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ABSTRACT

Peroxynitrite is a potent oxidant to nitrate tynosiof protein, induce DNA strand breaks and prombeelipid
peroxidation in vivo, which can result in seriousahses, such as cardiopathy, neurodegeneratived#iss and
even cancer. However, carbon dioxide can react wighoxynitrite and change the toxicological projest of
peroxynitrite, which is in equilibrium with bicarbate anion in the extracellular milieu (25 mM irapma). Due to
reaction mechanisms of peroxynitrite with aminodacare the bases to explore the damage of proteinced by
peroxynitrite. Here, by using stopped flow instrmeJV-visible spectra, fluorescence spectroscopg high
performance liquid chromatography, we investigates kinetics reaction of carbon dioxide and peratxita in the
different environment and the effects of carborxid® on damage of amino acids caused by peroximitfihe
results showed when the temperature was 37°C and.gHtwo-order rate constant of peroxynitrite readth
NaHCO, was 2.3x16 M*.s'. The damage of amino acids aroused by peroxymitias weakened in 0.1 M
phosphate buffer solution with 25 mM NaHCEd the damage inhibition ratio of tryptophan agobsine reached
to 27% and 50%, respectively. Moreover, carbon idiexcould also reduce the fluorescence quenchirtgrosine
induced by peroxynitrite.
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INTRODUCTION

Protein consists of amino acids. Damage of pratairsed by peroxynitrite is mainly manifested by ification of
its amino acid residues. Therefore, reaction meish@nof peroxynitrite with amino acids are the Isaseexplore
the damage of protein induced by peroxynitrite.oRenitrite (ONOQO) can impact normal physical function of
protein by nitration and oxidation of amino acigidees, leading to serious biological consequefic&3, such as
neurodegenerative disorders and cardiovasculard#is® [4-6]. In recent years, researchers foundais amino
acids with sulfur group (cysteine, methionine) amdino acids with aromatic group (tryptophan, tyneireacted
with peroxynitrite. A large number of 3-nitrotyrosi were found in the tissues of many diseasesuded
Parkinson’s disease, stroke and cardiovasculardiss, which was identified as the key productyobsine and
peroxynitrite [7-10]. In addition to 3-nitrotyrosin 3, 3'-dimerization tyrosine and 3, 4'-dihydrolgpylalanine
(dopa) also were generated in the reaction of iyeowith peroxynitrite [11]. The reaction produdttoyptophan
and peroxynitrite was 6-nitro-tryptophan [12-15]oidover, since one of the most abundant constsuehthe
extracellular milieu is bicarbonate anion (25 mMpiasma) which is in equilibrium with carbon diogidcarbon
dioxide can react with peroxynitrite and changetthacological properties of peroxynitrite. On thasis of above
results, we made use of stopped flow instrument;\i&/spectra and HPLC to assay the kinetics reacifocarbon
dioxide and peroxynitrite in the different enviroem, the effects of carbon dioxide on the damagenaho acids
and fluorescence spectroscopy to detect fluoregcguenching of tyrosine aroused by peroxynitriteisTresearch
provided kinetic parameters of peroxynitrite witlrlwon dioxide and the damage inhibition ratio gptophan and
tyrosine in 0.1 M phosphate buffer solution with 281 NaHCQ. In this paper, 25 mM bicarbonate anion can
mimic the microenvironment of the vivo, which is raoaccurate to reflect the toxicological propertias
peroxynitrite in the human body. It has positivgnicance to the prevention and treatment of #lated diseases
caused by peroxynitrite.
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EXPERIMENTAL SECTION

Materials

Tryptophan and tyrosine were obtained from the iBgieast central joint chemical plant and Beijirfiemical
reagent company. Peroxynitrite was prepared fraardlaction of hydrogen peroxide and isoamyl nitsiteording
to reported procedures [16]. Hydrogen peroxide @exxomposed by manganese (1V) dioxide. The stoakisak of
peroxynitrite in 0.1 M NaOH were stored at -20and used within 3-4 weeks after synthesizing. Beritrite
concentrations were determined prior to each empsri by measuring the absorbance at 302 a3gp~< 1.67 mM
L.cm?). All other chemicals were analytical grade or Highest grade commercially available. All stockuions
were prepared in ultra-pure water.

