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ABSTRACT KEYWORDS
Polyphenol oxidase (PPO) was extracted from three segments of Polyphenol oxidase;
Solanummel ongenas and Musa sapientumfruitsand partially purified. The Solanummel ongenas;
specific activity of PPO was measured at each purification step to ascer- Musa sapientum;
tain level of enzyme purity. In all cases, PPO conformed to Michaelis- Kinetics parameters.

Menten kinetics, showing different values of kinetics parameters. Michae-
lis-Menten constant for PPO (PPO, ) of S. melongenas mid-section and
anterior segments showed no significant difference (p< 0.05), whereasthe
posterior gave PPO, = 4.6+0.49 mM (p > 0.05). Maximum PPO activity
(PPO,,.) was highest in the posterior segment: PPO,, _ = 0.602+0.09 U.
Mid-section of M. sapientum exhibited the highest K  value (PPO, =
5.8+0.69 mM) compared with the anterior (PPO, = 3.9+0.69 mM) (p>0.05)
and posterior PPO, = 4.9+0.11mM segments (p< 0.05). Overall, M.
sapientumPPO, vaueswererelatively higher than those of S melongenas.
Posterior S. melongenas exhibited the highest PPO,, = 0.602+0.09 U,
whereas the lowest value was registered in the anterior segment of M.
sapientumPPO,, = 0.234+0.09 U. Substrate specificity for PPO (PPO,, _,
«) Extracted from various segments of S. melongenaswasin the increas-
ing order of Mid-section > Posterior > Anterior, whereas that of M.
sapientumwas Mid-section > Anterior > Posterior. PPO,, . betweenthe
two fruits showed strong positive correlation (r = 0.862339). Catechol was
a better substrate for PPO_ elongenas than PPO,, sapientum. The experimentally
observed kinetic parameters of S. melongenasand M. sapientumsignified
the presence of PPO isoenzymes and non-uniform distribution of PPO in
the two fruits.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION of cdl integrity and when the content of plastid and vacu-

olearemixed caused by senescence, wounding, or other

Enzymatic browning describesthediscolorationof  tissuedamage“. In addition, Thipyapong et al®, pos-
fruitsand vegetables, oftenfacilitated by acollectionof  ited the connection between PPO activity and devel-
enzymes collectively called polyphenol oxidases opment of plant water stressand potential for photo-
(PPO)*2, Theenzymeactionisinitiated by disruption  inhibition and oxidative damage. Enzymetic browning
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reectionisinitiated by interaction of phenolic compounds
with PPOinthe presence of molecular oxygen®. PPO
catalyzes two reactions namely, hydroxylation of
monophenol sto give o-diphenal (monophenol oxidase,
cresolasetyrosinaseactivity EC. 1.14.18.1)"8 and oxi-
dation of o-diphenoal to o-quinones (diphenol oxidase,
catecholase activity EC.1.10.3.1)%'%, The o-quinones
reedily polymerize and/or react with endogenousamino
acidsand protein moleculesand their derivativestoform
complex brown or related pigments®”1. Someof PPO
substratesthat occur naturaly infruitsand vegetables,
very suitableto enzymatic browning are chlorogenic
acid, catechin and epicatechin®.

PPO isacopper (Cu?*) contai ning metaloenzyme
predominantly located inthechloroplast thyl akoid mem-
brane™®l. Thetwo atoms of Cu?* aretightly bound to
threehistidine residues of apolypeptidechain™. The
enzyme existsinisoformg®41% and as zymogen(*617,
PPO activation can be achieved by variety of treat-
ments such as ured®, polyamined'¥, anionic deter-
gents such as sodium dodecy! sulphate (SDS)1* and
trypsin or proteinase K223, PPO in plant tissuesexist
intwo major states. These are 85% met-PPO and 10-
15% oxy-PPO forms. PPOisoftenisolated in the met-
PPO form3,

Themolecular weight of PPO extracted from dif-
ferent plant speci eshave been reported by severd stud-
ies. Probably dueto partia proteolysisof theenzyme
duringitsisolation, the molecular weight of plant PPO
are very diverse and variable; Eriobotrya japonica
Lindl; 59.2-61.2 kDd'", Brassica oleracea; 39
kDd?, M. sapietum; 62 kDa?, Phaseolusvulgaris
L; 120 kDa?®, Malpighiaglabra L; 52 and 38
kDa?"and Brassicarapa; 65 kDa?.

Solanummelongenas commonly referred to as
garden egg in Nigeria and banana (Musa sapietum)
arefruitswidely grown as cash and food cropsinthe
Tropics. Browning reaction of fresh-cut fruitsand veg-
etablesisacrucial and limitingfactor determining the
shelf lifeand acceptability of these products. Under-
standing thebiochemicd propertiesand kineticsof PPO
isanimperativefor gpplying control measuresto miti-
gatethisundesirablereaction.

