PUR FI CATI ON AND CHARACTERI ZATI ON CF
O D PHENQLASE FROM VWH TE YAM (D. ROTUNDATA)  TUBER

BY

HELEN NOBAKHARE CBASUYI
B.Sc. (B ochenv) University of
Beni n

THES'S SUBM TTED | N PARTI AL
FULH LLMENT GF THE REQU REMENTS
FCR THE DECREE OF

MASTER G- SO ENCE

DEPARTMENT OF BI OCHEM STRY
FACULTY OF SCI ENCE

AHVADU BELLO UN VERSI TY
ZARRA NGERA

SEPTEMBER 1981




THESIS APPROVAL

This thesis by OBASUYI, Helen Nosakhare meets the
regulations governing the degree of Master of Science of
Ahmadu Bello University and is approved for its contribution

to scientific knowledge.

.J\ s -\.“\ _‘) "/__

ey § -
R “'-;/1\"6\ g «— ,.wé-:wa‘-‘

Dre Co0, Ikediobi Prof. E.N. Ugochukwu
Internal Sxaminer/Thesis supervisor External Examiner
Department of Biochemistry Department of Biochemistry
Ahmadu Bello University, University of Benin,
Zaria, Nigeria. Benin, Nigeria
i T P

Frof. M.M. Rahman

Ag. Head of Department,
Department of Biochemistry,
Ahmadu Bello University,
Zaria, Nigeria

Date 2\ S m_& !




DECLARATION

I declare that this work is wholly the author's and

has not been part of any presentation for any other

S, LI
'

qualification.

e

e ,
Signed by the author H'ﬁmwﬁﬁw
IR H.N. CBASUYI

flﬁﬁpX- D_g*h V4%
" Date




DEDICATION

To Felix and uncle Fellx.



CONTENTS

List of Tables . .
List of Figures o -
Acknowledgenents .o .
ABSTRACT o P
INTRODUCTTON o .
LITERATURE REVIEW . .

Nomenclature an .o

o=Dliphenolase and its distribution

Subgcellular location .-
Isolation and purification
kssay - .
Reaction mechanism aa
Properties of o-diphenolase
Physiological importance
Evolution of o~diphenolase
Yan {(Diouscorea species)

Ethno-agricultural Importance

Utilizatloi‘l e aw
EXPUR IIEI‘-'T.'-.L .= L
Materials: i e

Yam samples se

Chemicals .. @ik

Inatrunents o'd

- a

- a

P

aq a

14

10
12
15
17
24
42
44
45
46
47

49

49
49
49
51



HBthOds: "a - - .- -

Preparation of acetone powder from yam tubers

Ureparation of crude o-diphenolase extract
from acetone powders of yam cultivars

Extraction and purification of o-
diphenolase from white yam
(Derotundata cv. Zaria) tuber oo

Preparation of crude enzyme from acetone
powder .- .. - .o

Ammoniun sulphate fractionation .. e

Dialyﬂis - = .. o .- -e

Ion-gxchange chromatography - .o

Gel=filteration chromatography on sephadex
G—zoo L] .o - 8 L - -

Second lon-exchange chromatography .s

Polyacrylamide-gel electrcphcresis .o

Determination of proteln content -

Determination of total carbohydrate content

hosay of o-diphenolase activity .. .a
Inhibition studies »e e .o
Kinetic studies .. - o o

Determination of the pH profile of the enzyme
Rffect of pH on Km and Vmax ~f purified

o=diphenolase . .o ..
Substrate specificity o . as
fest of the stability of purified

o-diphenolase . - -

Thermostability of purified o-diphenclase

Meleclar weight determination .. .-

Determination of amino acid composition of
o-diphenolase - .e .e

Flow-diagram for the purification of
o-diphenolase from white yam
(Ds rotundata cv. Zaria) tuber -

%1

51

52

52

52
53
53
54

54
55
56
57
58
59
59
60
60

60

61

61
61

62

63

66



RES[]LL‘S - L L - e - o -- L 68

Absorption spectra of oxidized substrates . 68
Sxtraction and purification of o-diphenolase: 69
Ameonium sulphate fractionation .. Pt 72
Ion~exchange chromategraphy oo se 72
Gel-filteration chromatography .. .o 72
Obcervations on purification procedure oo 75
tffcct of column cenditions on the elution of
u=diphenolase from DEAE-sephadex column 77
Disc—qgel electrophoresis .o .a . 77
lnzymne assay o . .o .- v 82
o=Diphenolase content of yam cultivars ve 82
Kinetic parameters of o-diphenolases from ten
cultivars of vam .. oe .o .o 82
Effect of pH: 85
pi! optima .. .o .- -a .o 85
Effect of pH on Km and Vmax se se 85
Substrate specificity . »a .e 87
Inhibition studies .e . “e B89
Protein and carbchydrate content of purified
o—-diphenoclase v e .e 95
Stability of purified o-diphenolase e 95
Effect of heat and heat inactivation .. 95
UV spectrum of purified o-diphenolase .. 96
IR spectrum of purified o-diphenolase .. 96
lHMolecular weight determination .. e 96
Copper content . P ‘o o 101
Aiiine acid composition .o .a .o 101
DISCUSSION .u .w .o ve -e 103
APPENDICES . . . . . 121
Appendix I -e se .e we 121

Appendix IT .o .o .o .e 122



Appendix ITIX . .e .o .e .a 124
Appendix IV .o -n . .e - 131
Appendix V .- .e .o . . 135
Appendix VI o= .o .u .o .o 136

REFER';;!C":S -w -e - - - = 1.37 - 154



10

1 |

1¢

13

LIST OF TABLES

Havelengths at which the spectrophotometric
determination of o-diphenolase activity on

various substrates was carried out

Furification profile of D. rotundata cv. Zaria

o=diphenolase

Some properties of o-diphenolases from different

yam cultivars

Lffect of pH on Km and Vmax of purified o-dipheno-

lase with catechol as substrate

Relative substrate specificities of o-diphenolases
from ten cultivars of four species of yam

grown for food in Nigeria

The effect of various inhibitérs (1mM) on o-
diphenclase activity

Exffect of selected inhibitors on the kinetic

constants of purified o-diphenolase
Amino acid composition of purified o-diphenolase

Detcorimination of o-diphenolase content (units per

gn fresh tuber weight) in cultivars
Determination of Km at different pHs

Determination of Km and Vmax in presence and
abgsence of selected inhibhitors at pH
6.8

Effoct of varying substrate concentration on o-

diphenolase activity

Sffect of temperature on the stability of the

enzyme protein

68

69

83

85

88

90

92

102

122

131

131

133

135



i1

LIST OF FIGURES

Page
Annmonium sulphate fractionation of crude o-diphemolase 70

Ion~cxchange chromatography of (NH4)2SO4 precipitated

enzyme on DEAE-sephadex column 71

2a,b,c and d. Elution profiles of o-diphenolase in

10

different chromatographic runs of the ammonium
sulphate fraction on DEAE- sephadex column under
different eluting conditions 76

The elution profile of enzyme fraction from the
ion—exchange chromatography step on sephadex G-3a00

colunn 73

Chromatography of the enzyme fraction from sephadex

G=200 column en a DEAE-sephadex column 74

I'lot of absorbance at 390nm of product formed versus
time representing rate of oxidation of catechol
(30mi) by o-diphenclase at pH 6.8 79

Flot of initial rate of oxidation of catechol (30mM)

versus the concentration of purified o-~diphenolase 80
Plot of o=diphenolase activity (A A390nm/min/m1)
versus substrate concentration (mM) catechol 81
Effect of pH on activity of purified o-diphenolase 84
Vmax
Experimental data showing effect of pH on Vmax, ®m
and Km ploctted by method of Dixon and Webb 86

Lineweaver = Burk plots for the inhibition of
o-diphenolase activity by selected inhibitors 91



11

12

13

14

15

16

17

18

19

20

111

Plot of percent maximum activity versus time
(davs) showing stability of o-diphenolase

preparation under different conditions
Sffect of heat on the activity of o-diphenolase
Ultra—-violet spectrum of purified o-diphenoclase

IR spectra of (a) (NH4)2S precipitated enzyme

4
(b) purified enzyme

EBlution profile on sephadex G=200 of purified

o=diphenolase and standard proteins

Plot of elution volume (mls) versus logarithm of
molecular weights of calibrating

proteins
Arrhenius plot for the reaction of o-diphenolase
with catechol

Standard curve for the determination of protein

content

Standard curve for estimation of total carbohydrate

in enzyme preparations

Standard curve for estimation of copper content
PLATE

Elactrophoretic patterns of o-diphenolase

preparations

Page

93
94

97

98

99

100

134

123

125

127

78



iy

ACKNOWLEDGEMENTS

I am greatly indebted to my supervisor, Dr. C.0. Ikediobi
for his tolerance, continuous advice, provision of rate materials,
encouragenent and keen supervision of the project throughout its period.

I am sincerely grateful to Prof., M.M. Rahman, Head of
Biochenistry bepartment for the opportunity given me to carry out
this work.

My thanks go to Dr. Osagie and Mr. COyebadejo of the Department
of Diochenistry, University of Benin, for many stimulating and
helpful discussions, Mr. J. Bonire and Mr. Abubakar of the Department
of Chemistry, ABU Zaria, Dr. J.A. Abalaka, Dr. A. Ukoha, Dr. O. Oyelails,
Mr. S, Oyewo, Mr. 3. Ejim and all other members of the academic and
non—acadenic staff of the Department of Biochemistry, ABU, Zaria for
their different contributions to the success of this work.

I renain indebted to all my classmates (Elewechi, Mrs. Agada,

Danladi, Bmma, Elelu and Oloyede) with whom I worked in an atmosphere
of peace and tranquility; to my friends Doris, Mr. & Mrs. Oyetade,
Jide, Gloria, lir. and Mrs. Onuigbo, Maria, Aigbe, Isaac and Sam,
and to my relations, Dr. Usenbor, Mr. Ekunwe, Mercy, Sunday, Kola,
Edugie, Shade and Lanre for their encouragement in various ways.

Finally I wish to thank Mr. J.A. Move, of the Department of

Biochemistry, ABU for typing this thesis.



ABSTRACT

o- Di phenol ases from ten cultivars of 4 cultivated Di oscorea
species grown for food in Nigeria were studied as a result of
the enzyne's inportance in yam processing. The Km Vmax and pH
optima were different for the enzynes fromthe different cultivars.
D. bul bifera,cv. Adu was found to contain the highest anount of
0—di phenol ase activity with respect to catechol. The enzynes from
all the cultivars showed maximumrelative activity towards catechol
generally high or noderate activity towards other di- and pol yphenols,
and no activity towards nonophenol s.

The enzyme was purified froml), rotundata cv. Zaria to
apparent honogeneity using a conbinati on of anmmoni um sul phate
fracti onation, ion-exchange chromatography and gel filtration
chr onat ogr aphy. Pol yacryl am de gel el ectrophoresis revealed a
singl e band which noved towards the anode at pH 9.0 as detected
wi th catechol as substrate.

The pure honogenous enzyme was found to be a gl ycoprotein con-
taining 24. 2% car bohydrate, of nol ecul ar wei ght 107,333 + 5401, a
copper Content of 0.22% (corresponding to 4 copper atons per nole)
and a pH optinumof 6.8 O the inhibitors tested on the activity
of the pure enzyne, sodi um netabi sul phite, DEDTC, DTT, cysteine,
ascorbic acid, 2-mercaptoethanol, and potassium cyani de were found
to be the nost effective, while maleic hydrazide was the | east
potent. Inhibition by cysteine, 2-mercaptoethanol and potassium
cyani de were found to be conpetitive with catechol as substrate,

whi l e NaN, showed unconpetitive inhibition.
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EDTA and sodium chl oride showed no inhibition. The heat of
i nactivavtion of the enzynme calculated from the Arrhenius
equation was found to be 26,69 KcaL at pH 6.8 between 30 - 100° C

The WV absorption spectrum of the pure enzyme showed a peak
at 280nm The IR spectrum showed peaks at 3400 - 3300 cm® , 2100
cm', 1650 cm' and at 1080 cm'.

Fromthe effect of pH on Vmax, Km and — — groups with pK
values around 4.7 and 7.2 were identified to be involved in
effecting transformati on of substrate to product, binding of
substrate to the enzyne and preservation of the native conformation
of the active site.

The am no acid conposition showed total absence of proline,

cystei ne and et hi oni ne.



INTRODUCTION .

_ _;p'many edible plant preducts, including the white yam,
foﬁﬁggion of several shades of colours generéllf‘éérmed "browning"
cccurs during handling, packaging and processing. The recognitlon
of the enzymic nature of this type of browning in certain fruity
was by Liindet as far back as 1895. The enzyme called o—diphenol%sé
is knowil te be ublquitous in the plant kingdom together with its
phenelic substrates. In contrast with the Qarious classes of Noi-
enzymnic browning, this type of browning is very rapid, inﬁensef
roguires contact of the tissue with oxygen, and occurs only in
frosh living tissues, or at least in tissues that contain active
enzymes (Mathew and Parpia, 1271).

