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Abstract

Precise spatiotemporal regulation of @enerating NADPH oxidases (Nox) is a vital
requirement. In the case of Nox1-3, which depenthersmall GTPase Rac, acceleration of
GTP hydrolysis by GTPase activating protein (GA®)Id represent a feasible temporal
control mechanism. Our goal was to investigatentbéecular interactions between RacGAPs
and phagocytic Nox2 in neutrophilic granulocytesstructural studies we revealed that
simultaneous interaction of Rac with its effectootpin p6?"°*and regulatory protein
RacGAP was sterically possible. The effect of RaB&Avas experimentally investigated in a
cell-free Q™ -generating system consisting of isolated membrandsecombinant p47~

and p67" proteins. Addition of soluble RacGAPs decreasgd-roduction and there was
no difference in the effect of four RacGAPs prewgigudentified in neutrophils. Depletion of
membrane-associated RacGAPs had selective effdetraase in ARHGAPL1 or

ARHGAP25 level increased0O-production but a depletion of ARHGAP35 had no effe
Only membrane-localized RacGAPs seem to be abtegwact with Rac when it is assembled
in the Nox2 complex. Thus, in neutrophils multiflacGAPs are involved in the control of

O." -production by Nox2, allowing selective regulatia different signaling pathways.
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List of abbreviations

AA: Arachidonic acide

Ab: Anti-body

BLAST: Basic Local Alignment Search Tool
BSA: Bovine serum albumin

DFP: Di-isopropyl fluorophosphate
EDTA: Ethylenediaminetetraacetic acid
EGTA: Ethylene glycol tetraacetic acid
GAP: GTPase activating Protein

GEF: Guanine nucleotide exchange factors
GST: Glutathioné&-transferase

HBSS: Hank's balanced salt solution
NOX: NADPH oxidase

PBS: Phosphate buffered saline

PDB: Protein data bank

PMN: Polymorphonuclear cell

PMSF: Phenylmethanesulfonylfluoride
RMSD : Root-mean-square deviation
SDS: Sodium Dodecyl Sulfate

SEM: Standard error of mean

Smg: Small GTPase

SOD: Superoxide dismutase

TPR: Tetratricopeptide repeat motif
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Introduction

NADPH oxidases (Nox) are transmembrane electromecarthat transfer one electron
from cytosolic NADPH to molecular oxygen and forapsroxide (@) and other reactive
oxygen species (ROS) [1-3]. In humans Nox familytgins are involved in vital
physiological functions such as antimicrobial detef4], vestibular function [5], thyroid
hormone synthesis [6], or cellular signaling [7gfEctive function of some of these proteins
leads to serious pathologic conditions in human8]8However, numerous reports show that
inappropriate activation of Nox proteins results@mious damage, mainly in the
cardiovascular system [7, 10]. Thus, strict spatigioral control of the activity of Nox family
proteins is vitally important.

Nox2, highly expressed in phagocytic cells, islibst- and longest-known member of
the family. The active Nox2 enzyme complex assemfstam several subunits which reside
in different compartments in resting cells. Upotivation, p4?"%% p67"* and p46"™
translocate from the cytosol to the (plasma or peamal) membrane, where they bind to the
complex of gp9i"®* and p22"°% which together form cytochromesh Details of the
molecular interactions within the complex have bieeestigated and reviewed extensively
[1, 11, 12]. The essential role of the small GTHFRae (Racl in macrophages, Rac2 in
neutrophilic granulocytes) was discovered soorr #fie identification of the Nox-related
subunits [13, 14] and was confirmed later in batimhn pathology [15] and in genetically
modified mice [16]. In the Nox2 complex, g8% has been identified as the effector protein
of Rac [17]. The molecular interaction betweentteatricopeptide repeat (TPR) motif of
p67°"*and RacGTP was suggested [18] and later verifiethe basis of crystal structure [19,
20]. A direct interaction between Rac and gfi%4has also been suggested [21] although not
accepted in all published models [22, 23]. Nox1 Hod3 are the closest homologs of Nox2.

