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ARTICLE INFO ABSTRACT

Keywords: Hydrogen peroxide is a key element in redox signaling and in setting cellular redox tone. DUOX1 and DUOX2,
NADPH oxidase that directly synthesize hydrogen peroxide, are the most abundant NADPH oxidase transcripts in most epithelia.
DUOX

DUOX1 and DUOX2 hydrogen peroxide synthesis is regulated by intracellular calcium transients and thus cells
can respond to signals and initiate responses by increasing cellular hydrogen peroxide synthesis. Nevertheless,
many details of their enzymatic regulation are still unexplored. DUOX1 and DUOXA1l were expressed in
HEK293T cells and activity was studied in homogenates and membrane fractions. When DUOX1 homogenates or
membranes were pre-incubated in NADPH and started with addition of Ca®*, to mimic intracellular activation,
progress curves were distinctly different from those pre-incubated in Ca®* and started with NADPH. The Ca*
ECs( for DUOX1’s initial rate when pre-incubated in Ca2+, was three orders of magnitude lower (ECso ~ 10°° M)
than with preincubation in NADPH (ECsg ~ 1073 M). In addition, activity was several fold lower with Ca®" start.
Identical results were obtained using homogenates and membrane fractions. The data suggested that DUOX1
Ca?* binding in expected physiological signaling conditions only slowly leads to maximal hydrogen peroxide
synthesis and that full hydrogen peroxide synthesis activity in vivo only can occur when encountering extremely
high concentration Ca2" signals. Thus, a complex interplay of intracellular NADPH and Ca®" concentrations
regulate DUOX1 over a wide extent and may limit DUOX1 activity to a restricted range and spatial distribution.

Hydrogen peroxide

1. Introduction

Hydrogen peroxide is a keystone molecule of ROS metabolism (e.g.
Ref. [1]). DUOX1 and DUOX2 synthesize HyO5 directly [2] and,
excluding NOX2 that is highly expressed in phagocytic cells, are the
most abundant NADPH oxidase (NOX) transcripts in most epithelial
tissues [3]. These enzymes are regulated by Ca®* binding to EF hand
motifs [4] and thus can be used by epithelia to produce HoO5 when
specific needs arise, in contrast to mitochondrial superoxide and Hy05
that are byproducts of oxidative phosphorylation. Despite the apparent
importance of DUOX1 H20; synthesis in epithelia, the mechanisms that
regulate the enzyme are not well understood.

Recently, DUOX1 cryo-EM structures were reported [5,6]. DUOX1
was complexed with DUOXA1, the known DUOX1 accessory protein
required for full activity and stability, and as a dimer of the DUOX1/-
DUOXA1 complex. Both structures showed a bound lipid molecule.
Purified DUOX1/DUOXAL1 specific activity was nearly 10 fold less than
membrane bound DUOX1 [5], consistent with the idea that membrane
lipid may be required for activity. In both structures, portions of the
intracellular domain that contains the EF-hand motifs were not

determined, perhaps due to the presence of multiple conformations.
Additionally, distances between bound NADPH and FAD appeared too
large for efficient electron transfer. Thus, several key features of the
structures remain to be elucidated.

Interestingly, epithelial DUOX1 and DUOX2 activities return toward
baseline even when intracellular Ca®" is still elevated and this is reca-
pitulated in cell homogenates and membrane preparations [3]. This
uncoupling of activity and [Ca?"] was not due to enzyme exhaustion or
substrate depletion. The studies presented here examine effects of Ca?*
and NADPH on DUOX1 H,05 synthesis in unfractionated cell homoge-
nates and in membrane preparations. These in vitro data suggested that
the order of NADPH and elevated Ca?* exposure favored different Ca®*
sensitivities and levels of activity. Preincubation with NADPH in low
[Ca%t] expected in cytosol, resulted in a low activity DUOX1, that could
be slowly increased by increasing Ca®"; however, very high concentra-
tions of Ca®" were required for full activation of DUOX1. The data offer a
possible an explanation for decreased DUOX1 activity in the continuous
elevated intracellular [Ca2+] and suggest a mechanism that could
restrict DUOX1 activity to a narrower range in vivo.

