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Abstract

Aims: Whether H,0, contributes to the glucose-dependent stimulation of insulin secretion by
pancreatic B-cells is highly controversial. We used two H,0-sensitive probes, roGFP2-Orpl and
HyPer with its pH-control SypHer, to test the acute effects of glucose, monomethylsuccinate, leucine
with glutamine, and a-ketoisocaproate, on B-cell cytosolic and mitochondrial H,0, concentrations.
We then tested the effects of low H,0, and menadione concentrations on insulin secretion.

Results: RoGFP2-Orpl was more sensitive than HyPer to H,0, (response at 2-5 vs. 10uM) and less pH-
sensitive. Under control conditions, stimulation with glucose reduced mitochondrial roGFP2-Orp1l
oxidation without affecting cytosolic roGFP2-Orpl and HyPer fluorescence ratios, except for the pH-
dependent effects on HyPer. However, stimulation with glucose decreased the oxidation of both
cytosolic probes by 15uM exogenous H,0,. The glucose effects were not affected by overexpression
of catalase, mitochondrial catalase or superoxide dismutase 1 and 2. They followed the increase in
NAD(P)H autofluorescence, were maximal at 5mM glucose in the cytosol and 10mM glucose in the
mitochondria, and were partly mimicked by the other nutrients. Exogenous H,0, (1-15uM) did not
affect insulin secretion. By contrast, menadione (1-5uM) did not increase basal insulin secretion but
reduced the stimulation of insulin secretion by 20mM glucose.

Innovation: Subcellular changes in B-cell H,0O; levels are better monitored with roGFP2-Orp1l than
HyPer/SypHer. Nutrients acutely lower mitochondrial H,O; levels in B-cells and promote degradation
of exogenously supplied H,0; in both cytosolic and mitochondrial compartments.

Conclusion: The glucose-dependent stimulation of insulin secretion occurs independently of a

detectable increase in B-cell cytosolic or mitochondrial H,0; levels.
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List of abbreviations

Ad-“gene”: adenovirus coding a specific gene under the control of the CMV promoter
Ad-Null, empty vector adenovirus

AT2, aldrithiol

[Cca?],, free cytosolic Ca®* concentration

Cat, catalase

CMV, cytomegalovirus

DTT, dithiothreitol

GFP, green fluorescent protein

Gn, n mM glucose

GSIS, glucose-dependent stimulation of insulin secretion
HyPer, Hydrogen Peroxide sensor

KIC, a-ketoisocaproate

KRB, bicarbonate-buffered Krebs solution

MMS, monomethyl succinate

mt-, mitochondria-targeted

(mt-)roGFP2-Orpl, untargeted or mitochondria-targeted roGFP2-Orpl
Orp1, Oxidant receptor peroxidase 1

OxD, oxidation ratio

RIP, rat insulin promoter

roGFP2, reduction-oxidation sensitive enhanced GFP
roGFP2-Orp1, roGFP2 fused to Orp1l

SOD, superoxide dismutase

SypHer, HyPer-derived pH probe
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Introduction

The glucose-dependent stimulation of insulin secretion (GSIS) by pancreatic B-cells, which plays a
central role in blood glucose homeostasis, results from an acceleration of glycolysis and the
mitochondrial Krebs cycle, with an increased production of several metabolic coupling factors
(36,50). Among these, the rise in cytosolic ATP to ADP ratio closes Kare channels, leading to plasma
membrane depolarization, an influx of Ca** and insulin granule exocytosis. Other metabolic coupling
factors enhance the Ca®* influx, amplify its efficacy on exocytosis or directly increase exocytosis,

thereby contributing to the triggering and metabolic amplification of insulin secretion.

Both NADPH and H;0, are putative metabolic coupling factors involved in GSIS. However, the
evidence is stronger for a role of NADPH than H,0,. There is no doubt that glucose increases the
NADPH/NADP* ratio in B-cells (5,13), and there is good evidence that NADPH plays a permissive role
in Ca%-induced exocytosis by a mechanism requiring glutaredoxin 1 and possibly involving
sentrin/small ubiquitin-like modifier-specific protease 1 (10,15,39). Regarding H,0,, the rationale for
its role in GSIS stems from the low expression of classical antioxidant enzymes in B-cells (19) and
from the observation that low concentrations of H,0, stimulate the influx of Ca®* and insulin
secretion at non-stimulating glucose concentrations, while antioxidant drugs inhibit GSIS (18,33).
Consequently, it was postulated that an increase in B-cell antioxidant defenses would not only
reduce B-cell oxidative stress but also be detrimental to GSIS (34). However, the role of H,0, in GSIS
remains controversial for several reasons. First, the concentration of H,0, and other reactive oxygen
species in B-cells stimulated with glucose was shown to either increase (4,18,30) or decrease (24,43)
depending on the experimental system or measurement technique. Second, increasing the
expression of H,0,-degrading enzymes did not negatively affect GSIS while affording protection
against H,0, toxicity (21,25), and inactivating NADPH oxidase 2 increased acute GSIS by isolated
mouse islets (8,20). Finally, the concept that B-cells have low antioxidant defenses was recently
challenged by the observation that, upon exposure to exogenous H,0,, B-cell cytosolic H,0,
increased only after cytosolic NADPH had markedly decreased, suggesting that provision of NADPH to
the antioxidant system is a critical determinant of B-cell antioxidant defenses (5). In favor of the
latter hypothesis, we previously showed that glucose acutely decreases mitochondrial glutathione
oxidation in rodent and human B-cells, and that this effect is correlated with the rise in mitochondrial

NADPH (42,48).

As NADPH drives the enzymatic degradation of H,0,, it seems unlikely that NADPH and H,0; could
both stimulate insulin secretion unless their increases are spatially or temporally disconnected.
Therefore, to test whether H,0, can act as a metabolic coupling factor in GSIS, we used two

genetically-encoded H,0,-sensitive fluorescent probes, roGFP2-Orpl and HyPer with its pH-control
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probe SypHer (1,12,26,29,35), and monitored changes in cytosolic and mitochondrial H,0;
concentrations in rat islet B-cells acutely stimulated with glucose and monomethylsuccinate (MMS),
a combination of leucine and glutamine (Leu/GIn) or a-ketoisocaproate (KIC). To sensitize our
experimental system to small effects of these nutrients on cytosolic H,0, concentrations, we also
tested their effects on the oxidation of the probes by low concentrations of exogenous H,0,. Finally,
we also tested the effect of low concentrations of H,0O, and of menadione, a quinone that produces
superoxide mainly in the mitochondria through futile redox cycling by oxidoreductases (7), on insulin
secretion at non-stimulating and stimulating glucose concentrations. Our results do not support the
hypothesis that a rise in H,0; is involved in GSIS. Instead, they show that, despite the low expression
of classical antioxidant enzymes in B-cells, glucose, MMS, Leu/GIn and KIC acutely reduce

endogenous and exogenous H,0; in their mitochondrial matrix and cytosol.

