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A B B R E V I A T I 0 N S 

G6PD : GLUCOSE-6-PHOSPHATE DEHYDROGEtlAS£ 

llADP 

NADPH 

NADPase 

G6P 

2dG6P 

l~EH 

• 

= tiiCOTI~AlUDE ADENIN£ DINUCLEOTIDE: PHOSPHATE 

: REDUCED NICOTiliAMIDE ADENINE DH1UCLEOTIDE 
PHOSPHATE . 

: NICOTINAJ1IDE ADENINE DINUCLEOTIDE PHOSPHATASE 

: GLUCOSE-6-PHOSPHATE 

= 2-deoxy GLUCOSE 6-PHOSPHATE 

: N -METHYLMALEI Iii DE 

PCHB (HMB) : p-CHLOROMERCURI BENZOATE 

TRIS = Tris (Hydroxyrnethyl) Amino ~1ethane , 
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(l) Comparative biochemical studi~s have been carried out on five 

genetic variants of human erythrocyte glucose-6- phosphate 

dehydrogenase in N ieeria , These variants A, tt , b , Ij ebu- Ode 

and Ita- Bale in order of decreasing electrophoretic mobility , are 

found with different frequencies in Nigeria . The first three 

variants are common (A- is associated with deficiency) while the 

latter two are rare (below polymorphic frequency) and have been 

characterised for the first time. 

(2) Partially purified preparations of the five enzyme types 

have been used in a number of kinetic studies . All the variants 

have approximately the same affinity for glucose- 6- phosphate but 

Hhen the substrate analogue 2-deoxy glucose-6-phosphate is used, 

Ijebu- Ode emerges as the variant w1th the lowest affinity for it. 

The effect of pH on the activit1es of the two rare variants 

(carried out according to WHO recommendation) indicate that both 

of them have a slightly biphasic pattern . The rate of inactivation 

of the two rare variants as compared with the B variant show that 

Ita- Bale had a minimally increased thermolability while the 

thermolability of Ijebu-Ode was markedly increased. 

(3) A detailed analysis of how pH affectG t1~o main kinetic 

parameters of enzyme 

6-phosphate has been 
reactions, namely Vmax and Km ' for glucose 

carried out for all the variants , For all 
the · varlants , there is an overall steady incrca~e of V with ----- AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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S U M H A R Y 

(1) Conparative biochcmicul studies have been carried out on five 

genetic var iant s of human erythrocyt e glucose- 6- phosphat e 

dehydrogenase in tligeria , These variants A, A- , b, Ijebu- Odc 

and Ita- Bale in order of decreasing elect rophoretic mobility , are 

found with different frequencies in Nigeria . The fi r st three 

vari ants are common (A- is associated with deficiency) whi le the 

l atter two arc rare (bclo~J polymorphic frequency) and have been 

characterised for the first time . 

(2) Partially purified prepdrations of the five enzyme t ypes 

have been used in a number of kinetic studies . All the variants 

have approximately the same affinity for glucose- 6- phosphate but 

when the substrate analogue 2-deoxy glucose-6- phosphat e is used, 

Ijebu-Ode emerges as the variant with the lowest affinity for it . 

The effect of pH on the activities of the two rare variant s 

(carried out according to WHO recommendation) indicate t hat both 

of them have a slightly biphasic pattern . The rat e of inactivation 

of the two r are variants as compared with the B variant show that 

Ita- Bale had a minimally increased thermolability while the 

thermolability of Ijebu-Ode was markedly increased . 

(J) A de tailed analysis of how pH affect::; tHo main kinet ic 
parameters of enzyme 

6- phosphatc has been 

• 
react1ons , namely V and h for glucose 

max m' 

-·------
• 
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pH (usi ng tris-borate-citrate , tris-borate , tris- borat e

trethylamine buffers) over the l.ntire range explored from pH 5 • S 

to 9.5. In addition , A-, IJebu-Ode and Ita- Bale have a plateau 

in the pH region bet1~een 7 . 5 and 8 . 2 , whereas A and a have a ' peak 

and trough·' in the same region . Characteristic patt erns were 

obtained for each variant on plotting log Vmax ' log Km and log Vma 
l< I 

m 
versus pH . From the ~1aves in the plots , the pKs corresponding to 

ionised imidazolium and thiol residues in free enzymes and 

enzyme-substrate complexes were obtained . The data also indicate 

the absence of thiol residue in or ncar the active centre of 

Ijebu- Ode . The K data obtained for type A- have not been al14ays 
m 

consistent and a possible explanation is presented . 

(4) The dependence of enzyme activity on NADP and NADPH 

concentration was examined for the five variants . Sigmoidal 

saturation kinetics of A, B and Ita-Bale variants for NADP clearly 

differenciatc them from the ncar-hyperbolic kinetics of A- and 

Ijebu-Ode enzyme types . Two dissociation constants (K and K ) , 
sl s2 

corresponding to states of low and high affinity for ~iADP , ha vc be 

obtained for each variant . An explanation about the mechanism of 

such interactions is ulso presented. The complex kinetics of 

interaction of the enzym~ v1riant 'th NADP • s Wl H has implicated this 

metabolite as both an activator and inhibl'tor , -but A typQ emerge 
as the least activated and inhl'bl'tcd . Th e sum total of the 

-------------------------
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• 

trethylamine buffers) over the entire ranee explored from pH 5. 5 

to 9.5. In addition , A- , Ijcbu-Ode and Ita- Hale have a plateau 

in the pH region betHeen 7. S and 8. 2, whereas A and 13 have a 
1 

peak 

and trough ' in the same region . Characteristic patterns were 

obtained for each variant on plotting log Vmax ' log Km and log Vmax 
Km 

versus pH . From the waves in the plots , the pKs corresponding to 

ionised imidazolium and thiol residues in free enzymes and 

enzyme-substrate complexes were obtained . The data also indicate 

the absence of thiol residue in or near the active centre of 

Ijebu-Ode . The K data obtained for type A- have not been always 
m 

consistent and a possible explanation is presented . 

(4) The dependence of enzyme activity on NADP and NADPH 

concentration was examined for the five variants . Sigmoidal 

saturation kinetics of A, 13 and Ita-Bale variants for NADP clcal'ly 

differenciate them from the near-hyperbolic kinetics of A- and 

Ijebu-Ode enzyme types . Two dissociation constants (K and K ) , 
sl ~ 

corresponding to states of low and high affinity for NADP , have be~ 

obtained for each variant. An explanation about the mechanism of 

such interactions is also presented . • 
The complex kinetics of 

• lntcraction of the enzyme v~riants w1th NADPH has implicated this 

metabolite as both an activator and inh1'b1'tor b -, ut A type emerge~ 

as the least activated and inhibited . The sum total of the 

interactions of G6PD with IIADP and lt5 metaboll'te , NADPH , has led AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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t o the sugees t ion t hat G6PD is a regulatory (allosteric) protein. 

(5) The f ive genetic variants exhibit differential interactions 

with some potent inhibitors which bind to the sulphydryl groups, 

l ike N-ethylmaleimide and p-chloro~ercuribenzoate . Of all the 

variants , ljebu-Ode is strickingly resistant to POIB and totally 

resistant to NEM . An explanation for the resistance of Ijebu-Od~ 

t o these inhibitors is suggested . 

(6) Enzyne inactivation as a function of temperature exhibits 

distinctive profiles for all the variants and Ijebu-Ode 

particularly displayed a unique picture . The implication of the 

differences obs ved in this thermal inactivation profile studies 

are also discussed . 

(7) Finally, it io suggested that differences observed in the 

catalytic and kinetic properties among the five variants of G6PD 

are a reflection of the structural differences among them which 

also implies different mutational changes in the structural 

locus for red cell glucose-6-phosphate dehydrogenase . 
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l tl'fRODUCT!Oll 

Si nce lht! di!lcOVl'lY oi Clucos\! u- phosphJtc dcnydronendS{;; 

(glucose-6- pnosphc.tC : riAUP OXlll0l'CUUCtciSC 1 L. C. l.l.l. 49) lll 

yeas t lJy \ola rLurp L Ch1'l~ti..1n (19 31) , colossal Jnount or uork 

i n t he field oJ biochcmi&try , ccnctics anc mealci;;~.: nas been 

carr ied out on this enzyr.~c \olhich has been isolated from a 

va l'iety of sourc • ~GPD if, the enzyme catalysin& the firs t 

st ep in the mctetboll:.rr. ol glucose throuch the pcntosc phosphate 

pathHay , ,md at the sane tir.~c one of the nain sout·cL.S of 

supplies of l.ADPII in ull cellc . The significance of this e nzyme 

in metaboliarn L more appreciated \~hLo1 considered in the liGht 

of biochemical changes a~ ~ocidtcd with its deficiency in the 

red cells of human lHlincs . 

(1) Distribution : 

G6PD i~ iound al~ost ubiquitou~ly in living crn~ni5 • 

Thu .. , t ha~ llecn dc .. cribed in t1 variety of rr.1cro - orcanisc:s 

( Cuser E drown 1 l!J!JS; .• oltm,ln 1 Guole l' f. Kuby 1 - il6l; 

Oli VI! t L V' , _JG7) and in noLt tlssces 01 hl[;!lCl' un llllul s 

(Glock & I CLC II , - l ~ & i dcutlcr, 1%~) . .xtcnsi vc • • pUl'lllCdt:lOn 

Jnd charactcrtsuuon has been Ctll'l'h d out iror~ y~.:ust ( .. ol tmann 
1 

Gubler f. Kuuy , B61) , r 1 t marnr.tat•y r,lanu (Levy , H.:inl!t'i & 

li(!Valdinc I 1 %(1) ' clll(l nllr!\:111 l~l'ythrocyti!S <tlur' , 

liank ... • l%1; J!.irkrililn f •• lcnrtrickson 
1 

1U!J2; Cllunc 1, 

1963b ; Yo!:.hidt~ l'l!oli) . 

~\!inlJcrg & 

Lclllgdon 1 ~ r-. 3d 
1 
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OISTRIBl/TION OF' GLUCOSE- 6-Pt()SPHATE OEHYMOGENASE OO:~Y 

[ig, . 1 . World Distribution of G6PD Deficiency (from Hotulsky 

and Campbell-Kraut , 1961) . It is to be noted that the 

gene in not the same in all areas shown . For instance , 

A- prcdominatez in Aft•ics and North America ; ~\cdi tcrrant:.1n 

predominates in Italy, Greece and the Hiddlc Eat.t ; while 
Canton is in the Far Last . AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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( 3 ) GI'O!'.l'CJ ))hictll dist ribution of G&PD deficiency c.~llcJ poss~tJl •~ 
= = 

r el<J.tionship to rr.alctria : = • 
• 

l'ost of tl1e \lOt'}. on tht: uorlc.l ul.&tri!JI..!'tion of G&i'D gent!tJ.c 

var iauts have bce:t lir.ti tt::t.l to tho:,..: iavol ving !'lOt'l;; or lc~ 

pt•onounccd O..:ll7.Yllll.! dcfiCl~,;rlCY (tiC•~ r ig , 1) , £he l'Cn!:JOII fol' thlb 

i s not fut' fetched . 'i.'he method of ttclcction of GoPD pol ynot•phL, .. 

h.1s consisted m<Jinly of vm .. ious quolnti tati v<: .ts::;ays while onl y 

a small proportion of inv..;stigation::; nas dlso cn.ployt::d 

qualitative technique . Luzymc deficiency of the !.Iever e type 

<less than 5t of nonn_l) u very prevalent in tnc llt::ui terram:an 

(l'otulsky ~ Campcll - Kt•aut , l!JGl; Kid,mdr , chcttini & Pickara , 

19611) dnu in the l·,idclle Ca~t.: (~:.~.cinb~1·~ , Sheba f. Ad«m , 1!158; 

Szcinbcq~ , l!Hi3 ; lleutle1 , l%!i) populc1tions . J..;nzyn:c derider.cy 

of the mild type (about lu- 70\ of no rrnal) is commo11 in people of 

Africiln .mccstry ( C'lrson ct ul. 195&; illes C Taylor , 19&1; 

Bo~Fr, t ot•tcr & Hcilbadwr , 1962; "id,man & :lt.Ucil'ickson , 1963 ; 

Beutler l9fi5) and in tlw l'ai· La~lt (l:otuhky ~ c.:u:~pcll - Z..t•.:.t.ut , 

1961; ~Qutlcr , l~u5) . 

The hypotlH!E>is that maldt'io hu~ been a :;clccti vc force 

tavourinn the Gnrcad or the "~lie fOl' Gr:,pn •1 r· . ( 
.,. 1:" c. " ... e 1c1cncy ,'otul~ky , 

1960; Allison C Cly l., l )61) hns btll.!fl highly controvcrsi,tl • 
.. 
Hlcrc i~ ccrtilinly a I'CIIllt'kdlJlc coinciGcuce hctuecn til\! 

eeOfl!'dphical incidence Of tht• tWO COll<li tion::, ul thoueh a,i .. bon & 
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- 10 -
• 

tl t•inasuti\ , (l %7) found uo cvid.:ucc in t!Uf.pOl t 01 t l.i con t 

.in areas wit:h high nal ri.1 !Jut no (1 ., t!clici ncy . fh ld t~> l 

.1ininc to c~t.tblish whether tht: .:.ncLd nc ncJ/o1 I.!Vuri ty of 

r.~alaria ~Jas leso in G&Pn dt.licient s~ol Jl'C1: hllV(. bcou conflict.m • 

(Gilles , Hendrickse , Al '"• ady , Linuucn c. Goptll , • •~>1> . 

Ho11cvar, recently, Luzzat:to 1 uuiliiB<~ L i!t~cJtoy (l!lbB) C•c-l.L.J 

dcmonstru tt d in ho.:tcrozygouu dc11cil.!ut 1crnal.:c. th• t llcll.ci.,nt 1 1.1 

c: llu have .:1 much low r• 1 ate 01 parasi t:isatl.on th o non~ul et:ll., . 

Thio ill the fit ... t dl.rcct cvitlcncc of th.: :;clucuvu udvantdiJC Wl.tll 

respect to rnnl11ritl affot tl d by the ncnu for G&PD ll<:flcicncy ~n oJ 

populll' ion . ..,i th end<:n1ic r,,, laria . 

(II) QualitntivC' v11ri tions of cluco!H•-1: -pho .ph tc c11:.1yurogcnn 

The development of scnritive rcscdl'Ch t chm.c;u .1\S 

• • 

:lad'l it po .sihlc to detect v.n ious types of G!iPO cxhibi tins 

qualitative r1th r thrtn quaJ•tHative diffcrcnco.: • The starch-g 1 

lcctrophor~t.ic t echnique !Smithicn , ll~S) hns provt:cJ to be ttn 

inv luablo tool fot• tlclcc uug rraul tiplc forme not only of lit. o 

(Boy r t nl. 19&~; Showo, !a hi.sn & HrctJ r. , 191ilo) l>ut of otl <:!' 

nzy 11 . 

On the b lli Of l Ct&'Ophorctic OIJility 011 ..,l<ii'Ch rcl , 

ever 1 co • on G6Pn r h.:notyp 11 vc u n ident1!:1 • 

Th no ncl11tu• of vari ntc. h d IJtl n co tfu:un 1 01' co 
tl • In HlCt. , tlu: Wmld II alth 0rBtn1 \io 1 c.onv dd ' tu 'I 

I'OIJp II lloh r< COl ndcd th folloWlniJ { I l!l 7) • 1l1u t:Oil t c • or 
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- 11 -

and ubiquitous vari.:mtb of GE;i'D, to IJe c .. ll..:d o , !would 1.> U!..~t.l 

Q!i rete renee wi t'h which dll othct• variant!: co;~n be cor 1 ur·cd , anu 

c.:m ior conv~ni •1ct· l• called the "non.....l" ty L . ,:.c vc:u•i<l!•t 

with norml\1 activity md cl..,cl:rophorutically t.J .. tcl than , ~o~nich 

is common ar.~onn pcop~c o! .uri can .Jncc!..ti'Y , .. hould u~;: ct. ll.:d " . 

nw Vclri.J.nt cor.ll:lonly found among the uar.w po.:oplc , which has the 

same clcct:rophoretic mobility like II, but io aococi.llccl with 

enzyme deficiency, should bu called t .. - . All other val'iantv should 

be pi vcn a glloeraphicdl n;u;,e related lo the ctn.a where they utu 

dit:covered . Ar.IOill' th ..; , the nosl widccpreud ..trc the 

"M~di tcrrancan" type - til'- val"ianT with enzyr.:e deficiency 

resnr>nsi!Jle foP iavism in Gt•ccc:c , Sardinio:t <Jnd the Middle :.a:.t: -

lind tho,; Canton variant , nl!lo as~>ocia ted \H ,;h cn..:yr.1c dcfici.:nc_, , 

an~.- ~..oun-. in Chinn . All orl&et• vo~ri nt:. nt'C cucowatcro;<l 

porlldically (5cu Ta~lc ) . 

1 t is Jll'tHlurn<ld, .1lllO on the b.uli• of l!o.:nu tic uv ~donee 

(nee occt1on 6) toot CC.I'D vnrlrirot:s rcJ>rusunt tho.: product of 

t;tcstiOIIG at thu Stt UCtUI tl lOCUb for ltai nzyc~.e . ACCOICiinuly , 

oxpcct tho'lt nt lo,,ot lhu ~~u)oa i ly 01 thl' V.'lt i.mto Wlll ui.f! .1 

ft'O • each otlact by !lirarl• ,. ino acid •- · t.u ... !>t~ tut1on~; . Thi ·•::J£ now 

" n proved by Yoch:id1 ( 7) ho hlllf compt.~• d by )luptld PP1n 
tli ,, and II lYI < tnd 1' pot·t ..... that A I!OIItldh • LIGplll"\l .1.111 111 

1'1 cc of 'l 111\rt 4Cld in. om: Jl(!ciHc tryJotic pcptidu . 
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TABLE II 

DISTRIDUTIOII or G6PD TYPL: W tliCf:RlA 

IIALI:S (n=S83) fE~IALES Cn=26S) 

TYPE \ TYPI: EXPECT£0 FOUND -
A 7 3 .0 1'./A) 

8 S6 . 4 AlA-) 14 . 8 15 . 8 

A- 20 . 6 B/B ) 

8/A-) S4 . 9 60 . 4 

A/B 26 .0 20 . 4 

A-/A- 4. 2 3 . 11 

. 

Tho poaaiblo nuobor or eonotypea obtainoblo rron tho r~oa iD 

olx aa icdic tud in the toble. Blootrophorotically, only four 

phonoty a oo111 bo roc~hod linco it in 41ttioult to dilltinsuuh 

i./J- t:ro::~ it/A d !1/ll- tram D/D bccnu:~o of tho Hahtnell.' in tho 

1nten~1ty or atoininc dhpla,yca by A- co::monont . Th, oxpoctod 

f ntqlltr.doa o tbo fo:Glo oro colculotod rroa tho obaCir'l'c<l fl'v u noy 

ott 1 otypoa by anau:Une th<..t the lnttor aro o aiv .1 to 

u a n4 t t n I!Ardy oinbors typo or oquil1b.1wa 

:•u''&ll'~ i h 10f".l-4Uan. 

I 
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(5) G£i?D vllri.mt:s in tir,•t•i : 

It: hac be• n sho~m • inc! 1:1 (I <Gill 

G&PD deficiency ha c' hlfh inciouncc in rolJ;ul"id oilu.l the c:.ti 11t 

(;iVC!l IJy VIIJ"iOU(l inve!lti(;\l.tOt'S tor. r:llllC ..,ubjectS <ll't! Of 

.1ppro:o.mato.!ly ?0\ (t:dozicn 19611; l'ot•ttl' <'l al . l!)(i4) , 

1\ort: recently , the inc.~.dcncc of varldnt .. \(ith norru.:ll nctiv1ty 

but diffct•cnt clcctrophorutic 1ohi1Hy II s aluo IJt:cn est bliGh"(! 

(Luz7.atto , Allan L Oc flora, l~GS; Lu:~ttto L Allnn , 19 • 

It h-1:1 thu:; been found that o~non the • ubjuctb ui th ~on ..... 

activity , both the l\ and Ll type .. 11 rc vc1 y COI:!l:lOII ( :;cc Tublc I). 

\le .Jrc thcrcfot c dcoliue in thic populatl(m ~i til , tlu-ec ullc!l(! 

polyn.orphi&ll>l , includinu • I. olllU A- . II uunbct• 01 ~porJdic 

Vllrionts hnu olllo I.Jucn crtc.uuntct cd 1 ami t~.o 01 thc!.C will l>c 

<I<.'H:ribou 1n dct 111 . hOIICl of the l.ttLcz• It ttdn polyr.~orJ,hic 

1 rcqul"ncy , 

( ) 

l)cnc tic "tudic h.l VC rev. tl d tit 1 t t It:: r nc !ox· G(i ro i 

loc'lt cl on till' >:-chrorou ~ • h• rufot'O r l • c n only produc 

cnn r1 otluoc i thllr ont 01 t~o , ort • tyrc of 111iPD, !Jut fot-<al 

l\h I'CI•drd to cnzy •O dofic:1cncy , Uti J.rrplio til t ralLs w11l 

b 1 thor "no1 Ill" Ol" "d 1 ici nt" , !Jut 1 r lc ) t.o o.;llhcr 

" : 1) 1" or '1nt l':"!t.di tc:" 01 1d 1.u.i rtt" . It i :1 • n tolllt 1 

tf l 1 o tly on o\-Chl o o in l I h uL i- 1WlCtlOI l 
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(!..yon hypothu • !..yon B&l , 19ijd . .1\!i a re ... ult 1 
IIOl'L<il 1"-- ... "' :u; : 

Ill! vc tl n.: lcvc.l o! GGPO li~.c 1101 1 t • .ll .... md th.:!lClOilt 

fo.:~alt.Hl hiiVI.l a s iJ.l il.1r duttJ'N' 01 llii.}'TI" t!<l h Cl cncy a ... dcficlcnt: 

mal;; • 
• 

ciiC t lC studic:.. h(lvc. d e~ons tratcc1 t:l .11:- 110t only th • 

CuP. ddicicncy tJ\lit , hut also the.. 1 luctrophorctlc polymorphi .. 1 

of G6PD aro sox-linked . It lw::. been J>ointcd out that the GG?n 

type havi uc nomnl clt'lcnopho'I'Ctlc 1.obi li ty m •Y Lit founu i11 

:u;ocic1tion •.Ji th non:l> l enzy::w acti vi t:y t J) or \:i th cxtrc .~ ly 

1010 cn:.y;nc JCt.lVity ( oditcrr.m·dn) . S11 .Ll :r I • IC co J Oil D 

t}'PC ui th [J'Ctltcr cl< ctrophon t 1c mouil.1 ty c n -~: _ound a:..lioci.lt.ud 

>~it'll liO!T.' l 11 •. y c activi't~· (A) OJ' lith lo~oo on-::%· act'iVlt)l (t -, . 

'ihc&t data •n.~.p)ll he lllt<lllf'l'utotl in tcl'lllt. o! lhlt..l'flltty lJct\o:cCh t. o 

ECn tic loci: onL cont•·ollinc Lhc t;tl•uctur•c oi tile cnl.ymL 1 the 

Other itu l'dttJ of 1 I'Oduct:ion (&cc 11 • , llotli:l l) . /utcrnativc:ly 

lltructurc ru1d rllt< of pr..:~ducl-l.OII 01 •• 11. uzyr:;e mir,l.t l.h.: controlled 

lly one c111d th sar • locun on ttu .. -clu o o <1. c ( f.lC , 2 , tlout:l .tl). 

The t>~o r lld 1 ai<t. d.1Lcr nt pr.,u.ction wlu.ch Cilia lit: teet d . 

Accordin" to t'odcl I 1 llZ."'"' ty ·• t1 1 d .. , •. , pc.> u n c.: 1tClTiln .. 11 t;hould 

tr actun. . ilu. w" o n tli ~loved uy c ~ful 

Vlaly i of thuir kinetic propo1 t.-. whiJ.:Ia turned out to lr 

die f uront ( r.i rl;mi\Jl f t 1 . 1!1111) , /11 oUI'J 1 ccoruinc to I Odcl L I 

nty lYJW' II rnd ,.- .lloult hnv tho •• t 1 ucture . In ttu 
c: .. 

I it 1 \ir · t .. n kin t"l. p I ut • \ rc liChtl .1: th.l 
ha$ II lll fo~<nd inc t•ruct <eh ptur lu - \ ) . UtTt I r,: l • 
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\IODI' I I 
MODEl. II 

I.Clt:U5 Yo 1'1"11 
l.OC\JS WITII 

A" n ,\ Ll.CLI!S A D 
IIUCl\I IIAI . Al ,li i.I:S 

,, 

1 l l t.OC"II S II d 

~ TAn\'C ~l.LEL£S (normal) (drll<l•nll 
'" 

A u A nn. lid GC:O."OTYPC 
ll l~ Pt:S: \n, Ad, 

1 1 1 1 l 1 
TYI'C A 

,.. D n· PII&SOTYl'E A D A 

-

Fie, 1 . Two poooible models ot the genetic detcl~nntion of 
G6PD dc(iciuncy , includinB (l) 1 not including (ll) 

a non-struct~rJ lucuo cont1-ollinn rate of synthesis 
o1 the en: ~·'t"•' • 
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sharp differences betHcen A and A- have been revealed by column 

clrronatoeraphy and by therrnostability studies , (Luzzatto & Allan , 

19&5) . Therefore, it appcarG that Hodel II , but not ~todcl I, is 

consistent with all available biochemical and eenetic Olance , 

1964) data. 

