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Abstract
Peroxiredoxins (Prxs) are abundant cellular antioxidant proteins which help control intracellular
peroxide levels. These proteins may also function, in part through an evolved sensitivity of some
Prxs toward peroxide-mediated inactivation, in hydrogen peroxide signaling in eukaryotes. This
review summarizes recent progress in our understanding of the catalytic and regulatory
mechanisms of “typical 2-Cys” Prxs and of the biological roles that these important enzymes play
in oxidative stress and non-stress related cellular signaling.
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Introduction and scope
Peroxiredoxins (Prxs1, EC 1.11.1.15) are ubiquitous antioxidant enzymes found in all
organisms with the single exception, to our knowledge, of Borrelia burgdorferi (and other
Borrelia species). The broad distribution of Prxs and the high levels of expression [1]
suggest they are both an ancient and important enzyme family. Prxs are assumed to have
evolved from a thioredoxin-like precursor protein and a model for the evolutionary path has
been presented [2]. The initial publication defining this family of enzymes introduced the
term “peroxidoxin” [3], but shortly thereafter “peroxiredoxin” was suggested [4]. While
some publications used peroxidoxin, it is the latter name that has been widely adopted.

Prx research has expanded rapidly in recent years, with a PubMed search for the term
“peroxiredoxin” yielding 2, 43, 227, and 542 papers in 1992-95, 1996-99, 2000-03 and
2004-07, respectively. Despite this recent increase in study, Prxs are still not well
characterized relative to glutathione peroxidase and catalase. For comparison, 6523 papers
were published on catalase and 4205 on glutaredoxin from 2004-2007.
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A number of excellent reviews have summarized much of the work on Prx structure,
function, and biology [1,5-8], and on the developing view of hydrogen peroxide signaling
[5,9-11]. The purpose of this mini-review is to highlight recent advances in our
understanding of the chemistry of “typical 2-Cys” Prxs and evidence for the role(s) of the
sensitivity to inactivation by hydrogen peroxide seen in some members of this group.

Typical 2-Cys Prxs
All Prxs have in common an overall fold and catalytic mechanism involving a conserved,
fully folded active site and an unfolding event [6] (Figure 1a and Figure 2). The enzymatic
mechanism relies on a conserved cysteine residue, the peroxidatic cysteine (CP), to reduce
various peroxide substrates with catalytic efficiencies on the order of 106 - 107 M−1s−1 [7].
Following oxidation of CP by the peroxide substrate, regions of the protein around the active
site change conformation, allowing for subsequent reactivation steps (Figure 2a). A second
free thiol (CR for the resolving cysteine or sulfur atom, respectively) then forms a disulfide
with the CP and is required to complete the catalytic cycle. 1-Cys and 2-Cys Prxs are
differentiated by whether the CR (or corresponding thiol group) comes from another
molecule (1-Cys) or from a Prx (2-Cys).

All of the early characterized Prxs were “typical 2-Cys” Prxs. In this subclass of 2-Cys Prxs,
the basic active unit is a dimer, with the catalytically relevant disulfide bond being formed
between the CP on one chain with the CR from near the C-terminus of the other chain [6]
(Figure 2). The subclass of “atypical 2-Cys” Prxs are differentiated from the typical 2-Cys
Prxs in that the catalytic disulfide bond is intramolecular in most cases, and the resolving
cysteine is not at the “typical” conserved position in the C-terminus. Despite the different
positions observed for CR, the catalytic cycle for peroxidase activity in all Prxs can be
broken into three steps: (1) peroxidation, (2) resolution and (3) recycling (Figure 1a).
Peroxidation occurs in the fully folded active site which contains four conserved residues:
the CP, an Arg and a Thr residue presumed to stabilize the thiolate anion, and a Pro that
shields the active site from water (Figure 2a). This active site environment lowers the pKa of
the CP, which has recently been shown to be between 5 and 6 for the few Prxs thus studied
[12-14]. The thiolate anion attacks the peroxide substrate to generate water (or alcohol) and
a Cys-sulfenic acid (Cys-SPOH) at the active site [7]. Resolution occurs when the CR attacks
the Cys-SPOH to release water and form an intersubunit disulfide bond. The catalytic cycle
is completed when the disulfide bond is recycled, typically by a thioredoxin-like molecule,
regenerating the free thiol forms of the CP and the CR.