Results

Expression of (mt-)roGFP2-Orp1 and HyPer/SypHer in rat islet cells - Rat islet cell clusters were co-
infected with an adenovirus coding roGFP2-Orpl or mt-roGFP2-Orpl under the control of the
cytomegalovirus (CMV) promoter (Ad-(mt-)roGFP2-Orpl) and an adenovirus coding the red
fluorescent protein DsRed under the control of the rat insulin promoter (Ad-RIP-DsRed) to identify B-
cells. Two days later, about 75% of the cells expressed DsRed, more than 81-88% expressed the H,0,-
sensing probe, and 72% expressed both fluorescent proteins (Fig. 1A-B and Table 1). In whole rat
islets infected for two days with Ad-RIP-DsRed and either Ad-HyPer or Ad-SypHer, confocal
microscopy revealed that the probes were only expressed at the islet periphery where the
proportion of B-cells is lower (Fig. 1C-D). Nevertheless, more than two thirds of cells expressing the
probes were also DsRed-positive (Table 1). These results confirm that, despite the use of the CMV
promoter, adenovirus-mediated gene expression preferentially targeted B-cells over other islet cell
types (41,48). The changes in probe fluorescence ratio reported hereafter should therefore mainly
reflect what happens in B-cells. We also checked the subcellular localization of the probes by
confocal microscopy. Figure 1C-F shows that HyPer, SypHer and roGFP2-Orpl were expressed in the
cytosol and nucleus of islet cells, whereas mt-roGFP2-Orp1 was expressed in mitochondria.

Effects of H,0,, menadione, glucose and pH on (mt-)roGFP2-Orp1 fluorescence ratio in rat islet cells
- In the presence of 5 or 10mM glucose (G5 or G10), the initial normalized fluorescence ratio of
roGFP2-Orpl was lower in the cytosol than in the mitochondrial matrix (Fig. 2B-C and K-L), in
agreement with our previous observations using roGFP1 and GRX1-roGFP2 (roGFP2 fused to
glutaredoxin 1) (41,48). As expected, exogenous H,0, dose-dependently and reversibly increased the

normalized fluorescence ratio of roGFP2-Orpl in both compartments (Fig. 2A-D and K-M). These
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effects were observed within minutes of exposure to H,0O, at concentrations that were lower than
the concentration (50uM) required to alter islet-cell survival and secretory function during 24h of
culture (16). In the presence of G10, this effect was significant at 5uM H,0; in the cytosol and at
10uM H;0; in the mitochondrial matrix. In the presence of G5, it was significant at 2uM H,0; in the
cytosol and at 5uM H,0; in mitochondria. In both compartments, the amplitude of probe oxidation
by 10uM H,0; was larger in G5 than G10. At the periphery of whole islets, roGFP2-Orpl was also
more sensitive to exogenous H,0; in the cytosol than in the mitochondrial matrix (Fig. 2E and N). By
contrast, it was less oxidized in the cytosol than in the mitochondria in response to menadione (Fig.
2J and R).

We next tested the acute effects of glucose on mitochondrial and cytosolic roGFP2-Orpl. In
comparison with clusters perifused in KRB containing G10 throughout the experiment, the mt-
roGFP2-Orp1 fluorescence ratio increased when glucose was lowered from G10 to G2, and decreased
upon subsequent stimulation with G30 (Fig. 20), indicating that glucose acutely reduced
mitochondrial H,0, concentration in islet cells. These effects of glucose were similar in clusters in
which the expression of catalase targeted to mitochondria protected mt-roGFP2-Orpl from its
oxidation by 15uM H,0, (Fig. 3C-D, F, K-L). Interestingly, changes of similar direction but lower
amplitude were observed between G10, G4 and G7 (Fig. 2P), indicating the physiological relevance of
this glucose effect.

In contrast to the mitochondrial probe, the normalized fluorescence ratio of cytosolic roGFP2-Orp1l
was affected by less than 1% between G2 and G30 (Fig. 2F), and this lack of glucose effect was
confirmed in clusters infected with both Ad-SOD1 and Ad-SOD2 (Fig. 3A, G, H, M-P). However, in the
presence of 15uM exogenous H,0,, the oxidation of roGFP2-Orpl increased when glucose was
lowered from G10 to GO.5, then decreased upon stimulation with G30 (Fig. 2G). In clusters
overexpressing catalase (Fig. 3E and I-J), the increase in roGFP2-Orp1 fluorescence ratio elicited by 15
UM H,0, was reduced by 60% but the glucose effect was proportionally preserved (Fig. 3B). Also in
the presence of 5uM H,0,, roGFP2-Orp1 oxidation progressively increased upon stepwise reduction
in glucose from G10 to G5, G2 and GO0.5 (Fig. 2H). These results show that glucose does not increase
cytosolic H,0; under control conditions, even in the presence of SOD1 and 2 that should favor H,0,
production from superoxide. In contrast, they suggest that glucose improves the B-cell ability to
degrade H;0..

Like enhanced-GFP, roGFP2-derived probes are slightly pH-sensitive (26). As the stimulation of B-cells
with glucose acutely alkalizes the mitochondrial matrix and, to a lesser extent, the cytosol (44,49), we
checked the sensitivity of (mt-)roGFP2-Orp1l to changes in pH. As shown in Figure 2 | and Q, the

fluorescence ratio of each probe was almost unaffected by 30mM Na-acetate and was slightly
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increased upon addition of 30mM NH4Cl. The decrease of the (mt-)roGFP2-Orp1 fluorescence ratio
by glucose was therefore unrelated to its alkalizing action in B-cells.

Effects of H,0, and glucose on HyPer/SypHer fluorescence ratios in rat islet cells — Besides roGFP2-
Orpl, HyPer can also be used to measure changes in B-cell H,0; concentration (1,9). However, the
high pH sensitivity of HyPer imposes the use of a pH control probe like SypHer, a HyPer-derived
probe that is identically affected by pH but insensitive to H,0, (35). We have previously shown that,
in the mitochondrial matrix of rat B-cells, the glucose-induced changes in the HyPer fluorescence
ratio resemble those of SypHer and result from the strong alkalizing action of glucose in that
compartment (41). In whole rat islets perifused at G10, the fluorescence ratio of cytosolic HyPer
significantly increased upon addition of 20uM H,0, or 30mM NHCI, while that of SypHer only
increased in response to NH4Cl (Fig. 4A). The fluorescence ratios of both probes were therefore
compared after normalization of the traces to the initial fluorescence ratio measured in G10 set to
0%, and to the peak ratio in the presence of NH4Cl set to 100%. Figure 4B shows that, except for the
lack of response of SypHer to H,0,, the glucose-induced changes in HyPer fluorescence ratio were
almost identical to those of SypHer, indicating that they were due to changes in intracellular pH.
Similar results were observed in the presence of 20mM HEPES (Fig. 4D-E), except for the lower
amplitude of glucose-induced changes in cytosolic pH. However, in the presence of 15uM H,0,,
which increased the HyPer (but not the SypHer) normalized fluorescence ratio by about 20% in G10,
the HyPer fluorescence ratio increased when glucose was lowered from G10 to GO0.5, and decreased
upon subsequent stimulation with G5 and G30, while the SypHer fluorescence ratio was only slightly
affected (Fig. 4C). These results confirm that glucose does not detectably increase cytosolic H,0; in B-
cells but rather promotes the B-cell ability to degrade H,0..

