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ABSTRACT

Malate dehydrogenases [L-Malate MAD" oxidoreductase E.C.

1.1.1.371 have been purified from white yan (Diosoorea rotundata)

tuber by a purification protocol involving ammonium sulphate
fractionation, ion exchange chromatography on DEAE-cellulose, and

Sephadex gel chromatography.

The enzyme was resolved into two forms MOH and MDH on
DEAE-cellulose. Both enzyme forms were homogenous with different
electrophoretic mobilities on polycrylamide gels. Their mobili-

ties on S.D.S.-polycrylamide gel were however the same.

The molecular weights of the yam tuber malate dehydro-
genases determined by gel filtration were 61,300 = 150 and 63,000
+ 400 for MDH, and MDH, respectively while the subunit molecular
weight of 31,000 was determined by SDSPAGE for both enzymes.

The activation energy (Ea) and Arhenius constant (A) for
MH were 33.bkJmole and 194 x 10°dmm molelmin in the same
respect, the values for MH were 47.8kJ/mole and 4.92.x 10dm’m

mole-min".

The MH showed two pH maxima a 6.5 and 7.5 assayed at
30°C. Groups associated with enzyme catalysis and binding of

substrate have pKa values of 6.8 and 7.6. A single pH maximum of
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6.5 associated to pKa of 6.8 was manifested by MDH,

Both forms of the enzyme were inhibited by oxaloacetic acid
concentration at or greater than 0.25mM at pH 7.5. The half life
of MDH; was found to be 122 days in the freezer, 20 days in the
refrigerator, and 83 days at ambient temperature. The half life
of MDH, in the freezer, refrigerator and at ambient temperature

were: 5 days, 3'/2 days and 1' /4 days respectively.

The initial velocity studies with the enzymes indicated an
ordered sequential mechanism. The Km values obtained from
secondary plots were 006mM 008mM 048mM, 256mM for NADH, QAA,
NAD" and 1-malate respectively for MDH. The values fcr HDH
were found to be 0.02mM, 0.083mM, 025mM and 0.83mM in the same

respect.

Product inhibition analysis in both forward and backward
reactions to decipher the kinetic meohanism for MH revealed an
ordered bi-bi sequential-mechanism. ATP inhibition on both
enzymes was competitive with respect to QAA.  Both enzymes were
inhibited by naturally occuring metabolites like -ketoglutarate,
citrate, suooinate. Inhibition studies with group specific
reagents: Parahydroxy meroury benzoate, KCN, NaN,, strongly
inhibited both enzymes, thus implicating the thiol group (-SH) in

the catalytic potency of the enzyme.
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Chapter 1

1.0 INTRODUCTION AND LITERATURE REVIEW

1.1 Yam Tuber

Yams are tropleal erops produced mainly in Weat Afriea,
South Tast Asia and the Carribean to the extent of 20 million

tons per annum (Coursey, 1261),

fam tubers are storage organs second only to cassava in
parbohydrate content, This makes the plant a major source of
energy. The shortcomings associated with yam production are
numerous. Some of these are long growing season, low yield, yam

rot, and limited technology for storage,

Once_harvested, the yam tuber goes into dormancy, a period
.of metabolic qulescence during whieh the rate of respiration may
drop to as low as 20§ of the pre~harvest value, and remains at
this level until sprouting {Ikediocbi, 1985), Ugochukwu (1977)
and Ikediohi and Oti (1083) observed that there are changes in
the ooncentration§ of some metabolites and activities of certaln

enzymes in yam during storage. . L

It 1s imperative to note that dormancy i8 a necessary and
unavoidable stage in the 1ife eyele of the yam tuber, and it is

preceisely because of 1t that tubers must be stored before they



can be used as planting materials., Owing to the potential
benefits, the temptation to successfully manipulate dormanecy

cannot be overemphasized,

Tt would appear that any dramatic succesa in this area must
awalt more "mowledge and und~ratanding of the biochemistry of the
yam tuber dormancy and sprouting than is presently available
(Tked‘obi, 1985), Since dormancy is critial for yam storage both
for food and planting, itas control is relevant to the efficient
and optimal utilization of the crop by man, However, the minimal
available information on the mechanism of dormancy makes its

acontrol diffiecult,

Sprouting or germination is characterized by inereased
metabolioc activity in the yam tuber and that signals the termina-
tion of dormancy. When sprouting commences, there is losas in dry
matter at about 0.21% + 0.02% daily at 25°C, and 35% of this loas
is accounted for by reapiratory aotivity(?aasam, & Read 19?8§
The loss in weight has been shown te be linear with a firat order
rate constant of 1.4 x 107°/week (t4/5 = 1 year) and also corres-
ponds to an inerease in entropie work of the tuber. A weight
loss of 1g 1= accompanied by an entropiec work of 3.81Keal (0suiji
and Umezurike 1985), This entropic energy could be readily

utilized for activating some cellular components e.g. enzymes,

The areument ia frequently made that the proper under-

standing of the bilochemical and physiological processes occuring



in yam tuber from harvest through dormancy and =enescence is
essential for an efficient and economie planning of yam atorage
and utilization. For axample, knowledge of the carbohydrate
metabolism would enable a yam merchant/exporter to bhenefit from
accurate information about the rate of moisture loss by tubers

stored under conditiona similar to those in the warehouse,

Since our ability to utilize yam for food and industrial
purposes centres on a clear understanding of the tuber as a .. ~*
organ, work of largely basie nature must continue on the yam
tuber at both ~%orlcal and biochemieal levels and should involve:
studies on the enzymology of the yam tuber in relation to
respiration, dormancy, breakage of dormancy, ineluding the

identification of the enzyme syatem involved.

Research investigations on carbohydrate metabolism of the
yam tuber has been exclusively on the glyecolytice and pentose
phosphate pathways, No detailed work on the triecarboxylic acid
cycle has been reported. Glycolytic pathway and the TCA cyele
are the main energy generating systems for the metabolism of any
tissue, The conversion of 1 mole of glucose to 2 moles of
pyravie acid accounts for 2 high energy phosphates (2ATP) as a
result of substrate level phosphorylation in the glycolytic
sequence, The further oxidation of 2 molesa of the pyruvie acid
in the TCA cycle generates 30 high energy phosphates (30 ATP).

Tn addition 6 more ATP are added to make up 38 ATP.

From the foregoinm, it is obvioua that the TCA eycle is an



active enefgy sourae for the raspliratory activity of the vam
tuber. Tt 1a in view of thils, that this researoch work was
started with an obleotive to isolate, purify and ocharacterize
Malate dehydrogenase (MDH)., 1Its kineties and mechanism of action
will enable definitive role(s) to be assigned to the enzyme in
the metabolism of the yam tuber. Its findings can be exploited
in manipulating the physiologlonl aotivitiaa of the vam tu{)ar

~towards amel;orating the problem of yam production and storagn,

1.2 Envyme Compartmentation in Yam Tubers

Physiviogically there sc~mas to be a difference betweon the
head, middle and tail regions of the yam tuber, Oluoha (1982)
tave undertaken simple studies on pH variation In the different
regions of the yam, as well as on distribution of some key
enzymes of carbohydrate metabcliam in these regions. The enzymes
studied were phosphorylase, hexokinase, phosphofructokinase,

pyruvate kinase and glunose-b-phosphate dehydrogenase,

The reaulfs obtained showad a general pH lnerease from tail
te head for D rotundata and D alata while in D gayenesais the
higheat pH was cbtained in the middlie region of the tuber. With
.the excaption of hexokinase, the highest aectivities of the
Elycolytie enﬁymea examined in old yam tuﬁers are located in the
regions of internediate pH values in the tuber, while the lowest

aptivities are coincident with the lowest pH values. In D



cayenensis, apart from hexokinase, the agtivity distribution of
phosphorylase, phoaphof'ructokinase and glucose-6-phosphate
dehydrogenase 13 eassentially the séma in both middle and tail
regions of the tuber. Ujam (1983) has studied the distribution
of haxokinase within the tubers of D rotundata, D cayenensis and
Dalata. Using four different tubers in each case he had ahown
that hexokinase activity inoreasesa from head through middle to
" tatl in D rotundata and to some extent in D alata while the

distribution in D oayenesils is leas specifie., The establishment

of pH difference between the different physiologleal regions of
the yam tuber is interesating and is suggestive of some definite
compartmentation in the seemingly dormant tuber., The role of the
minute, though significant, pH variation in parts of the tuber
has been postulated to be for the oontrol of the rate of enzymio

reactionsa in the various reglons (Davies, et al 1972).

