

The activation of the respiratory burst of polymorphonuclear
leukocytes (PMN)} is accompanied by a complex cascade of
biochemical events that influence the plasma membrane./~?
These events include ligand-receptor interaction, activation
of membrane G-protein, membrane cytoskeleton interac-
tions, activation of membrane phospholipase, protein phos-
phorylation and translocation of cytosol proteins to the mem-
brane level.*¢ Although the stimulation pathways employed
by various agents are coupled to the activation of the respi-
ratory burst oxidase, the details and mechanisms involved
are still unknown. The respiratory burst oxidase is an electron
transport system that catalyzes the one electron reduction of
oxygen to produce superoxide anion at the expense of re-
duced nicotinamide adenine dinucleotide phosphate
(NADPH).?”7

Fluorescence spectroscopy techniques have been widely
used to study the physico-chemical changes of membrane
organization.®'? The fluorescent membrane probe Laurdan
(2-dimethylamino[6-lauroyl] naphthalene) is known to be
sensitive to the polarity of the environment, displaying spec-
tral sensitivity to the phospholipid phase state.!’

In this study we have investigated changes in plasma mem-
brane polarity of PMN during the activation of the respi-

*Presented at the Second International Symposium on Innovative
Fluorescence Methodologies in Biochemistry and Medicine, held
23-26 September 1991 in Frascati, Italy. The Symposium was
sponsored by the [talian CNR, Istituto di Medicina Sperimentale,
the Globals Unlimited® software division of the Laboratory for
Fluorescence Dynamics at the University of Illinois at Urbana—
Champaign, IL, and Universita di Roma Tor Vergata. This paper
was peer-reviewed following the usual procedure of Photochem-
istry and Photobiology.

1To whom correspondence should be addressed.

YAbbreviations: fMLP, N-formyl-methionyl-leucyl-phenylalanine;
KRP, Krebs’-Ringer phosphate solution; NADPH, reduced nico-
tinamide adenine dinucleotide phosphate; PMA, phorbol myris-
tate acetate; PMN, polymorphonuclear leukocytes; TMA-DPH,
1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5-hexatriene.
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ratory burst by measuring steady-state emission spectra of
Laurdan incorporated into the PMN plasma membrane dur-
ing stimulation with phorbol myristate acetate (PMA) or
N-formyl-methionyl-leucyl-phenylalanine (fMLP).

MATERIALS AND METHODS

Preparation of PMN. Human PMN were isolated from freshly
drawn blood of 10 healthy volunteers using a Mono-Poly Resolving
Medium (Flow Laboratories) as previously described.’? Cells were
suspended in Krebs-Ringer phosphate (KRP) solution supple-
mented with 1 mg/mL glucose at a final concentration of 104 PMN/
mL and 10 PMN/mL for chemiluminescence and fluorescence stud-
ies, respectively.

Chemical agents. Laurdan, 6-dodecanoyl-2-dimethylamino
naphthalene was purchased from Molecular Probes Inc. (Eugene,
OR). Luminol, PMA and fMLP were obtained from Sigma Chemical
Co. (St. Louis, MO).

Chemiluminescence measurements. Luminol amplified chemi-
luminescence was measured in an LKB RackBeta 1211 beta-counter
and PMN (in the absence or presence of Laurdan) were activated
by addition of PMA (1.5 x 10-% M) and fMLP (10-5 M) as previously
described.? /2

Fluorescence measurements. Polymorphonuclear leukocytes were
labeled with an ethanol solution of Laurdan under N, at a final probe
concentration of 0.05 uM. All samples were prepared at room tem-
perature and in red light and used immediately for fluorescence
measurements. Steady-state excitation and emission spectra were
measured at 37°C before and during activation of PMN on a photon
counting spectrofluorometer (model GREG PC, ISS Inc., Urbana,
IL) and using the ISS Inc. software. The actual temperature was
measured in the sample cuvette using a digital thermometer. Poly-
morphonuclear leukocytes were activated by addition of stimulating
agents PMA (1.5 x 107% M) or fMLP (107 M) as described else-
where.”’

RESULTS
Chemiluminescence studies

Luminol-amplified chemiluminescence has been em-
ployed, as previously described? to verify that in isolated
PMN the superoxide-generating oxidase system is dormant
under resting conditions and can be activated by PMA and
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Figure 1. Fluorescence intensity of Laurdan incorporated in poly-

morphonuclear leukocyte (PMN) plasma membranes as a function
of Laurdan concentration at 37°C.

fMLP. All samples used in this study demonstrated an ac-
tivatable NADPH-oxidase system (data not shown). Poly-
morphonuclear leukocytes labeled with Laurdan 0.05 uM/
still showed a normal burst.

