
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

 Research Article 

 J Innate Immun 2009;1:556–569 
 DOI: 10.1159/000231977 

 New p22-Phox Monoclonal Antibodies: 
Identification of a Conformational Probe 
for Cytochrome  b  558  

 Yannick Campion    a     Algirdas J. Jesaitis    c     Minh Vu Chuong Nguyen    a     

Alexei Grichine    b     Yvan Herenger    a     Athan Baillet    a     Sylvie Berthier    a     

Françoise Morel    a     Marie-Hélène Paclet    a   

  a    GREPI, TIMC-Imag UMR 5525 CNRS/Université Joseph Fourier, Laboratoire d’Enzymologie, CHU Grenoble, 
 Grenoble, and   b    Platform ‘Optical Microscopy – Cell Imaging’ – UJF, Inserm U823, Institut Albert Bonniot,
 La Tronche , France;  c    Department of Microbiology, Montana State University,  Bozeman, Mont. , USA 

ognized epitopes involved in either Nox2 maturation or 
Nox2 activation. Moreover, flow cytometry analysis and con-
focal microscopy performed on stimulated neutrophils 
showed that the monoclonal antibody 12E6 bound prefer-
entially active cytochrome  b  558 . These monoclonal antibod-
ies provided novel and unique probes to investigate matura-
tion, activation and activity, not only of Nox2 but also of 
novel Nox.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Neutrophil cytochrome  b  558  is a membrane heterodi-
mer composed of Nox2 (gp91-phox) and p22-phox. This 
is the catalytic center of the phagocyte NADPH oxidase 
complex responsible for the production of reactive oxy-
gen species in response to inflammatory stimuli  [1, 2] . 
The NADPH oxidase is a multisubunit enzyme complex 
which is inactive and compartmentalized between cyto-
sol and membrane in resting neutrophils. In stimulated 
cells, cytosolic regulatory proteins (p47-phox, p67-phox, 
p40-phox and the monomeric G protein Rac) translocate 
to the membrane cytochrome  b  558 , inducing a cyto-
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 Abstract 
 The phagocyte NADPH oxidase, belonging to the NADPH 
oxidase family (Nox), is dedicated to the production of bac-
tericidal reactive oxygen species. The enzyme catalytic cen-
ter is the cytochrome  b  558 , formed by 2 subunits, Nox2 (gp91-
phox) and p22-phox. Cytochrome  b  558  activation results 
from a conformational change induced by cytosolic regula-
tory proteins (p67-phox, p47-phox, p40-phox and Rac). The 
catalytic subunit is Nox2, while p22-phox is essential for both 
Nox2 maturation and the membrane anchorage of regula-
tory proteins. Moreover, it has been shown to be necessary 
for novel Nox activity. In order to characterize both p22-phox 
topology and cytochrome  b  558  conformational change, 6 
monoclonal antibodies were produced against purified cy-
tochrome  b  558 . Phage display epitope mapping combined 
with a truncation analysis of recombinant p22-phox allowed 
the identification of epitope regions. Some of these antibod-
ies almost completely inhibited in vitro reconstituted NADPH 
oxidase activity. Data analysis identified antibodies that rec-
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chrome  b  558  conformational change and electron transfer 
from the NADPH to the molecular oxygen. Resulting su-
peroxide anion radicals are precursors for various toxic 
oxygen metabolites implicated in the defense against 
pathogens  [1–6] . A defect in NADPH oxidase activity 
causes chronic granulomatous disease (CGD), a rare ge-
netic disorder characterized by severe and recurrent in-
fections due to the inability of phagocytes to contribute 
to the killing of microorganisms  [7, 8] .

  The structure of cytochrome  b  558  has not yet been 
solved. Computational analysis of primary sequence of 
Nox2 and p22-phox suggests that both subunits contain 
transmembrane domains (6 and 2–4, respectively). The 
cytochrome  b  558  catalytic subunit is Nox2. It binds 
NADPH and flavin adenine dinucleotide in the last 280 
residues of its C-terminal tail and possesses 4 histidine 
residues that coordinate 2 hemes involved in the last elec-
tron transfer step leading to the production of superoxide 
anions  [9] . Even though no catalytic activity has been de-
scribed for p22-phox, it is an essential component of cy-
tochrome  b  558 , as its absence in myeloid cells leads to the 
degradation of Nox2. It has been previously shown that 
the incorporation of hemes was required for both the 
p22-phox/Nox2 dimer formation in the endoplasmic re-
ticulum and the maturation of cytochrome  b  558   [10] . The 
p22-phox subunit has 2 major functions. It binds and sta-
bilizes Nox proteins, and serves as a membrane anchor 
for cytosolic regulatory factors. It was recently shown 
that p22-phox also associates with Nox1, Nox3 and Nox4 
 [11, 12] , suggesting a central role of p22-phox in the cel-
lular production of reactive oxygen species.

  At the moment, the topology and functional domains 
within p22-phox are not clearly characterized. P22-phox 
was proposed to contain 2–4 membrane-spanning seg-
ments according to the primary sequence analysis by 
computational methods  [13] . However, experimental evi-
dence obtained with both specific antibodies directed 
against the cytosolic parts of p22-phox and cytochrome 
 b  558  proteolytic digestion  [13]  suggest (1) the presence of 
2 transmembrane domains and (2) the cytosolic localiza-
tion of the N- and C-terminal regions of the protein. The 
C-terminal tail of p22-phox contains a proline-rich re-
gion involved in interactions with SH3 domains of p47-
phox and also p67-phox  [14, 15] . Phage display epitope 
mapping of specific monoclonal antibodies (mAbs) has 
identified 2 tertiary structures within the cytosolic parts 
of p22-phox. The first is composed of residues  29 TAGRF 33 

 and  183 PQVNPI 188  corresponding to the mAb 44.1 epit-
ope, and the second is composed of  51 LLEYPRG 57  and 
 77 VKLFGP 82  corresponding to the mAb NS5  [13] .

  In the present study, we report the production and 
characterization of 6 novel mAbs (12E6, 17A2, 16G7, 
16G6, 13D4 and 13C4) obtained after injection of a mix-
ture of cytochrome  b  558  purified from resting and PMA-
stimulated neutrophils. These novel mAbs were epitope 
mapped by phage display analysis and were shown to rec-
ognize various regions in the C-terminal domain of p22-
phox. These mAbs displayed different and specific prop-
erties with regard to their ability to detect native and/or 
denatured p22-phox and their capacity to inhibit the pro-
duction of superoxide in vitro. Moreover, mAb 12E6 
bound a conformational epitope localized in the polypro-
line region of p22-phox. Interestingly, it better recog-
nized cytochrome  b  558  in its active form, suggesting that 
the target epitope was unmasked during activation. In-
formation resulting from a computational analysis of 
phage display, results by the program FINDMAP and a 
visual comparison of phage display sequences and the 
 gp91phox sequence suggest a potential complex epitope 
for mAb 12E6 shared between p22-phox and Nox2. These 
mAbs provide novel and unique probes for investigation 
of the maturation, activation and activity, not only of cy-
tochrome  b  558  but also of novel Nox.

