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The histochemical studies indicated that Metroxylon sagu polyphenol oxidases
(mPPO: E.C.1.10.3.2) and peroxidase (mPOD: E.C.1.11.1.7) were cellular
membrane-bound enzyme. The enzymes were isolated using temperature-induced
phase partitioning technique with Triton X-114. The temperature-induced phase
partitioning extract was subsequently chromatographed on DEAE-Toyopearl 650M,
Butyl-Toyopearl 650 M and Sephadex G-100. Two mPPO isoenzymes designated as
mPPO-I and mPPO-II were purified 43.9 and 76.1-fold respectively. On Native-
PAGE, both isoenzymes were resolved into two charge isomers, very close in charge
density. The molecular masses of mPPO-I and mPPO-II were 38 and 39 kDa
respectively. The latency that was observed for the temperature-induced phase
partitioning mPPO extract was not detected in purified enzyme and a fully active
mPPO was obtained. The optimum pHs of mPPO-I and mPPO-II were 4.5 and 5.0

respectively. mPPO isoenzymes did not react with monophenols but were highly
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reactive toward diphenols and triphenols at varying affinities. Ascorbic acid with K,
value of 0.015 mM was the most potent inhibitor for mPPO followed by sodium
metabisulfite, L-cysteine, kojic acid, and p-coumaric acid. Metal ions tested affected
both isoenzymes similarly. The enzyme activity was enhanced in the presence of 1.0
mM Cu®* and hardly affected by 10 mM Ca”*, AI**, Ni** and Hg**. mPPO-II showed
high thermal stability with activation energy of heat inactivation (E,) of 40.34

compared to 32.94 kcal.mol™' for mPPO-I.

mPODs were weakly adsorbed onto DEAE-Toyopearl 650M. The eluent was
subsequently chromatographed onto CM-Toyopearl 650M followed by Sephadex G-
100. Two isoenzymes; mPOD-I and mPOD-II were purified 76.5- and 37.0-fold
respectively. Their molecular masses were of 51.2 and 43.8 kDa respectively. mPOD-
1 and mPOD-II had an optimum pH at 6.0 and 5.5 respectively. Both mPOD
isoenzymes showed high efficiency of interaction with TMBZ, guaiacol, diphenols
and triphenols only in the presence of H,O,. Ascorbic acid was the most potent
inhibitor of mPOD with K; value of 0.01 mM, followed by sodium metabisulfite, L-
cysteine and p-coumaric acid. mPOD-I activity was enhanced in the presence of 1.0
mM Al*, Ca®, Fe**, Ni** better than mPOD-II and both isoenzymes were not
affected by Hg2+ and Cu?*and moderately inhibited by the presence of 10 mM Zn**
and Co”*. mPOD-I was more thermal stable with an inactivation energy (E,) of
45.77 kcal.mol” compared to 40.62 kcal.mol'for mPOD-II. Other thermodynamic

parameters such as enthalpy and entropy were also determined and compared.



Abstrak tesis dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk Ijazah Doktor Falsafah

PENULENAN DAN PENCIRIAN POLIFENOL OKSIDASE DAN
PEROKSIDASE TERIKAT MEMBRAN DARIPADA METROXYLON SAGU
ROTTB.

Oleh

GALILA HASSAN ONSA
Mei 2003

Pengerusi: Prof. Madya Nazamid bin Saari, Ph.D.

Fakulti: Sains Makanan dan Bioteknologi

kajian histokimia menunjukkan polifenol oksidase (PPO: E.C.1.10.3.2) dan
peroksidase (POD, E.C. 1.11.1.7) Metroxylon sagu adalah enzim membran-terikat.
Enzim ini telah dipencilkan dengan teknik rangsangan suhu fasa sekatan
menggunakan Triton X-114. Ekstrak rangsangan suhu fasa sekatan tersebut telah
berturutan ditulen menggunakan kromatografi DEAE-Toyopear]l 650M, Butyl-
Toyopear]l 650M dan Sephadex G-100. Dua isoenzim mPPO dikenalpasti sebagai
mPPO-I dan mPPO-II telah dipencil dan ditulenkan masing-masing 43.9 kali dan 76.1
kali. mPPO-I dan mPPO-II telah dipisahkan kepada dua galur yang aktif di atas
PAGE-native; terlalu hampir dalam ketumpatan casnya dengan berat molekul
masing-masing 38 dan 39 kDa. Setelah penulenan dijalankan, mPPO yang aktif
sepenuhnya telah diperolehi. pH optima bagi mPPO-I dan mPPO-II masing —
masing 4.5 dan 5.0. Isoenzim mPPO tidak bertindakbalas dengan monofenol tetapi

sangat aktif terhadap difenol dan trifenol pada afiniti yang berbagai. Asid askorbik
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dengan nilai K; 0.015 mM adalah perencat yang paling berpotensi diikuti oleh sodium
metabisulfite, L-sistein, asid kojik dan p-komarik. Ion logam juga mempengaruhi
kedua-dua isoenzim ini. Aktiviti enzim ditingkatkan dengan kehadiran 1.0 mM Cu?*
tetapi tidak dipengaruhi oleh 10 mM Ca**, AI**, Ni** dan Hg”*. mPPO-II adalah lebih
tahan kepada penyahaktifan terma dengan tenaga pengaktifan (E,) 40.34 berbanding

