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Abstract. The oxidation of tyrosine to 3‑nitrotyrosine is irre-
versible, and due to this characteristic, 3‑nitrotyrosine is used 
as a marker for oxidative stress in a range of diverse chronic 
and degenerative diseases. It has been established that the yeast 
Debaryomyces hansenii (D. hansenii) can assimilate free 
3‑nitrotyrosine as unique source of nitrogen, and during saline 
stress, has a high denitrase activity to detoxify this compound 
in a reaction that involves the liberation of nitrogen dioxide 
from 3‑nitrotyrosine. However, until now it has not been 
determined whether D. hansenii can detoxify protein‑bound 
3‑nitrotyrosine such as nitrated proteins present in different 
chronic illnesses. TThe aim of the present study was to evaluate 
the denitrase activity of D. hansenii to reduce 3‑nitrotyrosine 
from liver proteins of mice with colitis. Firstly, the levels of 
reactive oxygen species of liver tissue of colitic and control 
mice were measured by the reaction with the 2'7'‑dichloro-
fluorescein diacetate. Denitrase activity of D. hansenii was 
evaluated by incubating cell extracts of the yeast with protein 
extracts from livers of mice with colitis. Following incuba-
tion, 3‑nitrotyrosine was measured, and to corroborate that 
denitrase reaction had occurred, the production of nitrites was 
measured. In samples of liver tissue from mice with colitis, 
the maximum levels of reactive oxygen species were up to 
two times higher compared with the control livers. Following 
the incubation of colitic liver samples with cell extracts of 
D. hansenii, it was observed that 3‑nitrotyrosine decreased to 

the basal concentration of control liver samples, and that the 
concentration of nitrites was increased. These results indicate 
that denitrase of D. hansenii extracts can effectively detoxify 
3‑nitrotyrosine bound to proteins and that the extracts could 
be used to decrease protein oxidation damage in chronic 
degenerative diseases.

Introduction

The oxidized compound 3‑nitrotyrosine (3‑NT) is employed 
as an oxidative stress marker. The tyrosine present in most 
proteins is a target for reactive nitrogen species (RNS), such 
as peroxynitrite (ONOO‑), which is produced by the reaction 
of superoxide (O2

‑) with nitric oxide (NO). The ONOO‑ reacts 
extremely quickly with the aromatic amino acid tyrosine 
to form 3‑NT (1,2). The main problem of the occurrence of 
protein nitration is the alteration or inhibition of their function. 
The protein oxidation damage has been largely associated 
with the progression of some degenerative diseases such as 
non‑alcoholic fat liver, colitis, lateral sclerosis, Alzheimer's 
disease and type 2 diabetes mellitus (3‑5).

The non‑alcoholic fatty liver disease (NAFLD) begins 
with hepatic steatosis, which is defined as the accumulation 
of triglycerides (TG) at the level of the cytoplasm, in histology 
is evidenced by the presence of droplets in cytoplasm of TG 
in more than 5% of the hepatocytes, steatosis may progress 
to a state of inflammation and cellular damage that may end 
in NAFLD and hepatic cirrhosis (6). In the pathogenesis of 
NAFLD it has been shown that the increase of free fatty acids 
leads to a deregulation of the ways of assimilation and release 
of free fatty acid in the liver, thus modifying the regulation of 
transcription of the genes of lipogenesis and their transport out 
of the liver (7,8). The excess of TG overloads the carrier VLDL 
molecules, so VLDL‑TG of greater diameter that exceed the 
sinusoidal pores of epithelium accumulate in the liver, and 
may generate stress in the endoplasmic reticulum (ER) and the 
activation of the pathway NF‑κB, which increase the transcrip-
tion of genes encoding for pro‑inflammatory cytokines (8,9).

In addition, the excess of fatty acids modifies the mito-
chondrial function, because when the fatty acids are processed 
by β‑oxidation, this increases the substrates of the respiratory 
chain and the flow of electrons, which conduce to a higher 
production of oxygen and reactive nitrogen species (ROS and 
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RNS) and may exceed the antioxidant response, and lead to 
oxidation of biomolecules.