Most frequently, enzymic browning is viewed as an objection—
able daterioration process which yields commercially undesirable Lf
produets and therefore should be prevented, for example, in the
production of banana puree, potato chips, yaem flour and chips and
in fruits and vegetables. On the other hand, enzymic browning is
essontial for the development of the desirable colour and Llavour
in the drying of tea, roasting of coffee, fermentation of cocoa,
brewing of beer, and preparation of maple syrup (Mayer and

Harel, 1979)s i



Thus the knowledge of g-diphenolase has been applied mainrly
in food processing, either to prevent browning »r in facilitating
ennyme reactions when desirable. o-Diphenolase enzymes are of
grealt importance te man because the properties, palatability,
and usability of most products derived from plants may be modified
by the presence of the enzymes (Mayer and Harel, 1979).

white yam (Dioscorea rotundata) is easily the most widely

cultlvated species of yam and is second cnly to cassava as a
source of calories for millions of people in Nigeria and Vest
africae +hen the tuber is cut or bruised, the surface quickly
turn: dark brown, due to the presence of the enzyme o-diphcnolaczce,
This darkening affects the flavour, texture, aesthetic appeal and
nutritional guality of white yam and its products, and constitutes
a major setback in the use of the white yam for making "white' flour,
With growing sophistication of Nigerian consumers, the
retention of original colour in processed yam products has become
a matter of yreat importance to processors. Ordinarily,
prevention of browning in vegetables during storage and processing
Las always been a challenge to food technologists. In the case of
yvan, processing is made even more difficult due to little or no
informotion about the properties and effects of the browning

enzymes during large-scale processing.



Al though o-~diphenolase has been partially purified from

nany plant tissues = tobacco leaf (Clayton, 1959); banana {Palmer,

1963); potato (Patil and Zucker, 1965); Clingstone peach T

{Wony et al, 1971); royal Ann cherries (Benjamin and Montgomery,
1973) and mangoc (Park et al, 1980), reports on purification to
hounugeneity, data on amino acid compesition and copper content are
relatively few. Most of the available information comes from
fungi, particularly mushrooms and Neurospora, with only few repofté
from higher plants particularly those used for human food. In the
casce of Dioscobea.speéies, only indirect reports on the presonce

cf polyphenols associated with oxidative browning {(Tono, 19763%
Martin and Ruberte, 1978), and the transformation associated with

e=dliphenolase 1in Dioscorea alata during'Storage (Adamgon and Abicor,

1980) have been published.

It is therefore important to initiate studies designed to
systeonatically study tﬁe thfe yam é-diphenolaééyéoth in the
isolated state and in the tuber itself. Such studies would lead
te recommendations for an efficient storﬁge of yam and the use of
Tyhite yam flour with”ﬁﬁéaf.fiogr in 5réadmaking, thus reducing
the amount of wheat flour currently imported into Nigeria by the

baking industry.



This will.go a long way in consgerving much needed féreién
erxchonges It is known, for example, that the products of the
enzviue action {(quinones) can react with free amino acids and
amino acid side chains of proteins (Mathew and Parpia, 1971) i;
the white yam tuber thus preventing their availlability and
utilization in the body. 50 inactivating this enzyme would .
delfinitely make processed yam products much more nutritionally
adocquate. This investigation involving the purification and
characterization of o-diphenclase from the white yam (Dioscorea
EREBHQEEQ) tuber will provide basic information about the
properitics and behaviour of the enzyme so vital in the storage and

processing of the tuber,




LITERATURE REVIEW

In the early twentieth century, Bach and Chodat (see Joslyn
J:aﬁd Ponting, 1951) prbposeé £helview that the browning or darken~
ing neted in injured plant tissues was caused by "oxygenases!
which underwent autcoxidation to yield a puraxide. According to
them, this péroxidé;.ﬁith the help of peroxidase enzyme, brought
about the oxidation of natural phenolic substances.

A major breakthrough was made by Onulow (1931), however, who
found that almost all plant tissues known to darken on injury cone-
tained simple g-dihydroxyphenolic compowis — such as catechol
and its derivatives, as well as hydroxy~gullic esters of caffeic
acid such as chlorogenic acid - which arn widely distributed in
many plants. While it was Found that such compeunds did darken
faintly on exposure, the brewning was fuastor In the plant tissue
itsgelf when macerated. @hen the tiszsue was blanched, the browning
reaction did not take place. Thus OUnslow was able to medify the
theory and considered as an enzyme the suhstance earlier designated
oxygenase, She, however, considered Lhe formation of peroxide to
be a consequencé of the oxidation of The dihydroxyphenol with

molecular oxygen from air.

Fom - /j\ |
k\l //l] + 4] 2 (R S u + H 20 o



Meanwhile, it was demonstrated that brovning reactions could
take place in the abscnce of peroxide (Szent-Gyorgyi, 1925).
Subsequently, Helson and pawson (1744) proposed a theory of
phenol oxidation in which the o-dihydroxyphenol was

dehydrogenated leaving o=guinone anvl water as the end products.

qﬂ .
&\~ OH
oo, w0
X 2 N
Joslyn and Ponting (1951), used the term Polyphenol oxidase,
abbreviated to polyphenolase or phenolase, to include all
enzymes having the capacity to oxidize phenolic compounds to

produce guinones.



Nomenclature:

Tha Commission on enzymes oriqginally referred to
enzymnes capable of oxidising phenolic comnounds as one of two
types: (1) Catechol oxidase or o-dirhcuolase (C=DFO) or @-

diphencl : 02- oxido reductase (cel1e10.3.1)e (2) Laccale or

p~diphenol: 0, oxidoreductase (Ece1.10s342)

The Commission has now revised the nomenclature, lumping
them together as Uc.1.14.18.1 - monophonol mono uxygenase.
According to Mayer and Harel, (1979) {Lis revised nomenclature is
in many ways unfortunate because catecliol ovidase which is also
frequently referred to as Phenclase, polvphenocloxidase,
tyrosinase, catecholase, o-diphenol-sa or cresolase, is gquite
distinct from laccase, and is spocific maiily for o=diphenols.
It does, however, oxidize monophencls “n svie cases. Laccase
oxidizes a very wide range of substiutss i .cluding monophenols,
triphenols, and ascorbic acid as well as o-, m— and p-diphencls.

The inability of g=-diphenolesce under any circunstances to oxidise

p=diphenols is a typical property of thc enzyic.



o=Diphenolase or catechol oxidase (Ec.1.10.3.1) and its distribution

The enzyme catechol oxidase thus belongs to class of enzymes
known as oxidoreductase (EC.1), concerned with biological
oxidation and reduction, and therefore with respiration and
fermnentation processes. They act on diphenols and related
substances as donors (EC.1.10) with oxygen as acceptor (EC.1.10.3).
These enzynes are otherwise called Phenolases (since they act on phenols)
and has been variously named according to the substrates they act on,
polyphenoloxidase, (polyphenols), monophencl oxidase (monophaiinl.),
tyrosinase (tyrosine) catecholase {dihydroxy pheneol: oxygen oxido-
reductase; £C.1.10.3.1).

According to Mathew and Parpia, (1971) catechol oxidase
(o=diphenolase) is a copper enzyme which catalyses two distinct
reactions.

(1) The insertion of oxygen in a position ortho to an
exiasting hydroxyl group, usually followed by oxidation of the diphenol
to the corresponding gquinone, often called cresolase activity or

hydroxvlation activity

H (6]
.}
2
i s it o ———— +* H20
catechol coxidate of
monophenol o-diphenolase o-quinone

{cresolase)



and
(2) The oxidation, with hydrogen alitraction, of

o=-diphencl often referred to as catccnoclacs activity, or

dehydrogenation.
OH
R~ OH % 0 ‘/ﬁ\fc‘
! I . e e l + H,O
L catechol oxidase S~ 2
o=diphenol or o-=-diphenolase o=quinone

(catecholase)
Molecular oxygen participates in both rcactionses In food browning

catecholase activity is more important ti:in the cresoclase
activity since most of the phenolic substrates in food are

dihydroxyphenols (Mathew and Farpin, 1971).

o-diphenolase is widely distributed, ' the plant kingdom.
Being ecasily detectable, it was amoinc the [irst enzymes to be
studied (Bertrand, 1895; 1896). 1t lian stlace been reported to

occur in several bacteria (Frabhakaran, 1968; Lerch and cCttlinger,
1972; Pomerenz and Murthy, 1974), nuvwersus sungl, algae,
bryophytes, pteridophytes, gymnosperns (Cambic and Bocks, 1966)

and practically every order (and posnibly foumily) of angiosperms

where it has been looked for (Mayer and Harel, 1979).
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All o-diphenolases so far investigatcl have activity on
o-diphenols. o-Diphenolases froa banana (Palmer, 1963), tobacco
leaf (Clayton, 1959) tea (Gregory and Bendall, 1966), clingstone
peach (Wong et al, 1971), royal ann cherrics (Benjamin and
Montgomery, 1973), cocoa husk (Chaplin, 1970) have been reported
to have exclusively activity on o-diphonels and no ability to
hydroxylate monophencls. o-Diphenolasces {ror common mushroom
(Smith and Krueger, 1962), potato (Patil an' Zucker, 1965), apple,
sugar beet leaf broad bean (Robb ct al, 1966), and Triticum
aestivum (Taneja and Sacchar, 1974) have Loth types of activity.

Certain isozymes of o-=diphenolasc {ron carrot and sorghum
(Stafford and Dreslep, 1972) and dhcat (Tancja et 1, 1974) have

been reported to show only cresolase activity.

Subcellular location of o=diphenolase
T T T ST TS == - .

o=-Diphenolase is an intracellular erzyme (Mayer and Harel,
1979). PFlant o=diphenolase has been located in a variety of cell
fractions, both in organelles where it uay be tightly bound to
membranes and in the soluble fraction of Ii:: cell. Tanning
reactions taking place after the disrustion of tissues rich in
phenols may cause binding of soluble o=diphenolase to a
"particulate"” fraction. Sanderson (1964) showed that the enzyme
from tea leaves remains soluble if isolation is carried out in

presence of polyamide, which adsorbs endogenous phenols. However,
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Kato et al, (1976) reportecd that part oF the activity in this
tissue can be shown to be located in well defined particul ate
fractions even when phenols are removi-! Lth Polyclar AT.

In spite of possible artefacts, ©. woiohit of evidence
indicates the wide occurrence of manbrone.-hound o-diphenolases,
particularly in chloroplasts. Althoucli nany reports localizing

the enzyme in organelles ars bas»d merel s o differential

centrifugatien, some more carcful stucdinss invoeleing density
gradient centrifugation and correlation vith chlerophyll content
and activitics of "marker" enzymes reacha! i same conclusicn

(Mayer and llarel, 1979).
Apart from its localization in chiloroplasts (Harel et al,
1964; 1965; Harel and Mayer 1971), o-din'. rol.se has been
reported to be localized in mitochic.lrian (Bonner, 1955; Mayer, 1961)
and in peroxisomes and "microsomes® (Ruis, 1972; Kato et al, 1976).
The strength of binding of o-ciphenocl..ze to membranes varies
depending on the tissue and the stage ol dovelopment of the plant.
In some cases, drastic conditions are Lo ‘red for the
solubilization of membrane bound O=diphciwlaic, such as the use
of detergents, c.g.‘digitonin, Triton X--100, 5DZ, butanol or
limited digestion with proteolytic enzvuc:: (Marel et al, 1965;

Alberghina 1964; Mayer 19663 Ben-3halom oL o1, 1977).



12

These treatments evidently cause ch.nges in the enzyme structure
and/or conformation and are frequently accoupanied by

activation, as well as changes in the subsirate specificity, pH
optimum and other properties of the enzyue (Mayer and Harel, 1979).
Solubilization of particulate forms of the enzyme to "soluble" ones
occurs naturally during fruit ripening and aging as well as
following exposure to "stress" conditions such as low humidity and
deficiency in nutrients or growth substances 2e.g. in sugar

beet leaves, apple, grape and olive (lilarcl et al, 1966; Ben-Shalom

et al, 1977; Mayer and Harel, 1979).

Isclation and Purification of a—dighunolaseﬂ

In view of the presence of many proteins of similar
properties, the purification of o-diphenclauc enzyme from plants
is extremely difficult. This is further cinanced by the fact
that the enzyme is generally present in very low concentrations.
Kertesz and Zitoc (1962) estimated that cven in the best mushroom
samples (regarded as best source of th: cazyme), the concentration
of the enzyme is of the order of 0.0047 (A0mqg/kg).

Another main problem in the isolation of o-diphenolase
from plant tissue is the occurrence of tho phenolic substrates and
enzyme side by side. In living tissues, Lhecse two components are

separated within the cells, but on maceracioa, extraction, and
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other processing treatments, they comz into contact and give

rise to quinones and other condensation proJucts. The products
generally combine with the protein ol tihe enzyme, making it
inactive (Sanderson, 1965) with a rasultit tanning. These
tanning reactions taking place duriic the isolation of the enzyme
result in changes in its properties & well as in apparent
multiplicity (Bendall and Gregory, 1963). Same investigators
have tried to prevent such reactions Ly “ducolorization'" with
lead acetate, isolation under NZ (Kertcuz and Zito, 1965;
Bouchilloux at al, 1963, or in th~ pres-nge oI reducing agents or
phenol adsorbing agents such as polyeth lone glycel (PEG)
(Adamson and aAbigor, 1980), pelyamidc or polyvinyl pyrreolidone
(PVP) (Sanderson, 1964; Loomis and Batlaila, 1966; Anderson, 1968;
Benjamin and Montgomery, 1974). However, soe of these agents
inhibit the enzyme irreversibly (Walter i “ulme, 1965; Kidron
et al, 1978).