1.3 Detalled studies of some enzymes of
oarbohydrate metabolism
Aleohol deﬁydrcganase:

Detailed studies of Alecohol dehydrogenase has been
oonduoted in D rotundata. The engyme exhibits broad aubatrate
speaificity. The enzyme from D rotundata was found by Ujam
(1979) to oxidise athanol,'n-propanbl, n-butanol, n-pentanol and
n-hexanol as well as benzyl aleochol, - p-OH-benzylaleohol, p-
methoxy benzyl alcohol. NAD* is the preferred co-enzyme for the

-y, :



oxidation ofthese substrates, unlike in potato tubers where
there are separate aliphatiec and aromatic aleohol dehydrogenases,
using NWAD* and NADP* respectively Davies et al (1972). Like the
potate enzyma, the D-rotundata enzyme neither oxidizes methanol
nor raduces formaldehyde,

; Bexokinase

Ujam (1983) has purified and oharacterized this enzyme from
t

white yam (D-rotundata). He observed that D-rotupdata contains

- more of this enzyme than D-alata and Dwgayenensgis. Thoe pH
optimuym of the D-rotundats hexokinase fs 7.5 and its opi. mum

tempersture is 38°C, Substrate specificity indicates that
hequinase from D-~rotundata has breoad specificity, Glucote {s
the best suﬁstrate amongst the sugars with a Xm of 0.065nM at
gaturating ATF aconcentration., The fellowing order of reactivity
for various sugar subatrates was obtained glucose > mannosas >
fructose > ribose > xylose > glucosamine > galactose. Phosphory-
lation coeffiolent was the standard reference for this measure-~

ment,

_ INucleotide speaifioity indicates that ATP is the preferred
nﬁcleotide, aven thoﬁgh minimal activities were obtained with GTP
and ITP as phosphoryl donors, Inhibition studlies indicate that
ADP and 5-AMP competitively inhibit the enzyme with ATP as the
variable substrafe and with glucose at a fixed conaentration of

FmM, The ki value= of ADP and AMP as datermined by Dixon plot



and slope of primary plots were found to he 2,3 and 3.8mM

I'respectively.

2+

M32+ and Mn~" were found to be obligatory for D-rotundata

hexokinase activity., CaZ* could not replace either Mg2* or MnZ*.

2+

Ne* and K* in the presence of Mg”* or Mn”* had no observable

oef fects and could not replace either cation.

Succinate and glucose-b-phosphate at 2, 5, and 10mM conaen-
trations have no observable effecta on the activity of white yam
hexokinase, Ciltrate and EPTA slipghtly increased the enzymatie
activity. The enzyme has been shown to have a molecular weight

¥

of about 102,000 + 3,000, _ t
Invertase:

Passam and Harret (1977) have reported results of
preliminary studies on the nature of invertase in yam tubers,
Aceording to them, acid invertase develops in Lissue dises of D,

alata, D, rotundata and D, gayenensis during ageing. The pH

optimim for yam invertase activity waa found to be 34,5, Actlvity
bwas.found to be dependent on tempsrature and to be located in
both eell wall and soluble fractions, Pasaam and Harret (1977)
did not observe differences in activity. The sugpested reason
for non=regional distribution of invertase by these workers ia

that acld invertase 13 an enzyme produced primarily in response

to wounding unlike regpiratory enzymes,



Glucose-6-Phosphate Dehydrogenase:

Ationu and Tkediobi (1983) characterised this enzyme from
D, rotundata tubsrs, They found that their enzyme had a
molecular weight of 163,000 + 28,000 and performed extensive
kinetic studies on they enzyme. This finding confirms previous
reports by Ugochukwu et al (1977) that G6HPD oacurs in yam tubers
and implicates the HMP pathway in carbohydrate disaimilation in

yam tuberas.

1.4 Malate dehydrogenase

Malate dehydrogenase MDH (L.- Malate uAD*: Oxidoreductase
(E.C. 1.1.1.37) plays a prominent role i{n earbohydrate metabo=-
1ism. It oatalyses the reverasible oxidation of L.- malate to
oxaloacetic acid in the mitochondrial tricarboxylic acid cycle

(TCA cycle).

This is the fourth and final redox reaction encounteraed in
the eyecle with Kea of 1.3 x 10‘5, whieh seemingly favours the
reverse reaction, (i.e. the reduction of OAA to L-malate).
However, the oondensation reaction between OAA and acetyl Coh to
form citrate, catalysed by eitrate synthase, is highly exergonic
( G -9000 cal, Keq = 22 % 106) and this therefore displaces the
equi.ibrium in favour of OAA formation by its continuous removal

to form citrate,

Malate dehydrogenase has been shown to promote the rapid
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reduction of the keto tautomer of OAA to l,-malate by the rediced
niootinamide adenine dinucleotide (NADH), The reduction is=
accompanied by direct transafer of hydrogen atom from the co-
enzyme to OAA so that the hydrogen of the solvent does not become
attached to the carbon atom of L, malate which holds the

hydroxyl-group (Tahen, 1955),

Iso—-enzymes of Malate dehydrogenase:

Malate dehydrogenase has heen shown to exist in iso-enzymic
forma, Daviea (1957) separated two forms of malate dehydrogenase
from pea epicotyl associated with cytoplasam and mitochondria,
Two forms of the enzyme, cytosolie and mitochondrial from
Neurospora were reported by Benveriste & Munkres (1970). There
were equally variant forms of mitrochondrial MDY population,
Hayden, (1972) characterized two major forms of malate dehydro-
genase from maize endoaperm., Ruasel and Irwin (1973) reported
for the first time the purification and erystallization of MDH
iso-enzymes from Zea mays by a co-purification protocol involving
thirteen steps. The immunological proof indicated that both
enzymes were similar, as they were affected to the same extent by

the anti~mito-chondrial MDH antibodiesa prepared,

Human serum malate dehydrogenase was separated by starch-
block eleatrophoresis into three diatinet fractions by Veasel and

Bearn (1058).

The mitochondrial MDH of mammalfan tissues has been shown
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to differ from the corresponding cell sap enzyme in electro-
phoretic mobility (Delbruk at a1l 1559), The purified mitochon-
drial enzyme consists of several eleotrophoretlically diastinet
compenents. Two aetive fractions have been detected by the
moving=boundry tachnique in phosphate buffer pH 7.5, but ultra-
centrifuge studies indicated only a single symmetrical peak {{_:r:l.m

and Doherty, 1961). !

Substrate analopgue atudiea with the monofluoro- and
difluoro~derivatives of oxalcaocetate have provided a means not
only for distinguishing betwaen the cytoplasmice and mitochond ~ial
forms of the enzyme but also for differentiating between the
enzymes of different tisswes. Kun and Volfin, (1966) found the
rat liver eytoplésmic enzyme to utilize the fluoro-derivatives
almost: as effetively as oxaloacetate, while the correaponding
Kidney enzyme 13 appreclably less active with oxalo-

monofluoroacetate, but readily reduced the difluoro-derivative,

The mitoohcnarial and cytoplasmic mammalian malate dehydro-
genases differ from each other in many respects, and rriust. be
regarded as se-par'até enzymes whiech differ in their primary
atructure (Wieland, Pfleiderer, Haupt and Worner, 1959; Delbruck,
. Zebe and Bucher 1959; Thorne 1960; Grim and Doherty 1961)., Each
form 1s however. heterogenous, and has similar gatalytic

propertiea (Thorne, 1960),
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Changes in the pattern of malate dehydrogenase isoenzymes
nocur during development in insects (Laufer, 1961), Blood from
the diapausing pupa of cecropia contains at least two isoenzymes,
while that of the developing adult contains three or more; there
is alsc a shift in the relative activities towards more acidie
fractions. During the larval development of Cynthia there is
gradual inorease in an electrophoretically fast anodiec isoenzyme,
while a fraotion of intermediate mobility diminishes and is
replaced by a slow anodie fraction shortly before pupation,
During diapause enzyme activity falls to low levels, but subse-
quently there occurs an increase in the fast and slow osoenzymes

which alone are found in the adult insect.

