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ABSTRACT
Glucose-6-phosphate dehydrogenase D-glucosc=6-phosphate:
nicotinamide adenine dinucleotide phosphate oxidoreductase
(EeCe 1.1:1.49) (G6PD) has been purified from white yan tuber

(Dioscorea rotundata) by procedures involving ammonium sulphate

‘ractionation, ion-exchange chromatography, sepnade:x gel
chromatography.

G6PD was stable throughout the purification stages and
showed two sharp protein bands which were active upon activi&y
staining on polyacrilamide gels.

The molecular weight of the yam tuber G6pD dctermined by
gel filteration was 163,000 + 28,0005 and the doactivation
cnergy, Ea, determined from Arrhenius plots was 6445 Kcal
mole“l.

The yam tuber G6PD showed two pH maxima™ at acidic region
(pii 5.0) and at basic region (pH 8.2) when assayed at 29 4 2%%c.
Groups associated with enzyme catalysis and binding of substrate
have pK_ valuew of 5.1, 8.9, 6.08 and 9.6.

The half-life of the enzyme activity was found to be 100
days when stored in the deep freezer, 20 days in the refrige-
rator and 7 days at ambient temperature.

The initial velocity measurements of the enzyme using G6P

and NADPY indicated a sequential mechanism.

vi.



The Km values obtained for G6P, NADP®, NAD, gluco-
samine-6-~phosphate and fructose-6-phosphate were 0.8mMm,
O.46mM, 1.6EmM, 2.0mM and 5.5mM, respectively.

The product inhibition studics with NADPH as pro-
duct inhibitor showed noncompetitive inhibition with
respect to G6P and competitiveganhibition with respect
to NaDPE The inhibition constants, Ki, obtaincd were
1 x 10'3mm and 6.0 x 10'3mm with NADE ond G6P respoc-
tively.

Alternate substraote inhibition studies using glu-
cosamine-6-phosphate and NAaD* as substrate analogues
for G6P and NADP+, respectively showed that yam tuber
G6PD catalysis followed rapid equilibrium random
mechanism,

ATP inhibition on the enzyme was competitive with

respect to GEP.

vii.



INTRODUCTIGN

Yams (Dioscorea species) are very important food
crops in many tropical countries where they are cul-
tivated, and represent a sourcc of energy 2nd rovenue
for the people of Nigeria and some other tropical
countries,

Not only that, yams can be used in preparing
a lot of African foods ~ it could be boiled for food,
friced, used in thickening soup, dried and ground to
flour (elubo) which is used in making "amala™ it could
be used in making yam porridge or pounded to be used
as "utara ji" or "yam fufu®,

It i5 alsc worth mentioning that yams can ncw be
processed feor glucose, starch and ~lcohol, while the
wild varieties with high sapogenin content are being
used as sources of precursors of synthetic sex hormones
and cortisone (Onwueme, 1978).

Since it has been established as a source of calorie
and revenue for the millions of people of west africa
and other tropical countries (Onwucme, 1978), it will be
important to study yams, especially the common one (Dio-

scorea rotundata) in great details.
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unfortunately, it is a common observation that
white yam (Rigscorea rotundaota) being used as food
cannot be stored long aftcr harvest before going bad
even when no spoilage organism is involved, This
therefore recpresents 2 source of great loss in terms
of calorie and revenue to beoth farmers and consumcrs,
Sincc yams are cultivated and harvested over a givun
season in the year, some must thercfore be stored for
food during the cultivation season so as to meet the
demand by consumers, but this has proved difficult
becausce cof spoilage on storage due to rot, mictobial
infections, transportation injurics, sprouting and
inscct attacks.

The cffects of thesc can be devastating if left
unchecked sincce it has been estimated (Courscy, 1965)
that over 5 millicn tons of yams are lost annually
during storage and prescrvation.

Also yam cannct be stored at low temperaturcs
either, because of chilling injury = this scncscence
in yam results during storage at low temperature

(Coursey, 1967).



The yanm 88 8 living organ is subject to both physio-
locical and biochemmical changes during storagzs, The work
of Ugochukwu EE'.&L' (1977) has shwwn that certain
snzymes, especially glucose-6-phosphate dehydrogenase
(66FN), involved in carbohydrate metabolism have high
activities as yams grow older during storage, This obscrva-
tion was later confl mmed by the work of Ikcdioli and Oti
(19€1).

wWork by Ikediobi and oti (1981) has also demonstrated
without any doubt, relatively high level of G6PD in new and
storcd yam tubers, Their work has thus suguested that the
hexose monophsphate pathway,HMP, might be an Important pathway for car-
bohydrate mctabolism in the tuber; and it has alrcady been
cotablished that G6pPD catalyzes the rate - limiting step
of this pathway (Levy, 1979).

Their work (Ikediobi and oti, 1981) showed further that
lipid biosynthesis may be important in the sprouting incident.
Already it is known that NADPH 1s one of the products of
G6PD reaction in the HMP and is used for the reductive bio-
synthesis of lipids (Levy, 1979).

So it will be very interesting to study this enzymc,
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G6PD, iﬂ.xiEEE as o step in trying to understand its
in vive function in the yam tuber, Currcntly, thore
is rcscarch at Tropical Products Institute, London
(Ikcdiobi, personal communications) aimed a2t using
G6PD as a markcr of onsct of chilling injury in yam
tubers stored at low temporatures.

If this is so, it will bc of grcat importance
to know in what respects the properties of the yam
tuber G6PD diffcr from those of GépPDs from cther
SOUrcu s,

Such knowludge about the propertics of the enzymc
might prove uscful in e¢stimeting the relative contri-
bution of HMP to carbchydrate metabolism in the yam tuber,

Extensive literature scarch has yiclded little
information about the biochemistry of the yam tuber,
The successful storage of yams under tropical condi-
tions must dcpond hoavily on a complete understanding
of the basic physiclogy and bicchemistry of the yam tuber,

S50 a lot of basic research must be done beforce
we can actually begin te undcrstand why thoe yam tubers
cannot bc stored for long beforc geing bad,

From the forcgeing , it is thercfore important
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that G6pPD be studicd in vitro as a first stcp In
trying to understand its in vivo importance in the
yam tubor.

Sc the purpose of the present rescarch is to
isolate, purify, choractoerize G6PD from whitc yam tubers
(D rotundata), The preperties of the purificd enzyme
are studicds The ¢nzyme is alsc subjected to varicus
kinctic analysis in corder to ¢btain basic information
about its kinetic features.

Such information might prove very uscful in the
st. ragc of white yam tubcr under tro-~ical condition:,

Fin2lly, cur knowlcdge cf the structure,
mechanism of action and mechanism of regulation cof
G6PDs 1s still at a relotively primitive level
(Levy, 1979)=there is no information available at pro-

amino acid crystallography
scnt on thy/scquence or X-ray/ of any G6PD; the sccon-
dary structurc of almcst all G6FDs has not bceen well
clucidated (Lcvy, 1979); a2nd so 21so is the fact that
little work has been published on tha identification
of essential amino acids.

Sc our rescarch might prove useful in providing

scme information in regard to G6PDs in goncrale.
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LITERATURE REVIEW

Historical background

56PD is the first enzyme of pcentose phosphate pathway
(ppp) and is solely rcsponsible for the oxidation of D-
glucose-6-phosphate (C6p) to D- glucono-8-lactonc—=6-phos-
phate in the presence of NADPY or (naD™).

The enzyme was first discovered by Warburg and Christian
in 1931 from horsc erythrocytes and alsco in mammalian
erythrocytes (warburg and Christian, 1931)s 1In 1932, chey
discovegred the cnzyme in brewcr's yeast and a ycar later
isclated it from lysed erythrocytes (Levy, 1979).

The first partial purification of the enzymc was
performed in yeast by Negelein and Gerischer in 1936
(Levy, 1979). After this, subsequent isolations hava been
made of the cnzyme from a vast number of sources and a
wenlth of literature has accumulated about the enzyne

since 1936,

The @ommission on enzymes assigned G6PNs a gencral nomen-
clature (D=glucose-6-phogphakes nigntinamide adenine dinu-
- v @

cleotide phosphate oxldoreductase, EC 1.1.1.49),
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Reacticn catalyzed by G6PD.

GEPD is roespensiblc for the oxidation of D= glu-
copyranose 6-phosphate tc 6-phosphogluconolactone

according tou the scheme belows:
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From the scheme, R represents the adenosine=diphosphate
1

-=ribus: or 2 phousphcadenosinc=diphosphate = ribosc

moicty of NaD* ond NaDPY, respectively.

This reaction involves the transfer of hydrogen



atcm from G6P to NAD(P); (Levy, 1979)e The D=glu-
cono-g;lactone-G-phusPhatc produced is hydrolysed
to 6=-phosphaglucounate,

Isolation and Furification cf G6PD

The enzyme, G6PD, has becn isclated from a
wide varicty of plant; and animal tissues. In
animal tissues, G6PDs arc cytoplasmic cnzymes(}hat
isgsolublu). In green plants, it is knocwn that GEPDs
occur in both the cytcplasm and chloroplasts (An=
derson et. al. ,( 1974;) schnarrenbergaet al, 1973),

The most difficult ppoperty «f some of the
GGPDs during isclation is their 1ability. They
ensily lose activity during purification (Lovy,
1979), and this has been attributed to certain
components present in the enzyme source, GEPDS
from animal sourccs can be ensily stabilized by
N.DP* (Carscn et al, 1959; Marks, ete al. (1950).-

This has bcen employed in almost all iso -
lations of G6PD from mammalian tissues, howcver

G6PD from Fenicillium duponti, which is vory

unstable was stabilized by G6F instead cf naDp*
(Malcolm and Shepherd, 1972). Glycerol has also
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becn used as a stabilizing factor during the iso-
lation of the cnzyme from the lactating rot mammnry
gland (Levy, 1963; Nevaldine et al, 1964). Dpe
Flora et al (Levy, 1979) stated that the erythro-
cyte G6PD cannot be stabilized by glyceral, but

no data are given.

