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r I J 1 ~1/\ I~ \ 

I f.llf.'',( CJf' tili~i f.d,tidy \tJElS to 

rn tTl in bloud··tre,·llfl ., r·yp<HlU~FJmrJ hrucu_L hrucni. 

ut'l.J h 1 eak:JgO Of r~Oin<~ uf LitRGCJ rmzyrnns i llt(l thn 

plas · cf infuctud rats . 

Us · n~, glutamate pyruvnto tr ar:sDrnine:.3n (Gt'T) (l'C 

2 . 5 . L2) cS a cytosCtl.:.c lfiar·ker· and u:- glycel'Olpl,._sp-

hate ::Je:-;yd::o;;enas~ {cr...-GflOH) (Er: 1 .1.1. B) a d 

g,lycosomal rrarker , the intf'acellulnr locatiur, oi' 

glutamat. oxaloacetDte transaminase (GOT) llC 2 . 0 . 1. 

1), flAO - linkP--! :nalate dehydrogenase (r~AO-ljr d 

f'Di-0 (EC 1 . 1 . 1 . 37) , iJA.1P-linkcd m·lic enzyme (I''AOP­

linked ME) (EC 1 . 1 . 1 . 40) and glucose-G-phcsphltte . 
dehydrogenase (GGPOH~ (EC 1 . 1 . 1 . ~9) n blood 1 e m 

T. b . b ucei ! . ------- i nve ~ · g ted . T~'s .35 dar 

d t "'ll 
. 
nirg he 0 8"' n··ym r. rro 

ol ed ood t m om ,, ... 
c 0 0 

0 

, 
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r I u . l I l • r~ i X f' 1.' 111 J ?. (J •• t I 1 d w :i n r; c y [; 1 0 s 0 r 

C.'17 lr' 11 X -1 ]() J'l']l!r :;nd m<tXitnnl iJcbv:i.ty of 

x · 1 .t nn r, n t ' r ~ r • '' L T' '1 L :i u n o f IJ i g i l. o n i 11 1.1 s mi 

I tryr no·,mnH·d rlid no~ rolocwe max.irnal 

i y of co{,fl!Jil 1L'UIII Lhu LJ ypc'JI10GOrnos. It was 

conclud8d that GOT iJPd fJ/\1)-] J nh3ri Ml111 vJEJT 8 cy!:u-· 

so 1 i c s i n c e t h e y .,.., >3 r c~ r B l£.FJ s r: cJ j n c-1 p tl t l o r · n s i rn i 1 2 r 

to that of the cyto~olic markr;r GPT . 

In ar.other set ot c;~:perirnnnts , tlw ruluc:se; 

of G P T , G 5 P 0 H , ! l f\!J P - l i n k n d ~1 t: u n cl u:-G P 0 ll w a s ~ t u d i .3d 

witl: 5 x 10° tryp~nosornes/ml PSG. To release 

ma·ima:!. activity of GPT Rnd GGPOH , 2 cycles of 

freeze-thawi .. ,:; , 0 . 0~~.; TritonX-100 or 170 pg 

Oigitonin/5 x 10
8 

trypanosomes as requi ed . To 

release the maximal net 'vi ·y of AOP-1' n'< d 11E, 2 

cycles of freez -tnuwing, 0 . 04~ TritonX- 100 o 

7.26 1 Digitonin/~ x 10 t y f1')~"'0rn"' WlS c-qu d . 

Tho max u cone 0 i .. on n · .. d r 280 1 I 

0 cJ'd m m 

c v 0 
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( r 1 • '\. 7) \oJt'lll lll!Ji"I''L:J'Od in lwaltl1y tlnd 

· inf l,!r,rl l'riL>. /\1: i'1 r.1cH'uBill~min of 

y 1 
13 

pr11'•''1 i l.c•J/ml h Loc1d, tlw pJ nome~ 

l 

r n d ; a. uJ' J 1 1 , / r u J rJ b ,, l: t 11 o 1 n v, · J o f L t , H 

no L lt >r u1. 

I'Zyme ~t.i tity in pJcJSJfli:1 clur·irq~ T.b. [Jl'LJ(;(!t WciS or 

trypdnosom-:31 origin . To con-finn Lho CJT'-Lgin of 

-i fect.ed rats, starch g£?.1 cJGctrophorusio of 

heal+ !ly ~rd infected rat serum ·Jas done . r-l allnl 

exoeriments were set up w''h parasite lysale. In 

addi ..:ion to norrral rat se ... ·urn GPT Clnd GOT , ir1l'oc~ Jcl 

rat serum contain2d trypanosornd 1. GrT and GOT . It 

~-1as concluded t .. at the elevaled levels of U se 

er·zymes in serum of rats dur · ng infection w s du o 

luakage from · ypanosomes . 

The clivity of GPT i load l T . 

o. 7 I . 
n/ ol f r o 

n7yr n d. 1 d 

cu 

0 
1 u 



( i \') 

d u r i. r: l t h i n c u [l t .i J n ~· • T l: w r1 ~i [ )).' () p D s 8 cJ t h rJ t; r h l1 

r 11 >I ( T n '~ rH1rJ ·i.ruc11n 'J. !J, IH·ucu:i. i c; l:o 

( 0 ~ ' 11H j)\IJ r!Vtli.n grJitnr~rltucJ in glycoly~d [, 

11 • r 

Th role uf- (;fJJ ur 'lJJ.rJrJLIDLl'C!iHn T. b . bl'LJCui WrlS ---------
elso invc ... t~r;ated. Tryr<JilCJSlllniJJ r;r:n ac:Llvily wds 

0 . 0/~ )Jrnole/r1in/1ng fJf' hdn, ~J/\IJ-linkud MlJII I!JclG 0 . 1110 

llmolGs/rr.in/m~ protBin and + hnt of r~AOP-1 inknd Mt= WLI~' 

0 . 012 )Jmo_es/rnin/rrrg [Jf'Dtri,l. TryfJcJnosolflal ly· atcs 

in P~ incubated at 2J°C vlith 10 ::1f'1 L-·spa.L t:~ . 10 

m•1 a:-katoglutarate and 5 .nr"l N/\OH produced sjgnifjct:1rlt 

amounts of L-malate (0 . 51 ± 0 . 005 pmolBs L-n·alul.:o/ lw/ 

~ o8 trypanosomas) . It ~Vas sp CL' 1 '1t ed +hat GOT 

gene ates oxaloaceta:.e from spar ate and o:-l·eto-

glutara e as shown below; 

GfiT 
Asp tat + ~ -l<etog.tui r - -~ Glut c;m .. 0 · lo-

c t; 

T 0 i c ub 0 

0 t 1 r due on co u 

0 I 
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f1l d 

u he LIJlH--Ul::Ji~ucJ thut thu rnost liknly ro]c 

o GOT i bloodnb•r:HHII T. lJ. brucej is in·v·olvc)rnunt .ttl 

a series of coupled r·eFJctions lunding to tJ·DnDhyciJ'o-

genation o 

in -:his Lranshydrogenatiun W!JU]d ::;upplc~rncrrt LhEJt 

genr:::::--ated by G6POH . The ac:tivity of GGPDH in 

bloodstream T. b. brlJcei '•Jas 0 . 012 1JillU.ltH·•/rnill/rng 

protP.in . 

The ples..,nce of= uther trypanonomal arninotr ns· 

ferases was investigated using ttjpanosome lysctes 

in the presence of 10 mM L·am·no acid and 10 mM 

o.:- ketoglu ·a rate 0 
The t dl ion a 2 J c. ns 

cti 'iti ob ai d . i h VCJ iou::; c'd 

s d ar- lJ olos L- lu 0 /I I n \oJ 

. 4 '1 . 0 r 0 . 7 0. 01 

lu 3 O.Ofl7a "'0 0 . 01 

.07 • • O. £i 0.0 
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n ~3 r~ 1 : o 11 cl J. y , Uw t i n 

1 p 11 ~nil LJ'Yllr':liJCni(JrtliJl tr'ansc:Hnint:.ISC~:-> 

1 , l 1 J n u v r Jl ~~ p r; c. i f i c l: l' d 11 £) i:l m i n r:'lf:i ~) s 

u rn i n o , i ~ ;n ·1 r-! 1 1 r; i r H 1 , ] r~ r J c j n o , v a l :i n n ; 1 ~~ t1 

11 4--h'on'r wit.h a;-kuLcq~lul:c1l'C.1b1 OG llw <llnino gr·uup 

crop cr. 

In mam'llals the tr·unsdrr:i.nnbo11 and cLJt~t,nlisnt or 

me I ioniPe may lead t::r production 0 r VIJry tmd L 

irtormedi.stes; me~hanoLniol und hydroe;en sulJlLiclfl . 

The location of :the methiCJninr::. tcc,nsurninaiing u~1zyrr.e 

activity in the trypnnosornes wa~ invostigab•d . u~. r,g 

CPT as a cytosolic r~ra.::·ar , the release of tho methio­

nine tra 1sam ' nat ' ng enzyme from parasites by f.e8z -

tha\-Jing .-Jas determin~d . ~ ax i mal act i vi T. i e s f lJ o U, 

GPT and the methioni e ti ansami u ing enzyme wor 

released by 2 fronzP- hmoJi g cycles . I w s cr.Jnclud d 

h hn me io in in n ym s c 0 ol ' c 

nd m y 1 i,l he. of ct d m'm l 

cant . 
0 h tlo i c of p 10 0 
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1 . • T 

TrypanQ[;Qrnl1S are flilgrJllDturJ rrul.07.UFJ or the 

o der k:i'lctoplastidu8 aml tlto f'nmlJy Tr·ypc:tr~o:.;umot i.dorJ 

rucei, T_rypanosoma bcuce~ gr:Hnb·i ense ancl T r·ypm1usutnc2_ 

African trypanosomiasiP . fhey ar8 rnorpholrgically 

simi c1I' but differ in nost anr;e and virul8nc.:e (Ho( r'e , 

~972) . These or~anismsa1e parasites whic.:lt irth tdt 

bloodstream and lymphatic systems of mammal" (Ssyeny-

onga et al, 1975) . 