Multiple forms of MDH also oocur in the embryos of sea
urchins, which exhibit three bands on aerylamide-gel electropho-
reasis., Unfertilized eggs, on the the other hand, contain five
fractions (Moore and Villee, 1963), The change occurs within 90
min, ¢f fertilization, and Villee (1968) has suggested that it
may be related to chances in reapiration and protein synthesis

before cell diviasion in the embryo.

1-13 12 nys

An important metabolie function of cyloplaamie MDH in plant

tissues i3 the generation of L-malate which plays a role in ionie
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adjustment. Osmotic adjustment, and perhaps NADPH productlon

Irwin and Dugger (12065).

Mitochondrial MDH in plants like other living eucaryotie
organisms have a functional TCA cyeole localized in the mitochon=-
dria. Therea can be little doubt, therefore that a major role of
mitochondrial MDH is the oxidation of L-malate to oxaloacetate In

the triecarboxylic acid oyele,

Mierobody MDH asasociated with mierobodles or peroxisomes
.are known to play an important role in photorespiration (Tolbert,
1971). In the photosynthetic related metabolic pathway oxidizing
glyaolata, Tolbert propozed a specific role for mierobody MDH in
the regeneration of reducing power 1l.e. NADH, for the reduction
of hydroxy pyruvate to glycervate. In glyoxysomes with glvoxylate
ayole, a mpeaific role of mb MDH i3 known in the oxidation of 1=
malate to oxaloacetate similar to the TCA oycle Viotor and Irwin
{1971). It may be of signiflicance that algae appear to lack.the
peroxisomal miorobody MDH and also do not have glyocolate oxidase,
but glycolate dehydrogenase and not MOH, could be the redox

oouple with hydroxypyruvate reductase Viator, and Irwin( 1971},

- Chloroplast MDH ham been thought to catalyse the reversaible

reduction of oxalcac«tate in tne leaf.

The Michaelis constants and turn over numbers of the
mitochondrial and soluble forms of malate dehydrogenase atudied

by Grim and Deoherty, (1961) from Ox-heart showed marksd

PR
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differences, which suggeat that the mitochondrial enzyme is
better smsuited for oxidation of malate, whila the soluble enzyme
is a more efficient acatalyst for the reverse remction. These
observation might well be related to their biological fvnetions,
since both formes are strongly 1nhibited by excess substrate, but
whereas the mitochondrial enzyme 1s paticularly sensitive to
oxailoacetate, excess malate has a pgreater inhibitory effect upon
the soluble enzyme. Kaplan (1961, 1963) has concluded therefore
that these characteristics may prevent the reduction of oxalo=-
acetate in mitochendria and the oxidation of malate In the

aoluble fraction, e

These possibilities may play an important part in the
energy relatfonships of mitochondria, and Kaplan envisages
oxldation of soluble NADH by oxaloacetate to form malate, which
enters the mitochondria, where 1t 13 again oxlidized by the

mitochondrial enzyme, The oxaloacetate produced might then be

. released into the ceytoplasm, so enabling the c¢yele to be

repaated, T SUSS

1.4.3 Assay_of Malate dehydrogenase b

1
il

Malate dehydrogenahe i= assayed spectrophotometrically in
the direetion_of 0AA reduction by fellowing the dlsppearanc: of
NADH at 340nm. It is also assayed in the direction of l-malate
oxidation at pH 8.5 by measuring the inorease in absorbance at

3W0nm,



tne unit of MDH activity is defined aa that amount of
enzyme catalysing the oxidation of 1 micromole of NADH/min at
30°C in the OAA reduction., Specifiec activity is expressed as

units/mg protein. Vietor and Irwin (1270),

1.1.1 Molecular weight

An extensive pgel filltration survey of malate dehydrogenaae
from animal, plant, and mierobial sources published by Murphey
and Rarnaby (1967) documented a single molecular weight of about
60,000 from all species studied except certain gram positive

bacteria,

Cole et al (1971) reported a molecular weight of 61,000 for
MDH isolated from c¢hlorella pyrenoidosa. Three malate dehydro-
genases isolated from splnacea oleracea associated with mitoonon-
dria cytoplasm and ohloroplast were all shown to have molecular
weights of 66,000 (Vietor and Irwin, 1971). Toshihisa and
Haruhiko (1986) observed two identical sub-units each with a

molecular weight of nearly 35,000,

1.4,5 Kinetic properties

The Km values as reportcd by moat research workers are
within the range 10~"M-10"5M. Cole et al (1071) determined Km
for MDH from chlorella pyrenoidosa to be 4 x 1075 and 5 x 17721
for MADH and OAA respectively. They also reported substrate

inhibition at OAA level above 3.45 x 10~ M.



16

Kinetlc constants reported by Toshihlsa and Haruhiko (19%6)
for their enzyme from R, capsulata were 2.1mM, 0.048mM, 0.085mM,
0.025mM for l-malate, NADY OAA, and NADH respeatively. Victorv
and Irwin (1971) reported Km values of 5.9mM 0.57mM, 0.08mH,
0.04uM for l-malate, NADY*, OAA and MADH for mitochondrial MDH

isolated from spinach leaves,

 1.4.6 Effect of pn

The pH optimum determined in the direotion of L-malate
oxidation waa 9,75 and that for oxaloacetarte reduction waa 6:8-
7.4 (Toshibisa and farubiko, 1986), Viator and Irwin {(1971)
reported pH optimum values of 7.5 and B,5-9,5 for 0AA reduction
and L-malate oxidation respeectively. The kinetios of L-malate
oxidation is always followed at pH B.B5-9.5 while that of 0AA

reduction is monitored at pH 68-T.4.

1.4.7 Thermostabilit:

Mélate dehydrorsenase from R papsulata is ausqeptible to
thermal inaetivation and loses its activity completely at #0°¢
for 10 min (Toshihisa and Haruhiko, 1986), However addition of
NAD"', NADH or OAA to the enzyme stabilizes it, In the presence
of 1mM NAD* the enzyme retained its full aetivity up to 35°C and

. : . i
754 of the original activity after incubation at °c for 10 min.

Vietor and Trwin {1971} reported the thermz) stabllitiex of
three MDI iscoenzymes frow Zea mays after heating at 54°¢ + 1°cC,

They ¢bserved after heating for one minute that no mierobody DU



was present, mitochondrial MDNH retained 739 of ita initial
activity, while 93% reaidual activity was retained by cytoplasmio

HDH,

" The thermontabilitiea of malate dehydrogenases from green
.stem tissue of Opuntia at 63° were equally distinoetive (Murkeji

" and Irwin, 1060),

1.4.8 Substrate specificity

Bovine heart mitochondrial MDH catalyses the reduction of

" . Lemalate, meso-tartarate, L-tartarate oxaloglycollate, tartronate

(Grim and Doherty, 1761).