The most spectacular of these isolations and
purificaticns of the cnsyme was donc by Yoshida
frem human crythrocytes (Yoshida, 1966). Ho got
a 63,000 fold purificaticon with almost 50% yieid
by utilizing over 20 purificoaticn steps! 3Subsce—
quently, Yoshidat's methoed was simplified by other
investigators.,

Recently, with the introduction of affinity
chromatography, two pricedures were published that
are exceedingly simple, rapid and give high yicld
of purificed cnzyme (D« Flora et al, 1975). This
methed of purificaticon of G6PD involved the coupling
of NE_(aminohuxyl)— adunosine 20 58" - biphosphate to
BrCN~activated agarose, The threce steps involved
were esscntially chromatography on DLAE~-sephadox,

chromatography on Phoysphoccellulouse and affinity
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chroemategraphy «n the above ligand-matrix complex
{({De Flora 23 2l, 1975) &

However, apart from the sweet potatc GEPD
isclated and purified in 1970 (Mutc ond Uritani,
1970), thc enly other major plant tubcr from
which the e¢nzyme has been isclated and purificd
till date is white yam tuber ale
though it hes been purified from variocus plant
sources, but not from any yam cultivar,

Amino /cid compositicn.

Publish.d daote on amine acid composition of
G6PDs (Levy, 1979) has shown a wide range of vae
riability and thce mest prominent being cysteine

content from zcrc in L. mesenteriodes enzyme to

32 in N. crossa G6PDe. There has been no cvidence

for disulphlde bonds in G6PDs even in human erythro=
cyte G6PD (Ycshida, 1973Q} The gonerally low iso=
€¢lectric points for these enzymes have been explained
by the fact that (ASX + GlX) exceeds (Lys® His # .\rg)
(Levy, 1979).

Non-amino ,.cid Compcnents.

The presence of zinc ions (2n**) and other metal
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iuns in yeast G6PD were reported by vallece ¢t al
(1956). WwWork dine by Yue 3&_2&, (1969) have di-

monstrated that 8. cerlsbergensis G6PD countainod

nc significant amcunt ¢f any mctal icns, zn™t in-
clusivcee @uantitotive analysis of bovine adrenel

G6PD has revenled significant levels of cat™,

** and cu*t in this enzyme (Singh =nd Squirc,

Mg
1975). The hum n erythrocyte GG6PD has bccn sub-
jected to analysis, and it was found that chela-
ting agents had no effect on the cnzyme - thus
suggesting it was not 2 metallo-enzyme (Warburg
and Christian, 19315 Levy, 1979). The <nly none-
amince acid component found inGépDs 1s probably
tightly bound NaDPY (Levy, 1979).

Sccondary Structurc.

very few studics have beon done on the secondary
structure of G6PDs. Jirgensons evaluated the mof fit
c.nstant, bu, and cotton effects for G6PD from .

cerevisine (Levy, 1979). The valucs fuor Lo 'and the

magnitude of the positive cotton cffoect were low-
thius suggesting a relatively low degrec of helical

structurc in this cnzyme.
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Subunit naturc and Quaternary structurc.

There has beun no indicaticn of nen identical
subunits in most of the G6PDs. The nonidentical
subunits roeperted for human erythrocyte G6PD have
beon attributed to the use of impure enzyme (Chung
and Langden, 1963), However, hybridization studics
suggested that the human erythrocyte GéepD and rat
crythrocyte enzyme, vach has identical subunits
(Beutler and Ccllins, 1965). It was alsc suggese—
ted by Scott and brady (1973) that N. crassa
G6PD contains at least three nonidentical subunits,
however, thce numerous reports of multiple bands in
gel electrophoresis and iscclectric focusing of
G6PDs have disproved the suggestion of Scott and
Brady (Levy, 1979).

The minimum quaternary structure for catalysis
in G6rDs is the dimer. There is no evidence of
catalyticolly active monomeric G6PD (Levy,y 1979).
GopPD from human erythrecyte is catalytically active
as n dimer (yYoshida and Heoagland, 1970) at pH 6.0
and pH 8,0, and this suggests that the cnzyme is -

dimer in vivo.
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It is known that many G6PDs aggregate to form
tetramers or large oligomers, Tetrameoric forms
have been described for G6pDs from C. utilis
(Chilla c¢t. al, 1973; Domagk ct. 21, 1973), N. €rassa
(Scott, 1971), Mcuse liver (Hizi and Yagil, 1974),
rat livcer (Holten, 1972; Matsud> ond Yugori, 1967),
human erythrocytes (Bonsignore et al, 19715 Cohen
and Rousemeyer, 1969; Yushida, '19‘?31) and sweet po-
tato (Muto and uritani, 1972). The factors res-
ponsible for the interconversion of dimers and
tetramers have been examined properly in human
crythrocyte G6PD.

Temperature, enzyme concentration and the
concentration of NADPY or NADPH arc implicated in
this intcrconversion (Chung and Langdon, 192633
Levy, 1979),

Cohen and Ruscmeyer {19694;1959& have demons-—
trated that the human crythrocyte G6pD exist as an
cequilibrium mixture of dimers and tetramcrs, pro-
foundly influenced by pH, ionic strength s well as
by divalent catiuns (Levy, 19795 Beltner and Naor,

1972; kanji et al, 1976).
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Just as the dimer of G6PD con form tctramoers,
sc also cculd it disscociate intc menomers, This
dissucination requires incubation in 2 strong de=
tergant such as sodium dodecyl sulphate (SDs),
Urea, or guanidine. The dissccinted subunits are
generally inactive. Some G6pDs arce however diffie-
cult te disscciate (Singh and Squire, 1974
Shrere and Levy, 1977). Some G6pPDs can be disso-
ciated into monomers by the removal of Napp”
(Rattazi, 1968; Levy, 1979). The forces responsi-
ble for maintaining the tetrameric structure of
G6PDs include hydrophobic interactions, hydrogen
bending and stability offercd by nNabp” (Levyy 1979).

Molecular Weight.

The molecular weight of purified or homogenuous
G6pPDs differ according to scurces of isolatione.
Most of the reports of the molecular weights of
G6FDs were bascd oun repoerts obtained from gel fil=-
tration, disc gel electrophoresis, sedimentaticon
velocity and sedimentaticn cquilibrium techniques
(Levy, 1979). The follcwing molecular weights

wcre determined on crude or partially purificd GGPDs:
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Rot crythrceyte 131,000 (Rattazly, 1968); Dr..sophila
130,000 and 150,000 (Lcvy, 1979); Spinach leaves
105,000 (schparrenberger et ol, 1973); Tobacco
(suspension culturc) 91,000 and 115,000 (Hcover ct.
aly 1977); sweet potata 110,000 (Mutc wnc Usitani,

1970); pPenicillium duponti 113,000 - 126,000

(Malcolm and Shepherd, 1972); Bacillus suuti{ig

spores 240,000 (Levy, 1979); bPscudomonas flucrcse—

cens (NADP - preferring enzyme 265,000 (Lessmann

cte ala., 1975); Rhudupseud monas sphercidces

180,000 -~ 200,000 (Levy, 1979) mammary gland (in
the presence cf NaDp™) 241,000 (Levy, 1979); human
erythrocyte (with napp%) 240,000 (Levy, 1979);
human erythrocyte (withcut NApp*) 123,000 - 180,000
(Levy, 1979); adrenal gland (in the presence of
NADPY) 236,000 (Levy, 1379).

G6PD CATALYSIS

Thermodynamics of the reacticn

The reaction catalyzod by G6PD is repruscnted

schematically as:



16

(ot 1N
Glucose=6-phosphate —=__% 6-phosphogluccnolactone
W
+ NADPH
L~ —-NAaDP”

ol
G-BhOSphogluconntc + NADPH

The above reaction catalyzed by G6pD is ther-
modynamic-lly reversible (Horecker and Smyrniotis
1953), but this is madc¢ irreversible by the fast
hydrclysis of D-glucono-d=lactone-6-phosphate,
which is the actual product of glucose-6-phosphate
oxidation (Levy, 1979). The hydrolysis of this
lactone 1is kncwn tc¢ be dependent on pH ;) at
'H 7.4, the half-lifc is about 1.5 minutes (Horcecker
and Smyrniotis, 1953) and at pH 6.4 and 28%c, the
lactone has a half-1life of 24 minutes (claser and
Brown, 1955). sdded to this rapid hydrolysis, &
wide range of lactonase (Brodic and Lipmann, 1955)
preyents the reversibility of the G6pD catalyzed
reaction under physiological conditions.

GO6FD is known to utilise the open-chaip form
or the pyranose ring form of the substrate (Salas

ct. 81, 1965; Lecvy, 1979; Muto and uritani, 19723

. o —
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Malaisse et. al, 1976). The ancmeric specificity is
cssential and FPD-91UC(pyrﬂanL-B—pthphatu is the
firm utilizod by the cnzyme (Levy, 1979).

Substrate specificity

In 211 G6PDS, D-glucouse-6-phosphate (which is
the netural substrate iIs known €0 give the highest
Vmax and lowest Kp3 although some GBFDs can cqua-
1ly oxidize analogs of the substrate (Grove e¢t. al,
1976; idams ct. al, 1976; Bessel and Thomas, 19733
Egyud and Whelan, 1974; Kirkman, 19592 ; Metzgor
ete 2le, 1972; salas Et. 2l., 1965). The inves-
tigation invelved in these tests in substrate
specificities concluded that the apparent affinity
of the analeg for G6PD is lower than the naturzl
substrate beccause of the structural change which
might have caused slight geometric change (Lovy,
1972)e« Among substrates used were 2-decoxyglucosce
6-phosphate, 3=deoxyglucusc=b-phusphate, galactosc-
6-phesphate, gluccsamine-6-phosphate and gluc. o cc=6-
sulphate to menticn but fewe These substrates were
utilized at rclativily reduced rates and with low

affinities in compariscn with the natural substrate,
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(Bonsignorc and De Flora, 1972).

