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ABSTRACT: The sals7" gene encodes Sdul, a PPPDE superfamily member of deubiquitinating enzymes (DUBs) in Schizosaccharomyces
pombe. Sdul was previously shown to contain an actual ubiquitin C-terminal hydrolase (UCH) activity using the recombinant plasmid
pYSTP which harbors the sdu7" gene. This work was designed to assess a thermotolerant role of Sdul against high incubation
temperatures. In the temperature-shift experiments, the 5. pombe cells harboring pYSTP grew much better after the shifts to 37°C and
42°C, when compared with the vector control cells. After being shifted to 37°C and 42°C for 6 h, the S, pombe cells harboring pYSTP
contained lower reactive oxygen species (ROS] levels, compared with the vector control cells. The nitric oxide (NOJ levels of the S. pormbe
cells harboring pYSTP were slightly lower than those of the vector control cells in the absence or presence of the temperature shifting.
The total glutathione (GSH) levels of the S. pombe cells harboring pYSTP were significantly higher than those of the vector control cells.
Total superoxide dismutase (SOD) and GSH peroxidase activities were also higher in the S pombe cells harboring pYSTP after the
temperature shifts than in the vector control cells. In brief, the S pombe Sdul plays a thermotolerant role against high incubation
temperature through the down-regulation of ROS and NO and the up-regulation of total GSH content, total SOD and GSH peroxidase
activities.
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Deubiquitination or deubiquitylation, which is the reversible
removal of ubiquitin from conjugated proteins, is catalyzed by
a large group of deubiquitinating enzymes (DUBs). DUBs
participate in various major events, including activating and
processing of ubiquitin proproteins into mature ubiquitin

monomers, recycling the ubiquitin molecules utilized during the
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ubiquitination process, antagonizing ubiquitinated proteins by
reversing the process of ubiquitination or ubiquitin like
modification of proteins, regenerating monoubiquitin molecules
from the polyubiquitin chains synthesized or released during the
ubiquitination process, remodeling polyubiquitin chains on
target proteins and removing ubiquitin molecules that are not
associated with proteasomal degradation (Ramakrishna et al.,
2011). In addition to the maintenance of steady state levels of

monoubiquitin, they regulate various crucial cellular processes
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such as regulation of substrate degradation at the proteasome,
chromatin remodeling through histone deubiquitination, gene
expression, cell cycle regulation, DNA repair, activation of
kinases and other enzymes, apoptosis, microbial pathogenesis,
localization and degradation of signaling intermediates, and
endocytosis (Reyes-Turcu et al., 2009; Ramakrishna et al.,
2011).

Based upon their ubiquitin-protease domains, DUBs are
originally categorized into five families, such as ubiquitin-
specific proteases (USPs, also referred to as ubiquitin processing
proteases), ubiquitin C-terminal hydrolases (UCHs), ovarian
tumor proteases (OTUs, also known as otubain proteases),
Machado-Joseph disease proteases (MJID, also referred to as
Josephins), and JAB1/MPN/MOV34 motif proteases (JAMM:s)
(Komander et al., 2009; Tse et al., 2009). The USP, UCH, OTU,
and MJD family members are cysteine proteases, whereas the
JAMM family members are zinc-dependent metalloproteinases
(Komander et al., 2009). The two additional families, such as
PPPDE (after Permuted Papain fold Peptidases of DsSRNA viruses
and Eukaryotes) superfamily and Wss1-like metalloproteases,
were afterward identified based on bioinformatics studies (Iyer
et al.,2004).

UCHs, one of the best characterized DUBs, principally
participate in the processing and recycling of ubiquitin, but their
specific functions remain largely unknown. UCHs, structurally
characterized to have active-site crossover loop, act on small
conjugates produced as byproducts of proteasomal or lysosomal
degradation, the short C-terminal extensions of polymeric
ubiquitin precursors, and the termini of unfolded larger substrates
(Larsen et al., 1998; Komander et al., 2009).