For these enzymes, catalysis not only involves chemical transformations, but also requires
the protein to undergo some conformational gymnastics. The form of the enzyme carrying
out peroxidation is fully folded; in typical 2-Cys Prxs the CR side chain is buried and
roughly 14 Å away from the CP. For the CP and CR to form a disulfide, both the active site
region (known as the CP-loop) and the C-terminal region must locally unfold (Figure 2a).
Details of the structural changes occurring with catalysis for various Prxs have been recently
reviewed by Karplus and Hall [6].

An additional mechanistic complexity of these proteins is that during catalysis they shift
quaternary structure between a homodimer and a doughnut-shaped decamer (which consists
of a pentamer of dimers)2 (Figure 2b). Studies with the AhpC Prx from Salmonella
typhimurium suggested that the decameric form is stabilized in all catalytic states of the
enzyme except for the disulfide form (between steps 2 and 3 in Figure 1a); the decamer falls

2In addition to decamers, octamers and dodecamers have also been observed. The role of oligomerization is thought to be the same in
all three cases [6].
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apart upon disulfide formation because the unfolding of the CP-loop destabilizes the
decamer-building (dimer-to-dimer) interface [15]. Analogous redox-dependent
oligomerization effects are now known to extend to mammalian and plant-derived typical 2-
Cys Prxs as well [16-18]. The physiological role of the dimer/decamer transition remains
unclear, however studies indicating that decamers are better peroxidases than dimers [19]
but are less amenable to reduction by thioredoxins [18] suggest that the quaternary structure
transition aids efficient catalysis. There is also evidence for some Prxs that the decamers
associate with membranes [20,21], so it is possible that cellular localization is influenced by
oligomeric state.

Recent mechanism-relevant discoveries for Prxs
Although Prxs have been described as broad specificity peroxidases which reduce substrates
such as hydrogen peroxide, lipid hydroperoxides and peroxynitrite, recent data suggests that
at least some of the typical 2-Cys Prxs are much more active with hydrogen peroxide than
with bulkier hydroperoxide substrates [22], and that the reactivity with other oxidants and
alkylating agents is remarkably limited [13]. The thermodynamic driving force for peroxide
reduction by thiols (step 1 in Figure 1a) is highly favorable, so the relative reactivity for
thiol-based peroxidases is, instead, dominated by kinetic factors [11]. On the other hand,
turnover of Prxs with reductants (step 3 in Figure 1a) may be subject to greater influence by
their midpoint reduction (redox) potentials. In this regard, it is perhaps surprising that the
redox potentials for typical 2-Cys Prxs from plant chloroplasts are in the range of −300 mV,
similar to or even lower than their physiological reductants [23]. As pointed out by Dietz
and colleagues, however, these low potentials likely reflect the unique regulatory
environment of this photosynthetic organelle. Recent data for the bacterial antioxidant AhpC
indicates a redox potential of −178 mV, sufficiently high for AhpC to remain predominantly
reduced even under conditions in which the cell is oxidatively stressed [22].

Also, an alternative catalytic activity that may be exhibited by a subset of Prxs has recently
come to light using Escherichia coli mutants with thioredoxin reductase and glutathione
reductase gene deletions (the trxB gor mutant) that are compromised in cytoplasmic
disulfide reduction, resulting in growth defects. This condition leads to frequent selection of
a mutation causing the insertion of one amino acid between residues 37 and 38 of AhpC,
converting it from a peroxidase to a disulfide reductase that acts as a glutaredoxin
deglutathionylating enzyme [24]. Other single point mutations were also able to confer this
activity without eliminating peroxidase activity. Surprisingly, CR (Cys165) rather than CP
(Cys46) of the E. coli AhpC is critical for the suppression of the growth defect of the trxB
gor mutant, and for the disulfide reductase activity measured in vitro (Figure 1b). Although
only speculative at present, it is conceivable that this activity may be more constitutively
present in wild-type forms of other Prxs where the CR is particularly reactive, or switched on
in some Prxs by protein modifications.