In recent years this problem hos banon somewihat solved by
the preparation of acetone powder a. the initial step in isolation,
permitting the interferring phenolic :whutrates to be removed from
the enzyme source by extraction with cold acetone. Acetone has
been preferred tc alcohol, which is a .«iter solvent for phenolic
compounds occurring as substrates, bocuune the former has beon

found to cause less inactivation of the enzyne.
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The binding of o-diphenclase Lo wcpmbrancs in many tissues
furthgr complicates its isolation. Scluiilization is usually
achieved after preparation of acetone nowlcr or extraction with
detergents and other agents (Mayer and larel, 1979).

An additional obstacle to purification is the extensive
multiplicity of the enzyme and the interconversions between forms
which continually occur during purificak’on steps and during
storage of purified preparations (iay.r an? Harel, 1979).

Procedures which have been emplovad in the purification of
o=diphenolases include fractionation with amnonium sulphate, removal
of inorganic impurities by dialysis, ion-cuchange chromatography
and gel-filteration. Celite has been “oul’ to be a selective
adsorbent for o-diphenolases, being a rel tively specific binder
of copper proteins. VUreparative isoclectric focussing has also
been employed in some cases (Dubernet an! RiLcreau-Gayon, 1974;
Kidron et al, 1978).

Attempts to purify o-diphenolascs by affinity chromatography
have had only limited success (shimoda ct aly 1975). This is
apparently due to changed affinity ol the phenolic ligands to the
enzyme upon their binding to the supoort, o the oxidation of
ligands during the operation of the column, and to the relatively
low affinity of the enzyme for its phenolic substrates (Mayer and

Harel, 1979).
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Assax of o-dighenolases

Since oxidized phenolic substances undergo many secondary
reactions both with ecach other and w'i:h protein, 1t is difficult
to measure product formation in routine aznmays. It is also
difficult to routinely assay for residucl substrate since some of
the products react with rragents for phenoli~ substances,

A reliable method of assay involves mo.o curement of oxygen
uptake directly using a Warburg manomctc: (Dawson and Magyee, 1955),
taking only initial rates into considerabtion, since the enzyme may
undergo rapid inactivation during catoliytic performance. Bendall
and Gregory (1963) found the Clark onyg u: 2lectrode extremely useful
for measurement of the rate of ocxidation of tea polyphenolases.
However, the ratio of oxygen conswnmad/sungtrate oxidized changes
with time of ths reaction and depends on suistrate type, con-
centration, pH of the reaction mixture and.ﬁha huffer used (Mayer
et al, 1966). An additional problen concerning this assay is the
low affinity of phenoloxidase to on,. <ie. Mozt assays, and
particularly the spectrophotometric on:s are therefore carried
out at oxygen concentrations far below Ka T oxygen (Kmoa) of the
enzyme. It is evident that true Vmax vilic:: are seldom

determined (Mayer & Harel, 1979).
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Methods have been proposed to [ollow o=diphenolase activity
spectrophotometrically, using coupling reactions with the quinone
formed. Ascorbic acid has been ~mploye!l as a coupling reagent.

The amount of ascorbic acid thus used un in the coupled oxidation,
which is equivalent to the actual oiidition of the substrate,

can be deternined c¢ither by titration wiih Jve (Sreerangachapr, 1943)
or spectrophotometrically (Ashraf El-Dnyoni and Frieden, 1957;
Mazgocco and Pifferi, 1976; Esterbauer at al, 1977). Good lincarity
with time and enzyme concentration wo: chicrved in both cases, but
the exact gtcichiometry of the reaction. was nct determined.

The most convenient and most widely uuoed method is to follow
the initial rate of formation of product snpectrophotometrically
(Patil and Zucker, 1965; Tancja and Jacchor, 1574; Benjamin and
Montgomery, 1973; Interesse et al, 1920; ..lamson and Abigor, 1980).
The method is not only sensitive and rasid, but measures the
initial oxidation of the substrate witho! © including complex
polymerization reactions or allowing .oi the inhibition of the

enzyme by the prouucts of the reaction.
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Reaction Mechanism of o-diphenolase

The mechanism by which o-diphenclase reacts with its
substrates is complicated by two prublems. [I'irst, it is clear
that the cresolase reaction involving apparently a hydroxylation
reaction differs from the oxidation of tho o-iiphenols, the
catecholase reaction. Secondly, it is 1oL casy to fcllow the
reaction of the copper, and the enzyue 15 ~lso devoid of an
absorption peak in the visible spectrum, 5o that the spectro-
photometric analysis is also more complicabtets It is however
certain that copper is involved at some stage of catalysis, and
there is the view that a pair of copney ioiz is regquired for

oxidation of substrate - (Mayer and Harel, 1979).

Mechanism of hxdroxxlation of Hononhenolz
e e

For long, it was maintained by some authors that the
hydroxylation reaction was non-enzymatic .ul unly the dehydrogenation
reaction was enzymatic. This view haz boon proposed by Onslow and
Robinson, (1928) and vigorously advouat.d bv Kertesz and Zito
(1957; 1962; 1965). However, there is now overwhelming evidence

against this view (Mason, 1956; Mathew on’ Parpia, 1971).
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The onset of cresolase activity is »Iten preceded hy a lag
period and electron donors, including o-diphenols, usually shorten
or abolish this lag. The enzyme has to ba “primed" or "activated"
by an o-diphenol or by anothar reduciny: ageil such as ascorbic acid
or hydroguinone (Mason, 1956) before initialling the cresolase activity.
Based on this obhservation and on the houlovlge that o=diphenolase
is a copper~metalloenzyme, Whitaker (7372) .ioposed the following
reactions (where a small amount of catec ol is added initially along

with the monophenol)
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It is not clear whether the lag phasc expericnced without the
o-diphenol is inherent in ecresolasr. activily, or an artefact due
to changes in the enzyme, during preparation nd isolation

(Mayer and Harel, 1579).

Mechanism of oxidation of o-diphenols (J.:hydrogenation)

The mechanism of oxidation of cu-dipherols by o=diphenolase
is not yet known with certainty (Mayer anc Hixel, 1979). Mason
(1957) classified the catecholase activity an a four-electron
transfer oxidase activity, in which oxyyen !s reduced to water
or hydrogen peroxide without becoming fixed to the substrate, Thus,
during the activity, two molecules of o-iizhenols are oxidized to
molecules of o-quinones, bringing about the voduction of one

molecule of oxygen to two molecules £ wnter.

Ol 0
3 M
- OH T NF
2 |i /J + 0, e S \W/E 2 H,0
" 2 . 2
o
5 N
catechol o=benzoquinone

Hamilton (1969) proposed a mechanism for the oxidation of
o=diphenols by o=-diphcnolase; which shows the role of copper in

this reaction.
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Investigations of the order of binding < O, and o-diphenocl

{BHZ) to the enzyme (Ingraham, 1957), indicate that 02 must bind

first. The mechanism is thought to Lo an oxdered BiBi mechanism.

02 ?Hz p H20
i I 1
| | I
. R VA i (I
E (E.Dg (E.DZ.BHZ} E.HEO E
It
(E.Hao.a)

The kinetics of o-diphenolas: of grape chloroplasts has
been studied by Lerner and Mayer (1976). The proposed sequence
of binding of substrates is: first, rancom hinding of an oxygen
and an o=diphenol molecule followed by reloase of a product
molacule prior to binding of the second o-diphencl molecule. The
second product molecule is then releascl, In potato o=diphenolase
02 is supposedly the first substrate te boe Lound to the enzyme
(Mayer and Harel, 1979).

In considering the mechanism of raaction of o-diphenoclase,
the question of latency must not be forgotten. The changes in the

enzyme which transform it from latent bo active, are such that

binding properties may change radically (Mayer and Harel, 1979).
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There is a continuing argument on the physical relationships
between the gresolase and catecholasc Zuacltlons of o=diphenolase.
While some workers guggest that both functions are catalysed
at a single site (Kubowitz, 1938; Mason 195G), others implied the
participation of two sites, either on the rawe enzyme molecule
(Dressler and Dawson, 1960; S5himao, 1262), or on different on:s
(Macrae and Duggleby, 1968).

Many preparations of o=diphenolase fiom plants are devoid of

cresolase activity {(Clayton, 1959; Paluer, 1953; Rivas and
Whitaker, 1973) although it is difficu’l o nzsess whether these
represent genuine "native" forms or the: crsme. The lability of
eresolase activity is well known and it hias peon suggested that the
loss of cresolase activity results {roam < ungus in the structure of
the protein during its purification (Mallectte and Dawson, 1949;
Mason, 1956; Vaughan and Butt, 196%). %..'s of cresolasc activity
on solubilization of membrane-bound catochol ovidase has been
reported by Harel et al, (1965) and (1972}, w.lle Vaughan and Butt,
(1969) observed a sharp decrcase in crrsolsse activity upon aging.
On the other hand, ¢resolase activilty michl be induced or increased
after treatment with hormones, trypsin or urca or following

infection (Mayer & Harel, 1979).
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PROPZRTILS OF o=DIFHINOLASEH

1 Multiple forms

Reports on multiple forms of o-diphenclaze started to
flood the literature as socnh as methuds of nrotein fractionation
such as ion exchange chromatography, u~l filtoration, gel
electrophoresis and isoelectric focuczoing ware introduced to
study the enzyme. Most reports on o-dinhiennlise mention
multiple foras orﬂisuzymes".

Five phenolases were separated from musihrooms by
chromatography on hydroxyapatite coluim: (Snith and Xrueger, 1962).
Four forms of mushroom phenolases (ol-, .-, \6’— and A- forms)
were also isolated by Bouchilleux et al, (1963). Some of these
forms have been found to be interconvertihle (Rolly and Mason,
(1963). Kertesz and Zito (1965) obtained I-on mushroom a single
form of active phenolase enzyme in a Lii¢lly nurified form. The
reproducibility of the method, and thz frabk that the amino acid
composition of some of the multiple foris oltained earlier was
similar, lend support to the assumption tiat these multiple forms

may be artifacts of a single active form,
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An o=diphenoclase preparation from potato peelings has
been found to separate into two components on chromatography with
DEAE-cellulose (Patil and Zucker, 196'). ..lso threc compon.nts
of o-diphenolasc have boen isolated frow healthy sweet potato
roots by Hyodo and Uritani, (1965).

From applaes, four differoent o--diphonolases wer> found
(Harel et al, 1965). ‘hilc the possibility of the formation of
artifact has bcen considered in mushroom, in this case tha
investigators arc of the opinion thab smich a possibility is un-
likely, especially in view of tho coagiastoatly different propurties
obtainad for different forms in spite f ropcated separation and
repurification. It is probable, however, kthat each enzyme is
bound to a specific site within its subcellular structure where it
fulfills a specific role. Walker an. Hulme, (1966) obtained two
o~diphenoclases extracted from apple pecl by use cof Triton ¥X-100
and separated them into two fractions on 1. . -cellulose,.

The discussion of multiplicity obviourly includes arguments
as to whather it is a 'native' genuine ghenuvimenon or results from
the release of membrane bound forms, p.wriial denaturation,
fragmentation, proteolysis, activation oi latent forms, tanning
reactions. Interconversions betwoon forms apparently due to
asscciation-diseciation phenomena, have beon reported for the

enzyme from several sources.
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Such interconversions, which occur zoontaicously can be
accelerated by factors such as ionic slbrength, concentration or
dilution, the presence of certain ions, urea, and by presence of
the phenolic substrate = (Mallete and Dawson, 19493 Smith and

Krueger, 1962; Jolley et al,

- — o —

1969; Harcl et al, 1973; Mayer and
Harel, 1979).

A great deal of attention has baoon pai’ co the differcvnces in
the properties of multiple forms of the cnzvme and to the possible
"physiological™ significance oi such differences. These include
differences in affinity and specificity to phwenolic substrates and
oxygen (Harel et al, 1955), scnsitivity to inhibitors, pH optimum
(Wwong et al, 1971; Kahn, 1976), and inactivation by heat (Ben-
Shalom et al, 1977). Differecnces in “"i:ozym: pattern" have been
reported also in connection with subcellulur orcanelles, the stage
of development of the tissue and as = roculc of attack by pathogens
or treatment with plant hormonecs (Harel et al, 1965; Taneja and

Sacchar, 1977a; 1977b; Mayer and Harel, 1972). Although such
differences in "isozyme pattergs" might have o physiolegical
significance, the establishmant of such sicnificance requires

further evidence (Mayer and Harel, 1979).
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Horowitz et al, (1961) have studizd tho genctic basis for
crassa

the differences between isozymes in HNeurcsiora -Tand their
findings indicate multigenic control of 'tyrosinase' synthesis,
but clearly points to one locus as thoe structure determining region.
They concluded that the structural diffecvoncuy are determined by
small, functionally unitary genetic recion, the T locus. The four
'*tyrosinases' appear to represent fovr Jiffor:nt alleles at
this locus.
2 EE oEtima of o=diphenolase

The effect of pH on the activitvy o. the ecnzyme from many
sources have been reported. The pH optimun of most of the
o~diphenolases studied is between pH 5.0 an? 7.0. However, survey
of the literature reveals conflicting reports on the pH optimum of
the enzyme from the same source e«0e. iit potato tubers (Patil and
Zucker, 1965; Sharma and Ali, 1980) ww In apples (Walker, 19643
Harel et al, 1965). There are also many roports on differ:nces in
the pH optimum, depending on the phenolic subrtrate being oxidized
(Clayton, 1959; Alberghina, 1964; Rohbh et al, 19663 Vasmos-
Vigyazo and Gajzago, 1978).