  Materials and Methods 

 Materials 
 Chemical reagents used in this study were obtained from the 

following sources: enhanced chemiluminescence (ECL) Western 
blotting detection reagents (Amersham Pharmacia Biotech, Up-
psala, Sweden); PMA, arachidonic acid (Sigma Chemicals, St. 
Louis, Mo., USA); n-octyl glucoside (Roche Diagnostics, Meylan, 
France); Alexa Fluor �  488 F(ab�) 2  fragment of goat anti-mouse 
IgG (H+L) (Molecular Probes Europe BV, Leiden, The Nether-
lands); Goat F(ab�) 2  fragment anti-mouse IgG (H+L)-phycoery-
thrin (Immunotech-Beckman Coulter, Marseille, France); horse-
radish peroxidase-conjugated rabbit anti-mouse IgG ( � -specific) 
(Open Biosystems, Huntsville, Ala., USA); pCDNA3.1-V5/HisB 
(Invitrogen, Cergy Pontoise, France).

  Purification of Cytochrome b 558  from Resting or Stimulated 
Neutrophils 
 Cytochrome  b  558  was purified from the plasma membranes of 

10 10  resting or PMA-stimulated neutrophils after 3 chromato-
graphic steps (ion exchange, heparin-agarose and Sephacryl S300) 
as previously described  [16] . The purified cytochrome  b  558  solu-
bilized in 0.1% (w/v) Triton X-100 buffer was quantified by the 
reduced minus oxidized difference spectra using an absorption 
coefficient of 106 m M  –1  cm –1  for the Soret band at 426 nm  [16] .

  Production of mAbs to Cytochrome b 558  
 Mice immunization and mAb production were performed by 

the ‘BET analyses’ company (Marseille, France) and Biotem com-
pany (Le Rivier d’Apprieu, France), respectively. Briefly, Balb/c 
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mice were immunized by 3 intraperitoneal injections (interval of 
14 days) of a mixture of 15  � g cytochrome  b  558  purified from rest-
ing neutrophils (306  � l) and 15  � g cytochrome  b  558  purified from 
PMA-stimulated neutrophils (158  � l) diluted with 1 volume of 
Freund’s complete adjuvant (464  � l). Antigens were solubilized in 
0.1% (w/v) Triton X-100  [17] . Resulting mAbs were purified from 
ascitic fluid after isotype identification (Dr. J. C. Renversez, DBI, 
CHU Grenoble, France). The isotype for 16G7, 12E6 and 13C4 was 
IgG1, the isotype for 17A2 was IgG2a, the isotype for 16G6 was 
IgG2b and the isotype for 13D4 was IgM.

  Purification of Immunoglobulins from Ascitic Fluids 
 Ascitic fluids were centrifuged at 10,000  g  for 10 min at 4   °   C. 

IgG were purified from the supernatant of centrifugation on pro-
tein A Sepharose. Depending on the Ig isotype, protein A Sepha-
rose was equilibrated with either 50 m M  sodium borate pH 8.9 
containing 3  M  NaCl for IgG1 purification or 20 m M  Na 2 HPO 4  
pH 7 for IgG2 purification. After extensive washes with the equil-
ibration buffer, IgG were eluted with 0.1  M  glycine pH 3  [17] . Puri-
fied Ig were dialyzed against PBS and stored at –20   °   C. IgG puri-
fication was controlled by SDS-PAGE. IgM were purified by gel 
filtration on Sephacryl S-300  [18] . Purified antibodies (protein 
 1 mg/ml) were dialyzed against PBS and stored at –20   °   C.

  Isolation of Human Neutrophils from Fresh Blood 
 Human neutrophils were isolated from citrated venous blood 

of healthy volunteers after informed consent, diluted twice in PBS 
(137 m M  NaCl, 2.7 m M  KCl, 1.5 m M  KH 2 PO 4 , 8 m M  Na 2 HPO 4  pH 
7.3) containing 1% (w/v) tri-sodium citrate, using a 33% (v/v) 
Hypaque-Ficoll gradient. After 20 min centrifugation at 800  g  at 
20   °   C, the pellet was submitted to a hypotonic lysis for 5–15 min 
on ice. After 5 min centrifugation at 350  g  at 4   °   C, the neutrophil 
pellet was collected and washed once in PBS  [17] .

  Triton X-100 Soluble Extract from Control and X91 0 CGD 
Neutrophils 
 Neutrophils from healthy donors and X91 0 CGD patients (10 7 

 cells) were suspended in 100  � l of Triton X-100 lysis buffer (3.5 
m M  MgCl 2 , 1% (w/v) Triton X-100, 10 m M  Hepes pH 7.4) contain-
ing a mixture of protease inhibitors (1.8  �  M  leupeptin, 1.5  �  M  
pepstatin) and incubated for 20 min on ice. Then the mixture was 
centrifuged at 12,000  g  for 30 min at 4   °   C. The supernatant cor-
responding to the Triton X-100 soluble extract was collected and 
stored at –80   °   C until further use  [17] .

  Neutrophil Stimulation by PMA 
 Purified neutrophils (5  !  10 6  cells/ml) were stimulated by 

PMA [130 n M  in 0.05% (v/v) DMSO] for 10 min at 37   °   C. A control 
experiment was performed by incubating cells with 0.05% (v/v) 
DMSO alone for 10 min at 37   °   C. The reaction was stopped by 
adding ice-cold PBS. Cells were centrifuged at 350  g  for 8 min at 
4   °   C and resuspended in PBS for flow cytometry analysis or con-
focal microscopy.

