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A85つごRAC℡   

An NADP－1inked glutarnate dehydrogenaBe（L－Glutama亡e dehydrogena占e  
NADP‾0如doreduc亡a5竺・ECl・4・1・4・）wa占 purified181如1d5 from  
pla8mOdium knowle81（simian m已1aria p己raSlte）by ammonil〕Ⅷ Sul王ate   
ractlOna亡ion′ ge fil亡rat土on anくヨ hydroxylapa亡i亡e coIumn chroma亡0－  
graphY． The molecular weight of the en2：Yme Va占 found to be 295′000  
e1d 

。己 
filtration． The enzYme aPpeared to be hea  
and ac亡ivate（】abou亡 39亀and14宅 by KCl and  

NaClrespectively． 王t catalY自ed the amination of p（－ketoglutarate  
and the deamination of glutamate with op亡irnum a⊂tivity at p臼 7．4  
and 8．6 respectivelY． flyperb01ic kinetics were obE；erVed for the  
占ubstrateB and cofactorB yielding Krn values ofO．25±0，02m朗 for  
帆－Ke亡Ogltユ亡ara亡e11．3±0．2t州 for ammonium acetate′ 0．011±0．001mⅢ  
for NADpnIl．8±0．1m机 for glutaTnate an（ヨ 0．050±0．002 TnM 王Or NADP．  
The arnination reaction was abou亡10 times more active as compared  
to the deamina亡lon reactlon．  purlne nucleotlde占 dl（］ not 5how  
anY effect on en2：Yme aCtivity． TheBe reSult8 8ugqeSt that the  
alninatlon reac亡ion may predomlnate   

王Ⅳ℡RODUCT工0Ⅰ疇  

in p．knowles  ip己raSites．  

Gluヒamate dehYdrogenaBe（L－glutaTate dehydrogena占e NADP－OXidore－  
ductase，ECl．4．1．4．G上）H）catalyslng theinterconversion of glu亡a，  
mate and 廣一ket（〕glu亡ara亡eiso土con61derable ilnpOrtanCe dlュ∈ tO itβ  
Pivotal role in linking of protein and carbohYdrate metabolisTn  
a占 Wella5in providing auxillary energy sourcein many prokaryotic  
an（］eukaryot土c organlsm占 土n⊂1u（】ing certain proヒ020an and hellnlnth  
ParaSites（Cazzulo et al＝ 1977；Mustafa et al．，1978；Sherman，  

★ To whQm COrreSPOndence should be addressed．   



NADP－CDH OF P，KNOWLESI  

1979；Smith et al．．1975；Turner and．Lushbaugh11988）・The enzyTne  
has been demonstratedin many specleS Of malarial para占ites and  
has been shown to be different from that of vertebrate tissues  
asi亡 requires NADPinstead of NAD a8 COfactor（Sherman′1979）・  
The NA工）P－SPeCific glutamate dehydrogenase appears to be useful  
marker enzyme for rnalaria parasites asit＝i8 nOt PreSentin red  
cells， A parasite specifi⊂ β1nglei占OenZyrnic form of NADP，GDZl  
has been shownin rodent，SiTnian as wellas hu¶1an malarialparasir  
ヒes（Carter，1978；Carter and Wa11iker，1977；Watts et al・，1988a）・  
Though a considerable amount of work has been done on the charac－  
terization of NADPTSPeCific glutamate dehydrogenase from a number  
of malaria parasites, there is no conclusive evidence regarding 
the exa亡t rOleitis playlngin the parasite metabolisrn・In sorne  
SpeCies of malaria parasites，the NAI〕P－G王）H has been shown to be  
a welldocumented source of endogenous NADPH production（Sherrnan  
et al．，1971；Walter et al．，1974）while in others it has been  
suggested to have a predominant role in the amination reaction 
i・e・glutaⅣate PrOduction（Langer 