Coenzyme Specificity

G6PD from L. mesentercoides isclated by De Moss et. al

(Lovy,1979) is kncwn to react with both nappt and
naDY. Initially, studies with G6PDs from S. cir-

lsbergensis and mammalian tissues showed these

enzymes to be specific for NADPY and could not use

NAD*e It has been shown that some other G6EPDS

could utilise high concentrations of NADY (Lovy,

1961). On the basis of these studies, five classcs

of G6PDs can be defined:

(i) NADP-specific G6rDs, which do not recact with
NnD*;

(ii) NADP=-preferring G6PDs, which can rcact with
N4DY under forcing conditions, but do not
appear to utilise it physiologically;

(iii) G6pPDs with dual-nucleotide specificity which
utilisc Loth activities cqually in vivo;
(iv) NAD=-preferring G6EDs which can 2lso react with
NADPY but under physiolegical conditions only

with N.DY;
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(v) NAD=spccific G6FPDs which can only react
with naDY. There is a vast literature
about coenzyme specifities of G6pD
(Levy, 1961, 1979; Turnail and sSchlegel,
19723 Vander Wyk and Lessie, 1974;
Banziman and Mazover, 1973).

Requirement for divaloent cations

Majority of G6PDs are activated by mg*t al-
though it is not an absclute requirement for catae
lytic activity (Glaser and Brown, 1955; Kownbavd,
1950). Scme other G6PDs show absolute requiremant
for this divalent cation. an example is G6PD from
pea chloroplast (yYoshida, 1966). The reported effects
of mg** on C. utilis G6PD include stimulaticn of
catalytic activity, increase of the protective
cffcct of glucose-6-phosphate against various
recagents that alter catalytically essential amino
acids (Domschkc EE‘.ﬁk' 1970), promotion of »qgroe-
gation (Domagk c¢t. al, 1973; chilla and Domagk,
1973)3 and altcration of the moffit constant of
the enzyme, bo, upon Linding (Domschke ct. al, 1970).

In addition to mq++, other divalent or monovalent



20a

cations have bzen shown to activate G6PDs from
scvceral sources (Glaser and Brown, 19553 Glock
and Mclcan (19533 Jagannathan et. 3l, 1956).

Kinetic Mechanisms

The usce of steady-state kinetic techniques to
determine the kinetic mechanism of any enzymc with
two or more substrates entails the determination
of the initial velocity pattern in both directions,
and the patterns of inhibition by all the products
(Cleland, 1963). For G6iDs, it has been difficult
to study the enzyme-catalyzed reaction in the
reverse direction or to make full usc of the product
inhibitions because of the lability uf the glucono-
A-lactcne-6-phosphatc at pH's above 6.5 (Glaser and
Brown, 19555 Levy, 1979) and of NADFH under acid
conditions (Levy, 1979).

All G6pPDs prouceed by the sequential (Cleland,
1963) or ternary complex (Levy, 1979) mechanisms but
in somc there is an ordered addition of substrates
and release of products, while in others it is random
(Levy, 1979). One clear-cut evidence for a random

mechanism was cobtained by Malceolm and Shepherd (1972)



with cé6pDs from P, duponti and Pe nctatumes In these
enzymes, NADPH inhibits competitively with respoct
to beth NaDrY and glucese=6-phosphate (Laevy, 1979).
« Steady statekinetic analysis of the H.D -
and NADDP=linked reactiuns catalyzed by Le mecscn-
tercideg GOPD was conducted by Olive EE"Ei! (1971) s
They found out that the initial velocity measurce
ments demonstrated scequential mechanisms with both
coenzymes, but the kinctics of inhibition by the
reduced coenzyme product differed for the two
reactions. HNADFH inhibited the NADP~linked reac-
tion competitively with respect to NADPY and none
competitively with respect to glucuse=6-phosphatle,
but in thc NaD-linked reaction, NADF was a none-
competitive inhibitor with respect tc both glucose-
6=phosphate and NaDY. The data were interpreted
as demcnstrating an ordered sequential mechanism
(ordered bibi) (Clevand, 1963) fur the NADP~linked
reaction and an ordered sequential mechanism with
enzyme isomerization (iso ordercd bibi) (Cleland,
1963) .

The use of alternate substrates was utiliged by
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Kosow (1974) to establish that human platelet GGpD
(a partially purificd extract) followed an crdered
scguentiol mechanism in which NADEY binds first
and NADPPH is relensed last. Studies with pig
liver G6ID (Levy, 1979) using glucusaminu=0C=phis=
rhate =~s dead end inhibitor, led to the conclusiun
that this e¢nzayme uscd an crdered sequential mecha-
nism with nN.DPY binding first and NADPH relecascd
last,

Severnl G6FDs have been reported showing non-
IMichaclian (Sigmoid) Kinetics. G6PDs from the
feollewing sources show such kinetics when glucosc-

6=phcsphate was varied: F. multivorans (Lessic and

Vander wyk, 1972); p. flucorescens (vander Wyk and

Lessie, 1274); P. acruginosa (Lessie and Ncidhardt,

1967); Hydrogenomenas cutropha H-16 (Blacke

Kolb and Schlcgel, 1968); Azotobacter beiyerickii

—

(Senior and Davies, 1971); baracoccus Jdenitrificans

(Levy, 1979)5 Re sphercides (Marks ct. al, 1961);

sweet potato (Mutc and uritani, 1970); Ancystis

nidulans (Grossman and mcGoewan, 1975),., Non=fiichaclian

kinetics were seen whon NADEY was varied in the
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G6FD from tolbacco suspension (Hoover EE' :&, 1977) s

Kinetic Constants

The kinetic constants of most G6pPDs have becn
obtained through kinetic studies, hence informstion
on kincetic constants has becen obtained from <double
«reciprocal plots (Levy, 1979). The apparent Km's
arc identicnl with trye Km's for cne cr both sui-
strates for some G6pDs(anderson ct. al, 15744
Opheim and Bernlohr, 1973; Levy, (1979).

It is known that these kinctic constants arc in-
fluenced by other reaction conditions particularly
PH and ionic strength. Tho proper interpretation
of kinetic constant data entoils rcloting in vitro
cxperiments to in vivo conditions (Levy, 1979).
The ratio NaDFH/NADFY is quite high in many cclls
and tissucs, and, 21sc the K1 for NADPH exhibited
Ly most G6PDSs lecads to the almest total inhibiticon
of GerD in ceclls and tissues (Levy, 1979), This
fact is of great importance when we consider re-

gulation of the enzyme,
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I summarizes the kinctic counstants for somo
G6HPDsS.
Znzyme source Kgp G6PD  Kg NADP'  Kp NAD'  Ki NADPH  Ki 1aDD”
(mM) (uM) (mM) (na11) (i)
Ae SBubocydans 0.056 120 6a2 - -
Po fluoresecens 247) 360 0.15 - -
(2.33)
Ae beijerickil - 152 B.0
V. alginolyticus 1.58 25.3 - 22 39,2
He cutropha H=-16 1,0 150 0.9 - -
Fa SPhcroids 0.4 130 - - -
Ae @crogenes 0.76 36 - - -
L. mesenteroids (0.081) 57 0,106 37.6 5 el
(0,053)

L, lactis 0.2,0.19 14 0.11 - -
Be subtilis 0.075 6aT = - -
E. carlsber=

qensis 0,015 2B - 0.07 2ad
Tobacco sus-—
nension 0.22 A0 - - -
Sweet potato
root - 29,7 10.0 - o
Mouse liver (6.8), {5.5), - - -

(200) {450)
Bovinc adrenal 0.19 3.8 2386 - -
Human erythro-
cyte 0.07 2.0= 4.0 9,0 -
4.4

Be lichecniforms 0.2 5.0 3.0 10.0 =

Table I showing kinetic constants for
after Levy (1979).

some G6PDs modificd
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pffects of pH and ionic strength

Kuby and Roy (1976) annlyscd the effects of pH
and temperaturc at constant ionic strongth on Vmax
and the Kms of glucose-6-phosphate and NADPY, and
were able to describe the events that govern the

kinctic mechanism of GEpD fromlé. carleurgqgsis.

They obscrved that the pH titrations involved two
groups on the enzyme, with values of PK, of about
5.7 and 9.2 at 25, and with standard enthalpics
of fonization of approximately 5 and 11 Kcal/mele
respectively, which involve the responsc of vmax to
PHe S0, from these parameters Kuby and Roy (1276)
concluded that a histidine (in the acid range)

and a lysine (in the basic ronge) are involved in
catalysis.

Olive cte al (1971) showed that vmax was une
altercd between pH 645 and 9.9 in their investigoe-
tion of the effects of pH 'n the kinetic paramcters
of the NaD=1linked reaction cntalysed by G6pD from

L. mesecntercides hencce, no conclusicn could be

drawn cn tho nnturce of the enzyme groups that
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participatced in catalysis. Scldin and Balinsky
(Levy, 1979) studicd the pH c¢ffect on kinctic para-
mcter of G6FD froum human crythrocyte (Bantu blood),
Thelr expoeriments suggested that a group with PK
«f 6.6y probably histidine, was involved in cata-
lysis and that -~ cystcine residue wos also inveolved
in binding both glucosc=6=phosphate and NaDP¥.

Kahn et. al (Levy, 1979) and Babaloula et.ale (1976)
alse concluded that a histidine and 2 cystcine were
impcrtant for catalysis. Other reports on effects
of ionic strongth on G6PDs are vast and varicd
(anderson ¢te 3l., 196&; Glaster and Brown, 10553
Levy, 19793 Rutter, 1957).

Enzyme Stobility

Animal tissue G6PDs orc very sensitive to assay
conditions (Yoshidn, 1966) and they undergo rapid
reversible partial inactivation upon dilution
(Kirkman and Hendrickson, 1962). Yoshida has found
that this partial inactivetion did not depcnd on
the presence or absence of NaDP' ~r bovine scrum
albumin, or un the pH, but was entircly dependent

on the concentration of the enzyme in the assay
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solution (Levy, 1979).