Previousreportson thekinetic propertiesof PPO
involved the study of enzyme extracts obtained from
wholefruitsand vegetabl e3211-13172930.27 Fyrthermore,
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there arereports on isoformg332 and non-uniform
distribution of PPOin plant systemg®34, Therefore,
these earlier reported kinetic properties of PPO ex-
tracted from wholefruitsand vegetablesprobably did
not represent the true kinetic features of the various
PPOsinthose plant specimen. Thepresent study seeks
to measuretwo kinetic parameters, MichaelisMenten
(K,) and maximum velocity (V__ ), of PPO extracted
from the posterior, mid-section and anterior segments
of Smelongenas and M.sapietumfruits. Thestudy will
giveaningghtintokinetic propertiesand, by extenson,
rel ative abundance/distribution of PPO inthethree por-
tionsof thetwo fruitsunder investigation.

MATERIALSAND METHODS

Collection and preparation of fruit samples

Fresh and diseasefreefruitsof S melongenasand
M. sapietumwere harvested from aprivate botanical
gardeninUmuoziri-Inyishi, Imo State, Nigeriabetween
170 -30" of July, 2012. Thefruitswereidentified and
authenticated by Dr. EN.Mbagwu at theHerbariumin
the Department of Plant Science and Biotechnology,
Imo State University, Owerri, Nigeria. Thetwo fruits
werewashed under continuous current of distilled wa-
ter for 5 min and air dried at room temperature. The
stalk (Smelongenas) and rind (M.sapietum) werere-
moved manually. Thesampleswerecut into threedis-
tinct segments: anterior, mid-section and anterior, and
stored at -4 °C until used for analyses.

Extraction and purification of PPO

Extraction and partial purification of PPOwasac-
cording to the methods of Madaniet al*%, with minor
modifications. Tengrams(10 g) of thesamplewasho-
mogenizedinexternd icebath, using Ultra- Turrax T25
(Janke and Kunkel, Staufen, Germany) homogenizer
set in 80 mL of 0.1M phosphate buffer (pH 6.8) con-
taining 10 mM ascorbic acid for 180 sec at interval sof
60 sec. The homogenatewas qui ckly squeezed through
two layersof clean cheese clothinto abeaker kept in
ice. The crude extract samples were centrifuged at
32000gfor 20minat 4°C. Solid ammonium sulphate
(NH,), S0, was added to the supernatant to obtain 80%
(NH,), SO, saturation and precipitated proteinswere
separated by centrifugation at 32000 g for 30 minat 4
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°C. The precipitate was re—dissolved in 10 mL distilled
water and ultra-filteredinaMilliporestirred cell witha
10-kDamembrane (Millipore 8050, Milan, Itay). The
filtratewasdiayzed at 4 °C against distilled water for
24 hwith 4 changes of thewater during dialysis. The
dialyzed sample constituted the partia purified PPO
extract and was used as the enzyme source from the
corresponding segmentsof thetwo fruits. Protein con-
centrations were determined by the method of
Bradford®, using bovine serum abumin as standard
ax_, =595nm. Oneunit of PPO activity was defined
astheamount of enzymethat causesanincreaseinab-
sorbance of 0.001 mL* min* under the condition of
the assay*. The procedure and measure of PPO puri-
ficationissummarizedin TABLE 1.

Deter mination of PPO activity

PPO activity was measured immediately after the
extract waspartialy purified. Enzyme assay was ac-
cording to themethods of Qudsiehet al®3, with minor
modificationg'. Enzymeactivity was determined by
measuring theincreasein absorbanceat 540 nm using
a spectrophotometer (U-2000 Hitachi, Japan) at 24
°C. The reaction mixture contained 3.5 mL of 0.20 M
phosphate buffer (pH = 6.8), 1 mL of each serid dilu-
tionsof 12- 0.75mM catechol, and 0.5 mL of enzyme
solutioninafinal volume of 5 mL. The mixturewas

quickly transferred into acuvetteand thechangeinab-
sorbancewasmonitored at A, =540 nmat aregular
interval of 30 sec. Therate of thereaction was calcu-
lated fromtheinitia linear dopeof activity curves.

Evaluation of kinetic constants

TheK andV__ vaues of PPO were measured
with theuse of the Lineweaver—Burk (1/V_versus 1/
[S] values) graphd®™.