In the case of ulcerative colitis (UC), the deficiencies of 
the intestine immune system and the epithelial barrier that 
prevents the entry of bacteria or antigens to the circulation, 
lead to inflammation, which causes a continuous deterioration 
of the epithelium and the exposure to microorganisms. In the 
lamina propia of the intestinal mucosa, the number of mature 
dendritic cells of the immune system also increases, including 
a large number of Toll-like (TLR) receptors, specifically TLR2 
and TLR4, which are activated and lead to the transcription 
of genes that encode for pro‑inflammatory cytokines. There 
is also an atypical response of T helper cells (Th) in patients 
with ulcerative colitis, specifically Th2, which exerts a cyto-
toxic response against epithelial cells (10‑12). In addition, the 
recruitment of leukocytes is affected, because UC increases 
the release of the chemo attractant molecule CXCL8, this acti-
vates the leukocytes recruiting from the systemic circulation 
to the intestinal mucosa, its entrance triggers an inflammatory 
response with a high production of ROS, which is a defense 
response to phagocytosis of bacteria, also the granular mate-
rial or soluble irritating compounds increase ROS levels (13).

In intestinal and hepatic diseases, the common factor is an 
inflammatory condition, that begins with TLR4 receptors, and 
activates transcriptional factors such as NF‑κB, which in turn 
regulates the genetic expression of different pro‑inflammatory 
cytokines, for example in fatty liver disease, there is an increase 
of TNF‑α, IL‑8, IL‑1 α and IL‑1 β (14). The cascade of TLR4 
can induce alterations of the mitochondrial function and thus 
the increase of ROS production. Also, during the consumption 
of fat‑rich diets, it has been shown there is an overexpression 
of TLR4 gene (15) and production of ROS (16).

In addition, a relationship of incidence of hepatic damage 
in patients with inflammatory diseases such as ulcerative 
colitis (17) has been found recently, which may be due to the 
passage of bacteria or endotoxins from the intestine to liver, 
that produces an inflammation of the liver and hepatobiliary 
damage, this condition is specifically termed cholangitis (18,19). 
In patients with NAFLD the damage derived from UC can be 
a factor of susceptibility for progress to non‑alcoholic steato-
hepatitis (NASH). As a result of the bacterial translocation, the 
endotoxin of the bacterial cover (LPS) is fixed to the type recep-
tors of the cell surface and this promotes the production of the 
pro‑inflammatory cytokines and production of ROS in the liver 
tissue. The establishment of incidence and correlation between 
different diseases is also explored in other diseases to prevent 
their worsening. For example, measurements of echocardiog-
raphy of healthy and NAFLD patients were compared and a 
significant relationship was found, with an increase in the mass 
of the left ventricle of the myocardium in patients with NAFLD, 
the conclusion was that the echocardiography is a good indicator 
of decreased cardiac function and may be key to modify feeding 
habits in patients with NAFLD to improve cardiac function. In 
the case of UC, its evaluation and monitoring could be used to 
prevent liver damage.

The cells overcome the oxidative stress condition mainly 
by neutralization systems such as superoxide dismutase, 
catalase and oxide‑reductase enzymes that react with ROS 
and in consequence diminish ROS and RNS (13). The cellular 
mechanisms to repair oxidative damage are scarce or null, 

such as the case of protein 3‑NT elimination, which has 
been proposed as irreversible, and although an enzymatic 
like activity of denitrase for histone 3 to detoxify 3‑NT 
has been demonstrated in humans  (20), there are no data 
that clearly demonstrate the presence of denitrase enzyme 
in higher eukaryotic organisms. However, in microorgan-
isms proteins have been found that degrade 3‑NT, these are 
denitrases enzymes or flavoprotein monooxygenases that act 
directly on nitrated aromatic compounds to remove the nitro 
group, originally described in bacteria as oxygenase that in 
presence of an aromatic compound such as ortho or para 
nitrophenol, require a reduced substrate such as NADPH 
or NADH and oxygen to release nitrite (21‑23). In the yeast 
Debaryomyces hansenii (D. hansenii), we found genes that 
encode for NADPH‑dependent monooxygenase enzymes, and 
in total protein extracts of the yeast, we measured the specific 
activity of the denitrase with commercial free 3‑nitrotyrosine 
and determined that D. hansenii can degrade to a concentration 
of 10 mM 3‑NT. It was also found that the yeast can assimilate 
3‑NT as the sole source of nitrogen (24).