The three representative isoforms of UCHs, such as UCH L1,
UCH L3, and UCH L5/UCH37, have been better understood.
UCH L1, a key protease of the ubiquitin-proteasome system
(UPS), is associated with neurodegenerative diseases and cancer.
UCH L1 expression was identified to be enhanced in podocytes
in patients with membranous nephropathy, which resulted in
increased ubiquitin content (Meyer-Schwesinger ef al., 2011).
Similarly, stable UCH L1 overexpression in cultured podocytes
causes an accumulation of monoubiquitin and polyubiquitin
proteins, while stable knockdown of UCH L1 diminishes
monoubiquitin and polyubiquitin proteins and significantly

enhances proteasomal activity (Meyer-Schwesinger et al.,

&3 el Al Als1d Al4%

2011). These findings demonstrate that UCH L1 activity is
involved in polyubiquitin accumulation, proteasome inhibition,
and disease aggravation in experimental models of membranous
nephropathy (Meyer-Schwesinger et al., 2011). UCH L3,
expressed in various tissues, is involved in learning and working
memory in mice, and related with muscular and retinal de-
generation, potentially due to oxidative stress (Ristic et al.,
2014). UCH L3 enhances osteoblast differentiation through the
stabilization of Smadl signaling in murine skeletal muscle
C2C12 myoblasts (Kim et al., 2011). It was also suggested to be
an epithelial-to-mesenchymal transition regulator in prostate
cells and a potential target for preventing metastatic prostate
cancer (Song et al., 2014). UCH37 reversibly associates with
the 19S component of the proteasome and deubiquinates
proteasome substrates, and regulates transforming growth
factor-3 signaling in non-neural tissue (Wicks et al., 2005;
Ristic ef al., 2014). UCH37 is a major DUB associated with
Schizosaccharomyces pombe 26S proteasome, but its disruption
does not interfere with cell viability without showing obvious
signs of impaired ubiquitin-dependent proteolysis (Stone et al.,
2004).

In the previous work, the sdul ™ gene encoding Sdul, belonging
to the PPPDE superfamily, was cloned from S. pombe, and its
gene product was shown to contain the UCH activity which is
involved in the defense against oxidative and nitrosative
stresses in S. pombe (Kim et al., 2013). In the present work, we
further demonstrate that Sdul plays a defensive role against

thermal stress in S. pombe.

Materials and Methods

Chemicals

Bovine serum albumin, Bradford reagent, 2/,7’-
dichlorodihydrofluorescein diacetate (DCFH-DA), sodium
nitrite, Griess reagent, 5,5’-dithiobis (2-nitrobenzoic acid)
(DTNB), glutathione reductase (GR), reduced glutathione
(GSH), NADPH, cytochrome c, catalase, xanthine, xanthine
oxidase, and 7-butyl hydroperoxide were obtained from Sigma-
Aldrich Chemical Co. Yeast extract, peptone and agar were
obtained from Amersham Life Science. All other chemicals

used were of the highest grade commercially available.
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Strain and growth condition

S. pombe KP1 (I leul-32 ura4-294), a derivative of S.
pombe heterothallic haploid strain 9754", was used in the
present work. The Sdul-overexpressing recombinant plasmid
pYSTP was previously constructed using a yeast-E. coli shuttle
plasmid vector pRS316 (Myers ef al., 1986). The yeast cells
were grown in YEPD medium (pH 6.5) which contains 1% yeast
extract, 2% peptone, and 1% glucose. The yeast cells were
incubated with shaking at 30°C prior to transferring to higher
incubation temperatures and their growth was monitored by
measuring the absorbance at 600 nm. Yeast cells used in the
experiments were obtained preferentially from the early

exponential growth phase.

Preparation of cellular extracts

The desired number of the yeast cells was obtained by
centrifugation. They were re-suspended in 20 mM Tris buffer
(pH 8.0) with 2 mM EDTA and disrupted using glass beads and
ultrasonication. The cellular extracts, taken after centrifugation,
were used for total GSH, SOD and glutathione peroxidase
activities, and protein determinations detailed below. Protein
content in cellular extracts was determined by Bradford’s

procedure (1976) with bovine serum albumin as a standard.