Both require cytosolic subunits for activity [24]261d Rac regulates both [27].
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Rac is a member of the Rho subfamily of small GGE3gsmg) [28]. Similar to other
smgs, Rac’s activity depends on GTP binding, artirtes slowly due to the slow GTP-
hydrolytic activity of the protein. GTPase activatiproteins (GAPs) accelerate GTP-
hydrolysis by several orders of magnitude, and #arge as important temporal regulators of
smg-signaling [29, 30]. The human genome contgapsax 70 potential Rho-family GAPs
[31, 32] from which each cell type expresses ite Qq@AP-repertoire” [33]. The specific or
overlapping function of these proteins needs furtimeestigation [30, 34].

RacGAP(s) limit the prevalence of Rac in the axti@TP-bound state, and thus are
potentially important negative regulators of Rapeleent Nox proteins, that would curb the
intensity of Q~ -production. Due to their complex domain strucfi®2, 34] and extensive
regulation [30, 35], RacGAPs could fine tune Nokaty. In fact, a role for RacGAPs in the
regulation of assembly and function of the Nox2 ptam has been indicated in previaos
vitro studies [36-40] and in genetically modified anis@1-43]. These were all isolated
studies and comparative aspects have not beemul raise

In human neutrophils the RacGAPs Bcr, ARHGAP35 ARHGAP1 have been
identified by immunoblotting [40] and all three pems decreased-O-production when they
were added to a cell-free system [39, 40]. Howether contribution of endogenous,
membrane-bound RacGAPs has not been investigategnRy, ARHGAP25 has been
cloned and shown to be a RacGAP preferentiallyesqed in hemopoetic cells. In
neutrophilic granulocytes it functions as a negatigulator of phagocytosis [44].
Interestingly, ARHGAP1, that was expressed to alamextent and had similar RacGAP
activity as ARHGAP25, did not affect phagocytogid][ These data raised the question of
specificity of different RacGAPs in the regulatiohthe phagocytic NADPH oxidase.

In the present study we i.) investigate — baseexsting crystal structures - the

theoretical possibility of involvement of RacGAmRsthe regulation of the phagocytic Nox2
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complex and ii.) perform a comparative analysighencontribution of the RacGAPs

identified hitherto in human neutrophils.

Materials and M ethods

Materials

Non-prenylated Racl, full length ARHGAP1 and theRs@omain of BCR (residues
871-1271) were produced i colias GST fusion proteins and purified as describedfin
[38]. TheE. coliclones producing Racl, BCR and ARHGAP1 were afigif A. Hall. GST-
tagged full length ARHGAP25 was produced as prestipdecribed in ref. [44]. The GAP
domain of ARHGAP35 (residues 1191-1499) was producehe form of GST fusion protein
and purified as described in [45]. Antibodies agahRHGAP1 and ARHGAP25 were raised
in rabbits and characterized as described in 46f.44]. Isotype control polyclonal rabbit-Ab
was from Santa Cruz (Dallas, USA). Mouse mAb adadi®HGAP35 and isotype control
monoclonal IgGwas purchased from BD Transduction Laboratoriear(klin Lakes, NJ
USA). Horseradish-peroxidase-conjugated anti-raligiist and anti-mouse 1gG were
purchased from GE Healthcare (Uppsala, SwedenjeiRrG—Sepharose beads, nitrocellulose
membranes and Ficoll were from GE Healthcare. RrédteSepharose beads were from Life
Technologies (Carlsbad, Calif. USA). Arachidonicda@®A), octylglucoside,
ferricytochromec (horse heart, type VI), DFP, aprotinin, pepstdenpeptin, PMSF,
superoxide dismutase (SOD), guanosiney8hio]triphosphate (GTR-S) and GTP were
from Sigma-Aldrich (St. Louis, MO, USA). NADPH w&a®m SERVA (Heidelberg,
Germany). Sterile endotoxin-free HBSS was from Tecientific (Waltham, MA, USA).
[y-32P]GTP was from Izotdp Intézet, Hungary. Spin-X Ciémge Tube Filter with 450nm

pore size was from Corning (Amsterdam, The NethedaAll other reagents were of the
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highest available quality. Incubations were perfednm PBS (137mM NaCl, 2.7mM KClI,
8.1mM NaHPQy, 1.5mM KHPQy, pH7.4). Arachidonic acid was dissolved in ethaatol

20mM and added to the reaction mixture in smalliws (less than 3% of the final volume).