Abbreviations: HRP, horseradish peroxidase; HB, homogenization buffer; PM, plasma membrane; SOD, superoxide dismutase.
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2. Methods

Cells: HEK293T cells expressing human DUOX1/DUOXAla were
grown and maintained as previously described at 37° in 5 % CO3 in
DMEM, supplemented with 10 % FCS [3,7]. Both DUOX1/DUOXA1 and
empty vector cell lines were constructed using pCDH lentiviral vectors
([7] and Supplemental methods). DUOX1/DUOXA1 transduced cells
showed large increases in HyO5 synthesis after transduction [3,7], while
untransduced cells and cells transduced with empty vector showed low
levels of Hy05 synthesis. The HoO5 synthesis rate in DUOX1 expressing
cells was 80 fold higher than that of cells transduced with empty vector
(supplementary figure in Ref. [7]).

Preparation of extracts: Homogenization was described previously
[3]. All steps were carried out at 4°. Briefly, confluent cultures were
washed with PBS with 1 mM EDTA pH 7.4 and then with homogeniza-
tion buffer (HB) (25 mM K acetate, 10 mM HEPES, pH 7.6, 1 mM MgCl2,
10 pM leupeptin, benzamidine, aprotinin, pepstatin, PMSF, 1 mM
B-glycerophosphate and Na pyrophosphate). Cells were scraped into
homogenization buffer, incubated on ice for 15 min, collected by 600xg
centrifugation for 5 min, and broken using a Dounce homogenizer while
monitoring by phase contrast microscopy. Sucrose was added to 0.25 M
and protein concentration determined using Pierce™ BCA Protein
Assay. Homogenates were snap frozen in liquid Ny and stored at —80°.

Membrane preparations: Homogenates were centrifuged at 1000xg
for 5min, followed by centrifugation of the supernatant at 7000xg, for
10 min and resuspension of the 7000 x g pellet in 0.25 M sucrose in HB. A
plasma membrane (PM) enriched fraction was prepared by diluting the
resuspended 7000xg pellet with 2.5 M sucrose to give 1.4 M final,
overlaying with 0.25 M sucrose in HB and centrifuging at 150,000x g for
1 h. The PM-enriched fraction that floated to the 0.25 M/1.4 M interface,
was collected, diluted with 2 vol of ice cold water and 1 volume of 0.25
M sucrose in HB, and centrifuged for 30 min at 8000xg. The 7000xg
supernatant was used to prepare a microsomal fraction by centrifugation
at 100,000xg for 1 h. Pellets were resuspended in 0.25 M sucrose HB,
snap frozen in liquid N2 and stored at —80°. Protein was determined by
BCA assay,.

Hydrogen peroxide assays: Enzyme activity in homogenates and
membranes was measured via Amplex Red-horseradish peroxidase
(HRP) assay as previously described [3]. Briefly, 5 pl of homogenates or
membranes (5-20 pg) were added into pre-warmed, black, 96 well
plates and 95 pl of reaction buffer (25 mM HEPES pH 7.2, 1 pM FAD, 1.5
mM MgCly, 0.1 pM thapsigargin, 30 pM 10-Acetyl-3,7-dihydroxyphe-
noxazine (Cayman Chemicals, Amplex red), 0.15 U/ml HRP) were
added. Reaction buffer also contained either NADPH or buffered Ca?".
Plates were placed into a Biotek Synergy H1 reader at 27° for 5-10 min
to equilibrate before starting reactions with 10 pl of either NADPH or
Ca?* containing solutions. Assay temperature equilibration times in the
Synergy H1 were predetermined using sulforhodamine fluorescence
(520 nm ex/600 nm em) [8,9]. Resorufin fluorescence (530ex/590em)
was measured and initial rates estimated using the first three data points
typically 240 s. Although the assays were nonlinear in this time frame,
using the first three points reduced the variation encountered when
calculating with only one point that was confounded by slight fluctua-
tion of times from addition and mixing of the solution to the first
recorded point obtained in the plate reader.