(7) The mechaniwm of haemolysis of G6PD deficient red cells: 

The activity of G6PD i;; higher in young red cells than in 

old ones (Marks , Johnson & Hirschberg, 1958) . On ingestin& 

primaquine , it is the old red cells which are lysed first . 

Th~ mechanism of hacmolysis of red cells is not completely 

explained but it clearly seems to derive from a unique 

susceptibility intrinsic to the red cells , rather than from 

abnormal extracorpuscular factors developed in response to drug 

ad~inistration (Dern , et al . 1954) . Both Carson et al . (1956) 

on one hand , and Szeinberg & Marks (1961) on the other hand , 

demonstrated that in primaquine sensitive individuals , the red 

cells can not produce enough tiADPH . This seems to be the major 

metabolic abnormality in CGPD deficient cells and it is therefore 

most likely that drug-induced haemolysis is linked to it . The 

precise mechanism, however , is unknown . Various possibilities 

have been entertained . For instance , NADPH is essential for 

reduction of glutathione mediated by glutathione reductase; 

reduced glutdthione is important in order to pre~erve the 

structural integrity of the red cells (Feglcr 1952) and lack of 
AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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r e duced clutat:l.ion~ r.Ji(!ht thcrcfot,.; t:xplciin ... :wmoly ... u; . 

tiADPH i~ also required fot lit>.:.d .. ylltt• .. Cl ... loo~lC•l ni£ht u" 

~ss~ntial fo~ the ... tructure of th~ ~c~~ranc (ucutlcl'
1 
19~~) 

~n d ~lso pl~ys a role in pcroxid~ dctoxii:cation media t ed oy 

glutathio~t . :ohen & .lochstcin (B£il , 196'1) hnv~: r.ucuc .. tcd 

that this m<.ly be critical fo1 red cell ouvvi v Jl . ..ADPlt Dight 

dlso be involved in prccervinc in tnc red eel... me1:1!1rane !;Ulphydryl 

groups uhich might be csscntiul for its integrity . 

(6) Ph~notypic vurintionG of GGPO Activity : 

ll<~ny facto1•o ouch •10 honnone:. un<l dizc.:tzc stutc:. may d!!cct 

the level of unz.yw~ ncti vi ty in red cell:> . ~'hyroid •l<.Ala.mo.. •l.l.-

bcen sho11n to utimulatc tht. pcntosc phocphatc path\lay o! 

cat•bohydNtc mctnbol.i:.r.~ in li v.:t• cl!lls ( .. cchcles t. ucutler , 19 59) • 

Increased G£i ro dCtivi ty occura in pa licntt. IJl th hypotnyroida1 

stat..:s (Pcaroon & Dt•uyan , 19&1; 1\hiE.on & Gajdu!.~.:l , l '1~.>2) . In r.or:u.l 

disease statct. lik~ vi1'111 h.:putltit. und C:iabct ... c ucido~.~ ... :. , ha0Llo1yt i 

anaemia in G&PD deficient indi vidualc Day occur ... 1 though very 

rarely in the ab[,cncc of drur, administr~tion (Gant t W1nhG
1 

1961 ; 

Tarlov , Brcll~,;r, Carson t 111vinn, l!lG:>; llurka , Weaver(. ~lark ... , 19flo). 

(J) Molecular ntructurc of GGPO: 

Glif'D hnr. buon crystalli 'JC.d frora y.:ast by .lol t~ann , Cub1et• t 

Kuby (1911) . 1'hor.n autho1o have tihc1m thut the r:n~yr.1~ has <l 

molcculat \rd~ht of .:spproximntt.!ly 10& ,.1 o . r.r. f,tr ..1t:. tl 11..: rad cell AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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-

cnz.yr.~c is concerned , da tc. <'II tlte mol, cul 1 ~-<C-{!tlt • tJVc Lc.;,_n 

conl t'Ovr,rr;iul. :.it•km.:~n £. •• (.mc.lr•.~...:J. on ( !.9o~) and ·.~u'trui & Harli.t:. 

(1%2) cstin'ltcd a olo..;cul..ll' 11c1gh'l of appro;:u.utdy 105,00J IJy 

cucrosc grud:cnt centrifug.ttl.on . Cnune r. Lt~nnoon (1!".1&3,1), on ... o 1· 

puri1icd pt·cparcJtloll , obt~.oi.1cd a value of 190, 000 !Jy the I:IOV.lal 

boundary ncthod . '•ore recently , \ou111~a (19b&) iuund by 

<;(.di.Mcntu.tion cquilibrun ..1 value O! 2110 , 000 for th~.. nolcculur 

11cieht ot cryr.tallinc G6PD (type ) • 'oshida <l96u) lllao 

dctct'lll~ncll the molocula r \lei [th t in the prcrocncc o f 4 11 IJUrlnicliniw• 

chlorillc And ohtilinod a Vllluc oi l!J , G • t1n tho! uazis of these. 

findin[J~;, he ::lUfleer.tcd thut the cn~yTlll.! .lS mc1dc up of 6 idcllt.:c .. l 

sul>-unitc.: . l!nttvz.zi (1%7) obtuincd Ly careful 1:o1•J... bdc<;d on triL 

usc or pel filtt,,ltiou on hoJlhOdl~X G- 200 tile value of lOll , 000 lor 

not'C Ct'udc prcparutl.on:; of t'f'd cell G6PD . llc dlco o!.Jt.:.~.:.ncu 

evidence fot• tile pt•cocncc of a sr...:~ll fraction (up to tl fc 1 perc~nt 
of active <;n:::ym havinc n Molocul.tr 11cinht <1bout tVJ.Ct> tnat 01 th~..: 
tlajot> conpom n • n zun ... 1ut 1 , 

lcl\! .. 'N! t·1o .. cts 01 v .. luc ..1.11 t ,._ 

1i tcr.:~tur~ for tile mol~cul .. l' \IClf,lo t of hll1:1un e:rythrocyt"' Gb Pu; 

one {'c.t around 100,000 and one !lot urountt ~00, 000 , Cocpul'.:l'tl.Vt.. 

in:::pcction o! the data rov.:.uls tnat tlu. "'ulut.{. ul'OUnd 200 , 000 

(Chung £Langdon l!lli3~t; 'ror.h~du , 19Gb) ltt'tl obtainu'- c'\t high 

cnz.ymc concentration bo tllcf'n 0 . 011 und :. • I 1. IJ/lt!l't:az the 

vnlucs nrour.d 100,000 O,inlunnn (. l!cudl'l.ckooa , l~G~; T ... utsui & 

ltarkn, 19~2 ; ~ttaz:r.i 1 l!h.7) 111 1'0 outni11._d <It very lo11 cnzvmo AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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conccr:ti'ation lappl'oxinatcly ~.uJ, . ) . One rutll.!l'likc!y 

expl.-mation for tht'OI.! di:Jcr '! cloCl.CG ir tnut tn~; cn .. ync can truly 

cxi~;t in .,t loL1ot two intf"rc:>nv\!rt.lbl fvl':ll" in the ~4-:n~e oJ 

ono~cr-dincr cquiliurJ • .t t1llS in t~ rprctilt~on J.D corruot, 

then Ho r.ught }:lro::..ur.w tnut at phyr.lologicc'll cn..;ytlc concuntl'<ltl.On 

• 

fl r<:letod con trovct•r;y t•ep,ard::. thl. mt.ltl~t· of polypctidc 

ch.:1ino rnakin1• up the uolcculc o1 CE PL . 1'111.: only d.:lt£1 on 

u- to.mninal eroupc hnvc l.lcun reported uy ChU!lC t ldn(lc.Jon (l!lt.Ja) , 

dao found both tl-h rmin..1l lyrorano.: and dhninu . i'o~hidu ( l!ltH , 

196,7) on the l.l:~r.it, of the dll.:tlyvio o1 tll';p:tic cJiguctc. cmd of tai.., 

datn on the naolcculul' 11cicht ( cec above) ii<Hl diFcountucJ tht: 

evidence for t110 11-tcnninol anino acidc and ::~up,eo.:.r.tcd that only 

one type of polypeptide chuin ir. pruccnt; ho,Juvcr , no data .ln 

'··tcnninal l'roupo nrc in hi, pnp( r . 
:!early , r.~ot-c dcfin.i.uvc data 

0~1 pnbary ... tt•ucturc at•e urgon t.ly needed . 

In OJp:! to of the inr.ufficlcncy oi tnL· ... c ctt•uctur..~l data, whc1t 

has been clc~·ltlly c::ot bli..hed i::; 'the cruc.:.~l t•olc o.t on~. ot t1.c 

tho cubstrutcs of GGfU , nancly I•ADP , in .. Lll.ll.-int: tJu . .: str-uctu., 

of the cn-.:1nw . ihr~ 1 ~I'Lt dat.1 cru.tc 1rom the uork o1 C<l.t•son , 

.. chri..:r L 1\..:llcnneyct• <l!l!i9), ltho lc.und tn .. t l'(;d cell :.trouu could 
• • 

.:.n,tct.:.vntc G&PD arsrJ fut•tht:r DIIOIIOd th«t tlu~ elfcct 11 .. 1> due to 

the pr~.;ncnco in the Ltl'OJna of '.ADP.uoc •&Ctivity t:hicll would 
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hydroly::c ,IADl pre cnt in the ~..n"y; 1 olution ano tnu. 1 -d t 

ino.~cdv tion of GGPD . Latc1 l t}. , ~~t!ln!Jt.:l c & " h). (l9f.l) 

and l<lrkmiln ( 19&2) sno\~~o.d thut I•ADP can proto.:ct Go. D f:ror.~ 

inactivation durl.ne incuLc1tion 11t J 7°C c::nd that t!a.L:; d 1 cct ..... 

conccntration-dcpendl!nt . ~il:lilar rur.ul to .. hnvl! ldto.:l' IJcen Olotuih 

Ly oth r uork 1 • 'he dnt.- on the oftcct of ,.AD? on thcrr.lill 

denclturation pl'Oll..lCC of G6l'll (ccc ch..lptcr VI> succo.::-.t thcot the 

role of thl.G nub tnncc i!i to r:pocifically ~tablizc the te:rtiai y 

r;t!"uctuN ol the protein . \ hl.lc thc!.f. datil on prott!Ction 1r0.1 

·nactiwalion .:we purdy qudlitativl, Chunr. & Lilngdon (l%31J) were 

!bl • by fluor ocL•nt tcchniquco to :.ho11 t1i t tuo ,.,olcculcs of 

.ADP per mole cule of cn::yrn.! urc .. tl'OII£'ly bound to G(,PD o.~floL 

.xtcnsi. vu pu1•i ficut ion . The re ln tion~h 1 n vct\leon "~tructural' 
• 

·AU?, ''stubili::inB" IIAIIP und r:ub~tt•<.~tc 11\DP cue not yo..:t cl.,<-~1 • 

• nt .:.::. kno~n i th 1t JU ... t uO t11'-' uf fl.nity of tl•c "nz.ymc for 

:mbctrah 1/ADP ir, .ubjcct to ucnct::..c chtm(!t. (chapter V) , so tho.. 

tnbili7.ing <.lioct of rll\llP i~ uloo r.~odilicd !.n cc.rt .... l.n gcn..,tic 

v riant~ of the cn::ync <.<ir~ um , nil"y t Ct•owcll , 1960). Whether 

the othet• .. ub .tr t:e of GliP , &lucosc IJ-pho:::phutc , .:.c al~o 

Cl'itical for th ... tructul't! of the n..ativc n~yr;u h r. 110t Lo...o.:n 

cl<:!nrly dtlmonctro.~t d 1lthom~h l1ark~.. , ~wcinbcx-r ~ b • .mks , <191,1) 

surp,c.tcld it protccto CGP!J ll{lninLt tnct":~al inact..:.volt:ion . 
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U O) 1.incdc,.. of G&PD : 

II cr eu t dP.ul 0.1 < til hu vc bt!cn clccur.~ulc tcd or. Jaw .. t 1c 

pdrametert tor cJif f rent gcndic Vtiri ntt. of G&f D. '1v t oi tu 

h<IVC natu:rnlly be n concern o \lith the naturo1l suiJutrdt a.. , 

glucose 6-phosphat\! and IIADP . H011cvcr, consideraolo.l inter~: .-t 

has c1lso come !t•on the ctudy of come nubstratc analonuc .. , ou h 

a•. 2-daoxy-gluco~c G-phoophato , the acetyl pyridine ocriv~tl.Vt.. f 

lADP <1nd thionicotinnnidc I•IIDP . liot.t o1 tht:. data .:~rc tabulut..!d 

in Tllbla Ill c.1nd 1•ill bc discuoccd lili:CP (ccc chapcr::. III r. .1.V) . 

11: heo bccor1c! cl <U' th, t' considcruolc V<lri«tiono occur in U:u::t c 

purrun.:tnra in cliff, rant V.:J.t•iantr. <.tlltl thi! .. !act !Ia .. uctu::~lly J.Jc ... 1 

used in Ol'd"r to identify nc\1 vc:wiun l • 10\:CVt.. r 1 10l~C i.r.lpbl'tdll t 

lind laoo explol'Cd ir. tht.. pour,iiJil i~y 1:1!..1t tucr.t.. var-J..<ntb , in 

rcl~ltion to th~:ir ... pccific ),iJtat.Lc chnrclct..:ristJ.ct. , mient condltl. 

dictinct patterns of ~~t1bol1C.:l within tllc cell . 

Vn~iou& inhibitor~ of GSPD nave bacn ~scribed . Chung t 

L mcdo:-~ Cl 'lG 3n) found that J:-chlororn..: rcuribcnzoal:u ( PCH ) an.i 

.ilvcr ionG inhibit erythrocyte GGPD, ~U8C<!~tl.nu that t..ulpnydryl 

groups arc C'SnentloJl for tctivj + • 1hyr.ioloE,l.Cully , ..! more 

inportant inhibitor h. pt•oi.J tl.lly 111\LJI d . Cla~cr t.. Bl'O\m ( 19 S !l) 'hn 

l'N:lcldy i ound th 1 t lu\fJPII bcho.vod cl., co 1pct1 ti vc inhibi tOl' o 1 NADP 

•li til rar.pcct to ycact OGPJ> . Lato1• tdrkm. n ( 19t~) conhrna.:d th :. 

findlne for the red cell unzync . ,te;c.:cnlly ) t JC c.lalclctcrl.Otl.c 

of t his .IAOPh inhi!Ji tion lhlVc L uol 1 c-invc ticatcd !.n moN <.lctuil 
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(Luzzatto , 1967) , It •, ~;, 1Jcco1c appcll"(.nt thlt th .. inbiLltion 

lo not of the Gtrainhtforuard conpctit~v ... type . Tnc inhiDHlO'• 

is Gharpe:.t in tllc mn('<-' o1 phyr ioloci c ~1 conccntranons oi 

I AIJPti and in this ranee .. ·n .. ll chancut. in t 1._ conccntrution ot t • 

• lt l lnhibitor can produce m.Jrk .... d chiln[JC!i in .... n::y;1c acti vi 'ty . 

therefore posGible tnat .1c nre a~:.c.llina 1-1i'th ..t ccl&c oi proouct 

inhibition , having r<.gul.tory funct.:.on, not unli~:c wh.Jt hil!i lllh.:r• 

found in r:licro organism£~ (Gcrhu1: & flarduc, 19G2, 1963) . The 

inhibitory cilcct oi !,J\lJPII huu llacn founu to huvc di1fcrcn't 

intensity and churactol'i~aiaG tor• c.l.L! fcrcnt genetic Vtll'iuntu 

(sec chap tor \ > • 

++ Amonu tho .tctivntorr. of G&Pn , :1e hilt. bc"n the moGt 

thorour:hly invor>ti n<~ ted . It i~ we 11 tllcoeni !:cu thut thifl io11 i 

not a required co- factor, in the !:~race tl1at the <'n::yr.t<.: i :::J 

active even in J.tG t~br.cm . . t IJuO bo::cn cl:Ot,1bli. .. hcd tor tho 

YCaG t r!nzymo Of!lnp.i.lrott ... , u<u rc, Acqunrow.. L ... ilonco <1 !:16 & ) 

.lc well ac fo:r th" '-'rythrocytc cnzy::Jo..: ( Lu..:za tu , npublL.hccl 

Obccrvat ... onli) th"lt: th actl.Vlltl.n£: c.rfoct bo:aro •ul only or. 'tht. 

tlaXit~al Vcloci t:y but ulDO invol VOl' cl ChuliCC .1.0 till:. <1ftin1 ty Ot 

the cm:ymo for both oub tl·alt.: , GGPD ulld lAD! . lt na .. :Jo..:cn 

further uct:abliohod 1 01 tlu: 'I ••Lt <.:rlw)i 1 tn t .IOGt mon~.;vuh:nt. 

C1.1tiono h!lvo "*" i nJ11bi 'tory .. ctlou, uOQ .,o ... t ~noq~Jnl.o anion ... 

o1rc I"Ctiv4tort.. . J'hcoc h: .ultl. ll •• v~ uocn fHU tlj• I'Cpro.Juccd ~.l. ct, 

rytnrocytu GF.I'D C~nd r.~u .t b kupt .1r1 n.lnd ~1hcn uu.f1..,m; c1ro ocloct 
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for ~tudyin1• the kincticL f t l~& cr1z~·c (~co cl1upt•r ll) , 

'lo me tabolite is kno1m to nctivutu red cell Gii:'D ; Cht.: tJCdl'Ch 101 

such a ~ubs lance "'inht bi.! p1•ofit<ll>lt! i!: the "~..noc of anothul' 

possii.Jlc car.didatl'.! fop rnctatolic regulution . 

On thu basis o1 the ubovc , it is to b~:: t.:>:pcctcd th.Jt the 

dependence of GGPD dCtivity ()n pll 11ill oc r.~arkcdly .:f1cctl!d by 

t ire exact experimental cond1tion& and copccillly by tt•c choice 

of I.Juffcr~ and by the 1onic CO:tlJIOsl tlc>n of tin.: mutiium . Thuo 

f.ir~~an in 1~59 , ucine a t1iplc uuffc1 conci~t~ns of tri~ , 

phocphatc olntl elycl.nc dC!:\0111 tr.Jt .. d tleolt t'Cd cell G(.P!J botrl of 

nonnu1 and of the ~~- typ~.: h 111 d I.J.-oad p .• opt.::.mw:r L>c liiC.:cll 6 lind 10 

•• 1n the prt:Gcncc of 111 • 1 • .1tc r in 1 !.1~0 , ll.I'k'li.Jn , rd1c.y i; Crowell 

uoiur. the G.Wc lnl'Wd Loud .. , 1ounu a prl optllllwr. oi !l lor the nornu1 

111\d primaquine ranoitl.V~; cn:yr.~c . Thct.C und l.Jter d~'til dl"C 

tai.Julatad in Ta!J1c I . It ic. appclrcnt fron the tc1bl, lnat: the 

<lepcndcnea of the , u ....... on 1 nlu on pll i!. ilr,ain con. -dcrably 

different for diftc-rcnt vnriunt:. . It should o pointe<.; ou t t ~'t 

many of the dat. taiJul.Jt d do not l'Cpt c s~nt .1 dPpondoncc of 

maximal velocity on Jltl , 1nel it .:. .. not cct•tnin th t l.n cvct•y 

eaoc Luffct·~ .:t'lploycd did nol 1fiuel rcacli 11 t·~t 101 t hat 1t 

VOtty p.l 

and IV) , 

tura tion of. th cn~yr.~<. wn 1ch .. cv ( .~ cn.Jpt~·r 
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T!nr wot•• had been und rtt!ien wit 1 ..1 v~~\J to invc. tiA.llJn. 

SCI:'"lf! enzymic pllopc.rtic'> of fi vc r.• :a.:t~c varia::~ t ..: o.t t.•l'ylht ocytc 

p,lucos.:-6-phosphatc <.iehy1I'OE•:nuoc four.d 1n .dgo.!ri.1 : tll(,:.oo Jnclud 

the three common var.:,mtr. , t. , /1.- .-raJ •1 ncl t110 llt!ll V<li'l"ntu 

fully c•1aractcrizcd (GCD ch~ptcr Ill). 

l'he compa r.:~ ti vc hiocllcrn.cal ... tuc!l.<.!'• n.l vc incl u~cd tho 

follouinr,:-

(,!) /,nnlysi~ of the vm idtl.vn ~i'th P•' oi 'thu fund<lr.lcnt 1 

pn l'ili.IC tcro of t!no:.y;no T't.ltJ ctionc 1 Vrn<:n: anu I:Z.1 ( chapt..,l' l 

(b) Kinetic cmaly:.ir, 01 the inter ct.lOil of Gl>PD 11Jth tlH 

'3Ub:>tl';llt.:, 11/IDP , md th" rc ction product 1 I.ADPII , 

(ch'.lptcr V) . 

( c} 'rhen:~os to.~bil i ty t ':fncrirll'nt!; ( ct1ap'tcr VI) 1 ."Ind 

(d) Tl.c net ion of C( rl.:~in inhibltor .. (chuptcl' Vl) , 
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Till .. •t~or~. hu.d bcun und!.rtt~ken ~ti th • • • 
Vl-1/ to lilY ~tl~dtJil. 

s CJrne enzymic pt•opcrt i , of fi v~.: w :a~.: tic var · a.'l t. ot u1•yt hrocyte 

P.l uco5c-6- phospha tc dt:hy :.~rog,:na '"c found 111 • j gcri" : t111. •,a .:.ncl ud 

th~J three common var: .mtr. 1 ;. 1 A- .. nd 1 , nd t110 neu v<:rl,.ntti 

fully characterized (nee chapter 1.1) . 

l'he conpurativc biochc•.ncal utud1..•, n vt. included the 

follouing: -

<<ll /,nalysis o.t the vaviut1vn \lith pt or thu lundruncnt.l 

pul'U.CICturo o 1 ... n::y.ac rcactl.otHj 1 Vma>: und 1:: .. ( chaptlll' IV 

(b) Kinetic unol ':l.!'l 01 th inter ction of Ct~PD 111 t.l th1. 

'lubstl'utc 1 II I au th., rc ction produt. . 1 • IDPII , 

khaptcr V) . 

(c) 'i'hennost.:~bility c::ot.rd.J:loJnt!l (cllaptcr \ ) , .nd 

(d) :t.c ac'tion of curt ... in inh.:.bltor (chuPtcr Vl) . 
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CHAPTER II 

CXPERHIE:NTAL TEOitii QUES 

(l) Reagents: All reagents used \~ere th~ purest type a which 

were obtainable fror.~ different nanufacturers and which were 

considered suitable for rnsearch wor1. NaOH, HCl , Na2HPO~ , 

H3B0 3, Citric acid , Folio's reagent, and p-Chlot~mercuribczoic 

acid (PC~IB) were all of 'Analar ' grade from the British Drug 

Houses Ltd.; G6P and NADP were from Bocrhringer Ltd .; Tris and 

NaCl were of 'Certified' gnadc obtained from Gener4l 

Biochemicals Ltd.; NADPH, 2dG6P , Oiothylaminocthyl ethyl CD£A£) -

Cellulose (Mesh: medium , Capacity: 1.0 mEq/gm), Carboxymethyl 

(CH) -Cellulose, (HL&h: medium , capacity 0 . 62 mg . /um . >, 

DI:A£:-Sephadcx (particle size: ~0-120 u, capacity: 3. 5 .!. 0. c. :1f:q/gm 

were all obtained from the Sicma Chemical Company Ltd.; 

triethylamine and S -mercaptol!thanol were obtained trom 

L. Light t Co . Ltd . ; N-ethylaaleimido (NtH) was obtained from 

Calbiochcm. Ltd. 

Qlucosc 6-Phospha te Dchydroeenase < G6 PO) "Typine,": Glucose 
6-phosphatc dchydrogena:se "typine" was performed by !ltarch eel 

electrophoresis in Tris-Boratc-EDTA buf.fur , pH 8 .6 ~ccording to 

the method of Porter ut al. <196~) with the iollowinc modificaticns 

<l> The concentration of the IIADP in tho r.••l was 10 WI. 

(2) 10 IJH IIADP was also addod to the cathodic buffer 

re9orvoir. AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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(3) Th•~ electric fi~ld was 15 v/c. . • , t u: curt-cnt 1.5 t .. A/cm 

ond the duration of tht:- !',.n b ltOUI s . 

After staining tlte eels , A, A- , o und tl11: t\-IO net: variant& , 

desicnclt I 

Jcuu-Ode o..tnd ltu-!lalc t>cspectivcly , .:snd \/.tich .Jl'\.1 

• 

slouer thuu B could be c<tsily ~cooniocd by visual 1nspccuon . 