Quantitation of intracellular ROS

To determine intracellular ROS levels, the redox-sensitive
fluorescent probe DCFH-DA was used as described previously
(Royall and Ischiropoulos, 1993). When DCFH-DA enters the
cells, its diacetate group is cleaved by an esterase, leaving a
non-fluorescent molecule, which is amenable to oxidization to
fluorescent dichlorofluorescein (DCF) in the presence of ROS
(Kiani-Esfahani et al., 2012). Yeast cells were incubated with 5
uM DCFH-DA for 30 min at 30°C. The treated cells were

analyzed immediately using a microplate fluorometer.

Determination of nitrite concentration

Accumulated nitrite (NO5), as an index of nitric oxide (NO),
in conditioned medium was determined using a colorimetric
assay based on the Griess reaction (Sherman et al., 1993).
Conditioned medium (100 ul) were reacted with a 100 ul Griess

reagent (6 mg/ml) at room temperature for 10 min, and then

NO, concentration was determined by measuring the absorbance
at 540 nm. The standard curve was constructed using the known

concentrations (0-160 uM) of sodium nitrite.

Quantitation of total GSH

As previously described (Nakagawa et al., 1990), the total
GSH content in cellular extracts was determined using an
enzymatic recycling assay based on GR. The reaction mixture
(200 wl) contained 175 mM KH,PO4, 6.3 mM EDTA, 0.21 mM
NADPH, 0.6 mM DTNB, 0.5 units/ml GR, and cellular extract
at 25°C. The absorbance at 412 nm was monitored using a
microplate reader. The total GSH content was represented as

Lg/mg protein.

Determination of total SOD activity

As previously described (Lee et al., 2002), the total SOD
activity in cellular extracts was spectrophotometrically determined
as reduced cytochrome ¢ with the xanthine/xanthine oxidase
system. The reaction mixture (200 ul) contained 50 mM phosphate
buffer (pH 7.4), 0.01 units/ml xanthine oxidase, 0.1 mM EDTA,
1 uM catalase, 0.05 mM xanthine, 20 uM cytochrome ¢, and

cellular extract. A change in absorbance was monitored at 550 nm.

Determination of glutathione peroxidase activity

As previously described (Lee et al., 2002), glutathione
peroxidase activity in cellular extracts was spectrophotometrically
determined. The reaction mixture (1.2 ml) contained a 0.07 M
phosphate buffer (pH 7.0), 0.24 units GR, 0.8 mM GSH, 0.13
mM NADPH, and cellular extract. The hydroperoxide-independent
consumption of NADPH was preceded for 10 min. The overall
reaction was started by adding 100 pl of prewarmed t-butyl
hydroperoxide solution (1.5 mM). The decrease in absorption at

340 nm was monitored.

Statistical analysis

The results are reported as mean + standard deviation (SD).
Statistical comparisons between experimental groups were
performed using unpaired Student’s #-test. A P value less than

0.05 was considered to be statistically significant.
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Results