Stopped flow instrument

Stopped flow measurements were performed by usimjod.ogic stopped flow spectrophotometer (SFM 300,
MOS-250). The 0.1 M phosphate buffer solution (RES)mM Sodium Bicarbonate (SB), 0.1 M phosphatéebu
solution with 25 mM NaHC@and peroxynitrite were separately placed in tHéedint syringes. Reactions of
peroxynitrite were studied in different buffer bsging a rapid-mixing stopped flow diode array spguiotometer to
monitor the reaction from 300 nm to 500 nm. All eximents were carried out at 25°C and 37°C. Theunsent
was equipped with thermostat water bath which ceuolutrol the temperature of the reaction.

UV-Visspectra analysis

The concentrations of tryptophan were 0.4 mM, whigre dissolved in 0.1 M phosphate buffer solutioal 0.1
M phosphate buffer solution with 25 mM NaHgQespectively. Different concentration of peroxyité was
added in amino acid solution with a constant ratt \stirring for 12 h. Tyrosine was dissolved ag ttame
method. They were detected at full wavelength witB010 UV-Vis (Hitachi, Japan).

Fluor escence spectroscopy analysis

The reactions of different concentrations of perotjte with tyrosine were stirred for 12 h in OM phosphate
buffer solution and 0.1 M phosphate buffer solutiith 25 mM NaHCQ, respectively. The fluorescence
intensities were recorded at excitation wavelength265 nm with F-4500 fluorescence spectrophotomete
(Hitachi, Japan).

High perfor mance liquid chromatography analysis

The concentrations of tryptophan were 0.4 mM, whighe dissolved in 0.1 M phosphate buffer solutimal 0.1

M phosphate buffer solution with 25 mM NaHgQespectively. Different concentration of peroxyité was
added in amino acid solution with a constant ratth \stirring for 12 h. Tyrosine was dissolved ag ttame
method. They were separated and detected at 28vitime2695 high performance liquid chromatography
(HPLC, Waters). Chromatographic conditions: molplease was consisted with water and acetonitril®2(8:
flowing rate was 0.7 mL- mih detector was the UV-visible CCD detector.

RESULTSAND DISCUSSION

Stopped flow instrument

Kinetics experiments had been used to elucidateeffiect of carbon dioxide on the decomposition rafe
peroxynitrite. Kinetic curves showed the concemrathange of NaHCOcould influence the decomposition rate
of peroxynitrite (Fig.1), which was faster in theepence of NaHC® The decomposition rate of peroxynitrite was
fastest in 0.1 M phosphate buffer solution withr@8l NaHCG..

The apparent ratéd,9) was obtained by fitting with first-order reactiequation in the decomposition reaction of
peroxynitrite. Eq. 1 is the kinetic constants equrat

Kobs = k [HCOs] 1)
where k,,s expresses the apparent rateis the rate constant of bicarbonate anion and peitike reaction.

According to Eq. 1, we could calculate and obtainf peroxynitrite react with bicarbonate anion iiffetent
conditions (Fig.2).
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Fig.1: Kinetic traces of peroxynitrite decomposition in different buffer
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Fig.2: kops Of peroxynitrite react with bicarbonate anion in different conditions

A linear equation was obtained by mapping vk and the corresponding concentration of NaHCEyom the
Fig.2, we can see the slopelgfsto NaHCQ concentration in 37°C (blue function image) waghler than in 25°C
(green function image). We calculated: first, whie@ temperature was 37°C and pH 7.4, two-orderaastant of
peroxynitrite react with NaHCQwask = 2.3x1GM™.s* ; second, when the temperature was 37°C and pHvgo0
order rate constant of peroxynitrite react with KBy wask = 0.85x16 M™.s™; third, when the temperature was
25°C and pH 8.0, two-order rate constant of periiya react with NaHC@wask = 0.21x18 M. s'. The above
data illustrated that when pH was fixed, the reactiate of peroxynitrite and NaHG@® 37°C was faster than in
25°C. The reaction rate of peroxynitrite and NaH@®neutral solution also was faster than in atelsolution.
The results illustrated carbon dioxide could prosrthe decomposition of peroxynitrite.

UV-Visspectra analysis

The response spectra of peroxynitrite and Trp/Tgrendetermined in the absence and presence of NabB{COV-
Vis spectrophotometer (Fig.3). The absorption pefakrp and Tyr both emerged at 280 nm. When peribsiten
reacted with Trp/Tyr, the new absorption peak qf &nd Tyr emerged at 357 nm and 352 nm, respegtiwdlich
rose along with the concentration of peroxynitiitereasing. It explained Trp/Tyr could react wittr@xynitrite and
appear the nitrated product.

