Available online at www.pelagiaresearchlibrary.com

<
AR4

-.L_R|_ Pelagia Research Library
A —

European Journal of Experimental Biology, 2013, 3(8476-483
—_ ;
Pelagia Research

Library

ISSN: 2248 —9215
CODEN (USA): EJEBAU

Library

Inhibitory effect of cysteine and glycine upon parial purified polyphenol
oxidase ofPyrus communis

Shahriar Saeidian

Department of Biology, Payame Noor University, Iran

ABSTRACT

L-glycine and L-cysteine exhibit, strong inhibitiof partial purified PPO of wild pear. The conceation of L-
glycine inhibiting PPO activity by 50% (IC50) was88@nd 0.5 mM for catechol oxidation and 0.75 arfsl @M for
pyrogallol oxidation at pH 5 and 7, respectivelg50 for L-cysteine calculated, 0.6 and 0.35 forechbl oxidation
and 0.55 and 0.75 mM for pyrogallol oxidation at pHand 7 respectively. The inhibition of partialrified PPO
activity is pH and inhibitor dependent. Kinetic diees indicate that L-glycine is a competitive aramhcompetitive
inhibitor and L-cysteine is competitive and noncetitiwe inhibitor of partial purified PPO at pH 5na 7 in
presence of catechol. These inhibitors showedrdiftetype of inhibition at pH 5 and 7 in presendegogrogallol,
t00. Mhaxand K, for pyrogallol oxidation at pH 5 and in presengkL-glycine (1M) was 320 unit/mg protein and
6.7 mM. V. for pyrogallol oxidation at pH 7 and in presencklLeglycine was 180 unit/mg protein, with a Km of
5.2 mM. Kinetics parameters indicated the highesalgtic efficiency ( units mgprot mM™) with pyrogallol and
inhibitors of L-glycine and L-cysteine at pH 5 (A&and 34.4) , and minimum of catalytic efficien@swearned for
inhibitors at pH 7 for catechol oxidation. Thesetalahowed that Isoform of PPO at pH 7 has highesibeity
related to another isoform of PPO at pH 5.
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INTRODUCTION

Polyphenol oxidases (PPOs) are copper containifdpoeductases that catalyze the hydroxylation aadadion of
phenolic compounds in the presence of moleculargery Approximately, nearly 50% of tropical fruitsea
discarded due to quality defects resulting fromyematic browning [1]. The browning is mainly catadgkzby the
enzyme polyphenol oxidase [2].Because of the dédete effect of enzymatic browning on food produ&PO has
been extensively studied in a variety of tissuet[3The enzyme is widely distributed in a multitudeoofanisms
from bacteria to mammals [5]. Enzymatic browninghie main function of PPOs in fruits and vegetabdasl it is
often undesirable and responsible for unpleasargosg qualities and reduction in nutrient quali®}. [When cell
membrane integrity is disrupted, phenolic subssrateounter the enzyme and are converted to o-gesnio a two-
step process of hydroxylation of monophenols tcheipls (monophenolase activity), followed by oxidatof
diphenols to o-quinones (diphenolase activity) FRO has been implicated in the formation of pigisieoxygen
scavenging [8] and defense mechanism against p&thbgens,[9] and herbivory insects [10]. Phenatimpounds
serve as precursors in the formation of physicatgi®nolic barriers, limiting pathogen translocatidhe quinones
formed by PPOs can bind plant proteins, reducirgeim digestibility and their nutritive value torbévores [11].
On the other hand, the oxidation of phenolic sales by PPO is thought to be the major cause obtben
coloration of many fruits and vegetables duringenimg, handling, storage and processing. Our digstare to
comprehend the reaction properties and biochersttatacteristics of PPO in plants because an umagisty of
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the essential factors controlling the action of FB@ecessary in an attempt to inhibit or contt®laictivity in fruit
and vegetables during processing.

MATERIALS AND METHODS

The wild pears used in this study weabtained from Kurdistan of Iran and frozeat -25 °C until used.
Catechol, polyvinylpyrolidone (PVPP), pyrogallol were purchasedfrom Merck (Darmstadt, Germany).
Acetone,ammonium sulphate,L-cysteine, L-glycine, polyethyleneglycol (PEG), phenylmethylsulfonyl
fluoride (PMSF), cellulose membran@6x49mm) andDEAE-cellulose were purchasedirom Sigma-Aldrich

(St.Louis, USA). All chemicalsvere ofanalyticalgrade.