(2) Pre aration of materidlf> for colur.m 

(a) Ca 1 ci u"' ph or. ph a tc pc 1: Ca 1 ci •m p.to"': 1 t~.; gc 1-

hyclroxynpil the .,,us prcp.lred by the t:'\l! thod of ': iscl i ur; , Hjcrten 

and Levin (19 SG) 1~i th slight ~:~otli fications . A brushite 

precipitate uc1s prepared by allo11inp 2 li tet•s oi cacn of 

0 . 5 I tr.t
2

l!P0
11 

respcct:i vcly to run at' an equal t•atc of flow 

(uuou L 115 dt•ops /min . ) from t~1o scrnra tiur. funnels iu to tl l.wgu 

he pt•icipi tate ',laS c.lt::cautcl.l CillO 
CldSS beaker un<ler stil't'l.l , • 

1/dShcd .{out• times hy dccttntat.l•m 1~i th ion ft'el: watcH , C!ach tir.1c 

up to about 4 li tcrs of volw: • . .liitCl' HdC .lgain added to 4 ll. tert. 

total volume .:.~nd tlocn 100 rals . o .. freshly pt•cpar ed 40t , (.by wc.~.g 11: 

••a0.1 wno also added . The mixture •t~ae boiled undc:t' stirrinn fol 

1! hcurs , The prccipi til tc 
1 

Ciflilill decanted WhCil ttll but thC CIO t 

highly dir.perocd matcriul hnd settled , wa& ~ashcd s1x tit::es , by 

dCCIUlt(ltion, with water . 0 . 01 II SodilJl!l phospha'tc uuffcr (p.l b . ) 

'.l ilS then ada• I 
HI the col udon war hcatcc.l until it WL~b ,,uou t: \ 

boil. Aft~r 1 u,..,cf moment , •..1ith the fine sunp .. nsi;;)ll .,till 

unncttlcd , md thrn dl'cLln ted , l,,c saro pho<;pha tc huf fer wato nd\je~: 

but n0\1 the elution wuo boil tl fot 10 niuutc... . 'l'l.c proc~dut• 

W.ttl T't!I UL.O t:Cd t wi ce oncll tin lot 70 minutuu uoi lint; in thl.! 0 . 01 N 
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phate buffer solution pH li . 8 . The hydroxyapatite tl1us 

btained was tl1cn stored in th~ cold . 

(b) Ion Lxchangct'& . 

Precyclin~.: The wciched exchanger was stirred in'to 15 vols • 

( i. e . vol. o1 liquid/dry wcicht exchan~;cr) of first trdatmeut 

acid or alkali and left for ctt lcust 30 m.i.nutcs . The supex'nat:ant 

liquor ~1as decanted and the resin was 1:ashed in a funnel until 

effluent Has at: "intermediate pff" . The exchanger was then stiri•ctl 

i nto 15 vc 1 • of second treatment acic.l or alkali and left lor a 

f urther 30 minu.es . The supcrnntnnt was decanted cmd the res1n 

was washed in a funnel unt1l the c fflucnt was ncar ncut1·al . 

rirst treatment 1 I ntel"mediatc 1 Second t ccttmcnt 

pH 
tlEAE - Cellulose) 

) 
UEAE - Sephadcx ) 0 . 51· HCl O. SN .I dOll 

Ot - Cellulose • 514 llaOII 8 0 . St. I.Cl 

tQuiliura tion: The <'Xchangcr was stirred in 'to a volu::-.c of 

appropriate buffer and then left fot• 20 minuter. , Th _ e supcrn<Ult 

was decanted . """"' ro ed • "'" P c urc was repcc1 ted 8 tir.1ev • .1y then , the 

in usually cquiliurated and thiG wac checkuu uy fil tcrinc and 

ng the pll of the effluent . After. rcachine equilibt't'llion , t he 

stored in tho buf1 cr in the cold !lCVt!t•al day ... 

unc . 
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( 3) Sourc~ uf l'td cells : /tll enzyme p t cptu•utior.:.. :tel'C tl'OII• 

t he blood of mule blooa donol'b ut tttc J.;loou ::.dn~. of the llni vurr.i ty 

ColluBc llonpi t<d 1 lbac n . n c1ll case!> , cxrired blvod W<.l ustd , 

which had be-.;n stored wl.l.:n :;tclndll!'d dcid- ci"tz•atc- du>.:tt'Ose at 

ll°C for 3 to S wec:kn . It haG been sho·m tnat no sicnJ.fiCclllt loss 

• • 
of activity t~ccur• und~::r cul'lt stol ugc conol tJ.onc . 

( I; ) 
• • 

Pilrtinl Pm•iric<ttion of Lnzyr,L•5: nlootl '•cllllplt,;S conta1n1nr 

the five cnzyr.~c varinntG wore processed follolli:l& c~>senually 

the rnethod of Yoshida (1166) 1 with SOil!! ruodificnt'ior.5 1 up to on 

of the val'ious .:uns onhLil sulpl•~:ttc prccipit::~tion su ~ , four l.it'"t't 

01 lllooo of" cuch C:IZY"'C typu waL lltu:. pd.t'tiully r uri 1-t;ll . file . 
non-av..tilullill ty ot lat•eu volumes o1 Ijcbu- Odc und l t.:.~-d<.~lu boyonc.l 

a pint of blood oach 1 put <1 limit to the extent oi put•ific.ltion 

to the first cliNI\.>niU~1 Gulphatc prccipi'ta"tion ~tep . 

ful proccdurco were carrit•d out in the cold or in 1ce bcrttl , 

'i'h~ lluffcr. uocd tln'Oughout 11as l•a.,riP0,. - 1\11 PO ,«contain • .. 2 lj 
10-

411 

i1- 'lercaptoethanol 1 10-
1
'11 £0Tfl and 2 x 10-r.H IIADP . 

was by tho tlethod of LoWl'y <1951> ui th Human Ganrec1 Globulin 

an standtJrd . 

( \) Prcplll'."ltion of h11• nolv .l\tc!l: 2 litcro of blood at <1 

t1ne ~ere contrifu&od 

1700 g for 30 mlnlltOb 

in a 1' fl•it;crat~d ':St cent1•ifuec at 

and tho &upcrnu tan t plesmlt "'<lS Nt.ovcd uy 
1 • 

Plpcttc att 1c:lwd to d w<'ltc 1• 
ThtJ rccJ cells Ht.:l'C w,, ht!ll 

11/ICl COII'ta1n1ne 10- 1111 LJlA ,e~nojfft.,_ ~" 

mtd 12 . !i nl. o l toluunt.: pel' Soo.., l • lift"' ' 

vii!(>roua. t.nal<l.ng I O I' no Ill minuter. .._ ____________ ;.;.;.;.;.;.;;;.::.Jt.....=.:.:.::;...:. il1Sil!J~IUicH \! W11..., l>l.ln 
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r~frigerated International tqui~ent Corporation (JEC) 

cntrifugc at 11,000 g fop 30 minutes and the supcrnatunt 

collect~d by a p1pctte attachod to an aspirator bottle in icc . 

The precipitated debris was suspended in equal volume of water 

and centrifuged at the same speed and for the s~e length of 

time . The extract was co:nbined with tho;) first haemolysntc 

making a total ot about 2 liters. 

(b) DEAE-Cellulosc Column: DEAE-Ccllulose (100 em> 
pre-recycled <~nd then cquilibro ted with 0 . 005 H phosphiltC buffer , 

pH 6 . ~5 , was placed on a porous glass filtex funnel , 21 em in 

diameter . A filter paper was placed on top of thL resin to serve 

as antidisturbancc disc. The haomolysatc from the previous step 

was then poured on the resin . It wus 1~ashcd with 2 liters of 

O.OOS M phosphate buffer, pH 6 . ~5 . The essence of this washing 

was to remove most of the haemoglobin and 6- phosphosphogluconatc 

dehydrogenase while (:lUCOSC-6-phosphate dehydrogenase lidS left 

behind in the ret in . G6PD wao eluted with 2 liters of 0 . 1 H 

phosphate pH 5. 8 containinr 0 . ~ H NaCl . To the ctflucnt , 

f-~ino-11-caproic acid < finc1 .... onc~ntr<ltion of l0-3
tl) was added 

to prevent the hydrolysis of the enzyme by conti'Jllina tins 

Proteolytic cnzymt. • ~'he pH of the cfflu.::nt Wlltl adju:;tcd to 6 . 2 

with 0 . !> 11 ua 2HPO~ und after thi:. , solid ammonium sulphate 

(3&0 gm , per lilcr> wao .Lddcd . Aftur. buing kept in the cold 

ovornight , tho prccipitutcs wurc colloctod by ccntri fucat ion on 

the ltc (11 , 000 c for 30 minutos) . 1'hc procec .. 01 wa!lhing ot thu 

red cello \lao done in one dny while lyuine and uxtrac tlon on thc: AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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DEAE- Cellulose column was done on the following day . 

The whole proc~dure up to this point was repeated for 

another 2 liters of blood for GGPD types A, A-, and B. The 

ammonium sulphat~ precipitates were then pooled for each enzym~ 

tYPe and stored in the deep freeze . Both Ijebu-Ode and Ita- Bale 

with a pint of blood ~ach were purified through this step only. 

(c) eM- Cellulose Column: The precipit~te obtain~d froc th~ 

DEAE-Cellulose effluent was suspend ed in a s:~al1 volu.':le of O. OOSH 

phosphate buffer (pH 5 . 8) , dia1ysed against the same but fer for 

3 hours at a time, changed two t1mes and was centrifuged at 11 ,000 

for 20 minutes . Th~ supernatant was then placed on a column 

(5 x 35 em . ) of CM-Ce11u1oso prccycled and buffered with the same 
0 .oos 11 phosphate buffer pH S . 8 . The elution of the en::}'l:l.: with 

inc~easing concentration of NaC1 wao done according to Yoshida 

(1!!66) (aee rig . li) . the flow rt\tO was 2 ml. per minute . The 

~n~~e was precipitdted from the major tractions with ~~onium 
llUlphate (360 WTI · per litor). Variants U, A and A- cn::yce types 

~ere PUrified through this step . 

(d) Calciu-:~ Phosphntc Gel: The precipitntc frot'l the 

~~Ccllulo&c coluun effluent wcu obtained by contriiucin& at 

ll,ooo g for 30 minutes and wao suspended in 0 .01 H ?ho~ph~t~ 
burrur <pll c. .e> and dialyli(Jd .1gainct tho :.rune buff~r. fo1• 3 hours 

in the fi~t !natancc and them chanced twice auuin each time fo
1
• 

the 
0~o peri 1. . ho oupornatont obttuncd by cont rilu&lna at 

lL ,ooo ll tor 10 ,,~nul.:o , w 10 placed on n c.,lcill:l phoophat~ 
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gel column (3 x 15 em . ) buffered with 0 .01 M phosphate buffer 

pH 6. 8 . The elution was carried out with incrcasinc phosphat e 

concentration . The flow rate wac 18 ml . per hour . Tnc bulk 

of the enzyme fractions ~/as precipitated with arnooni urn 9ulphatc 

(350 g per lit~r) . Only A and A- were purified throueh this s~ep . 

(c) DLAE - Sephadcx: The precipitate obtained from ~h~ 

calcium phosphate gel effluent was suspended in 0 .02 H phosphate 

buffer (pH 6 .4) and dialyL~d against the same buffer . The dialyse 

solution (10 ml . , for A type only) was placed on D£AL- Sephadex 

column (1 . s x 35 em) buffert!d ~lith 0 . 02 H phosphate buffer 

(pH 6. 4) and was eluted with increasing concentrat ions of NaCl . 

The gradient was produced by ~dding 0 .02 H phosphate buffer 

(pH 6, 4) containine 0 . 25 H NaCl to a mixing chamber which contain~d 
~00 ;;,l , of o .02 H phosphate buffer (pH 6 . 14) containing o.os H llaCl 

(fixed initial volume of buffer) . This procedure removed most of 
0

•c Yellow material and the ~nzyrne fraction becacc almost 

colourlca ~. G6PD was precipitated with aomoni~ sulphate 

(lSO em . per lit~r) , An CXaDplc Of pur.if~cation flow- sheet is 

llho11n in Tablo IV uno tho data on thu purifict~tion of all varl.Mto 

~Ploycd arc ohown in Table V. 

( S> £nz'lmc ABcnys: The nGoayo ( ocDonti6lly accorcllnc to 

t'.ot'tlbcrc r. llol'Cc•.or (196~) but with different compo:Jition , soc 
bclo11 ) o 

• W<.:rn corriod out ot 211 .!, 'l C rocJil t cmporat ur.: in 

Cilicft micro i h i 
cuv tteo w t l cht path of 1 ~ . Tho rcdct ion 
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rates were followed on the basis of increase in aLsorbance at 

340 mp (caused by IIADP!I production) as a 1 unction of time using 

either a spectrophotometer UtHCAI1 SP 500 or a Gilford automatic 

multiple absorbance recorder , Model 2000 . The NADPH is produced 

in the reaction catalysed G6PD between G6P and NADP according 

to equationJ 

G6P + NADP 6PG + NAOFII + H 

The unit of activity is the amount: of enzyme,; required 

to produce a unit change in optical density per minute . This is 

different from the international definition (following the 

recommcndat ions of the International Enzymes Commi~sion) t4hich 

is the amount of onz~1e required to produce 1 ~ole ot NADPri at 

340 ~ per minute . The typical a-say mixture , in ~ micro 

cuvette, contained 0 . 03 M Tris Borate bufter, pH 8 . 

4 mtl Gluco~e 6-Phosphat<: 

0 . 3 mtl tlt\DP (final ccncentrations) . 

Enzyme was added laot and final volume was 0 . 3 cl . The cuv~ttc 

Was quickly covered with a pice" of parafilm, inverted two or 

three times fot' prop~r mixinn dlld optical dcnouy ccasurCJ~tcnt:; 

were ~n at ouitablc intcr.vals . 

(6) ~~ximal Velocity an 4 function of pH~ In order to obtnln 
tho true rcla~ionollip butwcon V nnd H 't nax P , 1 was neccscnry t o 
cnouro that three con~itiono be aatioficd: 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 32 -

r ates were followed on the basis of increase in absorbance at 

3110 m)J (caused by UADPil production) as a ! unction of time using 

either a spectrophotometer UNIC~1 SP 500 or a Gilford automatic 

multiple absorbance recorder , Nodcl 2000 . The NADPH is produced 
. 
ln the t>eaction catalysed G6PD between G6P and NADP accordine 

to equationJ 

G6P + NADP 6PC' + NADFII + H 

The unit of activity is the amoun1: of ..:nzy::~e requiNd 

to produc~ a unit change in optical density per minute . Thio is 

diffet>ent from the international definition (followina the 

reccmmcndations of the International Enzymes Comai~sion) which 

is the anount of enzyme required to produce 1 }Qolc of liADPH at 

340m~ p~r minut~ . The 1:ypical a~say mixture, in n c1cro 

cuvette , contalnt~d 0 . 01 H Trio Borattl buffor , pH 8 . 

4 mtl Glucocc 6- Phooph4t\: 

(1 , r1H t/1\DP ( final con centra tlons) • 

tnly.nc was added laot nnd tinal volume wao 0 . 3 cl . The cuv tt 

~Ao quickly covered with a pice~ of pa~fil~ , inverted two ~r 

th~cc ticca for proper cixinc and opt1o~l d~nslty •~~•ur'c~cnt 
~rc ~n at &ui~blc interval~ . 

(() 
n n func1ism of pH: ln rd r to obt Ua 

tl•o tru rclaticnohip between V 
EUllC 

nd pli . it ~ nccu •lU')' t 
~m ur 

th.!l t t h rcc c omli u "n IIOtiel iuS: AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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(1) The complete incubation mixture must reta1n at each 

pH and throughout the reaction time , the pH of the 

buffer used in its preparation . 

(2) The concentration of each substrate must saturate 

the enzyme at each pH . 

(3) The ions used in order to adjust the buffer to the 

desired pH values must not affect the enzyme velocity 

in any other way than by changinc the hydrogen ion 

concentrat~on . 

(l) lolhen the amount of buffer added to the reaction mixture i!l , 

for> instance , such as to yield a final concentration of about 

0 . 03 Hand each one of the reaction mixture has a pll of 7 . S, it io 

found that the pH of the complete reaction mixture deviates from 

the pH of the buffcv. for instance, when the ~~ of the buffer 

ll(ls 8 ,I , the pll of the t11xtur~.: was 8 . 2 , when the pH of the buffllr 

lla. 9, th~ pH of the mixtur~ was 8 . 7. furthcraore , 1n the cour~c 

ot thL r~action acid is produced , and the pH in the first 3 minut~s 
Qay drop further by 0.1 - 0.2 pH units . However, if the final 

concentration of buffer is about 0 . 3 ~1 , and the pH of the G6P 

Solution is pre-adjusted to the same ptl of the buffer, no 
4
PProciablo ptl chanto io observed . Thus , fourteen different 

801
Utionn of G6P were prepared , adjusted to the desired pH values 

between s.s b • i 
an r 

oquircd . 
end!) , !. y nddlt on of O. S t1 boric 3Cid or 1 H Tris 

In order to mcnourc enzyme velocity , at each pH 
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point , the buffer and the G6P solution having the pH were 

employed . At each point, the pll was checked ir.unediatuly after 

preparing the complete reaction mixture and tlu'cll minutes 

aftentards: in no case was thu deviation from the nor.linal pti 

more than 0 . 05 pH units . 

(2) Substrate saturation of enzyme was checked ~t the extremu 

pH valucE 5,5 and 9.5 by varying concentration of one substrate 

at a tim~ ~d Keeping the other conatant , until there was no 

change • maximal velocity obtained, It 11as found that • ln the ln 
e)(cess of G6P <12 mH) 1 95\ saturation was reached at 0 . 33 t:\1'1 

tlADP, In excess ot NADP (0 . 5 mM), 95\ saturation wab rt:ached at 
10 1:\11 G6P. These substrat~ concentrdtions were therefore used 

throughout the whole pH range . 

(J) The work done with ycaot G6PD has £hown that several anions 

activate and several cations inhibit the cn~yme (Haneiarotti 

~t ~~ • • 1965; Hangiarotti t Garrc, 196$ ), while Tris and Boric aci 

wer Lund to have no such effect . In the light of this , 

!ria-borate buffer was chosen for these experiments and used in 
the u 

Pn ranee from 7 to 8 . 5 . With this buffer the activity of 
the 

Ct'Ythrocytc l!nzymc Y!lO the oamc when the buffer concentration 

~ds v~l:'ied over a 31-fold ranee (from 8 to 2SO Ill/'! Tris <1nd 9 to 
280 

Clt1 borAte a l a co no tant pll of 8 . 1) • An fol:' tno pH point a 

below 7.0 , citric acid wac dddod to tho Trio- borate buffer . 
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In order to insure that citrate had no effect on the 

en~yme activity , a portion of a solution of Tris-bo~te , pH 7.0 

was brought to p~ • with ci tt'ic acid and then bt.ck to pH 7. 0 

with Tris . The rcact1on velocity was then ocasured in the 

remaining portion of the Tria-borate buffer and in the 

Tris-boratc-citratc buffer both at pH 7 .0 , clnd found to be the 

same . Citric acid ur 0 , 0015 II this had no effect: on the .:tct ivity 

For the pll points obov~.: 8 . 5 triethylamine was added to the 

Tris-borate buffer and a similar experiment was performed in 

Order to insure that this base up to 0 .025 ~I had no effect on 

cn~yrnc activity , Thus the buffers used Wo.H'C as follows :-

p!l 7 ,0- 8 . 5 fris-boNt'- , prcp<lrcd by adding ltl Tris to 0 . 5 t 

boric acid until the dcsir~d pH is obtained , 

pH 5 . 5 - 6 . 5 Tris-borotc-citratc , prepared by adjusting the 

pH of a Tria-borate solution pll 7.0 with 0 , 5 tl cit ric acid , 

pll 8 , 8 - 9 . 5 Tria - boratc- tricthylacine , prepared by .Jdjustl.ng 

the pll of a Tris-boratc solution pll C. 5 with 1.1 •• '1 tricthyl.:ll:li no.; . 

(7) 
tlieh~~liR const~nts: 

The tlichaclio-Hcnton conotont (1\
101

) io dofincd ao being 
cqu· 1V<llcnt to Gubstr<Ho conccntr·ation 'It hulf maxi~:~al velocity 
<Dixon 

t he affi nity o f t h., 
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The initial rate of the reaction is assumed to be 

proportional to the concentration of th~ ~;;nzymc-Gubr.trolte 

complc:x . 

(CI) E + S 
}~1 

~1 

l\,) K - (e,;-p)s -s 
l> 

If l'\!-arranged 

lc.) ~ = cs 

But 

<d) v = kt> 

ts!) • . . v = k~s 
K + & s 

l;S k:2 
} E + p E = Enzyme 

S = Substruto 

ES = Enz~c substrate 
complex . 

1- = Product of the 
rc,1ction . 

v = Initid velocity 

k 

1: 

Ks 

- velocity constant -
- T0t..1l cnzym~ -

concentration . 

= Di:.sociation consta 
ot the enzyme -
substr~tc compl~x. 

= Fr~c oubstr~te 
concentration . 

= ~nzyrnc-substrat:c 
complex conccutrati 

~Then the substrate becomes large in compnt·icon with K , V will be 
s 

equal to kc and this is mi\Xir.lill velocity (\'m:!x> (i.t;, the cnzym 
• 16 saturated with the sub&tl•ate) . 

In thic reapt)Ct 

v 6 11 = m1'1x 

equation (e) 

v : mnx 
K

8 
+ II 

C9) i " ~ · 1 • 1 
v 0 v 

l t K s -n 

becomes 
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the Km is cquel to K5 only 1~hcn the mt"' constant k
2 

in 

equation (a) is negligiblc·.:t~d ,, i e 
( •:1 ' 

In the present work , h. was determined by the Lincw.:aker- tlurk m 

(1934) method of plotting reciprocals of V\)locity(~) against 

reciprocals of substr~tc concentration (~) . If th\) ~nzyme 
follows Hichnelis-Mentcn kinetics , a straiaht line is obtained , 

which cuts the abscissa at a point 

l ordinate at a point where 1/v = -

1 -1 
where - = K , and cuts th~ 

s Cl 

(equation g) . The 
vmax 

determination of the Km for G6P and 2dG6P 
was carri~d out for 

each enzyme type. ~his investigation was carricd out further 

as a function ~f pH with respect to G6P only . 

(a) The experimental conditions for, determining the Km ror 

for G6P were as follows: Enzyme velocity measurements were 

carried out using O. OS 11 Tris-Horatc buff~;r , pH 7 . ~ , . 5 mH 
' 'A.D 
·• P final conccntra tion with variable conccntratl.on of the other 
8

Ubstt1ate . In order to determine th~ Km for G6P , the reaction 

rate was measured at oight different concentrations nunginc from 
0

·0ls to 6 mH. 

different concentration , ranging from 6 to ~8 
ror 2dG6P, the reaction velocity was measured at four 

,.. - . 

vcluco 5 6 7 B , . . , 
coneantrfttion) and 

(b) The determination of the Kl:l for G6P 4t different pH 

'l was carried out at 0 . 33 m:: NADP (fi.nt~l 
• • 

va ry1nn conccntr~tlon o t CGP lron 0 . 003 to & mH . 

• 
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The buffers used Wl)rc of the same conaposition with those used 

for the maximal velocity (V ) mcasurcments . The Gilford max 

multiple absorbance rccoNl'"r (model 2000} wi'th automatic lJl.mk 

compensation was used and was programmed to take rcadlngs every 

15 seconds . This determination of K for GGP as n function o! 
m 

pH was carried out with all the five variants . 

• (c) In the case of IIADP , t 1c changes in the reactl.on 

vcloci ty as a func'tion of conccntratlon ~,J &..,., found not to reflcc t 

simple Nichaelis kinetics ( Luuatto , 196 7) . No Km values were 

thcr~fore obtained; tho dissociation constant~ involved are 

discussed in chapter V. The reaction mixtu~es used for these en:yn 

velocity measurements contained 0 . 05 II Tria - borate buffer (pi! B>, 

4 mM GGP and variabl~ amounts of NADP bct~on 4 uH in a final vo ~ 

of 0 . 3 ml . The reaction mixtures were usually prepar~d in mic1~ 
cuvett~5 and allowed to equilibrate for about 3 minutes at rooQ 

temperature in the Gilford multipl~ ab~orbancc rccord~r . Bccaus~ 
Of the very high affinity cf the enzyme for the co-en~ym~ , .nd 

Since the concentration of NADP was limiting, there muut uc ~itt~c 
or no time lost between addition of enzyme and the rccordincs . 

Rt~ctions were usually otartcd by adding th~ cnz~c last; and this 

waa done by applying the docircd amount of each enzyc~ type on a 
5111

1lll piece of plastic sheet (cut to ht loosely in th~: cuvette) 

The plastic chcet wa~ thl.!n 
• 

which was inGurtcd into the cuvette . 

l!t:ntly moved 
up ond down thrice in order to effect thorough 

nna ~o~a • 
a thon r~moved qu1ckly. This particular s~cp 

8rt:a t • 
care to avo1d development of bubble~ lnsiuc 

• • m1x1ng 

'N!QUll"(ld 
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cuv~ttc . As 1n the K of G6P wraus pH cxpc1 i1nents, rc.lctions rr. 

were followed in the Gilford multiple absorbanc~ recorder at 

full 3calc settings raneinc from 0 . 25 to 1 . 00 absorbance units . 