Toshihisa and Haruhiko, (1996} reported that MDH from R
capsulata required exclusively NAD' for L-malate oxidation and
NADH for 0AA reduction. NADPFY and NADPH were insrt oco-factors
for the respective processes. The enzyme was equally shown to be
highly specifie for L-malate. However, 10mM meso=tartarate was
alightly oxidized (0.829 rate of L-malate oxidation). None of
the following substrates (D-malate, lL-tartarate, L & D lactate,

dihydroxyl furmarate showed any reactivity,

Russel and Trwin {1973) reported that eytoplasmlc malate
dehydrogenase from zea mays was twlce as setive In the presence
of thionisconinamide analog of NADY than in the presence of NAaDY

when assayed at 0.1mM L-malate pH 8.5,
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1.4.9 Inhibitors

Malate dehydrogenase is inactivated by p=hydroxy mercury
benzoate (PHMB), potassium cyanide (KCN) ete. only when all
groups that will react with the denaturing agent (i.e, 7-SH mole
of enzyme) have completely reacted, !'nlike other enzymen, the
inactivation is irreversible by (G3H) glutathione reductase

{Raval and VWolfe 1926b).
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Chapter 2
2.0 MATERIALS AND METHODS
2.1 a_ 0 t
Twelve healthy tubers of Diosgorea rotundata were purchased

from Samaru market, Zarla,

2,2 Chemicals

Marker proteins, alcohol dehydrogenase, ovalbumin, and
myoglobin were purchaged from Sigma Chemiecal Company, St. Louis,

U.S.A. - .

Niootinamide adenine dinucleotide {NAD), reduced nlcoti-
namide adenine dinucleotide (NADH), nicofinamide adenine di-
nucleotide phosphate (NADPY), reduced nicotinamide adenine
dinucleotide phsophate (NADPH) i-malate, D-malate, oxaloacetate,
ketoglutarate, citric aeld, pyruvic acid, isocitric acid succinie
acid, adenonalne triphospharte (ATP) adenosine diphosphate (ADP)

were obtained from BDH Chemlcals, Poole, England.

Tris-(hydroxymethyl) aminomethane, glycine, DNlue dextran
2000, Sephadex G~200 and DEAR Cellulose 52 were obtained from

Pharmacia - Fine Chemicals, Upsala, Sweden.



Acrylamide, MN.N. methyl bia aerylamide (BIS), ammonium per
sulphate, bromophenol blue, sucrose, H, N, N' N' tetramethylethy-
lene lia.uine (TEMED), Coomasie blue and sodium dodeeylsulphate
(S.D.S.) were obtained from Shandon Products Ltd,, Cheaire,

Fngland., All other chemicals are of analytical grade.

2.3 Equipment

-

High speed refrigerated centrifuge, Beckmann model J-
25, D.C. power supply for electrophoresis: Iiorad Laboratory

Model 500 power supply.

2.1 Extraction of Malate dehydrogenase

A whole yam tuber (Dioscorea rotundata) weighing about 300g

was peeled, cut into sliceas, and soaked in 0.1% solution of

sodium metabisulphite (H323203L

A hundred gram portion of the slices was homogenized in
200m1 of 25mM phosphate buffer pH 7.2 containing 5mM EDTA, and
2mM - 2-Mercaptoethanol with a warring blender, The slurry was
sjueezed between tw ., cheese cloths, and the filtrate was used to
re-oxtract two more hundred-gram portions of the yam tlasue, The
final filtrate was aasnsayed for enzyme activity and prote'n. This
formed the crude extract which wasz used for the subaeguent

experiments.
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2.5 Assay for enzyme activity

Malate dehydroponase was assayed spectrophotometri-cally in
the direction of oxaloacetate (DAA) reduction, by following the
disappearance of NADH at 340nm. The assay medium in a Cuvette
{1em path 1ength) aontalned 0.134mM NADH, 0.2mM OAR in 26mM
phoaphate buffer (pH 7.2) in a total volume of three milliliter.
One unit of MDE aoctivity was defined as that amount of enzymne
catalysing the oxidation of 1 micromole NADH per minute at 30°C
in the OAA reduction. Specific activity was expressed as unita/

mg protein.

2,6 Determination of protein v

Proteln aoncentrations were determined by the BRiuret

method, using Bovine serum albumin as standard,

2.7 Aomonium sulphate frantiopation

fInitial gxperimants to determine the ammonium sulphate
ffactinnation range for the enzyme was performed with 30ml of the
crude extract at the followilng salt saturation 20, 33, 50, 70,
80, 90%. The enzyme exhibited reasonable activity between 30-30%

(“"H)ESOM saturation,

The renaininer pértion of the crude extract was brought up

to 30% (WN,),30, saturation. OSedimentation was alded by
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centrifugation at 2000g for 15 min. The pellet.was discarded and
the supernatant solution taken to 80% (MH,),R0), saturation and
centrifuged at 50008 for 15 min. The pellet wasa disasoclved in
4oml of 25mM phosphate buffer (pH 7.2) containing S5mM ENTA and

2mM Z-mercaptoethanol. “

2.% Gel friltration

Sephadex ¢.2n0 (10gm) was swollen :[n. distilled water for 2~
days and packed in a chromatographic column (2.5 x 40cm). The
gel was equilibrated with 25mM phosphate buffer (pH 7.2} contai~
ning 5mM EDTA and 2mM 2-mereaptoathanol. A cooling device (Crant

;'coolant) was used Lo equilibrate the column to 3°c¢,

Five m111iliter of the ammonium sulfate concentrate was

layered on the sephadex-~hed and allowed to drain. The column was

" eluted with tho equilibrating buffer., Bighty fractions of 5ml

each were collected nand assayed for MDH and protein.

2.9 JIon exchange ghrowatopraphy

DEAR~cellulosa DF (52) 25gm was precyecled with 0.5N HC1 and
0.5N NaDH successively for 30 min. The slurry was charged wlth
0.25M phosphate buffer, ol 7.2, The ion exchanger was packed
inte a chromatographie column and equilibrated with 0.025M
phosphate buffer, pH 7.2. The column was chilled to 42C by the

cooling device ag in 2.8 above,
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Ten millilicers from the active peak of the preceding nstep
was apnlied on the 1on exchanper, The enzyme was eluted hy a
linear phosphate gradient of 25mM - 250mM, The {low rate was
maintained at 2.5ml/min. ERighty fractions of 5ml each were
collected and assayed for MDH activity and pr;tein at 28onm,
Active enzyme fractions were pooled and eoncentrated with dry
Sephadex G-50,

2§00 el
G

2,10 Dise gel electrophoresis
Mnalytical polyerylamide pel eleatrophoresls was carried
- out ag described by Ornstein (196%), Gels (7.4%) were run in
Tris-glycine buffer, pH 8.1, The enzyme axtract (0.2ml) was
mixed with 1,0ml of the stacking buffer, 0.2ml of 2M suerose, and
0.1ml Bromophenol blue and G.1ml of the préparation was dlspensed

on the gels,

"A purrent of ?mA/zel tube was appllied until tﬂe tracking
dye (bromophenol blue) entered the running gel, and the current
was increased to SmA/fel tube., The power pack was awltched off
when the traocking dye was Zmm to the gel end. The pgels were
removed and soaked in 12% TCA {trickloroazecetic acld) for 30 min.
to fix the proteins, and later transferred to Coomasie bhlue stain
for 1 hour. The gels were destained in 7% acetic acid and stored

in the zame asclution for obrervatlon.
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2,11 Gel filtration chromatography for M, =wt,
determination

The basie principle behind gel filtration 1s the separation

of macromolecules on the basis of their molecular size.

A column (2,6 x 60cm) packed with pre-swollen sephadex

G.200 was equilibrated with 25mM phosphate buffer, pH 7.2.

Five milliliter of 0.02% (w/v) Blue dextran was applled to

the sephadex bed and eluted with equilibrating buffer, ;

The flow rate was controlled at 1.5mi/min. and 5ml

fractions were collected until blue-dextran was completely

eluted, The voild volume Vo of the blue dextran was 650m3.

Two milliigrams éaeh of the following marker proteins:
aldolase, alcohol dehydrorenase, BSA, ovalbumin and mypgolobin
ware dissolved in 10ml phosphate buffer. An aliquot of iml of
each marker protein solution was mixed to give a final volume of
5ml. The mixed mafker protein solution was applied on the
sephadex bed and elhted with 25mM phosphate huffer. Fractions

were ecollected as earlier deacribed,

The elution pattern was determined by taking absorbance at
280nm., The wvarious marker proteins emerged in order of decrea-
aing meoleecular welghta as follows: aldelase, ADH, 34,

Ovalbumin, and myoglobin,

Five millilitera of the purifed enzyme was then applied to



the same column The elution pattern of the enzyme wan
determined by asaaying each fraction for MDH aectivity as earlier

described,

2.12 Polyacrylamide pel electrophoresais

Sub-unit molecular weight was determined by SDS polyacry-
lamide gel electrophoresis, according to Veber et al (19614) on

107 pels,

Mne milliliter of potassium phosphate bduffer pH T.0
containing 1% SDS and 1% 2-mercaptoethanol was added to one vial
of molecular weight marker (14,300 - T71,000). While 2-
mercaptoethanol prevent the oxidation of essential sulfyhydcyl
groupa, SDS is an active detargent which denatures the proteins

and make them move as dises of homogenoua macromolecules,

The vial was incubated at 100°C for 2 min. A Similar

protocol waa employed for MDH purified enzymes.