Robust and sensitive typical 2-Cys Prxs
The catalytic cycle explained above is all that is needed to describe the peroxidase activity
of the Prxs. However, beginning with a yeast Prx (now known as Tpx1), a number of Prxs
have been shown to be quickly inactivated by sub-millimolar concentrations of both
hydrogen peroxide and alkyl hydroperoxides [4,25]. Yang et al. [26] reported that for human
Prx1 at 100 μM hydrogen peroxide, the half-life for inactivation during catalytic cycling
with reductant was ∼2 min. The inactivation is due to overoxidation of the CP side chain that
occurs when a second peroxide substrate molecule attacks the Cys-SPOH, forming a dead-
end sulfinic acid (Cys-SPO2H) (step 4 in Figure 1a). This reaction is in competition with the
resolution step (step 2 in Figure 1a) of the normal catalytic cycle.
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In contrast to these “sensitive” Prxs, the activity of a number of members of the typical 2-
Cys Prx family from bacteria such as S. typhimurium AhpC, are robust, requiring about 100-
fold higher hydrogen peroxide to be inactivated. Wood et al. [27] followed up this
observation to draw two conclusions: first, that the sensitivity to inactivation by hydrogen
peroxide correlated with two amino-acid sequence motifs – a GGLG-containing motif in the
middle of the protein, and a YF-containing C-terminal extension (Figure 2a); and second,
that the Prxs that conserved these two motifs (i.e. were putative sensitive Prxs) were from
eukaryotic organisms. These or similar motifs are largely absent from bacterial Prx
sequences, although potentially interesting exceptions exist3.

As described by Wood et al. [27], the YF motif is not part of the peroxidatic active site
itself, but forms a helix that packs just above the active site in the fully folded form of the
protein (Figure 2a). In contrast, this feature is missing in robust Prxs so that the peroxidatic
active site region is much more open. The explanation for sensitivity runs as follows: the
YF-containing C-terminal helix packs above the active site region like a cork in a bottle,
limiting the active site dynamics and hindering it from unfolding; because of this, the local
unfolding of the active site required for the resolution reaction (step 2 in Figure 1a) is a
much rarer event, causing the Cys-SPOH containing active site to be longer-lived and thus
more susceptible to attack by a second molecule of peroxide [27]. That the presence of the
C-terminal helix is responsible for sensitivity has been confirmed by mutagenesis [30].

The reason for conservation of the GGLG motif is less clear, but it is speculated to be
required for rescuing the overoxidized (sulfinic acid, Cys-SPO2H) form of the protein [31].
Although Cys-SPO2H formation was originally thought to be biologically irreversible,
sulfiredoxins (Srxs) and possibly sestrins are able to reduce the Cys-SPO2H to Cys-SPOH in
an ATP-dependent reaction [31]. The existence of the “resurrection” activity supports a
physiological role for the overoxidized form of the protein. Recent structural studies of a
Prx-Srx complex revealed a surprising C-terminal tail “embrace” [32] (Figure 2b). In this
structure, the GGLG motif forms part of the ATP binding site and thus may have been
selected for due to the reduction reaction with Srx [32].

That some Prxs are sensitive to overoxidation by their own substrates, making them worse
peroxidases, raises the question of why a worse peroxidase would be maintained. In theory,
the selective pressure to maintain sensitivity could be directly due to the importance of the
sensitivity or it could be a pressure directed at conserving the C-terminal extension for
another reason and the sensitivity is an unwanted byproduct. The existence of robust Prxs
that otherwise conserve the active site and mechanistic details proves that the sensitivity is
not an obligatory limitation related to the enzyme mechanism. Furthermore, because the
sensitivity is not only avoidable, but could be very easily lost during evolution (simply
through the mutation or loss of one or a few C-terminal residues) [28], its conservation
throughout eukarya implies that there must be a very strong selective pressure to conserve it.
Wood et al. proposed that the built-in sensitivity is important for facilitating non-stress
related hydrogen peroxide signaling in eukaryotes [27], but this remains to be proven.