． 

purification and characteri2ation of NADP－1inked glutamate（ヨehydro－  
knowlesiandits possible slgnificancein parasite  gen己S∈ from p  

me亡ab01i5m．  

月ATER工AI．S AND 且ET801）S   

Parasite6： PlasTnOdiuTtlknowlesiinfection was maintained in rhesus  

ITlOnkeYS（Macaca mulatia），Of either sex weighing 3－6 kg byintra－  
venous infusion of lXlO〉 schizont infected red blood cells from  
an infecヒed く〕onor monkey to a healthy monkey． Parasitaemia was  
monitored bY microscopIC eXamination of glemSa Stained thin blood  
srnears，  Blood was c011ected at about 40％ parasitaenlia（mainlY  
SChizonts）in acid citrate dex亡rose  and washed with phosphate  
buffered saline（PBS，PH 7．2）by centrifuging at 800Xg． The plate－  
1ets andleucocytes frorn theinfected blood were remove（ヨ f01lowing  
the procedu干e Of Scheibeland Mi11er（1969）・the schizonts were  
purified using one step percoll gradient as described elsewhere 
（Kaushalet al‥1988）．   

Preparation of homogenate： A twentY PerCent homogenate of the  
triethan01amine buffer（pH 7．4）  5Chizonts was prepare（］1n 25m♪】  

COntainin91rnM f）－merCaPtOethan01（PME）and O・1mm e亡hylene diamine  
tetraace亡1C aCid（EDTA）in a potヒer Elvehjem homogeniser under  
ice c01d conditions， The hornogenate wa占 Centrifuged at lOIOOOXg  
for 30 min（40c）and the supernatant obtained was used as the  
enzyme source．P抑巳 and EDTA were found to be usefulin stabilizing  
the en2，yme aCtiviヒy and were therefore aく〕ded to allbufferB．  

The activity of glutamate dehYdrogenase（GDH）was  
estimat∈d by the rnethod of Schrnidt and Schrnidt（19B3）with slight  
modification5，  The reaction rnixture in a total volume of 3．0  

7nlcontained 25mI】triethanolamine buffer（pH 7．4）；3．3 nlMQC－Ketoglu－  
tara亡e（正一KG），3．3 mM 己mmOnlum a⊂∈亡ate and O．2mM NADPf】．  でhe  
reverse reaction with glutarnate as substrate and NADP as cofacto  
WaS eStimated according to the Tnethod of Strecker（1955）as nlOdi－  
fied by Sherman et al・（1971）・One unit of enzyTn？is defined aS  

三≡e。ミi。茸子ym…£笠。C三…三三冨：：ご㌔Ⅹ：：：≡：昌1三：ごご2忘en：：王：≡  。y  
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叩－1proteln・蝕e prQtein conten亡80f all亡he samples′after  
TCA precipitation，Were e8timated by the method of Lowry et al・  
（1g51）．  

urification： Gluヒama亡e  dehy（］rogena占e Of p．knowユe如 was  
l lowed  ed by amrnoniul口 6ulphate fractionation fo   byInOlecular  

苫n 
。s 

brought upto  40宅 5a亡ura亡ion 扇亡h re占peCt tO ammOnium 6ulphate  
and was allowed to s七and for 3 hin cold with gen亡1e stlrring．  