Suitable gel loads w=re prepared from 0,3ml treated marker
solution (0.1ml treated MDHN) 0.,1ml glyecerol, 0.3ml phosphate
buffer (containing 0.1% SDS, N, 1% 2-merecaptoethanol) 0.02m1-2-

mercaptoethanol and 0,02ml of 0.05% Rromophenol blue,

Aliquota (0,1ml) of the gel load were dizpensed on the gels
and electrophoresed at SmA/gel tube, until the dye bandn are

about ?mm to the end of the gel tubes. The gela were removed
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from the tubes by using a hypodermic syringe, and the distance
moved by the dye measured, The gels were then placed in Coomasnie
blue stain for 12hr, and destained in 7% acetic acid. The pels

were finally atored in 7% acetie acid,

The activity profiles of the purified enzymes were
determined 2~ a function of ~" using 0.2mM OAA and 0,134mM NADH

as subnatrate and co-enzyme, reapectively.

The following buffers were used in the pH analysis;
glycine-HC1 pH 5-6., Phosphate buffer pH 6.5-8.0, glycine MaOl pH
8.5-9,5, Puffers of similar grades to the aforementioned were

also prepared in the analyaia of effect on pHl on Km and Vmax.

The activity of MDH was assayed as earlier deseribed. HNADH
was used as variable substrate while maintaining OAA at =ub-
saturating level, The pH was varied from 5-9, The Lineweaver

Purk plota were made to obtain valuea for Km and Vmax.

The logarithmie values of Vmax, Vmaz/Km as functions of pH

were plotted as deseribed by Dixon and Webb (1961),
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2.14 Fffect of tembergghra on MDH

gotivity and stability

The purifiasd enzyme (0.2ml1) was dispensed Into each of 6
different test~tubes and incubate! at the following temperatures

59, 17°¢, 25%, 230°C, 37°c, and 46°C for 10 minutes,

The enzyme reaction medium was also inoubated at the

.'-.various temparatures for the glven time. At the end of the

- ipoubation period, the enzyme wazn quickly transferred into the

reaction medium and the activity measured as earlier described.

The energy of activation (Ea) and Arrhenius frequency
.~ faotor of oollision (A) were determined from Arhenius plot of log
; veioeity as ordinate and reciprocal of absolute tempeaturs (K) aa

abaisaa.

A study waé conducted on the stabllity ﬁf the purifiad
- anzymes on atorage, Allguots of 0,5ml of the purified MDH were
" introduced into 15 tubes and sealed with aluminium foil. Three
" batches of 5-tubes each were left at laboratory temperature
(289¢), refrigerator (6°C) and the deep freezer -(15%C) for a
period of 1! days, The residual MDH aotivity was monitored for

the specified periond.’

2.15 Subotrate speelfity ¢

D-mallate, DL-lacntate, and -ketoglutarate were usged with
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NAD*, Lemalate and NADP*, OAA and NADPH were tested for

subsatrate specificity..

2.16 Initial velooity studies

The pure enzyme ﬁas assayed at varying ooncentrations of
NADH {0,02~0.2mM) while keeping OAA a3 the changing fixed
.sﬁbstrate.at aoncentrations of (0.05-0.4mM}), OAA and NADH wers
also umed as varlable and e¢hanging fixed substrates, respeative-

1y,

In the reverse reaction conducted at pH 9.0 L-malle and

NAD* were used as changing fixed =and variable substrates

- pespectively, and vice versa, The enzyme was assayed in the

direction of reduction of NAD' 1.e. increase in absorbance at

340nm,

2.17 FProduct lnbibition studies

The experimental protocol entalled holding one subntrate at
subsnaturating level and varylng the other aubatrate in the region
of its Km, at different fixed concentration-of one of the

producta,

Initial velocity experiment was conducted in the absence of
the inhibitor (NAD') NADH was used as variable substrate while

CAA remained fixed and saturating. 1.5mM - L.0mM NAD® wos used
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as product inhibitor with the aforementioned conditions

unchanged,

L-Malie acid (4.,bmM - 8,86mM) was al=o used as.tﬁe other
product inhibitor with similar experimental condition, In the
reverse reaction NAD*/L-Malate were interchanglbly used us
variable/fixed substrates, while adminiatering differeant levsals

of ODAA/NADH as product inhibitor in each case,.

2,18 JInhibition studies using naturally ek

Sgourring metabolites

!
3o

A fixed concentration of 10mM of each of the following
inhibitors; oitrle acid, isceltie aceild, ketoglutarie acld,

asparagine and glutamio acid was incubated with the enzyme assay

medium (i.e. 0.2mM OAA and 0.134mM NADH).

Detalled inhibition studies were conducted with aitria

acid, ketoglutaric acid using NADH and OAA a3 the variable and

fixed substrate respectively,

 .2,79 Inhibition studies with ATP, ADP
Initial inhibition analysis was conducted with 3mM ATP, and

IMMADP to determine percentage inhihition,

Further inhibitlon studies were done with ATP, ADP in the

aoncentration range of 2mM - 4mM, In each case NADH, DAA were

K
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used as variable and fixed substrates interchangeably. Kinetic

analysis were performed and Ki, Km, Kapp, Vmax were determined,

2.20 Inhibition studies using group

Tnhibition using Haﬂ?, XCH, iodoacetamide, p-hydroxy-
mercury benzoate (PHMRB) as group specific reagents was conducted,
The protocols involved are similar to all other inhibition

studies discusaed.
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Chapter 3
3.0 R ND_DISCUSSION
3.1 Enzyme purifieatlion

The purification profile of malate dehydrogenase (MDH) from
‘D, rotundata is summarised in table 1, Fach purification step
was followed with a routlne sasay of malate dehy?lr'ogenase in the

direction of oxaloacetic acid reduction at the axpanse of NADH,

Chronatographia separation of malate delyudrogenase {MDH)
.:lso-enz.ymes by elution on D.RE.A.E. eellulose column with linear
gradlent (25mM - 250mM aodium phosphate buffer, pH 7.2} resulted
in two distinet aactive peaks (Fig. 2). The active peaks were re-
shromatographed on separate D,E,A.E.-cellulose columns {Fig. 3)
which gave a final purification fold of 187 and 129 for M!IIH1 and

»

!‘IDH;? respectively.

Polyacerylamide gel electrophoresis (P,A.G.E.) of the
resolved malate dehydrogenases (Plate 1) indicated that the

active paaks from Figure 2 are two molecular forms of the enzyme.

Malate dehydropaenase isoenzymes have been described in
plants and animals, Davies and Kun {1957) ae'parénted two MDH

isoenzymes from Pea epicotyl using D.F.A.E.-cellulose






Table 3.1: Purification Profile

Purification Volyme Protein Total Specifie Yield Puri-
(CH°) (mg) Activity JActivity fica=-

Step (Units) (Units/mg) tion
Factor

Crude 250 26138 950 0.3h 100 e
Extract

30-80% Ho 492 700 1.42 73.6 4.0
(Nﬂnlzsog}k
Fraetionation

Sephadex 25 13 500 41.0 52.6 11h
G=200

Chroma-

tography

DEAE- 40 5.4 254 h6.5 26.7 130
Celluose

Chroma-

tography

(Peak 1)

DEAE- 40 5.3 228 42,5 24 .G 118
Celluloae

Chroma=-

tography

(Peak 2)

2nd DEAE- 15 3.0 158 52.7 16,6 147
Cellulose

Chroma-

tography

(PRAK 1)

2nd DEAE- 20 3.2 119 U6 .0 15.6 129
Cellulose

Chroma-

torraphy

{Peak 2)

- T o o 5 S -
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chromatography. Victor and Irwin, (1971) reported the separation
of Malate dehydrogenases of leaf tissue from Slinacea glerarsa
assoociated with éhloroplas’t, mitochondria, and eytoplasn.
Examining the MDH system of ghlorella pyrenoides, Cole et al
.. {1968) demonstrated ‘the existence of multiple electrophorestic

- forms, We also report here MDH iscenzymes from yam tuber {D

rotundata).