Preparation of neutrophils and subcellular fractian

Human neutrophils were prepared from buffy coatiseaflthy volunteers as described
[46] and isolated PMN cells were suspended in PBSteeated with 1mM DFP for 10 min at
room temperature. After being washed in PBS, eedie resuspended in PBS supplemented
with ImM EGTA, 1Qug/ml aprotinin, M pepstatin, 1AM leupeptin, 0.1mM PMSF.
Thereafter cells were broken by ultrasonic treatimemd membrane and cytosolic fractions

were prepared on a discontinuous sucrose gradseeescribed in [38] .

Measurement of @ -production in semi-recombinant cell-free system

The rate of @ - production was determined as the superoxide-dissatgansitive
portion of ferricytochrome reduction measured at 550nm in a Labsystem leMS$oplate
reader [47, 48]. A two-step activation system wsedu Membrane fraction (i of protein)
and recombinant p2PX p67"°* (optimal amounts (0.3¢0y) were determined before use)
were pre-incubated for 10 min in the presence aét@donic acid (AA), and 126M
cytochromec in a final volume of 150L of PBS containing 1mM MgGl GAP proteins were
added either 10 min before or 10 min after AA. Meante fractions isolated from human
PMN contained sufficient Rac for NADPH oxidase assky [38, 49]. For each condition the
optimal concentration of AA was determined and usdtie activation mixture. Superoxide
production was initiated by addition of NADPH (2aM final cc.) and followed for 10 min.
The initial linear portion of the absorption curéssting for 2-4 min) was used for

calculation of the rate of O-production. Parallel samples were run in the presef 10Qig
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of superoxide dismutase (SOD). For calculatiorhef®" production, the absorption
coefficient of ferricytochrome of 21000M*- cni! was corrected to the properties of the plate

reader.

Measurement of the GTP-ase Activity of Rac

The GTP-ase activity was measured by the nitrolosléufilter-binding assay as
described in [50]. Loading of recombinant Racfig bf protein) was performed for 5 minutes
at room temperature with a high specific radioatstiof [y->?P]GTP (more than 5000Ci/mM)
in low magnesium buffer (16mM Tris-HCI, pH 7.5, 2BhiNaCl, 0.1mM dithiothreitol
[DTT], 5 mM EDTA, and 100nM+-*2P]GTP [5uCi]). Thereafter, MgGlwas added at 20
mM to diminish further nucleotide exchange. Thauoh was kept on ice to decrease
nucleotide hydrolysis. The GTPase reaction wagateid by the addition ofi& of small G
protein loaded withf-*?P]GTP to 27ZL of a warmed (20°C) buffer (16mM Tris-HCI, pH 7.5,
0.1mM DTT, 1mg/mL bovine serum albumin, and 1mMalrdled GTP) containing the
different GAPs. Aliquots (&) were taken at regular intervals and filteredtigh
nitrocellulose membranes, followed by washing 38mwvith 2 mL of cold buffer consisting
of 50mM Tris-HCIl and 5mM MgG| pH 7.7. The filters were dried and the radioattiwas
measured by the Cerenkov-effect in a Beckman L®BDdiquid-scintillation spectrometer.
GAP activity is presented as the decrease in prdteund radioactivity retained on the filters

in time.

Immunoprecipitation experiments
Protein G—Sepharose beads (in the case of ARHGARB%sotype control IgGAD)
or Protein A—Sepharose beads (in the case of ARHGARHGAP25 and isotype control

rabbit-Ab) were incubated with the indicated Althe presence of 20mg/mL albumin for 40
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min and washed five times in PBS to remove tra¢embound immunoglobulins.

Membranes from human PMN corresponding to apprawgbf protein were solubilized for
10 min in PBS containing 40mM octylglucoside atmotemperature. Immunodepletion was
performed in three successive steps, incubatingdhilized material each time for 15 min
with approx. 3QlL of antibody-loaded Sepharose beads. For the atepaiof the beads Spin-

X Centrifuge Tube Filter with 450nm pore was usEtk separated beads were washed three
times in PBS supplemented with 0.1% (v/v) Tritorl®8. The immunodepleted probes were
tested for cell-freén vitro superoxide production described above. Exceptef t

solubilization, all steps of immunodepletion wessfprmed at 4°C.