The extremophile organisms are an excellent source 
to search for genes to detoxify oxidized molecules, such as 
the extreme halotolerant yeast D. hansenii, that during salt 
stress support a high ROS production (25,26). In response, 
the yeast activates the transcription of genes to ameliorate 
oxidative stress. In a previous work, we reported that the 
increased expression of the RNA messenger of DhARO4 gene 
in D. hansenii is a strategy to survive to salt stress, because 
after the transcription of DhARO4 there is more enzyme to 
produce tyrosine, that is used as antioxidant compound to 
avoid the protein oxidation, because the free tyrosine can react 
with ONOO‑ that, in turn, reduces the ONOO‑ levels that can 
nitrate proteins. Taking into account this model, we supported 
our results, because after the overexpression of the DhARO4 
gen, there is a high specific activity of the DhAro4p without 
an increase of tyrosine because we observed a maximum 
concentration of the 3‑NT compound (27). In fact, after grown 
D. hansenii in a medium with high NaCl concentration, there 
is also oxidative stress and we proposed that the synthesis of 
tyrosine occurred immediately, this is oxidized to 3‑NT as a 
mechanism to decrease the cell damage of high ROS or RNS 
production (26).

As we mentioned, recently we found that D. hansenii can 
assimilate 3‑NT as unique nitrogen source, and determined 
that the cell extract of this yeast has denitrase specific activity 
over residual free 3‑NT (24). However, it is necessary deter-
mine whether the cell extracts of D. hansenii can revert the 
3‑NT oxidation when it is bound to proteins of higher eukary-
otic organisms.

In this work, we evaluated the denitrase activity of 
D. hansenii in liver proteins from mice with and without 
colitis measuring the ROS production and the 3‑NT oxidative 
marker, and evaluating the nitrite concentration to corroborate 
the removal of NO2 from 3NT.

Materials and methods

Mice. Female BALB/c mice were purchased from Envigo 
México (Envigo RMS S.A., Coyoacán, Mexico). Six to eight 
weeks old mice were used in this study. All mice were housed 
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under specific pathogen‑free conditions according to Faculty 
Animal Care and Use Committe and government guidelines 
(Official Mexican regulation NOM‑062‑ZOO‑1999).

DSS‑induced colitis. The model of colitis in mice was imple-
mented according to Ledesma‑Soto  (28). Briefly, BALB/c 
strain mice were assigned to the control or colitis group. The 
control group received standard food with free access to water, 
whereas the colitis group received in their drinking water 4% 
dextran sodium sulphate (DSS) (MW: 40000; Alfa Aesar) for 
7 to 10 days to cause colitis. The mice were weighted daily to 
evaluate the body weight percent. At the end of the treatament, 
the mice were euthanized in a CO2 chamber and liver samples 
with or without colitis were placed in 2 ml polypropylene 
conical tubes, immediately frozen with liquid nitrogen and 
stored at ‑70˚C for later use.

Histology. Ethanol‑fixed colon tissues were embedded in a 
paraffin block. Distal parts of colons obtained from colitis 
mice at day 9 were cut into 5 µm and used for hematoxylin 
and eosin (H&E) staining. The histological severity of colitis 
was examined under a microscope (Axio Vert A1, Carl Zeiss), 
tissue samples stained with H&E and were based on the extent 
of edema, ulceration, crypt loss and infiltration of immune 
cells as previously described (29).

Mice liver crude extracts. The crude extracts were done 
according to the modified assay of Song (30). Then, 200 mg 
of each sample was taken and to remove the excess of blood, 
samples were washed with 1X phosphate buffer (PBS). The 
tissue was transferred to a 2 ml propylene conical tube and 
added 500 µl of 1X PBS. Cellular lysis was done with PTFE 
micro pestle and 5 µl of 100 mM phenylmethylsulfonyl fluo-
ride (PMSF) (SIGMA‑ALDRICH). The cellular macerate 
was centrifuged at 13,000 x g for 10 min at 4˚C. The aqueous 
phase was transferred to a new tube and kept on ice. The 
protein concentration was determined using the UV light 
spectrophotometry method at 280 nm and a standard curve of 
bovine serum albumin (BSA; Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany).