The time interval betwoen addition of enzyme and the startinc of 

the recording wa:~ less than 10 seconds . r\t lo1~ ?lADP concontrd tiuns 

(below 20 ~1), only one cuvette at u time was used . At high~r 

liADP concentrations, 2 cuvettcs .-n cl time were ut~, d . 

(d) The same procedure was employed in invcstinlttinn the 

dfect of flADPH on the reaction rates o1 various enzyme types 

at different NADP concentrations <16 JJ!I - 480 }.11'1) . 

The concentrntion of NADPII varied bctwtlen 10 }llll and 320 }JM . 

In carryin11 out thu experiment, at one fixed Nt\OP conccntrlttion , 

the effect of NADPfl 10 to 320 IJ~I in finnl concentratiuns , was 

investigated . The same Stt!p wus repeated c1t anotho.:r flxed tiADP 

concentration. Th~ rcltctionu were carried out ~1ith o.os H 

Tt-ie-boratc buffer, pll o, md 4 mM G6P . Thcs~ two reaction 

kinetics cxperimcnta '"'en carried out with ,,-, B, Ijebu-Ode and 

lta-Bnlc enzyme varinnts . 

(B) 
!hcrmnl in~ctiv~tion profile studi~s: 

Tho tcmpcraturc-dcpcn<.lcnt inactivation (mclu.nr curve) 

Phc
11

ornenon was studied with roapcct to all the fi v" v1.rian ts . 

In settinp, for tht! expurimcnt , Cclch on~ymc wa:. dialyscd ar,dinst 
O.os H l<Cl 

following lnyout ot the P~tocol wan 

, S 1111 phosphntc bufhr , pti 6 . 9 , contu
1

nint: 0 . 1 JJM 

tDTA l\nd 2 11M NAOP . Thn fl" n l h r l 
,.. n ~ l\ C •ln~u 0 t IC but fut• COntainod 

"2 lC lo-'lk IIADP . The 
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(A) (8) (C) (D) 
Enzym~ 0 . 11 r-~1. 0 . II ml. 0 . '' ml. 0 . 1! ml. 
NADP 2 X lo-3rl 0 . 4 rnl. - -

2 X 10-SM - 0 . .. nl. -
') X 10-?M - 0 . 14 ml . 

H20 ... 
0 . 8 nl. 0 . 8 ml. 0 . 8 ml. O. l '' 1 - . 

Each mixture (A - D) was distributed in 8 small t~st tubcG; oach 

tube holding 0 . 08 ml. of mixture . For, each series CA-D) , ~ach 

tube , which was well c toppcrcd, was incubutcd for 7 minutes ut 

various temper~tures - (25° , 35° , 115° , 50° , 55° , 56° , 59° , 6?°C) 
• • 

lndlcatod . Exactly nfter 7 minutes , each tube was immediately 

cooled in icl. Aftcrw~rda, reaction velocity measurements were 

carried out with 0 .05 M Tris-boratc buffer vH 7. 8, 0 . 33 mM lfADP 

~d 4 mM G6P in finnl volume of 0 . 3 ml . This ~ntirc procedure was 

ca~ied out for each enzyme type . 

k..ffect o i Sulphydryl t~roup rPnecntn: -
These rcagcnto specifically relict with thiol croups rresont 

in Proteins and in tho cnoc of cnzymcn , th~ effect cay result ln 

t'Cduction nr loss of cn:ymJ.tic nctivi ty . .'he im1•lication is that 

thiol Ct'Oup io present nt the ,,ctive ~it-. .Jr ncar it , •..:here it 

l:)(crto oisnificant influence . Rod cell G6PD h.to not been an 

C)(coption with ro£rtrdn to tho ~.;f!..,ot oJ thcno reagent s . 

Invcatip,l\tiono werl! carried out with p-chloromcrcurib\!nzoat c 

( PCH£!) and ~~-< t hylnhlloimiclc CNl:H) oi thllr by <1i rect: <ldd i t ion of AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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the reagent to the reaction mixture or by pre-incubation , .. ith 

enzyme , In the diruct reaction technique, both p- chloromercuri 

benzoate and N-othy~aleimide were added tc the reaction media and 

tneilsurcmcnts of reaction rates started immediately . The range ~f 

concentration used waf 0 . ~ - 3 . 3 m..'l for p-chloron:crcuribenzoatc 

and tl-ethylmr~leimidc re::..pecti vely . by a more rcfinec! technique, 

A and A- G6PD variants •<~ere pre-incubated with different low 

concentration of PCMB for lS minute~ . Afterwards , 0 .1 ml . 

aliquot was withdrawn for iiSuaying . 
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CIIAPTI:R III 

,l DL:l'flriC/,T,.Q!, Al,l) C1ltf AC.I:I'IlAl'IO, Of :'\,u : ..... C..t.:.lf.TlC 

VJ\Hit'lflT.:. Or GLIJCOr, G-P. 0 Pc,JI.1l. D!:t!YDROCX/.A. : : • 

::incc the pionccr.in£ •ork of P~tulinr anrJ ol:s COllCaP.UCI.. 

( Paull, 
) 

• •• , ngcr & \.ell:.. , 1911!)) l.ln the t•eoolution of 

liClc:nocloul.ns 1. ano S !Jy elect roplaoJ•c:...L , thL tcchn.1que h..J_ 

bccornt: a ctandard m thod for test.i.ng polyr .. orpln:>m of prot cinG . 

I:lcctrophoresi~ h<1c lPwJ to the di...covcry of tile gt•cat "'"JOl'l.lty 

of the upprOXihllltcly (]la huCf,lO(l}OlJin Vlll.illlotf> tl1ut Cll"'C no\, J.nOIJII , 

1-:ith thu development o! lhu tJtulch gtJl tcchniqu(; ( n a1 .. :.. , l!J!t~) 

end o.(1 !lUi tubl1. ct.1i11iun mcthc d. 1 ol\lctr·opltorc•.i:. loa:.> uL .. o ucc: JIHL 

• • r ldcully uppll.cu!Jlt- to tllu lnvc.. .... t ... l:u t J.On of "" nu tbc1 o , .:!117.yt1CL . 

Althou~h it io; ~1<:1l (;Stllblishl;u thdl' IH'Otc.in::. IJhiclt hdV" the fl<JI.Ic 

electrophor etic no!Jili ty nct•c! not I.e icJcntical in pl'lindl'lY ... trucl:u 

for in"'tuncc rfncmo!'lobim. S und D ( \,.ifatrc 
) . 67) , tla .. r ·. v. r.,c 

• 

lc not trurt protein& whioh do have dif! ... t --:!.ectrophc.' ul.l.c 

I'!OlJi} i 'ty c..1n !Jc no u:nul to h vc d .. 1furc: nt s t ruct ~.;roe 
1 

aml thet~ 1 • 

i:l('ctrophoro"i"l rcpt•ccont:. llac dtll'lc ~imvll!• t nc't ::>o ior the 

&crooning of a lor~( nU! bcr of ocunpll!:. in neet h !ot n .. v l"l. t~ . 

In the rlnc-•~o.tolory L, bor tot'Y l't l.m.vc, lty C.oll. " .o I lt u , 

I ' 
• I't.'C'IIlOC oy t l'C h r.cl lLctror loOrQt:.l.. lot 'LfD v .. r ... t• t 

h11s 
'" " ..:.u t•ic~ out fo1 •• L ut 3 yo, .. , 

hn v~,: •· 
uocn lll'CIC.: [;, d ullll lt t:.U:JJ lo . lou·~ ~ 

<~n ~n::yn, l·ll. th uuot r 11 alec tt ophot t ~c 1
1
•J u t101 

ul t•t.c.ount .. r d l h 11. c: . .. 

, 
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I:-~ th• • ajority of th~;.: c: c:& , it 1 po~ _bl t 1 ttd t .. t 

Ol'l inul UOIIOI" dill ira '10' t; Cc :..e& tt.t I vU l't Of Di. ")U 1Vu)l .Ltl • 

tot• !urtlH!r ~tuuy \lu& not ~ut fi<.1cnt' ot t .... "'l;:yr •. IJ] to. 

llcrc a repol't ir :..ulni tlcJ on t1.o cn .. y , 

1rhi c:h wurc purified unc tully chu 1 tic. 't•.!l i 1!1 • • 

. 
v ... rl.dnt 

flccuusc of the con ... .~. •• t:t'<Jul~ nw lJ 1' { t,.,f l.> Vu1'l.ulll. 1111~ cl1 

couv~ncd in Cccl'.IUCl' l't.tl, <1 !Jtudy ui'O\:J Vhicl. o(l.., cJ .. ).. .. u to !JO::t 

1nc purpo~t. was t11of<>lu: (l l :o Clldulr.; Cllfi ·t..:nt _nvc .. UJ~tor· 

to CU11p<Jrc t•csul tr. !Jy the u:H. of .;tand ... rcJL,ul.l t' ell • .i.qu..:t> . 

(2) 1'o c:n:ablirh wllicu of tltt: l'cportcd Vul i aJ.t•. art. im!o.:uu 

1liff..:t•r:nt ar11\ uh.1d1 &:l'c r J • t hd::> b<.cu uccidcd to follo1 .::1 

cl cr•ly l~: poc:::ilolu '\.I au l• "o "' .. ndLtiono c.or.tc incd i;1 tlu. ,IIJ -report 

lln• 1 c:~ul t~ for the two v!u•' .mt!> uill thct•cfot•u !Jc prc!>cnt •<l 

1Cccn•clinr.ly in t1tc pruoc:tt chapt . 'he H.llltminr chopte;, ... "'ill 

no a. t lo. thrco. ..::u . o.a v.:nl..nt o! Cl:.l "' · . 
. a nee 

it ~lll ~" -:ho\/n that th~o<: t\lo Vclt ldlat• I<.: Ull.4\IO.: t t.u.y Ulll 

hut~;; t1't ro oc 1 ~It.rt•r Cl t'~ lJy th~o :~.u,-.; J'l op~ 1.. fot t.a~ , follo\o' iJa, 

lne t-ucor:uncruiilti<Jht. ul oli\.1 - lh..1auly , lJo.:uu-L"'" h 1t.J - ..,wlt. . 
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3 4 5 

Ii1' · ,t . tloctroplloretic migration of the C6PD variants on star ch 

eel . The gel i c ntaincd tor cn~ymc activity . The o r igin 
ie at the bottom <not nhown) . The above pic ture was 

Ita- Balu . 

mounted from t\/o separate photocraphs . 
condit:ionu at'C doocribcd in chaptor II . 

(~) A (3) (A) (4) Ijcbu- Odc (S) 

Expc rimcn tnl 
Tracks ( 1) A-
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1-S 
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120 :MO )0() 410 600 720 ..._ • AtaOtiiGncc 

£!-"FLUENT l.ll 

f.ig , If . ..lution pattern o f G6PD type A from a CM- ccllu1osc 

column . Partia lly purified clucosc-6 - phosphatc 

c.lchydrogenaoc type A (obtained throunlt a DEAE- Ccllulo e ' column) w.1o placed on CM-ccllulose ( S x 35 an . ) and 

eluted with incrcuoing pll and concentration of NaCl . 
AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- ... 0 -

• • Othydrogtnou Actovoty 

• Ahlorbonct 

·2!> 
•S 

~ 9 
£: -X 2 

•4 ~ '-
rv 0 .., 
... 
c 

,., 
IS 

·3 
~ 

>-u 
>-

3: 
c 

... 
' • 

Cl 

-> 

·2 
II: 

· I 

\ 0 

... 
"' 

u 
I c 

" .. 
c 

OS / 
•I 

' • • 
'-~ . 

0 140 280 420 560 720 840 980 
EFFLUENT ML 

~~·-~§. · tlution pattern of G6PD type A 1ron a c.1lcium phosph t• 

Qcl column . Parotially purified glucosc:-6-pho ... pha~c 
duhydronenauo type A (peak fl'Oul a 01-ccllulo&e column) 

~tao placed on calcium phoophdtc eel column (2.!> x 30 c::. 

lmtl eluted Wlth ('hoophate bulf~r (pll 6 , 8) of incruas.int• 
cone en t t'<l cion. 
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0 120 2 0 

--Othydrogr non Ac tivity 
, _ • Abso r bonct 

8 ~ 
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a:. 
0 
V\ 
co 

2 • 

EFFLUENT ML 

1'1 • 6 . tlut:ion pnt:'tern of GC.PD type A fror .. D!:AL- Soplladox 

colu:nn . Pi'lrtinlly pUl1 ificd Ulucosc - &- pho::.phat:c 

dehydrogcnouo ( pc.t~. from Cill ciwn phosph.:~ l:'- gel col u: tn) 

wao plnc. cl or. <1 UCAt- ScphcJ.dcx col umn U .s x ar. em . ) 

nd elut ed will, incr . uinc concontrut ion of tl i\Cl . 
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TA!JLf: IV 

SUMMARY Of DATA Oti PURl FICAT!Oil Of G& PD TYPI: .A. 

._ 

Total 
Specific 

Steps of Purification Activity Uni t s 
• Activity PW'ificati\)n Total 

Volume : rotcln Recove~ 

=urnolt!s /ml . mg . /ml. Units/cc . 
• Uni ts 

ml. 
t 1.mes ' Protein . 

Haemolysatc 11 ,000 0.2 100 0 .002 1 800 100 

DEAE - Cellulose Effluent 3, 500 0.2 30 0 .07 35 700 86 

Precipitate with {lUI ) SO and 
4 2 4 

I· 
resuspended in buifer . 100 3 20 0 .15 75 300 36 

CK - Cellulose Effluent 100 2 21 HO 200 2S 
I • l 

Precipitate with OIH. > .. so4 and 
resuspended in buffer . 20 7 10 1~0 H 

0 . 7 350 

Calcium Phosphate gel 
column effluent , 70 2 2 1 500 140 18 

Precipitate with (till ) SO 
1; 2 4 and 

resuspended in buffer . 10 11 6 110 1~ 

2 1,000 
DEAE - Scphadcz Column effl · uent 40 2 

b 

Precipitate with (tiH ) 
o.a so 

2.5 1,250 

II 2so and 
and resuspended · 4 

1n buffer . 3 
J,S 

9. 2 28 o.s 18 . 4 9,200 
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TABU:. V 

PURlFlCATIOII or GGPD VARIA!ITS USED Ill PRE:SEilT WORK 

Pul'i fica tion Specific activities 

timl'S . unit!l/mc . protein . 

A 9,200 
18 . 11 

A- eo - 300 0 .10 - o.s 

B eo - JOO 0 . 12 - O.G 

ljcbu-Odc 100 0 . 111 

Itn-a111c 100 v . l~ 
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Rt.SllLTS 

(a) I.lcctt or,)IOt~ .;.~.: The ~,;h:ctt-t~pllor..:tic bo.:llav.iout Cll t u .. 

t\10 new Vrtrium:s is £hO\m in r.:1,01 3 , 1 t ~ ... ~t.cn th.Jt \d th tile 

elcctrophot etic y~tw. cnploycu t:t.~: mobility of Ita - lJalc L 

dpproxicutuly 70 of tllnt of iJ anu t.K ttouility 01 ljeuu-Odc l. .. 

dppr.o>:irn.:~ tcly B !i~ of tloat ol nu~ , Lloth vuriduts fall in t:hu 

category of t:hos« tlltlt diU < .lu<;LivphoretJ.etslly slo~ . 711oac 

include !3altir.torc- /luntiu , I!J<.~<.lan-"usll 1 , ( ... e T<i!.llc I> . 

(b) Activity in frcr.h hat. lysatcr.: Freshly prcparctl 

hae'llolvsatco fran the doi!Ot'D o1 _j ... Lu-IJUc ;utu Ita-t.lulc huve an 
• 

activity of S . B?. , !i . !Ill intcrnalion,ll unit lr • ot h JCmoplobin 

respacti vt.. ,. , 1ut i~ within 1.hc nor1 al t·.mr.(: ou .. ct vetl in th i' 

countrv (li . 1~ + 0 , !!3 intct•Ooltion•l unit&/p . of hacmop,lobin l. -
1i u , the variant& oll'C' not .. wsociatcd 1ith cn::yr.a; do.!fic:!.cr•"Y · 

iltt.. -uinJt'S of 'thC" Vill iunt• ditl not uN OIIGt:l It:<. any Cllnicctl OI' 

h .. eoatoloricdl tlbnt>t'r.lillJ. ty . &he t.1o V..tl'l<lllt:r. tllut c.: fore l1avc to 

Lc t•oupctl ut~onu tho l \Jhich >~ould not h ... vc been d<.:tccted wi tuout 

o:,·ctct a tic Cl'<.;unint, of HUlllctout.. l.llootl :J<u .. pl"c. . 

(c) Oct •tT"in.itlOn of The valuct. 

f()r th·· l'.t'clt eli ... t i 1 (i h l I • COn!hdll 01 1 uco::;c - p o:..p wt" um 2- tlcoxy 

luco c t.-pho1ph ... ho1-111 • 1'al.llc .. VI llnu tt: o.1 rc 1n VII. It • lu t.C<..Il 

U1al whcrcfio fol' Ijcl.lu- lit• the val uan ~;wnc urod lio u1thin the 

n ' found ui th till' 10r common • Vdll trt the 1, oi I tn-IJalt , 
Ill 4U 

11i llcr , r1 0 I thO JlOlll'l Of VJ.V 1 uf tlcrll!t'ICutiOII Of tIC 
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120 

100 
P. ..... 

,' -~ • • • ,, • • • 'If • I eo • 
::? p 

• , :a: , 
• q, 

f ~ 

I () 
60 I ~ I • i: • .:: • " • 0 • 

~ ~ I 
I 

~ • ; 
• , 

20 , 
• • ltobol( 

, 
d 

o---o ~bu·Ock 

• 7 • 9 10 

pH 

tie , 7. Va~iation of vulocity ot tho two new G6PO v~ridnts -
with ptl . Activity dctennincd in tris-glycinc-phosphate 
buffer, adjusted to deaired pil with llaOII or HCl 

according to Kirkr.tan 1 Ro!lcnthal , Simon , Carson a nd -
Br inson (19Gil) • (J . Lllb. Clin. Mcd. 63 : 71 S) 
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new variants wi t h r espect t o prt:viously describ~d one b , 1 !I'-' 

licnaclis cons t i1nts arc lllcruforc not useful 111 tm .. ca ... c of 

Ije!Ju-Od • In the cacc of ltcJ. - ilah: , the .Jimomally n1.gh val ue ol 

f. rct r. this variant u:::;id Ix om another cl<!ct"rophorcticdlly {jlow 
'n 

varl.clr.·_ , n mcly , Ibadlm-i\u~tin . 

Tnc Hichnclis con tnnt for the otllet' sub~tre~ ~ , • \DP , cannot 

Le de termincd by &tandar-d ~~e thods due to the pccull.<~r :.aturation 

kinetics . The relov«n t dol t..t i 11 La: presented sep..trately in 

Chupter V. 

(e) Dctcnnination of the e!fecl c f II on on;.. r.•l! activit : 

The det ermination hub l)(.:cn C:.Jt'l'icd out _ccordl.nr, to tile 

recommcndatl.on!l of ~ 110 . X t mu:.t be pointed out tllut by the 

t echnique recomm.:lnduu tilt; CUl'YC!. olltuincd ate not l'Cpl'csentativc 

of the dependence of Vmu>: on ~~~ . This 1:ill Lc fully diucu£.ocd 

1n Chaptct' IV . The prc .. enl ou (:.~.oc I1gut•c 7) huvc be.:ln 

.tncluded for pu1•poues of camplc-.:cma.u in the character l - .lt ion of 

the vot'icln • It 1 n t thll t !loth varic11 t .,how ~.11ghtly 

biphasic pu \. '"'"', , 
~: ,rvrr 

o ... e to the co Cell < "ti'uncat o.:" patt:crn 

Krown for the three cor.:1on variant£. A, D and /\- and for several 

or the t•arc veriuntt:- 1 ~·hmeao Ijcbu- Ode is lait>ly sir.lilat• to what 

been reported for the v riaott; Cunton and r!cth t:crt•an~.:an . 

(d) Time cout' c of h£llt inactivation : Tho t•atu of 

inactiv tion of ljci.Ju-Odll nnd lta-tMlc ~lciD mcusut~<t at 37°C a nd 

COfnpar cd With that of lhc it Vll l 'lcUit cl'l t:h• t ... ... t..l\1.: 1.! m perc.~ t u r ~ . 
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Ita-Bal e had a lolinimally increased thermolabili ty, ljebu-Ode 

a markedly increased thermolability . The time at which SO\ of 

the ac ti vi ty was loG t ~laS 8 5 rainutes for B, 72 minu tes for 

Ita-Bale and 30 minutes for Ijebu-Ode . The tioe- course of 

inactivation of a mixture of Ita- Bale and B was - as expected -

intermediate between thoGe of me two s~o.parate enzy~es , In the 

case of Ij ebu- Ode , ho~1ever , the mixture was less liabl" th<ln 

expected from the Ntiul ts with the tHo separate enzym~.:s , 

pr esumably because of protection of Ijebu-Ode by some unknown 

impurity in the preparation of 8 . From the point of view of 

variants identification , these resul~s are not useful as far ac 

!ta-Bule is concerned , but in the case of ljcbu-Ode , the 

incrt!ased thermolabili ty set this variant c1part from another 

electrophorctically slow variant - namely , Baltimore- Aus tin . 

0 I S C U S S I 0 N 

If the two new variants here described are compared with a 

comprehensive table of previously described ones (sec Table I) , 
• 
1 t appears certain that they differ from all of them . ljebu-Ode 

t'Coembles Baldmoro-flus tin in somP r~:s pccts , but its thermo.;tabili 

<Figure 19C), its activ1ty/~H curv~ (Fi~ure 7) and its behaviour 

'-'ith respect to sulphydryJ. group reagents (sec chapter VI) are 

very distincti vt: , al thouch not all of these properties have been 

aL:u.larly tf'Dted for He'll timorc-Auotin. Ita- Dale reoemblus 
I bad 4 "-Auatin but haG normal activity in th(! cttudc lyoatc 1 and an 
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a bnOl'CIUll y nip,h 1"!\ for [!l \ICO!>C 6-pho,phntl.' (Tallh VI>> 

r csc 1!Jling in thit~ r< • pcct thl! tlurbicri (. .. J..:~ . ... . i:l ... nM· \110 Gro 

1 f,?) nu OlclLihomn , < t.ir} II • .llld lli ley , _g Vall nts (thouch 

l'" c::. rly distinct 1 l'O! 'tlit"l bV othcl Cl'l.O. i:l.d) . ro1 both 

I· cbu-~d and It~·-~:;alc the cul'vc•, of V171nx v~rsus p.l ( r ieut-c 1 > 

al'C di~ tinct · " • 

• 
~t 

ln the coU1 ~t ol un •. 1 c t1-op lOI' tj c , nuiy:.i& of ;wcmoly .. d lc 

ftom approxinatcly 2 , 000 um clat~::d .,, 1l ~ullj~ct~ , tli.: 1 t.J-!J< lc. 

var•ii\nt Hi\S encounl l'cl.l only on l , .fiiJ.lt: ,, o md huvl.nt: the 

!:!lt:ctl·ophor<-lt:i c: t.~obilj ty of lj~.uu-ouc \lUI> obs<.L'Vcd fivu t:i.J •• c~ . 

Sine only on of tlw five haG I.J<.:un lully c lul'<~Ctct'l.:.cu , 1. t i:.. 

not known ulh;th ·1 the othct .. 1101' l.ll.ochcn • .ic.Jlly identical to 

Ijcbu-Odc or 1 :J • 
IH.rcfol~ one cc1n or.ly BlVt uppt: l cf.t:ilucltcs fol' 

th gene I r Q'-"'h .... in tht: ~.utotcl'n ,ligcr l.dll popul<~tiou , cllld 

thesE: are of l • thuf' • 
l5 fot• lt .. - IH lt: dnd bct:,.occn 0 . 0005 dlld 

0 .002 1 bu- Odc: "'u ~" "f these ill o.: IJelo~t polymorJlhic 

frequ 
~ .. ~,..., • •II) 

,. , • ...t 1 not ~ol thy tl11l all t:hc t>\Jbjcct Wl. tu :.;uch 

l!lectt'Ophor tl.cJllY lol -' ovi nu var•l nt of red cell p,luco:..c 

~ - jlhosph t dohyuron 'llil t. W~ll' clinically ""d hdt. .ttolor,ic .. lly 

non; ll . 
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CHAPTER IV 

KI!IETIC PARAMETERS AS l\ FUIICTION OF pH FOR FIVE GENl:TIC 
VARIANTS Of. G6PD: 

The determination of pH optbna has been a classical method 

for the charactel'isation o1 enzymes . A detuiled analysis of how 

pH a ffects the tWCI mnin }:inetic par<lllleters of enzymes reactions , 

namely V and K , has been done by Dixon L Webb (1958) . In 
max m 

individual cas~s , where careful datn on these relationships have 

been collected , it has been possible from plots Vm.tx and Km V<.!rsu:i 

pH , to make an educated guess as to which ionizable groups in the 

enzyme re~ction . The difficulty in this approach stems par tly 

from tho paucity of .wailuble d3ta in the literature , but even 

mor e from the unoort1inty in their interpretation . Indeed , it io 

oft en impossible to know whe;thcr any o~servcd effect of pH bears 

on the ionization of the cnz yma , or of the substrate(s) or 

3omctim<.!O even of tht' product • Moreover, the method of 

determining which t\J:Iino acid(s) in the em:ymc • involv\ld l.S or arc 

in the reaction is -bnced on the assumption that their p~ 

corresponds to break points in th~ plots of V versus pH or K max m 

versus pll respectively. This method therefore depends on the 

knowledge of the pt. values of amino acids within the protein 

OOlecul~ . iince it is known that pK can be affected markedly 

by hCl.t~hbourin& erou1 , there ill a high degree oi uncertainty 
• 

inhc~cnt in the moth~d . 