A feature which recurs in many reporis is the presence of
two peaks (Fatil and Zucker, 1965; ..Jdauson s Abigor, 19803
Intersesse et al, 1980; Sharma and »li, 1940) in potato, Dioscorea

alata, wheat and $olanum melongena o-diphonulases, or a wide
e —— ——

optimum in the pH curve of enzyme activity (Paul and Janave, 1973;

Ben-5Shalom ct al, 1977).
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Changes in the form of the pH curv: during development, or
as a result of changes in growth conditlons or treatments of the
isolated enzymes with various agents 'lave also been reported.
These include changes in the pH optimur upon aging of tissue cultures,
exposurc of the tissue to stress conditions and treatment of the
enzyme with denaturing agents such as detorents (Harel et al,
1965), and urea (Lerner et al, 1972), clevatel tenmperatures
(Kenten, 1958) or short exposure to acic pH (Lerner et al,1972).
5uch changes are sometimes accompanied bv activation of the enzyme
in the neutral to alkaline region of .tus pH curve. They might be
explained by partial denaturation of il enayvae and/or con-
formational changes wlich result in shifts in its pH optimum. It
is not unlikely that similar changos in the pll curve take place
also in vivo during aging of the ti.sue, rcllowing release of
membrane bound enzyme to the soluble fraction of the cell during
fruit ripening or upon damage incucre! by glress conditions
(Ben-Shalom et al, 1977).

3 Substrate specificity of o-diphaiolasc

While o-diphenolases from animal tissucs are relatively
specific for tyrosine and dihydroxyphenvlalanine - dopa (Mason,
1955), the plant enzyme acts on a wide raoge of mono-and o=diphenols.
In addition, the specificity for opticial isomers, which is clear
cut in o=diphenolases from mammals is losy ovident in plant

enzyme (Mayer and Harel, 1979)
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It has been found that the rate of oxidation of o-diphenols
by lettuce and mushroom o=diphenolascs increases with increasing
electron withdrawing power of substiitunents i. the para position -
CH,> H »SCN> COCH, % CHO CN > NO,
Coleman, 1270). OC<Diphenol substition - at one of the positions

- (Mayer, 1962; Duckworth and

adjacent to the -OH groups (e.g. by «---«'Hl:3 o an additional -OH)
usually are not oxidized. Mayer, (1962) suggested that these
positions should remain free for oxicdatioci: to take place.

The o=diphenol might b2 underyoing lzotonization in the
process of its oxidation by the enzymc (i1 ver and Harel, 1979).
Additional support for this suggestion may comnce from the observation
that 2,3-naphthalenediol is not a svbstrate of o-diphenolase, but
inhibits the enzyme competitively (Moyer et al, 1964). This com=
pound cannot undergo keto-cnol tautomericia and does not form a

quinone due to fixation of the double bonds near the hydroxyl groups.

Although o=diphenolase can oxidize & wide range of phenolics,
the individual enzyme tends to "prefer® . particular substrate or
a certain type of phenolic compeund. In some cas.s, the

preferred substrate is alsc the most ~bundant phenolic in the

portleular tissue (Palmer, 1963; Challice and Williams, 1970).
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o-Diphenoclase of pear was found to act on - nuuber of o-diphenols,
but the activity was in descending order for catechol, chlorogenic
acid, caffeic acid, and protocatechuic acid (Luh et al, 1963).
Nakabayashi (1954), found that of 211 tii: o=diphenols tested, apple
o=diphenolagse had maximum activity tovards hydrocaffeic acid,
followed by chloroegenic acid, caffcic acid, 3,4 dihydroxy phenyl
acetic acid and 3,4-dihydroxy benzoic rcicd. /. number of substrates
such as tyrosine, catechol, dihydroxy phenvlalanine, pyrogallel,
guaicol, resorcincl, hydroquinone, and p=cresol were oxidized by
the action of o-diphenolase from cugar nanc, while phenol and
m=cresol were distinctly ineffective (Alexandos, 1966).

Catechins in general have bhecn fowiy’ Lo be good substrates
for tea o-diphenolases (Takeo, 1965), while quercetin and its
glycosides were not appreciably oxidizad (Robert and Wood, 1951).
In the case of monophenols, Buruah an. Jwain, (1959) found that
only those having para-substituted C‘.I2 aroups such as p-cresocl,
tyrosine, and phloretin were active as potnto o-diphenolase
substrates.

The affinity of plant o-diphonclazes for the phenolic
substrates is relatively low. The Km is iigh, usually in the order

of mM (Palmer, 1963 ; Harel et al, 1973; Rivas and Whitaker, 1973).
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The affinity of o-diphenolases for oxygan is also relatively

low, similar to other copper containine ocidases, and it depends
on the phenolic substrate being oxidizcd, and could vary also
among different forms of the enzyme isolat:d from the same tissue

(Harel et al, 1965; Mayer and Harel, 1979),

4 Aminc acid composition and Primary tructure

Potato tuber, spinach beet and grap. o=diphenclases have
been reported (Mayer and Harel, 1979) to show considerable
similarity in amino acid composition, Loil. anong themselves and
compared to the fungal (mushroom, Neurospora and streptomyces)
enzymes, and to silkworm and mouse melancna tyrosinase. The
similarity is particularly striking in the Lagic amino acids and
in the content of threonine, serine, glycine, alanine and isoleucine.
A relatively low content of sulphwr anino acids has besn
reported in o-diphenolases from variocus sources. Robb et al, (1965)
found neither methionine nor cysteine in bread bean catechol
oxidase while in potate tubers (Balasincan and Ferdinand, 1970)
and grapes (Xidron ct al, 1977), the enzyme did not contain

methionine.
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Therc are some reports on non-aminoe scid constituents in
the structure of eo~diphenclase., Oalasgingam and Ferdinand (1970)
reported that RNA accounts for half of the woeight of purified
potato tuber o-diphenolase. The RNA could nol be digested by RNase
but its remaval by other methods regulted in complete loss of '_,,r
enzyme activity. Yunusov ct al, (1975) cluimcd that 26% of the
enzyme from cotton consist of an arabkinozs:, xylese, galactoge and
glucese~containing polysaccharide. Accordiig te them, tho
carbohydratemoiety:s attached throuch the aydroxyl of a Cetorminal
serine. The N-terminal amino acid in the cotion enzyme 1s histidine.

In agaricﬁg;zisoleucine is the Netorininal while valine is the
Cetoerminal amino acid. An N=terminal pantapepltide isolated from
Neurospora o-diphenolase has the seguange Mehc—Ser-ThreAsp-Ila-Lys
(Mayer and Harael, 1979). No work hag beon done on the amino acid
composition and primary structure of o=diphoenolases from Dioscorea
species.

5 Molecular weight (MW) and quaternary structure

Lewis and Dawson (1948} repoctoed that highly purified enzyme
from Lactariug piperatus has a moleculear weight of 100,000 which
correspondsfto four coppcg é%bﬁ; per nelo. 1he molecular weight
of the predominant form of mushroom o=diphwnolases has been often
reported to hbe ﬂetween 116000 and 120,000 daltons (3mith and Krueger,
1962; Bonchillnu!6:é£ él,vl963; Kerteﬁz.and Zite, 19853 Joiley et al,

1AQRTY
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The minimum molecular weight observed by scdinentation was 26000-

32000 (Kertesz and Zito, 1957; Duckwerth and Coleman, 1970). The
enzyme was supposed to consist of four idential subunits (MW ca 30,000)
each containing one copper atom.

This assumption was strengthened bv oboervation of
association-dissociation equilibra amcng the various forms, which
were concentration dependent. Jolley et al, (1969) reported that
the equilibrium could be shifted toward asnsociation by increasing
protein concentration and by the prescnce of Ca2+. Dissociation
was facilitated by elevated temperaturc:, increased ionic strength,
acid pH, and by the presence of 305 or FiT/...

Following the observatiocn thot copier atoms in mushroom o=
diphenolase occur in pairs (Makino ond Hason, 19735 Makino et al,
1974), Strothkamp et aly (1976) reinve:tlgated the quarternary structure
of the mushroom enzyme. SDS-acrylamide gel electrophoresis showed
that the enzyme contains two typesi?ilypcpﬁide chains, a "heavy"
(H, M{ 43000) and a "light" (L, MJ 13400) chain, differing in their
amino acid composition. It was concludad that the previously
designated "monomer"” of 26,000-34500 MY wos o dimer of the L form,
that the predominant form found in extracts (M4 ca 120,000) was
a tetramer of quarternary structurec Lz”z and the active enzyme
(apparent MW 69000) may then be L2H, having two copper atomse.
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The distribution of the copper atoms amony, the L and H subunits
is yet to be deteriined.

The problem of M¥ and quarternary siructure of higher plants
o=diphenolase is more complex (Mayer and llor.l, 1975). Most
reports on the M{ of the enzyme are based on 2stimates (ee.ge by
employing gel filteration or acrylazmide gel electrophoresis)
using partially purified preparationg: the walues reported cover
a wide range. In many cases, crude or partially purfied
preparations show multiplicity of foums which may have resulted
from association-dissociation. Thus ilurel and Mayer (1968) observed
three forms of o-diphenolase from apple fruit having Mids of 30-40,
60-70, and 120-130K, These werce shown Lo wwlcrgo interconversions.
Demenyuk (1974) observed 24, 67 and 13K formgz also in apple, the
high MY one being transformed into the lower I forms during
ripening and storage of the fruit. HMultiplicity of MWs has also
been observed in o-diphenolases from teo 1:aves, avocade (Dizik
and Knapp, 1970), potato tubers (Balasingam and Ferdinand, 1970),
sugar cane (Coombs et al, 1974), banuna and apple leaves
(Heinaru et al, 1975).

o-Diphenclases which have been purificd to homogeneity
have MWs around 36-40K (Balasingam ol Jerdinand, 1970; Vaughan

et al, 1975; Kidron et gl' 1977) with cio onc gram atom copper per mole.
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Mayer and Harel (1979) suggested that this might
represent the basic subunit of plant o-diphenolas:ae
Gregory and Bendall, (1966) concluded that the native toa
o=diphenolase has MW of 144 + 16K, the multiplicity
observed being thc result of partial degradation quul
tanning reactions. Harel et al (1973) reportcd that thoe
predominant form of grape o=diphenolase (55=59K [l
underwent "dissociation" upon storage, diluticn or
exposure to acid pH or urea, forming a 31-33 and 20-21K
"subunits".

Does higher plants o-diphenclase also have a
"heavy" and a "light" subunit? - is a question still to
be answered. Mayer and Harel (1979) speculated that the
11700 MW form of the cotton enzyme and the 14K fora fron
avocado might represent such a 'light' subunit, while
values of 23500, 25K and 28K might be its dimers, and the
frequently observed forms of 60-70K M4 - the [4H and
I, H combinations.

& Copper content

Copper has been found to be present in small anounts
in o-diphenclase preparations (Kubowitz, 1938) aund i

therefore considered its prosthetic group.
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In several of their mushroom o-diphenolase preparations,
Kertesz @nd Zito (1965) found that all the copper was in
the cuprous statc after testing with 2,2'-diquinovl
inmediately after the preparation. Robb et al, (1965), kertesz
and Zito, (1965), Vaughan et al, (1975) and Kidron =t al, (1977)
reported a copper content of one atom per polypeptisic chain
or subunit in bLroad bean, mushroom and sugar hest o-
diphenolases, respectively. An earlier report by Gro ory
and Bendall,(1966) suggest the presence of more bthuw. one
copper atom per polypeptide chain. Kertesz et al, (1972)
suggested that two non-equivalent copper atoms are proicat
per catalytic site of mushroom o-diphenolase. Howevar,
recent observations (Mayer and Harel, 1979) with .garius
and Neurospora o-diphenolases indicate that th. Zuactionral
unit of the enzyme contains a pair of copper icnu, an raises
the question as to whether such a pair is atbachoed to 3

sinqgle polypeptide chain or to two identical or diflerent

subunits.,
Determination of the copper content of o=liphunclage is
complicated by the apparent loss of copper from the avicane

during its purification (Kertesz and Zito, 1965; Jolluvy

et al, 1969; Duckworth and Coleman, 1970; Kidron ot al, 1977).



Althouah the preséAEé.of copper in c-diphenclase is
not disputed, and its participation in the oxidation io
well established, just what happens with the copper iu
not adecquately known,. fﬂelcobﬁe}giﬁ'the rééthﬁ:énﬁymel
can apparently be either oxidized or reduced or bowu. to
peroxide (Mayer and Harel, 1979).

7 Latency, Activation and Induction of o=]phenclage

Latency and activation of plant o-diphenolagas wore
first studied by Kenten,(i?S?J in broad bean (Vicina Faba)
leaves. Activation was'aﬁhievédhfy short expcsury to acid
(pH 3.0 = 3.5) or alkali {pH 11.5). The activation wag
ascribed to the removal of an inhibitory protein which was
assumed to be attached to tge énz?me; Activation by
anionic detergents was interpreted to act by combining with
cationic groups of the enzyme which results in dizsociation
of the "enzyme-inhibitor complex" (Kenten, 1952; Yauaguchl
et al, 1970}. Swain gt al, (1966) interpreted the
activation of hroad bean o-~diphenoclase by datergents aixl
short exposure to acid, alkall or urea as involﬁinq a'l
limited conformational chanqge rather than dissocilotion or
aggregation. Conformational changes as the causce ox

activation were also suggested by Lerner et al, (1972).
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The activation was due primarily to an increase in Vi
whiler affinity for the phenolic substrate decreascd a’
that for oxygen increased. The process was revorsible and
could be repeated several times with the same preparctione
Conformational changes caused by a long exposuras Lo i 2=3
were observed also in purified mushroom o=diphznoluaze
(Duckworth and Coleman, 1970). Latency due to comiination
of the enzyme with a diffusable inhibitor was suggustad in
spinach chloroplasts (sato and Hasegawa, 1976),

In tomato (Abutalybov et al, 1956), potatc (P.iruva, 1963;
Gedz, 1965), apple (Pelagomen, 1264), cotton (alicvy, 1965), oat
(Rubin et al, 1965), trace elements such as manconeso, copper,
and boron were found to incrcase the activity of o=diphenclase.
Exposure to electric current increased o=diphenolasc activity
in apple and pear (Janikov, 1961), while %-drradiatiou of
banana fruits increased browning and activity of the ocunzyne
in the skin (Chachin et al, 1965).