  Flow Cytometry 
 Purified neutrophils resuspended in PBS (10 7  cells/ml) were 

fixed with 1% (w/v) paraformaldehyde for 15 min on ice. Cells 
were washed once with PBS and then resuspended at the concen-
tration of 10 7  cells/ml in PBS/BSA/CaCl2 [PBS containing 0.2% 
(w/v) BSA and 0.5 m M  CaCl 2 ] containing 0.01% (w/v) saponin for 

the solubilization. Incubation was performed for 10 min on ice. 
Cells (5  !  10 5 ) were then incubated on ice for 30 min with 5  � g 
of mouse monoclonal Ig (irrelevant IgG or specific IgG) diluted 
in 100  � l of PBS/BSA/CaCl 2  buffer containing 0.01% (w/v) sapo-
nin  [19] . Cells were washed twice in 500  � l of PBS/BSA/CaCl 2  
buffer containing 0.01% (w/v) saponin and resuspended in 150  � l 
of the phycoerythrin-conjugated goat anti-mouse antibody dilut-
ed 1: 200 in PBS/BSA/CaCl 2  buffer containing 0.01% (w/v) sapo-
nin. After 30 min incubation on ice, cells were washed twice with 
500  � l PBS/BSA/CaCl 2  buffer containing 0.01% (w/v) saponin be-
fore being resuspended in 500  � l of PBS/BSA/CaCl 2 . Fluores-
cence intensity (FL2) of the phycoerythrin-labeled polymorpho-
nuclear neutrophils was measured on a FACScalibur (Becton 
Dickinson) cytometer  [19] .

  Immunoprecipitation Experiments 
 Neutrophil membranes were prepared as described previously 

 [20] . Crude membrane proteins were adjusted at a concentration 
between 2 and 3 mg protein/ml in 100 m M  Hepes pH 7.2, contain-
ing 100 m M  KCl, 10 m M  NaCl, 1 m M  EDTA, 20% (v/v) glycerol 
and the mixture of protease inhibitors (1.8  �  M  leupeptin, 1.5  �  M  
pepstatin, 10  �  M  TLCK). Membrane proteins were then solubi-
lized in presence of 68 m M   n -octyl glucoside for 20 min on ice 
followed by centrifugation at 200,000  g  for 1 h at 4   °   C (Rotor 50 
Ti, Beckman L-60 ultracentrifuge)  [20] . The resulting superna-
tant corresponded to the membrane soluble extract. Soluble ex-
tract (200  � g) was diluted twice in PBS and incubated with pro-
tein G agarose (40  � l) for 1 h at 4   °   C to remove nonspecific bind-
ing. The flow through was then incubated with 2  � g specific mAb 
(12E6, 16G7 or 16G6) or irrelevant mAb for 4 h at 4   °   C. Then pro-
tein G agarose was added to each sample for a further 1-hour in-
cubation at 4   °   C. After 3 washes with first PBS containing 0.5  M  
NaCl, then PBS with 0.1% Triton X-100 and finally PBS, the im-
munoprecipitates were solubilized in Laemmli buffer containing 
5% (v/v) mercaptoethanol  [21]  and analyzed by Western blot by 
using a secondary antibody directed against the heavy chain of 
mAb and coupled to peroxidase.

  Confocal Microscopy 
 Purified neutrophils (2  !  10 5  cells in 50  � l PBS) were incu-

bated on 0.01% (w/v) poly-L-lysine-coated round glass cover slips 
for 15 min at 37   °   C. After 2 washes with PBS, cells were fixed with 
4% (w/v) paraformaldehyde for 10 min at room temperature. Cov-
er slips were rinsed twice with PBS and paraformaldehyde fluo-
rescence was quenched by 50 m M  NH 4 Cl for 10 min at room tem-
perature. After 2 washes with PBS, cells were permeabilized with 
0.1% (w/v) Triton X-100 for 5 min at room temperature, followed 
by 2 washes with PBS. Then cells were incubated for 1 h at room 
temperature with 50  � l of mouse monoclonal Ig [p22-phox-spe-
cific Ig or irrelevant Ig; 5  � g in 50  � l PBS containing 1% (w/v) 
BSA]. The cells were washed 3 times for 10 min with PBS contain-
ing 1% (w/v) BSA prior to a 1-hour incubation with 100  � l of Alexa 
Fluor 488 donkey anti-mouse-Ig antibody [1: 500 in PBS contain-
ing 1% (w/v) BSA]. After 2 washes with PBS, cell nuclei were 
stained with 40  � l Hoechst 33258 (0.5  � g/ml). Samples were then 
mounted in 10  � l DABCO solution, sealed, and stored at 4   °   C in 
the dark. Fixed cells were imaged at room temperature using the 
inverted confocal and 2-photon laser-scanning microscope (LSM 
510 NLO META; Carl Zeiss, Göttingen, Germany) equipped with 
a 40 ! /1.3 Plan-Neofluar oil immersion objective. The pinhole 
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adjustment to 1 airy unit resulted in less than 0.7  � m optical slice 
at 488 nm excitation wavelength. The image plane was chosen to 
be near the equator of the cell body and nucleus. The Alexa Fluor 
488 fluorescence was selected with NFT490 dichroic beamsplitter 
and LP505 long-pass filter. The Hoechst 33258 fluorescence was 
excited by 2-photon absorption of the 720-nm radiation of fs Ti:
Sa laser (Tsunami; Spectra-Physics GmbH, Darmstadt, Germany) 
and selected with 390–465 nm emission band-pass filter. No sig-
nificant photobleaching was induced during image acquisition in 
either detection channel.

  Generation of a Recombinant Plasmid for the Expression of a 
p22-Phox-Truncated Protein Coupled to eGFP 
 pCDNA3.1-V5/HisB was used to express p22 ( 1 M-Q 143 )-GFP, 

a human p22-phox-truncated protein corresponding to amino ac-
ids  1 M to  143 Q fused with eGFP at the C-terminal part. Firstly, 
full-length eGFP was amplified with Pfu polymerase from the 
pTT3/eGFP plasmid with the following primers: 5 � -GTTT CT-
CGAG ATGATCGATGTGAGCAAGGGCGAGGAG-3 �  and 5 � -
GTTT GGGCCC TCACTTGTACAGCTCGTCCATGCCG-3 � . 
The nucleotides corresponding, respectively, to the restriction 
sites  Xho I and  Apa I are underlined. The purified PCR product 
was digested with  Xho I and  Apa I and ligated into linearized 
 pCDNA3.1-V5/HisB vector to obtain the pCDNA/eGFP plasmid. 
Secondly, PCR fragments corresponding to the p22(1–143)-trun-
cated form were obtained by using pEF/p22phox plasmid as ma-
trix with the forward primer 5 � -GTTT GGTACC GCGGCCG-
CATGGGGCAGATCGAGTG-3 �  including a  Kpn I site (under-
lined) and the reverse primer 5 � -CAAA CTCGAG CTGCGGC - 
CGCTCC-3 � . The  Xho I restriction site of the reverse primers is 
underlined. The purified PCR product was digested with  Kpn I 
and  Xho I and ligated into linearized pCDNA/eGFP plasmid to 
obtain a plasmid encoding a p22-phox-truncated protein fused 
with eGFP. All inserts were verified by sequencing (Genome Ex-
press, Grenoble, France) on an Abi Prism automatic sequencer 
(Perkin Elmer, Courtaboeuf, France).