As can be seen from the Fig.3 (a) and Fig.3 (l&,itlcrease rate of new absorption peak of Trp \wasges in the
presence of NaHCQwhich indicated NaHCOmade the nitration product decrease. It illusttateat NaHCQ can
inhibit the damage of Trp induced by peroxynitrit®hen the concentration of peroxynitrite was 10.8!,nthe
inhibition of nitration product of Trp generated tp 27%. As can be seen from the Fig.3 (c) and3Fd), the
increase rate of new absorption peak of Tyr wasetan the presence of NaHGQvhich indicated NaHC@also
influenced the oxidation rate of Tyr catalyzed mrgxynitrite. When the concentration of peroxyigtrivas 10.8
mM, the inhibition of nitration product of Tyr gemged up to 50%. These variable findings suggesiat the
presence of NaHC{might modulate the oxidative chemistry of Trp/Tyith peroxynitrite.
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Fig.3: UV-Vis spectrum of Trp/Tyr react with peroxynitrite
(a) 0.4 mM Trp + 0.0/1.8/3.6/7.2/10.8/14.4/18.0 @NOOC in 0.1 M PBS
(b) 0.4 mM Trp + 0.0/1.8/3.6/7.2/10.8/14.4/18.0 ®MOQC in 0.1 M PBS with 25 mM NaHGO
(c) 0.4 mM Tyr + 0.0/1.8/3.6/7.2/10.8/14.4/18.0 @O0 in 0.1 M PBS
(d) 0.4 mM Tyr + 0.0/1.8/3.6/7.2/10.8/14.4/18.0 ®MOQC in 0.1 M PBS with 25 mM NaHGO

Fluor escence spectroscopy with Tyr

The reaction of peroxynitrite and tyrosine had aalgsis with fluorescence spectrum in 0.1 M phospHauffer
solution and 0.1 M phosphate buffer solution withr8M NaHCQ, respectively (Fig.4). As can be seen from the
Fig.4, fluorescence intensity of Tyr was quenchiith the concentration of peroxynitrite increasiBy. comparing

the change of two pictures in Fig.4, fluorescent@yr was higher in the presence of NaHC@hich indicated
NaHCG; retarded the damage rate of Tyr caused by pertritgni
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Fig.4: Fluorescence spectrum of Tyr react with peroxynitrite
We made a bar-chart from the data of Fig.4 (FigZ9m the bar-chart, we can see clearly the diffezebetween

the absence and present of NaHU® the reaction, which explicated NaHg®©ould inhibit the fluorescence
guenching of Tyr caused by peroxynitrite at a géanc
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Fig.5: Fluorescence quenching of Tyr induced by peroxynitrite

High perfor mance liquid chromatography analysis

Tryptophan/tyrosine and peroxynitrite reacted fa f&, which were identified by high performance laju
chromatography and researched the effect of cadimide on damage of Trp/Tyr induced by peroxytgtriThe
reaction product of 0.4 mM Trp and different cortcations of peroxynitrite were separated in theeabs and
present of NaHCg) respectively (Fig.6). The peak of Trp decreasit the increase of peroxynitrite concentration.
When the detection wavelength was 280 nm, a newntlitographic peak emerged 11 min, which had a igpect
wavelength at 357 nm (Fig.6). Spectrum chart ofteak was illustrated in the small picture of Fi¢a$ and (b),
which was the product of tryptophan damaged by penitrite. The peak was higher in 0.1 M phosphaiéfdy
solution with 25 mM NaHCg which indicated NaHCg¢xould retard the damage of Trp caused by peroxigmit
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Fig.6: Retention time of Trp reacted with peroxynitrite (detection at 280 nm)
(a) 0.4 mM Trp + 0.0/1.7/8.5 mM ONO® 0.1 M PBS
(b) 0.4 mM Trp + 0.0/1.7/8.5 mM ONO®@ 0.1 M PBS with 25 mM NaHGO

In order to make a further research to the dam&depmcaused by peroxynitrite and the influenceNafHCQO; on
this reaction, we made a quantitative analysishef dbove reaction and the results were shown iteTabThe
detection wavelength was 280 nm and the initialcentration of Trp was 100.0%. The Table-1 showed Thp
decreased with the increase of peroxynitrite comaéon, at the same time, the corresponding mitnaproduct
increased. When peroxynitrite concentration charfigad 0.0 mM to 34.0 mM, Trp decreased 70.0% inghstem
without NaHCQ, however, Trp decreased 66.0% in the system gwd&?5 mM NaHC@ The above data showed
the reaction system with NaHG@romoted the decomposition of peroxynitrite toilihthe damage of tryptophan
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caused by peroxynitrite.