Effects of H,0, and glucose on NADPH and (mt-)roGFP2-Orp1 fluorescence ratio in whole mouse
islets — We have previously shown that glucose decreases mitochondrial glutathione oxidation in
correlation with the increase in NAD(P)H autofluorescence in B-cells (48), and that both effects result
from a progressive reduction of the reverse mode of operation of nicotinamide nucleotide
transhydrogenase (42). We therefore tested the effect of glucose and exogenous H,0, on NAD(P)H
autofluorescence and on cytosolic and mitochondrial H,0, in whole islets from transgenic mice
expressing mt-roGFP2-Orpl or roGFP2-Orpl globally (ROSA26/CAG-stop-(mito-)roGFP2-Orpl x
CMV-Cre)(12). Figure 5 shows that the stimulation with glucose reduced the oxidation ratio of mt-
roGFP2-Orpl under control conditions (and tended to do so for roGFP2-Orp1), and that it decreased
or delayed the oxidation of the mitochondrial probe by 100 and 500uM H,0; and the oxidation of the
cytosolic probe by 500uM H,0,. These changes in (mt-)roGFP2-Orpl oxidation were preceded by
opposite changes in NAD(P)H autofluorescence in the same islets, confirming the link between both

parameters.
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Glucose concentration-response curve and effect of MMS, Leu/GIn and KIC on (mt-)roGFP2-Orp1
fluorescence ratio in rat islet cells — We next compared the effect of increasing glucose
concentrations and several nutrients that stimulate mitochondrial metabolism, i.e. 20mM
monomethylsuccinate (MMS), 10mM a-ketoisocaproate (KIC), and a combination of 10mM leucine
and 10mM glutamine (Leu/GlIn), on insulin secretion, mt-roGFP2-Orpl oxidation under control
conditions, and the oxidation of both mitochondrial and cytosolic probes by 15uM exogenous H,0,.
The rationale of the latter protocol was to increase the sensitivity of the cytosolic probe to small
changes in H,0, concentration by increasing its oxidation ratio to 20-30% (26). Figure 6 shows that,
while glucose only stimulated insulin secretion above 5mM, its ability to reduce (mt-)roGFP2-Orp1 or
to prevent its oxidation by H,0, was maximal at 5mM in the cytosol and semi-maximal and maximal
at 5 and 10mM in the mitochondrial matrix. Among the other nutrients tested, MMS was less potent
than Leu/GIn or KIC to stimulate insulin secretion at 0.5 or 5mM glucose (Fig. 6A). These insulin
secretagogues also reduced mt-roGFP2-Orpl under control conditions (Fig. 6B-C) and protected both
probes from oxidation by 15uM H,0, (Fig. 6D-F), but the amplitude of these effects was not
correlated with that on insulin secretion in the absence of exogenous H,0,. In the mitochondrial
matrix, Leu/Gln was less effective than MMS and KIC, and the effect was smaller than that of G10
alone (Fig. 6C). Similar results were observed in the presence of exogenous H,0,, except for the
effect of KIC, which was stronger than that of G10 and G30 alone (Fig. 6F). In the cytosol, MMS and
Leu/GIn were also less potent, and KIC was more potent, than G10 alone (Fig. 6E). In the presence of
exogenous H,0,, the stronger protective effect of KIC on the cytosolic probe may have resulted from
the capacity of a-ketoacids to degrade H,0, non-enzymatically (32). In agreement with that
hypothesis, this effect of KIC was almost identical to that of H,0, removal (compare Fig. 2D with Fig.
6D).

Low concentrations of exogenous H,0, and menadione do not stimulate insulin secretion — To
further evaluate the potential role of H,0; as a metabolic coupling factor in GSIS, we tested the effect
of very low concentrations of H,0,, around the limit of detection by (mt-)roGFP2-Orp1, on [Ca*]; and
GSIS. Table 2 shows that, even at these low concentrations, H,0, was not degraded significantly
during 1h incubation at 37°C. Nevertheless, addition of 1-15uM exogenous H,0, did not significantly
alter [Ca%*]. and insulin secretion at non-stimulating glucose concentrations (Fig. 7AB and DE), nor did
it alter the stimulation of insulin secretion by high potassium-induced depolarization at any glucose
concentration (Fig. 7G) or by MMS, KIC and Leu/GIn (Fig. 7H). Low concentrations of menadione close
to the limit of detection by (mt-)roGFP2-Orp1 (Fig. 2J, 2R) slightly increased [Ca**]. (Fig. 7C) but did
not increase insulin secretion at non-stimulating glucose concentrations, and tended to decrease its
stimulation by G10 and G20 (Fig. 7F). Finally, expression of roGFP2-Orp1 or mt-roGFP2-Orp1 did not
affect GSIS (Fig. 71).
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Discussion

This study demonstrates that glucose and several nutrients (Leu/GIn, MMS and KIC) that stimulate
mitochondrial metabolism while bypassing glycolysis decrease the concentration of H,0; in the
mitochondrial matrix of rat pancreatic B-cells and help them degrade exogenous H;0; in the cytosol
and mitochondrial matrix. This study also provides arguments against a role for a global increase in
intracellular H,0, as a metabolic coupling factor in GSIS. This conclusion relies on two sets of
observations. First, acute stimulation with glucose did not increase H,O, in the cytosol or
mitochondrial matrix of rat pancreatic B-cells, as measured with the H,0,-sensitive probe (mt-
JroGFP2-Orp1 and confirmed with HyPer/SypHer in the cytosol (for the strong pH-dependent effect
of glucose on mitochondrial HyPer/SypHer, see (41)). On the contrary, stimulation with glucose and
MMS, Leu/GIn or KIC had a net reductive effect on mitochondrial roGFP2-Orpl under control
conditions, and protected the cytosolic and mitochondrial probes against oxidation by low
concentrations of exogenous H,0,. Second, low concentrations of exogenous H,0,, slightly below or
above its limit of detection by roGFP2-Orp1 and HyPer/SypHer, did not affect islet insulin secretion,
neither at low, intermediate and high glucose concentrations under control or depolarizing
conditions, nor in the presence of Leu/GIn, MMS or KIC.