Amplex red undergoes photo-oxidation and can be oxidized by HRP
and NADPH possibly confounding measurement of HoO3 (for review see
Ref. [10]). Protection from continuous light exposure [11], inclusion of
SOD and keeping NADPH concentrations below 50 pM serve to limit
artifactual oxidation [12,13]. Cell homogenates contain endogenous
superoxide dismutase (SOD) and assays were sampled at intervals by
flash lamp that limited light exposure. In addition, all assays contained,
in parallel, control homogenates or membrane fractions from HEK293T
cells transduced with empty vectors [3,7] to normalize DUOX1 values.
Thus, any background oxidation of Amplex red, including minor
amounts of HyO5 synthesized by endogenous NADPH oxidases or
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derived from mitochondria or other sources were subtracted from sig-
nals obtained with DUOX1-DUOXA1 expressing cells. All experiments
included Hy04 (0-500 nM) standard curves in the used reaction buffers.
H205 concentrations were confirmed by absorption at 240 nm using
43.6 M 'em™! extinction coefficient. Previously, homovanillic acid
assay and post hoc Amplex red assays gave identical results to this real
time Amplex red assay [3] when using whole cell homogenates.

Membrane fractions were depleted of endogenous SOD, that is
needed to suppress HRP-mediated redox cycling of NADPH and Amplex
Red [12], and catalase that consumes H505 is concentrated in micro-
somes. For this reason, SOD (250 U/ml) and NaN3 (200 pM) were added
to assays of membrane fractions. Addition of SOD to membrane fraction
assays very slightly decreased measured HyO, synthesis most likely by
blocking HRP/NADPH cycling that leads to Amplex red oxidation [12].
In assays with high concentrations of NADPH (>100 pM), SOD was
insufficient to control HRP-mediated NADPH and Amplex Red cycling
and in those conditions, a post-hoc assay was used (Supplemental
methods).

Calcium solutions were buffered with EGTA, NTA and HEDTA as
described previously [3]. NTA and HEDTA concentrations ranged from
0.1 to 3 mM and EGTA concentrations ranged from 0.3 to 3.3 mM.
Calculations to determine Ca%*, Mg+ and chelator concentrations were
made with WEBMAXC software program [14] (https://somapp.ucdmc.
ucdavis.edu/pharmacology/bers/maxchelator/webmaxc/webmaxcS.
htm) and checked by calcium electrode.

NADPH stock solution concentrations were confirmed by 340 nm
absorbance (extinction coefficient, 6220 M~' em™'). NADPH con-
sumption (Supplemental Figs. 1A and B) was determined by fluores-
cence (340 nm ex/460 nm em). Although other molecules such as
nucleotides, fluoresce at these wavelength, addition of 50 pM NADPH
into assays increased fluorescence values 20 fold over reaction values
before addition decreasing the likelihood of confounding signals from
other molecules.

Curve fitting and statistics are described in figure legends and in
Supplemental methods.

3. Results and discussion

Published in vitro assays of DUOX1 activity have typically been
initiated by addition of NADPH to enzyme preparations previously
incubated in Ca®" (e.g. Refs. [3,15,16]). Here, in a similar fashion, ho-
mogenates of DUOX1/DUOXA1 expressing HEK cells were preincubated
in increasing [Ca%"] for 5-10 min and H,0, synthesis was followed after
addition of 50 pM NADPH (Fig. 1A). Initial rates were calculated after
subtraction of values obtained with empty vector controls and used to
calculate an ECsg (shown in Fig. 1C). To more closely mimic in vivo
conditions where NADPH is normally present before Ca®* elevation,
assays were performed by incubating homogenates in 50 pM NADPH
and then activating DUOX1 by addition of increasing [Ca®*] (Fig. 1B).
The ECsy, after first exposing to NADPH followed by Ca2" activation was
3 orders of magnitude higher (Fig. 1C; red squares, 0.3 mM, CI95 =
0.1-0.5 mM) than exposure to Ca?" before NADPH (Fig. 1C; black cir-
cles,1.6 pM, CI95 = 0.9-2.9 pM). Additionally, stimulated maximum
activity was reduced >2 fold in homogenates preincubated with NADPH
and started by Ca?" addition. The reduction in activity was not due to
consumption of NADPH during the experiment as the [NADPH] was
minimally reduced (measured concurrently by 340 nm ex/460 nm em
fluorescence, Supplemental Figs. 1A and 1B)). In both cases, Ca2"
behaved as an essential activator with no activity apparent in nominally
zero [Ca®™]. Repeated experiments (Fig. 1D) confirmed that the ECsg
derived from the two types of assays differed by ~1000 fold (Fig. 1D, 2.3
+1.3pM (SD)n =16vs. 1.9 £ 1.2 mM (SD) n = 5, p < 0.0001).