Table-1 Nitration of Trp induced by peroxynitrite

o Trp Trp(SB) Product Product(SB)
Peroxynitrite (mM) (%) (%) ub) (M)
0.0(Control ) 100.0  100.0 0.0 0.0
1.7 85.4 89.2 26736.0 17745.0
8.5 71.9 76.6 119607.0 104169.0
17.0 54.6 60.8 206713.0 177029.0
34.0 30.6 34.3 327636.0 275345.0

The reaction product of 0.4 mM Tyr and differenhcentrations of peroxynitrite were separated inabgence and
present of NaHCg) respectively (Fig.7). The peak of Tyr decreaséd the increase of peroxynitrite concentration.
When the detection wavelength was 280 nm, a newnaltographic peak emerged at 11.8 min, which had a
spectral wavelength at 352 nm (Fig.7). Spectrunrtabfathe peak was illustrated in the small pictofe=ig.7 (a)

and (b), which was the product of tyrosine damabgdperoxynitrite. It was 3-N@Tyr (3-NT), which was
authenticated by 3-N@Tyr calibration curve. The peak was higher in Blhosphate buffer solution with 25 mM
NaHCG;, which indicated NaHC®could retard the damage of Tyr caused by perosigmitMoreover, there was a
peak at a retention time of 13 min in the presarfddaHCQ,. Its spectrum chart was different from spectrurarth

of 3-NO,-Tyr (Fig.7 (b)), which indicated that there was#mer nitrated product in the system of NaHC®he
spectral wavelength of the product was 355 nm.
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Fig.7: Retention time of Tyr reacted with peroxynitrite (detection at 280 nm)
(a) 0.4 mM Tyr + 0.0/1.7/8.5/17 mM ONOi@ 0.1 M PBS
(b) 0.4 mM Tyr +0.0/1.7/8.5/17 mM ONOi@ 0.1 M PBS with 25 mM NaHGO

In addition, we also made a quantitative analy$ithe above reaction and the results were showialre-2. The
detection wavelength was 280 nm and the initialceotration of Tyr was 100.0%. The Table-2 showed fryr
decreased with the increase of peroxynitrite cotmagan, at the same time, the corresponding mimaproduct
increased. When peroxynitrite concentration charfged 0.0 mM to 34.0 mM, Tyr decreased 68.4% inghstem
without NaHCQ, however, Tyr decreased 57.7% in the system amedalk5 mM NaHCQ The above data
indicated the reaction system with NaH{@omoted the decomposition of peroxynitrite toiliiththe damage of
tyrosine caused by peroxynitrite.
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Table-2 Nitration of Tyr induced by peroxynitrite

Tyr Tyr(SB)  3-NT __ 3-NT(SB)

Peroxynitrite (mM) %) (%) u) M)

0.0(Control) 100.0 100.0 0.0 0.0
17 97.0 98.9 36.6 29.6
8.5 67.0 73.3 167.1 146.4
17.0 48.2 61.6 210.9 180.2
34.0 31.6 42.3 283.1 266.1

We can conclude that the reaction product of perisite and Trp/Tyr in the presence of NaH{®Was obviously
less than in the absence of NaHC@hich can promote the decomposition of peroxiteitso as to inhibit the
damage of Trp/Tyr caused by peroxynitrite.

CONCLUSION

In this study, stopped flow, UV-Vis spectra, flustence spectroscopy and HPLC were applied to iigetstthe
effect of carbon dioxide on damage of Trp/Tyr asmudby peroxynitrite. Kinetic curves showed two-ardate
constant of peroxynitrite react with NaHg®as 2.3x18M™. s in 37°C, which was faster than in 25°C. In addifio
the reaction rate of peroxynitrite and NaH{® neutral solution was faster than in alkalinéuson. The spectra
experimental results revealed that the injury ext#nTrp/Tyr induced by peroxynitrite will be wealked in the
presence of NaHCQOsystem. The injury inhibition rate of tyrosine amgptophan could reach to 27% and 50%,
respectively. Carbon dioxide could also reduce ftherescence quenching degree of tyrosine. Finallg, can
conclude that if there was carbon dioxide in thectien system, it can promote the decompositiopebxynitrite
so as to inhibit the injury of Trp/Tyr caused bygeynitrite.
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