Regulatcry Pcaturcs of G6FD

Extensive invistigations con the control of the
hexose meonophosphate shunt and other motabelic pathe
ways in which G6I'D takes part have been done; and
it 48 known that G&6FD catalyzes the rate = limiting
teactions in these pathways under most physiological
conditions; =nd rcgulation is only affected by con-
trol of G6pD activity and concentration (Levy, 1979).

Egglceston and Krebs (1974) emphasized two
features of the G6FD catalyzed reactions that must
be considered in sceking to understand how G6PD ac-
tivity is regulated, The first is its cffective
thermcdynamic irreversibility which should causc
the rceaction to go to completion and the inhibition
by N.DFHe This inhibition which has been obscrvad
for all G6pDs is compectitive with Nabe¥ (Loevy, 1979).
N/ADPH inhibition is vcery important in wstablishing
the ratc of the G6PD - catalysed rcoction and also
to account for 2lmost tot2l inhibition of G6PDs in

vivo in rat liver (Eggleston and Krebs, 1974;
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Levy, 1979) and normal erythrocytes (Yoshida, 1573)e

G6FrD concentration is also important in its
regulaticn (Levy, 1979). wenzyme concentrations
are gencrally much higher in vive than under assay
conditions, a fact that can influence kinetic and
regulatory bchaviour dramatically (Shrere 1967;
1970)s Yoshida (1986) has shown that human cry-
throcyte G6FD activity is inactivatcd approximately
75% on diluticn.

Coenzymes concentrations and ratics also scrve
to regulate the activity of G6rD. Yoshida (1973)
has proposed that high concentration ratio of N/ADPH
to NaDP* in human crythrocytes plays a dominant
role in rcgulating G6¢D in vivo. The NADPH/NADPY
ratioc has also been considered to influcnce crye-
throcyte G6ED by way of structural changes than
its activity (Levy, 1979).

In photosynthesizing plants, the activity of
GEpPDs is strongly influenced by the NADPH/N..bp*

ratio (Lcndzian and Bassham, 1975)., They 2lso
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pointed ocut (Lendzian and Bassham, 1975) that in the chlo-
roplasty wvhere the Calvin cycle functions during photosyn-
thesis and the hexese monophosphate shunt functions undor
cell respiration, control mechanisms must operate to
prevent wasteful cycling. These investigators found taat
the NADPH/ZIADPY ratio operates within the chloroplast to
control the key reactions of these two pathways in an
inverse waye The rate - limiting enzymes of the Calvin
cycle are stimulated by a high NADPH/NADPY ratio and GGPD
is inhibited (Lendzian and Bassham, 1975.
ATP and other nucleotides have a general reqgulatory
significance for G6pDs. Inhibitory effects of ALP on
numerous Gé6PDs have been reported (.lberty, 19633 vclose
cte ale, 1973)s Only a few of these effects have been
shown to be significant under physiological conditions,
where ATP exists to a considerable and varialble extent
chelated with mg++ (Alberty, 1968; Velosclgg.gi.IQQ73). It has been
observed that ATP is a much poorer inhibitor of ¢6pD: when
assayed in the presence of mg++ than in its absence (Lcvy, 1979).
Further studics with ATP on the enzyme from human erythgocyte

have shown that ATP inhibits competitively with respect to
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qlucosc=6=phosphate and noncompetitively with raespnect to
napp¥ with Ki of 0.08mM (yoshida, 1973.

Ariong thz higher plant G6PDs, the enzyme from isung
Leans was shown to be inhibited by ATP and ADP (Lovy,
19792)e The sweet potato G6PD was found te be inhibited
by ATF competitively with respect to glucose=6=phc piiate,
with Ki of 2.1mM at pH 7.03 at higher pH howcvior, the Ki
for ATP was increased (Levy, 1979). 1t has also becon shown
that ADP and AMP were found to be inhibitors of GGPD Ly
7 mechanism fully competitive towards glucosc-G=phosphate,
although this was to a reduced extent and the inhibition
showed sigmoidal kinetics/Bonsignore and De Flora, 1972)

Coenzyme A and acetyl-Coi are known to inhibit
GOPD from Le mesenteroides. This was first reported
by Levy and Ishaque (Levy, 1979) and was later con-
firmed by Coe and Hsu (1973). hcetyl CoA and CoA
have also been found to inhibit G6pPDs from p. fluoreecens

- wE O E e —

and muag beans (Levy, 1979).
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Quite a number of metabolic intermediates
have been shown to inhibit varicus G6PDse. Gly=
ceraldehyde  3-phosphate and erythrosc=4-phosphate
werc shown to inhibit G6rD from C. utilis (Chilla
et, al., 1973 Domagk ct. 3&3? 1973)., Both compounds
are ofgourse intermediates of the HME shunte.
Interesting enough, no reqgulatory significance
was found for these iphibiticns (Chilla ct. al.,
1973). Ribulose -1,5=-di-phosphate (RuDP) has also
been found to inhibit G61D from spinach leaves
(Lendzian and Bassham, 197§)and iaphanccapsa 6309
(Levy, 1979)s The inhibitions of RuUDF on the
spinach G6FD have been shown to be of regulatory
significance (Lendzian and Bassham, 1975),

It has also becn reportcd by several Investi-
gators that long-=chain acyl CuA or long chaln
fatty acids have inhibitory cffects cn G6pPDs and
cther enzymes (Malcem and Shepherd, 1972). Since
these compounds have a somawhat detergent-like

effect un proteins, they are therefore consgidered
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to be non-specific effectors without regulatory
significance (Levy, 1979). These compounds may e
present significant control mechanism for GorD as
stated by Levy (1973).

Mckerns e¢t. al., (Levy, 1979) and Marks and
tanks (1960), have shown that some G6FDs are in-
hibited by sterpids. This inhibition was found
to (i) affect only mammalian G6yDs (Bonsignore and
De Flora, 1972); (ii) occur with only certain
steroids with specific structural characteristics
(Levy, 1979); (1ii1i) require concentration of
most effective steroids in the micromolar range
(Levy, 1979); and (iv) be uncompetitive with
respect to both NADEY and glucose-6-phosphate,
However, thc physiolegical significance of the
inhibition of G6PDs by steroids is still not clear
(Levy, 1979; Bonsignore and De Flora, 1972). G6PDs
from the following sources have been shown to bhe
inhibited by steroids: erythrocytes from normal
individuals (Marks and panks, 1960) and erythrocytes

from G6pD- deficient individuals (Levy, 1979); human
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liver and adipose tissue (Marks and Banks, (1960C),
testis, brain and placenta (Levy, 1979).

The bentose phosphate [athwaye.

The pentose phosphate pathway (pPPr) occurs in
both animals and plants tissues (Horecker, 1968),

It involves mechanisms which lead to the inter-
conversion of sugars and is of primary importance
as a source of ribose and deoxyribose for nucleic
acid and nucleotidec coenzymes; and it appears to
have a significant role as a2 source of reducinc
power or metabolic hydrogen (Horecker, 1968),

The PPP is related to Embden-Meycerhof pathway in
some aspects,

The two pathways are interconnected at glucosc-
6-phosphate, fructose-6-phosphate and glyccraldehyde-
3-phosphate levels (Horecker, 1968). Intcresting
enoughy all the individual enzymes and intermediates
have been studied in great details and there is a
wealth of literature on the enzymes involvade A
complete knowledge of the pre entails knowing the

individual enzymes involved and the reactions they
catalyzo.
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Importance of hexos. monophosphatce patih=

way (HMP)

A major requircment of the cell which is fule

filled by the HMF is the production of NADFH which
is uscd by ceclls for many synthetic processes,
NADPH genzrated by HMP provides almost half of the
reducing powcer for fatty acid synthesis (Horoecker,
1968).

NADFH and NADH are generated for the bicsyntho-
sis of fatty acids, folic acids, purinc biosynthcsis
and stcroids (Horecker, 1968).

The HMP ensures tho supply cf hexosSc, pantose,
crythrosc and triose sugars for important synthosis
going on in the cell. Ribose=5-phosphatc, for cxample,
is important in the synthesis of RNa, DNA and nu-
cleotide cocnzymes {(Stryer, 1974).

{|ENCie

Lo

Alsc in plants, the carbon dioxidc (coz)
ratcd in HMP might be utilised in the synthesis of
hexose during photosynthesis by green plants
(Horecker, 1968).

Cof particular importance is the role of [Mp in
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the maintainance of reduced sulfyhydryl compounds

of the cully since NADPH is the primary reductant

of glutathione, and this in turn has buen corrclated
with thce 4ncrease in red cell fragility in individuals
with congcnital G6pD deficiency (Keller, 1J71).

The usc of glucose by the corneal epithelium
appcars to be controlled by the oxidative stops
of HMP sincc most of the CO, produced by this
tissue is from carbon atom number one of glucose
(Horecker, 1968). 1In corn<al and ncrve tissucs,
howuver, and possibly in the erythrocyte another
mechanism s obtained for the oxidation of NADPH.
This is the polyol dehydrogenase which uses NADPH
for reduction of aldoscs such as glucosc, galactosc
and xylosc which are abundant in the lens and nerve
tissues (Horecker, 1968),

These aldoses arc reduced in the lens to form
the corresponding polyols, sorbitol, dulciteol or
xylitol. FPolyols, especially sorbitol accumulate
in the lens of diabetic animals. So cataract

formation has been associaeted with increased
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polyol content of lens, but whethoer this is a
direct effoect on osmotic <quilibrium or a consce
gquence of the removal of the NADPH required to
maintain protcin sulfyhydry] groups remains to be
cstablished (Horecker, 1968).