8ince muliinle forms of this en-r;yme appear pr-evs;lent. 1ﬁ
blological systems, understanding theilr biblogioal significance
cannot be over emphasaized. Through acareful axamination cof the
iso-enzymes, some insipght can be galned on the queation of their

biological role,

In this work, the hémogenei.tyv of the Mazlate deﬁydrogenasea,
which i3 an index of purity was tested on Disc gel at pH 8,3.
Both peaks from Fig., 2 corrasponding to MDH.l and Mﬁflz fnoved an
single homogenous bands (Plate 1) and oorresponded to the two
resolved bands of total MDH obtalned from gel filtration (Fig.
1). The electrophoretic mobility of MDH, on P.AG.E. gel was
greater than HI)H.l. However, MDH, was eluted first before MDH, on
D.E_.A.E. - aellulose column at pH 7.2, Previously, Viector =nd
Ting, (1968) reported a similar pattern of migration of Bfalat‘.e
dehydropgenases from Spinacea Oleracea. Murkeji and Ting (1969)
also reported the migration of three homogenious banda of MDHs
assoc_iated with different cell orpganelles from green stem tilsouoe

of Opuntia ficus. These reporis are compatible with our findioga
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. .
f

on malate dehydrogenase iso-enzymesa from the yam tuber D,

rotundata.

3.2 Molecular welght determination
The molecular Wweightas uf the enzymes determined by gel
. filtration on Sephadex G-200 (2.6 x 60 om) were 61,200 3+ 150 for
MDH, and 63,000 + 400 for MDH, (Fig. 4 and 5). Both enzymeaﬂon
treatment with sodium dodeoyl sulphate (S,D.S,) migrated as
| single bands with the same electrophoretic mobility (Plate ?) and
 the estimated molecular welght waa 31,000 (Fig. 6). This
observation surgests that the enzymes exiat in two forms aﬁd each
form i=s made up of two ldentical sub unlts, Scme hacteria have
been desaribed to contain Malate dehydrogenases with molscular
weight of 120,000 which are thought to be tetramers (Kaplan,
1963). Murphey and Barnaby (1967) also reported from gel filtra-
tion survey a singlie molecular weight of 60,000 for all Malate
dehydrogenases isclated from animal, plant and miorobial sources,
In 1971 Cole at a) (1971) eatimated the molegular weight of the
enzyme from ohlorella to be 61,000, Three Malate dzhydrogenases
isolated from Splnaoea nlerares asscoolated with mitoohondria,
ohlorople 3t and oytoplasm were showl to have melaoular welghts of
about 66,000 (Vietor and Ting 197%1), 1In the same vein, Toshlhisa
and Haruhiko (1985} published the molecular weight of the enzyme
from &_@p;ag;atg to be 80,000 by gel filtration, and ~ subunit
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These data compare, well with malate dehydrogenases from
Yam tuber. Since it waa observed that the moleoular weighta of
both enzymes are about the same, agmregation into polymerie forms
may not be a molecular mechanism for generating heterogenality of
these enzymes in the yam tissue, Genetic evidence had earlier
shown that malate dehydrogenase isoenzymes are different gene

products (Furimatau 1068),

3.3 Effect of temperature on rate of
reaction

Temperature dependent studies on the enzymas indicated that
both forms of Malate dehvdrogenases inerease their rates of
reaotion with temperature. The observed increase was about twice
per 10°C inorease within 0°C - 40°C tamperature range. The
temperature optimum for the enzyme oatalysed reactions was 37°C,
Denaturation was observed at 46°cC, Arhenius plots of log
veloeity against 1/T for both enzymes gave activation energy (Ea)
and Arhenius frequency factor of collision (A) of 33.5kJ/mole ard
1.9% x 10%Am3m mole™! min~! for MDH, and 47.8 kJ/mole and 4.92 x

107dm3m mole~! min~! for MDH, (Fig. 7).

Increase in temperature generally affects two independent
processes (i) The catalysed ar! reaction (ii) Inactivation of
the enzyme. 1In the lower temperature region (up to 37°¢C),

inactivation is extremely slow and negligible, thus produnirg no
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apprecinble effeat on the rate of reaction., The overall rate
therefore 1s indreased with inorease in temperature. At hLigh
temperatures, inactivation begomes important =0 that the concen-
tration of the agtivated enzyme falls during the reacticn., At
this temperaﬁure, the secondary and tertiary atruetures of the

" enzyme are destroyed, hence catalytic function, impaired.

The thermal stabilities of both enzymes at 46°C were signi-
ficantly different, Firat order rate constants for inactivation
| wera N,0C7 min=1 and 2.29 min~" aorrespending to ty,, of 12,15
min agd 2.5 min for “DH, and MDH, respectively (Fig. 8). These

 differences in atability may bhe farther associated with differen=

' oes in tertiary strunture of both enzymes, snd this invariably

means differences in primary structure. Differences in their
primary sastructure is consistent with the 1so-enzymer being

.. different gene producta.

The various storape bonditions, viz sterage of the enzymes
at room temperature (25°¢), refrigerator {1°C)} and freezer (-
15°0) elicited a clear ocut difference in their stabllity (Figs.
9-13). The first order rate constants for MDH, stored at theae
oonditions ware 0,55 day"‘, 0,19 day'1 and 0,15 day"1
corresponding to t,,, of 1.25 days, 3.6 days, and 3.6 days
respeotively, The more stable MDH, had the following rate
constanta: 0.084 day"‘1, 0.03h day"1, and 0.005 da;y'1
corresponding to t,,, of 8.3 days 20 days and 122 davs

respeatively. Thesze glaring differences asubstantiates that MDH
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isozymes must have originated from different genetic loei.

Among factors highlighted which cause the several losa of
sound yam tubers are deleterious endogenous reactions of the
tuber, These reactiona include those asscciated with weight
losses, the hydrolyais of proteins, and the disintegration of the
membranes of the tuber (Dsuji and Tmezurike, 1985)., FEarlier
attempts Lo formulate a technology for long term yam storage
centrad on tempe trm nontro., Rivera et al (197h) did
speculate that the yam tissue heing a L.v! -~ =vatam with *+-
reactions under enzymie control shows Lhat the acLorare of yam
tubers at low temperature will significantly =low down the
tuber's life process thus prolonging its shelf life., In the same
vein Olorunda, et al (1974) reported that tubers stored at 15°C
experience less dessication than those stored at 10°¢C, 20°C and
25°C. The weight loas at 10°C was about 4 times and 5 timea
higher than losa at 20°C and 25°C pespectively. This large losa
was attributed to ehilling injury on membrane syatem of the

tuber,

From the Arhenius plots of malate dehydrogenase ocatalysad
reactions, it is evident that ohilling temperatures will affect
certain thermodynamic parameters, and precisely the Arhenius
frequenay factor of colliasion (i.,e, entropy of the ayaten) will
ha reduced and invariably this will reduce the rate of the tubera
life proceans., However, since storage of yam tubers at chilling

temperntures is known to cause deterioration of the membrane and
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the entire tuber (Osuji and Umezurike, 1985) its praseription for
the extension of the tuber's shelf 11fe may not achieve denired
goals, The ¢eption laft is to explore the possible manipulation

of the yam tuber physalological proaess at room temperature,

Tha observed ty/o of MDH, stored at room temperature was
1.25 days. One may rule out the catalytie potency of thia enzyme
in yam tuber when stored at room temperaturs, Unless it behaves
otherwise jin vive. However, If the former possaibility takes
precedence, one could wonder how malate shuttle is achieved in
yams atored under embient aonditions, since MDH2 appears to be
the cytoplasmiae form of the enzyme, This may be reaonciled with
the obsaerved inoreased level cf L-malate in yam tuber stored

asrobically as reported by Ugochuku and Anosike (1975).