ROS production. ROS levels were determined in the liver 
extracts of M. musculus by the reaction of ROS with the 2'7'‑ 
dichlorofluorescein diacetate (DCFA‑DA) (Sigma‑Aldrich; 
Merck KGaA), according to the modified method of 
Hempel (31). With this method, the increase of fluorescence 
is used as index of the production of ROS in the sample. From 
each cell extract, 50 µl were placed in triplicate in a 96‑well 
plate and 195 µl of 1X PBS and 5 µl of 500 µM DCFA‑DA 
were added. The plate was placed in a fluorometer with 96‑well 
plate reader (BioTek Instruments, Inc., Winooski, VT, USA); 
the fluorescence was recorded at an excitation wavelength of 
485 nm and emission of 520 nm for 60 min. The fluorescence 
value was reported as the relative fluorescence unit per mg of 
total protein in the crude extract.

D. hansenii growth conditions. The yeast D. hansenii strain 
Y7426 (CBS 767) was obtained from the Department of 
Agriculture of Peoria (Peoria, IL, USA). The strain was main-
tained in YPD medium (yeast extract 1%, peptone 1% and 

glucose 2%) (Sigma‑Aldrich; Merck KGaA) and Agar 1.5% 
(Sigma‑Aldrich; Merck KGaA). In order to grow D. hansenii 
in salt stress, first a pre‑culture of the yeast was made in YPD 
medium for 24 h at 28˚C with constant stirring (250 rpm). Then 
aliquots were taken from the preculture to inoculate three 
Erlenmeyer flasks with YPD medium and/or 1 and 2 M NaCl 
(JT Baker, Phillipsburg, NJ, USA). Cultures were started with 
an optical density (OD) of 0.01 to 0.2. Cells were collected by 
centrifugation when the cultures reached OD value of 0.8 to 
1 at 600 nm. D. hansenii crude extracts were obtained (26). 
The protein concentration was determined using the UV light 
spectrophotometric method at 280 nm and a standard curve 
of BSA.

Incubation assay of crude extracts of mice liver and yeast. 
From each liver crude extract (with and without colitis) and 
yeast (YPD, with 1 and 2 M NaCl), 100 µg ml of proteins 
were added to each eppendorf tube. The capacity of deni-
trase activity was evaluated according to the modified assay 
of Zeyer and Kocher  (21). To each extract mixture 4 mM 
NADPH (Sigma‑Aldrich; Merck KGaA) and 4 mM MgSO4 

(Sigma‑Aldrich; Merck KGaA) were added and the volume 
was adjusted to 100 µl with 1X PBS, each sample was kept at 
room temperature for 30 min, then frozen at ‑70˚C.

3‑NT concentration in crude extracts. 3‑NT‑modified proteins 
in the mixture of extracts were quantified by a 3‑NT primary 
antibody (enzyme‑linked immunosorbent assay) assay 
(Ab116691; Abcam, Cambridge UK) following the instructions 
of the supplier. Quantification was done against a standard 
curve of nitrated BSA (Ab116691; Abcam). From each sample 
an aliquot was taken which was added to each well of the plate 
and incubated for two h at room temperature. Subsequently 
the secondary antibody was added which recognizes the 3‑NT 
antibody and changes color when the HRP substrate is added. 
The plate was read on a UV‑VIS spectrophotometer (BioTek 
Instruments, Inc.) at a wavelength of 600 nm.

Nitrite production. The concentration of nitrites from 
3‑NT degradation was determined in all extracts with the 
Griess reaction of the commercial nitrite and nitrate system 
(no.  780001; Cayman Chemical Company, Ann Arbor, 
MI, USA). The added Griess reagents sulfanilamide and 
n‑(1‑naphthyl) ethylendiamine react with the nitrite to form a 
violet diazonium salt choromophore, whose concentration is 
determined by measuring absorbance at 545 nm. The samples 
were read on a 96‑well plate reader spectrometer (BioTek 
Instruments, Inc.) at a wavelength of 545 nm.