METABOLIC AND PHYSIOLOGICAL ROLE OF GGFD IN

B

RED CELLS

The red cell depends on glycelytic pathway for
its encrgy producticn, but glycolytic energy schene
is far less efficient source of energy (Keller,
1971)« An alternative oxidative pathway for ylucose
is present in the red cell - and this &s the HMF.
The most important function of HMP to the matured
red cell is production of NADIH which is thce only
source of NADPH available to the erythrocytes
(Keller, 1971).

1. Mcthemoglobin Reduction

The hemoglobin in normal red cells is al-
ways changing from activc ferrohcmoglobin to
the less active ferric state called mcthoemo=

t ‘ . N
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globine Methemoglobin cannot transport oxygen (02) S0 is none
functional as a carrier of 0Oye The red cell

in order to prevent this has two cnzyme systems

- one associated with NADFH which is N,.DPH=

dependent, and the other which is NADH=depones

dent, The enzyme that is NADPH-dependent is

called NADPH-dependent methemoglobin reductasc

(Keller, 1971). The hereditary deficiency of

the NADFH-dependent reductase is associated

with mcthemoglobinemia (Keller, 1971).

2. Maintainance of reduced glutathione

The basis of drug-induced hemolytic ancmia
is that there is 5 deficiency in G6PD in red cclls
and this leads to rcduced amount of NADIH L -
sent, which in turn ent2ils lowcred councentrae
ticn of reduced glutathione, a tripeptide that
contains a sulfyhydryl greup (Keller, 1971),
Reduced glutathionc keecps the cysteine residucs
in glutathionc in the reduced form and this
reduccd form is rogenerated from oxidizod glu=
tathionc by reaction with NADEH (Strycr, 1974).

reduced glutathione appears to be essontial for
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the mointainonce of normal rod coll structurcs
(Horecker, 1968). Cclls with lower level of
reduced glutathione arc more exposcd to hemoe
lysis for unknown reascns (Horecker, 19G8),

Reduction of oxidant compcocunds and drugs

Ooxidant compounds toend to injurce tho
crythrocyte by their ability to act as clec-
tron carriers by taking €lcectrons from callu-
lar constituents and passing them to oxygen
(Keller, 1971). By doing this, th¢se come
pounds shield the dangerous charge of oxyqgen
they carry. So NADFH plays a vital role in
pretecting the erythrocytes dircctly by deto-
xifying these compounds (Kc¢ller, 1971).

Lipid Synthesis

about 90% of crythrocyte lipid is locatced
in the ccll membrane (Keller, 1971). Tha
integrity of the membrane deponds on adeguate
original synthesis of membranc lipids during
the cell's lifce. It has been controversial as

to whether the obscrved increase in G6pD is
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necessary for the accompanying increased ratcs
of fatty acid synthesis or whether it is merely
a reflection of the grcater fat synthesis
(Freedland and Briggs, 1977). Red cell fatiy
acid synthesis requires MADPH which is uscd

for the reductive steps; and the source of
NADPH is via HMP which is dependent on the
presence of G6FPD (Freedland and Briggs, 1977).
In G6FD deficient red cells, there is decrcased
membrane lipids found in the cell membranes
{Keller, 1971).

Pathophysiclogy of GEpD Deficiency

Since the presence of G6PD in HMP 1is re-
quired as a source of NADPH, a deficiency in
G6PD is likely to affect the concentration of
reduced glutathione which in turn will affact
red cells since they now become susceptible to
hemolysis (Keller, 1971). Drugs such as pamae
quine, primaquine and furadantin may distort
the surface of red cells in the absence of ree-

duced glutathione - thus making them more
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liable to destruction and removal by the spleen
(Stryer, 1974). This effect leads to drug
induced hemolytic ancmia. The practical im-
portance of detecting G6rD deficiency has
prompted the formulation of techniques for
assaying the enzyme (Levy, 1979).

Inheritance of G6pD deficiency

G6PD dcficiency is not a rave discasc,
It is an inhcrited sex-linked trait and it has
been established that female heterozygotes have
two populations of red cells: Onu has normal
enzymatic activity, whercas the other is defie
cient in G6PD (Levy, 1979). 1t has also bccn
observed that there is a high gene frequoency
of GO6PD deficiency in Black Americans (Keller,
1971); and this high frequency is thought to be
advantageous undcr certain cnvironmental cone-
ditions (Keller, 1971).

Infact, it has been established that cGpD
deficicncy in red cells appears to protect an

individual from falciparum malaria because the
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parasitces need the HMP and reduced glutae
thione for optimal growth (Stryer, 1974).
Hence G6PD and sickle-cell trait have similar
mechanisms of protection against malaria.
This rcason therafore accounts for the high
gene frequencies of G6PD in malaria-infestad
regions of the world (Stryer, 1974).

Many of the varying aspects of GHpPD de-
ficiency have been thoroughly studicd and in-
tcgrated (Keller, 1971). There are scveral ade
vances being madc towards the elucidation
of mechanisms, BOth bicchemical and genctic
in G6pD deficicncy. These will no doubt fa-
cilitate a better and final understanding oo
still other hereditary diseases (Levy, 1979).

Genetic Variants

A large number of mutants have been identi-
fied in human c¢rythrocytes (Levy, 1979). YoO-
shida (1967) has shown that two variant GGpos,
the Negro variant A and the Hetoen variant,

which is associated with enzym: overproduction,
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differ from the normal variant B by singlc
amino acid substitution. These amino aclid
substitutions have a relatively minor
cffect on the catalytic propertices of the
enzyme (Levy, 1979).

8se C6PD and aging of crythrocytcs

It has been viery uncertain whether aging
of crythrocytes could be attributed to G6FD
level in the cell so an additional reason for the
current intcerest in the structural and reou-
latory properties of G6FD is the striking
corrclation between doecrease of erythrocytce
G6PD activity and aging of the cell (De Flora
et. al., 1972).

FETABOLIC AND PHYSIOLOGICAL ROLE OF G6PD IN PLANTS

1, Lipid synthesis

The biosynthosis of lipids in general ¢ntails
the presence and participation of NADPH for the
reductive steps (Freedland and Briggs, 1977).

Thce availability of NADPH could be as a

result of G6FD present as one of the enzymes in
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HMP. Thus in plant tissues, a deficiency in G6PD
in the cell might result in a decrease in the amount
of lipid. The work by Ikediobi and Oti (1981)
suggests that the high activity of G6pD in whito
yam tubcr is responsible for thce high lipid bioe
synthesis in this tuber, and might also be relotced
to onsct of sprouting. It therefore appears that
G6PC is actively involved in lipogcnesis in the
tubcr, Their work also suggests that the Hup
might be important in carbohydrate metabelism in
the tuber because of the high level of GEPD obe
served, This ideéce has been hinted by ugochukwu
cte ale (1977) in their studics of enzyme acli-
vitics in aging white yam tubcrs,

2. G6FPD and aging of yam tubers.

The relatively high activity of G6PD in aged
yam tubers tends to suggest that the contribution
of the HMP to carbohydrate metabolism incrcascs
with agc (ugochukwu cte 3le , 1977). It nay
be possible to relate G6PD activity in yam tubcers

to the age of the tuber,
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MATERIALS AND METHODS

Materials:

Thirty-one different yam cultivars of the
Dioscorea species were purchased from diffcrent parts
of Niquria., The table below depicts the numbor oF
yams for cach cultiver.

Tablc 2: Number of yams for cach cultivar,

. ——

CULTIVARS NUMBER OF Y:AMS
De. rotundata 24
By bulbifera 1
D+ dumcntorun ‘
D. alata 3
Des cayenesis 1

[ —

Chemicals.

Merker proteins - Bovine gerum albumin, Lactate
dehydrogenasc, alcchol dehydrogenase were obtainad
from sigma Compapny St. Louis U.S.A.; ¢gg albumin,
hemoalobin and cytochrome C were purchascd from pRDH
chemicals Pocle England, Nicotinamide adoenine die-

nuclecotide (NJD+), magnesium chloride (Mgcl?),
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nicctinamide adenine dinucleotide phosphate (Nauﬁ)
- i |
,disodium salt\ , nicctinamide adenince dinucloeo=
tide phesphate reduced (NADPH) |scdium soX |, glucose-

6-phosphatc (GEP) Idiswdium salt; specific rotation

™ 12097
'. .>\-;ID '!' ’

E2-amino—2- (hydroxymcthyl) propane=1,43-dial,

Tris- (hydroxymethyl)- mecthylaminc

(trisﬁ were purchased from BDH chemicals poole
£ngland.

Blue dextran 2000, glucosamine-6-phosphatc, fruc-
tusc-6-phusphate (F6pP), sephadex G=150 nd DiaL

scphadex AS were obtainced from rharmocia fine

e
chemicals U psala Sweden.

Acrylamide N N methyl=bisacrylamide (BIS),
ammonium pcrsulfate, N,n,Ni, Ni, - tetramethylene
diamine (TEMED), broumcphencl blue, coomnsic bri-
lliant bluc woere obtained from Shandon products
Ltde Chesire eEngland.

Other chemicals were eithoer products purchascd
fro BDH chemicals rocle England, or sSigma chemical

Coe. St. Louis U.8.As, or Hopkins and williams

(Chadwell heath Esscx England) or koch-light
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laboratories Ltd. Colnbrook Bucks snglande All reaqents
used were of analytical or pure grade,

bquiEment.

chemiCal balance-Mettle type HE6T No. 215552

pH meter - Corning model 7

High speed centrifuge-Beckmann model J=21

Beckann double beam DBE-GT grating spectrophotometer
DC power suppler for electrophoresis: BIO-Rad la-
boratories model 500 power supply

Ultrorac LKB 7000 fraction collector LKB Produktcr
Bromma Sweden

Glass columns from wWright Scientific Ltd. Englond
LKB peristaltic pump type 4912A He Jurgens and

Co. Bromma Sweden,

PURIFICATION OF G=6=PD

Preparation of acctone powder

whitc yam tuber (D. rotundata) weighing 125 gm
was peeled and cut into small cubes and soaked in
excess chilled acetonc. This was then homogenized
in a Potter homogenizer to a fine slyrry., The slurry

was squeczed to dryness by using double layers of
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cheese clothe The rosulting whitish hard cake was
homcgenized agein in oxcess fresh chilled acctenc,
The resulting white slurry was again squeczed b
dryness by thoe use of doublc layers of cheese cloth,
The whitish bhard cake was sprcad inside the docp
freczer to dry overnight. The dried powder was
ceollected in a conical flask and stored in the
froezer for use.