3.4 pH and enzyme stability

fnitial pH analysis revealed two pH optima for MDH; at h.5
and 7.5. A single pHl optimum of 6.5 was obtained for MDH,.
Kinetic analysis shqwed a general increase in Km with pH for both
enzymes (Fig, 14 and 15), Logarithmic plots of Vm/Km againat pH
suggests the presence of ionizable groups associated with the
aatalysis of they enzyhes with pKa values of 6.3 and 7.6 for MDH,
and 6.3 for MDH.. Vietor and Ting (1971) and Toshihisa and

Haruhiko (1985) reported values of pH optimum in the range 6.8~

T.2.
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3.5 Kinetilc studies

‘Initial velocoity and product inhibitlon analvais for the
enzyner were performed to investigate the ateady state mechanism

and to determina the kinetlic parameters of the suhatrates,

Initial veloeity patterns for HDH1 were determined with
NADH and OAA in turn as variable substrates {(Fig, 17). In the
primary plot of reciprocal 1nitial velcality with respect %o
regiprecal of substrate concentration, thez concentration rangs of
NADH was 0.02mM « 0.20mM. The sacondary plota (Fig. 13 and 19)
of ordinate intercept as a funotion of fixed substrate concentra-~
tion of OAA and NADH represents the replots of data from (Fig.
17). These report enable the direct extrapolation of Km valnes
of 0.05mM and 0.08mM for NADH and QOAA respeatively. Tn the
reverse reaction, primary and mecondary analysis performed with
YAD* and L-malate as fixed and variable substrates in turn gave
Km of 0, 4L8mM for NAD* and 2.56mM for L-malate (Fig, 11-13). The
kinetic constants determined for MDH, were found to be 0.25nM
0.83mM, 0.02mM and 0.083mM for NADY, L.malate NADH, and OAA

respectively (Fig. 26~29).

The initial veloeity patterns on MDH, (Fig. 20.22)
supported either seguential or Theorell Chance mechaniams, but

rules out the possibility of a ping pong schene,

Product inhibition analysis on MDH1 for the oxidation o™ L-

malate parfermed to detarmine t'.e ordar of substrate binding and
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product release gave the following reaults: with OAA as proluct
inhibitor, double reciprocal plot of velocity againat L-ma’ate
concentration at a fixed saturating level of NAD" showed a
competitive inhibition pattern. A non-competitive inhibition wan
observed towards NADY at a fixed saturating concentration of I-
malate (Fig. 27). On the other hand, the second product, NADH,
exhibited a competitive inhibition towards L-malate and non-
competitive inhibition towards VAD* (Fiz.25), Tn the reverse
reaction (i.e. reduction of OAA) similar produect inhibition
showed L-malate and VNAD* as competitive product inhibitors
towards NADH and non-competitive inhibitors towards OAA (Fig., "9~

30).

Product inhibition phenomenon talkes place when one of the
reaction products is initially preaent thereby causing the
initial rate of reaction to be reduced. Such a reduction may
arise based on two main factors (1) the produet owing to
structural similarity, could compete with either one of the
substrates to form an inactive binary complex (i,e. between
~nzyme and product) or an inanctive ternery complex i.e. between
enzyme, co-enzyme and product inhibitor). If any of these
poasibilities hold, the inactive complexes will reduce the con-
centration of free enzyme or active enzyme-substrate complexes,
(11) thes presence of the oproduct inhibitor could shirt the
equilibrium towards the reaction atep that consumes it (Le-
chatelies prineiple). Fromm and Nelson (1961) Zewe and Fromm

(1962) earlier reported that produect inhibition data for Rib tol






(4

o
-
{
--.,il..
it -
\\ - L.
s ~ o
o) P - -
) -
-~ - :
.‘\ ~
P
. \Q\o\ o
o L
e
o
e
di=
_ v
18
L
Ilrll'lll. - -
s iNynp =t =] ==
“had, bie \ =
leur s Fug SETOCBY Lk T

ridbriruze
eMnzir € RBL &
WELRISP flyes FUNNIF atm

UE KAFriatice
S he

“

o

ST
T eany
s
. AL
)=
.
. - i






65

fursceppg ,

|
|

)
i
|

]

A an
31
:)
!
s o
T e it
b 30' Fya P o 5 I 15 20

.l!ﬂmn'l wu !
Plest ng bntdivemgps Ly ferdfhe )

'.‘l".ll’ ""i"-



h6

Ftibaves vt

—
e iy

i
."'
(J'r‘
-
L] 4 / }
/’;
r.:I_J:_‘—‘-t——-“._o —— .
-5 .In .._5 = * - rn - - o
5 1 .5 S T
5 %
. Ay 1 t
LIS Flat il Tirgr. ' .

L L Y T L T

frar B0y A Ttk suneie vy






(¥4

T o

- 3
ﬂ.‘h e | 7
—_—— e .".ir.. in
L re=fure i

LB T e s 2 8

CLanyFing fir08 aucxreyt.

-

(XL
1y

s - 3
-
e
>
-
\' 5
] -
> : -
- “ !
- ———— e — n.l ==
- -..utqn ﬂ.fﬂ. - .
A ae
Cariatie
“eanlle mg t%e

chacgmy






S

n



%)

n

tFrercans

LS ]

SO— |

Rt

(]







Z 1}

| -
i “ o~
_ “ ~
2
R
- M i
3 2 4 12 3 g
it xapty o
it r ¢t salurating level of Jdalic acid for






']
i
——— e
e
————

-

R

!f. - ! n.

N

v

-.50 -/ . ; ‘
0 30 <20 =10 10 20 30 (
40
=1
s [NADH ' mM

3
j'l-|| of
. { Vg
\ : . I '».{|l;|‘+i|j:] Ieevrge ) ey I
i rxXn et iy

e el

[wype "'”.”1'






L LT

-y
4

r

2 3

T [ Malic ]'.'n i

4 L}
ot SAD'

Ph

A

M“”’.'

5






Ut el g

b

1

v}

(f
~
5 " 5
=, [OAA Y mM]
vl NADY fonge 'd!‘lllz -

-

20



74

dehydrogenase and musele LDH respeetively to be consistent with
the formation of inactive binary and ternery complexes as well na
masa law effect, They however ohserved that the formation of an
inactive ternery complex between enzvme, co-enzyme and Lhe
product was experienced only when high coneentrations cf the

product inhibitor were used,

These product inhibition analysais (Fir. 27-30) sugmeats an
ordered bi-bi sequential mechaniam for MDH, and rules out the
posaibility of a Theorel Chance mechanism, The mechan!m
supports an initial binding of MAD* anc a final release of NUADH

as repreaented by the scheme balow,

napt L-malate DAA NADH
j § o B it
1 i1 ! d 1
F= F
E-NAD* F=-NAD*-1-malate E-NADH
P
!
F=MADH-0AA
F + NAD g=2 F=NAD 4+ le-mal z=2 (BE-NAD-mal =5 E-MNADH-0AA)

K K
9
E-NADH-0AA ;:1 F~NADH + OAA z== F & VNADH

| ] | 4

"8 “10
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Yoshihiana and Maruhike (1985) reportnd a random binding of
substrate and compulsory ordered release of products of MO from
R gapsulata, An ordered bi-bi mechaniar has earliar haen
reported by Raval and Wolfe (1062a) for the enzyme from Pig

liver, TIactopic exchanse experiments confirmed this at n¥ 5,0,

Most reagtlon mechanisms of dehydrogenases are known to
progede via the nequential mechaniam, Ikediobl et al (10R76)
reported 1 random hi-bi sequantial mechanism for G6PDH from