書畠 
。1。。et 
tion of amrnoniuTn Sulpha亡e and again 5tirred 王or 3 h in cold．  
The precIPitate containing n108t Of the GDElactivity waEireCOVered  
bY Centrifugation at lO100OXg（30Inin）and diB8OIvedinlninimum  
VOIume oflOmM phosphate buffer（pH 7・0）containingltnIl／うmE  
and O．1mM EDTA． The 40－75％ aTnmOniurn sulphate fraction vas  
applled to Sepha（〕ex G－200 column（1．6 Ⅹ 30．5cm）pre－equlllbra亡e（ヨ  
Wl亡hlO一口M phosphate buffer（pH 7・0）containinglm帆βmE anくヨ 0．1  
JnM EDTA． The colurnn was va8he（ヨ with the same buffer and 2．O  
ml frac亡ions were c｛〉11eete（〕る亡 a flow ra亡e of12 ml／hr un亡11  
the G工〉員 WaS eluted． Fractions from Sephadex G－200 column having  
G工）H ac亡ivl亡y were pooled and passed 亡hr01ユgh a smallhYdrDXylapa－  
tite column（l．0 Ⅹ1．2 cTn）which had been pre－equilibrate（∃ with  
lOmM phosphate buffer（pH 7．0）containing lrnIl芦朗E and O・1Tn朗  
EDTA． After wa5hing the coluTnn With 20 mZq and 50 mM Phosphate  
bu王fer（pH 7．0）the enzyme17aS eluted with150Tn一再 pho6phaヒe buf王虻  
（pH 7．0ト  でhe frac亡ion畠 COntai山ng h土gh enzyme a⊂tivlヒy were  
pooled and u8ed for BtudYing the properties of GDfJ．  

ht Detertnination： The molecular weight of P．know－  れ01eclユ1ar Wei  
fil亡ra亡ion throu9h Seph詔応「で＝  y gel  GDH Va8  

罰詑「coluIⅥn aCC（汀ding to 亡he metho（ヨ of An（〕rews（1965）u占ing 5亡an－  
dar（ヨ pro亡elns of known moleculaビ Welgh亡S Viz・bovinellver gluta－  
mate dehydrogenase（335，000）bovine liver catala占e（232，000）′  
rabblt muscle lac亡ate（】ehydrogenase（135′000）′ yea5亡 hexokinase  
（11O，OOO）and ovalbumin（45，000）．  

Rモ：SロムTS   

Purificatlon of■ ⅣADp－GI柑 Of p．knovle5i：G工）H Of  l e81 Wa占  p．kれOW  
preclpitaヒion，gel  purlfied bY CO印blnatlon o王 ammonium sulpha亡e  

fll亡rat土on on Seph8dex G－200 an（】adsorption chro∫口a亡ogr∂phy on  
hydroxYlapatite column・ The Bu【∩爪一arY Of purification i占 glVen  
ln Tabl（≧－1． でhe frac亡10n 8edll¶entlng be亡ween 40－75亀 sa亡ura亡ion  
o王 ammonium sulphate conヒa土ned 96亀 0モ GDH actlvltY． Flg．1a re－  

knowle弓i  PreBent占 a tYplCal elution profile of NADP－GDH of P   
from Sepha（ヨex G－200 column・ Ou亡 Of 亡he 亡hree pro亡ein pea上白 the  
enzyme a⊂亡1vlty wasloc己1izedin the fractlons（26 mト40 ml）  
obtalned〕usヒ a土teて the 王ir£t PrO亡e主n peak． No a⊂tlvitY WaS  
de亡eCted in other coluzTtn fractions． The fractions having G工）H  
ac亡1vity（55篭 recovery of enzyme activl亡y）were poole（】and applle（］  
to hydroxylapatite column． The elution profile of pro亡ein sep－  
arated bY 亡he hydroxylapa亡1亡e and 亡he⊥r ac亡ivltleB With respect  
亡ロ G工）H are glVen in Fig．1b． Af亡er 亡h18 5亡ep 亡he enzyme was  
puri土1eくヨabou亡181土01由wi亡h an overallrecovery of 52宅・  

ク〟   



NADP－CDH OF P．KNOWLESI  

Table－1 Purification and recovery of NADPTglutamate dehydro－  
gena8e Of P．knovlesi  

Total でOtal Specific 電Recovery Fold  
PrOtein enzyTne aCtivity  puri－  
（mg）  activity  fica－  