Protein determination
The protein content was determined as describdgragford [51], with BSA as

standard.

Immunoblotting

Identical amount of protein (@) of the indicated samples was lysed in 4x Laemmli
sample buffer containingrmercaptoethanol (3QM), boiled and run on 10% (w/v) SDS
polyacrylamide gels and transferred to nitroceBelonembranes. After blocking for 1 h in
PBS containing 5% defatted milk powder and 0.1%)Wiveen 20, blots were incubated
with indicated Ab (anti-ARHGAP25 and anti-ARHGAPD An 1:1000 dilution; anti-
ARHGAP35 in 1:1000 dilution in PBS containing 5%ateed milk powder). Bound Ab was
detected with enhanced chemiluminescence usin@taalish peroxidase-conjugated anti-
rabbit-1g (from donkey) or anti-mouse-Ig (from spesecondary antibodies used in 1:5000

dilution in PBS containing 5% defatted milk powder.
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Structure analysis

Homologs of Rac and GAP were found in the ProteataDase (PDB) via BLAST
searches and the subset that contain both Rac ARch@mologs were identified. Crystal
structures were visualized and analyses performéaei UCSF Chimera package [52]. The
Rho homolog of each of several crystallized Rho#asmg-GAP complexes [LGRN[53],
1TX4[54], 10W3[55], 1AM4[56], BMSX (Utepbergenov, DCooper, D.R., Derewenda, U.,
Somlyo, A.V., Derewenda, Z.S. Mechanism of molacspecificity of RhoGAP domains
towards small GTPases of RhoA family. Unpublisheehk superimposed onto the Rac
protein in a crystal structure of the Rac-fi87complex (PDB 1E96) using the default
settings of Chimera’s Matchmaker program [57],itay circular permutation and iteration
of superposition/alignment; RMSD values for theesimpposed Rho homolog and Rac were

obtained.

Results

Structural considerations

ARHGAPL1 interacts equally with RhoA and Racl [58jus, as a first step to
investigation of the interaction of RacGAPs witle thox2 complex, we inspected
superpositions of 5 crystal structures (PDB ids NGRTX4, 10W3, 1AM4, 3MSX) of Rho-
or Cdc42/GAP complexes (hereafter referred to ag AP complexes) onto the crystal
structure of the Rac/p8™ complex (PDB 1E96 ), using the Rac protein agéference
structure. Several of the Rho/GAP complexes wetaiioéd in the presence of fluoride
compounds, thought to simulate the GTP hydrolysissition state [59]. Consistent with their
high sequence similarity, Rho or Cdc42 superpasstionto Rac exhibited small RMSDs,

ranging from 0.74 to 0.86 Angstroms, indicatingyelose structural similarity. The

10
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superposition of Cdc42 and Rac reveals that Raaleasical residues in positions
corresponding to those identified as participatmbinding of Cdc42 to ARHGAP1[56],
identifying Rac’s presumed interaction surface V@#P. Inspections of the superimposed
crystal structures shows that in every case GAPp&#I° TPR bind to distinct, non-
overlapping faces of the Rho or Rac protein; orevle illustrating the positions of p&?
and ARHGAP1 when RhoA and Rac are superimposedtbisrsin Figure 1. All of the
superpositions of these static structures contamall area of steric clash (circled, Figure
1A) between the extreme N-terminus of B8¥and the GAP protein, but given the usual
mobility of protein termini in the dynamic aqueaersvironment we concluded that this would
not necessarily represent a significant hindrananultaneous binding of GAP proteins and
p67"°to Rac. The C-terminus of the TPR structure cotsniecthe remainder of the pB%
polypeptide, most of which has not been crystalljzmit inspection of the structure reveals a
large area away from Rac and GAP available for patian by the remainder of p&7*
Similarly, there is space available for the N-teratidomain of the GAP proteins.

These observations indicate that simultaneous hinoli GAP and p67°*to Rac may
be sterically possible. Furthermore, as illusttateFigure 1B, these superpositions indicate
that several faces of Rac/@B¥ would remain available for interaction with NoXZ3AP and
p67°"° were to bind Rac simultaneously. One of thesesfatgudes the insert domain of

Rac, shown to be critical for the interaction otcRéd Nox2 [21].