Statistical analysis. In order to establish whether the differ-
ences in the values of the parameters of experimental and 
control mice were statistically significant, a Student's t‑test 
was applied when the sample number of mice were five to 
six (data of change of weight and ROS concentration). While 
in the determinations with a number of mice of three, as the 
case of 3‑NT and NO2 concentrations, the data were analyzed 
with a Kruskal‑Wallis to establish if there were differences 
among experimental and control groups; next, a Mood's 
median test was applied as a pos hoc test for comparisons 
between pairs of groups using Bonferroni correction. P<0.05 
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was considered to indicate a statistically significant differ-
ence.

Results

Induction of colitis in a mouse model by Dextran sodium 
sulphate (DSS). Taking into account that in the model of murine 
colitis severe intestine damage has been reported, we wanted to 
evaluate whether there was also liver damage and we established 
first the model of colitis according to Ledesma‑Soto (28). We then 
evaluated whether the intestine damage can affect the liver. We 
corroborated that 4% DSS induces colitis when it is administered 
orally for 9 days (Fig. 1A). During the course of the experiment, 
the treated mice exhibited profound body weight loss (Fig. 1B) 
and bloody diarrhea, whereas the control group exhibited no 
symptoms. Histological analysis indicated that DSS generates 
signs of the histological damage such as abnormal crypts, crypts 
loss, and inflammatory cell infiltration (Fig. 1C).

Colitis produces an increase of ROS and protein damage 
in liver. To evaluate liver damage, we measured the reactive 
oxygen species (ROS) in liver samples of mice with and 
without colitis. The crude extracts of mice liver without colitis 
had a ROS level of 79 relative units of fluorescence (RUF)  
total protein • mg‑1. In contrast the crude extracts of mice 
liver with colitis presented higher ROS level 130.6 RUF total 
protein • mg‑1, (Fig. 2), these results indicate that effectively, 
ROS levels increase in the liver samples from mice with colitis.

Considering the high ROS production observed in the 
samples of liver from mice with colitis, we evaluated whether 
the samples displayed oxidation of proteins such as the forma-
tion of 3‑NT. Next, we measured the concentration of 3‑NT. 
We observed that samples of liver from mice without colitis 
showed an average concentration of 3‑NT of 36.8 ng • ml‑1 (n=3) 
while the samples of liver from mice with colitis displayed 
significant higher 3‑NT concentrations 78.1 ng • ml‑1 (n=3) 
compared to normal mice, these data suggest a higher protein 
oxidation damage in the liver of mice with colitis.

Denitrases of Debabryomyces hansenii decrease the levels 
of oxidation of proteins of mice liver with colitis. In order 
to evaluate the denitrase capacity of D. hansenii to reduce 
protein‑bound 3‑NT, we performed incubation assays of crude 
extracts of liver samples (with and without colitis) with crude 
extracts of D. hansenii. Also, we considered that higher deni-
trase activity was reported in cell extracts of the yeast grown 
with 1 and 2 M NaCl (24), thus we included these cell growth 
conditions to obtain the cell extracts. We found that in the 
incubation assay, in which the samples of control and colitis 
liver were incubated with cells extract of D. hansenii grown in 
YPD medium, the higher value of 3‑NT corresponded to the 
samples with colitis, because, first, the samples of colitis, as we 
described above, had a higher 3NT concentration, and second, 
the YPD growth condition is not stressful for the yeast and 
in consequence, there is only a basal denitrase activity (24). 

However, in the incubation assay in which the cell extract of 
D. hansenii grown in 1 M NaCl, the 3‑NT concentration of 
samples with colitis decreased and dropped their values below 
that obtained in the control samples (Fig. 3). Moreover, in the 
incubation assay of the samples with colitis and the cell extract 

of D. hansenii grown with 2 M NaCl, the 3‑NT levels were 
significantly lower compared with control samples. The lack 
of reduction of 3‑NT concentration in the control and colitis 
samples when the cell extracts of the yeast were recovered 
from YPD medium, and the increase of degradation of 3‑NT 
with cell extracts of D. hansenii grown in 1 and 2 M NaCl, 
suggest de novo synthesis of denitrase enzyme to overcome 
the oxidative damage generated during salt stress.