Since [Ca?"] in the cytosol is not zero but is estimated to be below
100 nM (e.g. Ref. [17]), NADPH was added to homogenates previously
adjusted to 100 nM Ca™, followed by starting reactions with increasing
[Ca®*]. The ECsg remained very high (Fig. 1C; blue triangles, 0.96 mM,
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Fig. 1. Preincubation of homogenates in NADPH alters DUOX1 Ca®" sensitivity. Panel A, Homogenates were preincubated with increasing [Ca?"] and reactions were
started by addition of 50 pM NADPH. Resorufin fluorescence was measured at timed intervals and HO; calculated from parallel standard curves. Progress curves
were fit to a double exponential (equation 3 in Ref. [35], viz. Supplemental methods) using Graphpad Prism 9. Panel B, homogenates were preincubated with 50 pM
NADPH and reactions were started by addition of increasing [Ca®*]. Resorufin fluorescence was measured at timed intervals and H,0; calculated as in panel A. Panel
C, EC50’s for Ca®" were obtained by fitting initial rates of reactions to a 3-parameter dose response curve using Graphpad Prism 9 for reactions shown in panel A
preincubated in various [Ca®*] and started with NADPH (1.6 pM, CI95 = 0.9-2.9 pM, black circles in panel C); using reactions shown in panel B preincubated in
NADPH and started with various [Ca®"] (0.3 mM, CI95 = 0.4-2.6 mM, red squares panel C); and using reactions preincubated with sequential addition of 100 nM
Ca®* followed by NADPH and finally starting reactions with addition of various higher [Ca®"] (progress curves not shown) (0.96 mM, CI95 = 0.34-2.2 mM, blue
triangles panel C). Panels A - C are mean values of triplicate assays & S.D. from a single experiment. Some error bars are within the symbols. Panel D, mean ECsg
values from repeated experiments, as described in panel A (Ca%* preincubation) and B (NADPH preincubation), were respectively, 2.3 + 1.3 pM (SD), n = 16 and 1.9
+ 1.2 mM (SD), n = 5, p < 0.0001, Mann-Whitney test.
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Fig. 2. Preincubation of PM-enriched fractions in NADPH alters DUOX1 Ca>" sensitivity. Panel A, PM-enriched fractions were preincubated with increasing [Ca®*]
and reactions were started by addition of 5 pM NADPH. Resorufin fluorescence was measured at timed intervals and H,O, calculated from parallel standard curves.
Progress curves were fit to a double exponential (equation 3 in Ref. [35], viz. Supplemental methods) using GraphPad Prism 9. Panel B, Homogenates were pre-
incubated with 5 M NADPH and reactions were started by addition of increasing [Ca®*]. Resorufin fluorescence was measured at timed intervals and HyOy
calculated as in panel A. Panel C, The EC50 was calculated from Ca?* dose response curves: using reactions shown in panel A preincubated in various [Ca%*] and
started with NADPH (2.2 pM, CI95 = 0.9-5.6 pM, red circles in panel C) and using reactions shown in panel B preincubated in NADPH and started with various
[Ca%*] (2.5 mM, CI95 = 1.2-8.2 mM, black squares panel C). ECsq’s for Ca>* were obtained by fitting initial rates of reactions to a 3-parameter dose response curve
using GraphPad Prism 9. Panels A-C are mean values of triplicates + S.D. from a single experiment. Some error bars are within the symbols.
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CI95 % = 0.34-2.2 mM). These data suggested that full activation of
DUOX1 H0, synthesis in vivo-like conditions (i.e. in the presence of
NADPH and basal [Ca®']) requires very high local intracellular [Ca®™].