Protective effects of nutrients against H,0, — Glucose, MMS, Leu/GIn and KIC protected both the
cytosolic and mitochondrial probes against oxidation by exogenous H,0,. Although this experimental
protocol does not reproduce the gradients in H,0, concentration between subcellular compartments
that likely occur upon stimulation with nutrients, it was required to detect an effect of glucose on
cytosolic roGFP2-Orpl oxidation. A possible explanation for this requirement is that the moderate
oxidation of the probe increased its sensitivity to low changes in H,0, concentration (as explained in
figure 6 of (26)). Alternatively, another factor varying with glucose, Leu/GIln and MMS, e.g. NADPH,
could exert its action on probe oxidation only if it was first oxidized. In both cases, our observation
showing that the nutrients tested were similarly potent against mt-roGFP2-Orp1l in the absence and
presence of exogenous H,0, suggests that the results obtained under the latter condition in the
cytosol are relevant to B-cell physiology.

The strong protective effect of KIC against exogenous H,0, most likely resulted from the
spontaneous stoichiometric reaction of a-ketoacids with H,0, (32), confounding the impact of KIC
metabolism on B-cell H,0. It will not be further discussed here. The effects of glucose occurred over
a different range of concentrations in the cytosol and mitochondrial matrix, and did not correlate
with the stimulation of insulin secretion. That the protective effect of glucose saturated at 5mM in
the cytosol is in good agreement with a recent study showing that cytosolic NADPH increases

between 0 and 5mM glucose (5). This supports the idea that the rise in NADPH plays a major role in
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B-cell antioxidant defenses. Accordingly, when both NADPH and roGPF2-Orpl oxidation were
recorded simultaneously in the presence of H,0,, the latter only increased after NADPH had
markedly decreased. The presence of a large effect of MMS and Leu/GIn at 0.5mM but not 5mM
glucose also indicates that even if mitochondrial metabolism may participate in the protection of the
cytosolic probe against oxidation by H,0,, this protection is not larger than that afforded by 5mM
glucose, a concentration just below the threshold for the stimulation of insulin secretion. By contrast,
the protective effect of glucose in the mitochondrial matrix was observed at glucose concentrations
that are relevant for the stimulation of mitochondrial metabolism and ATP production, i.e. from 0 to
10mM glucose, with an additional effect of MMS and Leu/Gln at both 0.5 and 5mM glucose. This
protective effect correlated with the reduction of the mitochondrial glutathione redox potential
measured with mt-Grx1-roGFP2 (48), an effect related to the rise in mitochondrial NADPH, which
depends on the activity of nicotinamide nucleotide transhydrogenase (42). The nutrient-induced
changes in mt-roGFP2-Orp1 oxidation therefore likely result from an increase in NADPH that exceeds
that of H,0,, thereby reducing the probe oxidation or increasing probe reduction by thioredoxin and
glutathione-dependent enzymatic antioxidant defenses.

Is H0, a metabolic coupling factor in GSIS? Considerations on the use of H,0,-sensitive probes -
Our observation that low concentrations of H,0, do not alter basal insulin secretion and its
stimulation by glucose, MMS, Leu/GlIn or KIC, is in agreement with previous studies showing that the
increased expression of antioxidant enzymes in the mitochondrial matrix, the cytosol or the
endoplasmic reticulum of insulin-secreting B-cells does not alter acute GSIS despite effective
protection against oxidative stress (6,21,25). Our inability to detect a rise in H,O; upon stimulation
with  glucose also corroborates previous studies showing that the oxidation of
dihydrodichlorofluorescein and dihydroethidine was higher in B-cells acutely exposed to low rather
than high glucose concentrations (24,38,43). It is also in keeping with our recent studies showing that
glucose, MMS and Leu/GlIn acutely reduce the oxidation of mitochondrial roGFP1 and Grx1-roGFP2,
which respectively sense thiol and glutathione oxidation, in rat B-cells (41,48). Our results, however,
markedly contrast with some reports suggesting that stimulation with glucose acutely increases B-
cell reactive oxygen species and that this increase is involved in GSIS (4,11,18,33). The reason for the
discrepancy between studies using the same fluorescent probes (dihydrodichlorofluorescein and
dihydroethidine) is not clear, but may include differences between insulin-secreting cell lines, whole
islets and purified B-cells, and experimental details.

The discrepancy between our results and a recent study using HyPer in INS1 cells and whole rat islets
(30) is also obscure. In that study, a small increase in (mt-)HyPer fluorescence ratio upon stimulation
with glucose resulted from a rise in H,0, from 20 to 50nM that was unaffected when the glucose-

induced pH changes (measured with SNARF-1) were markedly reduced by 20mM HEPES, and that
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was suppressed by (mito)catalase overexpression and SOD2 knockdown. In our study, HyPer and
SypHer traces were almost identical upon glucose changes, both in the absence and presence of
20mM HEPES (see Fig. 4B and E). In addition, overexpression of SOD1 and SOD2 did not reveal a
glucose effect on the cytosolic roGFP2-Orpl fluorescence ratio, although this probe was more
sensitive to low concentrations of exogenous H,0, than HyPer when tested in whole islets under
similar conditions (compare figures 2E and 4A and D). We also exclude the hypothesis that our
inability to detect a rise in H,0, upon stimulation with glucose resulted from the antioxidant action of
the probes themselves, as it has been shown that such an effect is negligible (2,28,40) (Please note
that, for a reader who remains convinced that the (mt-)roGFP2-Orpl probes act as antioxidants in
cells, the lack of impact of probe expression on GSIS would reinforce the conclusion that low levels of
H,0, do not play a role in GSIS).

Whatever the reason why we and Neal et al obtained contradictory results, we clearly showed that
the HyPer fluorescence ratio reports subtle changes in cytosolic pH upon stimulation with glucose,
even in the presence of 20mM HEPES. We therefore insist that, in the cytosol as well as in the
mitochondrial matrix (41), SypHer should be used in parallel with HyPer to check the effect of pH
changes. Although we did not test it, the conclusion should remain valid for the new versions of
HyPer which were not designed to be less pH-sensitive than the original probe we used (3,23).
Despite its higher sensitivity to H,0,, roGFP2-Orp1l only reacted to 2 to 5uM exogenous H,0; in the
cytosol and to 10-20uM H,0; in the mitochondrial matrix. According to (45), and by analogy with the
difference in HyPer sensitivity to H,0, between permeabilized and intact INS1 cells (30), this could
match a sensitivity to about 100-times lower intracellular H,0, concentrations, in the middle to
upper range of signaling H,0, concentrations (1-100nM). We can therefore not exclude that small
changes in H,0, may have escaped detection, because they were too local to be detected with whole
cell imaging, they were too low to be detected by the probe, or they reacted faster with
peroxiredoxins while possibly exerting a signaling role (46,47). Testing these possibilities will require
using roGFP2-Orp1 or HyPer/SypHer targeted to specific areas of the cytosol, e.g. at exocytosis sites
near the plasma membrane or mitochondria, or using the more sensitive 2-Cys peroxiredoxin-based
H,0, sensor roGFP2-Tsa2ACr when it is adapted to mammalian cells (28,40). Superoxide anions could
also be involved in GSIS in the absence of a detectable increase in H,0,, as SODs are typically
expressed at low levels in pancreatic B-cells. However, despite its ability to slightly increase [Ca®].
and to oxidize both cytosolic and mitochondrial roGFP2-Orpl, menadione, which produces
superoxide mainly in the mitochondria, did not stimulate insulin secretion at non-stimulating glucose
concentration and did decrease its stimulation by glucose.