  Stable Transfection of Mammalian Expression Plasmids 
 HEK293E cells were trypsinized and counted; 4  !  10 5 

 HEK293E cells were seeded in 6-well plates and allowed to grow 
24 h to reach a 60% confluence in 2 ml of culture medium. The 
cells were transfected with 3  � g of vectors according to the man-
ufacturing protocol (JetPEI, Polyplus transfection). After 24 h, 
stable transfected cells were selected with geneticin 500  � g/ml for 
3 weeks before analysis. Membrane fractions of transfected cells 
were isolated as previously described for neutrophils  [20] .

  Reconstitution of NADPH Oxidase Activity 
 Neutrophil membranes and cytosol for cell-free assays were 

prepared as described previously after cell sonication (3 times
10 s at 40 W) and centrifugation at 1,000  g  for 15 min at 4   °   C. The 
supernatant was then centrifuged at 200,000  g  for 1 h at 4   °   C to 
separate the cytosol (supernatant) and the crude membrane (pel-
let)  [20] . Neutrophil membranes (30  � g) were pre-incubated with 
p22-phox-specific or irrelevant mAb (50  � g) for 30 min on ice. 
Then neutrophil cytosol (300  � g), 40  � M GTP � S and 5 m M  
MgCl 2  were added to the membrane fraction in a final volume of 
100  � l. An optimum amount of arachidonic acid (40–100 nmol) 
was used for activation  [20] . After 10 min incubation at 25   °   C, the 
medium was transferred to a photometric cuvette. The reaction 

was initiated by 150  �  M  NADPH. Reconstituted oxidase activity 
was assessed by measuring the superoxide dismutase-sensitive 
portion of ferricytochrome  c  reduction recorded at 550 nm
(absorption coefficient at 550 nm: 21.1 m M  –1  cm –1 ).

  Phage-Display Epitope Mapping 
 The 6 mAbs (17A2, 13C4, 13D4, 12E6, 16G6 and 16G7) were 

epitope mapped by selecting peptide sequences from the J404 
nonapeptide library  [22]  by 3 successive rounds of affinity puri-
fication on antibodies covalently coupled to Sepharose followed 
by amplification on bacterial lawns on nutrient medium, as previ-
ously described  [23] . After selection, high-affinity mAb-binding 
clones were identified after replica plating on nitrocellulose and 
immunoblot analysis, and then purified and sequenced. Sixteen 
to twenty nonapeptide sequences were obtained for the 6 mAbs 
selections and were aligned visually as well as by the unique align-
ment algorithm used by the program FINDMAP  [24] .

  SDS-PAGE and Western Blotting 
 Samples were loaded on a 10% or 11% SDS-PAGE  [25]  and elec-

trotransferred to nitrocellulose, as previously described  [26] . Im-
munodetection was performed using mAbs raised against p22-
phox (mAb 44.1, 17A2, 13C4, 13D4, 12E6, 16G6 and 16G7; dilu-
tion 1:   1,000 to 1:   5,000) or polyclonal antibody directed against 
the C-terminal part of p22-phox (residues 184–195; dilution
1:   1,000). The immune complexes were detected with a secondary 
antibody combined with peroxidase. The bound peroxidase ac-
tivity was detected using ECL reagents.

  Slot Blot Analysis of Purified Cytochrome b 558  
 Cytochrome  b  558  (10 pmol/well) purified from resting or PMA-

stimulated neutrophils was directly adsorbed on nitrocellulose 
under vacuum. The nitrocellulose was then saturated with 1% 
(w/v) low-fat milk proteins and immunodetection was performed 
using mAb 12E6 (dilution 1:   1,000). Immune complexes were de-
tected with a secondary antibody combined with peroxidase. The 
bound peroxidase activity was detected using ECL reagents.

  Results 

 Characterization of Six Novel Monoclonal Antibodies 
 In order to further elucidate the topology of cyto-

chrome  b  558 , 6 novel mAbs, named 17A2, 13C4, 13D4, 
12E6, 16G6 and 16G7, were obtained after mouse immu-
nization with cytochrome  b  558  immunogens. The antigen 
consisted of a mixture of purified cytochrome  b  558  frac-
tions obtained from resting and PMA-stimulated neutro-
phils in 0.1% (w/v) Triton X-100. These fractions had a 
specific activity in the range of 14–17 nmol heme  b   �  mg 
protein –1 . The 6 mAbs specifically recognized Triton X-
100-solubilized (0.1% w/v) cytochrome  b  558  purified ei-
ther from resting or PMA-stimulated neutrophils by ELI-
SA, suggesting that they bound the detergent solubilized 
protein (data not shown). To determine the subunit spec-
ificity of the mAbs, immunoblot analyses were performed 
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on Triton X-100-soluble extracts prepared either from 
control or from X91 0  CGD neutrophils ( fig. 1 a) as well as 
on neutrophil membrane fractions ( fig. 1 b). Two bands at 
approximately 24 and 44 kDa were recognized by 5 mAbs 
as well as by a control polyclonal antibody ( fig. 1 a). In 
contrast, these bands were not recognized in extracts 
from X91 0 CGD neutrophils ( fig. 1 a), indicating that the 
bands corresponded to p22-phox and an aggregated di-
mer due to sample preparation. For mAb 12E6, no pro-
tein was detected by immunoblot, suggesting that this 
antibody recognized a conformational epitope on cyto-
chrome  b  558  ( fig. 1 ). Similar results were obtained with 
purified cytochrome  b  558  fractions (data not shown).

  The binding of the 6 mAbs to native antigen was fur-
ther investigated by flow cytometry on both intact and 
saponin-permeabilized neutrophils. No mAb binding 
was observed on intact neutrophils (data not shown), 
while the 6 mAbs bound strongly to permeabilized neu-
trophils like mAb 44.1, which is specific of a complex in-
tracellular epitope formed by the regions  29 TAGRF 33  and 
 183 PQVNPI 188  on p22-phox ( fig. 2 ). Similar results were 
obtained with saponin-permeabilized EBV-B lympho-
cytes (data not shown). These data indicated that the 5 
mAbs (17A2, 13C4, 13D4, 16G6 and 16G7) recognized an 
intracellular epitope on p22-phox and that mAb 12E6 
bound an intracellular region of cytochrome  b  558  that 
does not survive SDS-PAGE.