I nd T. -
a1 . ub c: 0 f. I 

u - n 
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lry n b I1J1 .~.ill)·, Lr1 tile T . IH'Ucu·L f>u h -

!~ n I 

1 I i 

s Ul1lpy forms (~tJhiLI all:! non-dividing i n Ll w IniHTlillrll l r J n 

1 c s t the surf a c B coat e 11 d a r e no r1 - i 11 r c c t i v e to L! , n 

ma.llma~ien host {Bar:-y ·J:-td \!rckelrncHl, 1 fJ79) . Aft:or' 

about three \'188 k s ) the.: ,1 L ocyc 1 ] C ·Fo rrns rni gr a o t:o t: h~ 

i nsect sal ' vary gla cJ ... 1ern they cJeve1op jnto 

me acyc:!.ic forms which have a surface coat olu1 a1 o 

i tfective to the vertebtato ho&t (Vick.orrnc 11 1 19f;Q ; 

Le Ray et al ) 1978) . lhe infoct've rnet cycl'cs 'n tho 

saliva are inj cted y the f. ,ding soto fly · ,to 

Lh loods e , o tho ho t h re hey quick y ~ v -

lop ir to lonP: 1 nd r 1
)10 fo n ~'ic divid 

y on, l . c 

c 

v rd 
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1.7 m .. /\llfll T ~~M TN T~YPANlJSClMfS 

I I h 

y i fnt thPi 1 urwr·r~Y pr'oduction (Ry1uy. 

u 1 o n a n d ') p on n u r , Hl ~, ~J ) a n d t h o g 1 y c.: o ·1 y L i c 

culled the elycus.Jrne (Opptn·cJuns uml Bur·st , 1 q7' ; 

OpperdoPs ot __ ~, 19C4). i~IC:Jsr;.{ blurJd'JCr!Hllll frJI'illS 

have 2 tu~ulE.lr rnitoc~.ondrion vJ1lhout c1·istnt:l unc.l 

they do q o t p o 5 5 e 5 s a f u nc· U o n a 1 t c i c a r u o x y U c l'l c ·i d 

( T C A) c y c e ( R y l e y , 1 9 6 2 ) • r~ o ox 1 d a i: i :J n u f N A i.J i I 

under aerobjc conditio,..s is effected by Clll a: -glyr.e · 

roph sphate oxidase (a:GPO) system which consists o,~ 

an a: -glycerophosphate dehyc.l oecnase and a te mint:Jl 

oxidase {Bowman and Flynn , 197 ; Oppe1d0Gs ot al , 

1976) . The ox'dase Ieducos molecular oxygen to 

wate ad it is not coupled to ad~los·n d' h nph e 

(AOP) oephoryl io fG nt nd S n • 1 9 ll) . 

!n i p 0 i ll 

• t u c 0 d 

0 0 no in 

0 T ) 

( 

I 



be conv, d a a!. n i tHJ (GJwnt and Fulton , 1 957 J 

Chc:1p 11 1 g72) . llovJPVRr' l: hn trens.:1mj nation 

1f y u (') .1 Jll t I fl ' ill rJ l:hu r;toich i otm3 Ll'Y o+ tho 

0 u t v nov hoot! invHuLir;i.lLucl .i.n c!Gtuil. 

Our ing anaGrobiu0is n.r in l:hu prosnncn of 

sa icylhydroxarnjc E1cid (SHAf~) flll ·itthibiLor of L ll8 

term·nal oxidase , the amount oF ATI' and pyruvc:1Lo 

producec' is halved . Pyru'l<.Jte and glyceroJ fJI'O 

nroduced n approxirr.atuly equimolnr qu<:1ntities 

(Evans and BrovJf• , 1872 ) . 

AMino acids arP. used by living o1ganisms for 

the biosynt csis of prote · ns and other b · omolecul 

They ny also serv as a 0 0UIC of nergy hning 

197 5) . T c utni 0 cids i orr. lis n nb cin 

i h y y ..) nvi onm t . 

c'd h c yn y r 0 m r om 

0 co ou or o d 

h 

d 
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otgnni rn I' cu· LCi iJtd[)w, 

1 • • 1 

b ods ~E.: trypanD~orm~'~ . 1 h n i' 11 n j r 1 o n c L cJ up l iJ k u 

mechanic- c; in T . b . f,c1!flld ems~~ [1 n d 1 . It • b 1 • 1 J c 1 : i 11 r· 8 

summarized in TaLle 1 . 

somes 

1 . 3 . 2 . 1 Catabcli8n of threonine 

In blocdstream fo m~ of T. b . brucoi, .h u 1 11 

ca abulism lead 0 16 fo rn tion of c nd 

lycin. in c uimo r li8 orne of ~, 

i nd h ) t.,w . lh 01 ,, 
c bol · v ( l · n d 

7 ) . 

/ I 



TABLE I 

AMI 0 ACID LJ?TAKE HJ TRYDAi\JnSOfv1ES 

ake 

ia d t nspo ~ 

d tra, spo.t 
.. us ion 

Oif usic'1 

iate'"' tra sport 

i 
i 

I 

Arni o acid 

~eucire, Glycine 
AlanirE:l 
T'll'"'Oni.ne 

l ysint.. 
Arginine, Phsr.ylala :r.e 
Glut rr.ate. i"1rrLbionirs, 
Lysine 

Ornithi~e. As~ar~ats 

Glyci. s, A'e'lifls 
Seri. e, If-• .~sc :. e 
'3-i~e, Lc:lsi-e 

P ... :L1· e, "r::t~jo~.ii 8, 

Glu-;:a:nate, 
Lysi. e 

. _________ __._ __________ ....__ _____ _ 

South.~:--t ., ...: ("372) 

I 
r:: ::;se::, r/o~72) I 
-32d,~?;73: ; 

I 
I 

c:n:: ?ss::,(IS72) 



Humrneri7£. rl in Sc' mn J. 

I I n'n 

o:yr I h · L', CJ r fl p I' o · , u rd. i 11 b 1 o o d s L r' o <H n 

1 ~'J / / ) i'Hi I!J Lll ) Cl S 

c tnitinc ccelyl Lr~HISfC~Idf,l~ (r;jJ!Jod. <HIU Kldll 

982). Threonine dohydrugcn.r!H.J iJrHI ccJ·rli.i.:.i n.., 

acetyltransfe ac.;e aru probEJbly rnHor;huncJriul ·ndiJ·ix 

enzy,, es ( f1 o e rcJ o 8 z e t .::J 1 , 1 9 U 1 ) . ---- In t 118 prop u H~ L! 

pathway of threonine ca"t:u!.JuJ.isrn in bloodstrumn f01111 

T. b . ·,r uce i, thrccninB deh_·droe; :nasc .oxidizes 

t h reo n i n 8 to 2 - ami no - 3 - o ,: o b u t y r a t a vJ h i r.: h s p o n ~ c1 n e ou -

sly dec~rboxylates to a~4nodcetone (laver , 1959, 

Klein et al, 1976) . Amino dcetone then rcacb; "'ith 

co2 and coe zyme A under the catalysis of umino ce'Lone 

synthase producin~ elycine and acotylCoA . The ac tyl-

CoA then reac s d th ~ 1 ni in · n a renctior c talyc- d 

'1y ca n i.. n c yl s pznducin~ ac yl 

c 1 ni in ydi ly d c vlc n -

'1 d co- n 

1 I c d 1 ior of 

c 

. . 
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o al, (1')7/) ; r;iliJ ~wl ul. nl, (Hl£l3 ) 

Threonin•; 

I 
AD--. 1 Jl flu eoni ne d13hyLlJ ·ogcnasu 

YCH ,_...i 
2-Ami o-3-0xobutyrdte 

Spont~nPous cJ Cclllloxyll t.ion 

f'Jninu acetone 

fi nir o ac ton yntha 

c tylCo 



In thcs • m, 1 H nylr1l<.ninu r:-1 1:l'un~1c.Jmir1td,od 

to h r , 11rl 1 y 1 rl'> j r1n .i :• l~rnns[!llli nLJLnd Ln 

JV! uv tn v1l1 i r:l1 rnt~y hu J'rHiucucl l:o [-!·-

nLI ). TIY!JbJ!IiloJII :i~, Lr·crrrsiJrrl.it1t·1L rJ l:u 

n whic..:ll irr LIHJ IJl'U~lfJIICfl of N/\l111 ·is 

reu•Jcl)d to i ldoln1acta o . Trr ti11J iibG.Hncu of N/\IJ!I , 

indolepyruvate is rnelaboJ. L%ncl tu incJo1n cd:hn:1ul 

i973; 'IS7rJa : Hall et al , 19e1). 

The catabolism of aromatic arninu acids l.)y 

bkwdstream T . b . gamo.;..er.:38 i!..i summarisod in Sr.t,JJ•C 

II . Similar pathways may be present in blood.:.t earn 

T . b . bruc~i . 

Blood 0 c Y' 

1 

0 ( 

). 

) 



01f) 

~ l t'idp,t drd Cc r.rt .,, 1Y//) 

--•f'-llydl xyphc­
ny 11 e1d.ate 

\ 
I IJ\[) ~ 

Tryptophol 

+ 

Indol cE:lt. t 



01'1 

ethioni. e 

ATP 

methioninu 
adenosyl 
transferas'J 

Pi + PPi 

GJycine 

0 .... 

Guan~dn- ~ 
.Jcet tc: v 
acid .., 

,'\:r f:li' 
0 

n£~-glycille 
amicl i rmtransfm usu 

Ornothine 

O!nithine 
deca boxy 

Put seine 

c.se 

bo ylat d----.1 

0~ 

, oc 

d osyl 
• :~ . e 

1 



!J12 

.j I y -ll i f'.luOl'Cl mntl.yl Dl'll i thinu 

d t v ( H i t o nl: i o t LJ ·1 , 1 ~W 5 ) , ---· 
. l1 ur,Li - in f'r•cl:utl rrd CfJ f1lwwod corn:~lr.?.LD 

1 

h • e C'V!l und~, . 

There is evidence Lhai: trypanns:Jrn1~s or-D ublr; to 

synthesiL8 pyrimidine::; ~nav~ util~?irrg glut~nnJrro , 

a:d Coor<1bs , 1q77 ; Hamrnurtd and Gl:ltlel'idp-c , 198'1). 

Gilbert et al , (198::n recovered 1 adioactivit.y :i.r~ 1 ho 

farty acids of bloodslrear<1 forms of T . b . b ucoi 

t-14 ') 
incu ated oJith cj L-thu:.onine . Th)s SUBgost~ that 

acetylCoA deriv d f om threonine Cdtabolism (Linsto .. H1 

et al , 1977) was inca porat d in the fatty acir~ of 

th bloodstr am for ~ o rucei. . 

. 3 . . 

c ( 7 ) u 

y 0 
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CJnd t u · ' • J' inr. il1<1Llr1flcl wi l:/1 tlr·ginincl procluclJ.d 

L u nd p,l tli.;Jrn,1l:r1 . ' l illl!l h]ouclsl.r'C~um 

yp,,rtlt l L i ;r,n Lr1'1 rll'U r-;r:ipfllJ 'J l3 of 

r .. • r r, 01 0yn Ll1u~~ -i:~ in;~ EiUIIIH <Jnd IICJ <1cj drJ 

• 4 • 

Transan.inas£ activity is widr~spread in J J''int; 

or6anisns 'Rudr1an und 1~eis't:r' , 1~53; Stonmnrl~ _£lt: ol , 

1974 ; TachiY.i and Toe:.~: ura , 1975 ; Pr3t:el ot: ·11 , 

1 9 7 7 ; Pari s and ·i a gas a., . k , 1 9 8 'i ) • 1\pproximotoly 

6C transa 'nases are known (Christon and MetZJOr, 

1985) . Tie characteri~i.ic tr·an ... aminat ' on roac on i• 

summari'led in Sc erne IV . 

T al" m 



l.IHJ pl'tlt~ i ~w funr:tio riul rolos 

ror 'u h n yn11, • 

Puarn 1 1, ( 1 fi 1 1~l) lril\11! T'tl 1JOi'Lnr l LJ'C:J ilfidrni-

f\, 3 dftll c. "(\" LJ'cll1f.iilll1illc3l.ns 

1 n 

o tsoleucin , v linr~ , l.HtJcirrr! , p lr nrryLJJnrri rw ilncl 
t rosinn ith «:-ke o;~lutrH't-)tu i'Hi tlw sucond sub,Jl.c<J~n . 