Induction of o-diphenolase due tode novo synthesis of
the enzyme has been extensively studied in Neurosporsa by
Horowitz and coworkers (1960, 1961 and 197C). Thc anzyue
which normally appeats in the reproductive phacze ol thae life
cycle, could be induced when vegetative growth wrns inhiibited
by starvation, metabolic inhibitors, or inhibitors ol nucleic
acid and protein synthesis such as actinomycin D,

nuromvein as well as amino acid analoques.
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Synthesis of the enzyme has also been suggested to Lo
involved in the ‘'induction' of o-diphenclase in cerminating
wheat seads (Taneja and Sachar, 1977) which was affccte. by
actinomycin D or cycloheximide.

(3] Inhibitors of o-dipherolase

Inhibitors of o-diphenclase activity can Lo grouped
into three classes: (1) those that are oxidized in
preference to the substrate or resemble its struchurcs
(2) those that make the enzyme ineffective by interracting
with the prosthetic group-copper and (3) those thal camplex
with the substrate making it unavailable to the enzyviice
Ascorbic acid has been found to ba effective in con-
trolling enzymic browning by becoming oxidized ituoelf
(Mathew and Parpia, 1971). Competitive inhibitors oi the
phenolic substrates include compounds which are slowly ouidized
substrates e.g. 4=-nitrocatechol, p-nitrophenol, <-cr.lorophenol
(Clayton, 1959; Robb et al, 196G; Lerch and Ettlinger, 1972)
and compounds which are not oxidizable but rescuble e
substrate's structure e.g. benzoic acid, other aromatic
carboxylic acids and 2,3-naphthalene diol (Maycrlgg_gi, 1964;
Harel et al, 1965; Duckworth and Coleman, 1970; Rivasz and
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Inhibitors which act on the copper in th~ cnzyme
include cyanide, diethyl dithiocarbamate and thiourca
derivatives such as phenyl thiourea. Other metal ion
chelators, less specific for copper also inhibit the =nzyue
in some cases - sodium azide and EDTA (Clayton, 1959%
iong et al, 1971). However, o-diphenolase copper ic souetimes
relatively inaccessible to inhibitors (Mayer and arsl, 1975).
Polyvinylpyrrolidone (PVF) and polyethylene lycol
(PEG) adsorb phenolics and have been widely used Lo protect
plant enzyme from inactivation by phenolics and their
oxidation products (Loomis and Battaile, 1966; Andoerson, 1968).
Hulme et gi’(1964) suggested that PVP inhibits o=disheonolase
by combining with an o-diphenolase-substrate comple:s, probably
by attachment to the phenolic substrate molety oo smc¢li 4 complex.

The interpretation of the mode of inhibition ol o—

diphenolase by various compounds is complicated in xolation
to thecresolase and catecholase functions. Diflioraoni ol
inhibition of the two activities by some compounds has boean

interpreted to indicate separate sites for mono-and
diphencls (Mayer and Harel, 1979).

Walker (1975) reported that cinnamic acid derivatives
inhibit catechol oxidase (o-diphenolase) by acting on

specific "inhibitor site" on the enzyme.
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Inhibition by SH-reagents is not a general phenomenon
probably because o-diphenolases usually have low contceri of
cysteine (Mayer & Harel, 1979). Inhibition by sul Mwirvi
compounds is effected by removal of the quinoncs from further
participation in secondary browning reactions. Thiols such
as cysteine and other thiol amino acids, mercaptcetiinnol,

and amides of p-aminoethyl mercaptans, act as inhibitor: by
addition to the quinones and/or by being reducing agents
(Mathew and Parpia, 1971).

There are several reports in the literaturc on natural"
inhibitors of o-diphenclase which have been isolated or detected
from various tissues. A low mol:ecular weight compound with
an absorption peak at 280-290nm isolated from culbure:sn of

Penicillium expansum inhibited apple and tobacco enzymes

(Walker, 1270), A short polypeptide isolated fron Agaricus
hortensis competitively inhibited the enzyme frou tnoe same
tissue. Also a protein (MW 34000) isclated from potats tubers

o

strongly inhibited aresolase activity of the enzym: Trom the
same source (Mayer and Harel, 1979).
Not much work has been done on the inhibition inctics

of o=diphenolase from Dioscorea species.
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Physiclogical Importance of o-diphenolase

In ascribing a physiological function to o;diphenolase
in green plants, 2 number of properties of the enzyme wust
be taken into account; {1) its subcellular location,

{2} the phenomenon of latency; (3) activation of {he ensyme
under certain conditions due to conformational cliangags

(4) the presence of native inhibitors; (5) the enormous
variation in enzyme level at differehf béfib&g'Qf arowth and
development; (&) the separation of the enzyme from maslt of its
substrate due to compartmentation, cellglar or subcellular.

A possible interpretation of these very divégse prOperties

is & formidable task (Mayer and Harel, 1979).

One of the oldest suggestions of a physiological
role is that of synthesis ofIS-diphenols in vivo (lMason, 1956).
Thisz suggestion is based on the undoubted ability of many
o-diphenolase preparations to_qxidize moncphenels to tho
corresponding o;qﬁiéén;s. It.ié however not certain whether
the o=diphenol is released as a distinct product o note.

A second long sugyested role of o~diphenolases iz in
electron tral."nsport. Since quiné}ne..-s. .aﬂr'e powerful ordidalzing
agents it i¢ esay to imagine a reactieon in which a diphanol
is oxidiged by o-diphenolase to the corresponding ruinone
which then reduces some cell constituent, such as o

nucleotide non-enzymatically.

e T,
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Kubowitz (1938) claimed to have demonstrated such a reaction‘;
and since then o-diphenclase has been suggested to be involved
one way or another in aerobic respiration {(Crawtord, 19€7;
Mayer and Harel, 1979). | | | | :

It has been found that o-diéheﬁolase aétiviﬁy ér rate
of darkening of tissues is propoertional to resistance of the
tissues to pathogenic bhacteria, virus and fungi. Thua; d;
diphenolase has been implicated in the pesistance of plants
to various micro-organisms because 1t oxidizes thelr pheaols
rapidly to gquinones which klll the damaged cells, and produce
a layer of dead tissue bhetween the infected and healthy areas
in sugar beet, potatoes, yams, bananas and damaged parts of
stems or roots, which prevent the penetratidn of thrsc nicro-
organisms (Daverall and Wood, 1962; Sisakian, 1963}. HMHoustafa
ahd Whittenbury, (1970} also observed that inhibitign uf o—
diphenclase increcases infectivity and decréésés feg£stanéé;i

The importance of quincnes in vegetable tanning has been

by

emphasizediﬁénders, (1961} . .He ;onc;uded thg; the q;sgntial
reaction in vegetable tanniﬁg:is i;@-gdditioé.of froe é%inoﬁ
groups of the proteln to low molecular welght gquinones formed
by the oxidation of phenols (by ofdiphenolase), rgsulting in

Ty

covalent c¢ross-linkage. Co S N
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The involvement of o-diphenoclase in affecting the
regulation of plant growth has been implied in various wWays.
Gordon and Paleg, (1961) demonstrated that quinones can interact
with tryptophan to form, ultimately, indole scetic acia (Ihh).
They suggested, however, that the reaction occurs only in
wounded tissues.

A new unexpectaed role.of.o-diphenolase may beoin rcactions
which render seed coats impermeable to water. In secds in which
the enzyme is absent, the coats are permeable, while lts
inhikition praevents darkeﬁihe éﬁd loss of.#éter perﬁéability.
(Marbach and Mayer, 1975).

o-Diphenolases have also been reported to he invelved in
the formation of fruiting bodies in fundi;”dbpa vl melanin
synthesis, and its involvement in the bigsyntheslis of soecific
metabelite has also been implied, e.g. in the synthesis of the

actinemycin chromopheore {Mayer and Harel, 1979).

Evolution of o-diphenclase

o=Diphenolase is a very ancient enzyme. It is clearly

present in prokaryotes e.g. streptomvces, Mycobacterium, and

Bacillus gubtilis, Pscudomecnas melangenum, and Vibrio

tyrosinaticus (Prabhakaran, 1968; Lerch and <ttlingur, 1972;

Femeranz and Murthy, 1974). In eukaryotes, it in olnogi
ubjquitous (Mayer and Harel, 1979). In general, thc cnzyme
reported in bacteria and fungl 1s very similar to thiat rreported

in higher plants,
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Molecular weight and copper content show the same kind of
characteristics although substrate specificity seens to be
very variable. Too little is known about its subcellular
location in the lower orgonisms to permit comparicon with
higher plants. The impression, however, is thac in hactoria
and fungi, the enzyme is primarily soluble and in the higher
plants much of it is particulate. It is difficult co draw
evolutionary conclusions. A ubiquitous enzyme °F un'tnown
physiological function present apparently in 2ll stagcs of
evolutionary development, must confer some kind »y survival
benefit to the organism in which it occurs. Perhapg the only
trend which can be observed in the enzyme's propcrti o is the
decrease in its hydroxylating activity in higher planits. This
perhaps is an indication of its changing physiological function
during evolution (Mayer and Harel, 1979).

Xam (Dioscorea species)

Within the genus Dioscorea, the most important spocies
economically are D. rotundata (white yam), D. alata (water yam),
D.cayenensis (yellow yam), D. esculenta (chinesc vam) y D,
dumentorum (bitter yam), D. bulbifera(aerial yam). D. rotundata
is the most widespread species in Nigeria. It is ¢rown in all

parts of the tropics where growing conditions arce suitable.
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Several cultivars of D. rotundata exist. There arc no
universal names_fqr_;hehcultiyars, but @ach locality has its
own unigue seri;s ﬁf'géﬁés for the different cultivars.
Within each locality or linguistic group, there is no confusion.
The traditional farmer is an expert in_;dent;fy%ng Al
distinguishing between differeﬁt cultivars bfhg; roiundata and

of yams generally.

Ethno-agricultural importance of yam

In many parts of MNigeria, a considerablce amount of
ritualism has developed around the production and utilization
of yams. One of the most important manifestation or this
ritualism is the new-yvam festival. Esseﬁtially a dote is fixed
for the festival, and bhefors that date, no farmor nay arvest
or consume the new crops of yams. On the appointed dey, e¢ach
farmer harvests several yams from his farm, usces pari of the
harvest to prepare a feast, while the remainder may be used to
pay homage to his elders or friends or in-laws. Congiﬁerable
religious activity and social merry—making often accompany
the new-yam festival. After the festival, the furmcr may harvest
the rest of his crop at his own pace and without Funthex
restriction. The fact that yams alone have a festival indicates
that they occupled a singular position in traditiocnal agriculture

of earlier timesa'”'“'
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Utilization of yam for food

By far the largest proportion of yams proruced ainnually
is marketed as the fresh tuber. Only a very small fraction
goes to the market in processed forms,

Boiled yam is the simplest and commonest form in which vam is
consumed. Its preparation involves boiling piecen or slices
of yam in water.

Founded yam is perhaps the most popular and most

traditional form in which yam is eaten in Nigeria, 1t is
prepared from boiled yam which is pounded in a largce mortar
until it forms a thick paste of uniform consisteincy. The exact
consistency that results depends on the species or ciliivars
of yam being used. D. rotundata and D. cayenensis nisually make
good pounded yam, but even within these specles, thaore are
cultivars that are more suitable than others.
"Amala" This is made from yam flour. amala is brown due to
the oxidation of phenolics in the yam by o-diphcnolase during
the preparation of the flour, Upon reconstitution of the brown
flour in hot water, the resulting paste is almost blaci: but
delicious when eaten with a suitable vegetable soup.

Other forms in which yam can be consumed are mashed yam,

fried/roasted yam, {Eied yam-balls and yam flakes.
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Yam tubers make good feed for livestock, but they are not
normally used for that purpose, because of availability of
much cheaper alternatives. In rural settings, vam powls are
often fed to domestic animals such as goats and shaep.