  Determination of mAb Epitopes by Phage Display 
Epitope Mapping 
 In order to localize the mAb epitope regions, each p22-

phox mAb was epitope mapped by phage display analysis. 
After immunopurification on mAb affinity matrices, the 
sequences of peptides interacting with each mAb were 
determined. Alignment of phage peptide sequences led to 
the identification of a consensus peptide sequence for 3 
mAbs, 13D4, 16G7 and 12E6 ( fig. 3 ,  4 ), while no clear 
consensus sequence was obtained for mAbs 16G6, 17A2 
and 13C4. The consensus sequence was then compared 
with the primary structure of p22-phox. The resulting 
epitopes for the 3 mAbs are shown in  figures 3  and  4 . For 
both mAb 13D4 and 16G7, the epitope region was similar 
and corresponded to the  130 QWTPIEPK 137  region of p22-
phox ( fig. 3 ). However, the 16G7 epitope seemed to be 
longer than that of 13D4 ( fig. 3 b, 130–139 residues).

  For mAb 12E6, which did not detect denatured cyto-
chrome  b  558  by immunoblot, a strong consensus sequence 
was determined ‘GPRPPXPXP’ ( fig. 4 a). This consensus 
demonstrated a high degree of similarity to the polypro-
line-containing region of p22-phox,  159 PRPPPNSP 152 , 
suggesting that mAb12E6 bound to p22-phox. In order to 
confirm that mAb 12E6 recognized p22-phox, immuno-
precipitation of p22-phox with mAb12E6 was performed. 
An octyl-glucoside-soluble extract of neutrophil mem-
brane was used for this assay. A similar experiment was 
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  Fig. 1.  Western blot analysis with 6 novel 
cytochrome  b  558  antibodies. Several neu-
trophil fractions were submitted to SDS-
PAGE followed by immunoblot identifica-
tion:  a  Neutrophil cellular extracts (40  � g/
well) from either X 0  CGD patient (X 0 ) or 
normal subject (N),  b  neutrophil crude 
membrane (Mb: 30  � g/well). The presence 
of gp91-phox was detected using the 6 nov-
el mAbs (12E6, 17A2, 16G7, 16G6, 13D4 
and 13C4) or control antibodies (mAb 44.1 
or a polyclonal antibody, pAb, directed 
against the C-terminal peptide of p22-
phox). The immune complexes were de-
tected by ECL. 
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  Fig. 2.  Flow cytometry analysis of cyto-
chrome  b  558  in permeabilized human neu-
trophils. Purified human neutrophils (5  !  
10 5  cells) were fixed with 1% (w/v) parafor-
maldehyde, permeabilized with 0.01% 
(w/v) saponin and labeled with specific 
mAbs (12E6, 17A2, 16G7, 16G6, 13D4, 
13C4 or 44.1; 5  � g; black area) or irrelevant 
mAb (5  � g; white area) for 30 min on ice. 
The antibody-labeled cells were stained 
with PE-conjugated secondary antibody, 
and the fluorescence (FL2) was measured. 
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  Fig. 3.  Phage display epitope mapping for mAb 13D4 ( a ) and mAb 
16G7 ( b ). After selection of phages on an mAb 13D4 ( a ) or mAb 
16G7 ( b ) affinity matrix, the nucleotide sequence was determined 
on isolated phage clones. The corresponding peptide sequences 

were aligned to identify a consensus sequence, which was com-
pared to p22-phox sequence in order to identify the epitope re-
gion. Residues of phage peptides identical to residues of p22-phox 
are in bold. The epitope sequence is framed.             
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done with mAbs 16G7 and 16G6. Results showed that 
mAbs 16G6 and 16G7 were able to precipitate p22-phox. 
In contrast, no significant immunoprecipitation was ob-
served with mAb12E6 as compared with the control per-
formed with a nonspecific mAb ( fig. 4 b). This result sug-
gested that recognition of the epitope by mAb12E6 was 
altered in octyl glucoside. Three possibilities could ex-
plain such a result: (1) the polyproline region of p22-phox 
could possess a three-dimensional structure modified 
during the solubilization process; (2) the 12E6 epitope 
could be a complex epitope implicating several regions of 
the cytochrome  b  558 ; (3) the 12E6 was less effective in oc-
tyl glucoside.

  To gain a more comprehensive understanding of the 
mAb12E6 epitope, an extensive analysis of the peptide 
sequences obtained by phage display was performed by 
using the computer program FINDMAP  [24]  in order to 

map the epitopes to discontinuous segments of the pro-
tein that are distant in the primary sequence, but are in 
close spatial proximity in the structure. This analysis was 
carried out on both gp91-phox and p22-phox sequences. 
Histograms presenting results confirmed a good match-
ing of the mAb 12E6 consensus sequence on the polypro-
line region of p22-phox especially with the region 
 155 PPPRPP 160 . Surprisingly, the analysis showed a strong 
match of a 3-residue segment of the consensus sequence 
with a short segment of the C-terminus of gp91-phox cor-
responding to residues  557 GPR 559  ( fig. 5 ).

  Confirmation of mAb Epitope Regions by Using 
Truncated Forms of p22-Phox 
 In order to get more information about the regions 

recognized by these mAbs, a p22-phox-truncated form 
corresponding to amino acids ( 1 M-Q 143 ) was expressed as 
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  Fig. 4.  Analysis of the mAb 12E6 interac-
tion site.  a  Phage display epitope mapping 
for mAb 12E6 was performed as described 
in figure 3. The consensus sequence was 
compared to the primary structure of p22-
phox. Residues of phage peptides identical 
to residues of p22-phox are in bold. The 
potential epitope region is framed.  b  Im-
munoprecipitation studies with mAbs 
12E6, 16G7 and 16G6. Cytochrome      b  558  
present in the membrane soluble extract 
(200      � g) was immunoprecipitated with 
specific mAbs (2  � g of mAbs 12E6, 16G7 
or 16G6) or irrelevant mAb. The filtrate 
(F) and the immunoprecipitate (IP) were 
submitted to SDS-PAGE followed by im-
munoblot identification of p22-phox with 
mAb 16G7. The immune complexes were 
detected by ECL. 
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a GFP-tagged protein in HEK293 cells ( fig. 6 a). To control 
the expression of the p22( 1 M-Q 143 )-GFP-truncated form, 
an immunoblot was performed on transfected HEK293 
cells with an anti-GFP mAb ( fig. 6 b, left panel). Results 
showed a strong expression of the truncated form in the 
membrane of transfected HEK293 cells. Interestingly, 
only 2 p22-phox mAbs, 16G7 and 13D4, recognized the 
p22( 1 M-Q 143 )-truncated form confirming the epitope de-
termined by phage display. Absence of detection of the 
truncated form by the 3 mAbs 17A2, 16G6 and 13C4 in-

dicated that they bound a region localized at the C-ter-
minal part of p22-phox ( 144 I-V 195 ). As observed with the 
full-length p22-phox, mAb 12E6 did not bind to the trun-
cated form in Western blot analysis.