Cellular growth under thermal stress

Participation of the S. pombe Sdul in the yeast growth under
thermal stress was examined using temperature-shift experiments.
The same numbers of the S. pombe cells harboring pRS316 or
pYSTP, grown to the early exponential phase in rich medium at
30°C, were shifted into fresh rich medium and continued to be
shaken at higher incubation temperatures, such as 37°C and
42°C. As a control, the S. pombe cells harboring pRS316 or
pYSTP continued to be cultured also at 30°C. The yeast
growths, detected by measuring absorbance at 600 nm, at 3 and
6 h after the shifts were compared in Fig. 1. At an incubation
temperature of 30°C, the S. pombe cells harboring pYSTP and
the vector control cells exhibited no significant difference
between their growth patterns after the shift (Fig. 1A). However,
after the shifts to 37°C and 42°C, the S. pombe cells harboring
pYSTP appeared to grow better than the vector control cells
(Fig. 1B and C). Especially at 42°C, although the growth of the
vector control cells was almost arrested, the S. pombe cells
harboring pYSTP could reasonably grow albeit delayed (Fig.
1C). When the growth rates after the shifts were compared, the
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Fig. 1. Enhancing effect of Sdul on S. pombe growth under thermal stress.
S. pombe cells harboring pRS316 or pYSTP, grown to early exponential
phase at 30°C in rich growth medium, were shifted to 30°C (Control, A),
37°C (B) or 42°C (C). The yeast growth was monitored by absorbance
(ODg¢oo) at 3 and 6 h following the shifts. Each point shows the mean + SD
of the three independent experiments. * P < 0.05; ** P <0.01; *** P <
0.001 versus corresponding pRS316-containing cells.
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Fig. 2. Effect of Sdul on the growth rates of S. pombe cells under thermal
stress. The S. pombe cells harboring pRS316 or pYSTP, grown to early
exponential phase at 30°C in rich growth medium, were shifted to 30°C,
37°C or 42°C. The yeast growth was monitored by absorbance (ODgg) at
3 and 6 h following the shift, and the growth rates were obtained as A
ODsoo/h. Each point shows the mean + SD of the three independent
experiments. * P < 0.05; ** P < 0.01 versus corresponding pRS316-
containing cells.

enhanced growths of the S. pombe cells harboring pYSTP at
both 37°C and 42°C were convinced, compared with those of
the vector control cells (Fig. 2). Taken together, Sdul participates
in the growth of S. pombe cells at the high temperatures.

Reactive oxygen species (ROS)

The intracellular ROS levels are markedly elevated in
presence of oxidative stress-inducing agents, including thermal
stress, which sequentially threatens the integrity of various
biomolecules. Cells are equipped with various defense mecha-
nisms, including antioxidant enzymes and free radical scavengers,
to protect against oxidative damages. If the cellular defense
systems do not sufficiently cope with stressful agents, the cells
undergo oxidative stress. Since the intracellular ROS levels
increase under various kinds of stresses, especially oxidative
stress, they have been considered as one of cellular markers
which are related with the stress levels inside cells.

The ROS levels were determined in the S. pombe cells
harboring pRS316 or pYSTP after shifting the same numbers of
the exponentially grown yeast cells to 37°C and 42°C for 6 h. As
the incubation temperature went up, the intracellular ROS levels
of the vector control cells also became higher (Fig. 3). The
vector control cells were found to contain the ROS levels 1.5-
and 2.4-fold higher at 37°C and 42°C, respectively, than at
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Fig. 3. Effect of Sdul on the reactive oxygen species (ROS) levels of the
S. pombe cells grown under thermal stress. The yeast cells harboring
pRS316 or pYSTP in the early exponential phase at 30°C were subjected
t0 30°C, 37°C or 42°C for 6 h. The ROS levels were relatively represented
as DCF fluorescence, an arbitrary unit. Each point shows the mean + SD
of the three independent experiments. ** P <0.01; *** P <0.001 versus
corresponding pRS316-containing cells.

30°C, convincing that the yeast cells undergo oxidative stress
when grown at 37°C and 42°C (Fig. 3). The ROS levels of the S.
pombe cells harboring pYSTP were found to drop to 64.3%,
58.3%, and 57.4% at 30°C, 37°C and 42°C, respectively, of
those from the corresponding vector control cells (Fig. 3). These
results indicate that the ROS-diminishing effect of Sdul is
evident at higher incubation temperature. Collectively, Sdul
plays a scavenging role in S. pombe cells exposed to high

temperatures.