"C'' transaillinate& val in3 w·i tl1 py1 uv~1t.:u ~w GGcon~J 

substrate . 

Ichihar'3 , (1!=1;5) report d tnrur: branclnd-ctwin 
amino transferases I, II and III in rat tissuGc . 
Supernatant froctions of all 1 at tissues e r:u. ined 

contained enzyme I wh ' le brai11 , ovapy and plocentCJ 
also contained enzyme ~I . Enzyne I and III ~ctod 
equally on valine , leucine a d icol ucine . Tl e 

n ym \J c 
bes amino grouo accep~or fa all re 

«-ketoglu A u o lo ue of 

chc · l mi no c · d 

( 7 ) po 

ood 

v 

ho 

0 .. 

r nched­

k d _ __!.. 

01 1 uc n 

n 
t 

0 



blo'Jdst 

blcod 

p 11 I !II y I ttl r Jr I j II ( l ( mJ'i I I 0 t r Cl II ~) r· D 1' d 0 ll 

9 · ) . The pt'esuncr3 oF sirn i l<JJ' LransE1111i nnsus ·i 11 

bloodstream form T . b . br·ucoi has not b o n re po!"l:r3Ll. 

The cresence of GPf and GOT in trypc:lTICJGOrTIF' 

has been · idely reported . Glutamate ryruvale 

transami .ase •JJas repocb~d in T . b . brucei (V.i.ss?.r ar rJ 

Opperdoes , 1930 ; Steip.er et a]_ , 1980 ; Godfrey ai.r 1 

' ' lgou , 1973 ; 1976), T . b . gamb:iensB and T . b . tho­

desiense (Godf ey e:r·d Kilgour , 1976) . Glutamate 

(Opperdoes et al , 1977a , b l Vi~gou and Codfx y , 1973 1 , 
n 

T. (Godfr y n ';_gnu 97 ) , Tr 
0 0 h tl i 

n l n v 

. 2. 
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)'"' 1 inlt'CI !o c.<Jl'[JC,hydi'<YLD mcJtabolisrn 

'n I.IH~ l'(Jn,uv.:ll of pyr'LI'Jato forrr~c:rl 

b y c 1 1 n v u 1, 1. i 11 g i l. tr J a l EH1 i n u , 

1. r, UHJGi •· ~~ fliJJ'(J'd. trJ of r.unwlo could 

b i a·ved in r.uuplnd GDr·i~!;, of IUiJCbun:..~ lnncling 

on transhydrovBnaUon of iJ/\DII w-ith N/\OP+ . Doth 

the react:o s '3S sho1:m bulnvJ ; 

GPT 
Py~uva· e + Gluta•r-'-!te "-katoglut~r~Jtc 1 Alu11ino 

GOT 
o:- Ketor~ lutarate + Aspa rtdte Glutamate -.:-----

+ JlO-linkm.i MDH 
OxaloacetRte + NADH + H 

Uxa'lo­
acot:;~te 

al t Pyru 1Lt + AOPH · H 

Th ov oul b fc lo 

n p 1 n 

c 
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rnt tv 

r: I : c w r~ <1 !1 'd:!l u u r p c u cl u c :i n g N fl IW H j n 

ll r n h!VL IH~nn :,;luuiDcl. In c.H idJtlorJ to Nf\llf 1
-· 

l'nked [, F vloy , (H:Jb?) r·upori:uc..l low .:wliviL.jds 

isocitrat.- dohydrogen.JS8 ·in bloodst DrJrn fDT'rT1 l . b . 

rhodesiR.se. ~GynolG"' , (1875) r·epurt:nd low t:H.tiv:il:ios 

of g.ucose-6-phosohate deh;drOfjGnace, N/\OP-Jinkncl 

isocitratB dehydrogenasB as vJBll as NAOI'-linked M[· in 

bloodstream form ~ev~nsi . In both casos th' 

reported activity of Jit\OP-linked ME was camp, nd.ively 

higher than that of glucosa-6-phos hate dehyd1u-

ge ase ard ADP-linkcd · socitiate dohyd1o~~n • 

A transhydi~ge .~ io 

ynoldr, 

ood 

u 

T.b. 

u 

97 ) in T. nv 

' action as p1opo("! d llv 

m y 

1 conclu~·v 

0 d 

n 

lo 

( 

II 

) 



r rr 'J ... i,. 

b UC' 

r~fo1rn I'.IJ. lJJ'l!CrJi. /\ cytouolic ...... 
, !trnrl 1 IJIJ(IT'l:Dd i. l) IJ looclntrrJ.dlri runn 

It d u 1 ' " r :l. ·:J., 1 ~) 111 i J>~ 'I k .C.2.~ , 1 9 II () ) , 

nd t':Jui11 ~J_L_ ,Jl, (Fl/')) rrqJOd;ocJ Llw 

ADP-ljflkud r-H~ .i.r1 IJluurJ:-;Lro<Hn ronn T.!J 

lh£ local isat.1 ur1 fl F thu unzyrnu in tl1o 

• 5 SE IJ EfJZYf"'ES IN TPYF'!dl0S()f'l1' 1• IIJPL:CTIONS --------------------

,:ar'ous studies bave rf3DDrted ulevalod 1 'Vf:db 

of transaminaseactivity in the serum of anjrnalo 

irfected .Ji th trypanosomes . Moon ~a_:_ , ( 1960) 

reported elevated serum GPT nd GOT ~n ice in-fected 

with T . b . r-hodesiense . st · sand Seed , (197b) 

found elevated tyrosine ami 1ob sf rase in t1 se1um 
; 

infec. d \-Jith T . b. ambie 

T es aut o ~ propo d th t l d it'or 1 rum 

0 Bo'd, 

( 980) f v 1 d T 

h c n 



u ·: ~l 

(19'1'1) u b f, nv, J qr,J) [ll'fltJC1~1GCi t.\w :i IIUl'l!flSl-J 

in sr:ru· n J ·~P1 ovn 1 !1 ·itt 'I, \1. lnttr~E:~'i - j nfP.r:tncl 

r~u; n , Oll, ttJ l f'!i i !Jri II r- t\HJ ] i VPf', tnyOCiJf'c\-

t r.•, 1 t1C1•, r1nd tlUJ'VDlt!: l::i !i~;uro.. ThCJro is 

1\ 1 11 

Jd l l ( 1 

r •p 1no. O• - 1 infections ·j n <-tni rrwJ ~'. 

1 . 6 

Tba 1 vols of frse plasma amino acids ar 

al+:ered during tryp.:mos(vnal ir,fectio•ls . tl81oJputt 

8t al , (19771 r·epo:!"·ted alteration of free plasm 

amino acids in Microtus mo tanus i t cted with 

T . b . gambiense . In that study the plasma lev ~ 

of threonine , serine, glu a at', r,lyc ' ne , v lin , 

isol uci e, leuci e, yrori ld try oph n 

deprcr.s d h lev 1 of Jl i l • n 1 n l 

1 v 0 n I oun, 

d 1 v 1 h'oni 

d 1 d 



IJL:' I 

• an (: n 1 p llr' l r c '\ li c; Ch I ! lllf) l.r d 11 ) I i ~.an i n L h 0 

rm uf I .1 1. I JL'll r· u ·i • 

1.1 

1 . 7 . r . Oeprnc:,sion of lto~~t l'J IPliiO ncicJ lnv~~ i '?· 

Tyro.>ine is e:m irn:,ortent pr r~r,IJ r sor of Lhu 

c::d. ec ha 1 a·'li n ns; do pami n u , 

arl ·enaline and norepirt:Jplli'lfiO . Rerluction of Sc.. l urn 

yrosire dLring lrypanocomGl ~r1foctior o loads t~ 

dc-,crea cd lev8ls of catecholamir 0"' in the infoc ·ad 

animal ( le Jton , 19iEL Lowe ed cctecholarnine level'' 

in i nfected anim ls result, in chdnges in act ' vity 

patter'ls , glycogel , lip ' d m t t:olism and m n c.l 

dE. n>sic (Jouv t. , 1 Qt_, ). Th ported 1 du"L ' on 

in " ls cf in t" . of 

~pano o inf c d ( p t 1 77 

I :lU n , 1q7 J cou d ') d CJ 

n 

). 
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in try 11 -i in f,J]Pr>l h.rlno] (trypl.oplwl) (Stibh ... ~ 

I f 

u,u r.nrvul~•ion:> <.1nd duath hy l'LJspi-

, · c n w II' m · n j 11 c l: u cJ j 11 to rn .i c e • r·<.Jl: s n 11 ~~ 

eported to c JUSB irnrnunudnr;r'us;,i un ir1 LJ!Jorn tury 

rodents (Ackerman ~~nu f;u8d , H37G) . Seed and co wo1 kurs 

(1973) sho·rod that tr:/pto;;hol .~.apidly Jyc"~ 1·uu !J]..-, d 

cells, a;-,j 2 similar C1C'tion on synt=1ptic rnornlne.n r, fTlcJy 

. .l.h c.uss cha1zes 1n L e .ra,lmrission oF nerve irnpulsr.v. 

Elevated levels o.r o:-~·eto ac ' ds ar·o repu1Lcd in 

urine and blood of try[1anosome- infected an i:nc! 1::; . 

G'ant an~ Fulton (1957) repo1tqd levat~d levPl~ of 

pyruvate in the blood I") r s in fee od with T . ho-

dc::>ie R8 , H 11 and s . d, (1981) 01 t d inc P.d 

oxcre on of a rom tic -knto cid pheny1py 

p-h d y 1 y v l , 'i • dol -3- 1y uv 

:in ol -3-1 C' 1 -3- c n tl IJ 

of d 

1 

r 



J<.L 

p C1 t. h~,, y • h. n w n r r11 t I H 1 c c1 I. tl h n "I .i ~; tn o f' m u t h l t 1 n i 11 u 

in MH r f i) 'lL i :~ LilO i.l'<II18~1Lil ['uJ~(J l::i 011 

p h\-1 lf1 d 1. ) I <~ n , 1 :..1 i' 11 1 :) l: 1 l u 1 o cnHJ 

El 'I r I 8 I c d ~. ~ a fl r l [3 r l r1 u v (J II ~~ tl I 1 9 /li ) w h i c h 

1 d fon'l· tilJr\ uf' iJrJinocyt;l:r!:inu, cysLaLhirJn·inr: 

, 'ne. fhe saconrJ 1 .i the i.rnll;iEHnilliltiun 

pt.!th~,owy (Casn and 8FHluvonga, HJ!G ; Milc!Jc:U ilJJd 

A p, even g a , ·j 9 7 i3 ; S l c: 8 1 8 8 i. r J.:!:., 1 CJ I ~1 ; l3 fJ n D v a n ~A , o t ~·l ; 

;!:]76; Bene·Jenga and Steel , 1S7q; :)toelo and FlrH:£•vunp;a, 

1978) hich leads to the formation of ornong oLiwr 

i m . e rm e d i ate s 3 -111 e t h y 1 t h i o P l' o p i o 11 c; t e , m c t: h a n e t h i o 1 , 

furmaldehyde and hydrogen &ulphido (Scheme '!:V), 

Steele et al , ( 197~) observed that 3-methyltbiopro­

pionate caused as nuch ero !'Jth depress · c 1 in 1 ats as 

met ionin8. Zieve et al, (1974) po ted thai. il' 

rats, 0 . 5 ~ me hanothiol in blood is suffici o 

ceuse comD. Hydroger. su 1 p i d i"' tox · c to n · n 1 

n C" 11 

0 .. d 

n 

au ts y i 

h 1 197 8) o 

0 

f 

ub 01 



f)2 3 . 

v 

I , 1 'J/ r'1) 

11n Llli on :i nu 

ketcc cid 

ern · noac id +----

0 • d 

I 
I 

c.c. h.~ to- ~-rnethio 1 buty1 ate 

"' 3.-rnethy 1 t hiopropi onate 

I 

t 
acrylate o p 
likely products 

e harn Idol 

ion tc 

, 
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ncicJ 1 ni c.tJmtJl.il.iorr n[' (i0111U uf 'LhD end 

0 I L L' y [ J t:HlL' :1 f) I Tl i ,, ~J i G • 

'II l~novm ini,;lJii.or r1f' <1drcr1c~linu synl.lw!;i;,, 

lhus lhi~ cr-ket.o ul:id llt<lY cjir;J'Upt lrur-l: rnr:d:t:l!J~Jlisrrr . 