Many species of yam contain small amounts of sapoyoenins
and alkaleide for which various uses have heen Jound. The
main sapogenin present is diosgenin which serves as a starting
point for the pharmaceutical manufacture of seveoral
corticogteroid drugs. The alkaloids present in yvamg include
dicsecorine and dihydro-—dioscerine. Both substaonces ara nopve
polsgons and the species that contain them are thurcfore used
as sourees of poisons for hunting, fishing, and phariaceutical

purposes {(Onwuene, 1678).
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EXPERIMENTAL

MATURIALS

Yam sarules: Ten cultivars representing four species of yam grown

during 1980 in different parts of Nigeria were used fer this

study.
Species Cultivare where purchased
e rotundata Zaria Samaru-Zaria
Amara L =
Orhohozar Benin-City
Omi e
Objiaoturugo Umudike, Umuahia
D. alata Igichua Benin City
¥bela Umudike, Unuahiia
D. cayencnsis Oku " n
Ikpen Benin City
iJe bulbifera Adu Umudike, U.uahia

Chomicals: Sephadex G=200 and DEAE=-Sephadex A=50 were obtained
from Pharmacia Fine Chemicals (Uppsala, Sweden). The combounis
Liried as substrate for o-diphenolase were catechol, DOL-2,
d=dihydroxy phenylalanine (dopal), pyrogallol, chlorogenic acid
acid (supplied by BDH chemicals, Poole, England), as wall oz
3,445~-trihydroxy benzoic acid, p-cresol, tyrosine, p=-coumaric
acid, and quinol (supplied by Hopkins and Williams, Chadwcllheal:,

Lssex, England)
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The marker proteins - catalase, bovine serum albumin
(B54), D(~) jactate dehydrogenase were obtained from Sigma
Cheitical Company (St. Louis, U.5.A.) and egg albumen, cytochrome
C, heamoglobin were from BDH Chemicals (Poole, England).

Acrylamide, N,N'-methylene-bisacrylamide (BI3), :imioniwm
persulphate, and N,N,N' N'-tetramethylethylenediamine (WEMID),
bromophenol blue, -coomassive brilliant blue (all especially
purified for electrophoresis) were obtained from Shandon &Sovthern
Froducts Ltd. (Runcorn, Cheshire, &ngland).

Other chemicals used were either products of BDH Choaicels
(Poole, England), or Hopkins and Yilliams (Chadwellheath,

Lzuox, Sngland), or Mayes and Baker (Dagenham, England), oo
Cambrian Chemicals (Beddington, Croydon), or Sigma Chemical
Carjpany (Ste. Louls, U.5.A.).

11 reagents used (with the exception of sodium chloride,
hydrochloric acid, ammonium sulphate, sodium carbonate, sodium
hydroxide, sodium metabisulphite, potassium sodium tartrate and
cupric sulphate which were laboratory reagents) were of

analvtical or pure qgrade.
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Ins“ruments:

The UV spectrophotometer used was the Beckman double beam DBuGT
grating spectrophotometer.

High Speed Refrigerated Centrifuge - Beckan model J=21,

pH metoer - corning model 7.

Atomic Absorption Spectrophotometer - Pye Unicam SP 1900.
Lyophilizer - tSdwards Modulvoc freeze dryer.

- Iufrared (IR) Spectrophotometer - Perkin-Elmer IR 3pcciro, notometer
model 710B,

Je:lghing balance - Mettler Type H6T No, 215552.

uC Power Supply for Electrophoresis: Bio-Rad.

Laboratories Model 500 Power supply.

simino acid analyzer = Technicon TSM Sequentizl

miltisample Analyzer for amino acids.

METHODS

Freparation of 'Acetone powder' from yam tubers

The yam tuber was peeled and cut into pieces. The pileces
were macerated in a Waring blendor with chilled acetone. The
honogenate was then squeezed through two layers of cheese~cloth.
The residue was spread on a flat surface inside a freezor Lo dry.
The resulting dry powder called "acetone powder" was thon holltled

nd stored in a freezer until used. This was done for cnch of the

'l - FrRC i EF T P S SIS G |



52

Preparation of crude o=diphenolase (0=DP0O) extract From acetone
powders of yam cultivars

Ten grams of acetone powder from each cultivar was suspended
in 30mls of 0.1M potassium phosphate buffer of pH 6.8, allowad to
stand in an icebath for 1 hour with constant stirring, and then
centrifuged at 20,C00qg for 10 minutes at 5°C. The supernabaant
viiich served as the crude enzyme was stored in a freezer until used,

Lxtraction and purification of o-diphenolase from white am
O .rotundata cv. Zaria) tuber

c=Diphenolase from D. rotundata cv. Zaria was salccted for
further purification as described below:

All coperations were carried out either at 4% or with samples
imnersed in icebathg unless otherwise stated. All solutions were
cuoled before use. o=Diphenoclase activity and protein content
were dotermined after every step. This was to make sure that the
enzviie protein being looked for was still present at overy
stage of purification.

Fr=paration of crude enzyme from acetone powder

2ighty grams of acetone powder was suspended in 240mls of
chillled 0.2M potassium phosphate buffer of pH 7.5; an allowed
to stand for 1 hour in an icebath with continuous stirri:. uzing
a magnetic stirrer. Centrifugation of the slurry at 20,000 for
10 minutes at 5% resulted in a very viscous and slimy supernatant

fluid which formed the crude enzyme extract.
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Almonium sulphate fractionation

Preliminary work had shown that most of the enzyve activity
is precipitated between 20% and 85% ammonium sulphate saturation
(ippendix I, Fig.1).

Enough solid ammonium sulphate was added to the crude
enayme extract to give 20% saturation. The suspension was
allowed to stand for 30 minutes in an icebath with constiit
stirring, and then centrifuged at 25,000g for 10 minutes at &7
The supernatant which contained most of the enzyme activity was
brought to 85% saturation by addition of more solid ammoniun
sulphate. This was again allowed to stand for 30 minutes with
cuiistant stirring and then centrifuged at 25,0009 for 10
minutes at 5°C, The resulting precipitate was redissolvad in 271ml
of 0.1 potassium phosphate buffer of pH 6.8, yieldiny aboul 33ml
of enzyme solution. This is subsequently referred to as amionium

sulphate precipitated enzyme.

Dialysis

Thirty millilitres of the ammonium sulphate precivnitated
enzyme was dialysed for 2 hours against 0.1l1 potassium phosphate
buffer of pH 6.8 at 4°c. The buffer solution was constantly
stirred with a magnetic stirrer and was changed four times during
the period of dialysis. The total volume of the dialysate was

found to he 34ml.
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ITon=exchange chromatography

Ten grams of DCaE-sephadex A-50 (capacity 3.5 + 0,5 ueq q"i)
was soaked in 0.1M potassium phosphate buffer of pH 6.0 £or 1% days
at room temperature to swell. After removal of the fines and
degassing the swollen DUAE-sephadex was poured into a glass column
(2456 x 40cm). The packed celumn was equilibrated at a°¢ wy pumping
0.1M potassium phosphate buffer of pH 6.8 through the column at
the rate of 30ml per hour, until the pH of the effluent real 6,8.
Thirty=two millilitres of the dialysed ammonium sulphate procipitated
enzyne was then applied to the DEAE-sephadex column and ulloued to
drain into the column. The column was then eluted with a linear
gradient from 0.1M potassium phosphate buffer of pH 6.8 to 0.CM NaCl
in the same buffer. The flowrate was maintained at 30ml por hour,
Ten millilitre fractions were collected with an LKB autom~tic
frection collector. Absorbance of fractions was monitorad at 2C0nm
with a Beckman DB-CT spectrophotometer to follow protei: clution.

The £ o-diphenclase activity and NaCl concentration were

280nm’
plotted against fraction number to obtain the elution nrofile (Fig 2).

Fractions 11-19 were pooled and saved for gel filtraticu chroumatography.

Gel filtration chromatography on sephadex G-200

Seven grams of sephadex G-ZOO,(particle size 40-12qj) was soaked
in distilled water for 3 days at room temperature to swell. Tha
swollen gel was degassed and packed into a glass column (2,6 x .J0cm)
at room temperature. The column was then equilibrated ot A% with

0,1 potassium phosphate buffer of pH 6.8.
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To the pooled enzyme fractions from jon-exchange step was
added enough solid ammonium sulphate to give 90% saturation,
The suspension was immersed in icebath, left for 30 minutes with
constant stirring, and then centrifuged at 25,000g for -9
minutes at 5°C. The precipitate was redissolved in 0,14
rotassium phosphate buffer of pH 6.8 to give 19ml, which was then
applied to the equilibrated sephadex G-200 column. The column
wan subsequently eluted with the same buffer. A flowralo of 7.5ml
per hour was maintained with a peristaltic pump. Throe willilitre
fractions were collected with a fraction collector. The
absorbance of each fraction at 280nm, and o=diphenolas. actaivity
were plotted against fraction numbers (Fig.3). Fractions 23..35
were pooled for a second ion-exchange chromatography ctep. The
pooled frection was concentrated to 8ml against dry sephade:x

G100 particles.

Second Ton-exchange Chromatography

A glass column (2.2 x 22cm) was packed with swollen DEAil=
scphadex A=-50 and eguilibrated with 0.1M potassium phosphate
bufter as described before. Four millilitres of the concointrated
enzyme solution from the gel filtration step was applied te th=
equilibrated column. Elution was with linear gradient Zrom Q1M
phiosphate buffer to 0.25M of same buffer. The Fflowrate vas

maintained at 20ml per hour, and 4ml fractions were culleclade
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Abgorbance at 280nm and o-diphenolase activity were det: .rnined
for each fraction, and plotted against fraction number (Fige.d).
Fractions 20-22 were pooled and concentrated against dry

scphudex G=100 to 4.0ml. This fraction was referred to as the

pure enzyme,

Polvacrylamide-gel electrophoresis

Discontinuous vertical gel electrophoresis was performed
according to the method of Davis, (1964). Shandon disc
clectrophoresis tank was used., The gel was prepared from
acrylamide, N,N'-methylene-bisacrylamide (BIS), ammonium persulphate,
and H,N,N' ,N'=tetramethyl ethylenediamine (TEMNZD) in glass gel
tubes (0.5 x 7.5¢cm). Gel concentrations were 7.5% and 2.5 far
running and stacking (or spacer) gel respectively. Ruwmnina gel
was prepared in Tris-He] buffer pH 9.0, while stacking -1 wau in
Tric-Hcl nuffer pH 6.7. Enzyme samples (0.05ml) were applicc on
top of the stacking gel by mixing with 0.25ml of stackinc gel, and
a drop of 0.1% bromophenol blue in 5C% glycerol. Ilectrophoresis
was performed at a constant current of 5mA per gel at room
teperature for 1% hours, and the electrode buffer was tric—
¢lycinate pH 8.2. After the run, the gels were removed {iom their
supnorting tubes. Some of the gels were placed in & solution of
30mii catechol in 0.1M phosphate buffer (pH 6.8) contaiving 0,05%

p=phienylenediamine for 1 hour to detect o-diphenolase aciivily.
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The remaining gels were then placed in 12% trichloroacetic
acic soclution to fix the proteins and then stained for one
hour using 0.25% coomassie brilliant blue in methanol: acctic
acld: water (5:1:5 v/v/v). The stained gels were destained in
7% (v/v) acetic acid solution for 12 hours and stored

indefinitely in 7% acetic acid. The gels were then photographed

(Flate 1) for a permanent record.

Determination of protein content

Protein content of enzyme extracts and pooled fractionu
were Jdetermined according to the method of Lowry et al, (1951)
as outlined by Plummer, (1971), using the Folin-Ciocaltcau reajent
and bovine serum albumin (B3A) as standard.

Protein reacts with the Folin-Ciocalteau reagenti to
give a coloured complex. The colour so formed is due to the
reaction of alkaline copper with the protein, and the
reduction of phosphomolybdate by aromatic amino acids particularly
tyrosine and tryptophan present in the protein.

A standard curve (Fig. 18) was prepared from which protain
concentrations of unknown samples were determined.

Elution of proteins from chromatographic columns was
monitored by measuring absorbance at 280nm with a Beckmar JB=GT

sSpectrophotometer.
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Jetermination of total carbohydrate content

Total carbohydrate content of enzyme preparations wac
determined by the Phenol-sulphuric acid method (Dubois at al, 1956).

Simple sugars, oligosaccharides, polysaccharides and
derivatives including methyl esters with free reducing qrourn. give
an orange-yellow colour with phenol/concentrated HZSCA’ the
intenegity of which can he determined spectrophotometrically at 485nm.

Glucose was used as standard, Carbohydrate coentent oif enzyme
preparations was determined from a standard plot of absorbance at

AC5nm versus glucose content (Fig. 19, Appendix III),

Determination of copper content

The copper content of purified enzyme preparations wvas
estimated by atomic absorption spectrophotometry (AGAC, 1975) with
a Pye Unicam SP 1900 atomic absorption spectrophotometcr.

A solution of cupric nitrate in daionized water containing
1ppn copper (0.038 gm Cu(N03)2.3H20 in 100ml H20 diluted 100~fold)
served as the standard. #liquots containing 0.1-1.0 ppu copper of the
standard cupric nitrate solution were prepared and their absorbance
read at 324.9nm. Copper content of purified enzyme preparations

was determined from calibration curve of absorbance at 324.97: versus

copuer content (Fig. 20).
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Assay of o-diphenolase activity

o=Diphenolase activity was determined spectrophotonetcically.
the increase in absorbance was measured at wavelengths at uvhich
the oxidation products of the different substrates absorb (Table 1).
The reference cuvette (1lcm light path) contained 2.7ml of Qe1ll!
potassium phosphate buffer pH 6.8 and 0.3ml of 0.3 substrate (to
qive a final concentration of 30mM in a 3ml reaction aixture) in
the same buffer. The sample cuvette contained 2.6ml of the buffer,
0e3.11 of the 0.3M substrate in the same buffer, and C,iml ol the
enzyme solution. All solutions were allowed to equiliirate and
measurements made at room temperature. Under the aboveencntioned
conditions, absorbance chang2 was linear during the first 2 ninutes,
and this was used to calculate the initial rate of enzywe rceaction.
One unit of enzyme activity was defined as that amount of cnzyme
that caused a change in absorbance of (0.001 per minute under the

descrined conditions of assay.