Nitric oxide (NO)

Nitric oxide (NOe, NO) is a free radical synthesized from
L-arginine by nitric oxide synthase (NOS). Although it acts as a
normal physiological regulator when produced in minute
quantities by constitutive NOSs, it shows pathologic effects
when produced in excessive quantities by inducible NOSs. NO
can react directly with its physiological targets, while its indirect
effects are mediated by reactive nitrogen species (RNS) derived
from NO metabolism (Wink et al., 2001). Although RNS play
crucial roles in cellular signaling, they can subject cells to
nitrosative stress at high concentrations, ultimately leading to
cell death. Constitutive NOS, identified by western blotting
using mouse monoclonal anti-neuronal NOS, is present in the

budding yeast Saccharomyces cerevisiae, which is activated by
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Fig. 4. Effect of Sdul on the nitric oxide (NO) levels of S. pombe cells
grown under thermal stress. The yeast cells harboring pRS316 or pYSTP
in the early exponential phase were subjected to 30°C, 37°C or 42°C for 6
h. The levels of nitrite, an index of NO, in supernatant fractions were
determined based upon Griess reaction. Each point shows the mean + SD
of the three independent experiments. ** P < 0.01 versus corresponding
pRS316-containing cells.

calmodulin and arginine (Kanadia ez al., 1998). NO, produced
by an NOS-like activity in S. pombe, acts as a signaling molecule
which can induce both transcriptional and physiological changes
(Kig and Temizkan, 2009).

As shown in Fig. 4, the vector control cells were found to
contain higher content of nitrite, an index of NO, at 37°C and
42°C than at 30°C. This finding implies that NO also elevates in
addition to ROS in S. pombe cells exposed to high temperatures.
The S. pombe cells harboring pYSTP also exhibited enhanced
nitrite contents at 37°C and 42°C than at 30°C (Fig. 4). They
maintained lower nitrite contents at the same temperature than
the corresponding vector control cells (Fig. 4). A difference in
the nitrite contents between the two yeast cultures was
statistically significant (Fig. 4). Collectively, Sdul tends to play
a diminishing role on NO levels in S. pombe cells grown under

high incubation temperature.

Total glutathione (GSH)

GSH, one of principal non-enzymatic antioxidants, plays a
major role in the defense against many kinds of stressful agents.
Accordingly, its cellular levels are believed to be one of
important factors to maintain redox homeostasis. The total GSH
content became significantly lower in S. pombe cells as the

incubation temperature went up (Fig. 5). As shown in Fig. 5, the
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Fig. 5. Effect of Sdul on the total glutathione (GSH) contents in S. pombe
cells grown under thermal stress. The yeast cells harboring pRS316 or
pYSTP in the early exponential phase were subjected to 30°C, 37°C or
42°C for 6 h. The total GSH levels were represented as Lig/mg protein. * P
< 0.05; ** P < 0.01; *** P < 0.001 versus corresponding pRS316-
containing cells.

total GSH contents in the vector control cells dropped to 38.9%
and 22.5%, respectively, at 37°C and 42°C, compared to those at
30°C. The total GSH contents in S. pombe cells harboring
pYSTP were 1.9-, 2.6-, and 1.8-fold higher at 30°C, 37°C, and
42°C, respectively, than those in the corresponding vector
control cells (Fig. 5). In brief, Sdul plays an enhancing role in S.
pombe cells at the higher incubation temperatures as well as
30°C.

Total superoxide dismutase (SOD) and peroxidase
activities

In addition to total GSH, antioxidant enzymes such as
superoxide dismutase, catalase, peroxidase, and peroxiredoxin
are also principal components of the cellular defense systems
against RNS as well as ROS. As shown in Fig. 6A, total SOD
activities in the vector control cells gradually became lower at
the higher incubation temperatures than at 30°C. Although total
SOD activities in the S. pombe cells harboring pY STP gradually
became lower at the higher incubation temperatures than at
30°C, their levels were maintained to be higher than those in the
vector control cells. The SOD activity levels in the S. pombe
cells harboring pYSTP were 1.3-, 1.3-, and 1.5-fold higher at
30°C, 37°C, and 42°C, respectively, than those in the corres-
ponding vector control cells (Fig. 6A).