EnzymeExtr action

250 grams of wild pears were homogenized in 120ah0.1M phosphate buffer (pH 6.8) containing 10Am
ascorbic acid and 0.5% polyvinylpyrrolidone witietaid of a magnetic stirrer for 1h. The crude aottisamples
were centrifuged at 30000 g for 20 min at 4°C. Galnmonium sulphate (NH4)2S04 was added to thersataant
to obtain 30 and 80% (NH4)2S04 saturation, respelsti After 1 h, the precipitated proteins for easthge were
separated by centrifugation at 30000 g for 30 rime precipitate was redissolved in a small volurhélistilled
water and dialyzed at 4°C against distilled waber2#4 h with 4 changes of the water during dialysis

lon Exchange Chr omatogr aphy

The dialysatewas appliedto a column (2.5 cnx 30 cm) filled with DEAE-cellulose,balancedwith 10
mM phosphateuffer, pH 6.8. In orderto remove non adsorbedractions the columnwas washedwith
200 mL of the same buffer ahe flow rate of 0.5mL/min. Then, a lineargradientof phosphatéduffer
concentratiorfrom 20 t0180mM was applied.5 mL fractions were collected in which the protein level
and PPO activity towards catechobs substrate werenonitored. The fractions which showed PPO
activity were combined and were used asnzyme source in the following experiments.Protein
concentration measured by lowry metha#].[

PPO Assay

Enzymatic activity was determined by measuringitifieease in absorbance at 420 nm for pyrogallol 40@ nm
for catechol with a spectrophotometer (6305 JENWAMe sample cuvette contained 3 ml of substrategaiol
in constant concentrations and in presence of réiffeconcentration of L-glycine or L-cysteine, paegd in the
phosphate buffer. Assays were carried out by amditif 200 pl of extracts to the sample cuvette, e@mahges in
absorbance 420 and 400 nm were recorded. The mefereuvette contained just 3 ml of substrate smiuti
Polyphenol oxidase activity was determined by meaguthe amount of quinone produced, using an eftn
coefficient of 12 Mcm® for pyrogallol and 4350 Mcm* for catechol. Enzyme activity was calculated frae
linear portion of the curve. One unit of PPO atyivwas defined as the amount of enzyme that pradudce
micromole of quinone per minute. Assays were cdrdat at room temperature and results are the gesraf at
least three assays.

Inhibition of PPO Activity by L-glycine and L-cysteine

Inhibition of PPO activity was conducted in a disable cuvetteontaining 3 mL of the standard reaction mixture.
The concentratiorof L-glycine was 0, 0.2, 0.4, 0.6, 0.8, 1, 1.2, &rd 2 M in an phosphate buffereshction
mixture with pH of 5 and 7, and PPdagtivity for the oxidation of pyrogallol at a finabncentration of 10 and 20
mM was determined at pH 5 and 7 respectively. Thisentration for L-cysteine was 0,0.1, 0.2, 0.3, 0@5, 0.8

1, 1.2 and 2 M in an phosphate bufferedction mixture with pH of 5 and 7.

Kinetic Study

Various concentrations of pyrogallol (5-15 mM) adndysteine (0.0, 0.45, 0.7 and 1 mM) were prepanc@.1 M
phosphate buffer (pH 5). These various concentratior pyrogallol were 5, 7, 10,12 and 15 mM andLfe@ysteine
were 0.0, 0.45, 0.7 and 1 M at pH 7. Various cotre¢ions of pyrogallol (5, 7, 10 and 15 mM) and lyaine (0.0,
0.74 and 1.2 M) were prepared in 0.1 M phosphatieb(pH 5). These various concentrations for pwltm at pH
7 were the same as pH 5. The reaction mixture @@ Bctivity assay were the same as those for tedlatd
reaction. The inhibition kinetics of L-glycine ahdcysteine on PPO activity were determined by Lirawer-Burk
plots [13].

Preincubation of L-glycine with PPO or catechol

Preincubation of L-glycine with PPO was performgdmbixing a L-glycine solution (0.25 M) preparedGnl. M
phosphate buffer (pH 5) with PPO extract in a cievheld at 25 °C for 5 min. The reaction was itétthby adding
25 mM catechol to the L-glycine and PPO mixtureerathe tested incubation time. For the preinculpattudy
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between L-glycine and catechol, 0.25 M L-glycinel @ mM catechol were mixed and held at 25 °C foniB.
The reaction was initiated by adding partial pedfiPPO to the mixture, and the PPO activity wagrdehed
following the same procedure as described above.