It was possible that preincubation of homogenates with NADPH
altered thioredoxin and glutathione redox cycles that in turn impacted
measurement of HyO» synthesis. Additionally, although cytosolic
NADPH has been variously reported to be 10-50 pM [18-20], it was
possible that 50 pM NADPH is above the physiological concentration
since a recent report using a biosensor protein estimated [NADPH] at 3
puM [21]. To address both possible confounders, a PM-enriched mem-
brane fraction was used with either NADPH or Ca®" preincubation using
5 pM NADPH in both cases. Assays of the PM fraction showed similar
~1000 fold increase in ECsy when exposed first to NADPH followed by
Ca®* to start synthesis (Fig. 2). Since the PM-enriched fraction is ex-
pected to be depleted of both thioredoxin and glutathione and their
redox cycling enzymes, these data suggested that neither
NADPH-induced perturbation of the redox tone nor excessively high
NADPH were plausible explanations for the differences in ECsp.

It was possible HRP-mediated formation of an inhibitory NADP**
radical [12] could be responsible for shifting ECsg. To address that
possibility, the PM-enriched fraction, preincubated with NADPH and
started with Ca?*, was also assayed by a post-hoc procedure in which
HRP or Amplex red is not present in the reactions. Instead, timed sam-
ples are taken for HoO, assay by stopping the reaction with HCI to allow
NADPH decomposition (see Supplementary methods). Hydrogen
peroxide was then assayed by HRP and Amplex Red. Similar results were
obtained ruling out HRP-mediated artifacts (Supplementary Fig. 1C).
These data were recapitulated using the microsomal fraction that
possibly represented nascent DUOX1 that had not reached the cell sur-
face (Supplementary Fig. 2).

Global intracellular [Ca®*] signals do not reach such high levels as
those used in the assay, and additionally, persistent high [Ca®*] is
cytotoxic; however, microdomains of locally high intracellular [Ca®*]
concentrations have been measured. Although methods are not readily
available to quantify microdomain [Ca®*] in the molecular scale space
surrounding Ca®" channel pores, multiple authors have computationally
modeled expected [Ca®*] near channel pores and propose that [Ca®']
can be expected to reach high uM (e.g. Refs. [22,23]). These studies have
shown that very near the channel opening, concentration is determined
by flux and diffusion with little effect coming from pumps and buffers
that limit concentrations at greater distances. In this regard, others show
in several cell lines that DUOX1 co-immunoprecipitates with the large
conductance Ca®* channel, IP3R1 [24], that exists both in the ER and in
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the plasma membrane [25] suggesting that DUOX1 could possibly
encounter a high [Ca2+] microdomain or nanodomain during IP3R
release of Ca?" from intracellular stores or by entry at the plasma
membrane [25]. Although an ECsp near 1 mM is not expected for Ca%*
stimulation of EF hand domain proteins, others have reported EF hand
Ca®" affinities in the mM range (e.g. Refs. [26-28]).

The extracellular peroxidase homology domain of mouse DUOX1
contains a cation binding site believed to be occupied by Ca%* [6]. This
site is conserved in human DUOX1 and corresponds to the Ca?* binding
site in lactoperoxidase. Although possible, it seems unlikely that Ca%*
binding to this site that is exposed to high extracellular [Ca?"] would
alter enzyme activity initiated on the other face of the membrane.

Progress curves of assays preincubated in Ca?" and started with
NADPH showed an initial burst followed by a slower linear rate of
synthesis (Fig. 3). This biphasic progress curve was highly similar, but
not identical, to those observed with slow transient kinetics (e.g. Refs.
[29,30]). In contrast, progress curves of assays preincubated in NADPH
and started with Ca®" addition showed a very slowly increasing rate
(Fig. 3B). Similar nonlinear progress curves were observed with PM.
Shape dependence of progress curves on starting conditions was
described by Morrison with reference to slow binding inhibitors [29]
and by Waley regarding substrate inhibition [31]. This change in curve
shapes dependent on initial conditions ruled out a number of trivial
explanations for nonlinear progress curves. These include artifacts of
instrument response, temperature equilibration or slow incomplete
mixing (both also ruled out experimentally), and slow or incomplete
responses of the AR/HRP detection system.