In add'tion, the Jargn r1ut~nl:lLy of nrHH'gy riclr c<Jrlwn 

sY.eletons lost in tt,n Ul irrn sl10ulr! c 'T'Lainly J'upr'r~-

.sen_ a 1-~rge metabolic loss to the hosL duling 

periods of metabolic ~;lrer-:s fr-orn infection . 

. 8 Aii 0.- STUlJY 

The aims of this study we e iirst to invt,• ti-

gate the possible roles of glutamate py1~v to 

t ansclminase (G 0 T) and glutamat o ala c t t 

ansamin sc (GOT) in blood 

Tl 

i h . -

co 

0 n 1 

em for T.b. 

v 

i f c. 

n 



lJ ,:' ~) 

as usE-d in this r.Ludy, Tt vJil~. or .igin,Jlly j~•JluturJ 

• 1C:Jtional Park , Tanzani.: in 1q10 , i' 1 ) . 

I ~as ~nnocu_atej inLo rats a •d mice , ~ollocted and 

f!'ozen as a stabilatc . ~n 1970, it was cloiiLd aL 

the International Centr_:. for Insect Phyp10loEY a11d 

Eco-logy (ICIPE) , l<er ya and proven to he infective to 

Glossi a morsitans (t~otsE'fly) and roden c 

2 . 2 P.. I ALS 

S r r;u -r) 1 on t 1 n 

7 0 u T I ou 

1 · i urn. 
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MO. U.S:A., F. 1 ,k A.r;. rJ,m1l:;l..:ldi., vJe~·;t Cemwny 

2. • 4 ~ l F Tf~ Y IJ AN ll S m1 l- r3 -·--

T o hospl 0tL i.JU f r·ur'b wcn·r3 u:;13d f'ur tryp:1nc:wrnn 

isolat'on and inculJabon o>:purilflcmts. Tl1o f':ir·sl Wclr. 

phosohate buffm·od S€Jlino crJntcJirlin~ 57 lnM N.3;fi[J04, 

3 . 36 m·· i.JH2Po 4 , 4:1 . 7 ml"l NcC1 c1d 30 rnf1 D-glucutH3 

( Hans en , 1 ° 7 q ) a d j u s t o c L u pH 8 w i t 11 ~~ .:~ 0 1·1 n d ~ s 

The sGcon .. · b J f for· was J hosphu'te 

buffered saline containing 57 rnM Na 2HP0 4 , 3 . 36 mM 

1 a H 
2 

P 0 
4 

and 7 3 • 7 ml1 'a C.!. ad j us ted to pH 8 w i :, N a 0 H 

and is referred to as PS . The uffe:rs were stored 

f1ozen at -20°C to avoid acto ial con urn ation . 

2 . 4 . 1 

p p 

Anticoagulan 

s 0 c k c: 0 l! 0 J ' .. •• ( 'I I ) d'u c 

d i h in 0 . • ( /v) 

70°c. 

Cl, PS a P G · d 

w 



!)!/ 

e; r· P S '; u · n r. 1 ml rJi!jpUt'\ithJ tJ ~Jyrj nge d!Hi a 2Ci gi3ugu 

I yr10 J 1 i11H 1111\l nr i.njnction \.Vrlf) wip£~d 

W i I / r 1 l lh, nul Lo !ttr!vr;rll, rnic1·ohiul inf'ucl.ion . 

n 

"o 1 trypdnO"'orw•· /rnl oF bril blood, usunlly 

f o u r d d y s u ... ~:.: r i n fur: U on . T h 8 n rd trlt ll n w rH' G 

a a e s t he t i zed "' i t h :l i ~ t h y 1 o t h u r • ·r l1 u c h u b t c t1 v ·i L y 

• u s o p c e d to e z p o s 8 t he h e u r t vJ h i r.. h w a s t he n 

punctured Jith an 10 gaug8 1ypoderrnic ncr-3dle u·,inc d 

10 ml plastic syringe containing IJ. 5 rrol s~ (~J/v) 

sodium citrate as antico~~gulant in PS o PSG . lho 

blood was sucked gently and placed in 10 ml Jdastic 

contrifugetubes in ice . Ten millilitroc of' l•lo d could 

be obta · ned fro' a 258 gM clt . 

2 . 5 . 2 

p w d d c 

0 .. 10 

v lu 

c G 



'J/ tl 

rcqu~n~d, t 

rrr t i 1 • · y r 

T thcr:is r/Gr'U u:~r)(] lu i:.:;u]~Jtu LJ'YPrll!U~;urnG~; 

f am infec ed lllood 1 '·he cHotllylurni nuPLilylr.ulJulufw 

( !J [A E - c e 11 u 1 o s e ) .J n ion r3 :-: e han~ u r rno t h u rJ ( L.11 ~ l1 rJ 111 il n Li 

Godfrey , "970) and th8 diffe entlcd osmotjc Jysjs 

m:=>t:lod (. 1jogu and Kieir'a , 1907.) . The lai.to1 rnPi: ,orJ 

was fast and inexpenqive . 

2 . 6 . 1 Preparation oi OEAE-Lellulose for Tlypc.ll1osorn 

Isolation 

ell-set ·led DE E 52 c llulo e (Sigma) O\·JdElr 

s susp r.ded in n ~Udl vohw10 of d t 

., wi • d t oroughly .d l f ,( et 1 for 30 rni nu r: 

T 0 d of d p oc du 

p d d' . 1 1 d 

T n'o 1 . 
r d d 



for us GOn i or ,' ,c; n U\ f: 1.; (111 u 1 o s l) 1 1 

Infected rat blood WEJG inllll8di.utuly c u 1 d .. r ·j f u g o d 

at 500 X g at 4°C for· s rn in u t r~s . Threw 1 rJyon; wore 

v~sible . The top 1 a y 1-l L' vJas of ~J l rJ s1niJ • [1Blow that 

was a bu f f y coat con La i ;: j n f, t. y pan CJ s orn o s rna i nl ~' u n cJ 

a few r:Jd blood ... ells and at the boLLorn \·rtr; t-1 pe] l3t 

of red blood cells and fevJ tr ypc-1nosomes . 

Using a na5·our pipotLe, the plasma laye1 w 

removed . The t rypanosom9 1 ayer ( app1 ox im te 1 y 1 rnl) 

\oJaS then cal efully removed and plac on ic . 1 hi 

as considered cru,d .. t y o om p par tiel . 

This p ocedu JB y ( luc1 bulk 

o d load c 11 . 

co uno 1 . i L ' 
of 



Ttwoutl> 

c: lor.L d 
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t' hcd ~ um of t:ltc: r~oJ.umn Wrlc.:\ kopt 

n f' l 1 111 ll. i 1 11 ' l'F <l i 1 • ~1 p n c o F> :L 11 t h c-] 

Af I P r;Ll hdd rwtt lud, i.lw out led: c~t tlH: 

b t.t.o of thn c.nlutnn ltJcJ:; opnnur.l C:IIHJ thn :l.£Nnl of 

PSG rought dovm s1o'vJly Lc; jucl [JIJove Ll1o gu] 

cou rfacc. The out 1 ut ltjCJS tlr n n cJ DG od fliHJ t hu c1 u cJ fJ 

tr_•panas--... me proraration a pl iuc.l oq top nf- the Gnl . 

Pw outla':. v1as then uponeu to a llm·J tho sample ·u 

run int.o the gel. -1 hj s vlflS followed by t::~Jpl i ~..cJti 011 

::~f cold PSG up to 0:1 heir,ht of 15 ern . -rhe fJn., .1 ·e 

\'.' 5 about 1 drop/st:cond. Srnear s were rnad8 un c.l ·des 

at regu 1 ar int or·va 1 s to mon i lor par as ito o 1 ut ion 

from the column . The parasite eluate was coJl•ct8~ 

in a 250 ml erlenmeye fl~ k placed on ic ur~il no 

furth r pa asi~es ~e o evid n n th lu ~ o 

unt ·, ed blooc c 1.. 1c d t c 

Th 

u 

lu e 

'1 Pl 

5 c ifu d 

u 

0 

flOO 

u 

f 

T 

1 

u 



0]1 

a vJ 1 t 1 q 11 i c I J y uu s 1 lf >.rHI u d w i i.: 11 f., on 1: 1 n . 

st'11ir hy! oi. ni.~ ~ 1r1f1 :wtlitJIT1 pliol~lil1i·lLr~ buf-Fr:t~ 

( Jli • l d.. · n · n ~~ (1 . 1 '., ( .,J! v) ~J. 1 C 1 nl: :37 ° C • ThE~ 

After enH .. tly ~hHH3 rnlnull~<,, ~j mls ur L"n tirnCJl1 

concentratud P~G l1 0 '< fJSL~ J pi I 0 wcw <Jddr3d 'LtJ d18 

hjpo o ' ..: buffer susp8nsion. T his roc on n t: · L •; to d ~! 1 n 

hypo ~ o n ; c b u f f e r t o j s u to rt i c c u n G ~~ r 1 l r a ti o n . 1 t 1 u 

J_rypanOSDffi8 suspension \JflB CBntd.fugod al 1 llr]Q X g 

for 'iO rninutes at 4°C . lhe !JOllt:>t or p1tr1 'l.Jyprtno­

somes \'!as ·Jashed th"'CC' times lJy gentle rosuPptlltsion 

in fresh PSG or PS and centrifugation at 1000 x r; 

+or ~0 minutes at 4°C. lhe i 'n l susponsior wc:s k pt 

on ice ready for use . 