Likewise, GSH peroxidase activities in both the vector
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Fig. 6. Effect of Sdul on total superoxide dismutase (SOD, A) and
glutathione peroxidase (B) activities in S. pombe cells grown under
thermal stress. The yeast cells harboring pRS316 or pYSTP in the early
exponential phase were subjected to 30°C, 37°C or 42°C for 6 h. Total
SOD activity was represented as Asso/min/mg protein, and peroxidase
activity was expressed as Asqo/min/mg protein. * P < 0.05; ** P <0.01;
**%k P <0.001 versus corresponding pRS316-containing cells.

control cells and the S. pombe cells harboring pY STP gradually
became lower as their incubation temperatures were getting
higher. However, the peroxidase activities in the S. pombe cells
harboring pYSTP were 1.4-, 1.4-, and 1.4-fold higher than those
in the vector control cells. This result suggests that Sdul has an
enhancing activity on peroxidase in S. pombe cells at the higher
incubation temperatures as well as 30°C. Collectively, Sdul is
capable of enhancing activities of antioxidant enzymes, such as

total SOD and glutathione peroxidase, in S. pombe.

Discussion

Microbial cells can be easily exposed to various kinds of

stresses and respond in diverse ways ranging from activation of
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survival pathways to the induction of cell death which leads to
the elimination of damaged cells. They are equipped with
various defense mechanisms, and one of the cellular defense
mechanisms is currently known to be linked with ubiquitin
homeostasis. Under certain stress conditions, monoubiquitin is
in demand to cope with the accumulation of misfolded proteins
which require proteasomal degradation, and one example to
bolster monoubiquitin levels was shown to be the down-regulation
of Rful (regulator of free ubiquitin chains 1), an inhibitor of the
DUB Doa4 in Saccharomyces cerevisiae (Wolf and Petroski,
2009). Rapid loss of free ubiquitin chains upon heat shock, a
condition in which more proteins require ubiquitin conjugation,
is mediated by Doa4 and Rful in S. cerevisiae, suggesting that
the regulation of ubiquitin homeostasis is controlled by a
balance between DUBs and their inhibitors (Kimura et al.,
2009). Kimura et al. (2009) also demonstrated that free ubiquitin
chains function as an ubiquitin reservoir which allows main-
tenance of monomeric ubiquitin at adequate levels under normal
conditions and rapid supply for substrate conjugation under
stress conditions. In the present work, when the yeast cells,
grown to the early exponential phase at 30°C, were shifted to
37°C or 42°C, the overexpressed Sdul UCH was identified to
significantly help the growth of the yeast cells at the higher
temperatures. Especially at 42°C, the overexpressed Sdul UCH
in the S. pombe cells harboring pYSTP could make the yeast
cells grow reasonably although the growth of the vector control
cells were almost arrested. This preliminary finding implies that
Sdul UCH, recently identified as a PPPDE superfamily member,
plays a protective role against thermal stress in S. pombe.
Various DUBs were already shown to positively or negatively
participate in the defense against diverse stresses in very
different ways. USP9X, as a binding partner of ASK1 mediating
oxidative stress-induced cell death through activation of JNK
and p38 MAPK pathways, interacts with oxidative stress-
activated ASK1 and prevents it from undergoing ubiquitin-
dependent degradation, demonstrating that USP9X-dependent
stabilization of activated ASK1 plays an important role in
oxidative stress-induced cell death (Nagai et al., 2009). USP10
participates in the assembly of S. pombe stress granules rapidly
induced under environmental stress conditions but not under
favorable conditions, which interacts with GTPase activating