It was conoidorcd that some of the difficulti~s in 

I:Vo1 luatinn h f i n t c unct ono cxprcsoinr the dopondencc of kinetic 
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8 . 8 

9 

9. 
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TABLE VIII 

VARIA110tl OF "max WITH pH 

v max 
~40/min 

A -A u Ijcbu- Odc Ita-Uah 

0 .0015 0 .007 o.oos 0 .003 0 . 008 

0 .010 0 .019 0 .027 O.v10 0 .027 

0 .022 0 .026 0 .053 0 . 014 0 ,033 

0 .030 0 .037 O.Ob3 0 .023 0 .053 

0 .036 o . Oil4 0 .070 0 .033 0 .066 

0 .041 0 .043 0 .080 0 .031l 0 .067 

0 .03& 0 .0115 0 .071 0 ,036 0 .067 

O.Oil1 0 .0116 0 , 07 I 0 .035 0 .06'i 

0 .042 o.olis 0 .071 0 .038 0 .075 

0 .0113 0 . 0117 0.080 0 .039 0 .077 

0 .04& 0 .051! 0 .086 O. OIIS 0 .06 

0 .0411 0 .056 0 .09 0 .049 o .09J 

0 . J47 0 .062 o.u .. b 0 .051 0 .110 

u .v4J 0 .060 0 .090 0 . 0511 0 .112 

Sec ril. · 10 . 
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parameters of pH could be ov~rcomc in a situation where 

several enzync variar.ts, presumably differing only by single 

• • ~mlno ac1d substitution (sec Yoshida , 1967), can be comparatively 

exartincd . 

RESULTS 

(a) Dependance of Vmax on pH: The expcri.men tal findings are 

5~~arised in Tablo VIII and figure 10 . It is seen that for all 

variants examined there is an overall steady increase of Vnux 

~ith pH over the entire range explored from pH s.s to 9 . 5. 

However, localized diffet'Cnces .1rc noticed . Thus A- , Ijebu-Odu 

and Ita-Bale hav~ J pl .t(au in thL pH region between 7. 5 and 
•t"t-1l~t!) In •""•I••!Y 

8.2 , wher(la" A and B <Svt..r.l "peak and trou~h 11 in the samL region . 
" ...... ., "'• .._ ... ,~~ ••t or "' L"' •t of ,.~. l .. t •.,. -'" .. c.. .&.oto c ... u ll.",j •rt ""'•..t •• -l."/• of "e 
at• sh•·~"'"'-' va l••• .,,. &c ,..,..~ .. &•l.ol•tlj o.f 11;C ... c~orf"""~ u 4 Jo" e...ttv .f. (. t. 1•"/D . 
(t) Dcpcnd

1
ncc of 1rr. &or Glucr~ b-Phosphate upon pH: Th~ Micha li 

constants for each variant were measured at each of 5 pH valu~s 

5.0
1 

6 .0 , 7 .0, a .O and q , Q, Determinations war~ carried out on 

at least two prepnratlon~ fur the common variun~u . 

data for each variant is shown in ri • 2(a) - (d. 

nc set of 

The K 
0 

Values derived are shown in Table 1~> <111d figure 13 . The values 

of V in Table 
max 

VIII 

COrresponding pH (sec 

have been divided by the K0 values 

Table X) and the logarit~ of the 

at the 

• • rauo 1s 

Plotted in figure 1~. The data for the A- variant hav~ bean omitted 

ft'QQ Table X nod fi gu1•oo 13, 111 tor rca!lons diSCU55Cd below . 
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l ie. 8(n) , Reciprocal ploto <Lineweaver & Burk , 19Jij) of 1/v 
and 1/GGP for determination of K~ . Bu&r r uccd 

was Trio- boric acid - tricthylacinc , ph •1
• 

The reaction mixture contained 0 . 33 1111'1 r1AD (final 

<: nc"ntratl<m) ond var~nblu nmvunlll " ' C6P. Tw diU runt 
propnratt mll 01 /,, A- onc.l 0 we r il cmpl u)' I!J tn thu Km dut~ r llllll\tlu no AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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un~oor 
I • 

• ltA.aALt 

· I• • • 
• 

• • 
, 

' 
-J _, 0 • 2 , .. 

cJ,)' eo'., 

Fig B(b) Same lagoncl ae in r'ly,. 8(1\). How.:lvo.:r onl~ <lhc 

pruparatton ol oach vartant was u1ud. 
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f.ip . 8(c) . Samu lCACnd.IS in rip . B(a) . 
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0 ) • • • ~· IO'w I l oo'., (JtGU) 

r· 
-

4r . 9(n) , Reciprocal plots of velocity ~nd 2dGIP concentration6 

in the c.lctcrminat.ion or ~. • The rcact:ion r.liXtUrt! 
m 

c~>ntainod 0 . 3J mil IIADP and variaiJll amount oJ 2dG6P. 
Trls-borlc; a~:ld buCtor pH 7. 8 wns u3CH.I. Two dt(lor~nt 

prup.lratlona (Jf A, A· .lrul D wurl! Ul~d for thll 1< detllrnlln<lhon 
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- &, -

• 

F 1g lo. Vnr1allon "' Vm:1x With pH for G6 PD vnritlnls. lor buUera 
').nd subatrl\le c mccntrat wn11 • pi ycd 100 Chnptcr II; A; 

o ~ A ·; P---o D ,. .c l tn- Bnlc· o o IJcbu-Odc. On!) 
nt. prop:lrMIOII of onch of tht I 3l twv vanant!l waa used a.nd oach 

aa1a~ wa1 carrlol! out twice. 1- •>r othur variants, col~h pOint represent 
avorag«: of twv value• !rom two diHurcnt prepau.tiona v.IHch v;tricd b)• 
+ • 
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TABLE VI 

K FOR G6 P, r. DETERMINATIO:J AT pH 7 . 8 

TRIS-RORIC ACID BurrER 

K for G6P -rn 
A I. 0 .~( X 10-IIM 

II . 0 . 32 x 10- l+H 

,1-

B 

ljcbu-Odc 
Ita- Bale 

I. 

II . 

I • 

II. 

0 , 2G X 10- 4~1 

0 , 1; X 10-l+H 

o.a X 10-11H 

) • 48 X 10-l+H 

0 .6 X 10-lfH 

0 . 9 X 10- 4H 

0 . 05 H 

Two different preparations of A, A- and B G6PD var iants 

were used for assaya , Cach Gssay was carried out t wice 

and differences in value w~rc not oorc than 10\. 

Scc fl . 11 (a) , (b) , (c) • 
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Or---------------------~ 
,. 
0 _ , 

-5. 
C7' 
0 -2 ...J 

- 3 

,. _, 
0 

5 
C7' - 2 
0 

...J 

5 6 

.. ;; : 

7 

pH 

- .. ITABALE 
_. A" 

.._ _. IJ ESU·ODE 

o.o- -4e A 

-- B 

8 9 

!.ir . 11 . Variation of loc Vrnax With pl. Datc1 fror.~ the 
Bl'..lilc cxpclli.ITll.!nto of fit . to. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 1.17 -

.... ·-
• 

• • 
• 

• 
• • • • • 

:"1, ~r--jr-_, - I- I I • 0 A tl . ..... 
·-.... .... 

• 
• 

• 
• ... 

• • • 
• • 

• • 

t - J-1 I I if h " • ~4-~~~~T-T--- z-;-~T-t -r 

~ .... 

!ig. 1. . (R.) Hociprocnl plo'tG (Lincw~aver & Burk , 1934) of 

velocity and G6P concentrations for the determinntion 

of '-' 1 ,1s n function of pit · The reaction nli xturc con \:nin\!d 

0 • 3 1 m~l ttADP < linnl concentration) and vari11ble urnoun"t 

of G6 r . The pll of the Gb p I~ as adj US'tcd to nppl'Opriot\l 

buffer pll v 1luo boforc buing eddcd to reaction mixtul"\1 , 

The but fet•s were as followG: pll !! , 6: 1 ris-boric~i tratc. 
• • pH '/ , o: Tris-boric c!Cl.d pll 9 Tris-bot ic ucid -

• t1•icthylnminu · GG PD Wll'lilllt A. AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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./ 

• / ' ..... ·- ./ • • .... "- .... • • •• • • 
• • 

' ' :»-:r 1'-..- 't I I t i "t1"""':r"':l""" .... ...--.--r-.--.-~- .. T".::'f"'::0"'-6--r--r-.--, -a -
._ ,_,w -- ·-~ ~··~ 

Lit , 12(b) . Same legend an in rig . 12( ) . C6PD varian~ A- . 
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Some legend ns for fie . 12(d) , G6 PO variant 8 . 
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S•lmC leer 00 <lS for l'ir, . 12(,) , 
ljcbu-Odc . 
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• • I t • I ....... 
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• I!IUU fl'll• 

• 

./ , 
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. _. ... 
,..,.... ...... • 

/ • 
• ·I• 
• • .,. 

i. 17<o) . 

• • 
• 

• • • • • 
~·-.. ~.~ .. 

Srunc lcccnd l\S for fi(l . l2(,l) . 
lt<1- Hale . 

• 

-. .... 
• 

'1" • 

• 
• 

• • ........ 

G6PD Vnri.:tnt: 

• 

• 
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TABU: IX 

Tt!I: K FOR Glif DI:TERIHIH:o AS or pH . 

V4ri11nt 

6 7 a 

0 . 1d o. 20 • 0 . 8 2 . 2 

I (0 . 19) (0 . 15) Cu . '+8) (0 . 0) (~ . 1) 

0 . 13 0 . 8 2 . 0 I 0 . 1 0 . 11 
I 
I 

A 0 . 55 0.90 0.110 0 . 9 . • ,j 

( . 39) ( . 70 ( .37) ( 1.0) ( . • !!I) 

0 . 2 s 0 . 50 0 . 311 . - 1 , 11 

-A 0 . 111 0 . 62 0 . 35 0 . 11 0 . 115 

0 . 10 0.62 • l.S 3 . 1 

I • 0 , 4 11 .L 3 

I 0 . 8 <. . 25 0 . 311 0 . 115 2 

Ijebu-Odc 0 . 22 0.211 0 . 5 3 0 . 117 1.0 

!til-Bale • L 1.1 1. _,c .. . s 

Sec Fir, . 12 (a) .a. Cu), (c), (d)'· (c >. DiffeN!nt 
pt•cparations o! A, A and U G~PD vur1an ·:; w ·rc uu7d tor ast>ay • 
tach asoay ua& can 1cd out t\o:lce dnd dl.~ •'-'Nnces 1.11 value were 
not more than l • l'hc cvcrilgc vo.~lues for types Il and A arc .1n 
pnrenthcsoc ano ~h· s values were used subsequently in all 
calculations . ln thu cnse of A- tho.: laot t~1o lincv rcicr to 
valu~.:n obtained with the same pre1 en 1 ti m at two di ffe i'<lnt 
stagun of purification CO . l un1 tsh. t• . t~nd 0 . 14 unit s/mB· 
r p c .tv l y). Po l l t G6PD ·· l d , H a 12( I - ( 
U lu r a.to onl.y ono oot of .Km vtl.lucu p1 o ntod 1n this 

bl • 
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TABLE X 

Vmax VALUES AT DIFri:R.ENT pH FOR ALL TilE VARIAtiTS 

Km 

Variants pH 

5 6 7 a 9 

A 0.85 1.6 7. 9 9 . 6 

u l. 74 17 . 5 31; 25 5 

I 

Ijcbu-Odo 3 . 8 22 .a 35.8 6 . 9 1.7 
• 

I 
Ita-Bale I 1 . 2 l.S 1.4 1 1.3 

I l 
Sec rig . 14 . V was calculated from the ordinate inte~ccpt • max 1 1 

1n the plot of v vcrsuo (G6P) (Sec Fig . 12 ) • 

• 

• 
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~~~ I >~ 

/ "' 0 
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7 
pH 
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7 8 

'H 

- ..... LJUMJooOO[ 

• • JTABI<L[ 

l 

9 

• A 

e 

0 

versus pll . Dutil from the experiment$ o! Fig . 12 
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TABU: XI 

pK VALU£:S Of SOtn: GROUPS PRESI:NT Ill PROTJ:IN~ 

I 
I I r::l""up pK (25°) ' I 

Car boxyl i O( ) 3. 0 - 3. 2 

Carboxyl (at. party l) 3 .o - 11 . 7 

Carboxyl (glutamyl> ca 11 , 14 

Phenol i c hydroxyl ( tr•yrosinc) 9 . 8 - 10. •1 

Su l phydr yl 8 . 3 - 8 . 6 

Imidazolium ( h.l >ticJine) S . C. - 7 .0 

Ammoni um ( r<. ) 7 . L - 8 · '' 
Ammoni um (o( I ystine) 6 . .. - 8 . 5 

Ammoni um ( (. I lysine) 9 . '+ - lO . G 

GUdnid~n~wn (ar~ininc l 11 . 6 - l2 . 

Thu data in the t.J.hl" 11'\! t:.:lkcn from f'ro · dn 1 AJ ino 
1\cids il.lld Peptidc:J: Ldit 1 COHU E. J . and EDSALL , J . T, 
p . 411 5 We~1 Yor~ 1 R inhold Publishing Cor p , 19 11 3 ) . 
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D I S C U S S I 0 N 

The most thorough ~pproach t o an interpretation of the 

effect of pH on kinetic oarar.1etcrs of enzymes has been done by 

Dixon (1953) . By r e ferrine to d model ~1hich takes into account 

the ioniz~tion of groups en the free enzyrr , as well as on th€ 

enz.yme-substr. te compll.x , this author was .:1ble to deriv~o general 

rules on hO'fl the break-points and "w.wcs" in the plot s of kinetic 

parameters versus pH can be ustJd in an attempt to de t ermine which 

particular amino acid is involv~d . The most informati ve is tho 

plot o f log Km versus ph . In such a plot , according to the model 

proposed by Dixon, do"'m'"rrJ bends corrt!spond to the pi< of ionizabl"' 

nroups in the free t.nzymt. or t he freL substrute . Upwards bends 

correspond to the pK ot eroups in the ~onzyrne-oub~tr~te COQpl~x . 

When two such bends (one upwards and one downwardo) arc very ncar 

each other , producine a ••w,we" in the graph, one poooiblc 

interpretation io that both bends arc due to the presence af the 

lliU:Ic group , thl! dif 1 crence bctucen them repr.Js"n tins the chang.., 

in ?f. of the ioni zablc: group aosociu ted with the forcation of the 

enzyme-substrate cc~plex . According to Dixon ' s modal , all pK ' s 

of eroups involved should bo ovidcnt on the plot 

pH. On the other h tnJ , 1loto o! log VJMX veroug 

ot loc K vorcus m 

pll mi(lht show 

bend:l tmly in corrcJ..J>'-n nee to the pK of croup::: that arc .ionuabl 

in the en~ymc-oubctratc cocplcx , and plotc f lon Vr,•xl•c vcrnu 

pH should ohuw bendo only in corrcspondancc to tho pr. of Eroup 

thot r i ni~abl in either tho tree enzyme or the fro ubst n::t . 
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Soldin & Balinsky (1 9&6 ; 1968) lidVC ~adc a sy~tcmatic 

attempt to use the~c rules in the cace of hllr.l~ cl"ythrocytc G6PD, 

a case made more complex by the pl'csencc or two sub.;trdtec , C.:iP 

and .lADP . The plot oJ loc 1\ CSP W!l'Cuc p1 ( co•nparc fib . 13 of 
m 

presen t work) yielded pK vulucs of 6 .2 un~ 9 .u, und the plot of 
fiADP 

log Km versus p:. yicl<ll!o pK value .. of u . 7 and 9 .1 . These wcr~:; 

taken t o 1ndicate the p~sence of an imida~olc ano d ~ulpnydryl 

eroups ncar the act1ve center (Soldin & Ucslin.:.ky , 1966) . The plots 

of log V versus pli (compat•e flH · ll of ptescnt world gave a PI\ r:ax 

around 6 . 6 , which was taken to indic,,tc the presence of an 

unprotonated irridac:ole group in the ternury conph x enz:yme- tlAIJP-

1 l G6PD. The plots of loc Vmax/Ka , log vmax/Kb, and log Ka versus 

pH (5ee Flor1ni & Vestling , 1957 for delinition of symbols) yielded 

P~ values of 7,0 and 9 ,0 , 6 . J and 8 . 7, b . J anu 9 . 5 respectively 

<Soldin & Balinsky , l96y) . Th~ pK valueo be~een 6 and 7 were 

a ttributed ~o the involvement in subs trat~(s) uincine of c1thcr 

tho phosphc1tc cr oup<o> in tlw tree ouL:;tratu(s) or an imida:oll.l 

crou~ in the free cntyL1C . The pK values around 9 were taken to 

~fleet tl1c preflcncc of unioni:.cd oulphydryl croup 1n the free 

er,zyr participatlng in oubstratuCs) llindinc , 

The do tn prcocntcd lu:rll uurced largely , but 110t cntil'llly , 

11it'l tho c of Soldin & &lins•~y (l9lili , l!Jii8) . The uiftoroncc:. 111 

U•o hndin s arc llkcly due to the follow1ns <llffcrcnccG in the 

•xperi nt 1 deoicn . (l) Th buffctc c ploycd . Soldin t balins~} 

have u ll rio , which doc not af!oct the G!.oPll reaction , AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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as well as anunediol , glycine and maleate which prob<ibly do not 

affect the r eaction , but also HCl and NaOII , which ccrtu1.nly <.lo 

affect the reaction (sec Chapter II) . In this work , the buffer 

components used (Tris , borate , citrate , triethylamine) were all 

shown t o have no effect on the G6PD reaction . (2) The ho~ogcncity 

of the enzyme . Soldin t Balinsky carried out their work on 

preparations obtained from pooled "normal" blood . On the basis 

of the distribution o f variants in their populat~on , this must 

have consisted of a mixture of at least two variants , namely A 

and B. The assumption that these hav~ identical kinetics , has 

been found here not to be uniformly val~ (s~e rig . 13) . 

Furthermore , it should be remembered that the rules for d~riving 

which ionizable groups arc involvl~ in the enzyme reaction must 

be very cautionsly applied to 1.ndividual cas~s (Dixon & Webb, 1964) . 

It ic well known that the pK of individual eroups can be 

ccncidcrably affected by the presence of neiehbourinu groups within 

the protein. tdoall (1943) has given figures for. the usual pK 

ranee of ionizable group f und in prot~inc , 

\,.J o ~"" '-''"'' 
l'Cferrcd to in the follo nn ,) ( co Tablo XI) • 

and These will be 

Bccauoe of these 

uncertainticn, it io not intended here t o concentrate primarily 

on what groupo aro sunncstcd by the data presented for the no~al 

cnzycc , type B. Rather, o comparative approach minht be core 

Pt"ofitablc . t1ttontion is to be focu&scd on how mutational chcnc\ls 

fr<q B to any other enzyme typo have affected the ohapc of the 

C:Urvcc . nu.: baoi c idea i B that wha tovor chnn(!OB l.n tho pK I (l of 

lr"Uvidual groupo OC'C brousht nbout by lhc prcocnctJ of 
0111

1!hbourins sroupo , will bo the same or vory similar for all 
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var iant s examined . Further, no difference can be attributed 

to tne fr~e substrates , since these are always the same. Thus , 

any difference observed must be specifically related to the 

amino acid substitution that has t aken place in an individual 

variant . Another advantage of comparing the five variants is 

that, as mentioned before , the downward bends in the log K versus 
m 

pH plots are taken to indicate the pK of &roupc present either in 

~e free enzyme or in the free substrate . When we compare 

individual variants any difference observed clearly cannot be 

attributed to the free substrate which is the same for all, and 

~ercfore must be duo to the free cnzym~ . The reverse situation 

<one enzyoc and cevorul ~ubstrates) has been exploited by Dixont Web 

(1964) in the Jtudy of th~ effect of pH on Km 1n the case of 

arylsul.pha tasc . 

In brief, inopection of rigurcs 11 , 13 , 14 brings out the 

following pointo:-

(1) Co~pnrigon between A and 8: In the plot of log K 
Ill 

• 

vorsu~ pH , A lacko the upward bend at pH 6 . 3 and tho 

downward bend at pll G. 7 . Thcot.· differences are 

conois~ont with the absence from this enzyme of a 

ionizable group with a pK ~round 6,4 . The most likely 

candid!ltC foJ' ouch 11 group io the inidazoliUl:l of 

hietidine. 

( 2) Cornf!ilrinon he twuon 1\cbu-Od" ilnd B: A rcl:larkablc chnnno 

10 tho abucnco frolil tho plot 0 1 10~1 1\ vorllUG pH of 
D 

ljcbu-Odo of tho "wave" around pll 7. 7 found in tho plot 
AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



( 3) 

- IH -

for the B enzyme . This is 

shape of the curv~ altered 

consistent with tne 

of log V versus pH . max 
The most likely altered group . . ~n th1s case would be a 

cysteine r~Giduc n~ar the active centre in enzyme s, 
absent in I j ebu- Od• . It i& interesting to not~ ~hat 
the same inference has been drawn quite independently 

by the study of some inhibitors (see Chapter 6) , 

Comparison between Ita-Hale dnd B: In this case one 

notices that the upward bends found in B at a pH of 

about &.b is shifted to pH of about 5. 7. In thi~ cas~ , 

tht shirt from pll 6 . 6 to s. 7 might be interpreted in 

terms of the eroup involvtd still being imidazolium, but 

with a chnngc in pK due to some neighbouring croup. 

The variability of the rosultt: of K for G6P with cJiffel'ent m 

Preparation~> of A- (oec 'faulc IX) and with the extent of 

purification can not bo easily uxplained. One possible reason 

io tha't the rate of intracellular decradation of A- is faster 

than that of A (Yoshida, 1967) . In consequence, the amount of 

inactivated A- increaseD with the age of the red cell . The 

lnactivated enzyme may not be catalytically active but can otill 

bind the subotra. , If thi& io oo, l.t would compete w1th the 

ectivc fraction tu
1 

~.1c available substrate . Thun, a fauh:y ~ 
''dlue might be outaincd. If , in the process of purification , 

th W!!Ount of the inactive moiety io reduced, the apparent 

ffinity of the active torr:~ of the enzyme tor the oubstratc will 
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• 1ncrea:;c . lienee , the greater the purificat· ~on, the lower the K 

the r.ub5 tratl. . fhis hypoth ' . . . m 
cSlS lS conslstcnt with tho 

value for 

results in Table IX . At any rate , it is 

in the results obtained , the 

clear thdt , becauGc of the 
variability 

i>!i for this variant cannot 

true dependence 

be established ~ith ccrt~inty 

ot K on m 
at the 

P~scnt tim Th t:l • c way clnd munncr by whl' ell the 1. n . __ v~vc red celln 

get rid of the inactivated · cnzyce lS not known . 

In summdry , the an~lysis of the pH-dependence of kinetic 

parameters has cxhibi tl!d reactivity dlffercnce:s aii.one variants whicn 

are the di ~ct 

~nown fro!!! the 

c.xpression of structural modifications , It is Hell 

example of hacmoplobins that such reactivity 

differences may occur cv n when the structural chanr.e is not v~ry 

close to the ligand bindinG s ite (JC~ Anusiem , Bc~tlcstone & Irvin' 

19c6 ; Bectlentonc r. Irvin{; , 10611; l!l68) , ·specially if the amino 

acid substitutionc involve Jii'fcrunces in electrostatic charec . 

'Illcrefore, it io probably un!lcll c , to carry ar.y rurthcr, any attempt 

to infer , fr01:1 such reactivity difl~rcnccG, tht! nature of the 

Ct~ctural diffcronceG . lt iG possible that mor~ ~nformation could 

be Obtained by the study of tc~pcr~tur~ cfft!cts on Y.c ; theoe eftcet~ 

lroul d b~ rclu ted to the /j tl of substril tc bind inc , like Km its"'lf 

io rcla ted to the ~ G of oubotra tc IJinding . ilow~v..,r , it iG 

tl"• . •..,tructurc nrc ur.,..,ntly needed at thio 
~Q~ that data on pr~ary o 

• 
lltage , the limitine foetor buinD - for the rare vi1N4nt.G -

availability of matorinl nnd difficulllt!& of sufficiently 

hie,h Purification. AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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CHAPT!:R V 

\II Ttl lcADP A?ID l!ADPII : " 
Il.TLRAcriOI, Of_ fiVE GGPD V/~P.!.Al,TS 

(" ) Reaction l'i:lt..: a::; " runctJ.on of ·•AD? conccntr.Jt ion : It lld. 

been pre viously founu \!Hfl \; rythr ..1cy ;.. ... G~,~ PD typE: A that the 

saturation function for II AUP is sigmoid suapE:d <~nd thut i t do«!s no 

I ollot~ simple Hichaclis-Hentan kinetics {Luzzatto , 191 7) . .1te 

anal y::.is hds now been cxtondcd to the otltCl" G6PD variants ~nd 

the: l'~sul t al'C shown in r •. blc XII and in figun:s L~ (d) and (c) · 

·-trHinc differences o,.1crc ouset•ved among diLer~.:nt variant:; . 