（unit重り  亡ion  

To亡al  
マロ1ulne  
（Ⅶ1）  

Step6  

1． ⊂r11de  lO．O  
extract   

2． Am打10nium l．O  
Sulphate  
preClpl‾  
tation  
（40－75篭）   

3． Gel  16．O  
filヒra－  
tion  
（Sephadex  
G－200）  

215．2  1114  5．2  100  0  

38．8  107う  27．7  9広  

6．5  615  94．6  55  18  

4． Hydroxyl－1．5  0．62  584  942  52  181  
apati亡e  

The lO′000Ⅹ g supernatant of a 20％ parasit：e homogenate was  
preparedin 25州 triethanolaTnine buffer（pf17・4）and u苧ed  
as the enzYme SOUrCe． TotalactivitYis expressed as unitS  
ln 亡he 亡Otal v01ume of ex仁ract．  

、 

・＼」 
． 

properties of purified IIAl）p－GDE：  The enzyme activity uBlng  
正一Kg川ADPH for 亡he amin∂tion rea⊂亡ioヮ ∂nd glutamate／NADP for  
deamination reaction was estimated uslng buffers of different  
pf］． Th∈ PH optima for the amination reaction with eC－Kg／NADPfl  
and the deanlination reaction with glutamate／NADP were found  
to be 7．4 and 8．6 respectively（data not shown）． The highest  
activitY Of GDH（236 units／ml）was obseFVedin ヒhe amination  
FeaCtion a仁PH7・4（optimum pE］for aminatlOn）・The GDH activitY  
ln the deamination r？aCヒion was found to be79units／rnlat pH8・6  
（Op上土mum pH fo干deamlnat土on）and23・58units／mla亡囲7・4（op亡imum  
pH for aminatlOn）・The kinetic s亡udies for arnination reaction  
usingペーkg，ammOnium aceta亡e artd NADPH were done at pH 7．4 while  
PH 8．6 was used for studYing the kinetics of glutarnate and NADP  
in the deamination reaction． The NADP－ GDH of P．knovlesi exhi－  

bited hyperb01ic type of kinetics with respect  Subs亡ra仁e  

and cofac亡ors． でhe double reclprOCal plot5 0fよ－ ke亡oglutara亡e′  
ammc・nium acetate，NADPf］，glutama亡e and NAl〕P are shown in Fig．  
2． The Km valueB Calculated from the Lineweaver Burk plots   
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・甘地・1：El止ion profile of 里・柚i NADP－glu亡amate dehydroqena8e  
On BePhadez G－200 coluIDn（a）and hydroェylapatite colu7un（b）  

（C＞・J3）GDH activity；（＝）Absorbance at 280 nm  
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Fig．2： Lineveaver－Burk plots of。し償etoglutarate（a）．aTnTnOniuⅡl  
acetate（b）．封ÅDPIl（c）．gllユtamic acid（d）．HADP（e）  

p．knovle8  forI－App－Gl）E of   

were found to be O．25±0．02′ 1．3±0．2■ 0．011±0．001 mM for く－Reto－  
glutarateram7nOniurn acetate and NADP＝ respectively・ Correspondin－  
gly the Km values for glutamate ancl NADP werel・8±0・1and  
O．50±0．002 mM．  

0 
a 

S亡udies  

l∈≧S土 NA工）P－GDfi  

d 
6 
did noヒ Show anYIoss of activitY til1560cIWhereas about ll％  
and18％lossin en2yrne aCtivity was ob畠erVed at 600c and 700c  

（Fig．3）． Even after incubating the enzyme for 4h  
s         in enzYrne aCtivity was observed（Data not shovn）・  

ete 
s  

The effect of different concentration of KCl and NaCl on  
the activitY Of P・kne＞VlesiGDHis shownin Fig・4・ The addition  

亡he enzy汀Ie  a8 COmPared toI柏Cl．  showe（ヨ more a⊂tlva亡10n  Of KCl to  

About 39亀 and14竜 activa亡ion was observed at lOOmM KCl and 50 mM  
NaCl re5PeC亡ively． On increasing the concentrations of these  
salts decreasein activationof the enzyme was observed． The acti－  
vity  reached to the controI value at abouヒ100 mIINaCland  