3Among the exceptions to the distribution of Prxs with the GGLG and YF motifs within eukaryotes only, some parasitic bacteria
(from H. pylori, Y. pestis, C. pneumoniae) have Prxs with a GGIG motif and a C-terminal extension containing a YL motif. The
sensitivity of Prxs to overoxidation with these and other variations on the GGLG and YF motifs found within both prokayotes and
eukaryotes has not been fully characterized, although it is clear that point mutations within the C-terminus of sensitive Prxs are
sufficient to disrupt the C-terminal helix packing [28]. The presence of these potentially sensitive Prxs in parasitic bacteria may be due
to horizontal gene transfers [29], and so does not necessarily break from the expected limited distribution of sensitive Prxs to
eukaryotes.
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Stress and non-stress related peroxide signaling
Much evidence has accumulated that implicates hydrogen peroxide as an important and
widespread signaling molecule [5,9-11], both as an indicator of oxidative stress and as a part
of normal cellular development. Whereas both of these processes involve signaling, some
authors use “H2O2 signaling” to refer to just the second process, leading to some confusion.
In this text, hydrogen peroxide signaling includes both and will be referred to as either stress
(exogenous peroxide induced) or non-stress (endogenous peroxide) related. It is necessary to
differentiate the two because the supporting evidence and pathways of the two processes are
quite different.

All of the well-characterized pathways for hydrogen peroxide signaling describe stress
related signaling, and the response triggered is generally the protective activation of a broad
antioxidant response involving increased transcription of antioxidants and repair proteins.
Well-characterized examples of stress related signaling include the OxyR and OhrR
transcriptional regulators in prokaryotes, which act both as molecular sensors and as
transducers of the H2O2 signal, and the Yap1/Gpx3 system in Saccharomyces cerevisiae
[9,10,33]. In the latter system, yeast transcriptional responses to elevate protective
antioxidant enzyme levels rely on communication of the H2O2 signal from a thiol-based
peroxidase, the glutathione peroxidase-like Gpx3 (also known as Orp1), to a transcriptional
regulator, Yap1, through thiol-disulfide interchange [34]. There is no controversy about the
relevance of these events.

In contrast, the role of hydrogen peroxide in non-stress related signaling associated with
endogenously generated hydrogen peroxide is still controversial. These mechanisms require
that the hydrogen peroxide signal is generated in a regulated manner without a global
change in the redox state of the cell. Long standing evidence for such signaling comes from
studies showing that the exposure of cells to low levels of hydrogen peroxide stimulates
proliferation. More recent evidence has shown that at least in mammals, tightly regulated
NADPH oxidases (NOXs) become activated by hormones and produce superoxide that gets
converted to hydrogen peroxide which in turn oxidizes specific cysteine residues in target
proteins (such as protein tyrosine phosphatases) to influence the fate of the cell. These
pathways can be blocked by increased catalase expression, supporting a role for hydrogen
peroxide as a signaling molecule [9-11].

Despite the growing body of evidence for such non-stress related peroxide signaling, there is
active debate about the physiological relevance of these putative signaling pathways. One of
the major concerns is that many of the implicated target proteins, such as Prxs and
phosphatases, appear to require peroxide concentrations in the 10 - 300 μM range in order to
become (over)oxidized whereas in healthy cells the peroxide levels are not thought to
exceed 700 nM [9]. As Stone and Yang summarize, alternative hypotheses to explain the
discrepancy include (1) that there are yet unidentified, much more sensitive peroxide sensor
proteins that transduce the signals, (2) that hydrogen peroxide itself is not the key signaling
molecule but perhaps it is superoxide, peroxynitrite or a nitrosothiol, or (3) that the
hydrogen peroxide buildup is highly localized [9].