Preincubation of L-cysteine with PPO or catechol

Preincubation of L-cysteine with PPO was perforrhgdnixing a L-cysteine solution (0.25 M) prepaiad.1 M

phosphate buffer (pH 5) with PPO extract in a cigvheld at 25 °C for 5 min. The reaction was itiaby adding
25 mM catechol to the L-cysteine and PPO mixtuterahe tested incubation time. For the preincumastudy
between L-cysteine and catechol, 0.25 M L-cyst@ing 25 mM catechol were mixed and held at 25 “Gfarin.

The reaction was initiated by adding partial pedfiPPO to the mixture, and the PPO activity wagrdehed
following the same procedure as described above.

RESULTS AND DISCUSSION

Effect of L-glycine and L-cysteine acid on PPO actity in partial purified pear PPO

L-glycine and L-cysteine inhibited the PPO actividgtectable with pyrogallol and catechol as subedraThe
concentration of L-glycine inhibiting PPO activiby 50% (IC50) was 0.8 and 0.75 mM at pH 5 in preseof
catechol and pyrogallol, respectively (Fig.1, 2heTconcentration of L-glycine inhibiting PPO adivby 50%
(IC50) was 0.5 and 0. 5 mM at pH 7 in presenceatéchol and pyrogallol, respectively. IC50 for Lstgine
inhibiting PPO activity shown in Table 1 (Fig. 3, 4

pH | Inhibitor | 1C50 (M) | Type of inhibition
5 Glycine 0.8 competetive
catechol Cysteine 0.6 competetive
7 Glycine 0.5 Noncompetetive
Cysteine 0.35 Noncompetetive
pH | Inhibitor | IC50 (M) | Type of inhibition
5 Glycine 0.75 Uncompetetive
pyrogallol Cysteine 0.55 Uncompetetive
7 Glycine 0.5 NonCompetetive
Cysteine 0.4 NonCompetetive|

Table 1: Effect of L-glycine and cysteine on the RP activity at pH 5 and 7
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Figure 1. Cysteine -mediated inhibition of PPO actiity as reflected by the oxidation of pyrogallol atpH7
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Figure 2. Cysteine mediated inhibition of PPO actiity as reflected by the oxidation of catechol at pHb
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Figure 3. L-Cysteine -mediated inhibition of PPO ativity as reflected by the oxidation of catechol apH 7
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Figure 4. Glycine -mediated inhibition of PPO actiity as reflected by the oxidation of pyrogallol appH 5
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Figure 5. Inverse plots obtained for catechol oxid#on in the presence of different L-Cysteine concdrations at pH 5

Inhibition Kinetic of L-glycine and L-cysteine on PPO Activity at pH 5 in presence of pyrogallol

Inhibition of PPO by L-glycine was determined irethresence of different concentrations of L-glycioethree
fixed concentrations of pyrogallol at pH 5 and pH.iheweaver burk plots used to analyze inhibitkimetics at pH

5 show that the extrapolated lines foY Yersus 1/[pyrogallol] are parallel and don't ineztseach other near or on
they and xaxis, indicating that L-glycine is a uncompetettype inhibitor (Figure not shown). L-glycine as a
uncompetitive inhibitor binds to PPO-pyrogallol qoiex to stop PPO from reacting with pyrogallol torrh
products of quinone. PPO works well at higher pgilmj and enzyme concentrations that in this coodijt
substrates of pyrogallol are bonded to enzymess Bimiding of the pyrogallol modifies the structuiethe PPO
making the inhibitor-binding site available. As thimding of L-glycine as inhibitor, K and V. decreased and
binding affinity of enzyme to substrate increasedpresence of L-glycine as uncompetitive inhibitdrPPO, the
K, value is reached to 6.7 mM, whilg,),is decreased from 820 to 320 unit/mg protein. AniB preincubation of
PPO with 0.25 M L-glycine resulted in a 55% los$IRO activity compared to control. Interestinglsgipcubation
of L-glycine with catechol for 5 min resulted in ramditional loss of PPO activity compared to thathewut
incubation (Fig 7). This finding suggests that kajhe inhibits PPO activity by acting directly ooth the PPO-
substrate and enzyme. L-cysteine showed the sasnéigén this condition, so act as a uncompetitirgbitor of
partial purified PPO.