Preparation of crude cnzyme from acetonz powder

-——

Unless otherwisc stated, all exporiments were
performed in the cold. Forty grams of thc dricd
acctone powder were soaked in 120 ml of cold 0,055M
Tris-Hcl buffer of pH 7.6 containing 0.2% B-mercapto-
ethanol. The resulting slurry was stirrcd continuously
with a glass rod for two hours, after which it was
then centrifuged at 2,500g for 15 minutes at 5°C,
Then 120 ml of the supernatant was collectod -5 source
of crude enzyme.

Ammonium sulphate L(NHi)gso;) fractionation.

Initial experiments were performed using 20 ml of

crude enzyme to determine the percentage of solid
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ammonium sulfatc that was required to produce high
cnzyme activity. From thesc initial experiments it
was found that the enzyme had very high activity
between 45% to 75% (NH4)2SO4 saturation.

The: remaining 100 ml of crude cnzymc was thon
brought to 45% (NH4)2504 saturation by the addition
of 27.7gm of solid (NH,),50, crystals. The reeulting
solution was stirred until all the crystals dissclvad
and therc¢ was proecipitation. This was then contrifuged
at 2,517.75g for 15 minutcs. The supernatant (100 ml)
was collected and brought.to 75% saturation by
adding 21.0 gm of (NH4) 5,50, crystals. The solution
was stirred and allowed to stand until all tha crystals
dissclved and therc wos precipitation. It was again
centrifuged at 2,517.75g for 15 minutes; then 25ml
of 04055M Tris-Hcl buffer of pH 7.6 containinc 0427
B-mercaptoethanol was used in dissod¥ving the
(NH,) 5,80, precipitated enzyme.
Dialysis

The (NH4)2SO4 precipitated cnzyme was then

dialyzed against 0.,055M Tris-Hcl buffer of pH 7.6
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containing 0.2% B-mercaptoethanol. The buffer which
was stirred constently by a magnetic stirrcer, was
changed after cvery 30 minutes,

Ion=exchange chromatography on DE/jE-sephadex

DEAE-scphadex Agy (5 gm) was weighed and swollan
in 0,055 Tris-Hcl buffer of pH 7.6 for two diys.
The resulting slurry was packed in a gless colunn
(3.0 x 21cm) and was equilibrated overniaght by
constant washing with 0,055M Tris-Hcl buffcr of
PH 746, until thc effluent rccorded a pH of 766

Fifteen milliliters of the dialyzed (NH4)2504

precipitated enzyme werce then applied on tha lon-
cxchange bed nnd allowed to drain into the column,
Thereafter it was eluted with a lincar gradicnt between '
0e055M Tris-Hcl buffer of pH 7.6 containing 0.2%
B=mecrcaptocthanol to 1M Nacl in the samc buffur,

The flow ratc was maintained ot 1ml/3minutes,
Fractions (5ml) were collectied and nssayad for onzyme
activity and thc protein profilce was followed by
reading absorbance at 280 nm for cach fraction,

Fractions contoining significantly high enzymc activity



50

were: poocled and cencentrated to a small volume by using
cither (NH4)2SO4 precipitation (above 90% saturation)
or dry sephadux G=150. In thce case of (NHQ)?S(}4 preci-
pitated enzyme, it was centrifuged at 2,517.75g for

15 minutes and the resulting proecipitate wos dissolved
in 15ml of 0.055M Tris-Hcl buffer of pH 7.6 cantaining
0e.2% B=mercaptoethanol.

Gel filtration chromatography

Saphadex G=150 (5gm) was swollen in dictilled
water for 3 doys aftcer which it wns pack.d in -~ glass
column (2.6 x 40 cm) and vquilibrated with 0.,050M
Tris-Hcl buffer of pH 7.6 until the effluent
recorded a pH of 7.6,

A five milliliter portion of the cnzyme from the
ion-¢xchange step wos applicd on the scephadex bed
and allowed to drain completely before being cluted
with 0.055M Tris-Hcl buffer of PH 7.6 containing 042%
B=ncrcaptocthanols The flow rate was mointainoed ot
1.75ml per minute., Fractions (5ml) were collected
and assayed for enzyme activity and protuin prefile

was followed by taking absorbance rendings at 280 nm.
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Fractions contnining significantly high enzym¢ activity
were pooled and concentrated ~gainst scphadox G-150
to a sm2l1l volume. This concentrated extract (5ml)

was the source of the pure cnzyme.

- ——

Twenty grams of cach of 24 cultivars of De. rotun-
data, onc cultivar of D. bulbifcra, two cultivars of
De dumentorum, 3 cultivars of D. alata and onc culti-
var of D. caycnesis were peeloed into scparate 60ml
0.05517 Tris-Hcl buffcr of pH 7.6 containing 0.2%
Bemarcaptoethanol. ERach was homogenized in a potter
homogenizer and the slurry was then squcczed through
cheese clothe Thoe supernatant resulting from cach
slurry was used as a source of crude enzyme.Thc activity
of G6PD in cach supernatant wos determined as dese
cribed below.

ASSay of G6PD activity

G-6-PD octivity waes measurcd spectrophotgmetrically
by the initial rate of reduction of NADP ot 29 + 2%,
The incrcease in absorbance at 340nm was recorded for
2 minutes using a Beckmann double beam grating spectro-

photometcer, The assay methced in a cuvette (1 cm



light path) containuvd the following: N.DP (Oe2miM,
Os3ml); GEP (6mM, O.3ml); MgC12 (M, 0.3ml); Tris-Hcl
buficer (0.055M pH 7.6, 2.05ml) and enzyme solution
(0.05ml) to give a total volume of 3ml. Reaction

was a2lways initicted by the addition of enzyme

1nst. A reference cuvette (lcm light path) contcinced
all the above mentioned materials with the exception
of the e¢nzyme. The cnzyme activity was exproessocd ags
the incrense in absorbance ot 340nm ( A340 ) per
minute per ml of enzyme; and one unit of enzymo
activity is defined as the amount of enzyme that will
rcduce one micromole of NADP per minute at 29 + 2°¢.

Determination of protein

The protein concentration wos determinad by the
meckthod of Lowry ct. Qi' as modificd by Plummcr (1971)
using bovinc scrum 2lbumin as standard,.

Disc gc¢l electrophoresis

Blectrophoresis was carried cut by a modification
of the mothod of Davies (1964); 7.5% gels were run
in Tris-glycinc buffer at pH B.4. The enzyme sclution

was mixed with an cqual veolume of 0.01M Tris-glycinc
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buff.er of pil 8.2 containing 2M sucrose, and this was
liyered on top of the stacking gel. .. current of

2ma per gel wos uscd until the tracking dyce cntoered in-
tc the running gel whereby the current woes chongod to
Sm.i pur gele This was 2pplied until the tracking dyc
wns about 3mm from the bottom of thi gel hence the
electropheresis was terminated. The guels were put
into 12% trichloroacctic acid for 30 minutces (to

fix the protcins) after which they were rinsced and
Lransferred into Coomasic blue stain for one hour,
They were rinscd with 7% acctic acid and stored in
some acctic acid for oubscrvation.

5taining of polyacrylamide gels for G=6=PD

W e

pctivitz.

The perocedure Ef electrophoresis described above
was ceorriced out but the gels were stained for cnzymc
activity by the methed of Harry and Hopkinson (1976).
The staining reaction mixture contained the following:
2oml of 0.2M Tris-Hcl buffer of pH 8.0; 5ml uf 0e2H
MgClz, NADP (5mg in 1ml of Hzo), methyl thiazolyd

tetrazcldum (MTT) (7.5mg in 1.5ml1 of Hzo).
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phuenazine methosulphate or pPM8 (5mg in 1ml of Hzo),
and 0,3ml of O.6mM G6P. All staining tcoactions
were carried out in the dark since MTIT is affected
by light.

Mclecular weioght de termination

4 column (2.6 x 40cm) of scphadex G=150 was
cquillbrated with 0.055M Tris buffer of pH 7.6
until the cffluent recorded 2 pH of 7.6. A scluticn
of Dextran bluc 2000 wos made by dissolving 2mg of
pDextran blu: in 10ml 0.055M Tris-Hcl buffer of pH
7e6e Five millilitersof this solution was applied
on th. sephdex bed and allowed to drain completely
bofore it was cluted with 0.055M Tris-Hcl huffor of
PH 7.6 containing 0.2% B-mcrcaptocthanole The flow
ratc waos maintained at iml per 2 minutcse Fractions
(5ml) werce collected .unatil the whole dextran bBluc
was eluted, The void volume, Vo, of blue doxtran
was 75ml.