In conclusion, we have shown that glucose, MMS, Leu/GIn and KIC acutely decrease the

concentration of H,0, in the mitochondrial matrix of rat pancreatic B-cells and help them degrade
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exogenous H;0, in the cytosol and mitochondrial matrix. We have also shown that low
concentrations of H,0, and menadione do not affect basal and nutrient-induced insulin secretion,
thereby providing solid evidence against the putative role of a rise in H,0;, in the GSIS by rat

pancreatic B-cells.

Innovation (max 100 words)

Whether a rise in H,0, plays a role in the glucose-dependent stimulation of insulin secretion by
pancreatic B-cells is highly controversial. Using cytosolic and mitochondrial roGFP2-Orp1 and HyPer,
together with the related SypHer pH-probe, we provide strong evidence that nutrients favor H,0,
degradation in both compartments, and that low concentrations of H,0, and menadione do not
stimulate insulin secretion. Nevertheless, a very small localized rise in H,O, may still play a role in
GSIS. The paper also demonstrates that measuring H,O, with HyPer is only valid if controlled with

SypHer, even if the expected pH changes seem negligible.

Material and Methods

Chemicals - Glucose was from Merck (Darmstadt, Germany, catalog # 108342). Salts (NacCl, KCl, CaCl,
and MgCl,) and NaHCOs contained in Krebs solutions (KRB) were from VWR (Radnor, Pennsylvania,
USA, catalog # 27810.295, 26764.298, 22317.297, 25108.295 and 27778.293). H,0, (catalog #
H1009), menadione (catalog # M5625), dithiothreitol (DTT, catalog # D0632), aldrithiol (AT2, catalog
# 143049), monomethylsuccinate (catalog # 81101), leucine (catalog # L8000), glutamine (catalog #
49419), and a-ketoisocaproate (catalog # K0629) were from Sigma (Saint-Louis, Missouri, USA). Each
week, the absorbance of the H,0, stock solution was measured at A 240 nm to compensate for its
slow degradation (31). Final dilutions of H,0; in KRB were prepared just before exposing the islets.
Adenoviruses - The generation of an adenovirus encoding the red fluorescent protein DsRed under
the control of the rat insulin promoter (RIP-DsRed) was described previously (37). Adenoviruses
coding roGFP2-Orpl, mt-roGFP2-Orpl and HyPer under the control of the CMV promoter were
generated and amplified using the AdEasy System (22). The cDNA coding mt-roGFP2-Orpl was
created by inserting the mitochondrial targeting sequence of ATP synthase subunit 9 from
Neurospora Crassa in N-terminal position of the cDNA coding roGFP2-Orp1 between Xhol and BamHI
restriction sites. For each probe, the coding cDNA was inserted in the pShuttle-CMV vector and
recloned in the adenoviral backbone plasmid pAdEasy. The resulting plasmids and the pAd-SypHer (a
gift from Andreas Wiederkehr from the Nestlé Institute of Health Sciences, Lausanne, Switzerland)
were transfected into human embryonic kidney (HEK)-293 cells to generate adenovirus particles. All
adenoviruses were amplified in HEK-293 cells, purified on CsCl gradient and quantified using the

Adeno-X Rapid Titer Kit (Clontech, Mountain View, California, USA, catalog # 632250). The
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adenoviruses encoding catalase, mt-catalase, SOD1 and SOD2 under the control of the CMV
promoter (Ad-Cat, Ad-mt-Cat, Ad-SOD1, Ad-SOD2) were obtained from Beverly L. Davidson and John
Engelhardt (Gene Transfer Vector Core, University of lowa, lowa City, IA, U.S.A.). The empty
adenovirus (Ad-Null) was provided by Mark Van de Casteele (Vrije Universiteit Brussel, Brussels,
Belgium).

Islet isolation, dispersion and culture - All experiments were approved by the local ethics committee
for animal experimentation (Projects 2013/UCL/MD/016, 2017/UCL/MD/014 and DKFZ/213). Islets
from male Wistar rats (~8 to 10-week-old, body weight ~200-220g) were isolated by collagenase
(Roche, Basel, Switzerland, catalog # 11213873001) digestion of their pancreas, followed by density
gradient centrifugation using Histopaque 1077 (Sigma, catalog # 10771) as described (17). After
washing and hand-picking the islets under a stereomiscroscope to ensure high purity of the
preparation, they were cultured at 37°C and 5% CO; in serum-free RPMI 1640 medium (Thermo
Fisher Scientific, Waltham, Massachusets, USA, catalog # 31870-025), supplemented with 5g/| BSA
fraction V (Roche, catalog # 107351080001), 2mM glutamine, 100units/ml penicillin (Thermo Fisher
Scientific, catalog # 15140-122) and 100ug/ml streptomycin (Thermo Fisher Scientific, catalog #
15290-026). In some experiments, islets were dispersed in clusters using trypsin (Thermo Fisher
Scientific, catalog # 25200-072) and gentle pipetting in a Ca*-free medium. These clusters were
plated on glass coverslips and cultured at 37°C and 5% CO; in an RPMI 1640 medium supplemented
with 10% FBS, 2mM glutamine, 100units/ml penicillin and 100pg/ml streptomycin.

Adenoviral infection - Cells clusters and islets were infected by adenoviruses encoding RIP-DsRed,
roGFP2-Orp1, mt-roGFP2-Orpl or HyPer/SypHer with a multiplicity of infection of about 15 for the
clusters and about 100 for the islets. They were then cultured for 2-3 days before fluorescence
measurements.

Immunodetection of antioxidant enzymes - Cell clusters were infected by Ad-Cat, Ad-mt-Cat, Ad-
SOD1 and Ad-SOD2, or Ad-null as control, with a multiplicity of infection of 10 for Ad-mt-Cat and 25
for Ad-Cat, Ad-SOD1 and Ad-SOD2. Two days later, the clusters were incubated for 15min with
200nM MitoTracker Red CMXRos (Thermo Fisher Scientific, catalog # M7512), fixed in 4%
paraformaldehyde, permeabilized with ice-cold methanol and then incubated overnight with mouse
anti-catalase (Sigma, catalog # C0979), rabbit anti-SOD1 or rabbit anti-SOD2 (Abcam, Cambridge, UK,
catalog # ab16831 and ab13533) antibody diluted 1:200. On the second day, the coverslips were
washed in Phosphate-buffered saline and incubated for two hours with Alexa Fluor Green 488-
conjugated goat anti-mouse or anti-rabbit antibodies (Thermo Fischer Scientific, catalogue # A11017
and # A11070). The red and green fluorescence intensities were measured by epifluorescence
microscopy with a x20 objective and their localization was analyzed by confocal microscopy.