Thus , whereas the s.,tuw1tion cut•vcs fot• U ttnd Ita- .>al<! an.; quit 

-· d f A, the curves fon J\ .111c Sllililav to those pr<•viously t'cportt! or 

ljebu- Ode ut'c t o ue ncar-hyperbolic . nuitc different d!ld dpp~~~ . 

bccn prcv1ously Titc .. igmoJ.d .. hapc of tltc cut ves llal. 

. o! t tc ex1 stencc of r ultipl int rprct;cd uc bcinr th~.;. cxpt•c .~l.On • 

bind. ~o nd of the tr.-n:.i t;.on o! the c.a-YJ.II: fi'Olil -"o l. tc. lor .d\lJI 

Stutc of 10~1 .1!! J.nl. ty lor l "tc of ~t.:cn ... ! 1 uu ty fot •"DP to a .. 

AD? I tnu ~;one ntr<.ttion of tn lut"tcl J.:.> .liiCl't;clL"tl . A Gil.lplc 

~d 1 Wol ntcd 1 t no t.i blc: , fr .. J.ca • tiLl 

th t O tli DOClul.l.Oil COULl Ott 

to th !Jllttling of ,flOP 111 tlcc .. td t" of 

of the cu~vc , to c lcul t 

( ~1 • f-,; 2 ) wh1clt rc f 
~' pcctiv ly CLut.ltto , l9G7) . !!ini ty ·-lo affinity rmd hit'h 

n 
tr<J t nt: of th tJ, t hau b en c rrlcd out for• tho four-

' l'i nt illu tl tccl 0 1 • 
ntl ll h 111 Ji 11 b en f ounu th .. t t h 

d r:r.V··I.l fro 
t a or ti •Al_..,~:t.Y!:~:=_:::::n~c:.:.u_r•_v_~ _______ _ 

th o 1 ttu: t\ 
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GGPD 
Variants 

B ( 

• 

A- ( 

Ijebu- Ode c 
• • 

Ita- Bale c 
• 

• 

Sec fig 

conccntra tion) elucoGc-6 -pho~>phate , IIADP ao 1ndicat d 

in the al.wcioua . Tho plots of the J'~o:ac'tlon veloci t l. w 

were non:~Gliocd to Vl!lliX . The t hcorc t iclll plo t W<l'Nl 

obtained a.o indicated in t he text . The 1vo plot , 
4'C tor varianto B and A- . ~ee T,.L.Ie 5j1 
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TABl.L XII 

SATURATIO!I fUNCTION Of G6 PD VARI AJ.T;;, WITt! ~IJ, OP 

-

G&PD (UADP].(JM 
Variants 480 160 48 24 20 16 12 10 8 6 4 

B 0 . 06 0 . 056 O. OSl 0 . 03!1 0 . 032 0 . 020 0 .015 0 . 0127 0 , 009 0 . 006 0 . 003 

- O. Oif&; 
A. 0 . 054 0 . 053 0 . 053 0 . 048 0 .048 0 .045 . 036 • ' '0 . 025 . 01 7 

ljcbu- Ode 0 . 038 0 . 035 0 . 033 0 . 03 0 . 029 0 . 027 0 . 018 0 . 015 0 . 013 0 . 009 0 . 008 

Ita- Bale 0 . 0625 o . o58 o.os u . 033 o. 2 7 o.ol9 0. 015 0 . 01 0 . 003 0 . 0025 0 . 002 

Sec fi • 1S (a) , Cb) . 
Reaction ra tcs arc cxprct;scd lO 
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llPERIMENlAL PLOTS 
--------~-----------

THEORETICAL PLOTS 

- -

• 

__ , .. 
--a 

·2 J 
•I 

0 20 

!i£. l&(a). Saturation f unction of red cell nluco~c-6-phoophatc 
dchydroeenasc with respect to NADP . Thu t~action 
nixtu~c contained O.OSK (f~nnl concentration) 

Tria-boric acid buffer (pll 8.0) 4 m!l (iinnl 
concentration) clucooc-o-phouphatc, r,ADP o.~ lndicnt c1 

in the a~ociooa. The plo~· of tnc roact1on vcloc~~i 
w• l'IJ no'I'Sllllliocd to Vmzuc. The thcorcticul plot wor 
obtained ao indicntcd in the toxt. Tltc abovo plot 
lrC fo1• vc1riants 8 and A-. c;~e Tlll.lt. flL AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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1.0 

•• 

.& 

2 

- tJU -

8 

---· -----· ~ -- __ ....... -- ---,...,- ----o- 0 -b--- I 
20 40 60 80 

(HADP)
1 

~,_ 

" " / 

.I , 

" " 
" 

cr" 
" 

1~0 300 

Fls 1 S(b) Logund 1au ~ lg. 1 S(a). The above pu.turu lo for 

variAnt A (a"u Luz.~atto, ICJ67a). On1) .. urvo 1\ In th Abuvc 

• 
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!Jr . H<c> . 

- ~7 -

THEORETICAL PLOTS 

I 

·• 
•7 ( 

·lr.. / / 
., I t 

• 

-/ 
. 

- UUU()()[ 

- ITAaAU: 
·2 I I 
., j 
0~~~~-~~~~~~~NO~--l-20---.. ~~----~ 

(NADP)~ 

EXP£RIMENTAL PLOTS 

9 

·• • 

Le end Gee rig. HI( a). 
and I UI-Dalc . 

-·-- -

Vari nta ljobu-Od 
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TAllLE XIII 

I<IHI:TI C P/l.RAJU:TERS Or WThRAClil-:1 BET'tll:I:Il CGPD At:D NADP 

,----------------------------------------~----------~ 
I .uM 

G6PD 
Variants 

8 

Ijcbu-Odc 

lt.l-Ba1c 

23 

21 

170 

n 

1.3 l. 78 

12 

3 

'2 . 1 2 

~--------------------------------------~----------- . 

The two dioooci tion con!:-ranta ~~ }, wore 
1' !)2 

calcula'tcd as done by Luzzatto (1967) . Th n , 

intcract1on cocff1c1cnt V.lluco , at~ fro~ the 

II ill plotG of fig , lG , 
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100 

• 

10 

- - ·A" 

• • 8 

- - Uteu-oOE 
0 - ITABALE 

0 0 1 1----:---T------t 
I 2 3 

LOG (f-1 AOP] 

!.it .. 16 . Uill ' G plot <ace Konod , Chann uK & JacotJ , l9bJ) of t h 
IIADP ooturation function data (ooe rie . lf,) . The 
valuco of th interaction cocftici~nt n arc in Table XltL 
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constants !,61 , 

UI'V'-'> ( COl'lparc 

- !JO -

1 ~2 nrc auperiTI'posable to tl~t! c>:pex·imt>nu 1 

th • two portions of Fir.m'c! 15 C 1) an C.)) • 

u l of lUll ' • quatlor. ro.;prc cnt! a COn'¥• ......... rr rat:: lbW'C o! 

the hindinr of 1 lipi>.nd to a prot< 1n 

Le 'onod , Clt mr,c>ux . J col.l , 1 &3) . Th valu~b ol t:aiu£: 1 1ro 

plot .. of lo1• v/ (V,..d - v) ,,e .. •in:::.t loc .ADF (fiF . 16) 1.1Vu b n 

c...!culut • ."hcsu Vu lu !I , ulonp, with tho .. c f tn .. di~ oc~..~t ... on 

con., ta nt., "• eoiHl ,, .. n c hoi 11 in Tub l"' X • _ • 
"'1 -'2 

(b) Rc c.tion r<Jta , .! 1unct~ n of ,,ADPn conco.;ntr _ion: 

~DPtl h.1d alr<!ady bcon otJ .. crvcd to behave a:::. d1l inn~b~ t<>r 01 

l;!iPU, in bot:h ycu l un<.l red c<.ll cn::ynK . 1nc inlu.ll~t.on 11<10 

COn~>ideP<!d to L of th'- coC'Ipc ti ti vc type (Glace I" t th-o 1m , 19 !i !i; 

C.'IWl£ t Langdon , lJC.I(t>)), 11h1ch ic not aW'pl•i .. 1nc conoic!<lrlnB 

t oc v ry clo'lc otructur.tl I lution!iltlp bctuccn .1ADP uno 11\DP .. . 

o J<.vcr , or t<Jllc nnlyt.<l o! • 
lh~G 1 nn il.d t:ion lcl!: ...houn th t 

'the ltin»tict> • .pl ' Ol" c • - (Lu:.:.J'tlo, 19 7). lt h.lc; t:tcr 10! • 

n decided t nv t t: t.ll. tt • r ln !ull ~n t:h .,tl r 

~ rt::mt • h or r y u tl£ thl. '· to wt'ucy t \u 

) Dl.tlon 1 unc.t:l. r 1 l .u nc ... ntr ot~o11 .. o1 both . Ml 
"' 

• • hU • I l.lj' o! 11 Vt 11 l.t en btulOlO ( 
"" • ur~ 

7( ) . (l,) n (c)) • r 1 lh~ \oXt nt: ul ll lult .. un .. t. 

ti I I ' c !ill lC.. I in ttl prt fiC 1 OJ..!o;r nt 

t 1 • /., I • lt l I lt 1 <11 tlla.4t th t. CUI V~ <ll 

t nt. llh y iq l Lyp.: of i llt.llli I > h lllo.;.l' • 

1t r . - p tit 1 I o)l unco lf tl. t v ( -K<Jil f. 1'1 bb . 

) . t 'V 11 t VI (11 Ul" 18 { ) . ( ) .Ill (c)) AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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G6PD 
Vnriants 

B 

A-

ljcbu-Odc 

- -------·····-· 

1 -

TABU: XIV 

l!ITI:RACT!Of~ OF G6PD VARi;..;r·~_; \-liTH tlADPH 

1/ADP }J:I 
[ I .pH] )J~I 

0 10 70 40 

480 0 --r, . ) 0 . 0&4 0 .064 0 . 0611 

160 0 . 56 " "'"• • 0 . 054 O. OSII 
48 0 . •1 r • 0.16 0 . 03 0 . 0.3 
16 0 . 019 • s 0 . 013 0 . 01 IS 

480 0 . b 0 .06 0 .06 . 06 
160 0 .c - . -s9 0 . 057 0 . 056 

48 '""' ,-, I ~ ') • • . J -2 0 .0413 ... . I.J 17 
lG O. J2J 0 . 021 0 . 021 u. -

'+80 0 . -38 . 41 0 . 035 0 .o .. 
160 O . O'~S 0 . 036 0 . 0325 0 . 0 .:'S 

48 0 . 0'~25 0 .027 s 0 . 024 0 . 02.! 

16 0 . " 1 0 .029 " . 023 0 .023 

Reaction rates are cxprc!:iSt Cl in dn 3&o0/tlin . 

80 160 

0 .059 u . "t 4 

0 .0525 O. vS2S 

0 . .I 0 . 03 

o. 18 o. t(j75 

0 . 614 0 .057 
0 . 0!. l o.oso 
0 . 0 .. 11 - . -~31 

~ . 015 . ll 5 

. 03:.0 _ . 033 
0 .031 0 . 02lf 
o.A:2 0 .022 

0 • • 7S " . 0175 

-- -

This experiment could no1: UJ . .;.·ortuna'ttly be carried out ui-ch the 
Ita-Bale variant due to lack of ;ufficicnt enzyme . , 

'1 
' 

320 

0 . 0511 

" . o•: 1 

0 . 026 

. Ou75 

0 . 057 
0 .0 11 25 
0 . 025 

0 . 01'+ 

- . C21 
O. J2.! 
O. O:..l 

. 0 _1; 
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B 
A. 4.80 .UM (HA 
8 • 160 • • 
c • 48 • • 

- 0 • 16 • • 

A -· - 8 -.-c._ --------· 
c 

.. __ 
J 

--~- 0 
- - . 

(NAOPH) .UM 

Interaction of glucose-6-phosphatc dchydt'O(;t:nc.~sc with 
IIADPH . ExpcriJncntnl conditions as for n,, . 1' (a) . 
Concentration of !IAOPII as indicated on ab~ c'i~ .a and 
concentration or IIADP ao indicated on the dat u . 
Plot of the rcnction velocity (v) normaliaed to the 
vcloci ty 01 the uninhibited reaction (Vo) . ~tt. ToiJe xi"Q 
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A- A • 480 AIM [NADP) 
e • 160 • • 

1·2· c • 48 • • 
0 • 16 • • 

I ~ ---"\ ._._ ........ A 

" -Vo - ~·- 2-..:: 
o, 

5 

o~~--~~--~1~--~-----------
60 eo 120 160 320 1020 

(NADPH) AIM 

Us: , 11 <b) . SMlc ll•et.md s in l'i g . 17 (a) • 
• 
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UEBU-ODE 
A - (HADP) 4 80 .UM 

I - • lbO • 
1.2 c - • 41 • 

D - • 1& • 

·S 

o~~--~~--~t--~~--~-
10 10 40 bO 10 160 140 310 

(.HAD PH) .U M 

Lip. l'l(c) . s~e lcccnd ac fig . l7(a) . 
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0 

12 

f 
10 

8 
~ 

6 

4 

2 

0 

- % -

B 

v 
T 

( NAOP"i) 

o NONE 

c 160..UM 

320 JJM 

• 
• 

• • 

I 

• 

Part of the data of Fico . 17(a), (b) , (c) plotted 
according to Dixon and Webb (196~) where v io the 
vcloci ty and s is the concontra tion o 1 IIADP . 
The K. values obtained arc 1n Table XV . 

l. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



10 

8 

2 

0 

- 96 -

0 

'V 
s 

(NADPH) 

o o NONE 

x x 160 .() M 
----6 320..UM 

3 ·4 

ILg. 18Cb) . Srunc lcecnd clfl l'iR · lB(n) . AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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1.2 

4 

2 

0 

I.ig , lR(c). 

IJEBU·ODE 

I 

- 97 -

6 
_y_ 
s 

o-
[NADeHJ 

- ..oo NONE 

a - 160 ..1JM 
- _. 3201JM 

a 12 

!:run" lcecncJ ar; rig. 18(c.) . 

14 16 
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----------------~- ~I -

12 

IJEBU·ODE 

• 

a 3 

0 
[NADPHI 

.. NONE 

·--- 160JJ M 

- JaO.UM -

0 

4 6 8 

~ s 
I 1 a 14 

~ ltl• loaend ll!> ric . l B (a) • 

16 1·8 
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TABLE XV 

WIIIBITION CONSTANTS FOR INTERACT!otl BJ.:T\-Il:Et, 

GGPD VI\RIAH'i'S liND tlADPH 

Ki }ll'4 
at h )J. ' 320 ).4'1 tMDPH 

A 11115 1105 

B 553 ?60 

lj cbu- Odc 98 . 58 

The concentrlrtJ.on of the aubntra tc , NAI>P , 
U(!twccJ nd 11 ).Ill wh1lr the concentrations 
lnhibitor , •t\Drl , i ploycd are l 0 .md J20 J-IM , 
two va lut f . . 

• va rJ.cd 
of the 
hence 
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t.l t C:l 'i 1.: l v .... nt CX- t~ ut l.~ r t.~ 

• 
, p 

\ 11 b IJ:l..,CU ..,c.d .-clo • I ro:. 
ob:.~cur 1.1 y th .. r f t\WOC. u.l.c~o 

• 
t .1 • r cur-ve l.t 0 !Jl to c.slcul 't• v...,. _ il: of :.l. • 

till tn (.. .c .. nt r.1 t1.on O! 
.I II V I ' 

th \1 l.n tutr dt.. 1 Lnc:l nt 

1\ur. Ih r..fQt , or ... 1..1 n t~n"' v .. luc. o1 "• 1 o!Jt .1n d .101 '"'ct. 

• var1 m l nd .. o[ 1 l t 1bUl t j. I i~bl X\ • 

s _, 1 I 

( ) ln'tct. ctl.On 

in rir,uro lS clc rly im.Jic<~t• Ua t t!\c a1ilni'ty ol I"' d cell 

luco c-G - phosphd t.._ d hydt"ttU'- n;1 ._ for , AllP .l • a 1 uncuon of tll 

Ill. 1 ul t \Ill::. !J, 111 cou .. on nc~ ui t h 
cone:• nlt•<~Lion oJ ,,1\J>P , 

•ny s · sumpt 1on th 1 t th • n~ 

for li !"II , 111d lhut th • h n 1n 

l 11 rno•' til n on Llinul.nfl .. 1 tu~ 

I the l.l'llt mol• culc o1 ,!1\bl 

th .tfi i ni ty 1 "'"' or 
Ol'l.: oth u1 

• Sl 'tt.: lor tui!. sub tro.1 

.loubl - bonded l u . t1 t 
dturol t.on i unc'tl.OII •• inc"tl.CS ol tl mtl 

•t - l.ialc. ' 1' l);t 

lCygcn dissoci .Jtl.On our·v oi oxyh """o[!lOI.Jl.n (.tel dun.- t. PrJ.c:..tly • 

tll.l t 

work uccc t th ... t 
(, 1 0 

10 
UJua~ of ...,uu-uni t::. .md tiiC!H. 

Tht.. .:n::. y:a 

l 3S) nd o1 the 
JICJ lo.CJ'lOl.d CUI'Vc!S obtoll.llcd 

Part tc ( Gcrh l'dt C. P 11 '- , 9( J • 

Ulto.:l 1 ct:~OII on b!.l1d1n( ,If,! p • 

• ~ulc an 
1 

coni orr ntion.J.l ch Wfl'-' ancl cauoctl 
u] \ltolc und·reocL ,, 

II <.ncr"cl • I t r. t~·· .. ' Tl1i'" .. nos ... iblc 
" "'C ~n the d! f 10i ty (Ol' t II' t.U lu • "~<: ' I" 

• 
1-. COOI:ll.. 

t n1. w:L"h tltc po~o~.:rtul .and convl.ncl.ne model 

lloot~ric 1nd co- oJcld"tlV 
t Uhilnl' ux (l~C.!J) 10~' 

n:YJ'It! b•ll•o.;d 011 the lSOUmptiont 01 •
1 

f I Ct 
--------~in roeul tor.y AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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try r rclp1 II 
• l , ' v r , l 1 on tnt. b l • 

l! t 1 Jl t 1 • t r.ui I uc l n 

c - l t:l l t I t .ul tr [ _( U- 0<: fl • 0 

1n t net: , on th • • ll' 1r t<'r Cl- I l OV rlu ~ no l t<: • 
lth lit ' c nfovr t.ou 1 Ch tn • -- • 

.n~.; I pc oi tn A ,Jtur + Oil CUI'V<. 101' A r. I J • •u- ~,;(.; 

• 

r oh u ply diff I'<. I'll fr t • t. ,:) t.l t &Cl v l l Itt~ t~no If 

at fir t 5lt•lat l 1 llCJI 1 c 1 1C .. lJ. - r t ,1 "-111\.:ll.<; .. . 

.:o rcvo ro tile datu lll j l!Jl • Ul J.n \C [\, t.l .. t t II r-. lo.o Gllll 111 

• 
l trc1n • 1.t.1on 1 r ) n lo to Ill h clll .uu ty J or ,,/,.JP , IIIlO II the 

c: nccntration o:l the llltt 1 1 .1nca. w.... • rh l.in tlCO .ol.ot<ll.n a 

• 
ndlcutco thut l.ll. tt• • t1e>n n oc Ul lr~.- dy dt v ry lo~oo I ADP 

onccrrtt•otion ·i th t:h r ult that o_.J.:~l curv cunll l l>u 

• 
;)l 11 .. h 

. illty tl:tt ~a.\.. o:f tl c.i 1 !<..rene m1ght lie 
• po 1 

tc ,.1· ~ 
• "t.!OO cannJt howe: v.:r be 

•dCtw 1r I ur- pUtl.1l.C • 
1 t ly ~:xclu ' lt :. cone lV l t lilt t ..... :,; cc l. ht 

• 

l.lv be odi C;\.:l'O:.tl.ll ... l. d::!.. J.t<; tor 
t I th 1"\. p< ct t 

nt.l th t \ lt tl ••u:yn ).( l.J)' no .. p. r ... nt .. ub -
I U 

• 
.nt~:r ct::~.cm J ;;>l. Ol 

, I 1 t.lC5 . 111-t. 
n th 1 1 I -

b l ty i Ol t.u; 1 C"t' til t Lll:u-n <::1-yr.t\.. 

cun l.<h.: I -" VJ.C 
J 

Ill t ry .ln function , b 1001.1 :l d V'} ch.tllflC .. !ll env.lroru:10nt l 
n 

t .. n \llll.Ch &1• t1 1110lty t \<trd til 

• ntull n .lOCl 

tr t ( G t•h 1 t t. lur • l!.JLJ) . 
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'l"'t rt • t t Jk • 
I ol ' • { Jt1) 

r ( , I • 
I • t l r t ... t t 

t t r t,' I 0 l II u - - ... } r Llll 

,.. . ty rz di rat ~ . ttl l 1.1 I tl r ...... u l. n , 

f h II.~~ v .10 I.. I Jl •• r u • ht..ot >J I t 

l.hVOlV I Oil C. r - w \. I ll ll I • • I z ... , ... l at 

t I C w..: rt 1 bl1.. c ni l .t. on 1 l.H r. .. thCJUl ~.!1!4.1 nc ... -l t ll 1 

t t of il!JIJI' [l tlon . r , l Uu.;1 C<J .... . - coula f>I<LL ... t. tilut: tal 

c •n ... n udl nt ti II I h V OUI .t.ncuc by tH Jl c r r1.. JH.md ... 

to t tr • • ncltl.cm 1r I lo t• t h.t;h • fllllty 1 r I!H' . otJr..urvl.lu 

• tltc::~c ntuclil:S , 

(I.J) In tc:u•,"\c t J. on I J l : 'I h l1011 01 AU I" 

(Fl \II . 17 ( I) I (L) o\11< (c)) n til CtlVlty ol II ll.OU n:-ymo 

ay b • 
l.llt. ''1'})1' t .. < ,, r ul tJ.nr h l I comuin:~ tl.on uf 

~"fcctn . 

) Thcr 1 nh HIC: . n t. 1 th 
• il"llq !CJl' r, P ... t lvl 

cnc ntr<t t . on D f ( 1 t l ., 1 Thl. .. rcJu 1 t l 1 r. 
o A • l..w:C t I "' • 

' w 1 lctiv.~tiou t one nu tl..l· 
\!JP,t 1 o!J CJ vcd J o:-

) 

1 tllour)• 
1 ,,A!JF . 

. 
1 J.ni11Jl.tlon, 

in n tur fJ.[;Ulo.. lJ), \ lllCi 1- .u1-..: , rkcd thL 
( c 

r · h · 1 1 1ctcri(;tic Iot' 
th~; t:.:mc ntTJtl.Oil of toADP 1 dOd \llllC l.S C 

1 

l ta, 

t:Ju.t.: tc:;;t d . 

1 c~ co lex h1n t~o ol til 
ADPII fi uc t 1y nc rut 10l t<ll1 "' 

r.i 1' t dll .Jttl.lt pt will lJ(l muu 
01 ::10 lq 1 

1'1b t:ll~.: , u 1 !.oct. ~1 I/ILIJ'll .w •ullll nl 1111 1:nun tuc uit.tlhct 
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oxllil.l t ! LJv th• I 1 1 01 r nt: ~r • .:!l~ V.JI ~dntt. 'll 

Ill d . 

t u \ th j Cl • ... I t f •I ~ ' 

of • • <'\t lfl t' 

hi en • .r th u t 

"'' to till .nt t 

h n tht; • I ( 

h.~ 1 '' lf irtl ty foJ 

to the ll ttL o 

Gho. 

·1ol cul • .. m n u. - th 

tc , I I p . t. •• • .ADP .. c 

un : Utpo I .. :...c t • C;>Ul' 

c 1C1.flt t ... or • l.r. t:l•t 1 nee ~ht:Jl 

t, 1.1) .. il .. t lt..l lorL .1~lp t.H. 

lalf If .. , ... t • ill • c n • , .. uc.t 

,. d.., Cl'l.D.:d lor 

type I\ (Lu .. z \:to, l~ .,,., , ~llll thu t\1 P e;ouc nttcltion lG 

t he l'.JilP,C lthl!l'l ('t 1 D lt• cJy ,, fill' 1 tflUlty Cut Llli .. 