DMogcorea rotundata. LUDH, MDH, and ribitol dehydrogenace have

bheen shown to have a compulsory binding order mechanisam
(Theorell, and Bonnicﬁsen 16951, Mordlie and Fromm, 1959}, Yeast
and Liver ADH appear to have a compulgery binding order mechaniam
. {Palziel, 1957), Glutamic dehydrogenase, a three substrate
enzyme appearsa to have an ordered binding mechanism for the three
subgstrates (Frieden, 1959)., On account of kinetic analysis it
gseems that an ordered asquential mechanism nay be a rather common

feature for most dehydrogenases,

3./ Substrate and_co-enzyme specifioity

Both enzymes showed marked speoifleity for L-malante
oxldation and 0AA reduction. None of these substrates D-malie,
DL lactate, énd ~keloglutarate along with either NADY or DADH
showed any trace of activity., Likewise L-malate and NADP' shoved
no reactivity, this rules out the poasibility of malic enzyme

acting as an artifact,






g |
i
£ Lo
L MLy 9 Smit
_ . k=3 T
r
{
! P
=
- - .
g
- ‘ ;
S|
]
L
-l-l - v
o~
ol P AT
- l.l.!-.
. o
F -
-
| - \' -
[ o
- - \\11\
2 '
\‘ -t
N P
—~
o
0 - -~
R ;
- - v T o ..
= = =
o o2 = ¢ L5
s F230] T gt

Taeafties slylten wive “EAL T uCetnte

C1 InkEpkd g

HIG. 27 0w W b)) TOMMARD REACTION ¢ PRuhye=

INPIELT 1N,

et
M4,
_ -
{
i Lo
-
. o T 1
- h
_ L BT
1
=
ra
“r
20= i
i ol
_ =
24 5 g ¥
- -
| ~ L
.-‘. -
3 m - - .
] ‘ .
{ J e
¥, o
| o=t
e
57
* — - y Y
TR cﬂ = =
0 o2 (a2 e -
- ——t i ...u_ -
TERIRYL GO grodios wisr ¥4




FiC. 180s & b): FORWARD EEACTION ( PHODUCT INHIZITion)

+
ned -
. 35
Ml 0,0 us
NAlH oL
5 \\\ ; ‘.
- 305
\...
E- &
: e
- . 2%
e . e
3= P B
-ui\-‘ B
e
B o
- | - — NE
- a 3 - .;\.ll Lv,n_mum.u.nn.t 5
-
B e
. }!..\\l\ N \\\._H =
[ S—
: . B -
ﬁ 2 3 4 5 !
—_— s s m-u.annﬂ . L : .
Findave gupe : i
FINGSLT BNPIbition ke LFigs With NAllw 3
¥ Trwgarr ToMINLLY M R ..
M e taontste -



78

Previously, Grim and Doherty (1961) reported the reduction
of derivatives éf DAA 'in the presence of NADH by the enzyme, from
rat liver. Thse enzyme from R papsylata has “een shown to regvire
exclusively NADY for L-malate oxidation and NADF for OARA

-

reduction,

3.7 Inhibition by natural metabolites

Both enzyme forms were inhibited to differaent extents by
the followlng organic acids: pyruvic acid, suceclnic acid, eitrie
acid,.isocitric agid, «~keto-glutarie aoid, aapartic acid
glutamic acid {Table 2) and the nucleotides ATP and ADP. Victor
and Trwin (1971} had earlier observed similar inhibition of the
organic acida towardas MDH iscenzymes from greem stem Opuntia
fleusa, The higher rate of inhibition of these orrmanic acids
towards MDH, than MDH, indicates that the former is most lLikely
of mitochendrial oririn, 3Since the organic acids are essentially

intermediates of the TCA cycle.

Detailed kinatic analysis on -ketoglutarate and citrate
inhibition for HDH1 showed both metabolites as non-competitive
inhibitors towards OQAA (Ki = 30mM), eitric acid was a non-
competitive inhibitor towards MADH (Ki = 38mM) while ~katomli-
tarate behaved an a competitive inhibitor to NADH (Ki = 30mM}
(Fir. 31=33). The inhibition of -ketoglutarate on MDH, was non-

competitive in all casesn (I'ig. 32). OQur kinetie data on



inhibition for M, susmest that KG and citrate bind at ancther

aite different from the co=-Anzymn
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o 34

Tahla ?: Tnhihition by naturally ancecurine metaholitoes

- - - — -

% Tnhibitirn

Tnhibitor cecescssccccccscccccec e ————
MDIH, MDH,,

1NmM Citric Acid 25 22

10m!! Taoeitric Acid 15.4 14

10m!t  ~¥etoglutarate 29 16.7

10m!* Sueeinic AciAd 25 hh

10mM Pyrovie Aeid 13.5 "

10mM Aspartic Acid 16 n.u

10 mM Clutamiec Acid h.6 BR.7

3.3mi! ATP 512 45.8

3.3mM ADP ' 39.5 29,7
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site. Otherwise, the presance of these metabolites trigrers
conformational changes on the enzyme thug decreasing the affinity
of th=z enzyme to ita substrate, Invariably the potency of the

enzyme 1s affected,

A numbar of enzymes have hesen shown to be either inhibited
or stimulated by édenine nuclectides, Kurimatsu (1968} reported
that pig heart MDH could be stimulated by varying degfees of
adenine nueleotides\with ATP as the mosat effective stimulator,
Thiz observation qannot be ratlonalized in terms of known control
maghanismn, Tt thus hecame imperative to investipate 1f the yam
tuher MDH isoan%ymes are affected {in a aimilar mannar. In
contrant to Pig heart MDH, the yam tuber malate dehydrogenases
were atrongly inhibited by adenine nucleotides (Table 2) with ATP
ax the stronger inhibitor. Sinece the mitochondria serves anm the
main depot for ATP syntheszls, and the inhibiticn of ATP i3 more
on MDMH, than MDH,, it i3 sugpestive that MDI', is of mitechondrial

origin,

Initial velocity atudies on nature of inhibition for HDH1
showed ATP a3 a non-competitive inhibitor to OAA and a competi-
tive inhibitor to NADH inereasing the apparent Xm from N.042mM to
0.125mM in both cames, The Xi values were 0,95mM and 11mM for
OAA and WADH respectively. Kinetio analyais on*inhibition with
MDH, revealed a non-competitive inhibition pattern of ATP towards
NADH (Fig. 31-~33). The competitive nature of inhibition along-

with structural similarity of ATP and NADH suggests that the
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nucleotide binds the enzyme at its co-enzyme site for HDH,.

3.8 Inhibition wit f -}

Inhibition analysis with group specific reégents have been
used for the identification of constituents of the active atte
reaponsible for the Eatalytic potency of an enzynme, 3Such group
specific reagents bind the.amino acid compenent of the active

gite based on the presence of a partieular funational group.

In our analysiz of the yam tuber MDH iscenzymes we ohsenrved
that both enzymes were senzitive to 1inhibition by p-
hydroxymercury benzoate, KCN and NaNB. These observations seem
" to implicate the thiol group {-3H) as the possible functional
entity involved in the gatalysis of MDH from the vam tuﬁer.
Their mode of inhihition involves covalent binding to the thilol
gmﬁp thereby making 1t Inacessible to the surrounding
substrates, Initial veloeity data for inhibitien on NI¥Ty  showed
KCN and p=-hydroxy mercury benzoate as competitive inhfbitors to
NADB, while NaN3 as a non=competitive inhlbitor te the same
subatrate, their ki were OmM, 0.5mM, and 0.2m¥ respectively Haﬂa.
showed a competitive inhibitien pattern to OAA, These results
indicate that pHMR and KCMN hind the thiol group at the co-enzmyme
site while NaN3 binds the enzyme at the suhstrata site to inhibit

the reaction catalysed by MDH,

From this extensive research conducted, we have been able
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to show the existence of malate dehydrogenace isoenzymes from the
white van (Dioscorna rotundata). Further work of this nature
should be directed “o another enzyme of the TCA cycle, so that
when the basie enzymoloriecal information of the yam tuber 1ia
complete, the problem of the objective can be approached with

some precision,
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