32.94 kcal.mol-1 untuk mPPO-I.

mPOD ini mempunyai daya lekatan yang lemah kepada DEAE-Toyopearl 650M.
Eluen ditulenkan dengan kromatografi menggunakan CM-Toyopearl 650 M diikuti
dengan Sephadex G-100. Dua peroksidase membran-terikat mPOD-I dan mPOD-II
ini telah ditulenkan masing-masing sebanyak 76.5 dan 37 kali dengan berat molekul
masing-masing 51.2 dan 43.8 kDa. mPOD-I dan mPOD-II menpunyai pH optima
masing-masing 6.0 dan 5.5. Kedua-dua isoenzim mPOD ini menunjukkan kecekapan
interaksi yang tinggi dengan TMBZ , guaikol, difenol dan trifenol hanya dengan
kehadiran H,0O,. Asid askorbik merupakan perencat paling berpotensi untuk mPOD
dengan nilai K; 0.01 mM, diikuti sodium metabisulfite, L-sistien dan asid p-komarik.
Aktiviti isoenzim mPOD-I ditingkatkan dengan kehadiran 1.0 mM Fe**, Ca**, AP**,
Ni?* Iebih baik dari mPOD-II dan kedua isoenzim ini tidak dipengaruhi oleh Hg** dan
Cu®*serta direncat dengan sederhana oleh kehadiran 10 mM Zn?** dan Co®*. mPOD-I
lebih stabil dengan tenaga pengaktifan (E,) 45.77 kcal.mol’ berbanding 40.62
kcal.mol™” untuk mPOD-II. Parameter termodinamik yang lain juga seperti entalpi dan

entropi telah ditentu dan dibandingkan.
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CHAPTER 1

INTRODUCTION

Sago palm (Metroxylon sagu) is grown mainly for its starch storage trunk to provide
the stable food for people in South East Asia. This palm is considered as a high
yielding crop in terms of caloric yield per hectare, accumulating a huge amount of
starch in the trunk. Sago palm has the ability to grow in water logged acidic soils and
deep peat soil where few other plants can survive with minimum of technological
input. The starch produced is almost pure; it contains 88% carbohydrate, 0.5%
protein, and minute amounts of fat (Encyclopedia Britannica, 1997). Sago starch is
ranked as the fourth largest revenue eamer among other agricultural commodities,

after oil palm, pepper and cocoa (Chew et al., 1999).

Recently, sago starch attracted researchers and policy makers’ interest to cope with
the predicted food shortage due to increase of world population (Flash, 1997). Due to
its unique quality, sago starch can compete with other tropical starches such as
tapioca and cassava as it has lower viscosity and higher gelatinization temperature.
The starch has been used as major ingredients in various foods, soups, cakes,
pudding and sauce thickener. It is also used as an ingredient in the production of
monosodium glutamate and sweeteners such as high fructose syrup and caramel.
However, the demand for sago starch is much lower compared to other starches. It
was reported that the degree of whiteness of sago starch deteriorates markedly upon
storage and processing (Yatsugi, 1986). The discoloration of sago starch is attributed

to the enzymatic oxidation of the endogenous phenolic compounds present in sago



pith (Okamoto et al., 1991; Takamura, 1991). This oxidation is usually highly
undesirable from food processors and the consumers’ perspectives. Therefore,
browning of the starch has been one of the most critical problems facing the sago
starch industry. To create high demand for the starch, some efforts should be done to

improve the quality of sago starch.

Enzymatic browning has been a subject of great interest to many food scientists. It is
believed that the deterioration of many other food commodities is mediated by
polyphenol oxidases (PPO; EC 1.10.3.2) and peroxidases (POD; E.C. 1.11.1.7)
(Mayer and Harel, 1978; Vamos-Vigyazo, 1981; Robinson, 1991; Whitaker, 1994).
PPO and POD are members of oxidoreductases that oxidize the indigenous phenolic
compounds naturally present in plant tissues (Mayer and Harel, 1978; Robinson,
1991). PPOs catalyze the hydroxylation of monophenols and the oxidation of o-
diphenols to the corresponding o-quinones at the expense of molecular oxygen. The
resulting quinones formed are further polymerized to produce a brown pigment. POD
is another oxidative enzyme, with the ability to catalyze the oxidation of phenolic
compounds in the presence of HO, (Robinson, 1991; Whitaker, 1994; Nicolas et al.,
1994). The primary products of the oxidized phenolic compounds are the quinones

similar to that obtained with PPO (Robinson, 1991).

Polyphenol oxidases from higher plants are generally considered as a plastid enzyme
and located in the tylakoid membrane (Mayer and Harel, 1978). Sanchez-Ferrer et al.
(1989) and Marques et al. (1994) describe mPPO as a hydrophilic protein with a
short hydrophobic tail that anchors to the membrane. On the other hand, membrane

bound peroxidase (mPOD) has a strong electrostatic interaction with the cellular