• 

1 ~oAlll'l 1-1 11 c.:o 'I t'- tor thu ,oi-oi:ldlltC site , nd will 

!:hou <il1 inhib .. I.Ol'Y .. u.:tion IJit, co 1p tlt.i.VfJ f,.atut• G . ,/hen 

1•DP b1nl.linr :Ji l 11 b tur t~:d , t'\IJ('Il cnn o 'nd • d.u~crcnt 

• Under th • cc.nd.i tl. n i't 
n Ctl lfit.. th ccnuonaut l.On o 1 

nzyn • ln !clVOUl..tl>l C I n 

!oun f 
1
r v .ri.:1n t- d t.nd ljcou-Odc "t 

ov 1(.0 w C ..t!ll .:.1.V 1\:1 
r- ruro 1 ·. ) • 

'X 1 plu• h v b, 
0 

1 <,cr:o~b Ci i 1 t 1 c.t c .o1 olnd' tl•~:r '"'"' . 

c:t.iv ... tl.ll L ct 
uf o~J.:nC>~in Lllpl.o~ph•t'to; Ct'\7 ) on 

( era rt c. P<n'<i•''-' • 19 3) emu <>I V.llinu 
tteln c lllru.aylc 

tnr ) on.:.n~ d<.:tlllinnau < Chun cu» , l!llll 
1 • .i.lul cx..-cpl1. • 

~ctl.IIJ •• 
ev n l11 I • 
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of "lnlCd t C 0 11 ... p ... rtbt t l'~E;Cu rl.l yl .... <J ( G;ot hdi t l ul'UC • 
), I tl ff r•nt },if11 of clt t JC' •• ...... n 

I' ~ n t;!y bl 11 llo .. t r c ( : 1. 19 3). 

h cl • hl • UIV c.l , ( f , • t. I. c J lc.. oL o f • i } 

cr"IJ d C.l • tully I f J.lO • • Th lt~ l t IC .. u!J t1 t:c.. 

tur t ion fu tction• 1n ttu .. fon o.! lllll' 1 lot c r Ul~ Hi) • 1 

thu v .luc of n l ..tpproxu t ly 4 .101 CII vul .inn t , 

( I 1Jl XIII) , po.1nt to th t..Xl .. t-.:nc"' 0 t .,u!J-unl.t -
• 
1" ~r.po <Yot.hicJcl (l'JGbl uc.Jcl.t ·ll l ''" xi .. tcnc~ of :~.x uu!J-un:l t ) J . 

d• t l i11 t:hiu wor~ ind 

tron~ly • !11\DPII, ~oil icl• i 

t t aut the. u -unit .1n GC.I U int:ut•.J.ct 

tvuctur.Jlly o~l.Mo l ldout:icul to IIADP , 

c n bind .tt tho ... ub tt•ut -lll.ndin1 1 tt.. !Jut w••ukon tho r.ub-unlt 

ntc r i1ct ic 1 • h eroup: in tlu: • ctivu r..itu lJ.:co .. c !avouutbly 

rrdnr.cd tv, uliLJU tl'llt:t:. bindinr , '""'' tht.. 11 finl.ty .:nct•cn ... or.. . Tl.i 

n cxn plc ot th "co-op r~tiv~ hct.:.totl'opic cfft..ct' postuJ. ... tcd 

"I onod , yrun r Ch •nRou ( l 'l ) . rlat. .;.r" t..cc.:h n: ::1 of ~~ ;} • 11 1 

Jb- uni t in tel' ctl n , p r.at •& on tilC' Llln 1n 
f ~·c oub~tl~tc . 

1 •"J b inrJlCc.lt:Cd 
"co- po..l U.Vc ho• Oli'OplC .::llt.C1:

10
, At 

I.,DPII conccntr..l tlull od lo 1111DP conccntn tlon , the uincJln 

0 A . tt n t:J• n ub-UIIl t lll'tl.ll oCt lOll • 
• CtlOn 

1• ttly <1i tot•t:cd uul 1 t'' uult: .ubctl te: 1finhy is reduced . 

t I n '' I' > th t.:t.I.V 
... tt.: on ~.Jut:n utJ - unit u"'corn.:!. oro.. 

t i t hu c l 
1
r til t ~nl 1 pl.ty bct:IOC(.Jil .1ADP l!ntl NAI.JPII , l..,:.ding 

0 n::yr ctiv tltm 1 inhi!J.i tlio11 ,jt:Cordin • to t.tl'll' ub ... olut~~.; 

lntiv C nc
1 1 

l1 t'l o.>n:.. J1 1y C011Ltl1:U1:C J tcfincu ,\-=Chdlli:.t~ 
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!or the r-:: r,ul Jtion of act~vi ty of slucoso-~-phosphdtu 

:-aydro 1 na • lind tht t'CiOI o 1 the r-ento ;c- llo!>phatl! path\:ay 111 

t 1 red c 11 • 

Th; ••ur.:ulntory r uchcmir.m uould tKJ tM '"a on th"' i ntot'dction 

Of ··~P • d 111\DPJj at the fit• t J...~nJ C'lf CO-le ll&.!L\..ly - tht :>ubStNt 

!Ji r u1.nu :;l tc . \.!t\!thur th1.. oindl.n(! oi rnDPu ta tn~ othu1 )and of 

Cltc thnt lm!l Luun po• tul tt.d, (.tt \olll.Ch ,/I,DP• h'"':. m o.~ctivdt::&.ll0 • 

cflect even <~t high IIADI' conc'"ntt'•lticm) h .. G ... :y pil~ Diolouict~l 

• Th.l .u .. Lcc ... uoc auch ..UI c1 feet lilt .. 

boon obacrvc<l only D. t ''""' ,.oncuut r.ltion above 100&J~I, nnmcly of 

em order of mis:niluc.lc thr.tt pl'ollahly n~;V~;.t• obtains .:!..!l vivo , at 

l cao l in the l! t'yt ht•ocyt • 

~!hcrcns it i o cleat' tlt:lt th\.. 1ntc1 pi•ct•ttion of the kinetic 

'tiC interaction of GGPO Uld AO"~rl rhut hliiiC been deacribcd .tiJovo 

·Nl larpcly !.>!Jacul.ttiv..:, th~ '"" io no .Jeoullt th.lt whntuvcr the 

Pl~ci~c molccul.n• racchuni !.r1 of tile in t<:l'.Jctio:l of th~ enzyme 

with lli\Dl and lAD Ph • .,.uch i nt r~ctiou urt. ·;ullj cct to chnn(~C a.. "" 

result f · • ·~ueJ 1 cJ1, 1n.,.cr. u1 ... o_uito.: rcmarkablu . 
o gunctJ.c mut ;t10ll · - ,.-

-•nu·· · 1 !l t' • ,_ ouc.:lrvc tnnt 

inhibl'tion . pt•Cinounccc.l ... t. Ll•'- c~nccntration oi 
by II A011tt .1.... q ul tc 

ooli&hcd at 

.. • l. f ~~c ru fur ell' d n to th\.. uOI'Illil J 

••IUlP of lG urt
1 

it iu lcRG ut ~08 uii , il J. 
lto 

1 
J "l 4CO ull fi/,OP . The bLhnviour 

~ I 4nd activation i• ob~arvc ~ -
or Ijcllu- Odo l.O qu.litativaly Gimil..tl' .:~lthoucn . ftOC:I ti\C 

qu 'ntit"t
1
· vc i f · tilL inhliJl.tion in loa~ tolllt'lo:t:ld t~t lG l.ll 

" pO Ill 0 Vl' I t 
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and the act~ vat ion is lr~n mar~:< c 1 t ~JCO )J , 

prenousl y oh t.ti ned u:i th vu riunt A ( Luz.zu L L o , 1 !JC 7) \lOre qul. tc 

swil.lr , except th<•1: uct · v tl.Oil 1m not oL&ct•vcd uven u t very 

h.z.gh 1ADP conccutt•dti"r 
1 

ud tilL 1nh1l>l.tior: c1t v~t·y .lo.J 1./,UP 

concc ntr.lt ion \1..1!. not ... , .... r. c , 

i tsclf as ic.lc L. ,.. - • rlliG v,.u luio'l: t;C..:In!> to b..: iu:...cn:.. ... tiv!: teo 

•ADP.1 cor.,parcc.l l1;1 lilt:: othcl'!. , !Joth in the hC/1!.<! of l.nhiL•itivn 

.md in thco nunsc o1 actl.Vatio . .hu., .. ignJ.f-c;nt activatioz• 

i:; never observ..:d u1d zigr11f J.<,.aln ~ .inn.1.D1 tio:. occurs ouly -.i tnc1• 

at very hip,!1 IIADP concuntl'<ltion ot• .:1l vcH'Y lo11 fi/,DP conc ... ntt· .. tian 

and even umlt;t' th\lflu conditiour. il il> lu5S pronounc!:d th;m with 

.my oth~.;r- vaPiant . l'h..: vo:HJl.blc phy. · lor:ical cirnific.:~nc~.: of 

the lcl '>t t•csul t i 11 lcn.tG of th' muttll>olit:•.l ot GGI'D-u~o:ficicnt 

r.:d c ·lls \lill I)~;; tli!;cU":>ed l1t r ( Chnpcr VI.) • 
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CHAPTER VI 

.EFFECT OF TEliPERATURl. AlW OF ~ULI tsi ORYL GROUP REAGENTS OIJ 

GEtH:IIC VARlNITS Of G6PD 

Amongst the technique~ that arc used for the charactcris~tion 

of enzymes , those based on tht! effect of physi cal or chemic,,l 

denaturating ar,ents have al1~ays ranked hieh . In the prest.:nt work , 

the study o f the~al i nactivation hns been extended to include 

not only the conventional technique of the time course of 

inactivation Cit 37° but rather to observe the inactivation 

produced by short incubations at cradually increasing t~~pcraturcs 

(thermal inactivation profiled . Amon~,; the inhibitor 1 those 

affeetinr, th1.ol groups were selected because l.t WclS already known 

~at they affect at least soma of the G6PD v~rinnts (hirkman 1962; 

Chung (. Lancdom 1963b) 
1 

and because of the indirect evidence 

SIJIJ&ustinc that thiol Jroups may bo invol vcd in the active cen"trc 

of this enzyme (see chapter IV) · 

(;t) "ff f the ,..~ J.Vity of G6PD Vari 1nt5: 
w ect ol temperature o "~ -

It hao bf•. en . 1 b rv~.>d ( Lut.ZatlO & Allan 1 196 & ) thn t pr ev1ous y o se 

Cr.:l} G6PO is quite .. etc\blc to tcmpct•aturt!s of SS
0 

and over : at 

red 

hieht:r t • t undcr"ocs n sharp inncti v.:t. tion . As '' 
empcr a t urP." 1 o 

if the enzyme iG pre-incu~ntcd 
t or a short time! (. 7 minut G 
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A 

120 

u 100 
·~~~ .. 
... 
a 10 
,.... ... 
> 
M 6 

-0 40 

cfl 
20 

2 

- J.V I -

• • !NADPJ 2" 10) M 

-
- ~ 

30 ~0 

.. 2a~M .. 2 • 16 7M 

" 2a i69 M 

-

• so 
TEMP •c 

Tllt:mnl innct:ivilt:ion proJilc of G&PD vt~riMtll 
at var iou& .IADP conccntre tiono as 1ndicatod. 
~cc cxpt . techniques (chaptot II) for dot4~l& , 
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v 
0 

:Q 
... 
0 

>-... ·-
·~ 
0 -0 

~ 

- lUIS -

A- - - !NADP] 2 X IOSM 

·- ~ II 2 x 16SM 
a 0 " 2 X 167M .. <I " 2X 1d'M 

\ 

120 

100 

-
80 

60 

.co 

2S~--,JO~--~~~o_---~so~--j_~6~o1__ 
TEMP °C 

..!.ig , l9(b) , l:nz.ymc 'type A- , St!tl I i1 . 19(a) t or lcccnd . 
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IJEBU·ODE ,..... - -111 (NAOP] 2X lcYM 

, 2 X IO_,M 

120 • 

25 30 50 60 

.fig . l9(c) . £n~yme 'type lJcbu- Odo . See fin . l9(cl) for lccond . 
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ITA BALE • • (NAOP) 2 X lcilM 

120 • 2 X IOSM .. J 
• 2 X 167M 

2 X t0"9M 
I • 1t 

~ · 100 
u 
0 

"' 
\ 

... 110 

... 
0 ,.. 

60 .... -~ .... 
u 4 
~ 

1-

2S 

' • 

tit. ln(d). Enzy~c type Ita-bale . Sec r1c. 19(a) for legend. 
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TABLE XVI 

TRAliSITIOll TEMPERATURE (°C) 01 THl:HHAL Itlt\CTIVATION OF G6PD 

VARIANTS f>.S A FUNCTION 0 liA P COt:CEil'iRATION 

GGPD WADP) 
2.d0- 9H 2:•10-JM 2.d0-~M 2>U0-7H Variants 

A !19 53.S Sl.S so.o 

A- s' Sl.S Sl 50.0 

n sa.s Sl. S 114 43 

Ijebu- Odc 58 lj-7.5 .. s .. l 

Ita-Dale 57 52 so ~8 
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.~&~, ...... data for Ijebu- Odc and Ita- Bale . It is seen that 

Ita-Bale confot•rns reMarkably to the pattern observed for cnzyn:e 

type A. The shape of the curves obtained is quite siJ:Iilat' dnd 

also t he relationship hetwecn the family of curves as a function 

of NADP concen tration is quite simildr . The tr/lnsition 

tempera' ure (defined as the temperature a1: which SO\ of the 

enzyme is inactivated} i~ found to be S7°C for Ita-ddl~ as 

co:npared to S9°C fot• A (in excess of tlhDP , l mm . By contn: · t , 

the pr ofiles observed for Ijebu-Ode arc quite abnormal in shape . 

It is clear that in this vuriant there i~. a peculiar and 

k Way the Un.'ymc behaves with respect to ~mar able change in the ,. 

. . I s Ull>ilizing cffE:ct vl temperature cspcci<tlly 1n t•elat:Lon to t lC 

I P (l rnH } it is clear that •IIDP. Thus , even in excess of NAD • 

Od than for A ot• celting curve is much less oharp for Ijebu- c 

the 

I · gul r i tics ta- Bale . f'ul'thenr.orc , thel'c arl. 1rrc 
in the pro1ile , 

SUch • · dl'Ouna 56°C . It as a peculiar re~ct:Lvat:Lon 
is \lhcn the 

~ dccrca~fid that the ..... ncen'tration of JIADP is "" 
~het'lllal instability 

or Ijcbu- Ode becomes fai" more apparent · ht 
10-SM :lADP the cn%yrte 

45oc , althoush it 
i s already markedly unstable anywhere above 

117oC. " similar a"A' rcactiv~tion at about ~ln undergoes a peculinr 

Pheno~:~enon is aeain obsc:•vcd at the 

COncentration of IIADP , nnd nt loucr 

10-7:1 tiADP . At this 
-9 ) h 

tration (10 H t c concan 

nnd con&idt•r.Clblc 
inatabili ty of thl! enzyme ia extreme Thus , d l low 
1nac . at roon tcmperatur • 

tlvation is obeorvcd even 
1 1

, ~hio cn~ymc 
. tcmp~raturu u t:onc ,, r•nnoi uon ent-rations o! NAilP tho ~ 

l:~ oc 
eltccptionally low , cu•ouud 3& • AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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- 113 -

• .... • B 
• · .. -· • ITABALE o----o IJEBu-ODE 

·.8'----o-------... . --------.:a ... . .• ·~. .. 
'';., 

' ' .. ··~ 
0 -· • 

0
' tu"rrt-

• 
. 1 ._, :.t.•::.:::Hhottolo .. ,, .. ,.,~"•ttO -., ., ·-. -... 

•• 

I 2 3 

CONCENTRATIO N OF NEW, •W 

r"'-~~ · Inhibition of GGPD variants by t.-cthylmalc.wido (llilt) . 
E:xpcrimontal condi dons arc the same as dcncribcd 
under cxporilllon tal techniquco except tl1at the buf 1or 
was 20 m~l Trio . IICl pH A . s cont:ninine HgSo 11 10 ml'l . 

>I - -K A; V \i A-; 0•,, 1 ') 6; 

-0 ljcbu-Odc; o- - -o It ... -P 1lc • 
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• 

•-- •8 wr--•A 
o·--o iTABALE o--oiJEBU-ODE 

100 
..1 
0 • 
a: 
1-
z 

~0 0 80 
u 
... 
0 

11 60 0 • 
~ o~! .... -> 

"'0 - 40 t; 
c 

... 
% 20 • 
~ 

' ... 
z 

"' 
I 2 3 

CONC£11TRATIOII Of f' C 118 , tn N • 

• H • uCc.: I i~,; . 20 for lo end . Inhibltion oi CGPD V:lrillnt: 
by p-chloror.~crcuribcnzout:c CPCHB) . 
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(b) Effect of Sulphydryl group redsents: Iodoacetic ac1d , 
• W'O ot\ j>r<le.., o AA~ >-4,\l tl'' 

broooacctl.c acid and lodo, 1 c lJ-. , ... L. h<1•'<.. _ r:.ild , time-

dependent inhibi~ory action on ~h~ enzyces s~udi~d . For example , 

after three hours pre- 1ncubat ion with iodoace~cllJidc , the 

inhibition is 15- 30% at 10 tlil and 5- H\ at 2 ..,.r . Wi'th tJ•cse 

three reagents no signiticant differences were observed among the 

five variants in ei titer the ~ime course or the c xtt!nt or inhibit1011 

On the other hand, NEH is n more powerful inhibitor (~ne 

i1g . 20) . Here the action is instatancou~ . The inhibit ... on range .. 

between 30 and 60\ for the enzyme types A, B, A- cliid Ita - Bale . 

Howew•r, Ijebu-Odc: stands out ,lG being a completely refactory 

to this inhibitor. 

PC! · ron gent, had already bt:<.Jn found 18 , a mercnptide-formlnC 

cell ~luco~e 6-phosphato 

is manifest within seconds a!tt.:r 

·~ · · .. ~, Thc c f l eet "' ildd' · til" rcact:.on m1x .. u.~ · 
I.J l~10n OJ the l'CC!fieOt lO ~ 

Of f P"'tB n enzyme a~ivity ncain relatively high conc~ntration o '-' 0 

~~"Ply dif fcrcn tia~cs 
l~ri 

ant, and the other 

h ~ost resistant bet~ccn Ijobu-Odc , t ~ ·~ 

h been examined (Fig . 21) . .tour thnt nvc 

... t ll h 
uc lower conccntrationo a 

finer analysis i~ possible: this 

= Cbrricd out for th\! A and A- vnri~ntD ( Fis . 

f!Jwnd that A- is sinnificnntly more suoccptJ.blc 

.JJibitlon thdn A. 1'hooo r.::sul tD 1-Tcrc 

) It is 22 . 

to POIB 
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100 

.... 80~ I 
0 ... X -~ 
IJ 

'0 60 

cf. 
~ .-i: 
~ - 40 IJ 
0 • • Clo • 

~ 
\ 

\ • 

201 

\ • 
Iii \ • 

0, 
'0., 

' ' ' ' ' 
L "().-- ---.. 

s - --
7 6 4 

-Log (HMB) 

7nhibi tion of G6PD vnriants A .tnd A- by low conccntrl'lt'ion 
off-CHU . Here the enzyme preparations were fil's't 
incubi\ ted for 1 Srrut at 22o C wi'th vc:: rio us concen tl'l\ t ion of 
ofPcuB in s mtl phosphl\tc buffer , pll &. 9 , so ml'l KCl , 
0 . 1 ml1 t:DTA , and lJ,IH tlADP . l:nzyme activity wns then 
mc..,.aur·r·d in the uuunl clGSl\Y system . PCHB concentrutioll' 
s~own on ubacioG« n1~ the conccnt~tion in the nasay 
mlxturo . Concentrations durinp rrc-incub.tion WCJ'C 

2 • 3 fold hi[•her 1't each point • • ,, ; u-· - -o A-; were 
H x mixtui''" o! A und A- , ~ox1 or•imental points . The 
middle full 1 inc indiCll "toG the calculntcd in hi bi tion 
curve for thn mixtur~o if tnero io no inLcruction botucon 
the two 11ropnrntiont~ . 
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obscrvc:d by addin(l the inhibitor , PCHB directly t o the 

react'ion mixture . HoHevu , it was possible to obtain a 

• • • • crenter scns1t1v1ty 1n nnalyu~nr. the effect of the inbibitor by 

pre-incubating the enzyme at room temperature with PCHB and then 

assayinB the rcmainine ~ctivity. Under such conditions , it wus 

found that even much lower concentration of POIB, of the order 
-7 of 10 H would cnusc ccnGiderablc inhibition, and that this cffec 

was quite different for variants A and A- . Unfortunately 1 lack 

of sufficient amount of enzyme m<.~dc 1 t impoasiblc to repeat the 

experiment for Ijcbu-Odc and Ita-Bal~. 

0 I S C U S S 1 0 N 

The result& obtnincd with the {1ve variants in tho thcrm~l 

l · 1 n _ d) as a function of IJADP+ .nactlvation profiles cries. " I a 

~ncentration arc discriminatory amonc the enzyme types (sec 

table XVI) • 1 t iG seen that , in cxc.:lsS of tli\DP 1 all four vuriants 

A, A- underno activation a~ some point 
Ij.:lbu-Ode and Ita-Bale ~ 

b d h tc-reraturc of in~ctivation: 
etwcen room temperature an t e ... 

A IISO - 510· 
' 

0 . b Od~ JO _ 1S0
; and Ita-Bale 

A- 30 - Sl ; lJO u-

lf - ( 0 c. Abrupt inactivation take~ 
0 

Ita-Balo3 51 C. 

r-dce at high temperature -

Ijcbu-Ode had a rather 

~ique inactivation profile . 
Tht~ shift in the rceion of 

~ 0 .., in structur.:tl 
nu...... r·~ fl··ct di ffo~ronc "' """ractivity" mn:; - - . • 

c The thermal innct1vat1on 
00fieuration runonc the vl\riants • 

Vl'()f cJit'fcr.:tnL from the dllta reported b)' 
ile of A- is slichtlY 

L bocauac the purity of thuir 
llZ~utto and Allan (1965) I porMJlO AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 118 -

own enzyme was hiehor than the one usod in this work • 

their own A- enzyme ob~incd from a sinp,le blood donor was 

~cted \-lhcreas pooled A- wa:3 used in thia expet'iment . The 

sisnificancc of the latter point is not known yet . It i~ however 

strikinB that the transition tCQpcratures for A and A- in excess 

of tlt\DP are still .t:i,..il o,- •lS in the previously reported data . 

The inuctivation profiles obscrv d , especially those in 

excess of NI\DP, are reminiscent of the co-operative breukdo\.n 

of a highly stabilised structure , such as u helix-random coil 

tr-ant~ition (SchcraRa, 1963) . On decreasing the concentration 

of NADP, there is a concomitant decrease first in the transition 

This J t~1perature, and then in the sh«rpness of the transition . 

consistent with the concept tha't N/1DP is specific· lly J.nvolvcrt 

in ctaoilisine the active conformation of the enzyne and is in 

agrccmcnt with previous findings by Harle!! et al. Cl
96l) , 

Kirkman & Hendrickson Cl962) , and ChunB t Lan&clon (l96~o) . 

It may be of some interest to speculate on the nature of 

the inactivation process . {lccot'Ciing to Sherana (1963) • if the 
ina d to the destruction of a 

ctivation docs indeed cor.respon 
hel" the lenoth of this resion will 

leal region of the molecule , ~ 
"t f •c.L· d rc:Jiduc:o for i\ tran6i tion 
~ o approximately 2 7 amino .. 

tet~pt:roature of !i9o c.u> ioun<.l for A and A- ) . 

'lftl tho presence of residues which ht~vo 
uc might be due eitl1er ~o 

a de-ctabilizinc action on the hol icul rcrion , or might' be due to 

4 ch h i' tho VUI'Y llru:IC heliclll rocion 1 poooibly 
nnee in the lcnnt' o 

Deviations fro:n dt1 
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dut to the presence ol the proline t'csiduc . 