2 . 6 . 4 

I ole d ti 01 Jprdd 11 

no 
p r. uf 1 

of u 0 1 : t'r 1. d 

0 



fry o nm /ml n!' (Jl'il~irliJ.I suspPrJf;ion x Tot:.:Jl. 

volun r i g i li,J'I '•IIU[IilllH i ()11 '"' Totol r1Uiill.lC!J' l) r 

y r Yi llOurl'TloJ .,uurrl. prn' y lllJIIlbrJl' (J r squrJrG:~. 

d£pth uF l:r1H CUUr1Lir1g r.IJC'lrnb8J' , 

sr.1saPs ra. the anima) t- vJ~rn olJsorvr:cJ undc.n r1 

m~=roscoQ8 at 400 times ~a~nificotion. 

2.7 

The 1 ats Jere anaes he' ized a ... desc1 · b d ec:. 1 i r . 

A 10 ml plast'c syringa ntt ched o an 18 ~ ug 

hypodermic eerlle and con i I n J 0.5 ml of >% (w/v) 

codium c . . 0.9" /v) Cl We d to a e .L ur uc 

bl,JOd fro h h T load vt in o 

0 m 1 c- u n c t • fu 

" no 0 T 



?.8 p~ 

I' t oJ 1 

10 1 

vity oounutl t•1 m:po~;u l~hu lw;n·l.. Thc: 

c-ev£rnd tHid :lw IJJ rwcJ cullocl.·n.J in HJ lll l 

p a , l i c c t; n t r i f u g ~~ t u h c s p l u L u rJ :i n i c c; • T lr u b J 0 1 J d 

we- then kept at 1 oorr, turrqJPJ <1i.:ur u for f'our' l rou 1~ 8 01 

at 4°C overnigh"':: i ~ dllow sepui'FJtinn nf DGI u,,. , Th(~ 

serum .,_ras carefully vJithrJr'c1''" nmJ t.;Gr,t.rHueetl <11; 

1 , 000 x g for 10 minutes at 4°C . Tho ~>upelnc.rLont 

as collected ar.d ~em:rifugud at 10 , 000 x g io1 20 

m ~ n u t e s a t 4 ° C • T n e ,.... P s u 1 t i n g sup P 1 n t a n t ·,J a ; s B 1 urn 

f eo from tryoanosom-s and most hlood cells . 

2 . 9 

Try anOSOI"lBS susp d •d in 1 rnl of i h PSG or 

PS in ~ll ml 1 m y fl k pl c. d i r 

Ou noff h m lie in 0 t 75°c 1\ 

h l! rp d 0 ) . 

"), I 0 

' 
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1 0 0 0 x g a 4 C f 1 r; '" :i n u L w>. llrn rnsulting 

I f1 i ; n 

I. d ,f Llmi .a( :i0r1, 

(1Q78), an equal volurns uf Jcn-cold 111% (v/v) 1·1C/\ ~.-1 c:1 s 

added to ·he incubai. i orr mi" LurB . TIHJ prnto.i 11 

pl'BCif'Jita:e vJe.s removed by conLI"ifuEat:ion i:lL 10Ul1 >' 

gat 4°C for- 5 minutes . lhe resull.in~ uupr.n·n~lo 1 1: 

was neutralized vJith an ar-pr•opriatu volLJrr,._ of· ice-

The resulting potassium 

perchlorate precipitate WJS removed by cenl i fu~ut·i 11 

as described ~bove and the resulting supernatanl urad 

for metabolite determinn ion . This method \J s found 

to be convenient when dealing with large umb rs of 

samples since he amount of '
2

11P0 4 1 quiz d \oJflS 

pro-de 1 mi .ed 

XC ding 

l u 1 i 

p i 7. 

0 u 

d 

. 1 

e requi 

i 1 u 

o:- • Pl 'min "Ling h d nrr of 

Ul h 0 h 

n 

f 

y 
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W'lr'E! : nc 

i r cl lu r 

1 ( t .rrni rrnLr.d !Jy I./ill acJcJ.iticJn uf () rn:Ls 

h n.~l (WiJ l it~'ll'l'Jfl (I tl rJ !Jc•>ovJi Lz I 1 ~)[) 1 ) • 

w r cnnLr·i r·ugcd Cit 1 (J I rw n X g cl l 1). n t: 
. . 

f r in m'nutl:!s tu r·t:tfliJIJ·- cc..,llu:lut' Llc~!Jt'.i.s . Thu c:lowJ' 

mt thane f:XtT '~ct \tid:.> r~ Flpc;r·at:Grl to cll·ynutH1 in n 

dry extrac ... \·Jas dissol'J8d i.n O.S'r1l 1Cl%(v/v) rJquuous 

isop!'opanol . Samples of this x ·r a~i 111 'I e kerJt 

\Jere also dissolveri in 10%\v/ ') aqueous i..,c.mrrJponol. 

Samples of standard amino ocid ~30..,lltioq And 

t.ypanoso~al amino acid extracts we e apoli ~ 

spots 3 em from ·he dge of l-'ha tmrlra chtoma oc phy 

papers ( ·ze 20 em 18 Cl"'l) with en ill y 1 ,.. 
OJ 

tu cs and d ied wi h ir TJ, ct orn to-

d d to y rd d 

nd 1 c 2 

n v 1 

0 



1.~1-) Jll'il!dl!ll;u r1r nmi 110 ncids (prul.jnn 

y llmv Jrli1Ll. 'lllfl'''J HIJob; vJCJr'G irnmud-

1 ~J • t. 11 , 1 11 r, r1 r. i I , d 11 r I Uw I H v, JJ.u c f~ 

Vdri u LCJlvent ~.ybinJr,·; W8J'U LJfHnJ bu 1: tilu!,CJ 

cal.lsing tuiling '"J8r8 LliscoJdGcJ. Thu lJ8ul: .;yHtmnu 

t'DSUlting Hl 0 ,tirr.u;l, 'Bt,oluL.ion W8f'8 ; n-LHJbH11.Jl: 

r-ce one: diethylaminE:! : H2 rJ nt rati.ns of 10:10:7:5 

a 1.J n - butanol : fllethylethylkotorw : arnrnoniA : H..,O · t roti'JS 

of 50 :3 0 : 10 : 10 . 

The standard ar~ino ac · ds chosen were thu~·e 

known to be fou d free in the parasits and t: ~so 

which are found to be elevated i the laom of 

·!.!:.vpanosoma b . brucei · nfec od anim ls (!sou nd 

!sou 1 , 1978) . 

2. 12 

on d 

1. u 
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2. 13 OF 1,·'Yi'I\[~(ISClr11'S l·J I 1·1-1 IJF.'i f 1\GL:I~TS 

-----.. ---...--......_ -·-- ---

( v I v ) T • ( n X - 1 () () j 11 \11/" L I • r r I I I d [J • I ~) % ( w I v ) LJ i f~ I t 0 n j I I 

n b ol J r ut.f'Hnol vJfli''' ,,,,HJc. /\ppr'npr:l<Jtu vo] 11111ns 

of hE r;e debwgo11t solul:iufl'; vJPrn r-Jdclud Lo b·ypF.JIHJ·· 

some suspensions in flSG or r'S l:r; .:Jchluvu l:ho l'GquiJ'ud 

concentrc..tions. The.: trypano:;ornG ~;uspurH>ionD r;ontai 11 -

ing dateq:;ent vJere agitutcd gLH1Lly and ir,cubtJLecJ <1!: 

?5°C for tO minutes . TncubationE:> 'tHH'B lr3tmil1·:1~, rJ by 

centrifugation at 10.000 g fur 70 minub!~ ut '!°C. 

The resultir.g supernatants were used for nzyrn8 

assays . 

2 . 14 SONICATIOI' OF fRYPANflSOMr:S 

Tryf) no somes SCIStJCnSil1nS in PSG o rs wHl 

son'catnd .J h c: 8 nr.,..n Son'fi 1 IUd 1 18 ) wi h 

an outpu of 0 0 for I l I qu ad m i ' i (, . 

Th ly c 1ir 'fu 10,0~ 4 c 

0 10 minu r. h u u 1 0 



EfJfA anon· hi lut ii.u] di~Jhi)./V(ld .in disl:ilJod wutr.Jr 

irt. 1 r'lliJr:rJni.l't~l::i.un nf 'l m~1. lr-yrJ!l-

flO I 1 w l 0 l'f!~lll'lptlllfirJd j II cl r;nlu l lOll 0 F 1 111M 

r 1 q i l h . () tit r fJ i L r J 1 r· 0 l' 1 () I 11 i I llJ t u s • 1/wy 

lito rusurtlnr, 

sum; nata t and thu sGrurn vJm·G fr·o;:rn1 in Jiquld 

nitrogen in conveniont arnoun Ls uncJ Lhuwr;tl wh8rt rmucJr3cJ . 

(Kilgo ~ .Jnd Codfrey , 1973; GorJfrny and Kilgour· , 197G, 

Gibsons: 2l , 1978 ; Kilgr_,ur Gt al , 1~l75) . 

Two p a i r s of b u f f sr s "' e r o u s e d i n t h o ~ r.n c :: 

gel electrophoresis of :;1utumate pyr uvatu 1 ansarnir
1 

~ 

(GPT) and glu arnate oxaloacctate transarninas£:: ( 'OT) . 

The first rair cons is ed of glyc · ne and . OH and \-Jas 

used for the elec rap orcs is o GOT . The a 1 buff , 

contained 0 . 15 1 glyc'ne and O. OG l OH (pH 9.5) r.d 

gel buff 1 

n ( H • r. ) ( 

>Uff 

or h l 0 

c . 1' 

( 

con a 

i 1 

d 0 . 015 ,lycin nd o. on 
1317) . r 

c. 

0 

d 1')7 

ord 

cid n 

( 

0 . 

u 

n 
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I f V UlJJn, 

on~o 1 . t ( l. (') I Jl I ll I I i II r': n L I' f) u g h D r cl 'i 111 c 11 ~; .i [) 11l:i 

I l d"tJI.h rd' /. . 'i 1n111, covnrocJ c111cJ ln ·Fl'. 

rt fr"1pc'lt.:!i'JI''' f'nc 1L rn-irlul.H'>. 'llw gul 

Wl f or u· 

minut .... 

One centimetre long slot.., w JrH rncJU!! in th 8 

gel, 4 em from thu cathode r:ncJ . St'~lnp1 ss WBrn app1; .,rl 

o the slots by placi.r~g boiled cot'·on threads soakArl 

in th.., appropriate sa'T!ples (l<ilgoul P.t r:L 1R7'3; 

Kilgour et al , 19714; Gibson et al , 1978 1 Kilgour 

a:od Godfrey 
1 

1971) . ., he gal vJas thon placed in 

Shandon electropho, esis tank containin~ the 

appropriate tank buffer . 1 he electrophoresis was 

ru., at DC: for 4 hours at a const nt volt g of 

17 vol s/cm and 8 rn Fla n .1 oak d in . nk buff 

as usod 0 com le tn 1 cl ic ci cui . 