Decreased levels of 3‑nitrotyrosine in liver samples with 
colitis are notorious, comparing the levels in the samples incu-
bated with the yeast cell extract grown in YPD medium against 
those of the extract with 2 M NaCl (Fig. 3), it is observed that 
there is a 50% decrease in 3‑NT levels, this fact underscores 
the decrease of oxidized proteins of colitis with the denitrase 
of the cellular extract of D. hansenii.

Figure 1. DSS induces murine colitis. Mice drinking 4% DSS for 9 days, 
the control group drinking only water without DSS. (A) The photographs 
show mice without colitis and mice with DSS‑induced colitis, and the mice 
colon after the dissection of the organs; (B) Body weight change, repre-
sentative results of 5 mice are shown. Each value represents means ± SD 
(n=5 mice/group), *P<0.01; (C) Colon histology, colons were removed, fixed 
and stained with H&E, arrows indicate normal colon histology in mice 
without colitis and damage in mice with DSS‑induced colitis. DSS, dextran 
sodium sulphate; H&E, hematoxylin and eosin.
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Denitrase activity increases nitrite production. It is known 
that after a denitrase reaction occurrs there is an increase in 
the nitrite levels (22). Thus, next we quantified the nitrites 
concentration after the incubation assay of crude extracts of 
livers with the crude extract of the yeast. We found in the liver 
samples without yeast extract that the concentration of nitrites 
were 0.41 and 0.37 µM, respectively (Fig. 4). By contrast, after 
the incubation with the yeast extract the nitrites reached the 
highest concentration, and significant differences of nitrites 
were observed in colitis samples incubated with the extract 
of yeast grown in 1 M NaCl (Fig. 4B). However, we observed 
almost the same value of nitrites concentration in the incuba-
tion assay of control and colitis samples with the crude extract 
of the yeast grown in 2 M NaCl (Fig. 4).

Discussion

The oxidative‑mediated damage of proteins is a key event in 
many degenerative and inflammatory diseases (32,33). In the 

present study, we provided evidence that colitis can affect other 
organs such as liver, given that we observed an increase of 
ROS production in the crude extracts of livers from mice with 
colitis. In this respect, research is scarce, due to the complexity 
of evaluating that a disease such as colitis or obesity in animal 
models lead to oxidative stress condition in the liver (16,34).

The research about inflammatory disease such as colitis 
is fundamental to establish strategies to decrease the damage 
of liver and preserve its functions. In particular, it has been 
demonstrated in colitis that the oxidative stress condition leads 
to oxidation of biomolecules, which can be detrimental, if the 
oxidation modifies or inhibits protein functions, for example, 
when the irreversible oxidation of tyrosine occurs to form 
3‑NT (35).

To date, a specific biological system has not been reported 
in higher eukaryotes that reverts the oxidation of the 3‑NT 
bound to proteins. In a previous work, we demonstrated that 
D. hansenii can assimilate free 3‑NT as a unique source of 
nitrogen and that in vitro the crude extracts of this yeast have 
denitrase activity (24), but it is necessary to provide evidence 
on whether or not such denitrase activity may function with 
3‑NT bound to proteins. To our knowledge this is the first 
report demonstrating that cell extracts from D.  hansenii 
cultured in salt stress conditions have a potent denitrase 
activity that is able to degrade 3‑NT in protein samples of liver 
from mice with acute colitis. Also, we demonstrated that the 
crude extracts of D. hansenii grown in 1 and 2 M NaCl has the 
highest denitrase activity, and this fact is in agreement with 
the postulate of the transcriptional response of D. hansenii to 

Figure 3. 3‑NT concentration in protein samples of liver with and without 
colitis after incubation with D. hansenii  extracts. The concentration of 
3‑NT in liver protein extracts of mice liver with or without colitis (n=3) was 
measured after incubating for 30 min the liver protein samples with the total 
protein extracts of D. hansenii. For each sample of hepatic protein three 
incubations were made: with the extracts of the yeast grown in YPD medium 
without sodium, and with 1 and 2 M NaCl. Error bars are SEM; significant 
results with pos hoc Mood's median test comparison are indicated with an 
asterisk (*) when P<0.05. 3‑NT, 3‑nitrotyrosine; SEM, standard error of the 
mean.