Fluorescence studies

The background phospholipid fluorescence of PMN was
checked prior to each measurement and was less than 0.1%
of the fluorescence when Laurdan was added. The contri-
bution of the light scattering was negligible in our samples
because of the low cell concentration used in this study. The
fluorescence intensity of the free probe in KRP, in the absence
of PMN, was negligible and did not increase upon the ad-
dition of PMA or fMLP at the concentrations used in the
study. Moreover, the excitation and emission spectra of Laur-
dan in KRP did not change after the addition of PMA or
fMLP.

The fluorescence intensity of Laurdan incorporated in PMN
(10° cells/mL) as a function of probe concentration was mea-
sured to establish the optimal concentration of Laurdan for
the experiments performed. As shown in Fig. 1, an increase
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Figure 2. Kinetic of incorporation of Laurdan (0.05 uM) in PMN
plasma membranes monitored by the increase in total fluorescence
as a function of time at 37°C.
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Figure 3. (A) Normalized emission spectra of Laurdan incorporated
in PMN plasma membranes at 37°C before (——) and during acti-
vation with 1.5 x 107° M PMA (-@-@-). The spectra were measured
at an excitation wavelength of 350 nm. (B) Normalized excitation
spectra of Laurdan incorporated in PMN plasma membranes at
37°C before (——) and during activation with 1.5 x 10-¢ A/ PMA
(-@-®-). The spectra were measured at an emission wavelength of
450 nm.

in probe concentration was accompanied by a proportional
increase in fluorescence intensity up to saturation at 0.05
uM. After the addition of 0.05 uM Laurdan to PMN a con-
stant increase in fluorescence was observed, plateaning after
10 min (Fig. 2). Dilution experiments have demonstrated
that Laurdan in unstimulated and stimulated PMN is located
in the plasma membrane. These experiments are based on
the rapid equilibrium of Laurdan between plasma mem-
branes and KRP solution.

Fluorescence emission and excitation spectra of Laurdan
in PMN before and during activation with PMA and fMLP
are reported in Figs. 3 and 4, respectively. During activation
with PMA (Fig. 3A) a blue shift of the Laurdan emission
spectrum (maximum at 428 nm) with respect to emission in
basal conditions (maximum at 443 nm) was observed. Also
fMLP (Fig. 4A) induced a blue shift (maximum at 435 nm)
with respect to basal conditions (maximum at 443 nm).

The Laurdan excitation spectra during activation of PMN
with PMA (Fig. 3B) or fMLP (Fig. 4B) showed a decrease in
intensity at longer wavelengths with respect to the excitation
spectrum observed in basal conditions.
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Figure 4. (A) Normalized emission spectra of Laurdan incorporated

in PMN plasma membranes at 37°C before (——) and during acti-

vation with 10-7 M fMLP (-@-@-). The spectra were measured at an

excitation wavelength of 350 nm. (B) Normalized excitation spectra

of Laurdan incorporated in PMN plasma membranes at 37°C before

(—) and during activation with 10-7 M fMLP (-@-@-). The spectra
were measured at an emission wavelength of 450 nm.

DISCUSSION

The fluorescent probe Laurdan has been reported to be
incorporated at the hydrophilic-hydrophobic interface of the
membrane’? with the lauric acid tail anchored in the hydro-
phobic region of the bilayer. It has been demonstrated that
Laurdan displays spectral sensitivity to the polarity of its
surrounding, showing a red shift of the emission in polar
solvents, with respect to nonpolar solvents.’’ This behavior
is referred to dipolar relaxation phenomena that are related
to the physical state and the dynamics of the surrounding
phospholipid polar head group.’# In single-phase phospho-
lipid vesicles the dynamics of the surroundings detected by
Laurdanis very different in the case of the gel or of the liquid—
crystalline phase; the probe shows a marked steady-state
emission red shift in the phospholipid liquid—crystalline phase,
with respect to the gel phase.’’ If solvent molecules can move
during the fluorescence lifetime, the Laurdan excited-state
molecular dipole will orient the neighboring solvent dipoles,
and the steady-state Laurdan emission spectrum will be red
shifted.!#$

Our results demonstrate that the activation of the respi-

ratory burst of PMN by PMA or fMLP is accompanied by
a blue shift of the emission spectra of Laurdan, indicating a
decrease in polarity of the environment surrounding the probe,
The observed changes in polarity occur regardless of the
stimulus used.

In basal conditions, Laurdan emission reflects the inter-
actions between the probe and the phospholipid polar head
groups. The activation of PMN dramatically decreases the
motional freedom of the bilayer polar residues, as demon-
strated by the presence of an unrelaxed blue shift of the
spectrum. In a previous study, using 1-(4-trimethylammoni-
umphenyl)-6-phenyl-1,3,5-hexatriene (TMA-DPH) steady-
state fluorescence anisotropy, we have shown an increase in
PMN plasma membrane phospholipid packing during the
activation of the respiratory burst.’ This increase may cause
a reduction in water penetration in the hydrophobic envi-
ronment surrounding the Laurdan molecules, thus inducing
a decrease in polarity. Phorbol myristate acetate and fMLP
have different biochemical pathways of activation and they
initiate a series of biochemical events at the PMN plasma
membrane level. Therefore, it seems likely that these bio-
chemical events result in a decrease in membrane polarity.