Inhibition Kinetic of L-glycine and L-cysteine on PPO Activity at pH 5 in presence of catechol

Inhibition of PPO by L-cysteine was determinedhe presence of different concentrations of L-cystdor three
fixed concentrations of catechol at pH 5. Linewedugk plots used to analyze inhibition kineticewhat pH 5 that
the extrapolated lines for\IAersus 1/[catechol] intersect each other onythaeis, indicating that L-cysteine is a
competetive type inhibitor (Figur 5). L-cysteing dnhibitor binds to the active site of PPO tonfoan PPO-L-
cysteine complexand competes with the catechol for binding. L-dystehange active site of enzyme and inhibits
the enzyme. In this case, at low [catechol], thehitor competes for the active site and effectivielwers the
[catechol] at the active site. This lowers the ratdow catechol concentrations and increases piparant Km,
indicating that the affinity of PPO for pyrogallisl lower in the presence of L-cysteine. In presesfce-glycine as
competitive inhibitor of PPO, the Kvalue is increased and reached to 14.5 mM, whilg nearly unchanged 268
unit/mg protein). An 5-min preincubation of PPO w.25 M L-cysteine resulted in a 75% loss in PROvidy
compared to control. Interestingly, preincubatiéh@ysteine with catechol for 5 min resulted in additional loss
of PPO activity compared to that without incubat{ig 6). Incubation of inhibitor and PPO for 5 mia caused
75% inhibition of enzyme, So this inhibition is meothan inhibition of enzyme in condition of incuioat of
catechol and cysteine. This finding suggests thglytine inhibits PPO activity by acting directiyydhe PPO. L-
glycine showed the same results in this conditem,act as a competitive inhibitor of partial pwifi PPO in
presence of catechol.

PPO activity for the oxidation of catechol was det@ed in a standard reaction mixture buffered vith M
phosphate buffer, after preincubation for 5 minntixing either PPO or catechol (25 mM final concatitm) with
0.25 M glycine. Activities were expressed as peraatative activity to that determined without giye or
preincubation: no glycine or preincubation (A); BM2 glycine, no preincubation (B); preincubationgbfcine with
catechol (C); preincubation of glycine with PPO .(Dhe vertical bars represent the standard errbréree
replicates.
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Figure 6. Effects of premcubauon of glycine withPPO or catechol on the inhibition of pear PPO actity at pH 5

Inhibition Kinetic of L-glycine and L-cysteine on PPO Activity at pH 7 in presence of catechol

Inhibition of PPO by L-glycine was determined irethresence of different concentrations of L-glycioethree
fixed concentrations of catechol at pH 7. Linewedwerk plots used to analyze inhibition kineticowhthat the
extrapolated lines for ¥/ versus 1/[pyrogallol] intersect each other on thaxis, indicating that L-glycine is a
noncompetetive type inhibitor (Figure not shownglicine as a noncompetetive inhibitor binds to Pie@ewhere
other than the active site. This changes the enzaytheee-dimensional structure so that its actiteecan still bind
pyrogallol as substrate with the usual affinityt Buno longer in the optimal arrangement to siadithe transition
state and catalyze the reaction. Pyrogallol astsatbshas not an identical affinity for both theglycine-PPO
complex and PPO. L-glycine as a noncompetitivébitdr lowers the V. Thus, PPO simply cannot catalyze the
reaction with the same efficiency as the uninhibié@zyme. In this condition, noncompetitive inhioit cannot be
overcome by raising the pyrogallol concentratide Icompetitive inhibition by cysteine and glycinepdd 5. In
presence of L-glycine as noncompetitive inhibitbiP®O, the I, value is nearly unchanged (4.2 mM), whilg.y
is decreased from 200 to 85 unit/mg protein. AniB-preincubation of PPO with 1M L-glycine resultieda 70%
loss in PPO activity compared to control. Interggyy, preincubation of glycine with pyrogallol f& min resulted
in no additional loss of PPO activity comparedhattwithout incubation (Figure not shown). Thisdiimg suggests
that L-cysteine inhibits PPO activity by actingeditly on the PPO rather than on the substriiibition Kinetic of
L-glycine and L-cysteine on PPO Activity at pH 7 pnesence of pyrogallol showed noncompetitive iitiib
(Figure not shown).
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Figure 7. Effects of preincubation of cysteine wittPPO or pyrogallol on the inhibition of pear PPO ativity at pH 5

Relative Activity %

PPO activity for the oxidation of pyrogallol wasteenined in a standard reaction mixture bufferethvii.1 M
phosphate buffer, after preincubation for 5 minmixing either PPO or pyrogallol (15 mM final conteation)
with 1M cysteine. Activities were expressed as petcelative activity to that determined withougisicubation: no
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cysteine or preincubation (A); 1M cysteine, no peebation (B); preincubation of cysteine with pyatigl (C);
preincubation of cysteine with PPO (D). The veltlmars represent the standard errors of threecatpk.