Effect of added RacGAPs on Nox2 activity.

Immunoblots revealed the presence of all idemtiRacGAPs both in the cytosolic
and in the membrane fractions [40, 44]. To mime plotential effect of cytosolic RacGAPs,
we first added these proteins to the semirecombicelhfree Q™ -generation system. In

previous studies it has been shown that additid®cof ARHGAP1 or ARHGAP35 decreased

11
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O2" -production in crude cell-free systems [39, 40]wewer, these studies were carried out
under different experimental conditions so thairaal comparison of individual RacGAP
effects was not possible. Therefore we carriecacramparative study including the recently
discovered hemopoetic cell specific ARHGAP25. Ingfial radioactive GTPase
measurements we controlled the RacGAP activityaoheprotein preparation (data not
shown). The amount of RacGAP added to the semnmbowant cell-free system was varied
in order to achieve equal GTP hydrolytic activityall samples.

As shown in Figure 2, when added before arachaacid-triggered assembly of the
Nox2 complex, all four RacGAPs reduced the rat®bf-production. In 5 separate
experiments we observed no significant differenevien the effect of the applied
RacGAPs, ARHGAP25 was as effective as the otheetpreviously studied proteins.
Similar to previous observations [40], reductiorOaf -production changed in parallel with
the amount of added GAPSs. In contrast to thesdtsesthen the same amount of the various
RacGAPs was added to the reaction mixture 10afi@r initiation of the activation process,
the rate of @ -production was the same as that in the absenaeyoRacGAP. This result
agrees with previous observations [38]. Identiealits were obtained when membranes were
solubilized in octylglucoside.

Apparently, soluble RacGAPs — representing pretinalized in the cytosol — have
similar access to RacGTP under resting conditibnsnone of them has access to RacGTP

embedded in the assembled Nox2 complex.

Immunodepletion of the membrane fraction
Next we turned our attention to endogenous RacGédadized to the isolated
membrane fraction of neutrophilic granulocytesoilder to keep the NADPH oxidase activity

high, membranes were solubilized in octylgluco$&¥. Immunodepletion was carried out

12
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from the solubilized membranes with repeated sixqubsure to specific antibodies, taking
care to preserve the activity of both Nox2 andréreaining GAPs. One typical experiment
and the average of more than 10 separate measusanenepresented in Figure 3. On the
average we succeeded in depleting 70% of ARHGAB% 6f ARHGAP25 and 65% of
ARHGAP35 from the solubilized membranes. Combirtimgtwo polyclonal antibodies, we
also carried out double-depletion, achieving 60%relese in ARHGAP1 and 50% decrease in

ARHGAP25.

Nox2 activity in immunodepleted membranes

We tested the capacity ob'Oproduction of intact membranes and membranesstleat
with isotype control serum or specific antibodiggiast one or two membrane-associated
RacGAPs (Figure 4). Depletion of ARHGAP1 or ARHGAPAone resulted in a greater than
two-fold increase in the rate obO-generation. Moreover, the effect of the two RacGARs
additive: in double-depleted membranes Qroduction was more than 3 times higher than in
the isotype treated membranes. In contrast, irpérage experiments, depletion of
ARHGAP35 from the membranes did not affegt @@roduction at all.

Apparently, some but not all of the membrane-lizeal RacGAPs do interact with

Rac in the Nox2 complex and constitutively dimin{3# -production.

Effect of membrane-associated RacGAPs on assembfctvity of the Nox2 complex
Finally we tested whether membrane-associated RRs&An only interact with
uncomplexed Rac, thus inhibiting the assembly/atitm of the Nox2 complex; or
alternatively if they can interact with Rac in tleeady-assembled complex. NaF was
previously shown to stabilize the smg-GAP comp&X| [ In our earlier experiments, addition

of NaF reduced the RacGAP effect ost" production of neutrophil membranes [36-38, 40],

13
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but it did not affect the activity of purified cytbrome lpsg [38, 40]. These findings suggested
that NaF acted by sequestering the GAP(s) — présemtutrophil membranes but absent in
the cytochromedas preparation - into a stable complex. To strengtherspecificity of the
effect of NaF, we tested its effect oa™Gproduction in the different GAP-depleted
membranes (Fig. 5A). Both in ARHGAP35-depleted meambs and in control membranes
treated with isotype serum, NaF brought about g 4-fold increase of £ -production.