This study demonstrates that the possible use of Laurdan
is not only limited to model membranes but can be extended
to living cells to follow functional responses.

Acknowledgements— This work was performed in the Laboratory for
Fluorescence Dynamics (LFD) at the University of Winois at Ur-
bana-Champaign (UIUC). The LFD is supported jointly by the Di-
vision of Research Resources of the NIH and UIUC. We are indebted
to Mrs. Julia K. Butzow and Miss Ruth M. Rusch of the LFD for
their kind assistance.

REFERENCES

1. Jesaitis, A. J. and R. A. Allen (1988) Activation of the neu-
trophil respiratory burst by chemoattractants: regulation of the
N-formyl peptide receptor in the plasma membrane. J. Bioenerg.
Biomembr. 20, 679-707.

2. Clark, R. A. (1990) The human neutrophil respiratory burst
oxidase. J. Infect. Dis. 161, 1140-1147.

3. Fiorini, R., G. Curatola, E. Bertoli, P. L. Giorgi and A. Kantar
(1990) Changes of fluorescence anisotropy in plasma mem-
brane of human polymorphonuclear leukocytes during the re-
spiratory burst phenomenon. FEBS Lett. 273, 122-126.

4, Lambeth, J. D. (1988) Activation of the respiratory burst ox-
idase in neutrophils: on the role of membrane-derived second
messengers, Ca?*, and protein kinase C. J. Bioenerg. Biomembr.
20, 709-733.

5. Heyworth, P. G. and J. A. Badwey (1990) Protein phosphor-
ylation associated with the stimulation of neutrophils. Modu-
lation of superoxide production by protein kinase C and calci-
um. J. Bioenerg. Biomembr. 22, 1-26.

6. Heyworth, P. G., J. T. Curnutte, W. M. Nauseef, B. D. Volpp,
D. W. Pearson, H. Rosen and R. A. Clark (1991) Neutrophil
nicotinamide adenine dinucleotide phosphate oxidase assembly.
Translocation of p47-phox and p67-phox requires interaction
between p47-phox and cytochrome b 558. J. Clin. Invest. 87,
352-356.

7. Woodman, R. C., J. M. Ruedi, A. J. Jesaitis, N. Okamura, M.
T. Quinn, R. M. Smith, J. T. Curnutte and B. M. Babior (1991)
Respiratory burst oxidase and three of four oxidase-releated
polypeptides are associated with the cytoskeleton of human neu-
trophils. J. Clin. Invest. 87, 1345-1351.

8. Lakowicz, J. R. (1983) Fluorescence polarization. In Principles
of Fluorescence Spectroscopy (Edited by J. R. Lakowicz), pp.
111-153. Plenum Press, New York.

9. Fiorini, R., M. Valentino, S. Wang, M. Glaser and E. Gratton



10.

Use of Laurdan fluorescence

(1987) Fluorescence lifetime distributions of 1,6-diphenyl-1,3,5-
hexatriene in phospholipid vesicles. Biochemistry 26, 3864-3870.
Fiorini, R., M. Valentino, M. Glaser, E. Gratton and G. Curatola
(1988) Fluorescence lifetime distribution of 1,6-diphenyl-1,3,5-
hexatriene reveal the effect of cholesterol on the microhetero-
geneity of erythrocyte membrane. Biochim. Biophys. Acta 939,
485-492.

. Parasassi, T., F. Conti and E. Gratton (1986a) Time-resolved

fluorescence emission spectra of Laurdan in phospholipid ves-
icles by multifrequency phase and modulation fluorometry. Cefl.
Mol. Biol. 32, 103-108.

. Kantar, A_, G. Wilkins, B. Swoboda, G. P. Littarru, E. Bertoli,

C. Catassi, G. Coppa and P. L. Giorgi (1990) Alterations of

13.

14.

15.

441

the respiratory burst of polymorphonuclear leukocytes from di-
abetic children: a chemiluminescence study. Acta Paediatr. Scand.
79, 535-541.

Chong, P. L. G. (1988) Effects of hydrostatic pressure on the
location of prodan in lipid bilayers and cellular membranes.
Biochemistry 27, 399-404.

Parasassi, T., F. Conti and E. Gratton (1986b) Fluorophores
in a polar medium: time dependence of emission spectra de-
tected by multifrequency phase and modulation fluorometry.
Cell. Mol. Biol. 32, 99-102.

Parasassi, T., G. De Stasio, A. D’Ubaldo and E. Gratton (1990)
Phase fluctuation in phospholipid membranes revealed by Laur-
dan fluorescence. Biophys. J. 57, 1179-1186.