Confocal microscopy - The fluorescence of islet cell clusters or islets expressing (mt-)roGFP2-Orp1,
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HyPer or SypHer and labelled with the mitochondrial stain MitoTracker Red CMXRos or expressing
DsRed was analyzed at room temperature using a confocal microscope (Nikon Eclipse TE2000-E
equipped with a Yokogawa CSU-10 spinning disk from Visitech International) with a x100 objective.
For (mt-)roGFP2-Orpl, HyPer and SypHer, cells were excited at 491nm with an emission filter of 503-
552nm. For DsRed and MitoTracker Red, cells were excited at 561nm with an emission filter of 630-
690nm. To allow superposition, monochrome images were converted in green or red images using
ImageJ software.

Dynamic measurements of (mt-)roGFP2-Orp1 and HyPer/SypHer fluorescence ratio - After culture,
the coverslip coated with cell clusters was mounted in a chamber maintained at 37°C and placed on
the stage of an inverted microscope equipped with a x40 objective. Entire islets were transferred in
the chamber and analyzed through a x20 objective. Cell clusters or islets were perifused at a flow
rate of 1ml/min with a bicarbonate-buffered Krebs solution (KRB) containing 120mM NaCl, 4.8mM
KCl, 2.5mM CaCl,, 1.2mM MgCl,, 24mM NaHCOs, 1g/1 BSA, and various glucose concentrations, other
nutrients and low concentrations of freshly added exogenous H,0,. This solution was continuously
gazed with 0,/CO, (94/6) to maintain a pH of around 7.4. The fluorescence ratio of (mt-)roGFP2-Orp1
and HyPer/Sypher was measured every 30 seconds after double excitation, at 400/480nm or
480/400nm respectively, and emission at 535nm. To allow comparison between the various
experiments, (mt-)roGFP2-Orp1l fluorescence ratios were normalized to the ratio of the maximally-
reduced probe, set to 0%, and that of the maximally-oxidized probe, set to 100%, as measured at the
end of each experiment after addition of 10mM DTT followed by 100uM AT2. Cytosolic
HyPer/SypHer fluorescence ratios were normalized to the initial ratio at 10mM glucose (set to 0%)
and the peak ratio measured after addition of 30mM NH4CI (set to 100%). Because single cells and
small clusters of 2-4 cells were more sensitive to H,0, than larger ones, the fluorescence ratio of the
probes was only analyzed in clusters of at least 5 cells or in whole islets.

Dynamic recordings of changes in cytosolic Ca?* concentration - After culture, islet cell clusters were
loaded for two hours with 2uM fura-2 LR acetoxymethyl ester (catalog # 0108, TEF Labs, Austin,
Texas) and the probe fluorescence ratio (Aex 340/380nm; Aem 510nm), recorded every five seconds
during perifusion, was used as an indicator of the free cytosolic Ca** concentration ([Ca%*]) (17).
Simultaneous recording of the NAD(P)H autofluorescence and (mt-)roGFP2-Orp1 oxidation ratio in
whole mouse islets - Changes in NAD(P)H and roGFP2-Orpl fluorescence were simultaneously
recorded in incubated islets using a microplate reader (Pherastar FS microplate reader, BMG-
Labtech, Ortenberg, Germany). Islets were isolated from 4-to-6 month-old male transgenic mice
expressing cytosolic or mitochondrial roGFP2-ORP1 (ROSA26/CAG-stop”-(mito-)roGFP2-Orpl x CMV-
Cre) or from control non-fluorescent mice with intact stop cassette (12). After isolation, islets were

cultured overnight in standard RPMI medium supplemented with 10% FBS. Before the experiment,
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islets were collected, rinsed in KRB containing 2mM glucose and 0.1% BSA for 10 min, and
transferred to a U-shaped 96-well plate (TPP Cat #92097), at 20-25 islets per well in a total volume of
160ul. Controls of maximum oxidation (diamide 2mM) and reduction (DTT 10mM) were also
included. The islets were then centrifuged at 200xg for 3min and NAD(P)H autofluorescence (Aex
340nm, Aem 460nm) and roGFP2 fluorescence (Aex 405/488nm, Aem 520nm) were measured at
37°C. After 9 complete cycles (about 1min each), 20ul of glucose (final concentration in low glucose:
2mM; high glucose: 20mM) and 20ul of H,0; (final concentration: 100uM or 500uM) were added to
the well and incubation was continued at 37°C for 90-170min. At the end of experiment, OxD was
calculated as described (27).

Insulin secretion - After culture in serum-free RPMI 1640 medium supplemented with 5g/I BSA, islets
were incubated for 40min in KRB containing 0.5mM glucose. Batches of 5 islets were then incubated
for one hour under various experimental conditions. After incubation, insulin was measured in the
medium by in-house RIA using rat insulin as standard, 1**>-labelled porcine insulin as tracer, and a
specific anti-insulin guinea-pig serum (14). The insulin and DNA content of islets was measured by
RIA and SYBR Green fluorimetry.

Statistical analysis: Results are shown as means + SEM for the number of observations indicated in
the figure legends. The statistical significance of differences between groups was assessed as
detailed in the figure legends. For each type of comparison, the degree of significance is indicated by
a letter (a-d; e-h; m-p) corresponding to the same P value throughout the paper, i.e. a, e and m for

P<0.05; b, fand n for P<0.01; ¢, g and o for P<0.001; d, h and p for P<0.0001.
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Table 1: Expression of the redox fluorescent probes in pancreatic islet cells

A
Probe DsRed-pos Probe-pos Coexpression Fluo-pos Fluo-neg  Total
roGFP2-Orpl 538 (90%) 582 (97%) 520 (87%) 600 116 716
mt-roGFP2-Orpl 585 (82%) 709 (99%) 583 (82%) 711 94 805
HyPer 791 (73%) 1012 (93%) 714 (66%) 1089 ND ND
SypHer 752 (70%) 1004 (94%) 689 (65%) 1067 ND ND
B
Probe DsRed-pos/Probe-pos (%) Probe-pos/DsRed-pos (%) Probe-pos/DsRed-neg (%)
roGFP2-Orpl 520/582 (89.3) 520/538 (96.7) 62/178 (34.8)
mt-roGFP2-Orp1l 583/709 (82.2) 583/585 (99.7) 126/220 (57.3)
HyPer 714/1012 (70.6) 714/791 (90.9) ND
SypHer 689/1004 (65.5) 689/752 (92.4) ND

A, the number of cells with red (RIP-DsRed) and green (redox probes) fluorescence was counted in
the experiments illustrated in figure 1 (three preparations for (mt-)roGFP2-Orpl and two
preparations for HyPer and SypHer). Cells that were negative for both DsRed and probe fluorescence
were not detected by confocal microscopy, and the total number of cells was therefore not available
for HyPer and SypHer (ND). The proportion of cells relative to the total number of fluorescent-
positive (Fluo-pos) cells are shown between brackets. B, the proportion of Ds-Red-positive cells
among probe-expressing cells and of probe-expressing cells in DsRed-positive and —negative cells

were computed from data shown in panel A.
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Table 2: H,0;, concentration after 1h incubation