0 'Jf d GPl c d v lo e in 

o. ( '1. ). fo G T 

co 0 .7 

L -

r 
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fh8SP I Be 

· rxj rHl 11 lv l1 d. m Llll 11 u mil m · 1 ·r i l t c: r 

~I l, I 

!hl(lt'T Wll, •Jji[Jii.rJtl Ul1 l.up ur l:hu wut A h 

. 1 r o rnmovu nxcrHHi rJuvtdupur huffHr. A 

o v y g 1 s , b 1 u l:J 1tJa '-' ~ J J · (, u d o n L o p n r· t il ! g n 1 w h i c 11 

\as incul:latt:..d at 37°C ('or 110 mi 11LJ tor>. 

f f t e r i n c u b a t i o n • t h e '-'J c . f' i l t o r p cl p e w cJ s 

observed under ultra viol .t li.r,ht. 
,.. 

DT hn7j'flid 

activity appear·ed as Gt1rk spots .:::gains'L a Lr izl,t 

background . These arear \·Jor markGd ar1d tho fj l tc 1 

paper kept for· record . 

After staining for enzyme act · v · ty , tt.e r; 1 

1as submerged in O. OS%( J/v) coomasio blue in 7%(v/v) 

acetic acid and incu , ed at 25°C for 40 mi ut 

The g 1 s en i d one. · l 7 .. (v/v) c j cid 

:•d 0 d. p 0 c in \•I 

n lu 

. 1 
1 
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c.:- k l I I rj I f'li11tiO ~~~~idu wm·o nc ltl od l.r, •1 L. 1 (J 

findl J:orll':•mLr'ill.io:-J uF 1U mM. All 

, r , J~c., l y IJ r fliJ·l!'Ud. The J.y~~<:d:r:Js WCl'P 

11 u 1 t 75rJC •H' 1 ilnur' in rl !Jui:.Jrwff :.dJclk.i rq~ 

m 1 "":i.ir. inc•Jbntm jn tu~,l.-tulll~~;. Incul)t.ll:.iuns wrn'CJ 

termin.Jted as debr:I ibod in 1'1aLPr·.L~;Jl~ cJild ~1uthod~; 

section 2 H . Thu arnount of l -~lutar•wlo pi oduceu 

por hour VIBS taken lD 11P u mrWSlli'CJ 0 f' tl'WlS<llllillclSO 

3Cti•Jity. 

Z.17 SUBSTRATE AND ENZYME ASSAYS 

All assay~ depended or. react · ons ..,rh · ch could 

be fa llo ed spectra hotomet 1 i ca lly by measu I ·,., the 

decreased or · ncreased absorbance of py idin 

ucleo!:ides a 34fl nm i he on a Pye Unic m SP 

100 p ct opho"'om tF. cc upl d 0 . Py Unin m p ?.7 

I cord 0 p rki E m co d r 25° u 

cuv of CM li 

0 II . I d n 
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to give . i.,nL ltl<1ci.itlli l'i1Lni~. 

no l y• s vJ h i c 11 •,n r s c, J d u d J <J l; c l' t o s L n 1, t L h u 

o ct. ion . T h 8 r .J vJtl s · J I J] 8 r 1 k c u r 1 t <1 i n i 11 g F.l J ] rll~ cl it i u r 1 s 

~ . L r r• 23 -G An 8X tinction c net f J.l,; i en u 1 u . x 1 D r; u1 

mole of · .A.OH used or· r,er.8ratod wus used in all 

rietenr.~nations at. 340 nm. Th. C0.1C£-.nb lltior. ('l r thtCl 

metabolites in each sc.nple assayed was e• t.itHctocl 

using t e followinz fcrrnul.a (Bergemeye 

c = 
E v 

¥ 6 . 23 

here c = Concent1ation of I n c iv m t ol · 

. n 1mol ~I nl 5 

bE Chang n 

0 p 0 urn v 

n 

v 0 

. I. 
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( ~. 1\ 1 . " t.nLym c n .· 

T. IJ/m] 

glucose-S-phosphatB Juhydr·ogenosr~ (GGI'IJII) CP1CI 

1 • 5 I U I m 1 hex o ~ i n a s s ( Hi< ) • T IF J a sua y s w L r' l3 b M; u d 

f1n the increase in abso1"'bt:lnca at 340 nrn as N/\OIJ 
1 

wos 

reduced. The reaction \·.·cs s ·artGd \.oti th 1\TP . ThrJ 

sequence of reactions in the essay is shmvr1 belnw : 

1\0P 
Mg2+ / I ADP+ I AOPH~·II·t 

P-glucose + ATP~ ~ 
HK uSP ---~;l~G..--,) l 

GGPDH 6-phopllo lu-

conol c orH 

1 e I eac ion mi. rc.u d fa 20 miru 

( ) 
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Th • L i o I) 111 i x !· 11 1 • 1 l •,v i1 :-; i fll, ll l.J at o rJ f rn 

" - k u l: rJ g J u t L1 r~d: n ~ 

GLlJfl 
i· NMlll 

( c ) 0 y ru v <1 t e 

Pyruvate \-Ja:. assayea in " syslrJm conLn · ni 11 g 

477 mM b~iethanolamins· ~iCl buffer (pH 7 . 6) , 11 . 8 1nr·1 

EOTA , 0 . 12 mi1 1ADH eno 2 . 75 I.U/rnl lact"''Lc de!.yd 1 o-

genase (LOH) was used to stat the 1eactio The 

essay w:. s based on he dt:Jcr .ase in a sorbe1nc at 

340 nm as AOH ~as oxidised . The I eaction mixtu 

was incubated for 5 minut 

was s fell'"' ..rs, 

ruv 0 + u l ~ AD 

( ) 
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t "'01 b 1.1 t' ,, L '3t1 0 11rn nu Nf\Uil vJcW 

T' ll i..inn llli.·l;tJJ'rJ WtHi 'i11CLJhcJl:r:d rur ... 

l 111' J 'I I rl r; l. i n II w i.l G i.l ~, r· [J 1 1 rJ w , . . ,.) . 

r~ l lJ II 

k l r l I N/\1 Jll ----' 

(p) L-"spar-tat8 

L-As~artate was ~ssaycd in 

61 . 5 ml sodium phusfJhate buffer (pH 7 . 'J), LJ . 11l rn[1 

ADH , 3 mm a:-ketoglutarate , 17 I.U/ml rnalate dt.llyd 1 o­

gcnase (r-!OH) and 2 . 5 I. U/ml g 1 u a rna t e oxnl ut:J~.;etG ~ 0 

transaminase '30!) was used to st2 t he 1 act'un . 

The assay was based on the decrease in absotb 1c t 

340 nm as AOH as oxid~sed . The 1eaction mi~tu 1 

was incub ed for- 30 .:.nutcs 
0 2:> c. Thu quonc 

of ct'ons in h as follow , 

ex- lu lo c 

OH ~ 



(f) 

L M l '.Jyfltl in ,, 1; y ~-~I. r'm CCl ll ltJj ll i lt g 3/j Cl 

m· nM hytll J7 j !10 llll r· f'r) r ( pll 1 0) '} -, c· 
- ' I :J 

,,r N [ d 1 . .:l I LJ; •nJ 'lid 1,, r~ 8 rJ r Jl1 y d r·o g 8 n rl <' H (I~ U ~I ) 

on the incrca .e in c.Jt.JnoT'l1CHICO <1t :J4n· n1n ns W\IJ
1 

W<J B 

re uced . The recn:tion rniY.turu w<:Js i ncub<1i.:nd ror 

60 · t 2r.; 0 c . rr.1nu es a .., The rooction wns fl,.. roJ 1 llt.J'> ; 

f~DH 
+ 

L · ialate + !lAD Oxalcacet-"'te • NAOH 

(g) L- lan:: e 

L-Alanine ~as essayed as described by 01 mba 

(1980) · n a system corta'ninB 92 mr glyci; -770 ml 

hydrazine buffez (pH 1n) 0 . 74 m 

ml ala in d hyd o na~ ( OH) 

iOPS W 0 h c 

c 

0 T 

I 

nd 0 . '38 .t . U/ 

o oni 1m 

w 



A l ) r-,ry.; I~Vrn rr pr:wr·oJ'IIliJd nt 12:/ 1C. The 

3 , () nm r 

\'-IB r .Jueud. 

2 - 3 minu .8~. tr' alJuv/ (;Qffi!J]rd.i.on ur 81iclogunou~~ 

rH act ions before t :18 r o c:.t c L i o n s w rJ o rd: a r l rJ cJ • 

This er.zyme lt.'as rl'3f>...!yed as cJescril.Jed by OppGl·c· 

oes et al, (1977a) , 1 118 assay mixture c:::ntair: d 

50 m i sodium phosphate buffer (pH 7 . 2) , 1 rnM EDTA , 

0 . 1 =- mr1 JADH and 0 . 5 lr I dihydroxyacetone nhosphate 

\·as used to start tho reaction . 

(b) Glucor 

Thi n m d crib d b 

g, ) . Th y c n d h 

1 

0 0 

( ) 
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rnM p u l n h l I ' I; II r· I' p l' ( [)II 7 l)) () 1 [1 rv 
• • • ' • J 111 I 

Nl\ II m1 pylUVlLr~ WtJ'J tl~iLcl l.u si:<Jrl: tho 

This erzyme 1r1a~~ assayr~d as cJer-;r.r'ibarl lJy 

Bergemeye~ (~974) . T h c a u c· y rn l x L 'J r e c o r 1 t a i r 111 cJ 8 r· ~ :,),lJ 

11 triet1a olamine-IIL~ bu+· or (pll 7 . G), 2 . ~ rn~l 

1gS0
4 

~n m•J KCl , 4.7 r;1M ADP , 0.2 nr4 NAlJ!-l 9 . ? . Ll/ 

:nl lactate dehydro~;er.ase and 0 . 54 mM phosphoe11 1 

pyruvate as '..!sed to start the Iaaction . 

{e) ~G~l~u~t~a~a~t~e~P~y~r~u~·v~~P.~T~ra~ __ i_a_s~e~{~E~C~2~·~6~· ~1~. 2~) 

This enzyme 'as a sayod d c i b d b I 

( 1 q; ) 1 m . tu 
8 rg me 

con II d 

60 m po urn 0 h uu f ( , I 7. ) n '1\ 

1 n 0 . 7 .U/m d , 

0 

u 

( 
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I 

Q. 1 rrM N A 1111 , I . G J . I.J/m J m Cllr.·Jl: u 

d 11y n I 3.7 1.11/flli i .JCL.Jl.n dnhyrlrugoncJsu. 

1 t w 

( r:_ ~~ 1 1 1 l~ • • • i 7) 

Berge~eyer (1974). The ar;:,ay mlxtur e cuntrli r,nd C) 11 (j • • 'I ' 

m· sodium phosrhate bu.:=fcr (pH 7.S) and 0 . 2 rnf1 NAUH . 

n-e reaction was started with 0 . 5 mf'l oxalo<.Jcet.:Jte . 

(h) 'ADP -Linked '1c:lic Enzyrn~C 1 . 1.1 . 40) 

This enzyme \>Jas assayed s d SCl i. I d y Ho k 

et al (1976) . The assay mixtur contain d a:; rnM 

T1is-HCl buffer (pH 7 • 4) 1 
c; m gC1 2 nd 50 llM 

I OP+ . The c ion I S "' r o \oJi t h 2 -rn 
, t I . 