〃   
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Fig．3：Effe⊂t Of different temperatureB On the activit：y Of NADP－  

glu亡aⅢate dehYdr09erlaSe Of p．knovleBiaft¢rlO い8－）Ⅷin  
and60（ぅ㌣）minincubation．  

Percent ac亡ivity wa5 Cal（：ulated as remaining G工）H ac亡ivity  
t 
。t（e 

ト
ヒ
≧
ト
U
V
■
 
 

○  さ0   100   1如  200  260  800  王I80  

雌l／N■¢l（m鵬  

Fig．4＝ Effec亡 of differen亡 concentration8 0f RCl（くトlるnd ⅦaCl  

（モト）on NADpl】1ⅥtaⅡIate dehydroqena白e Of P．knovl閉ま．  
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and 250 mM KCl． Furtherincrease in concentration of both the  
saits resultedininhibition of the enzyme activity・  

The effe⊂t Of purine nucleotides viz・ADP，ATP，GDP・GTP・  
e  p．knowl  I朗P and ITP was Btudied on NADP－GDE］of   
concentra亡ions  Vity at   nucleotideB had no effect on t：he enzyme act  

of O．landlmM（Data not Bhown）． The molecular weight of NADPT  
by molecular Bieving through  P．knowleBi as determined  GDH of  

found 亡O be 295－000．  Sephadex G－200 column wa占   

D工SCUSS工ON  

Three tYPeS Of glutamate dehYdrogerlaSe With different coenzyme  
specificities（h］AD specificINADP占PeCific and with dualpyridine  
nucleotide specificitY）have been reported froTn Various sources  
（Smith et al．，1975）． The present study demon占trateS the exist－  
ence of a parasite specific NADP－1inked glutamate dehydrogena8e  
in P．knowlesi as has been shown in other species of malarial  
par品ites（Sherman′1979；VanderJagt et al・，1989）・Since this  
enzYmeis not presentin red blood cells，and al80 because of  
thelo88 0f GDH activi亡y（10宅）durlng 亡heisola亡ion of para如亡e占  
free of red cellcontaTninants（Watts et al．．1988b）lthe schizont  

knowle占iwere u5ed a占 占亡ar亡1ng materlal  infected erythrocytes of P  
employe（］for 亡he purlfl－  for enzyme purification． The procedure占  

cation of P．knowlesiGDfl，in the present study．resultedin abou  
enri  Wl亡h an overall recovery  chTnent Of enzyTne aCtivitY  181 fold∈；   

The P．knowlesl enZyrne had a Tn01ecular mass of  Of 52 percent  
e termined  Bieving′ Which is  by molecular  about 295′000′ aS（］  

accordance with the molecular mass reported for NADP－GDH of  
P．falciparum（Ling et al．，1986）． The molecular weight of GDH  
Tsola亡e（〕上rom other malarlal an（］亡rypan080me paraSi亡es varieB  
from 245．000T280．000（Juan et al．1978；Walter and Ebert，1979；  
Walter eヒ al．，1974）． The mammalian enzYme from bovineliver  
and heart has been reported to have slightly higher molecular  
mass of about 330，000（mcI）aniel et al．．1986；Smith et al．，  

knowlesi D］ADP－GDF was found  1975）． The enzyme ac亡1vi亡y of P  
to be affected bY SatSlike KCl and NaClas has been reported  

panosoma crt】Zl（Juan et al＝1978）′  for NADP－1inked enzyme from Tr  
teroides fragil土6（Yamamo亡0  yeas亡（Camarくヨella e亡 al・′1976  an（ヨ Bac  
from varlous source占  et al．′ 1987）． The NADクーdependent GD艮5  

have been ＄hown to be ヒhermostablein nature（Schmidt and Schmidt，  
of P．knowlesi ⊂an a160 Wl亡h占tand  1983）． Slmiユarly the NA工）p－G」〕H  

heat upto560c for4h・The biochem  icalpropertieB and the phY－  
si01ogl⊂al r01e of glutamate dehY（〕rogenaBe Vary depending on  
the enzyme ＄OurCe． The enzYme from anirnal sources（TnaTnTnalian  
GDH）has dualcoenzyme specificityl 