Satistical analysis

Theexperimentsweredesignedinacompletdy ran-
domized method and data collected were analyzed by
theanaysisof variance procedurewhiletrestment means
were separated by the least significance difference
(LSD) incorporated inthe statistical analysissystem
(SAS) packageof 9.1 version, (2006). Thecorrelation
coefficientsbetween theresultswere determined with
Microsoft Office Excel, 2010 version.

RESULTS

The specific activity of PPO extracts, whichwasa
measure of level of enzyme purity, issummarizedin
TABLE 1. A cursory look at TABLE 1 showed in-
creasing level of PPO specific activity with the pro-
gression of each purification step.

TABLE 1: Specific activity of PPO extracted from three segments of S. melongenasand M. sapietumfr uits at various

purification steps.

Purification step

Specific activity (U/mg protein)

S. melongenas M. sapietum

A MS P A MS P
Centrifuged at 32000 g for 20 min at 4 °C 0.68+0.87 0.78+0.67 2.08+0.87 0.58£0.99 1.98+0.67 1..28+0.95
80% (NH,),SO, 2724107 2.48+0.37 5.14+0.36 1.98:0.90 3.72+0.81 2.08+1.27
Ultrafiltration 5.18+0.65 588+0.91 7.77+0.15 591+1.27 6.88+1.07 4.78+1.05
Dialyzed at 4°C 6.78+0.77 7.18+0.27 8.07+0.47 7.78:1.03 7.85:0.77 6.98+0.93
%yield 11.3+0.78 11.940.9.1 12.8+0.71 10.040.97 12.1+0.59 10.3+0.87
[protein] mg mL* 0.012£0.7 0.017+0.9 0.025+0.7 0.010+0.9 0.018+0.5 0.011+0.8

A : Anterior; MS: Mid-section; P: Posterior. The results are means (X) + S.D of three (n = 3) determinations.

Thekinetic parametersof PPO extracted fromthree
segments of thetwo fruitsare presentedin TABLE 2.
TheK valuesof PPO (PPO, ) extracted fromthethree
segmentsof S melongenaswasintherangeof 1.5+0.09-
4.6+0.49 mM. Furthermore, PPO, _of mid-sectionand
anterior segments showed no significant difference (p<

0.05), whereas the posterior gave PPO, = 4.6+0.49
mM; p>0.05. Overdl, PPO, _of thethree segmentsof
S melongenaswasintheorder: Mid-Section, Anterior
< Pogterior. PPO maximum activity (PPO,, _ ) washigh-
estinthe posterior segment (PPO,,__ =0.602+0.09 U)
compared with the other two segments: mid-section
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TABLE 2: Kineticconstants(K _andV,__ ) of PPO extracted
from threesegmentsof S. melongenasand M. sapietumfr uits.

Fruit S. melongenas M. sapietum
Segment Km (mM) Vmax ) Km (mM) Vmax )
Anterior  2.0+0.99% 0.251+0.04% 3.9+0.69% 0.234+0.09°

Midsection 1.5+0.09% 0.393+0.60° 5.8£0.69° 0.420+0.06"
Posterior  4.6+£0.49° 0.602+0.09° 4.9£0.11°° 0.241+0.05%¢

Theresultsaremeans (X) £+ S.D of three (n = 3) determinations.
Meansin the columns with the same letter are not significantly
different at p < 0.05 according to L SD.

PPO, . = 0.393+0.60 U; p> 0.05 and anterior
PPO,,  =0.251+0.04 U; p> 0.05.

PPO extracted from the mid-section of M.
sapietum exhibited the highest K vaue (PPO, =
5.8+0.69 mM) compared with the anterior (PPO,
3.9+0.69 mM) (p> 0.05) and posterior (PPO, _
4.9+0.11mM segments) (p< 0.05). M. sapietuman-
terior PPO,,_ wasnot significantly different (p<0.05)
from posterior PPO,, . M. sapietummid-section
PPO,, . washighest compareto other two segments
(p>0.05). Anoverview of TABLE 2 showed that M.
sapietumPPO, _ valueswererddively higher thanthose
of S melongenas. Posterior S mel ongenas exhibited
thehighest PPO,, = 0.602+0.09 U, whereas the low-
est valuewasregistered in the anterior segment of M.
sapietumPPO,, = 0.234+0.09 U.

TABLE 3: Catechol specificity for PPO extracted fromthree
segmentsof S. melongenasand M. sapietumfr uits.