In contrast, in double-depleted membranes, theasa was only about 1.3-fold.

Finally, we compared the effect of NaF before after aassembly of the catalytically
active enzyme complex (Fig. 5B). Addition of Nagfdre assembly of Nox2 complex
increased @ -production approximately threefold, but when Na&svadded to the assembled
complex, Q™ -generation still increased more than twofold (Fégh). This observation

indicates that RacGAP(s) may have access to Radrathe assembled Nox2 complex.

Discussion

Physiological functioning of NADPH oxidases reqsisgrict spatiotemporal control.
For Rac-dependent oxidases (Nox1-3) accelerati@iléf hydrolysis by GAPs provides a
reasonable control mechanism. In case of Nox2 st stewn that both the activation and the
sustained turn-over of the enzyme requires the@ctTP-bound form of Rac [37, 38], hence
regulatable RacGAPs could ensure the efficientfiumeng of both phases. In this study we
provide molecular data supporting this hypothesis.

We report here the first structural analysis tolesgthe possible interaction of GAP
and Nox2 subunits. Our investigations using st&ijgerposition of existing crystal structures
of Rac and Rho complexes indicate that simultammtesaction of Rac, p67°% RacGAP and

Nox2 is plausible.

14
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In human neutrophils RacGAPs are present botharcytosol and in the membrane
fraction. We investigated the potential contribotaf RacGAPs at both locations. The effect
of cytosolic GAPs was mimicked by addition of sdRacGAPs to the cell-free activation
system. When different proteins were added at egd&-activity, all four RacGAPs
identified hitherto in PMN similarly decreased Gproduction. Interestingly, the same
proteins had no effect on,O-production when they were added to the alreadgrakked
enzyme complex. Apparently soluble RacGAPs were tbinteract with free RacGTP, but
had no access to their target embedded in the Noxlex.

In contrast, RacGAPs associated with the membractidn seem capable of
interacting with Rac even after its incorporatiatoithe assembled Nox2 complex. We show
that addition of NaF after the assembly of the emzgomplex still increases,O-production.
As small GTPases can form a stable complex witbritie compounds only in the presence
of their GAP [59] our finding indicates that memieaocalized RacGAP(s) have access to
the assembled enzyme complex. Our structural asaypports this possibility.

We observed, however, differences in the interaatiomembrane-associated
RacGAPs to the Nox2 complex. Depletion of more th@% of the amount of ARHGAPL1 or
ARHGAP25 resulted in a clear increase @f @production, indicating a constitutive
downregulation of Nox2 activity by these proteifke effect of ARHGAP1 and ARHGAP25
was additive, increasing the rate of G@roduction approx. threefold. However, maximal O
-production (detected in the presence of g3 Br NaF) was not achieved. Thus, involvement
of further, not yet identified RacGAP(s) can notdxeluded at this point.

In contrast to ARHGAP1 and ARHGAP25, depletion ®AGAP35 to a similar
extent had no effect on the enzyme activity of Nadthough the RacGAP activity of
ARHGAP35 has been confirmed also in cellular confék] . The lack of effect upon

immunodepletion of ARHGAP35 agrees with data oladiim mice with ARHGAP35-

15
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deficient hemopoetic system [62]. Apparently, meamierassociated RacGAPs exhibit
selectivity in their interactions with the Nox2 cplex. The basis of this selectivity may
simply be the size, as ARHGAP35 (190 kD) is sigaifitly larger than either ARHGAP1
(50kD) or ARHGAP25 (73kD). On the other hand, ttrectural investigations indicate the
possibility of an interacting surface between Ra&Gahd the Rac-effector p&?. Such a
surface presents one possible basis of discrinsimdtetween different RacGAPs. In the case
of guanine nucleotide exchange factors (GEFs) elesngd a trimolecular interaction
between the regulatory protein, the small GTPasgelam effector protein have been described
[63-65]. Simultanous interaction of Rac with théeefor protein p67'°* and the regulatory
protein RacGAP may represent a similar mechanisoitieg in specific regulation of the
NADPH oxidase.