Figure 2. ROS in protein samples of mice liver with colitis. ROS produc-
tion of liver protein samples of control mice without colitis (n=4) and mice 
with DSS‑induced colitis (n=6), is expressed as relative units of fluorescence 
after 50 min of reaction with DCFA‑DA. Error bars are SEM, *P<0.05. ROS, 
reactive oxygen species; DSS, dextran sodium sulphate; DCFA‑DA, dichlo-
rofluorescein diacetate; SEM, standard error of the mean.

Figure 4. Nitrite production after 3‑NT detoxification in proteins from liver 
of mice with colitis. (A) control and (B) colitis. The concentration of nitrites 
in total protein extracts of liver of mice with and without colitis (n=4 and 
n=3 per group), was measured after incubating for 30 min the liver protein 
samples with the total protein extracts of D. hansenii. For each sample of 
hepatic protein three incubations were made: with the extracts of the yeast 
grown in YPD medium without sodium, and with 1 and 2 M NaCl. Error bars 
are SEM; *significant differences compared with samples without extract of 
yeast with a pos hoc Mood's median test when P<0.05. 3‑NT, 3‑nitrotyrosine; 
SEM, standard error of the mean.
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overcome the effects of the oxidative stress condition gener-
ated during salt stress (24,27).

Our findings are supported by an expected increase in the 
nitrite concentration, because when the reaction of denitrase 
occurs, the 3‑NT disappears and the nitrite concentration 
increases, as has been shown by Nishino (22). In particular, 
we found an elevated increase of nitrites in the liver samples 
from mice with colitis, this result can be taken as an additional 
demonstration that the 3‑NT concentration was higher in the 
liver of mice with colitis because there was an elevated ROS 
production. And, as we suspected, in the assays where we used 
the cell extracts of D. hansenii grown in salt stress, nitrite 
production increased due to the high denitrase activity observed 
in 1 and 2 M NaCl conditions. However, in the 2 M NaCl crude 
extract of the yeast there was no higher increase of nitrites 
concentration, probably because the sodium residual in the cell 
extracts reacts with nitrites to form nitrates, as occurred in the 
reaction of nitrite oxidation in presence of sodium (36,37).

The present work is preliminary and in further studies 
of in vivo application of the yeast extract in a mouse model 
of colitis, we consider carrying out a liver function test, by 
measuring hepatic enzymes in blood, such as γ‑glutamyl 
transferase (GGT), aspartate transaminase (AST), alanine 
aminotransferase (ALT) or alkaline phosphatase, because these 
enzymes are released from the liver in response to damage or 
disease; a measurement and identification of nitrated proteins 
of liver and blood by HPLC and mass spectrometry, will be 
useful to stablish the kind and number of nitrated proteins 
before and after application of the yeast extract, for example 
it has been determined that both the glutamine synthase and 
apolipoprotein A1 are nitrated in inflammatory and hepatic 
diseases  (2). Given that in this work we determine only 
whether there were changes in the production of ROS in the 
liver of mice with or without colitis, we consider using ROS 
determination in specific cells employing flow cytometry. All 
of these measurements are required to state the results of the 
present study.

In conclusion, here we presented evidence that the yeast 
D.  hansenii possess a high denitrase activity to detoxify 
oxidized 3‑NT bound to proteins. This finding will benefit 
experimental and therapeutic medicine, considering that 
oxidation of proteins in degenerative and chronic diseases is a 
problem in medicine today. Also the demand for repair mecha-
nisms justify the need for more effective therapy approaches. 
Thus the research that put in practice strategies to revert the 
oxidation damage derived from the results of this study will 
be able to make a breakthrough in medicine, because the 
study will help uncover a critical area in the reduction of the 
oxidized compound 3‑NT that inhibits or modifies the function 
of proteins and because until now there is not a report giving 
evidence of a gene or enzyme that reduces this compound in 
humans. Thus a new application to reduce oxidation in inflam-
matory diseases and thereby ameliorate the symptoms and 
perhaps stop the progress to more severe illness may found.
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