Two milligrems of e¢ach of the following markcr
proteins cytochrome ¢ (Mw 12,500); «<gg albumin

(Mw 45,000); Lactate dehydrogenase (Mw 146,000);
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bovine serum albumin (67,000); hemoglobin (Mw 635,000)
and alcohol dehydrogenase (Mw 80,000) were dissclved
in 10ml of 0.055M Tris-Hcl buffcr of pH 7.6, Ono
milliliter of ench markep protein solution was
removed and mixed to give a final volume Sml @f combined
marker protein solution, and this was applicd on tho
sephadex G=150 bed. Then it was cluted with 0,055
Tris-=Hcl buffcr and 5ml fractions werc ccllocted,

Four milliliters of the purified enzyme preparation
was then applicd to the same column after the clution
patterns of the marker proteins had been determined by
measurcment of 2obsorbance at 280 nm with Bockmann
spectrophotometer, The clution pattern of the purc
enzyme was dotoermined by assaying cach fraction for
cnzyme activity spoectrophotometrically at 340nm as
described beforce. The clution velumes of both marker
proeteins and the pure enzyme were detormincd,

Determination of pH profile of G=6-PD

The activity of the purified cnzymc was detoermined
as a function of pH using 6mM GEPp as substrate and

0.2mM N:ADP as the coenzyme. The 2ssay procodurc was
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modified in terms of pH of buffurs, The fellowing
buffers werc uscd in the assoy of enzyme acltivitys
Oo11 citrate buffer for the pH range of 3-63 06471
Tris-Hcl buffoer for the pH range of 7-9; and 0.1
glycine-NaQK buffer for pH ronge of 9«10,

Effect of pH on K and Vien of purificd G=6=PD

X

The following buffyrs were usaed in the assay of
enzyme activity: ©O.1p clitrate buffor for pH rongo
of 3-6, 0.2 Tris-Hcl buffer for pH range of 7-9
and 0.1M glycine-NaOH buffer for pH range of 9=10.
The enzyme activity was recorded spectrophotomctrically
at 340nm and a2t varying concentrakions of G6r. The
assay procodure was ossentially the same excopt for the
change in buffer pHe The Lineeweaver Burk plots of
the results nt thoe differcnt pi values were drawn
to obtain values for K ond v . . Values of log

2P

V K and v /Km were found for cach corresponding

max? “m max
PH« Th&se values were then plotted against pH using
the method of Dixon and webb {1964).

Stability of G6pPD at different temporatures

A solutlion (0.2ml) of the purified cnzyme was
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measured into 8 different tubes which werce scaled

with a2luminium foil. Each tubc was incubnted in a
woterbath for 20 minutes at the following timpuraturces
30%, 40%, 50°%, 60%, 70%, 80°C and 100°%. rhe heated
enzyme sclution was then assayed for activity at

29 + 2°¢ aftcr cooling down tc room tumperaturc,

The deactivation enerqgy, AE , was calculated from

the slope of plot log. initial velocity versus ro-

ciprccal of temperaturc (in GK).

stobility of C=GePD in storage

A sclution (0e.2ml) of the purificd cnzyme was put

into 24 tubes sealed with aluminium foil. cight of
thesc tubes werc left at the laboratery temperaturc

of 27°C; another 8 of the tubes were left ot 4°C and
the last B tubos were left in the frezen state

(deep freezoer) for 16 days. Om cvery othor day,
0.05ml of the <nzyme was removed from a tube under

the varicus listed conditions and assayed for activity
as described proviously.

Substrate specificity

Six millimolors of fructosc-6-phosphate (FG6P),
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6mM, glucosaminc-6-phesphate and 0.2mM NADY were cach
uscd as substrate for the purified enzyme. The assay
procadure uscd was essenticlly those describod pree
visusly except the change in substrate. Linc=wcaover
Burk plots of the results were constructed to obtain
theo Km valucs,

KINETIC STUDIES

-

1, The pure enzyme was assaycd with various
concentrations (100uwit, 80um, 2and 60uM) Of G6Pe
The nssay solution contained the followings
Ngclzﬁim, 0.3ml), c¢nzymc¢ solution (0.05ml),
Ce3ml or G6P nt different levels mentioned above,
0.3ml of O0e2mMM NADP @s varying substrate, and
various volumes of C.0550 Tris-Hcl buffor of pH
7.6 in 2 total volume of 3ml. The reaction wes
initiated by adding the e¢nzyme last ond wes
followed spectrophotometrically at 340nm for
over 2 minutcs at 29 + 2%. i reference
cuvette (1em light path) containing all the

. )
- . % X. .



59,

the above mixturc “with thoe oxception of O.2mM
NADF wns uscd.

24 The pure enzyme was assayed under various
concentrations (0.2mM, O.4mM, O.6mM and O4Gma)
of NADP, The assay preccdurc was cssuntially
the same os the previous one doscribed above
except that NADP was the changing fixed substrate
and 6mM G6P was the varying substratc, A re-
fercnce cuvette containing all mixtures cxcupt
6mM GE6P was used.

3s various conccntrations of N.ADY (0. 1mi,
O.2mry, Oe4dmM and 0.6mM) werc used to assay the
pure enzyme. The assay procedure was essontially
that described previocusly except that G6p wiis tho
varying substrnte and NADY the changing fixed
substratc,

Product 1nhibition Studics

Experimental protocol invelves holding gne substrate
constant a2t subsaturating levels and varying the other
substratce in the rogion of its K at diffcerent fixed

concentrations of one of the products. This procee

dure is ropecated so that the fixed substratc in the
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first cxperiment is varicd and the other subkstrate is
fixcd at subsaturating levels. The same procedure is
then extended to the other preduct (Ikedicbi porsonal
communicetion). NADPH was preparcd in tho fallowing
concentrations:
10"4mm; lo"smm; and 10”°mM. Initisl velocity experiment was
carricd out in the abscnce of khe inhibitor (N,.DPH).
Six millimolars G6P wns uscd as the varying substrate
while 0.2mM N..DP wos held constant at subsaturating
lcv”ls& and the NADPH was uscd at varicus levels at
fixed volumes The reforence cuvette contained cvery
rcaction mixture with the exception of é6mM GOP.
Assays were carried out in duplicatc,

The assay procudurce was thoen changeds  042mpd
NADP was madc the varying substrote while 6mid GOP
was held constant at subsaturating lovels and NADPH
was used at various levels at fixed volumce The

assay procedure was similar to the one describod above,
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Inpiuition studies using substrate anclogue, Glucosae

mine-6-phosphate,

pifferent levels of glucosamine=-6-phosphate
(1mpM, 2mM, 4mi ond 8mM) were preparcd. Initiclly
6mM GEP was used as the varying substrate and 062nl
NADP was nonvaried substrate held at subsaturating
lovel around its K viluce The above was ropocted
using 6mM G6P as the nonvarled substratc and 0OeZmp
N/ADP as the varying substratec.

Competitive substrate Inhibition 5tudies usiqg_

substratc analogue, NaDY,

-— e

Differcnt levils of NAD (O.2mM, O.4mpM and Ol 6myM)
were preparced and 6mMm G6F was used as the vorying
substraote and 0.2mM NADP was nonvariced substratos
This was roepeated using 6mM GEP as nonvariod
subsktrate and 0.2mM NADP as varicd substrate,
The condition of compctitive substrate inhibition
studics using substratc analogues entails that a doead
-nd computitive inhibitor be availeble for cach sube-
strote (Ikudiocbi personal communication). For ¢ach
of the compcotitive substrate inhibition study, initisl yelocity

cXperiment was carricd out in the absence of inhibitor.
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Inpibition by ATP

The following concentrations of ATP were prepared -
imM, 2mM ond 3mMe. The inhibition by ATP was carricd out
first in its absence in the reaction mixture and thoen at
diffcrent constant levels as indicated above, In cach case,
omM GHEP was varicd and 0.2mM NADP was the non-varicd
counzyme. i roference cuvette containing ali reaction
mixtures except 6mM G6P was used. The assay procedurc was

similar to thos: already described.
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RESULTS

Isolation and purificaticon of G6pD

GBPD was found to be stable throughout the purification
steps. From the initial (NH4)2504 fractionation experiment
(Figs. 1) carricd out on the crude G6PD extract, it can be
observed that the enzyme protein was precipitated between
45%~75% (NH4)ZSO4 saturastion. The 45%=75% (NH4)2804 cut
did increase tho purification of the enzyme by approximately
16 times over the crude extract as shown on Table 3,

FPigure 2 shows the elution pattern obtained for cepp after
{on~exchande - chromatograph? using DEAE-sephadex ASO.A
single protein peak and single enzyme activity penk are
observed, This purificdticn step also increased the fold

purification of the enzyme by 28 times over the crude

{(table 3).



FIGe 1: Ammonium Sulphate fractionation of crudn~ C6PDa
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Table 3. = purificaticn table of yam tuber GEpD

purification Jolume protein Total Activity Total Specific Fold yield

step {ml) (g ml“i) protein [(unit ml“i) activi- activity [purifi-
(mg) ty (units .-ng"lcation %
(units) | ‘
Crude 100 1.92 192 2.66 266 14385 - 100,00
1

Ammonium ,

sulfate 25 0,08 2425 1.96 49 21la7 15.71 1B.42
Ion-ex-—

change ¢ 15 005 0.75 1.%14 128,65 38,20 + 27.58 10477
Sephadex :

G-150 4 2.5 0.011 o.c28 ] 1.98 { 4.95 [180.0 12996 1.86
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after
The elution pattern / gel filtration on sephadex
3-150 for GBPD (Fig. 3) shows one protein peak and one
enzyme activity peak. This gel filtration resulted in over

100 —fold purificetion of the enzymc (table 3). »

GEPD levels in different yam cultivars

#  The G6pPD levels in different yam cultivars were
messured spoctrophotometrically and expressed a3 specifilc
activities. The result shows that different Dioscorea cul-
tivars have differcent levels of sctivities of GwbPD :and also
different protein contents (table 4). The highest activity
of G6PD is obtained for D. rotundata cultivar locally

called {2lo' from ondo; while the lowest activity was
cbtained for D. rotundata cultivar locally called bukit
trom Kadunae

Table 4 — @6pPD levels in selected Yam cultivars from parts

of Nigeria.

‘1..
Cultivars local name Area haree Speclfic
vested activity
(Units/mg
protein)
De rotundata amaran Zaria 77.00

De rotundata chikakwando - Zaria 29640

h—
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Table 4 Contd.