Our data clearly indicate that in neutrophilic grrtytes more than one RacGAP is
involved in the regulation of the NADPH oxidase tBthe activity and the localization of
GAPs was shown to be modulated by diverse mecharssich as phosphorylation, lipid or
protein interactions, autoinhibition, etc.[30]. Réagion of one Rac-dependent process by
multiple GAPs could allow selective modulation rieus signaling pathways and

contribute to the fine-tuning of the generatiornhad toxic superoxide anion.
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Figurelegends

Figure 1. Example of superposition of crystal structuresh@/GAP complexes onto
Rac/p67"* complex. A. Cdc42 (cyan) in complex with ARHGARINK) (PDB 1AM4)
superimposed onto Rac (green) in complex with étr@aticopeptide repeat domain of
p67phox (gray) (PDB 1E96) reveals distinct facesRac interaction with p&7°* and

(potentially) ARHGAP1. The arginine (blue) critidar GAP-activated GTP hydrolysis, and
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GTP (pink from Cdc42 structure, gray from Rac), gttewn in stick representation. Blue
circle indicates a small region of steric clashnasin the extreme N-terminus of p67phox and
ARHGAP1. B. Surface view of the same superimpatrdtures (Cdc42 hidden for clarity)
shows interaction surfaces on Rac and’f8that remain available to other parts of the Nox
assembly assuming that ARHGAP1 binds to Rac. Seralors correspond to ribbon colors

in A, except that cyan indicates insert region atR

Figure 2: Effect of soluble GAPs on the activation and kai@activity of NADPH oxidase.
PBS control represents the rate of production obtained in the semi-recombinant system
and is taken as 100% activity (mean for rate iefiasate experiments was 72.6 nmgf O
/min/mg membrane protein). Amounts of GAPs addexkvadjusted to produce equal
GTPase activity (as determined separately in agettulose filter-binding assay). GAPs were
added 10 min before (black bars) or 10 minutes &fi@y bars) induction of assembly of the
Nox2 complex by AA. Mean + SEM of 5 (pre-activafjar 3 (post-activation) separate

experiments are shownR* .05 compared with control).

Figure 3: Western blot of the immunodepletion of the membr&actions. Intact sample
shows the amount of ARHGAP35, ARHGAP25 and ARHGAPthe non-treated
membrane. Isotype depleted membrane serves adraldonthe specificity of the depletion
process. Equal amounts of membrane proteingdp@ere used for analysis (A).
Densitometric analysis of ARHGAP25 (black bar) #aRHGAP1 (gray bar) signal relative
to total protein content of the samples. Mean + SENI5 (isotype control and ARHGAP1),
14 (intact and ARHGAP25) or 8 (ARHGAP1+ARHGAP25parate experiments are shown
(B). Densitometric analysis of ARHGAP35 signal tieda to total protein content of the

samples. Mean + SEM of 4 separate experimentsharers(C). ARHGAP35 serves as
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loading control for ARHGAP1 and ARHGAP25 and thetlatter serve as loading control

for ARHGAP35.

Figure 4. Effect of immunodepletion of membrane-localized®%fon the activity of

NADPH oxidase. Isotype control Ab depleted membr@ateck bar) was taken as 100%©
production activity (mean of 15 separate experimerds 39.7 nmol £ /min/mg membrane
protein). White bar: & -production of the intact membrane (mean + SENl4$eparate
experiments) relative to the isotype depleted @dn@ray bars: @ -production of specific
immunodepleted membrane fractions relative to @®tyontrol depleted membrane. Mean +
SEM of 15 (ARHGAP1), 14 (ARHGAP25), 8 (ARHGAP1+ARB25) or 4 (ARHGAP35)

separate experiments are show €.05 compared with isotype control).

Figure 5: Effect of membrane-localized GAPs on the activitlNdDPH oxidase. Activation
of the enzyme was carried out in the presence e8GTP. NaF (40mM) was added to the
GAP-depleted (A) or to non-depleted (B) membrariggel10 min before the activation
phase or 10 min later, after completien)(of the activation of the enzyme. Mean + SEM of
8 (Isotype control, ARHGAP1+ARHGAP25) or 4 (ARHGAR Dart B) separate experiments

are shown.
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