Vinax/Km (UIMM)

Fruit Segment -
S. melongenas M. sapietum
Anterior 0.126 0.060
Mid-section 0.262 0.072
Posterior 0.131 0.049

Substrate specificity for PPO (PPO,, _ ..) €X-
tracted from vari ous segmentsof thetwo fruitswasin
therange of 0.049-0.262 U/mM. For S. melongenas
enzymeextract, theincreasing order of PPO,, | Wwas
Mid-Section > Posterior > Anterior, whereasthat of
M. sapietumwas Mid-Section> Anterior > Posterior.
PPO,, _ .oetween thetwo fruits showed strong posi-

tivecorrelation (r =0.862339).
DISCUSSION

Theenzymeextractsfrom thethree segmentsof S
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mel ongenas and M. sapietum exhibited PPO activity,
whichwasin conformity with previousreports el se-
wherd 233 The present kinetic study showed that in
all cases, PPOg oo 8 PPO,, - conformed
to Michadlis-Menten kinetics, exhibiting different va-
uesof kinetics parameters. In concord with the present
findings, Rocha et al*, had earlier noted that PPO
isolated from higher plants oxidized awide range of
monophenolsand o-diphenolswithhighly variableV,_
andK _values.

A messureof afinity of theenzymefor itssubstrate
isdefined by theK  value. Overall, PPO extractsfrom
Smelongenasexhibited higher affinity for the experi-
mental substrate (catechol) than those extracted from
M. sapietum. The affinity of plant PPO for the phe-
nolicsubstrateswasgeneraly low (highK _vaues, 2+6
mM) according to Nicolaset al*Y. Likewise, there-
sultspresented here showed that PPO,  extracted from
thethree segmentsof S. melongenasand M. sapietum
wasintherangeof 1.5+0.09-5.8+0.69 mM (TABLE
2). Thevariability of PPO, _inthethree segments of
thetwo fruitsconfirmed differencesin finity of theen-
zymesfor phenolic substrates. According toAltunkaya
and Gokmen'®, thevariability in PPO, _isdiagnostic
of isoenzymic formsof PPO in Lactuca sativa. They
noted that substrate specificityintermsof V__ /K val-
uesof two fractionsof PPO extracts (PPO,and PPO,)
wasdifferent andtherefore, order of affinity of theisoen-
zymes for various substrates varied. Furthermore,
Marshall et all*d, averred that variationsinK _values
of Mangiferaindicafruit extractswith concomitant dif-
ferenceinaffinity between mono- and polyphenol sub-
stratesfor the enzyme was an indication of the pres-
enceof isoenzymein M. indicafruits. In another study,
Cornish-Bowden and Cardenas®, in their research
paper showed that variability in kinetic parameters of
non-Michaelis-Menten enzymes provided necessary
information for anayzing metabolic pathwaysassoci-
ated with isoenzymes. Values of PPO, _of the mid-
section and posterior segments of Smelongenas
showed significant difference (p> 0.05) whereas, the
differenceinK _valuesof M.sapietumenzymeextract
between the mid-section and posterior ssgmentswas
not significant (p< 0.05) (TABLE 2). Theseobserva-
tionsindicated the presence of isoenzymicformsof PPO
inthe corresponding segmentsof thetwo fruitsasre-
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ported el sewhere®143231 | n another perspective, the
K., vauescoulddsogiveaninsghtintothephysiologic
concentrations of the PPO substratesin thethree por-
tionsof thetwo fruitsunder investigation. Morethan
four decades ago, Sheen'*, posited that thereis cor-
rel ation between phenolic quantity and oxidaseactivity,
which varied depending upon the organs and tissues.
However, itisworthy to note herethat the experimen-
tally observed K valueisafunctionof pH andionic
strength of the enzyme assay solution“*#>47, The vari-
ability of PPO,,__ inthevarious segmentsof thetwo
fruit enzyme extractswas apointer to thefact that dif-
ferencesexigt intherdative abundanceand distribution
of PPOinbiologic tissuesand systemg 3334481,
PPOV __ /K definesthesuitability of the experi-
mental substrate (catechol) for PPO extracted fromthe
twofruits. Anoverview of TABLE 3 showed that cat-
echol exhibited relatively low specificity for PPO,,
speumcOmpared to PPO, . Previous reports
have established that certain categoriesof phenoliccom-
pound are poor substrate to PPO by virtue of their
specificityratioV, /K 0%, For instance, monophenol
(tyrosine) wasfound to beapoor substratefor theapple
PPOM041 Richard-Forget et al™™. showed that sev-
era compoundssuch aschlorogenic acid and catechins
appeared to bebetter substrates than 4-methyl catechol
for PPO extracted from Red Delicious apples. Theki-
netic parameters(TABLES 2 and 3) indicated that cat-
echol was a better substrate for PPO than

S. melongenas
PPO,, . FUthermore, theexperi mentally%bserved

M. =1
Kineti C%E)arameters of Smelongenasand M.sapietum
signified the presence of PPO isoenzymeand non-uni-

form distribution of PPO inthetwofruits.
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