Among these possibilities, new evidence suggests that subcellular localization (possibility 3)
is indeed a key component of certain non-stress related peroxide signaling pathways. Early
evidence supporting localization was published by Choi et al. [35] who demonstrated that
Prx2 from mouse embryonic fibroblasts is recruited to the platelet-derived growth factor
(PDGF) receptor in response to PDGF stimulation. This site specific recruitment of Prx2
was associated with the suppression of protein tyrosine phosphatase inactivation. Later, Li et
al. [36] showed that specific recruitment of Nox2 to the endosome was required for redox
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dependent recruitment of TRAF6 to the active interleukin-1 (IL-1) receptor complex,
ultimately leading to IL-1β-dependent NF-κB activation. Similarly, Nox localization has
been implicated in vascular endothelial growth factor (VEGF) signaling in angiogenesis
[37]. Most recently, Chen et al. [38] showed that for epidermal growth factor signaling,
activated Nox4 is localized to the endoplasmic reticulum (ER) and is able to oxidatively
inactivate ER-localized protein tyrosine phosphatase 1B (PTP1B), but not cytosolic PTP1B.
Furthermore, ER-localized antioxidant enzymes were able to block the signal whereas
untargeted counterparts were not. This last report provides powerful evidence that
localization allows for levels of reactive oxygen species that can oxidize a less reactive
target such as PTP1B.

What is the role of Prx sensitivity in peroxide signaling?
The use of hydrogen peroxide as a signaling molecule requires very tight regulation due to
the damaging nature of peroxides. The high expression level (0.1 – 1% of total soluble
protein) and ubiquitous distribution [1] would make Prxs one of the first proteins that a
hydrogen peroxide molecule would encounter. This combined with their fast reactivity
(∼107 M−1s−1) implies that in mammalian cells, 10,000 times more hydrogen peroxide
would react with Prx than with glutathione [11]. In characterized systems, the most highly
expressed Prxs are sensitive: mammalian mRNA levels suggest that this is generally Prx1
[39], and in yeast it is Tpx1 [40]4. The importance of Prx1 expression for controlled growth
in mammals is demonstrated by the high rate of malignant cancers in the Prx1 knockout
mouse [41].

So what is the role of sensitivity? In principle, there are two possibilities – overoxidation
could cause a gain in function and/or overoxidation could cause a loss of function. In either
case, the Prx could act as a molecular switch, influenced by a change in peroxide level
whether for stress or non-stress related signaling. It is worth noting that phosphorylation,
nitrosylation and C-terminal cleavage can also modulate Prx activity and sensitivity and
contribute to the regulation of cell signaling [5]. Three models describing a role for
sensitivity in signal transduction have been proposed. Two models rely on a gain of function
mechanism: (1) disulfide exchange with other downstream sensor proteins and (2)
chaperone activity. Both of these models are supported by evidence derived from stress
related signaling pathways. The only loss of function paradigm is (3) the floodgate model,
proposed to be involved in non-stress related signaling. Figure 3 summarizes these three
models and the role of sensitivity in each as is described in the following three paragraphs.

In the disulfide exchange model for peroxide signaling (Figure 3a), Prx acts as a specific
transducer of the peroxide signal by forming an intermolecular disulfide bond with a partner
protein, much like the Gpx3/Yap1 system mentioned earlier. Although in theory the target
protein may itself continue to transmit the signal through continued disulfide exchange with
downstream proteins, this has not been seen in the two examples of intermolecular disulfide
bond formation observed in stress related signaling. Vivancos et al. [42] showed that at low
levels of hydrogen peroxide, the Schizosaccharomyces pombe Prx, Tpx1, activates the
transcription factor Pap1 through intermolecular disulfide bond formation. At higher
hydrogen peroxide levels, Pap1 is not activated but instead the transcriptional factor Sty1 is
activated through an intermolecular disulfide bond with Tpx1 [25]. Activation of Sty1 leads
to the transcription of antioxidant defense proteins and Srx. While early evidence suggested
that the regulation of these two pathways required sensitivity, mutants with C-terminal

4Of the five Prxs expressed in Saccharomyces cerevisiae, three are present in relatively low abundance (cTpxII, mTpx and nTpx, each
at less than 5,000 molecules per cell), while cTpxI and cTpxIII are present at 378,000 and 162,000 molecules per cell, respectively.
cTpxI and cTpxII are sensitive Prxs. Expression levels were estimated using GFP-fusion proteins [40].
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truncations that render Tpx1 insensitive to overoxidation were fully functional in these two
pathways [43].