Inhibition studies

Several compounds known to reduce the enzymic Lrowning of
fruits were tried as inhibitors (Table 6). Conditions for a:ssay
were identical as described for enzyme assay except that the sample
cuvette contained 2.3ml of 0.1M potassium phosphate buifer pil G.8,
Oe3ml of 10mM inhibitor (to give a final concentration of 1mll in
a 3inl reaction mixture) in same buffer, 0.1ml of enzyne
solution - incubated for 30 minutes at room temperature - baforo

¢l:: addition of 0.3ml of C.3M catechol in same bhuffer,
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Kinetic Studies

Conditions for assay were the same as for the enzyme assay
except that substrate (catecheol) concentration was varicd (5-50mM)
in presence and absence of fixed amounts of selected inhivitors.
The kinetic constants Km and Vmax for the crude enzyme preparations
from the 10 cultivars of yam (Table 3), Km, Vmax and Ki using
various inhibitors for the purified enzyme from D. rotundata
CVe Zaria were determined from Lineweaver-Burk plots (Table 7,

flase 7 and 10) as described by vhitaker, (1972).

bDetormination of the pH profile of the enzyme

To determine optimum pH, the activity of the cruwie enzymz
preparations from the ten cultivars of yam and the purified
enzvme were determined as a function of pH, using catechol as
the substrate. The enzymatic assay was carried out as deccrioed
previously with 0,1M acetate buffer in the pH range of 3.0=6,0,
0«1l phosphate buffer, 6,0 - 8.0, and 0.1M Tris-Hd buficr for higher

pH values.

Lffect of pH on Km and Vmax of purified o-diphenolase

The enzyme was assayed as previously described wilh vacying
concentrations of catechol at different pHs (Table 4, Appendix IV).
The Kim and Vmax were determined from Lineweaver=Burk piots prepared
with data obtained at each pH value. Relevant plots of these inetic
constants against pH were constructed (Fig. 9) employing the method

of tixon and webb, (1964).
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Substrate specificity - L e |

Substrate specificity studies involving the crude enzyme
preparations from the ten cultivﬁgg of yam and the purified enzyme
frow D.rotundata cv. Zaria were carried out using several
phenalic compounds (mono—, di- and polyphenols), Asgay
procedures were same axs previougly AéSCribed, and raadlnon word
taken at the appropriate wavelengths as given in Table 1, The
initial rate of oxidation obtained with each of these sulistrateq
was cxpressgsed as percentage of that obtained with catechol as

substrate (Tabkle 5).

Tect of the stability of purified o~diphenolase

Solutions of the purified enzyme were left at koom
toaperature, 4OC, and in the frozen state for 14 days. An
allquoet of the enzyme was aséayed daily for enzyme activily

as previously described with catechel (30mM) as substrate.

Thermostability of purified o=diphenolase

Fgqual amounts of the purified o-diphonolase solutior wore
incubated for 5 minutes at 3QOC, 4OOC, SOOC, SOOC, 7OOC, 8OOC,
90° ana 100°¢ in a waterbétﬁ, then cooled to room temporature
and assayed for activity as previously descrilbied using catoechol

{(30mM) as substrate,
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Residual activity expressed as percentage of maximum acti—ity
was plotted against temperature in % (Fig. 11). The heat o7
inactivation {EXH) was calculated from the slope of a nlok of

loge initial velocity versus reciprocal of temperaturess (in 3

(Fig 17), using the Arrhenius equation (Appendix V)

Molecular weight determination

The molecular weight of the purified enzyme was egtiinated
from its elution volume obtained after gel filtration on a
calibrated column (2.6 x 40 cm).

Gel filtration is based on fractionation and separcition of
molecules according to size. Molecules larger than the larcest
pores of the swollen sephadex, i.e. above the exclusion 1limit,
cannot penetrate the gel particles and therefore pass through
the bed in the liquid phase outside the particles. They ave
thus eluted first. Smaller molecules, however, penetratc the
aqel particles to a varying extent depending on their sizc and
shape. Molecules ares therefore eluted from a sephadex bed 1in

order of decreasing molecular size.

Procedure: A mixture consisting of twenty milligrams o7 each
of the protein standards - Catalase (My 225,000), D(-) Lactate
dehydrogenase (MW 146,000), Bovine serum albumin (B3A) (Mi 67,000),
Haemoalobin (My 65,000), egg albumen (MW 45,000), and cytocurome C
(Mv 12,500) was dissolved in 10mls of 0,1H potassium phosphate

buifer (pH 6.8).
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Five millilitres of this solution was applied to the column
previcusly equilibrated with the 0.1M phosphate buffer of pH Ge8e
The ¢o2lumn was eluted with the same buffer, flowrate uvus
maintained at 12ml per hour and 3ml fractions were collectad.
Elution positions of the marker proteins were determined oy the
neasurement of absorbance at 280nm with a Beckman DB=CT
spoctrophotometer. Four millilitres of the purified ensyne
preparation was then applied to the column. The elution
pesition of the enzyme was ascertained by measurement of

o=idiphcnolase activity of the collected fractions.

Determination of amino acid composition of o-diphenoclasec

Principle: The working principle of an amino acid analvs.r i3
bagsed on an elution chromatography from buffered columns of ion-
exchange resin. The separation of the amino acids laraely devends

on their pKa values and to some extent on the affinity of the

side chains for the resin (Jnite et al,1964). The separoted awino
acids are automatically reacted with ninhydrin reagent and a

purple or yellow cclour is developed by passage throuch & coil heated
in a waterbath. The absorbance of the resulting effluent lz wmeasured
with a colorimeter at 570nm for all the amino acids excapt proline
and hydroxyproline which are measured at 440nm and plottcd on

paper with a strip chart recorder. The area under cach poak gives

an estimate of the quantity of each amino acid preseciils
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The idontification of each amino acid is possible, since,
under controlled conditions the position of emergence of esch
anino acid is constant (the elution time is charactericiic of
each umino acid).

There are usually two ion-exchange columns = 3 short
column for the analysis of basic amino acids and a long column

For the acidic and neutral amino acids.

Preparation of acid hydrolysate

Reagents

1 Constant boiling hydrochloric acid (6N), saturated with
nitrogen.
2 Sample buffer (citrate buffer, pH 2.2)

Frocedure

Samples for amino acid analysis were hydrolysed vitn the

61 HC1 in sealed ampoules under N, at 110°C + 1° for 24 hours.

2
Hydrclysis was followed by ion-exchange chromatography in the

TS5l Technicorn Autocanalyser.

Calilration of the analyser and the estimation of amino acidc

The analyser (Technicon TSM sequential Multisawple analyser
fur amino acids) was calibrated by apnlving a standard nixiure
of amnino acids (suprlied by the Tehnicon Corporation, Tarrvtown,
NeYey UeB.A.) containing a known amount (0.25 micromoles) of

cach amino acid to the columne.
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The concentration of each amino acid present was indicated by
the integrated areaz under the peak representing it on the
chrumatogram. The area of each peak was integrated in terms of
1ts absorption values and multiplied by its width in teris of
the plotted points at half peak height.

The concentration of each amino acid present in the
hydrolysate was determined by comparing the integrated arca undor
its peak with that of the corresponding standard with knoun

concentration.
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Flmw—dlﬁqram for the purification of omd;phenola e from white

yam (Dioscorea rotundata cv. Zaria) tuber
P T e e T

Peel and slice tuber into pleces

1. Homogenize with chilled acetone
2. Sgueezc through cheeze cloth.
[ 3. bry residue in a freezer.

Y

Acectone powder

f 1. ©Bxtract 80gms with 0.2M phospliate Dufier
pH 7.5 for 1 hour. o
2. Centrifuge at 20,000 for 10 mins at 5 C.

4 ?
2. centrifuge al ?g,UOOg for

10 minutes at 5°C,
I S

] o fﬁ_ _ "“_d‘ﬂqu__ . .
Precipitate -+ . . . | Supernatant. . .:T> Crude E“zyme
(a3 ecard) B _  1 {_  4;2~'- 1_ 20-85% (iH “fractionation

4 e v
Precipltate Supernatant
(discard}

1. Dissolve in 2imls of 0,1M phogphate
buffer pi 6.8

_ammoniun_sulphate precipitated enzyme ;

1. Dialyse against Q.1M phosphateo
buffer pH 6.8 for 2 hours at 4°C.

|
i 2. Ion—exchange chromatography on
;‘ DEAE-sephadex.
- Pooled enzyme solut:v.tzm_J

LV""_mm,"“_ﬂ“uw_"-,pu.__m
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' Focled enzyme solution |

— —— e - > e i i

1. Bring to 90% (NH ) _S0_ saturation

1
2. Centrifuge at 25;0000"for 10mins
_____ at 5 C.
; ;
Supernatant Precipitate
(discard)

1. Dissolve in small
N quantity of 0,1li phosphate
buffer nH 6,0

2. Gel filtracion
chromatoqranhy on
; sephadex C=200.
b

| “Pooled enzyme solution]

'1. Concentiate against dry
[ sephadex G=100

: 2 Ion-exchange chromatography
on DEAE-senhadex

s

|  Pooled enzyme solution |

1 Concentrate acainst dry
sephadex G=100C,

Y

| Purified enzyme

b - o v
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Absorption spectra of oxidized substrates

Determination of the absorption spectra of oxidized substrates
resulted in the absorption maxima listed in Table 1, Based on these,
a wavelength was selected at which the enzyme was assayed with each

substrate.

Table 1 -~ Wavelengths at which the spectrophotometric determination
of o-diphenolase activity on various substrates was carried out

Substrate wavelength (nm)
this study other studies
Catechol 390 400 (Benjanin and
Mondgomery, 1973)
Chleorogenic acid 400 400 L
140 (Interesse et al,
1980)

3,4 di=hydroxy phenyla-
lamine (Dopa) 475 475 L

46C (Benjamin and
Montgomery, 1973)

Pyrogallol 320 334 "
3,4,5 trihydroxybenzeic
acid 395 -
p-cresol 400 400 (Benjamin and
Montgomery, 1973)
Quinol 400 400 (Chaplin, 1978)
L-tyrosine 472 472 (Benjamin and

Montgomery, 1973)

p-coumaric acid 410 410 (Interesse et al,
1980)
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It should be noted that the absorption spoechtra of the
oxidation products do not reveal discrete maizima, but only

shoulders. The values selected werz median points of the shoulders.

Extraction and purification of o-diphenclasc

To test the degree of purification of the enzyne after each
purification step, the volume, total protein an. enzvuatic
activity of the various enzyme fractions wer: measured,
o-Diphenolase activity was monitored using 20mM catechol in 0.1M
phosphate buffer of pH 6.B as substrate. Talille 2, shows the

results obtained.

Table 2 - Purification profile of D.rotundata cve Zaria o=diphenol ase

| o=

1 {
i f ! | =
Purification ‘% | Protein (mg) TigZeno- ! w i 3 I %
i ! |
step o | activity | NS T8 TUw | 0
8 | _jfunits) | KT 4 2o W
| 3 mg. ; . VA H| 05! W
o 1 total unitsTotal, Qe Y -l
‘o | i s 5- @A o
| s.ml” | @0 Lol > A
! i i [ 1 ' I
1 Crude extract | l ! , { i {
from acetone : ! ! i
powder + 190 | 17.30 3286. 43 1400206006 80.94;100.00i 1.00
: ! - 1 i ;
| | @ f ! | ! 3
2 20-85% | | ,' ; i 1 ‘
L]
ammonium Sul- . 34| 74.39 2529.40 780' 6500C| 104,85 | 99.70; 1.30
phate fraction-! | t
ation and analysis I t : ' i 1 |
3 Chromato- ; ! i : i ’ | i
graphy on DEAE-t \ :
Sephadex 955 9.68 919. 13!1350p28250i 13%.54 | 48.21; 1.72
: i i t
4 Gel-filtration | Lo ' ,
Sephadex G-200 30 0.50 15.00: 4030120900| £060.,00 ! 45.45!99.58

; 1
I ?
i

?4000;9901.00

5 Seccnd chroma-
tography on
UEAE-sephadex 12| 0.20 | 2.42 2000

' |
!

|
|
|
i
i
|
|
!

9.02?122.33
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Ammonium sulphate fractionation

Figure 1 shows the result of (NH4}2304 fractioination test
carried out on crude enzyme extract from acetone Louder, to
determine the best fractionation range to use in the purification.
Table 2 shows that a 20-85% (NH )_SO, cut did neoi increase the

4°27 4
fold purification of the crude enzyme by much,

Ion-exchange chromatography

Figure 2 shows the elution profile of the protein and the
activity of o-diphenclase on catechel obtained in ion-exchange
chromatographic run (DEAE-sephadex column (2.6 x 4Ccn))of the
dialysed ammonium sulphate precipitated enzyme,

The chromatographic result shows that it is possible to
isolate an enzymatically active fraction which raoresents a large
part of the applied protein. The data on Table 2 sghow that the
purification fold of the enzyme was only slightly incrcased by

ion-exchange chromatography.

Gel-filtration chromatography

The elution profile of o-diphenolase from scphadex G-200
column revealed broad improperly resclved pealks (I'ice3)s Data on
Table 2 show that gel filtration chromatograph’ of the enzyme from
DEAE column resulted in almost 100-fold purification over the

starting material.
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On subsequent passage of the enzyme from {:. gel Filtration
step through a second column (2.2 x 22 cm) of DEAE-sephadex (Fig.4),
a 122-fold purification over the crude enzyme cxtract was accomplished.
A high value of specific activity (9901 units mg“l} was also

obtained after this final purification step.