Possible contamination of substrate with an inhibitor, that can be
responsible for nonlinear progress curves, was ruled out by assays with
increasing amounts of product (NADP™), nicotinamide or NADH, known
to be low concentration contaminants of NADPH (Supplemental Figs. 1D
and 1E). Increasing NADP" to 20 pM did not lower the initial rate
compared to controls ruling out that product accumulation could
explain the biphasic progress curves (Supplemental Fig. 1D).

Other possible mechanisms that may account for the observed
progress curves are: slow inhibition by substrate, slow structural
changes required for activation such as tertiary structural changes,
possible interaction of DUOX1 with a bound [32] and slowly dissoci-
ating inhibitor, a shift between the DUOX1/DUOXA1 dimer and the
tetrameter observed in cryo-EM structures [5,6] or activation of the
protein by post-translational modification.

To assess whether substrate inhibition could account for the
nonlinear progress curves, assays were conducted with increasing
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Fig. 3. DUOX1 progress curves are nonlinear. Panel A, Homogenates were preincubated in 12 pM Ca* and reactions were started with 50 pM NADPH, and in Panel
B, homogenates were preincubated in 50 pM NADPH and started by addition of Ca®* to 12 pM. Lines represent the slope over the first three data points. Pre-
incubation in Ca®* showed an initial burst of activity followed by a slower rate. Conversely, preincubation with NADPH showed a lower initial rate that slowly
increased with longer reaction times. Panel C. Homogenates (black squares) or PM-enriched fractions (red squares) were preincubated in 12 puM Ca?" for 5, 25 or 150
min as indicated in the graph before starting with 50 M NADPH addition. Preincubation in Ca®" increased the activity. Plotted values are means of triplicate assays.

Some error bars are within the symbols.
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[NADPH]. Initial studies suggested that substrate inhibition might ac-
count for the observations; however, at starting NADPH concentrations
>100 pM, HRP-mediated NADPH redox-cycling [12] confounded assays
by reducing the [NADPH] as measured by fluorescence (340ex, 460em).
To avoid NADPH depletion during preincubation with HRP and Amplex
Red, and to avoid HRP-mediated generation of NADP*" radical [12],
post-hoc assays of homogenates and membrane reactions were carried
out in the absence of HRP and Amplex Red. Reactions were stopped with
HCI to decompose NADPH, neutralized and then assayed by HRP and
Amplex red (See Supplemental methods). These post-hoc assays using
preincubation with increasing concentrations of NADPH and a Ca*
start did not show substrate inhibition (Supplemental Fig. 3A).

To explore slow structural changes, slow Ca?*-mediated dissociation
of bound inhibitors or post-translational modifications as potential
mechanisms to explain the biphasic progress curves, homogenates and
membranes were preincubated in Ca?" for increasing time periods fol-
lowed by NADPH initiation. These data showed that increased exposure
time in Ca®" shifted the progress curve towards the initial burst and
away from the later lower activity (Fig. 3C) consistent with the idea that
one of the above mentioned mechanisms could explain nonlinear
progress curves. Slow Ca?" mediated structural transitions might
explain the low resolution of the DUOX1 intracellular domain in cryo-
EM studies [5,6]. Similar shifts in DUOX2 activity were also seen after
increasing incubation times in Ca%t (Supplemental Fig. 1F). It was
possible that Ca%* induced changes were a result of calpain activation
and cleavage. Leupeptin (10 pM) was included in the homogenization
buffer and inhibits both p and m-calpain with a Ki < 1.5 [33]. In addi-
tion, no calpain cleavage sites were found in DUOX1 and DUOXA1 using
the deep machine learning program DeepCalpain [34] on the lowest
detection threshold. Thus, it was unlikely that calpain cleavage was
responsible for the observed Ca?" induced changes. No qualitative or
quantitative changes of progress curves were observed after longer
preincubation in NADPH in the absence of Ca?*, followed by addition of
Ca2" to start the reactions, although these studies were confounded by
slow consumption of NADPH during longer preincubations.