. Activi Vmax Km Catalytic efficien
Substrate | pH Inhibitors Uni:/ym(g prot : (mM) Unit.rr):tg'l prot. ml\/?/1
No Inhibitor 280 9.5 29.4
5 | cysteing(0.5 M) 275 12 22.9
catechol Glycine(0.5 M) 268 14.5 18.4
No Inhibitor 200 4.7 42.5
7 | Cysteing(0.5 M) 65 4.8 13.5
Glycine (0.5 M) 85 4.2 20.2
No Inhibitor 820 8.7 94.2
5 | Cysteine (0. 5M) 210 6.1 34.4
Pyrogallol Glycine (0.5 M) 320 6.7 47.7
No Inhibitor 540 5.1 105.8
Cysteine(0.5 M) 145 4.8 30.2
7 | Glycine (0.5 M) 180 5.2 34.6

Table 2: Kinetics parameters for the PPO activity apH 6.7 and pH 8

Kinetic parameters of partial purified PPO activity of wild pear in presence of inhibitors

The Michaelis-Menten constant (Kand maximum rate (V) values for partial purified PPO activity of wifgear
were determined by performing activity assays atpéhd pH 7, in the presence of various concentratof either
pyrogallol and catechol as substrates and varionsentrations of L-glycine and L-cysteine as intuiks. The rate
of pyrogallol and catechol oxidation to its corresging o-quinone was measured by monitoring therblasice
increase at 420 and 400 nm in a 3-ml reaction mextwntaining 0.85 mg protein. The maximum ratgv/for
pyrogallol oxidation at pH 5 and in absence of iejhe was reported (18) 820 unit/mg protein, witKra of 8.7
mM. The catalytic efficiency calculated was 94.Zsimg™ prot mM™ (Table 2). The maximum rate {) and Km
for pyrogallol oxidation at pH 5 and in presencelefllycine (1M) was 320 unit/mg protein and 6.7 mbut
catalytic efficiency decreased to 47.7 units Tqgot mM™. These data for pyrogallol at pH 7 was 180 unit/mg
protein, 5.2 mM and 34.6 units mgrot mM™. The maximum rate (V) for pyrogallol oxidation at pH 7 and in
absence of L-glycine and cysteine was reportedsdtdmg protein, with a Km of 5.1 mM. M in presence of L-
glycine (1M) decreased and reached to 180 unit/mogepn and Km nearly unchanged (5.2 mM). Catalytic
efficiency at pH 7 in presence of L-glycine desesh from 105.8 to 34.6 units Mgrot mM™. Data in table 2
shows that catalytic efficiency decreased for ggiml oxidation in presence of L-glycine and L-taige at pH 5
and pH 7. Kinetics parameters for catechol oxidaty partial purified PPO of wild pear calculatetidisted in
table 2.

CONCLUSION

This study demonstrates that L-glycine and L-cy&eixhibit, strong inhibition of partial purifiecéar PPO activity.
The inhibition of PPO activity is pH and inhibitdependent. Kinetic studies via lineweaver-Burk pioticate that
L-glycine and L-cystein showed same inhibition , Stiey are uncompetetive inhibitor at pH 5 in prese of

pyrogallol, competitive inhibitors at pH 5 in prese of catechol and noncompetitive inhibitors oftiph purified

PPO at pH 5 and pH 7 in presence of catechol anabhpilol. Parameters of kinetics of partial pudfiePO of wild
pear showed different properties, So catalyticcefficy of enzyme decreased 1.3 and 1.6 times & fu catechol
oxidation, 3.1 and 2.1 times at pH 7 for catechatlation, 2.7 and 2 times at pH 5 for pyrogalloldation and 3.5
and 3 times at pH 7 for pyrogallol oxidation irepence of cysteine and glycine, respectively. Tdrampeter of
IC50 showed that for catechol oxidation in preseotglycine at pH 5 was maximum (0.8mM) and forecduol

oxidation in presence of cysteine at pH 7 was mimm{0.35 mM). As reported for other plants [14F],Imultiple

isoforms of PPO were detected in saffron [16, &@]we can conclude from our results that PPO id\p#ar (pyrus
communis) may be to have two isoforms, becauséffefent kinetic properties at pH 5 and 7.
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