7 . 18 



ui ,(. 11 d 

1 r 1 1 r l (w/v) ~J ~011 . 

r o t i n so 1 u U o no:; 111 n 1 'r J cJ i. lu I. o rJ ~; o t 11 <~ L 

~g re 3. n 11ls . 1 <:tnndolr d pr'o Lwi 11 ClJI'Vl~ wt.tb cunu-

t r u c t e d u s i n ~ b o v i n e s e r· urn a 1 h u 1n i n f r' a c l:'i u n v 

o tained from Sigrna ChernicBl Cornpi:lny . Th8 oplicill 

density cf colour developed wos re.:-1d nt 7'if1 n111 

-
using a ?ye Ur.icnm SP 1 ~FJrJ sp8C · opholo a~o, <:1. 



0 'l1 

L H'Al ',11M 1 ii'YI)/\Nrlr;rJM/\1. /·.~17Y 1''W~; IW U~~E [11 · 
- - ---------

r "I l :MT !'~/. 1'1/0lJS 
,,. ________ -·--

1 ansnmir.aso, ;~lutarnnb.:l uxalocJctd.:LJtn tJ u1Wc"Hnir 1.: 1s 8 , 

• 1AO-linked malate dohycJr'ogarrdt;rJ , NAlJFl-linkcu mi'l1ic 

a: ··glyceroohosphate dP.~lyr:!roz8nasB -f1·orn isulal:od 

tryp:::ncco ,gs in :'3G by incrr-HJs.!.ng delei·ge·l,. cc...ncen-

trations and freez~-t.hawir.g cycles vJas invE.:s'lg ... ~od . 

The detergents used ~·!e e Triton X -100 and O~g~t n · n . 

These experimPnts were perform~d to ascertain ho 

activities and int ccellular lac lisa ion of t•10s 

enzymes in bloodstr am fo M T. ucei . 

a:-GlycP. ophos ta. dr.t dro w d 

r fo e lyco no nd rn1 .... C' 0 

e cy o ol . 

• 'I 



Rolease of GPT, GrJT , NAD-IinkGd MfJH rl n d 

':t: -CI-OH frorn bJoodsi:rnam f'orrn T.b. briJr~oj by Tri t:Dn 

X-100. l~lBct trypanosornes (cell density 10 8 /ml) 

Tri h1 11 X 1 OU concr.;n tr<J L .i ens l'CJng j ng From 0 to 0 . 1% 

( v / v) . Incullutions wero tr;rrn-irwl:P.d hy cr:J rd.r·ifuga-
1 

lio r1 ol: 1rJ , OOO e; fen' 10 rnjnuto;: <li: 1!°C and onzynms 

c 1 s s cl y e r I j n t h o s u p u r n a t; il n t s . T h r> 1' r~ s u 1 t s s how n a r e 

c.n1 i"IVOr·age 'lf fuui'' individuc.Jl 8>'.periments . Total 

Drl7.yrnD f!Ct~vity wa·> tc. ken t:o bo tho onzyrne ectivitv 

1· e 1 "Ji:J c: o cf by 0 . 0 I % T 1 l t u n X 1 0 0 . 

lotal enzyme ·ctiv ' ties ; 

Pr 0 . 526±0 . 032 ~mules/min/mg protein 

GOT 0 .. 0/5±0 . 009 .. 

'fl.O- L. i 0. 140 i 0 . 022 " 
" -G o. 49' + o. o7r, 

-o 0-

OT -o- --o-



OS2 

0/o Of t n:zyme o tivil y .... 
J, (\) t:J> 0 
0 (, 0 0 

-~-_....;_.......... .... ._t............-,...,.~'--.___.-J, ....... -.--

·-I ::1. -0 
::J 

~ 9 
~ o· 
0 i'-.l 
0 

\ 
\ 

() 

0 ~0 
::l 
r. 
(j) ~I ::J ....... .., 

9 0 
( :o I 

,.... 0 
0 .$' ~ I ::J 

.......... 
0 

l~ ;;--
~ 
< ........, 

9 
0 I 
()) 

I 
I 
I> 

c I 
0 

l 
I 

0 
.; 



c n~ n'Lrt~ti.lt1!1 of Triton X-100 t han 

Uro othot T h r 1 t", u 1 t. '> n !1 u w t h c-11., 0 • 0 4 % 

ft 'ton X-1flfl •ufficionL to rDl Dc.WG mrJxirnum 

I 1 
• V l ,.. l, G(Jf nnrJ l/1 1.J-linkcd I"!IJ!I whrH'BiJS 

n: • · mu~ PI,H ilCtivity was 1' l1Hcif;ucJ by D. 07% 

T. iton X-100. The rnaxirn m nn7yrno ncLivit: i t~s rolco-

d \<Jere GPT, IJ . S7.C(±0.03/) ; cn·r , 0.075 ( +0 . 0 09 ); 

N/1.0-linked MOH, 0 , 1iUJ(±0.022) and o:-GPDH , 0 . 490 

(±0 . 0711) lJmoles/min/ng proteirr re~;poctively . 

Ths a vJerP measurablP. errzyrne activit~Rs in 

superr.ata .ts derived frorn·tryw.-Jnosorne suspr~11sions in 

PSG without deterger:t . Ti.is was taken to be en%yrne 

leakage from damaged trypanosomas in PSG . The 

percent enzyme activity attributed to leakage fran 

trypanosomas suspended in PSG alone when cornpa ed 

to maximal act ' vi ties · n Tr·ito' X -1fJO vJore ; GPT , 10% 

(±2 . 04); GOT, 13%(±2 . 76); . AO-lin!-..ed MDH , 9 . %!-2 . 2} 

~.•d«-GPOH, 3"(±1 . nO). 

Th r sull nt d ho" h GOT nd 0-

0 1 d i PT. 

a: -G 1 
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3 . 7 

f R'lM l nr I • I J • 0 I W C C: I BY T I~ IT 0 N ---.. -· --- -- ~ ... -- --"-·--· ---

X-1'H1 

I~ ul s prc<,untvd irr f'igurc3 2 s how much 

ern !J 1 n c e t o t h o ~w j n f i· g u r cJ 1 c~ x c B p t t h u t i n t h i s 

8., p e r· i men t i-\ 0 P - 1 i n h~ d 11 E 3 n d G G P lJ H we r e s t u d i E:J d i 11 

arldition to GPT and u:-GPOfl . All the onzymes were 

gradually :-eleased -Frorn the trypanosornes by increas-

i ng Triton X -100 concsntrat ions . 

Maximal activities o-F GPT , I!ADP-Unked Me arrd 

G6PDH were releaseu by O. Q4% Triton X -100 . Ma:v'imal 

act~vity of a: - GPOH vJas relensed by IJ . fJ7% Triton 

X·-100 . The maximum enzyme activities released were ; 

GPT , 0 . 51(±0 . 055) ; ADP-linked ME , 0 . 012(l0 . 0029) ; 

G6POH , 0 . 012(±0. 003) and o: -GPOH , f1 . 485(±0 . 031) 

moles/rnin/mg protei ospect · vely . 

As 0 s v d :n ~ecti .n 3 . 1, th \oJ 1 c 

m u abl c in ~ul 1naton "' do iv 

0 t yp 0 0 u pen on i p G w hou d 

n . co 0 0 urn 

0 0 

( 

( 

d 

n 



Roleflse of GPT, NAUfLli11kGd MF, G6POH and 

a: -CPDII +rom bloodstream furrn .I.:E-.:.._ bruc.:wi by Triton 

X-10(1. :lnt,H;t tr-ypcHlCJGDJncn; (eel ·~ Llcmsity 5x1c/1/mJJ 

·rl ito11 X -1f1() concuntr·r1!:}ons rnngir1g !'!'om 0 to 0 . 1% 

( vI v ) . J: n r: u lJ t1 t :i. o n s ltJ or n t o rrn i n n 1: o d h y c e n lr · i -f u e; a -

t j (J f I t i; 1 0 1 rJ'l 0 ~ r 0 ( 1 0 lfl i f1 U t 8 S U C 11 U C a T I 0 (3 rl Z Y ffi 8 S 

-,or.nyod 1n the SU!lf'JilEJLants . Thu rF;sults shown are 

tJ Jt t1" c 1 .:1 fi o '1 -f r o u r· i n d i vi d u a 1 ox IJ e r jr; 18 n t s . To t a 1 

on 2 y rn o a c t i v i t. y w, n t a k e n L o b rj t h e B n z y me u c t .i v i t 1 

1Bl•.llr.t1tl by 0 . 0/% TritanX-10fl.· 

Tot 1 n yn10 c t i v · t · s ; 

GPT 0 . 510-0.055 unoles/min/mg protein 

1LP-l n d f o. o 2 n. 0029 ll 

o.m2 -O .o 29 " 

- Gf 011 0. 455 . 031 " 

f 



-~ 
:J . ...... 
0 
:J 
, 
I 
~ 

0 
0 
() 

0 
:J 
() 

(j) 
:J ...... ., 
0 ...... 
0 
:J 

........... 
~ 
0 

< -< 
'-' 

g.l 
!'-.) 

0 
0 
.j:-... 

0 
0 
(]) 

0 

CJl 

OJ t rJCUvi y 

(j) 0 
0 0 __ _.__ ___ _._ __ _J L--

.... .... .... .... 
0' ...... 0 .... ..... 

.... 
...... 

' 
Q 



Glu 

T 

r N 

t 1 ch hyrJr·ngc'nilse w.Js rolr!aSt.HI 

I I ' l H t w u H 11 0 % cl II tJ n . (] J % 

i )fl, LIHl p;Jl, CUl'll oF' re] l)cH>n 

·vJLy fr,J] lwtwtJDil that nF CPT 

) ._. ·. "' , 1 . p, l1 L i n h i l J j 1: i 1-, n o r- ~I A D f:l ·-

1 in i vi t y cl t h · f, I r r ito 11 'X - 1 0 (J con c u 11 t rations • 

he~ tivity 01 AD~--~inkbd !"IE ol.Jlajn~d with 0 . 1% 

T iton X -·oo ~Jas ;:.prroxirn.=.Lely GrJ''c; of lhdt obtained 

\.J:th 0.0 ... % Triton X -1[!0. 

3.3 . RELE SE Of TR~f__9_:0!'1AL EII/.Y11ES BY lJJld I 1~1~1 

To obtain rnore info1mation CJn ti1•J localisatio 

oF gluta ate oxaloacetate ~ ansaminasr., iJA 1-linked 

~alate dehyd ogenase, ADP-linked mal'c nzy o dtld 

lucose- phos ha e dehydrog n c i bloo · m 

fo a n i n , \>J h i l h t a 

di f i 1d · n 

u d (J 



Reluaso of GPT, GOT , NAO-linkBd MDH and 

u -f";P(]fl fJ'Otn hJoodntr~r~drn T.b. ~'U.£:Bl by o·igitun:in. 

ln L a c t t r~ y p c1 110 so rn P. s ( c 8 .l l d u '' r, i l: y 1 0 8 I 111 .L ) :i n 

f'SC WF!J'U lncuhr!Lr;cl rlt ~G°C ror· 1(1 minutes with 

llip;jt.o(lin cuncc,,traLions runr,ing f1·om 0 tu 280 pg/ 

rn . Incub,,tions ~Jl'Jl'O tcHrnin,lb~cJ by cRnLrifugution 

cJt 10,000 g fa 10 1ninut:es ul IJ°C ancJ RnZy 1r,e~> 

cJSr.ayccJ in tho SU[Jl3r'nutants . fatal enzyme uctivity 

It IE 1 • t; o k e 11 t: n be l h c £H z y me act i v i t y r e J r.w s e d by 

0 . n 7 ~ T l it an X - 1 0 0 ( F i g u e 1 ) . . Res u 1 t s s h o 11m a 1~ e 

avoz ~e v luos oF fou individual experimBnls . 