Incubation condition H,0; (uM)
GO0.5 + 1 uM H,0; + islets 1.08 £ 0.22
GO0.5 + 4 uM H,0, + islets 4.28 +0.69

GO0.5 + 15 uM H,0; + islets 145+1.20
G10 + 1 uM H;0; + islets 0.9+0.11

G10 + 4 uM H,0; + islets 3.97+£0.62
G10 + 15 pM H,0; + islets 13.3+1.15

Batches of 5 islets were pre-incubated for 40 min in G0.5 and incubated for one hour in 1 ml of KRB
containing G0.5 or G10 and 1, 4 or 15uM H,0,. At the end, H,0, was measured in the supernatants
with OxiSelect Hydrogen Peroxide/Peroxidase Assay Kit (Cell BioLabs) using an H,0, standard curve in
KRB with no islet. Data are means + SEM for 3 experiments in duplicates. There was no significant

effect of glucose on the concentration of H,0, by 2-way ANOVA + Sidak's multiple comparisons test.
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Figure legends

Figure 1: Expression of (mt-)roGFP2-Orp1 and HyPer/SypHer in rat pancreatic islet cells - A-D, rat
pancreatic islet cell clusters (A, B) or whole islets (C, D) were co-infected with Ad-roGFP2-Orp1 (A),
Ad-mt-roGFP2-Orpl (B), Ad-HyPer (C) or Ad-SypHer (D) and Ad-RIP-DsRed, and their fluorescence,
measured by epifluorescence (A, B) or confocal microscopy (C, D), was converted in green and red
pseudo-colors. Nuclei were labelled with Hoechst 33342 (gray level intensities). Shown are
representative images from 3 different preparations. E-F, rat islet cell clusters were infected with Ad-
roGFP2-Orpl (E) or Ad-mt-roGFP2-Orpl (F) and their mitochondria were labelled with 200nM
MitoTracker Red. The co-localization of (mt-)roGFP2-Orp1 and mitochondria (confocal microscopy)
appears as yellow structures on merged images. Scale bars = 40um (A and B), 60um (C and D), 10um

(E and F).

Figure 2: Effects of exogenous H,0,, menadione, pH and glucose on (mt-)roGFP2-Orp1 fluorescence
ratio - Rat pancreatic islet cell clusters expressing roGFP2-Orp1 (A-J) or mt-roGFP2-Orp1 (K-R) were
perifused with KRB containing 5 or 10mM glucose (G5 or G10) and increasing concentrations of H,0,
(A-C, K, L), or in KRB containing various glucose concentrations (Gn in mM) alone (F, O, P) or with 5 or
15uM H,0; (G, H). D and M, islet cell clusters were perifused with G10 and exposed to 15uM H,0; for
20min before a 30-min recovery period. | and Q, islet cell clusters were perifused with G10 to which
30mM NaAc and 30mM NH4Cl were successively added. Rat islets expressing roGFP2-Orp1 (E, J) or
mt-roGFP2-Orp1 (N, R) at their periphery were perifused with G10 and increasing concentrations of
H,0, (E, N) or menadione (J, R). Data were normalized to the ratios measured in the presence of
10mM DTT (set to 0%) and 100uM AT2 (set to 100%). Results are means + SEM for 12-49 clusters
from 3-6 experiments (A-D, F-1, K-M, 0-Q), or for 12 to 18 islets from 3-4 experiments (E, J, N, R). The
statistical significance of differences between groups was assessed at each step vs. the initial
fluorescence ratio in G10 or G5 by 1-way ANOVA + Dunnett’s or by 2-way ANOVA + Tukey’s multiple
comparisons test (a-d); vs. the previous step by one- or two-way ANOVA + Tukey’s multiple
comparisons test (e-h); between traces by 2-way ANOVA + Sidak’s multiple comparisons test (m-p);

a, e and m for P<0.05; b, f and n for P<0.01; ¢, g and o for P<0.001; d, h and p for P<0.0001.

Figure 3: A-D, Effects of (mito-)catalase, SOD1 and SOD2 overexpression on (mt-)roGFP2-Orpl
responses to H,0, and glucose changes - Rat pancreatic islet cell clusters were co-infected with the
adenoviruses coding (mt-)roGFP2-Orp1 and (mito-)catalase or SOD1 and SOD2 under the control of
the CMV promoter (Ad-Cat, Ad-MitoCat, Ad-SOD1, Ad-SOD2) or an empty adenovirus as control (Ad-
null) at a multiplicity of infection of about 25 (A-B) and 10 (C-D). They were then perifused with KRB

containing 10mM glucose (G10) and increasing concentrations of H,0, (C), or in KRB containing
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various glucose concentrations (Gn in mM) alone (A, D) or with 15uM H,0, (B). Results are means +
SEM for 16 to 25 clusters from 3 experiments. The statistical significance of differences between
groups was assessed at each step vs. the initial fluorescence ratio in G10 by two-way ANOVA +
Dunnett’s (a-d); vs. the previous step by two-way ANOVA + Tukey’s multiple comparisons test (e-h);
between traces by two-way ANOVA + Sidak’s multiple comparisons test (m-p); a, e and m for P<0.05;
b, f and n for P<0.01; ¢, g and o for P<0.001; d, h and p for P<0.0001.E-P, (Over)expression of (mito-
)catalase, SOD1 and SOD2 in rat pancreatic islet cells — Two days after infection with Ad-Cat, Ad-
MitoCat, Ad-SOD1, Ad-SOD2, or Ad-null, rat islet cell clusters were loaded with 200nM of Mitotracker
Red for 15min, fixed and permeabilized. Catalase, SOD1 and SOD2 were then detected by
immunohistochemistry (green fluorescence). E-H, immunodetection of catalase (E, F), SOD1 (G) and
SOD2 (H) in cells infected with Ad-null (E-H, left panels) or Ad-Cat, Ad-MitoCat, Ad-SOD1 and Ad-
SOD2 (E-H, right panels); epifluorescence microscopy, x20 objective; fixed parameters for Ad-null and
Ad-enzyme panels. I-P, the cellular distribution of the antioxidant enzymes was analyzed by confocal
microscopy with a x100 objective. The exposure time was optimized for signal detection under each
condition; the green fluorescence of Ad-null cells in panels I, K, M may therefore reflect sample auto-
fluorescence. A yellow fluorescence in the merged images indicates mitochondrial expression of the
antioxidant enzyme. Representative images from three different preparations are shown. Scale bars

=20um (E-L), 100um (M-P).