In the second gain of function model, Prxs have been shown to act as chaperones or cell
cycle regulators when the overoxidized enzyme aggregates into larger assemblies [44,45]
(Figure 3b). Higher order molecular weight oligomers have been shown to have chaperone
activity in Helicobacter pylori, Saccharomyces cerevisiae, and Homo sapiens [29,46,47], an
activity which could protect cells from oxidation induced protein unfolding. Interestingly,
chaperone activity appears to be higher for H. sapiens Prx1 than Prx2 because an additional
cysteine present in Prx1 forms a disulfide to stabilize the higher order aggregates [48].
Consistent with the proposed requirement for sensitivity, C-terminal truncation mutants of
H. sapiens Prx2 do not respond to oxidative stress with increasing levels of chaperone
activity [47]. While sensitivity is important for Prx chaperone activity in S. cerevisiae and H.
sapiens, the case for H. pylori AhpC is unclear as studies documenting the sensitivity of H.
pylori AhpC have not been published.

While direct evidence exists supporting both of the gain of function models for stress related
signaling, the loss of function model for Prxs in non-stress signaling is still largely
speculative. This mechanism requires sensitivity. The “floodgate model” [27] predicts that
under normal conditions Prxs act as a barrier hindering peroxide encounters with sensitive
cellular components (Figure 3c). In the presence of a high peroxide pulse, such as could be
produced by hormone-triggered activation of cellular NOXs, the rapid production of
hydrogen peroxide causes high local peroxide concentrations which would inactivate the
proximal floodgate Prxs, allowing peroxide to locally build up to concentrations that can
oxidize specific downstream target proteins. The recent demonstrations of localized NOX
signaling are consistent with this model but do not prove that Prxs play this role. As seen in
Figure 3c, the high Prx concentration throughout the cell implies that the term floodgate is
somewhat of a misnomer as sensitive Prxs will actually not allow peroxide to spread
throughout the cell but will instead localize the peroxide buildup. Thus Prxs are more like an
adjustable buffer than a floodgate. The recent evidence that non-stress related growth factor
signaling involves localized peroxide buildup of a sufficient concentration to oxidize PTP1B
implies that the nearby sensitive Prxs would also be overoxidized [38]. Operation of a Prx
floodgate in such systems may be challenging to discern due to the difficulty in detecting a
small overoxidized population located close to the peroxide source within the large cellular
pool of Prxs [10].

Hormone-triggered apoptosis is, in contrast, a signaling process that appears to involve more
global Prx overoxidation. This was shown years ago for signaling by tumor necrosis factor
[49]. More recently, a report of apoptotic signaling in dopaminergic neurons (used as an
experimental model of Parkinson's Disease) shows that 6-hydroxydopamine activation of
p38 MAP kinase and caspase-3 was associated with significant overoxidation of Prx1 and
other Prxs [50]. The cells were protected against elevated levels of reactive oxygen species
and apoptotic death by overexpression of Prx1 or addition of other antioxidants, and
displayed enhanced apoptosis when Prx1 expression was knocked down. Whether or not
these two cases can truly be considered as “non-stress related redox signaling” is debatable
because the extensive overoxidation of Prxs implies that apoptotic signaling is accompanied
by rises in reactive oxygen species that are much higher than in other types of signaling.