  Effect of mAb anti-p22-Phox on the Phagocyte 
NADPH Oxidase Activation Process in vitro 
 In order to identify new specific Nox2 inhibitors, the 

effect of mAbs on the NADPH oxidase activity reconsti-
tuted in a homologous cell-free system was analyzed. In 
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  Fig. 5.  FINDMAP analysis for mAb 12E6. 
Alignment of phage sequences to discon-
tinuous protein regions of p22phox ( a ) or 
gp91-phox ( b ) by using the program FIND-
MAP  [24] . Histograms presented the fre-
quency of phage-peptide amino acids re-
covered in the target protein sequence. 
The potential epitope is presented in frame 
with amino acids belonging to both gp91-
phox and p22-phox.                 
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this experiment, neutrophil membranes were pre-incu-
bated with a 37-fold excess of mAb for 30 min on ice, be-
fore adding neutrophil cytosol and an optimal concen-
tration of arachidonic acid ( fig. 7 ). A control experiment 
was performed with an irrelevant antibody. In presence 
of mAbs 17A2, 16G7 or 13D4 the production of superox-
ide was not altered. In contrast, the addition of mAb 
12E6, 16G6 or 13C4 resulted in a strong inhibition of the 
reconstituted NADPH oxidase activity in the range of 
65–80% compared to the activity measured in presence 
of an irrelevant mAb. The 4 mAbs 12E6, 17A2, 16G6 and 
13C4 recognized an epitope localized in the C-terminal 
region of p22-phox-containing residues ( 144 I-V 195 ). 
Among these 4 mAbs, only mAb 17A2 did not inhibit the 
reconstituted NADPH oxidase activity, suggesting that 
the mAb 17A2 epitope was not located in domains in-
volved in the interaction with cytosolic regulatory fac-
tors.

  Immunological Analysis of the Phagocyte NADPH 
Oxidase Activation Process 
 In our study, mAbs were produced against a mixture 

of cytochrome  b  558  purified from resting and PMA-stim-
ulated neutrophils. We analyzed the binding of mAbs to 
permeabilized neutrophils before and after stimulation 
with 130 n M  PMA for 10 min at 37   °   C by confocal micros-
copy ( fig. 8 ). Control experiments were done in absence 
of the primary antibody or in presence of an irrelevant 
antibody. No significant fluorescence was detected in 
both cases (data not shown). Image acquisition on con-
trol, resting and PMA-stimulated cells was performed 
with exactly the same configuration settings of the con-
focal microscope in order to allow the qualitative com-
parison of the fluorescence intensities. Confocal micros-
copy done on resting cells with the 6 mAbs showed a 
green fluorescence inside cells ( fig. 8 a, left panels). After 
PMA stimulation, the fluorescence signal intensity was 
not modified in cells stained with mAbs 17A2, 16G7, 
16G6, 13D4 and 13C4. In contrast, the mean fluorescence 
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  Fig. 6.  Western blot of a p22-phox-truncated form. A truncated 
form of p22-phox corresponded to residues 1–143 [p22(                 1 M-Q 143 )] 
coupled to GFP at its C-terminus ( a ) was expressed in HEK293E 
cells. After geneticin selection, cells were isolated, fractioned into 
membrane and cytosol fractions and analyzed for their expres-
sion of the truncated p22-phox ( b ). Control of expression was per-
formed with an anti-GFP mAb on both cytosolic (50  � g protein/
lane) and membrane (50  � g protein/lane) fractions. A membrane 
fraction (50  � g protein/lane) was analyzed by Western blot to 
evaluate the capacity of anti-p22-phox mAbs to bind truncated 
forms. 
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  Fig. 7.  Effect of the p22-phox mAbs on the NADPH oxidase activ-
ity reconstituted in a cell-free system. Neutrophil membrane frac-
tions (30                          � g) were incubated with anti-p22-phox mAbs (12E6, 
17A2, 16G7, 16G6, 13D4, 13C4; 50  � g), or an irrelevant mAb (IR; 
50  � g) for 30 min on ice before adding neutrophil cytosol (300 
 � g), 40  �  M  GTP � S, 5 m M  MgCl 2  and an optimal concentration 
of arachidonic acid. The superoxide anion production was mea-
sured after addition of 150  �  M  NADPH by the SOD-sensitive por-
tion of the cytochrome  c  reduction recorded at 550 nm. Results 
were expressed as a percentage of the control activity obtained in 
the presence of an irrelevant mAb (100% corresponded to 168  8  
18 nmol O2

–� min –1  mg membrane protein –1 ). They were presented 
as the average of at least 3 experiments  8  SD.  *  p  !  0.05 vs. pres-
ence of an irrelevant mAb. 
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obtained with the mAb 12E6 was strongly increased lead-
ing to a saturating signal ( fig. 8 a, right panels). A similar 
increase in fluorescence was observed by flow cytometry 
in PMA-stimulated neutrophils incubated with mAb 
12E6 ( fig. 8 b). These data suggested that the mAb 12E6 
bound preferentially active cytochrome  b  558  in PMA-

stimulated neutrophils. Moreover, the increased fluores-
cence in PMA-stimulated cells indicated that the binding 
of cytosolic factors to cytochrome  b  558  did not exclude the 
binding of mAb 12E6 to its epitope probably because of 
the epitope complexity.
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  Fig. 8.  Immunological analysis of cytochrome            b  558  activation ex 
vivo.        a  Detection of p22-phox in resting and PMA-stimulated 
neutrophils by confocal microscopy. Neutrophils were incubated 
with PMA (130 n             M ) or DMSO for 10 min at 37   °   C. Resting and 
stimulated cells (2              !  10   5    cells) were then fixed, permeabilized and 
labeled with anti-p22-phox mAbs (5  � g) for 1 h at room tempera-
ture as described in Materials and Methods. An Alexa Fluor 488 
secondary antibody was used to detect the mAb binding. Inserts 
show typical cells (indicated by a white arrow) in false colors for 
the sake of comparison of fluorescence levels. Phase contrast, dif-
ferential interference contrast and fluorescence images were re-