protein SH3 domain binding protein, a member of Ras signaling

pathway (Wang et al., 2012a). Inhibition of a proteasome-
associated USP14 by a selective small-molecule inhibitor
accelerates the degradation of oxidized proteins and enhances
resistance to oxidative stress, which is based upon a strategy to
diminish the levels of intracellular aberrant proteins under
proteotoxic stress (Lee et al., 2010). A ubpl0 mutant tran-
scriptome displays the induction of genes whose products play
as scavengers in the enzymatic defense against oxidizing
agents that potentially damage proteins and nucleic acids, such
as GRX1I encoding cytoplasmic glutaredoxin, GPX1 encoding
glutathione peroxidase, SOD2 encoding mitochondrial Mn-
SOD, CCP1 encoding cytoplasmic ¢ peroxidase, CTT1 encoding
cytoplasmic catalase T, and G77! encoding glutathione
transferase (Orlandi et al., 2004). These changes are accompanied
by intracellular accumulation of ROS as well as by DNA
fragmentation and phosphatidylserine externalization, two
markers of apoptosis (Orlandi et al., 2004). The increase of ROS
linked to absence of Ubp10 is also verified by an increase in
protein carbonylation, one of the most studied biomarkers
resulting from oxidative stress (Orlandi ez al., 2010). USP36, an
USP primarily localized to the nucleoli and involved in maintain
normal nucleolar structure, was reported to regulate the protein
stability of SOD2 through diminishing the ubiquitination level
of SOD2 and subsequently extending its half-life by preventing
it from protein degradation (Kim et al., 2011). Ataxin-3, a
polyglutamine-containing DUB belonging to the Josephin
family, promotes the recruitment of mutant SODI to the
aggresome, and the formation of SOD1 aggresome depends on
the DUB activity of ataxin-3 and is mediated by ataxin-3 editing
of K-63-linked polyubiquitin chains on mutant SOD1 proteins
(Wang et al., 2012b).

USP1, known as a key regulator of genomic stability, is
reversibly inactivated through the oxidation of catalytic
cysteine residue by ROS, proposing that DUBs of the cysteine
protease family act as ROS sensors and that ROS-mediated
DUB inactivation is a crucial mechanism for fine-tuning stress-
activated signaling pathways (Cotto-Rios et al., 2012). USP2a,
specifically overexpressed in prostate adenocarcinomas, induces
drug resistance in immortalized and transformed prostate cells,
and its overexpression protects from drug-induced oxidative
stress by reducing ROS production and stabilizing the
mitochondrial potential through enhancing intracellular GSH

Korean Journal of Microbiology, Vol. 51, No. 4
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content (Benassi et al., 2013). These findings propose that at
least the USP family members can have opposite effects on the
ROS levels. Like USP2a, the S. pombe Sdul UCH could reduce
the intracellular ROS levels enhanced under thermal stress. This
ROS-scavenging activity of Sdul UCH might be one supportive
reason on its growth-enhancing activity under thermal stress.
However, the precise mechanism of the ROS-scavenging activity
remains largely unknown.

Some USP family DUBs were found to be involved in the
response against thermal stress using deletion mutants. Loss of
Ubp10, a USP family member of S. cerevisiae, causes growth
defects at different temperatures exacerbated when Ubpl10 is
inactivated in strains with auxotrophic markers (Amerik ef al.,
2000). A ubp5 mutant exhibits elevated sensitivity to several
external stressors such as high temperature, oxidative and
nitrosative stresses, high salts, and antifungal agents, suggesting
that UbpS5 is a major DUB for stress response in Cryptococcus
neoformans (Fang et al., 2012).

Until recently, a very limited number of reports on the
defensive roles of UCH activities have been documented. UCH
L1 possesses essential functional and anti-apoptotic roles in
pancreatic beta cells under stress conditions associated with
lipotoxicity (Chu et al., 2012). In the early Caenorhabditis
elegans embryo, the cyk-3 gene encoding a UCH plays a crucial
role in cellular osmoregulation by deubiquitinating certain
substrates, which indirectly participates in cytokinesis and
embryonic polarity (Kaitna et al., 2002). This work offers an
example on the participation of UCH activities in the response
against thermal stress.

In conclusion, the S. pombe cells harboring pYSTP which
contain the higher levels of Sdul UCH grow better under
thermal stress than the vector control cells. They contain lower
levels of ROS and NO levels under thermal stress than the vector
control cells. However, the S. pombe cells harboring pYSTP
have the higher levels of total GSH contents, total SOD and
glutathione peroxidase activities under thermal stress than the
vector control cells. In brief, the Sdul UCH of S. pombe,
belonging to the PPPDE superfamily, plays a defensive role
against thermal stress probably through modulating some

antioxidant components.
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