With the increasing attention given to Prxs, we are learning that they are efficient catalysts
and that their catalytic repertoire is broader than that of a simple peroxidase. The high level
of expression of sensitive Prxs in eukaryotes allows them to carry out functions under
conditions of oxidative stress, such as that of a chaperone, that depend on their high
concentration rather than their peroxidase activity. Nevertheless, why the sensitivity of the
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highly expressed eukaryotic Prxs is so strongly conserved and why repair systems have
evolved for recovering activity in the overoxidized Prxs are still open questions. Some
answers may come from the study of a Prx1 knockout mouse with a robust Prx gene knockin
that mimics the expression pattern of the missing sensitive Prxs. The local nature of non-
stress related redox signaling has made it challenging to ferret out the mechanisms involved
and to discern whether the overoxidized Prxs act primarily as a passive floodgate/buffer or
as an active positive signal or both.
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Figure 1.
Mechanisms of catalysis by typical 2-Cys Prxs. (A) The peroxidatic catalytic cycle of
typical 2-Cys Prxs involves three main steps: (1) peroxidation, (2) resolution and (3)
recycling. Not shown is the local unfolding event that occurs in both the CP-loop and C-
terminus during step 2 so that the disulfide bond can form (see Figure 2a). The protein is
represented as one of two active sites within a functional dimer, with SP and SR (red)
designating the sulfur atoms of the peroxidatic and resolving cysteines, respectively, from
different subunits. “2 R′SH” in step 3 represents a thioredoxin-like protein or domain.
Overoxidation of the CP (step 4) and reduction of the Cys-SPO2H by Srx (step 5) depict
redox regulation and repair occurring in some eukaryotic typical 2-Cys Prxs. (B) Mutants of
AhpC which suppress the growth defect (dithiothreitol dependence) of the trxB gor mutant
from E. coli were shown to catalyze the deglutathionylation of Grx1 (using the C14S
mutant) in vitro [24]. Although the catalytic intermediate is shown with glutathione attached
in a mixed disulfide to the Prx, the alternative mechanism with Grx attached to Prx is also
possible. The truncated cycle shown with dotted lines (step 4 in b) illustrates the finding that
only the “resolving cysteine” (with the sulfur depicted as SR) is required for this activity.
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Figure 2.
Structural aspects of Prx sensitivity and resurrection. (A) The active site of a sensitive 2-Cys
Prx in the fully folded (FF) and locally unfolded (LU) conformations. Both chains of the
dimer are colored grey. The C-terminal helix containing the YF motif (cyan) and the loop
associated with the GGLG motif (yellow) that are characteristic of sensitive Prxs can be
seen to pack against each other and cover the active site CP loop (pink) in the FF
conformation (PDB code 1QMV). Comparing the LU structure (PDB code 1QQ2) with the
FF structure shows how the CP loop and the protein C-terminus unfold for disulfide
formation and how the C-terminal helix hinders this required local unfolding. In robust Prxs,
the C-terminal helix containing the YF motif is absent, allowing for more facile unfolding
(see Figure 2 in Wood et al, 2003). In the LU form, a star indicates the presence of the
additional disordered C-terminal residues. In both the FF and LU images, the four residues
conserved in all Prxs (CP, Arg, Thr and Pro) and the CR are colored green with sulfur,
oxygen and nitrogen atoms colored dark yellow, red and blue, respectively. (B) The typical
2-Cys dimer (magenta and dark blue) associates with other dimers (light blue) as part of the
normal catalytic cycle to form higher order oligomers. The overoxidized state is stabilized in
this form [20]. Modeling of Srxs (green) on a Prx decamer shows that Srx can associate with
such a structure without significant changes to the decamer, consistent with the role of Srx
in the reduction of the overoxidized Prx. Figure modified from [32].
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Figure 3.
Three proposed roles for Prxs in peroxide signaling. In each case, different high levels of
hydrogen peroxide cause a shift in function from peroxidase activity. (A) Disulfide
exchange, represented by an interprotein disulfide bond between Prx and a downstream
protein (pink). In the one case studied, signaling is not stress related and does not require
sensitivity. (B) The chaperone model, represented by the formation of higher order
oligomers of overoxidized Prxs. This is involved in stress related signaling and requires
sensitivity. In (A) and (B), the Prxs are represented as a purple and blue decamer under
normal cellular conditions. (C) The floodgate model is an unproven mechanism. The Prxs
are represented as tall barriers made up of gray rectangles – vertical for active, horizontal for
overoxidized and inactive. The multiple barriers on the right reflect the cell-wide Prx
distribution; Prxs that are close to the peroxide generation site (marked by an arrow) are
overwhelmed and inactivated, whereas those at increasing distances away are not. This
creates a steep peroxide gradient and allows for localized peroxide buildup after endogenous
peroxide generation. The level of hydrogen peroxide is represented by both color gradient
and height. This may be involved in both stress and non-stress related signaling and requires
sensitivity.
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