Cultivars - local name Arca har- specific acti-
vested vity (uUnits/mg
.protein)
Le rotundata mampa Zaria 42485
De. rotundata - gongola 2790
Da rotundata buki _ Kaduna 10,52
De rotundata amaran Kaduna _ 624,00
_D. rotundata omi Benin 95400
De rotundatas emowe penin 64400
De. rotundaota arnebu Benin 55.00
D. rotundata okun Ilorin 23430
D, rotundata  okunmado Ilorin 34490
D. rotundata  ojo | Ilorin 54 4 00
D. rotundata ataoja ogbomosho 34,00
Do rotundata Fele ogbomosho 20,00
| De rotundata churu s Ilorin ‘ 55400
De. rotundata Igangaran Ogbomosho 18400
De rotundata eleyintu Bde , | 38,00
De. rotundata eleyintu Ede 40470
De rotundata alo ondo 125,20
D. rotundata pepa Abuja 32450

rotundata ashabamu Okene : 20,00

o
L]
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Cultivars

local name

Area harvested

Specific acti-
vity (units/mg
protein).

i<
.

<
L ]

¥
]

De

rotundata
£9tundata
rotundatn
bulbifera

dumentorum

dumen torum

alata
alata

alata

cazenesis

ekpe
ocha
obiaturugo

una
sakata
awuru
mbila

ikpen

Akokwa
Akokwa
Akokwa
Gongola
gongola
Akokwa
Zaria
Ede
Akokwa

Benin

54,00

29.00
80,00

61,00

Assay of G6PD activity

There was no noticeable difference in activity when G6PD

was assayed in the presence of 6-phosphogluconate (6PC) with

GAP,y, and when it was assayed with only G&p.

So this resulted

to the use of GOP only in all the assay methods because of

the absence of effect of 6pG-dehydrogenase activiiy,

Under

this condition, the initial rate of NaDPY reduction was
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lincar for two minutes (Fig. 4). The non linecar tracc after
2 minutes could be due to rapid depletion cf substrate by
SoPD or accumulation of product which thus inhibited the
reaction.

Dicc gel electrophoresis

A e e s

Staining system for Ge6PD: The gel containing GEPD was stained
for enzyme activity after electrophoresis in the reaction
miXture described below. This reaction mixture contained
0e0551 Tris~Hcl buffer pH 8.0, 6 mM G6P (in excess), 042M

:-:i_,l(:l

» (5mg in 1 ml H,0), NADP (5mg in 1ml Hy0), MTT

(75m¢g in 1.,5ml H20) and pMS (Smg in 1ml HZO). The reaction

in the system is schematically represented thus:

GEPF - ’-l:@.é_f_fp}’\“\ -~ FORMAZA}!
~ _,'# i
_GspR__ (PMs]
6PG ~ =~ A NADPH — WT T
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mochaonism of reaction: The electron transfer dyvés such

——

a3 methyl thiazolyl tetrazolium (MTT) which is an acceptor

for dehydrogenase reaction is a widely used staining rcagent
for the daetection of enzyme after electrophoresics,

In the reaction, MTT is reduced by clectron donors to
form a dark blue purple inscluble formazan. The rcaction
proceeds rapidly in the presence of phenazineé methosulfate
(PMS) which acts as an intermediate catalyst, and thesc
two recagents, ®ach at a concentration of about 0.1mg/inl
are standard ingredients in stains for the detection of
reactions which lead to the generation of the reduced forms
of the coenzymes NADY and naDpt.

ffigure 5 shows the disc gel electrophoresis pattorns
of the purified G6pD. Tweo protein bands were observed for
the enzyme, These protein bands coincided with a diffusc
onzyme activity band when G6PD was stained for activity.,

Molecular wWeight determination

The elution pattern of the purified G6PD showcd a
single peak for enzyme activity. The mglecular weight of
De rotundata GErD estimated 3 timcs in sephadex G=150

chromatography using well characterized proteins as markers
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yiclded a value of 163,000 + 28,000 (Fig 6 and 7).

Effect of pH on enzyme activity

The activity of the purified G6pD determinced ac a func-
tion of pi using G6P as substrate and NADPY as the cocnzyme
shows that the enzyme has two pH optimae Tho first once is
chscrved at the acidic range (pH 5.0) whilec the other is
observed at the basic range (pH 8.2) as shown 4n Fige 8.

The effect of pH on K and Vonni OF the purificd GEPD

X

was carried out by determining the apparent Km and v
value

values gt each pH/using G6F as substrate and nNADP® us

mad

coenzymes LOg vmax/Km against pH (Fig. 9.) shows twc peaks-
on: at pH 5,1 amd the other at pH 8.B, also, two peaks are

ontained when LOg V is plotted against pH - one at pii

max
Ge0 and the other at pH 9.6.

Temperature stability of G6PD

The Arrhenus plot (Fig. 1C0) of log velocity against
reciprocal of temperature gave the energy of deactivation
valuz, gz, of 6.45Kcal mole™t., This is the deactivation
energy value of G6PD since it was the enzyme and not the

that -
reaction mixture/ was heated at various tcemperaturese
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Progress curve for G6PD reactione.
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after
i'IC, 2: Elution pattern / ion-cxchange chromatography L

of (!w.!Hq}?.‘3‘0‘,_1 precipitated enzyme on a DEAE-~sSephadex
Column. (-4 tx—) absorbance at 280nmj; (-o—@—0—)

G6PD activity ( AA,,/minute/ml).



Flue 3: Elution pattern of enzyme protein
chromatography step on 2 seéphadex G-150
celumn, (- #x*<v ) absorbance at 280nuj (--Dvy— )

G6PD activity (- A /minute/ml).
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FIGe 7: Plot of elution volume (mls) aqgainst logarithm
of melecular weights of standoerd protein: for the

estimation of melccular weight of «GPD,
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PFIGe 8: Effect of pH on activity of purified CGPDe
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FIGe 932 MELC H 9 K
max/ m*
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FIGe

1032

Arrhenius plot of logarithm of initi~l v:locity
against 1/T %. Slope of curve = L/24.30313
E = Energy of activation; R = Gas constant

9(‘ ) _' ".#'
(1.986 cCal deg mole ).
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Lffect of storace on activity

ofile of 5a0
thEyStability of G6PD on storage for 16 days ot 28°,
4°c @nd in the frozen state are shown in fige 11« The

plot of relative activity (expressed as % activity of enzyme .versus

days shows that G6PD is not very stable at 28°t. It is

(@] .
crat a
more stable on storage in the refrigerator (47°C) and im

deep=frezer (Fige. 11).

Half-life of c6pD at different storage environments

It is knoun that loss of enzyme activity frequently
follows an exponential decay curve that becomes a straight
line when log of activity is plotted against time. The
relationship log Eo/E = KDt/2.303 is known to hold for
such enzymesywhere Eo, is specific activity of enzyme at
zero time; £, specific activity of enzyme at any time;
Kyy rate Constant and t, time. When logEo/E was plotted
against t, a straight linc¢ passing through the origin was
obtained whosc slope is KD/2.303. For 3 first order
reaction the half-life is given by tk% = 0.693/KD.

The half-life of G6EPD was then calculated for each
storage environment - at 28°C, 4°c and for the frozen

state. The specific activity of the enzyme initially was
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taken as Eo, while the specific activity of tho ¢nzyme on
subsequent days of storage was regarded as E. So a plot
of logEo/f ageinst t in hours was constructed and KD/2.3C3
was determined from the slopes of the plots.

The half-life of G6pD thus calculated was found to be
7 days at 28°%, 20 days at 4% and 100 days in the frozcn
state (FPig: 12 and 13).

Substrate specifiéity

MADY was reduced by G6PD as a possible substpate,
Alsc, F6P and glucosamine~-6-phosphate (G-NH,~-6-P) were
oxidized by the enzyme as possible substrates too, The
apparent Km values of 1,66mM was obtained for NAD*; 5e5miM
and 2,0mM for F6pP and G-NH2-6-P respectively (Fige 14,15,
and 16). The kinctic conctants obtained are shown in table

Table 5 = Kinctic constants for Yam tuber G6PD substrates.

Substrate Apparent K (m) .
G6P 0.76
Napp* 0.5
Nap" 1,66
GNH,~6-P 2.0

F-G-P 5.50
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Inhibitors

The inhibition patterns of ATP using G6p as variod
substrate and NADPY as nonvaried substratc at different
constant levels of ATP shows a competitive inhibition
pattern (Fig. 29).

Initial voelocity studics

The results of the initial velocity experiments per-
formed at pil 7.6 are illustrated in rFig. 17 and 184 The
intersneting patterns observed are consistent with a
sequential mechanism for the white yam tubcr G6PDe The
replots for slopes and intercepts from these patterns were
lincar and yielded the following Michaelis constantss
Ou8mM for G6P and 0.42mM for NADPY (fig. 19 and 20).

Product inhibition studies,

The inhibition of yam tubcr G6PD by NADPH was cxamined
by mcasuring initial velocities at different eoncentrations
of one substrate in the presence of NADPH and at a constant
nen—-saturating concentration of the other substrate.

The inhibition patterns observed weres
(i) competitive with respect to nappY (Fige 21)

(ii) Noncompetitive with respect to G6P (Fige. 22)
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vecondary plots of these results (Fig. 23 and 24) gave the
following inhibition constants for NADPH: 1 x 10“3 mid
when NADPY was varied substrate and 6 x 10-3 mM when GGP

was the varied substrate.

_ﬁkturnate substrate inhibition studies

G-NH2—6—p was used as the alternate substrate to Gép
and NADY used as that for NADPY, In order to emplouy this
method of alternatc substrate inhibition studiecs, it was
nccessary te determine the apparent Michaelis constants
for the alternate substrates. when G6p was the varicd
substrate and NADPY nonvaried at different constant lovels
Of G=NH,-6-P, the inhibition pattern was found to be compe-
titive (Fig. 25)« When NADPY was the varied substrate and
GO nonvaried substrate at different constant levels of G=NH 5=
6-py the inhibition pattern was again found to be compctitive
(Fige 26)e

when G6p was the varied subkstrate and NADP+ thoe non-
varied at different constant levels of NAD+, the inhibition

pattern was found to be noncompetitive,

Also, when NADPY was the varied substrate and GGP the
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1'IGe 14: Line=-weaver Burk plot of 1/v zgainst 1/ . naAD”*

to determine the Km of G6PD for NaDe