OBSERVATIONS ON PURIFICATION PROCEDURE

Attempts to purify the dialysed ammonium sulphute precipitated
enzyme by gel filtration failed because the enzynie so0lution was too
viscous and slimy (mainly due to presence of alrcoproteins), and
did not enter the sephadex G-200 column at 2%¢. or more than 5
hours after sample application, the sample was still on top of the
gel. Dilution of the sample did not effect any chandges When tried
at room temperature, there was little movement ol Li: sample into
the column, but the extract appeared to cause hLy'lrolvais or
dissolution of the sephadex gel material.

It therefore became somewhat compulsory to carry out ion-
exchange chromatograrhy first. This resulted in 1iti{le or no
increase in purification fold (Table 2), but gave a less slimy
enzyme preparation which then passed through sephade: G=200
column and resulted in almost a 100 fold purification over the

starting material.
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Also, passage of the concentrated enzyme from the gel
filtration step through an equilibrated (with 0.1 phosphate buffer
of pH 6.8) calcium phosphate gel-cellulose (prejparcd according to
the method of Massey, (1960) as reported by Keoiic: and Hamada, (1971)
column did not increase purification fold. Jo the method was

abandoned as a means of purifying D. rotundata cv. Zaria o-diphenolase.

Effect of column conditions on the elution of o=liphcnolase from
DEAE-sephadex column

Figures 2a, b, ¢ and 4 show the elution profilcs of the
protein and o-diphenolase activity on catechol in Jdifferent
chromatographic runs of the dialysed ammonium sulphate precipitated
enzyme on DEAE-sephadex column (2.6 x 40 cm) under different eluting
conditions. The elution position of the o-diphenolase virtually
remained the same despite the changing eluting conditions (see
Figs 2a, b, c, and d)})., This shows that the ernzvme's conformation
may be such that there are only few ionizable groups on the

outside of the enzyme molecule.

Disc gel electrophoresis

The results of the electrophoresis runs are ghown in Plate 1.
The ammonium sulphate precipitated enzyme gave scvoral protein bands
when stained with coomassie brilliant blue (Disc A)e The pooled
enzyme solution after the first ion-exchange chronatography on
DEAE-sephadex revealed two protein bands (Disc 3), The purified

enzyme revealed a single protein band (Disc Cl.
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F'G‘ 5 - Plot of absorbance at 390nm of product formed versus
* time representing rate of oxidation of catechol (30mM)
by o=diphenolase at pH 6.8. Absorbance change was
linear for about two minutes.
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Enzyme assay

Under the conditions of assay outlined in thc experimental
section, o-diphenolase activity on catechol wa. 7oww! <o be linear
for 2 minutes (Fig.5). also, activity increaca! Llizecarly with
increasing enzyme concentration (Fig. 6), and wlih iicreasing

substrate (catechol) concentration (Fig. 7).

o=-Diphenolase content of yam cultivars

‘The amount of o-diphenclase activity in the ter cultivars
(expressed in units per gm fresh tuber weight) were caiimated using
catechol (30mM) as substrate (see Appendix II). Tanl~ 3 shows that
Qbulbifera cv. Adu had the highest amount of o-diplicnolase per

unit of tuber weight, while the D. alata cullivars had the lowest.

Kinetic parameters of o-dirhenolases from ten cultivars of yam

The reaction of o-diphenclase with catechol was found to
follow Michaelis kinetics. The Michaelis constan’. for the enzyme=
substrate complex (Km) and the maximum velocity (Vmax) of
o=-diphenolases from the ten cultivars eof yam weve detosinined from
double-reciprocal plots of Lineweaver and Burlk, as described by
Whitaker, (1972) with catechol as substrate. Data o: Table 3 show
that the enzyme from D. alata cv. Igiehua had tho Lichegt Km value,
while D. bulbifera cv. Adu enzyme had the lowosi Ko value, The Km
value of o-diphenclase from D.rotundata cv. Jdarla Caecireased from
13.33mM to 12.50mM on purification. Cultivar Aduv o=dinshenolase had

the highest Vmax, while cv. Igiehua had the lowest.
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Effect of pil

EH optima

The effect of pH on the activity of crudve e~diphenolases

from the ten cultivars of vam used was studied usine catechol

{30nM) as substrate. Data on Table 3 show that all the cultivars®

engymes have pH optima arcund neutrality. 3ome had other pH optima'

in addition.
Figure 8 illustrates pH activity profile of purified o
diph~m~laxe from D. rotundata cv. Zaria. MNaximuenw activity

occurred at pH 6.8, The pH curve is characterized by a rapid

decrease Iin enzyme activity at alkaline plI values, and at acidic

pH values below pH 5.5,

; Effect of pH on Km and Vmax

Activity of purified o~diphenclase was determined at different
substrate {catechol) concentrations and at several pll values over the

. pH range 4-9, and the data analyzed by Lineweaver — Burk plots (see

Appendix IV, Table 10 and Table 4).

Table 4 ~ Effect of pH on Km and Vmax of puriflad o-~dlphenclase
with catechol ag substrate

pH Em{mi) Vmax (£1&390nmfmin/mll
4,0 90.91 £el7
7.0 , 19,23 ' 15.87
600 . 1250 15.87
6.8 12.50 20,00

8.0 55.60 3.63




Figure 9 shows the effect of pH on Vmax, Viax

o Km plotted

by the method of Dixon and Webb, (1964). From thea plots, groups
with pK values around 4.7 and 7.2 were identified to be
involved in the catalytic activity of purified o-diphcnolase on
catechol as substrate and the preservation of native conformation

of the active site.

Substrate specificity

Various monophenolic, o-diphenolic and polyphenolic com=
pounds were used to determine the substrate specificitclies of the
crude enzymes from the ten cultivars of yam and of the purified cv.
Zaria enzyme. The rate of the reaction for the diffaorent
substrates was measured at the wavelengths given in Table 1.

The results of these assays, expressed as percertage of activity
towards catechol (Table 5) show that the o=dipheinolases from all

the cultivers were active towards all the o-diphenols tested but

had little or no activity towards monophenols. Of all the
substrates tested, catechol was found to be the nmost active as a
substrate for o=diphenolase, followed by 3,4-dihyiroxy phenylalanine
(dopa). o=Diphenclases of cultivars Zaria and Adu were slightly
more active towards chlorogenic acid than dopa,.

It was on the basis of these observations that this enzyme
was called o-diphenolase instead of polyphenol oxidase or simply

phenolase.
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Inhibition studies

The results of the effects of 1mM concentration of various
inhibitors on the crude and purified enzyme preparations using
cateciiol (30m}M) as substrate mare shown in Table 6.

Cysteine, cdithiothreiteol, diethyldithio carbamate, sodium
metabisulphite and ascorbic acid inhibited the pure enzyme
completelv, EDTA showed no inhibition of both crude and
purified enzvme. The inhibition by potassium cyanide, citric acid,
sodium benzoate and sodium azide was greater on the purified enzyne
than on the crude preparation. Sodium chloride (even at 1M
concentration) had no inhibitory effect on the crude or

purified oediphenolase.
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Table & = The effrct of various inhibitors (1mM)} on o-diphenolame

ac:tiv;i.ty —
Inhibitor Inhibition (%)
Crude extract Purified enzync
Control o - 0
Maacetylimidazole T 5.6 8.1
Dithiothreitol {(Cleland's reagent) 100 100
Dietnyldithiocarbamate (DEDTC) 100 - 100
Iodoacetic acid 10.0 f .“' 16.72
Iodogobengole acid 793 78a4
p~Hydroxvbanzole acid - 30,2 4045
LeAscoripic acid I 91.9 "o 100
Potussiw. cyanide BO.6 _;"'” 95.8
Malgic hydrazide 4.3 B 4.8
Ethylanedianine tetraacetic acid
(2nea) L0 . 0
Citiric acid o - 342 11.8
Sodiuwn metabisulphite L 100 1006
Sodima sulphite o ;3_-f;_?;” 5.2 17.7
3odiun benxoate - e  ;J7ﬁ; 1.2 7 0 19,1
p=-Chiloroncrcuric benzoate o 19.6 T 224t
2=tarcoptoethanol o N - 99.1 . 99.6
Sociun azide - fﬁhl; Lo 10a1 1443
LaCysteing o 513'; - 100 100
NaC1l B B 0
n

The enzyme was preincubated with the ihhibitors at room
temperature for 30 minutes. T
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The effects of 2-mercaptoethanol, cysteine, sodiun azide and

potassium cyanide on ¥m and Vmax of purified enzyme were determinecd

by the double rociprocal method of Lineweaver-Burk (Appendix IV ,

Fige 10).

The results obtained are shown in Table 7.

Tahble 7 - Effect of selected inhibitore on the Kinetic constants

of vurified o-diphenolase

—

0,210

! ~ | S~ |
I o 1 Eal 1 f 1
. & g 8E 0 g
Inhibitor ' |« B >E I 3 |
! z i @ ' ! B% - F =
o4 1,8 88 | 03 1 B
t | 88 | 80 B | AZ l
| (5 | €& | El~| 2.+ ~E f d
o L | Sed o | - E | KA x
| 1 et R | v L
| 1 r - : '
I ‘ i ] 1
Control 12,5 | = | 2040 - | - -
| | | | |
2=mercapto= ! E i i .
ethanol f | | i |
! - 16.7 - 20.0 | compe- 0.502
(04267mi) ! 5 | Sseave | O
| | H (
Cysteine | ! l !
(0o 1mil) i - | 25.0 | - . 20.0 N | 00200
! I : | |
i | H
Cysteine | ! i :
(04167mM) - | 3.0 | - | 200 | " | 04100
| i '
| | | \
NaN,_ (2:mM) - L 5.9 | - 9.4 | uncom- | 1,776
3 j : 1 | petitive|
KeN (MA) | - l 71.4 ‘ - | 20.0 c(:,mpem ' 0,210
: | ! I titive |
KeN (0,66 7mt) : s 52.63 | - | 20.0 "
i ! A
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Plot of percent maxirum activity versus Time
(days) showing stability of o=diphenclase
pgeparation at room tenperature B « A -4 ),
4°c (#—e-e) and in the frozen state (O—o~a ),
(100% corresponds to AASwrn/nin/nl = 16)
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Effect of heat on the activity o
preparatic were exposed to the

minutes, cooled and then assayed
0.1M phosphate buffer pH 6.8 wit

f oe-diphenolase.Enzyiie
various temperatures for 5
at room temperature, in

h 30mM catechol.
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Proteli andd carbohydrate content of purified o-diphenclase

Four millilitres of the purified o-diphenolase was
extengively dialysed againast freguent changes of distilled water
if at 4°C for 12 hours to remove the buffer galtg, and then lyophilisced
to dryvness with Edwards Medulye freeze dryer. The dry active
o-diphenolase wag found to be 75.6% protein and 24.2% carbohydratea
{see Appendix III),

Attonpts to determine fhe nature of the carhohydrate comn-

ponent werc not gucecessful,

Stability of purified o—diphenolase

| Figure 11 shows the stability of purified o=diphenclase on
storage For 14 days at room temperature, 2% and in the frozen
statc.e The plel of relative activity (as % of initial activity)
versus time (dayg) (Fig. 11) shows that at room  temperature,
the activity of o~diphenolase decreases fapidly and that the enzync

is stable when stered in the frozen state.

Effect of heat and heat inactivation

Yicqure 12 shows the effect of heating at various temperaturcsa
for 5 minulos on the activity of purified o~diphencla5e. Exposure
of the enzyme to temperatures up to 60°C for 5 minutes did not

_alter the activity of o=diphenclase. There was a sharp drop in

activity on exposure of the enzyme to heat at 70°C for 5 minutes.
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Haat of inactivation of o-diphenolase {(/SH) estimated from

Arrhening plot was found to be 26.69Kcal. (see Appendix V, Fig. 17).

Uv spectrun of purified o-diphenolase

| o-Dinphenolase in 0,1M phosphate buffer of pH 6.8 exhibited a
fypical protein sgpectrum (high absortaence arqénd 215nmm with an
additional pealz at 280nm)} (Fig. 13). There was no significant
absorption above 300nm. A sclution containing 1.0mg of purified ,
o=diphenolase protein per ml had an absorbance of 1.42 at 280 and
1.26 at 260nme The ratio of the absorbance at 280nm and 2&60nm

was found to be 1.13. * :

Infraerid (IR) qpectru& oflpurified o~diphenolase B
e Figﬁres 14a and b illustrate the IR spectra for ammonium
sulphate precipvitated enzyme and purified o~diphenolase respectively.
The IR gpoctrum of purified o-diphenclase showed a broad absorption

ar ound 3400-3300cm—1-(attributed to —OH groups), intense absorption
.égound 1650cm_1 (due to stretching vibrations of C= 0 groups) and

additional absorptions around '1080cm'_1 and 2100cmﬂ1.'

Molecular welgnt determination

The elution positions of the marker pfoteins and the purified
P—diphcnolase activity on a calibrated column of sephadex G-200 iz
.shown in Fia. 15. The molecular weight of purified o-diphenolase was
estimated from the plot of clution volume (Vel} in mlslagainst logaritihm
~of molecular weights of marker proteins (Fig.16). IMean molecular
.wei§h£ 6f o=Giphenolase from 3 different runs was estimated te he 107,

i

333 + 5401 (See hAppendix VI, : }
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