corded.  b  Flow cytometry analysis of cytochrome  b  558  in resting 
and PMA-stimulated neutrophils. Purified human neutrophils
(5      !  10 5  cells) were stimulated (plain line) or not (dotted line) 
with 130 n M  PMA for 10 min at 37   °   C, washed, fixed with 1% (w/v) 
paraformaldehyde, permeabilized with 0.01% (w/v) saponin and 
labeled with specific mAbs, 12E6 mAb or other p22-phox mAbs 
(17A2, 16G7, 16G6, 13D4 or 13C4; 5  � g; dotted and plain lines) or 
irrelevant mAb (5  � g; grey area) for 30 min on ice. The antibody-
labeled cells were stained with PE-conjugated secondary anti-
body, and the fluorescence (FL2) was measured.     
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  In order to confirm the conformational binding of 
mAb 12E6 to active cytochrome  b  558 , an in vitro slot-blot 
experiment was performed on native cytochrome  b  558  
purified either from resting or from stimulated neutro-
phils. In a previous work, we showed that cytochrome 
 b  558  purified from PMA-stimulated cells displayed the 
capacity to form a constitutively active complex in the 
presence of cytosolic regulatory factors while cytochrome 
 b  558  purified from resting cells did not, indicating that 
cytochrome  b  558  was pre-activated upon PMA stimula-
tion, and that this conformation change was retained 
during the whole purification process  [6] . In the present 
work, results clearly showed a strongly increased binding 
of mAb 12E6 to the same amount (10 pmol) of cyto-
chrome  b  558  purified from PMA-stimulated neutrophils 
as compared to that observed with cytochrome  b  558  iso-
lated from resting cells ( fig. 9 , left panel). The slot-blot 
densitometry analysis indicated that the interaction be-
tween mAb 12E6 and cytochrome  b  558  was doubled after 
stimulation with PMA ( fig. 9 , right panel).

  Discussion 

 The present work describes 6 novel mAbs directed 
against an intracellular domain of p22-phox, the small 
subunit of the phagocyte cytochrome  b  558 . As no struc-
tural data are available for cytochrome  b  558 , mAbs are 
essential tools to get novel information about p22-phox 
membrane topology and regions involved in NADPH ox-
idase activation.

  In this study, the 6 mAbs recognized purified native 
cytochrome  b  558  in 0.1% (w/v) Triton X-100 by ELISA, 

while only 5 mAbs (mAbs 17A2, 16G7, 16G6, 13D4 and 
13C4) were able to detect denatured p22-phox in mem-
brane or in solubilized membrane fractions by immu-
noblotting. The inability of the 6 mAbs to bind to intact 
neutrophils favors the intracellular localization of the ep-
itopes, even if we could not completely rule out that the 
mAbs bind to extracellular regions that are masked on 
the cell surface until perturbation by permeabilization.

  Phage display epitope mapping strongly suggested 
that mAbs 13D4 and 16G7 interact with the ( 130 Q-K 137 ) 
and ( 130 Q-R 139 ) regions of p22-phox, respectively.

  For mAbs 17A2, 16G6 and 13C4, phage display results 
were not clear. The lack of recognition of the p22( 1 M-
Q 143 )-truncated form by the 3 mAbs was consistent with 
detection of a cytoplasmic domain of p22-phox as shown 
by flow cytometry on permeabilized cells. Future refine-
ments of FINDMAP with different substitution matrices 
and enhanced matching algorithms such as EPIMAP  [27]  
may aid in the analysis of the clues to the structure of 
complex epitopes. Together, these results suggest that the 
target-region for mAbs 17A2, 16G6 and 13C4 is located 
in the C-terminal part of p22-phox that includes residues 
( 144 I-V 195 ).

  Recent studies based on deletion mutagenesis experi-
ments showed that N- and C-terminal regions of p22-phox 
contained specific determinants critical for cytochrome 
 b  558  maturation and NADPH oxidase activation  [28] . In 
particular, it was shown that deletion in the N-terminal 
(amino acids  6 W-R 90 ) or the C-terminal portion (amino 
acids  131 W-V 195 ) leads to a defect in Nox2 maturation and 
thus in NADPH oxidase activity  [28] . Interestingly, dele-
tion of the polyproline-containing region ( 142 P-V 195 ) did 
not influence cytochrome  b  558  maturation but resulted in 
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  Fig. 9.  Slot-blot analysis of mAb 12E6 bind-
ing to active and inactive cytochrome            b  558  
conformations. Duplicate samples of cyto-
chrome                                      b    558  (10 pmol) purified from rest-
ing (– PMA) or PMA-stimulated (+ PMA) 
neutrophils were adsorbed to the nitro-
cellulose under vacuum conditions. The 
membrane was then incubated with mAb 
12E6. The immune complexes were detect-
ed by ECL. Histograms showed the relative 
densitometry analysis of the slot-blot (100% 
corresponded to the densitometry ob-
tained with cytochrome          b  558  purified from 
resting cells). Results were expressed as the 
mean of densitometry values obtained af-
ter analysis of duplicate bands      8  SD.                 



 Conformational Probe for 
Cytochrome  b  558  

J Innate Immun 2009;1:556–569 567

M

W
A

M
W
A

N
E Q A L A S G L I L I T G G

I
V

A
T

A
G

RFT
QWY

FGAYSI
V

A
G
V
F
V
C

L L E Y P R G K R K K G S T
M

E
R

WGQK
H

M
T

A
VVKLFGPF

T
R

N
Y

Y
V

R
A

V
L

H
L

L
LS

V
PA

G
FL

L
AT

L
G

T A C
L

A
I

AS GIY LLA A
VR
G

E
Q W

N
P

P
P

R
PP

G
G

P
P

G
G

P

V

I

T P I E P K P E R P
P
S

R

20

40

80

110

140

160

180

1

195

NH2

143

170

16G7

13D4
Membrane

12E6

16G6: 144–171

13C4: 144–171

17A2: 172–195?