Figure 4: Effects of exogenous H,0, and glucose on HyPer and SypHer fluorescence ratios - Rat
pancreatic islets expressing untargeted HyPer or SypHer were perifused with KRB containing G10 in
the absence (A-C) or presence of 20mM HEPES (D, E) before the addition of increasing H,0,
concentrations (A, D) or changes in glucose concentration in the absence (B, E) or presence of 15uM
H,0, (C). Data were normalized to the initial fluorescence ratio in G10 (set to 0%) and the peak ratio
in 30mM NH4CI (set to 100%). Note that the scale in B and E markedly enhances the apparent
amplitude of the glucose effects. Results are means + SEM for 6-15 islets from 3-5 experiments. The
statistical significance of differences between groups was assessed at each step vs. the initial
fluorescence ratio in G10 by two-way ANOVA + Dunnett’s multiple comparisons test (a-d); vs. the
previous step by one or two-way ANOVA + Tukey’s multiple comparisons test (e-h); between traces
by two-way ANOVA + Sidak’s multiple comparisons test (m-p); a, e and m for P<0.05; b, f and n for
P<0.01; ¢, g and o for P<0.001; d, h and p for P<0.0001.
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Figure 5: Effects of glucose and exogenous H,0, on NAD(P)H autofluorescence and (mt-)roGFP2-
Orpl OxD. Pancreatic islets from transgenic mice expressing roGFP2-Orpl (A-F) or mt-roGFP2-Orp1l
(A-C, G-1) were incubated with KRB containing 2mM glucose until minute 10 of the recording, then
with KRB containing 2 or 20mM glucose (G2 or G20) alone or with 100 or 500uM H,0,. A-B, NAD(P)H
autofluorescence normalized to the average fluorescence level during the initial period in G2. D-E
and G-H, oxidation ratios (OxD) of the cytosolic and mitochondrial probes. The normalized NAD(P)H
autofluorescence level (C), roGFP2-Orp1 OxD (F) and mt-roGFP2-Orp1 OxD (I) at min 50 (40 min after
stimulation) were expressed relative to the level in G2. Results are means + SEM for 3 experiments
with pooled islets from two mice each. The statistical significance of differences between groups was
assessed for the effect of H,0, vs. G2 or G20 alone (a-d) and for the effect of G20 vs. G2 (m-p) by
two-way ANOVA + Sidak’s multiple comparisons test; a and m for P<0.05; b and n for P<0.01; cand o

for P<0.001; d and p for P<0.0001.

Figure 6: Effects of glucose and other nutrients on insulin secretion and (mt-)roGFP2-Orpl
fluorescence ratio under control condition and in the presence of exogenous H,0; - A, batches of 5
islets were pre-incubated for 40min in KRB containing 0.5mM glucose before one-hour incubation at
increasing glucose concentrations, alone or with 20mM monomethylsuccinate (MMS), 10mM
Leucine + 10mM Glutamine (Leu/GlIn), or 10mM a-ketoisocaproate (KIC), as indicated. Insulin
secretion was expressed relative to the islet DNA content. Results are means + SEM for 5
experiments in triplicates. The statistical significance of differences between groups was assessed for
the effects of G5 vs. G0.5 (a-d) and for the effect of nutrients at the same glucose concentration (e-h)
by two-way ANOVA + Sidak’s multiple comparisons test; for the effect of G10 vs. G0.5 by one-way
ANOVA + Dunnett’s multiple comparisons test (m-p); a and e for P<0.05; b and f for P<0.01; c and g
for P<0.001; d and h for P<0.0001.

B-C, islet cell clusters expressing mt-roGFP2-Orpl were perifused with KRB containing increasing
glucose concentrations alone or with MMS, Leu/GlIn or KIC as in panel A. B, experimental protocol
illustrated with mean traces without error bars for 3 conditions. The fluorescence ratios were
normalized as in figure 2. C, the effect of glucose and nutrients was quantified as the mean change in
fluorescence ratio from minute 9 to 29 (A). D-F, islet cell clusters expressing roGFP2-Orpl (D and E)
or mt-roGFP2-Orpl (F) were perifused with KRB containing 10 mM glucose and subsequently
exposed to 15uM H,0,. Twenty min later, the islets were exposed to H,0; in the presence of 0.5, 5,
10 or 30mM glucose alone or with MMS, Leu/GIn, or KIC, as indicated. D, illustration of the

experimental protocol (mean traces). E and F, efficacy of nutrients against the oxidation of the probe
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by H,O, as estimated from the A2/Al1 ratio, where Al and A2 are the mean change in the
fluorescence ratio from minute 9 to 29 (A1) and from minute 29 to 49 (A2) (see panel D). Results are
means + SEM for 8 to 26 clusters from 3 experiments. The statistical significance of differences
between groups was assessed vs. G10 (a-d) or vs. GO.5 or G5 alone (e-h) by one-way Anova +
Dunnett’s multiple comparisons test; a and e for P<0.05; b and f for P<0.01; ¢ and g for P<0.001; d
and h for P<0.0001.

Figure 7: Effect of low concentrations of exogenous H,0, and menadione on cytosolic Ca*
concentration and insulin secretion. A-D, whole islets were perifused with KRB containing 6mM
glucose (G6) and increasing concentrations of H,0; (A,B,D) or menadione (C); fura2-LR fluorescence
ratio used as an indicator of changes in cytosolic calcium concentration. A-C, results are means + SEM
for 11-19 islets from 3-4 experiments. The statistical significance of differences between groups was
assessed at each step vs. initial value in G6 (a-d) by one-way Anova + Dunnett’s multiple comparisons
test; a for P<0.05; b for P<0.01; ¢ for P<0.001; d for P<0.0001. D, results are means * SEM from 4
perifusions with ~100 islets each and are expressed relative to the DNA content. The statistical
significance of differences between groups was assessed at each step vs. initial value in G6 (d) by
two-way Anova + Dunnett’s multiple comparisons test ; d for P<0.0001. E-H, batches of 5 islets were
pre-incubated for 40min in G0.5 before one-hour incubation at increasing glucose concentrations
(G0.5, G2, G6, G10 and G20), alone or with 1 or 4uM H,0, (E); alone or with 1, 2 or 5uM menadione
(F); alone or with 30mM K* (K30) and 0, 4, or 15uM H,0, (G); in the absence or presence of different
nutrients (MMS, Leu/Gln and KIC), alone or with 15uM H,0, (H). Control data in H are the same as in
Fig. 6A. |, insulin secretion was measured at increasing glucose concentration 48h after infection with
Ad-Null or Ad-(mt-)roGFP2-Orp1l as indicated. Insulin secretion was expressed relative to the islet
DNA content. Results are means + SEM for 4 experiments in triplicates. The statistical significance of
differences between groups was assessed for the effect of glucose vs. G0.5 (a-d) or for the effects of
H,0, vs. glucose alone (e-h) by two-way Anova + Dunnett’s multiple comparisons test; a and e for

P<0.05; b and f for P<0.01; c and g for P<0.001; d and h for P<0.0001.
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