The .tction of sulphydry l j!rOUp r eagents sugge sts th t ci thor 

sulphydryl aroups lll'C importunt as such for the <1ctiv1 ty of red 

cell G&PD, or th~t the attachment of these reugents to the cnz~c 

wleculc interferes ui th ucti vi ty, !or instance by stcric hindrtlnc 

of substra te binding . The letter l1ypothesis had been held true by 

Chunr & wngdon (l963b) , who demonstrated ;:hat tiADP protects G6PD 

froo i nhibition by PCtiB , indicating that sulphydryl groups might 

~ involved in NADP binding . Whereas cnzync inhibition per co 

~es no t enaole one to ch oo~e between the two hypothc~es mentioned , 

the:: [act th"t Ijcbu- Odc i.s much lcsli inhibited th...n the other 

VC!ri<lllts ( FiS!' • 2o, , 1) 'lloo favours the seconds hypothccio . 

lf indeed, un - Sll rc:;iduc , essential for llCti vi ty were lacking hy 

~~tation in Ijcbu- Ode , the cnzytmtic activity should be reduce I ; 

w>Jt thio Ia no been I ound not to be t I'UL. 
On the other hand , i• • ... r. 

thin varh n · • h bee. .. l ucking which i o no't 
cysteine residue a& 

tst; • h · 1 in other variants serves a:> .. n 
Clltlal .i.or a.::ti vi ty , but w lC 1 

tt h . N''H then Ijcbu-Ode would be .:xpcctcd 
de ment: :a 'tc for PCiiB and "' • 

to ..... · cnt 
• '"81&t the efrcct: of these rccsG · 

The nild inhibition still 

t~ertcd by PCHO (but not by tl~tO on ..LJ..,., .. -Odc ~;~ay be cxpl in"'d b, 

tn 1 Bt'Oupa csGcntial for activity , 
t nbility of PCHB to react WJ. t 1 

o~ may not ~c rcactiv.: t:owardc thcoc 
er than - SH grou • rho Htli 

t Ciduco . 

the inhibitory action of 
The rather subtle dif f"'t•cncc in 

~~- I) indicates a s t ructur al 
~•ltl en A - · ( chaptl'l' V lind A llHtJln 

<lift • t s 
roncr· between these two vm•lan • 
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CliAPTI:R VII 

Gr:NERAL COIICLUSIOtl 

Cor.~parison of r,enctic variants of human erythrocyte G6PD : 

Thour.h t he f ive genetic variants of red cell glucose-6-phosphate 

dehydrogcnc1s~ differ in their electrophoretic mobilities (fig . 3) 

~din t heir reactivity under vwious conditions , they cGGcntially 

perform similat biochemical functions . These vc1r~ lllto constitute 

a gl aring example of the ct feet of what .1re probat..ly one point 

autations in tht; gene specifying tht: structure of an individWll 

protein . 
• 

The t1.ve C6PD types arc sim1lur in their affinitico tor 

G&P b u1: hnvc different affini tics for 2dG6P . From the plotn of 

l og vmax • log Km and log vmax aeainst pu , the prentJnce of 

Km • 
ionisAblc imidazoliwn and thiol residues in or ncar tho acuve 

centl'{:n has been predicted for most of the varic1nta , w~lil.! the 

llbscncc of thiol residue i5 postulated fo:- Ijebu- ( d~ . 

tho P
!l-dependcncc of the two major 

The work carried out on 
}.in"'t · _, t' -ny Gcrvc as a useful 

" l.c pa rarne't< r V nnu rn • •·-• max 
i 1 d t tho.: ner.~c tilac of the 
.. ustration of ~h ... potential an 11 

l iQJ. ch t:O WC otructurc Of the 
tation of the kinetic eppi•on 

roll011inn tho work of Dixon (l!ISJ> , 
of an cn..:ymo • 
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In the casu I'\! ported h\:t e: , ono hat.l the additional advuntag .... of 

bunp llbl· to comparoo the Lchaviour of fi vo: ui f.tul'\#nt Vt1 rJ.ant 

( " chapter IV) . It ~UIG thuc poo&iblc to onkc an "cduc t ed 

gu .. ss" as to which amino ncid rcsiduuo in th~.: prot.:J.n arc involv .. 

How~vcr, the limitations become cl~ar when it is realized that 

roups which lU'C quit~.; remote from the acti v~: centre , c pcciolly 

J.f ionised , can affect crucially the behaviour of the protein 

to~ard~ ligands . In concid~ration of thl- • 1~ will be essential 

to obtain direct infomatl.On of the prUl<u~ u~ructurc SO t"hllt 

this could then be correlated with th~ results fro~ th~ kinetic 

~«>rk . It is possible tht.lt if such data are collected for a 

number of cnzymco • ac they ht.1VC already been collected to sor.h.; 

extent in the case 
0 

f c1buonnul hacmoclobins ( V:introb..: , 196 7) 1 th.: 

infonnatlon obtained could be oxtrapol.Jtcd t:o othct ~se ... even 

bclc~ the structural annlysis is coop1~tu . 

G6PD vnrian~s: Lii.c for 
Structural diffcrcnccc ~ong 

l!f!::!oglobin vn ricn"ts • it hnG boon proved that erythrocyte G6PD 

'l'lri ntc A and 0 differ i nlc a~no acid sub$t"1tution 
by n c n.._. 

ble to think that oth~ var1~ 
rcuoon c·tohida , l%7) . It ic 

11 differ by cltcrntion 
in the tu::ino acid soqu nee of th u 

vri StiCh llOl' 1 don • whether nddl. tlon 1 

ry t ructuroo . 
.
11 

brinR about diff ~nccs J.n tt 
tiona , or oubotitution , Wl. 

· Tho dll!ot~nc: 
lett! r y otructul'C CJ1 tho cn .. ymc protoln . 

c rt 1n do 011 111 , rooultill~ in 
tructur of~~~ lr p•ptl. 

i 
dO 101 l.l ch VUI i Jl\ lX: I fl Ct 

1 '' t alttr o ch~t· oLor 

l.l 
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in the di fferc nccs i n electrophoretic migrations . tlowevcr , A and 

A- G6PD ty pes have identical nigrationz . It is possible thut 

these two enzyme variants differ by ul terations in the dlllino 

acid sequence of their primary structures and yet hove identical 
• 

oot char ge . Two proteins may ~lso have identical amino acid 

sequence but di ffar in the folding of their peptide chains and 

thus in the tertiary and quartenary structures . This possibility 

is known to occur in sperm whales and pork insulin , two proteins 

~hich have identical amino acid sequence , yet dif.ter 1n theii• 

~actions towards antisera {Berson£ Yalow , 1961 , 1963) . On the 

basis of this evidence , the authors continued , it would seem that , 

in addition to runino 11 cid sequonc" 1 th<. precise configuration of 

folding of the protein molecule is also determined by the genetic 

appar atus . However , it i~ desirable to obtain the amino acid 

se · bl thoee of other variants too quencc of GGPD •YP~ A- and poss1 Y ~ 

~6 a basis for understanding the complex structures of the proteins, 

Jnactivation and rcnctivation of G6PD: ~cveral workers have 

report d . the recovery of erythrocyte e difficulties 1n 

tYpe during puri11ca~ion by ion exchanee chrocatocraphy . The 
i 1 h ~"l·~ms Perhaps i~s nwtabill'ty l'nvo}Ve OCVo.;ra m~.:c ..,.., .., • of A- may 
~ttab1. 1 . . . ~ion into inactive subunits , in which 

lty is due to d1ssoc1n 
Ccto th tiona of NADP durin£ the 

o uae of hichcr conccntra 
~llt'l fi f · '' t to StAbilize the cm:.ymc . cation procedure might be su ilCl~.:n 
In c GG PO docs not need NADP tor its 

ontrast , rat mammary eland 
't~bili y Raineri & Ncv ... ldinc , 1966) . 

t y durina purification (LeV ' 
~ 1968 Ca> & {b) on notabo l it~.: 
L---f~i:nd~i~~JO~f~B~o~n~s~i~~r~o-=o=t==R=l-·~· -------------AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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induced .Lnoc t i Vution p.:!.rallclcd by splitting of red call GGPD 

into l ower ~olccul~r wci~ht inactive subunits and ~ubscquent 

~activation of inactivated cnzy~e by IADP , confirms the 

stabil ising role of this co-~nzymc . Horeov r , the cctabolic 

cycle of G6PD as postulated by these uuthors •hY help to explain 

the fast rate of dcgracllttion of enzyr.te type A- in vivo in the 

sense that ouch ~etabolitc inactivat~d A- vari~nt may not be 

easily reactivat.1d . An experimental <!nalysis of the intcractionG 

of several genetic v ri ~ntG o.t red cell G6PD uHh these 

ne t aboli tee , with vi w t o finding out whether tht: inactivation 

and r eactivation processeD .'Ire churactcristic fo r t!uch variant , 
• 
1s desirable . 

Effect ot lnhibitors: The observed variations clssociatcd 

"'th · v"r1' "" ts w. th the inhibitors -~4 lnteraction~ -1 the enzyme ... ... 

ll£a and PCf!B and the thermal inactiva1:ion profilo studies all , 
_l.nt row~rds . · the 9 cructural configurations aconc ,... .. d1ffcrcnccs 111 

~c postul~l 1· 0n about th~ a~~encc of thiol enzyme typco . The ~ 

r.. • • tl"C of Ijcbu-udc if:l also well ·-Slduc in or ncar the i!Ct.l. vc cen 

au . 1 • b ·tors on the cnz ynt. · PPQrted by the effect of lfl 11 1 

,Repulat:ory 
The Gi~oiJnlity of ra~c-conccntratl n 

oropertics: 

( ~> & Cb) has qunlif1~d G6PD to be pl~c d 
(fig& . 15 ... 

.110 J.ntcrprctction ot tlH! 
for tiADP 

• • 
' th 1' protcln · LSt of rouulatory 

. 1 invokeD the concept of c:h.. i . i s ru11a1 Y ' .. n llm of such o )c1not c • 
·~ r. Pardoe 1952 , 1963; Changucx , 

Ulii t interactions (Gel! Gc.II•hnrt 
h &3 It iG difbcult to pt•ovid<: an 

; t1onod c t al. , 10 6 !i > • AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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dterrldtiY<il tnOdul at the momont . The si~idal curves have 

for the first time •·rovided .. v ... ·dence fo-
r - . - th~ ditfcrcnce in the 

kinetics of A and A- GGPD types . It had been shown by Yoshida ot " 

(1967) , that A and A- cnzyne types ~rc simildr in catalytic and~ 
ir.ununol.:>gical properties . rvcn though the curve for A- appears at 

first oight consistent with the classical hyperbolic 

liichaclio-ttcnton model , the calcult~tcd dissociation constants 

point to the likelihood 

lo~ to high affinity at 

of ~he cxlstenc~ cf a tran~~tl~n .r ~ 
~ ) T•blt. 1<1•\) 

very low conccn trotion ot •~ . It i:.. 

difficult to cxtt'.:lpOl.:lte the results of in vitro kinetic studies 

to the conditions in the living systemo because o! the possibility 

of exis'tencc of mudifyinn factors in vivc . tlorcovcr, the fact 

that kin~.otic data fit ,1 ccrt.!lin hypothesis docs not conci i'tutc 

proof . 

TI1c crucial evidence that the reported sigmoidal saturation 

curve r eflects prima~ily the specific interaction between G6PD 

-'nd IIAOP, lieo probably in the demonstration that such interolction 

i& oubject t:o change c'IS a rcsul t o1 genetic mutation . Thuo, while 

~ A and U arc quite s~ilar . th e saturation curvoc ior· nn~yrncs 

fot> ,,- qul· tc different and distinct fr01:1 each and ljebu-Odc aro 

Other . . lications o! th1o finding ~y hcc~QC The physiolocical 1mp~ 
!uJ.l . • bl invectigatlon cun b~ carrJ.e out Y apparent only lf su1. ta e 

• 
llr, 1 •l"ill likely cpt!culatlono arc ntact cells . llowevcr , cct u 

illr~ady 
posoiblc . 

llcfercncc 
t th 

. boinn mnuc t~ the oicnifioancc ic pnrtJ. culli'lY 

08C curvco 
of G&PD deficient reo collo . t o tho rnetn~ollS~ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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ffercncco ~rc apparent between ~he A and 8 var~ants on 

and the A- on the other side . 

has a much more nearly hyperbolic saturation curve for UADP. 

is far lesu scnr.i ti ve t o inhibition t..y NADPH . 

differences may baco~e quite crucial when one tries to 

how they will reflect on the activity o1 the pentose 

IPn,ate parth11ay within red cells contcuning ci ther the ;, or 

• var~ant ao opposed to the ,,- vat•iant , Tnis, one can try 

first with reeard to "nt'rmnl " condi tion!l (under which thu 

te pE!ntose phof:phatc path11ay operates only at a very low 

and then with regard to conditions under. which it is 

:'kecny stimulated . 

Under normul conditions , if the:. IIADT concentration in the 

cells is within the 1,anp,c whcro the A and B variants aN in 

state of low affinity for tlf1DP , it is c1ppnrcnt from the 

tion curvcn (sec ric. 15 , a ~ b) that their GGPD is oporatin 

4 rate which is D very s~ll fraction of Vnax . By contrast nt 

same IIAOP concentration , the A- variilnt will be olruady much 

r t o s · d 
0 

~•t'"C alrnost at the rate of V • aturat~on , an op lw ••• max 
4ddi · co11c~.;ntration of NADPil is alwolyG 

tlon , ~incc a meaourublc 
in red cells , -this ... 1111 have o certain inhibitory action 

• on the A- variant . Both thes~ 
'I and B varian tn bu l not 

Wlll contribute to a rclativoly r,rcatcr activity of A-

In order at least to nttcmpt a quantitat1vo 
to A and B. 

of the diffcroncc in activlty , one make 

avail able fi nul'! en on thO concuntra tions 

UDC Of the 

of NADP nnd 
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•ADPH in the red ccllc 1 ao reported by Gross 
1 

;>Chrocdcr & Gabrio 

(1966) , 11osuminp, an int raccllul<lr concentrat ... on of approximate!) 

32 pll for t1/IDP <1nd npproximntely 21j )JX for NADPH , and o:~.kine 

~fcrcnce to Figures 15 and 17 1 it is possible to calculate that , 

lllld~.:r such conditions 1 the 0 variant will function dt appt'OXlr.:tt~.:ly 

~2\ of its maximum rate , but A- will function ..1t: approximately 83 

of its maximum rate . Thi!. alrno:Jt: two-fold diffcroncc in the 

~rcentclRC activity of the two variants will alrc ... dy compensate. t~ 

considarable extent for the lo\Jer level of cnzyoe in the "duficicnt' 

Cells . \o/hen it is considut•cd tl&a t the detci'IIlination of pyridine 

n~clcotidcs is subject: to considerable cr , and th~t it is 

!.upossible to know whethet' the saturation curves obt<lined truly 

ruflect the condition (pH, iono
1 

etc . ) prcvailinr. within the red 

CC.i.l >1 it is concei vablc that this compensation might be even more 

tf:.ccti vc . BaGically I it is sugscst.:!d that the peculiar 

j{ffcrcnccs in kinetic behaviour of the A- variant: compnrcd with 

I. cl:ld B -l.· nht · 11 known paradoxical obserovati n , n Lmcly ~· , cxpla1n a we 

~~t the metabolism of G6PO-do1icient cells , ~nd pa~ticu.wr.y 

'he l'.:!tn '" of the pcnto5C h t Pnthw~y in them , iG not phocp n e .. .. 
1
1:nificanuy abnomnl . d that under phyn1ologic~l It is ouggcstc 

~lldit · - enzyme in the cell lS ci thCl' lons the cctivity of the •1 

r. 
~lor very naarly nonnu1 . 

(b) 
A Very di.tlcrent 

Ctrcns . 
la i~nposod upon 

Wl. 11 prevail once an oxidative 
si Lu1don 

lho rod oc .. l • !n terms of r~culat1ona 

1 'i~PD 
activity such ~s l l pl bably px•oducu 11 channo otrcaG Wl 
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ratio o f II/1DP t NADPll , nruaely , .-n increase i n llt1DP and o 

of NADPH • Again this \lill ent.1il two differences uct ween 

and the deficient red cnlls . I d 1 · · ~ n rc ce! s conta1n1ng 

A or B1 the increase in llt\DP concentration causes the 

1\1UISition of the cnzyr.~c from low .1ffinity to high .:1f fini't:y , and 

the velocity of the cnz~c rc.1ction is remarkably increased . 

the decrease in tiADPH concentration ~ill entail 

i der ablc t•eleasc from inh1bi tion . Doth of these changes will 

i n increased G6PD activity and much .;.aster operution of the 

phospl1ate pathw~v . dy contrast , in G6PD-deficicnt cells , 

increase in NAOI' concentration will increase the activity or 

enzyme only very slichtly , 81ncc the enzyme is ulre~dy workinL 

near-maximum velocity . The uccroasc in tii\DPH concentration will 

ll{jt enhance G6PD ucti vi ty si net! no 1nhibi tion was tuking pl.1cc . 

containinr, red cells have almost no wuy of incrcacing 

the rate of operation o f the pcntose phosphate pathway when thic 

ts deQandcd . 

The detailed kinetic nnalysio of the interaction of GGPD 

Y!riantG with IIAOP and IIADPH thuc provides a plausible explaMtion 

for their . • Cl nrly unly cxpcrl.lllent in which 
performance 1n v1vo . c • -

tbt intracellular rate of operation of GGPD can be evaluntcd will 

~nntratc ;ntcrprctntlon is entirely vulid . 
whether such an .. 

The coml>lcx 
to th 

I! likelihood 
t~. 

. of G6PO variants wit h tlADPII point 
inter<Jcuon 

, b lit' ocrvos 15 a regulator of 
that thlS meta o c 

firot Pcnto
"C phosphate pot hway . The ncaetlVc 

rco.ction of thu "' AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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- 12 s. -
mechanism implied is not too surprising e~ Juch .. 

• .e•Chilln • • . • . l G-c rl. ,,r: ... .I P.,.jn .. 1.sm 1.s now known to operate t 1 - -- -ex ens1.vc y 1.n ~cro-orp:n1.sm~. 

r.~cchanism of <lt:tion of NADPII probably involves confomational 

terations through subunit intcl'acticn". The inhi!:lition may 

lr.plicate other mcchaninm besides the 1.nvol~cment of the subunits , 

ouch as partial inhibition , whereby the rate constants for the 

breakdown of the enz~nc-substratc (ES) und en=ymc-substrate-

inhibitor ( ESI) complcxao arc differ< nt . he work of Glock t HcLc~n 

<1955) has suegested that the rntio of lu\DI /NADPII is ot 

sirnificanco in the control of the pcntose phocphate pathway . 

TI•e rate of oxidation of NADP 1 St:t•ve:l aD .:1 rugulat ot of the rate 

of r cc1ct i on of G6PO . The <•xist.:nc~ o .t activ.:ltlng , active and 

• reuulator y citeD dS po~tulated in this report , in patallel to 

11l•at hac been observed in micro-orgdnisos sti-1 ro::quirEl"" 

cQnclusivc experimental pro f . rhe cx1stence of regulation of 

pentosc phosphate pathw~y may nut be an exclusive pr aroe3tivo of 

G6PD alone . It is possibl~ that other ~n:ymes and mctabolitcG 

P
articipate in this renulatory 

exorcise as a cumulative phenoncn n . 
."he work of 

Usociated with this path~ay cay 

( d 
l.rlilCtivation of erythrocyte 

196Ba , 1968b) on metabolite in uc~w 
by clucosc-6- phoophate , sluconat<. 

Qlucoce- 6- phospha to dcllydroRcnnoc 
unidr.ntificd inactiv~tinc en~~o lend 

D~pho&phate , tiJ;OPif l!Od an or cumulati vo or conccrtl.d ronullltory 
Upport t o the augr.cstion 

control of pen tOOl' pho!ipha te pathwi\Y . 
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feedback mechanism implied is not t oo surpri aing 

raechanism i s now known to operat e · 1 · extcns1vu y 1n 

as 'iuch a 
L cr .. ~ • ..,. ..... P...(.~ . 14 

m1cro-orf,ani .. n "· 

The ~:~echani sr.1 of t~c:tion of NADPH probably involves conforr.ctional 

al terations through subunit intet•acticn:.o . The ir.hil>i tion m~>· 

inplicat e other mcchaninm besides the 1nvolvement of t he subunits , 

ouch as partial inhibition , whereby the rate constants for the 

breakdown of t he enz~e-substrate <ES) and en:yme- substratc

inhibitor (ESI) complcxco are different . The work of Glock & HcLuan 

Cl9 SS) h.J" suggested thdt the ratio o f 111\DP/t/ADPII io of 

sipnificancc in the control of the pentose phosphate pathwdy. 

The rut e of oxidation of NADPII s~t·ve::; uG a Ngulat or of the rate. 

or r eaction of G6f'D . The uxistcnce of activ.:!ting , active and 
• 

regulat or y sites dS pos~ulated in this ~cport , in parallel to 

llhat hilG b~cn observed in micro-oreanis~o still requires 

concluoivt. experimental proof · The existence of rcr,ulation of 

••y not be an exclusive pr aroeativo of 
~ntooc phospha•u pathw~y "w 

GtPo alone . It iG posoiblc thut ot her en:ymes and metaboli t es 

~soci ated w1 th participate in thin rcculatory 
this pathway mny 

t~crci sc as a cumulative phenomenon . 
The work of &.uignore et ~1 . 

11968n , l96fsb) 
d inactivation ot er ythrocyt e 

on metabolite induce 
b clucosc- 6- phosphatc , sluconat~:; 

lllucoce-6- phosphn to dohydr op,cnnse Y 
~ • . ficd innctiv1tinc on:ymo l ends 
•·Phosphilte , tiADPtl a nd 12n un1c!entl 

· or conccr ttid regulatory 
nup...,.... . n of ct~r.~ulatl vo 

rv•'• t o t hu ougr,eot lO 

tontrol o f pcntooc phoapha le pothwllY . 
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HECtW!IS!' OF F.:iZYJ.:E ACriCil 

Tho proucnt iuono about tho coohnnisc of action or dchydrog~nnao 

on:yco:~ r.ro uoll illuotrntod by tho oMO of glyourJ.duhydo-3-pho:~phnto 

do~uonD:~o (Dixon r.nd \ b'b , 1 ;164) , Tho oney;:w hns been crystcllliaod 

'both fro::~ yo .st and froo c.u.:~cl • Vor both, th.:~ ntfinity for nicotin~Ho 

odonino dinuclootido (IIJJ)) io ~oh hishor then ro:- tho oth.:r s-Jblltr · c. 

Tho protection offcrad by !lAD cgoinat inh!.bition of: tho on:yco by socu 

thiol roooonts (Shitrin and Kllplnn, 196o) ill on indioc.tion tlut NJ.D 1a 

'bound to tho on:yt!O protein throueh thiol groupa. Tho port of 11/.D "t 

~?hioh tho thiol group combines 1a not lcnollll. &.ood pril:lorily on ~uoh dllto, 

the gonor.Uly nocoptod aohooo or notion 1:> co folloTra :-

t -SII + l'/ .D+ ,. E-5- !1/Jl + K+ 

B - S - 11/.D + RCHO c B - S - COR + 11/IDH 

E - S - can + li}P04 • E - SH + Ht'03- 0 COR 

r luco
•o L--hoo~nto dohYdregcne:~o th:~ anon aohomo ia 

In tho onoo o g ~ ........-,.. t"' 

t ill )CnOiln thn t t ho r.J'finitY of c6PD for 11/JlP ill hightr 
liltoly to hold. 

ti n 
orforod by TIADP canJ.nat inhibition of r.6PD 

then for G6P. 'I.., protoo o 

) 
t cU!IO that t hill co ...... neycD is 'bound to thiol 

by FCI!B ( 11()\, . • 21 :1Uf;6011 s 

t 
in Tho proaoncu of thiol ~.:roup( 11) in tho 

s;roupa in th~ u~ pro 0 • 

110tivo oantro or c6PD ill aup 
por

tod by tho dot11 on inhibition by 'A;Im onl1 

1/E.U pNacntod in F* • 20 QJld 
21

' 
3oldin r.lX1 SoJ.inalcy ( 1966) pro :~od 

In addition to tho th1ol ~rou~~ , 
.., liuo ro:sid...a 1Jl tho cot1vo centre. Tho dntc 

tho rroaonoo or en ir:u.uDIO 
·. , ~ • 

1
,
1 

P• SO c.rd 81 ) oro cllao in 116roocont ui th 
proaont od horo ( aoo "<· / 

I 
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Hoilov<•r 1 .n icddm:ol iuo r osiduo "'"v not be criti-- ' • ·-v ~ If it nvr , /. 

oJVi ltn- Bolu uh1oh mAY "lock" hbtidino ( inforrod rroc tho nbsonco of 

1n1dnuliur.~ r osiduo
1 

soo Fit , 13) would be deficient , r..nd thoy oro not . 

Altcrwtively 
1 

it ie po:us1blu thGt tho i.cid!aoliUJ:l rosidues in these 

vo.rilllltls oro ori tionl but. uro no'R in a. different onviron::lCl\t with tho 

result that thoir pK.s hAve boon t:'.O<li1'iod. 

!ii~:~11 o.rl 
1 

tr.o obaCZICO , r thiol rooiduoa postulr.t.od tor ljobu-<ldo 

( p. 81 and 119) ultlY c l:Jo icply oi thor thot tho 0onorol mochcn.illo obovo 

1e m"OJ'l8 or that tho thiol roaiduoa nro prusont in this voria.nt in n 

differ ent onvironoont
1 

llhich prevents tho binding of PCIIB 'lJ1I1 lffitl ond 

Klifio.s tho pK of' tho thiol ro:~iduo to obolhh th.o nnvo obacrvod 
which !\l!'lo 

ot }it 1. 7 1.n tho otho.r voria.nts. 

• 
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finally , even though the results reported and discussed in 

t hi s thc$iS point out some of the differences and similarities in 

t he in vitro kinetics and properties of the five genetic variants 

of erythrocyte glucosc-6-phosphatc dehydrogenase in Nigeria , the 

data urc by no means conclu~ivc as to what actually happ~ns in vivo. 

The fact that the Ijcbu-Ode and Ita- Bale variants arc neither 

associated with enzyme deficiency nor do entail any clinical 

abnormality, clearly confirms that genetic variation of G6PD is 

not synonymous with deficiency . 
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