， 

al．．1975）． However，the glutamate dehydrogenase from non－animal  
sources haB been shown to be ＄peCifi⊂ for either NAD（H）or NADP（H）  
anく∃its activitYis not affected bY the purine nucleotides except  
for few NAD－SPe⊂ific GDHs（Smith et al．，1975）・ 工n the present  

from P．knowlesi was  ▼ 
foun白 to bespecifi⊂ for NADP（H）．notinfluenced‾も  ,y the purine 
nucleotides（ADP，ATP，GDP，GTP，川P，ITP）and therefore appears  
to belong to the group of G工）H from non－animalBOurCeS・ The GDH  
from other species of malaria parasites ha5 also been shovn to  

＿†こ   
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The NADP－SPeCific glutaJnate dehydrogenaseofmalarialpara呂ites  
appears to play different rolesin different malarialparaBite占．  
℡he enzyme haB been shown to be 亡hemaコOr SOurCe Of ende）genOuS  
NADPH prC〉duc亡ionln 占Ome 8peCle5 0f malari81parasi亡es（Langer  
e亡 al・′1970；Sherm∂n et al‥1971；押alter et al‥1974）while  
p．f己1ciparum  GDtiⅧainly partlclpate5   in glut∂maヒe forma亡ion  
てⅤ  8 9）． similarly一 亡he NADP－ユinked gluta汀】aヒe  anderJagt e亡 al．J19  
dehydroqena占e Of p．kno′wle扇 appeるrS tO have a predominanヒ role  
in glutamate βynt扇  8hown bY high level畠（10 fold占）of  
NADPH dependent amination activity in comparison to deamination 
activitY at PH 7・4・ These finding＄ are 占upPOrted further by  
ヒh¢ 古土udies on モロZyme kine亡1c∈；Of amlna亡ion an（］deamina亡ion reac－  
tlons o王 P．knovle占1GDH． でhe NADp－GDH of P．knowlesi5hoved lower  
Km value㌻王 O t ara亡e an（〕cofactor（NÅDPH）  r 亡he substrat色（武一Ketoglu  
Of the aminaヒlon rea亡tioh and th臣8e are quiヒe c｛）mparable tq the  
Z（Tn Values reported for the P．falciparum NADP－GDH which also 占howed  
h土gh amlnation a⊂tiv土ty（ぬndeてJag亡 e七 色1‥1989）． ℡トモ G工〉抗告  
P ．chabaudi川81亡er e亡 al‥1974）an（〕T．cと・uZi（Juan et alり  froIp  

Ketoglutara亡e an（ヨ 亡he GD8  1978）showed hlgher Rm value6 fOr 〆．－  
1n ヒhe8e paraSi亡e6 ha8 been 占hown to cataly8e mOre eff土cien亡1y  
the deamlnation reactlon that is towaras the production of reduced 
NAl〕P． ワhe presence of an NADP－depen8enヒ1socltratee dehy（】ro9enaβe  
（NÅDP一工DFり has been demonstrated in P．faleiparum and NADP－＝DZJ  
instead of NADP－GDH ha6 been 占uggeSteく「  to be a pre王台rred βOurCe  
of NADPH produ⊂tionin this parasite（VanderJagt et al．11989）．  
RecentlY，NÅDPTdependent isocitrate dehydrogenase ha昌 also been  

n OWlesl（Sahnle亡 al．．1992）  reported 土n  p．k  

でhe preser止 1nve6tigatlon reveals 亡ha亡 the properties ¢f  
knowle占i are qulヒe  NゑDp一占pe⊂1日c glutama亡e（ヨehy（〕ro9enaβe Of P  

ndlng8 alβ0  5土milar to ヒhaヒ 0王 P・falclparum 軋ADp－GD筑・ Th甲e 王  
SuggeSt thaヒ P．knowleBiGDflmaY PrObablY be having a predominan  
biosyn亡he亡ic；も1e（g扁amate芦yn亡he61£）in para81te meヒaboli£m．   
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