Cytosol

Essential for maturation

Dispensable for maturation and activation

Interaction p47-phox

Interaction p67-phox

Potential epitopes

COOH

H

E
R I V R

G

R
V

Y
D

I
P

P K F
F

Y
T

R

L
L

G

W
C

V
N

A
R

N
N

S

E
L

G
D
R
Q
N

N

G
A

Q
T

A
E

S
L

A
V

H N I T
V

C
E
Q

K I
S

E
W

G
K

IKECP
I

P

D P
Y
S
V

A

S

E
S

Y F
A
R
K

R
I

K
N

P
E G G

L

F

L

NH2

V

L

K

Q

L

Y

H

H

H

HFe

Fe

G T A C
L

H

T
I

IA S
G

A
L

R P G

P
P

P
P

P

COOH

NH2

R

  Fig. 10.  Topological model of p22-phox. The model highlights 2 
transmembrane domains, regions containing amino acids shown 
to be essential or dispensable for cytochrome            b  558  maturation and 
activation  [27]  as well as regions involved in interactions with 
p47-phox and p67-phox. Epitope regions for novel mAbs resulting 

from data combining phage display analysis and p22-phox trun-
cated forms investigation are depicted in this model. The insert 
shows potential epitope for mAb 12E6 shared by p22-phox 
(   155 PPPRPP 160 ) and gp91-phox ( 557 GPR 559 ).                                                                       
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the absence of NADPH oxidase activity  [28] . These results 
suggest that the amino acids ( 131 W-R 141 ) are essential for 
Nox2 stabilization and maturation ( fig. 10 ). The mAb NS2 
that was earlier described to interact with the ( 131 W-R 139 ) 
sequence of p22-phox was unable to immunoprecipitate 
detergent-solubilized cytochrome  b  558   [13] . In our study, 
mAbs 13D4 and 16G7 that recognize a similar region of 
p22-phox ( 130 Q-K 137  for mAb 13D4 and  130 Q-R 139  for mAb 
16G7) were shown to immunoprecipitate detergent-solu-
bilized cytochrome  b  558 , suggesting exclusive properties 
of both mAbs 13D4 and 16G7 in comparison to mAb NS2. 
In regard to the importance of the target epitope, these 
mAbs might be useful for cellular analysis of cytochrome 
 b  558  maturation by evaluating their effect on p22-phox/
gp91-phox heterodimer formation. As previously de-
scribed for mAb NS2  [13] , both mAbs 13D4 and 16G7 did 
not influence the NADPH  oxidase activity, suggesting 
that the region ( 130 Q-R 139 ) of p22-phox is not involved in 
enzyme activation or ac tivity.

  MAb 12E6 displays interesting properties. It is unable 
to bind denatured cytochrome  b  558 , arguing in favor of a 
conformational target epitope easily lost or masked by 
mild detergent. Moreover, data obtained by confocal mi-
croscopy and flow cytometry demonstrate that mAb 
12E6 binds activated neutrophils more strongly than 
resting cells. This effect is also observed in vitro on cyto-
chrome  b  558  purified from PMA-stimulated cells, sug-
gesting a conformational epitope which is unmasked 
during NADPH oxidase activation. Phage display analy-
sis performed with mAb 12E6 indicates a potential anti-
gen-determinant in the region ( 152 P-P 159 ) of p22-phox, 
the region containing a polyproline domain required for 
the interaction with p47-phox and p67-phox upon activa-
tion ( fig. 10 )  [14, 15] . The polyproline region is probably 
inaccessible in the cytochrome  b  558  resting state in order 
to avoid uncontrolled NADPH oxidase activation. Upon 
cytochrome  b  558  activation, the p22-phox polyproline re-
gion may change its conformation leading to a better ac-
cessibility of cytosolic factors to the domain. This hy-
pothesis was confirmed by the inhibitory effect of mAb 
12E6 on the NADPH oxidase activity reconstituted in vi-
tro in the presence of neutrophil membrane and cytosol. 
Moreover, the analysis of the phage peptide sequences us-
ing FINDMAP revealed a potential epitope shared be-
tween p22-phox ( 155 P-P 160  residues) and the C-terminal 
part of gp91-phox ( 557 G-R 559  residues). Although such an 
assignment is highly speculative and requires confirma-
tion, such complexity could explain the epitope lability in 
SDS and the nonionic detergent octyl glucoside. If indeed 
the epitope is shared by gp91-phox and p22-phox, mAb 

12E6 will be useful to study interactions between cyto-
chrome  b  558  subunits during protein maturation and en-
zyme activation processes.

  For mAbs 17A2, 16G6 and 13C4, the epitope region 
was not clearly determined. However, immunoblots per-
formed on the p22( 1 M-Q 143 )-truncated form suggested 
that their target-epitope was located in the cytosolic C-
terminal 52 residues ( 144 I-V 195 ) of p22-phox. Deletion 
mutagenesis performed on p22-phox previously showed 
that the N-terminal residues ( 1 M- 5 E) and the C-terminal 
residues ( 172 A-V 195 ) are not necessary for cytochrome  b  558  
maturation and NADPH oxidase activity ( fig. 10 )  [28] . 
Pre-incubation of neutrophil membranes with either 
mAb 16G6 or mAb 13C4 leads to a complete inhibition 
of the reconstituted NADPH oxidase activity, indicating 
that they interact with a region important for NADPH 
oxidase activation, located between amino acids  144 I and 
 171 E. In contrast, mAb 17A2 has no effect on the NADPH 
oxidase activity reconstituted in vitro, suggesting a po-
tential interaction site in the C-terminal part of p22-phox 
dispensable for activation (after the polyproline motif) 
( 161 A-V 195 ).

  In conclusion, among the 6 new p22-phox mAbs de-
scribed in this study, 2 (13D4 and 16G7) recognize a re-
gion required for cytochrome  b  558  maturation ( 130 Q-R 139 ). 
Three mAbs, 16G6, 13C4 and 17A2, bind an epitope lo-
calized in the C-terminal region ( 144 IV 195 ) but they dis-
play specific properties: mAbs 16G6 and 13C4, but not 
mAb 17A2, interact with a region involved in NADPH 
oxidase activation. According to data resulting from de-
letion mutagenesis performed on p22-phox  [28] , the C-
terminal part of p22-phox ( 172 A-V 195 ) is not necessary for 
enzyme activity, suggesting that epitopes for mAbs 16G6 
and 13C4 are located in the ( 144 I-E 171 ) part of p22-phox. 
The last mAb (12E6) recognizes a conformational epitope 
localized partially in the polyproline region of p22-phox. 
This mAb is unique as this is the first one described to 
detect this p22-phox domain. Our results lend support to 
the speculative view that this region may be part of a 
complex epitope shared between gp91-phox and p22-
phox that may be produced during the activation process. 
However, there is as yet no confirming evidence to sup-
port this structural interpretation.

  As p22-phox is an essential partner for novel Nox 
(Nox1, Nox3 and Nox4), these mAbs represent a valuable 
set of probes to investigate maturation and activation 
processes of NADPH oxidases.
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