Others have shown that PKA phosphorylation increases DUOX1 ac-
tivity [4] and Ca®" activates adenylyl cyclase. To test whether phos-
phorylation could alter activity during the reactions or be responsible
for nonlinear progress curves, 5 mM ATP was added to homogenate
reaction mixes preincubated in Ca®' before starting with NADPH. Cor-
rections to added Ca®>" and Mg?" were made to account for ATP che-
lation. No changes in progress curve shape, maximal activity or ECsg
were observed (Supplemental Figs. 3B and C). Nonlinear progress curves
were observed with the PM-enriched fraction that should not contain
PKA consistent with the idea that phosphorylation is not responsible for
the differences in ECs(. The published in vivo increase in DUOX1 activity
due to PKA-dependent phosphorylation occurs over several hours [4],
and although no changes in cell surface expression were noted, these
intact cell assays also measured intracellular HyO5 synthesis. Thus, the
data here might suggest that the previously published PKA-mediated
increased DUOX1 activity could be due to indirect effects, perhaps
increased stability or decreased turnover.

Although speculative, NADPH may significantly slow the expected
Ca2* dependent DUOX1 conformational change needed for enzyme
activation either through binding to DUOX1 or through other NADPH
dependent changes in DUOX1 structure. For example modification of
cysteines, either in DUOX1 or other associated proteins, could be
affected. A possible instance might be DUOX1 Cys1520 SG that is near
4.4 .7\) NADPH C4N (PDB IDs: 7D3E and 7D3F). It is also possible that
the Ca* affinities of the two EF hand domains are very different and
structural rearrangement after NADPH binding differentially changes
the sensitivity to Ca®" binding by one or both of these. A full under-
standing of how NADPH binding alters Ca?* sensitivity will require a
clearer picture of the DUXO1/DUOXAL1 intracellular domain structure in
conditions that resemble those encountered in vivo.
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4. Conclusion

The data presented here showed that Ca?* sensitivity of DUOX1
H,03 synthesis depends on NADPH. The data also showed that, in in
vivo-like conditions, i.e. in the presence of NADPH and expected low
intracellular Ca?*, maximal stimulation of DUOX1 occurs at excep-
tionally high Ca?* concentrations that could only transiently exist in
micro or nanodomains near Ca" release sites that others have docu-
mented [22]. This observation is consistent with reported association of
DUOX1 and IP3R1 in T-cells [24]. Finally, preincubation of DUOX1 in
Ca?* concentrations normally found after stimulation of cells followed
by exposure to NADPH resulted in a biphasic progress curve. A full
understanding of nonlinear DUOX1 progress curves will require studies
with purified and fully active enzyme. Since highly purified DUOX1 is
reported to lose most activity [5], modification of the purification pro-
cedure or assay conditions will be required to explore these mechanisms.

Previous work from this lab shows that purinergic or ionophore
stimulation of epithelia led to rapid increases in DUOX1 activity that
returned toward baseline even with continued Ca?*t elevations in the
case of ionophore [3]. Those studies did not have sufficient time reso-
lution to quantify the maximum HO, synthesis rate and were not
designed to give subcellular resolution of the induced Ca®" transient.
The studies presented here allow speculation that this maximal
Ca?"-stimulated DUOX1 activity may occur in a short-lived, very high
[Ca®"] microdomain adjacent to DUOX1 and the return toward baseline
in continued elevated Ca®" reflects DUOX1’s lower activity in the range
of Ca®" concentrations (0.1 — 1 pM) typically thought sufficient to
stimulate of Ca®* sensitive activities. Thus, the data are consistent with
the previously reported DUOX1 association to Ca®" release channels
being functionally important.

The dependence of DUOX1 Ca®* sensitivity on NADPH might pro-
vide a mechanism to make DUOX1 more responsive when cellular
[NADPH] is low and moderate its response when [NADPH] is high, thus
perhaps limiting DUOX1 H50, synthesis to a narrower range of activity
and limiting spatial distribution of the synthesized Hy05.
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