GPT 

GOT 

AO- ink d ou 

-GPOH 

-ell----D-

-e- -o-



0/o of tot 

I 

~ 

[J57 

nzyml rJ.ctivity ..... ..- . .-.. 
a> 0 N 
0 0 0 

---'-_l ------1, 

'tQ 
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~ 'o ... 
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CPT, GOT, nAD-1 'nk tl ~11111 illlll a:·~r;P!Jfl fl'orn isolu~::t;li 

lll[l(l('jr•tt rn 

!"11 .i.m1l activ)tiuu ur C!'T, CCJ!' cJIId N/\0-.LinkE:ld 

1 e 1 P c; u d by 1 1]. 0 11 ~ LJ i e; i t o n i n I 1 0 
8 

c 8 J. J s • /\ 1-, 

the maximum conc8ntr·atlOrl oF Dif{il:onin usc·Jcl Ul30 pg/ 

I o8cells) rneximal act.i.vj ty of ':c -GPlJH was no c reluasod. 

At t h i s 0 i g i to n i n c, o n c; e n b a L i o n , ~~ 8 % o f cc - C 1.) fJ H 

a c t i v i t y ~~ c s r 8 l 8 a s ad vJ h e r 8 n s 9 0 o~ o f G F'"l , 9 1 % 0 ·F 

GOT and 110% of IJAD-linked f10fl wa~ released. llotw 88 n 

0 anc 12S pg Di3itonin/10
8
cells , tho release of 

cc-GPDH was not si~nificant . However above 1GO f.lf, 

Digitonin/108 cells, the c8lease of cc -SPDH v1as 

signi"icant . 

There was a clear conbast b8tween tho paltGJ·n 

of release of the ±i'l"'ee enzymes, GPT , GOT and N/\0-

linked MDH which requ'red lo 1 Oigitoni colcuntrc ons 

as co oa ed to the r::le s of o:-GPOH which r qu [" d 

ligh d;g on in concen r t'o Th patt rn of 1 

~o of i.h nz y Di on in show imil ity 0 

ul u T . 
or X -1 0 (Fi r r. 0 u ). 

. . . 



f< e] Q Fl s rJ 0 f c r rr I ~-JI\ or)- 1 ink mi ME ' G r) p D H and 

oc -r;r'fl!J f1·orn bJ.ondstronJn -forrn T:_~-£'~1ce:~ by 

IJ i g H: CJ n i r 1 • I n t n c l try p <J nos om(; r; ( c 8 ll d en ;; i 1: y :) x 1 0 ° I 
I 

rn1) in PSC wo1e inculJcJtC'd at 25°r. -For 10 rninulcEJ 

?. 0 fJ IJ ~ / m1 • 1 n c u b c1 U o n r. w !' r 8 L u rrn j n fl I.e rl by c n n t r i -

f\J f~ c:d i on t1 t 1 CJ , 0 0 D g F o 1' 1 0 m j_ 11 u t e s i) t II ° C FJ n d 

ec· ivi ly w.:::~r. i len to be lhe 8nzyme activi iy relea-

"Od by 0 . 07% Triton X -100 (Fir,ul'8 2) . r-esults 

.hown C:JJ l av .r l~e valuos of fcur indi v idual e xper:i.m~n ts • 

GPT -Ot----0-

G POH -o-

UAOP-link d rF 

-GPOH 
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'JGO 

r • ll . in I G. Tilr:~,c: r'rJ~;ull:n ul;uw much s .imil a-

lo 

1' tf ('; pnp c1nd f~/\IJP-lillkuc.J r1[ WrlS lllVl3SLi.t~illcd 

in ndditi.on to lhc · of GlJT <.JrrcJ rx: -r;!?rJII. !lu e to Ul8 

1 o \•1 act · v i t i e s o f f J AD P - J.j n k c cJ l"l t a n d G G P IJ! I u b t a i n e cl 

in preliminary studies, thr3 tcyranosorne t:.lGr.sity was 

increased from 108 /ml to 5xFJ
8

/rnl SIJ as tu obt<}in 

reason2blc activities of thRse enzymes . 

~·laximal cctivities of GPT Gnd G6PDH wore 

obtained with 170 ~g Oigitonin/Sx10
8 

cells . Mcxi~al 

activity ~f JAJP-linked ME was relnased by 225 ~g 

Digitonin . T E: max~n,um concentration of Digitonin used 

(280 ~g/5x108 cells) did r.ot release maximal act · vity or 

o::-GPOH as determined by use of 0 . 07% Triton X-~00. At 

this O' gitonin concen ations, 18% o::-GPOH Clct.i.v'ty was 

1 el eased ··Jher a~ 9 % of t.;PT , 7 5% ~f GSPOH nd 68% of 

'ADP-linked 1E w s rcl sod. Significan~ acti ity 0 · 

a:- POt w only e s d ty O.i. i o in co c t on 

OV 200 ~ /r 10
8 

C }}c, 

G uc n I } 
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t h D s e o b t d i n £ d -1 • t h 1 J:' i t: n 1 1 X - 1 0 U ( F i g u r G 2 ) i. n t h i s 

study. 

1:1 ul .. p £H. .. entorl jn fjguros 3 c]lld IJ shmv thcli. 

vlh n he try anosornu cJunsi Ly ltJi:Js incrGar~oc.J, higher 

Dir,ito 1in coqcentraUon::; ltJtH'n requir·ed to n31C.JBe 

enzyrnes from the parasite3 , vJhon tho C8ll density 

\..tas 'i0
8

/rrl, '140 l1g Die;itonin/rnl was requireJ i:o 

release ;-naxi;nbl activity of GPT wher·eas vJhen the Cf'dl 

ciensity 11-as 5x10
8

/ml , 170 11g fJigitonin /rnl was 

required . Similarly when the eel) c.Jensity was 10 8 /ml , 

28% of cr-GPDH activity was released by 280 ug Oigi-

tonin/ml. This Digitonin concentration :--eJ.easecJ only 

~ 8% 0 f cr - G P 0 H a c t i v i ' y vJ he n t. he r. e l 1 d e n s i t y ~""a s 

8 
increQscd to 5x10 /ml . 

3 . 4 nf Trypanrso al Enzymew by Froc7e-Thi:l'.Ji!)_g 

To corf'lple ent tt 1· sul s oLL in d with lrjto, 

X -100 n g on'n on lac 'ion of GOT, AUP-

AO-lin 0 G . DH i load 

roc dur 

0 
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3. 4. 1 

ull pi ,..,t ntccl in show thai.: 2 c , YCL8S 

1 f r c ;: o - t h 1 w i n g r a p i d 1 y -;. n J.rhl G o cJ U 1 r; rnA x i m r.ll 

activities Gf GPf , GOT and f'J/\0-J inkoc.J WJIJH ·Pr·mn ~hu 

trypanosomas . OrtC' fr~wzo·-tiJflwing cyc1e role, socJ 

above 6n~ of the act~viLiRs of CPT , GOT and ~AD-

linked f!OH 1:1hereas onl.y 16% of a:-GPOH activ.i.ty was 

~eleased . The maximal 8n~Jme activities roloasod 

by freeze-thawing WPC9 ; GPT , 73% ; GOT , BJ% : 

1 1 A 0 - 1 i n ked f1 0 H , 1 1 B% a r, d a: - G P 0 H , 53 % • S 8 "B n r- r · !J e z 8 _ 

thaVJing cycles were nquir.,d to release thu •nexirnn 1 

C!stivity of c..:-GPOH . The release oF a: -GPOH by fr BGZt!­

tha~ing was gradual unli'e the rel~ase of GPl , GOT 

and NAO linked MOH which was rapid . 

Th relee~8 of GOT and AD-li ked MDH follow d 

a a te n sirnil 0 th of GPT . Th e 1 lJ t 

a 8 corn r 1 0 ( s 0 i a T I i c . X -1 no 

(F. u 1 ) n 0 r ( u ) 



Figure ~ -<-=---

r~ (J J [! (j s e. D f c r r· ' r; 0 T ' ~J A 0- l in k [l d M [) 11 i3 n d 

r·r·ne£ 8- i: hnvrl nr,. In tu ci~ t rypm1o somes (cull ch-3n s i L y 

0 
10 /r11l J in 1 1 ~~r; itJ8r J cuhjectecJ to ·Fruezc-thawing by 

f 1 U 0 ~· l rJ g ·j fl J..i q l )j tJ rt i l: 0 J'!~ 8 n f f 11~ 2 () . In l II U tfH3 i.Hl J 

'I .. -rue .. 1 ~1 w 1 r r p, a r.; /. ~ • '1 he ru:,pensiL'n wer<:J Lhun cenLI'ifu-

~ncl ol: 10, DO:J X g ru1· 1 U rninutE•s cd: ll°C and onzyrnes 

\41 takc:n ~o be tbo enzyme activi cy reloasud by 

n.r.Ji'% T1 iturr X 100 (Fip,urn 1) . Results presented 

c 1 o A\IC:I ~e va1ues of four individuvl exrerJn,ents . 

GPT -o-----Q-

GOT -o-- -o-

I A0-1. nked MOH -C!>------0-

-GPOI 
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j gu J'B __ i~ 

f~ R ] n CJ F; •.: o F G fJ T , N P.. 0 P - l i n k e d ME , G 6 P 0 II a n rl 

o:-GflUII ft'Om bloodslrUcllfl form ~~U~:..§!i_ Lly Fr·Bnzc~-

l:hclVJi ng . Intod. l:J-ypC!IlO~>orncs (cull density r]x10°/ 

(J IJ "Z i ltf, in ] j qu Lc.l T1 iLror;en rr)l' 20 rr>inu lcs C111U 

i 1 • t , r-0 , 
• II c'3 w I n 7 il ' "!. .J L . 

•nzymew cJG,-; yec! 1 n tlw Buporrta ~cHlls . Total enzyme 

oct ivi+.y vJ 1r. tokP.n to bo ·~ho enzyme activity releA-

mJ b i ' . ll7 % T z i t a n X 1 0 0 ( r· i g u r e ;: ~ . f~ c> s u 1 t s 

hnwrt - G av Iago VfJluor.. nf OllC individual 

exp r · rr.ent , . 

GPT -{].t----0-

G PDH -o- -- -0-

-lin d 

PDH. -1\----b-
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GPT, rJNJr -1 in ,[ ll~ CCJIJ!J!I. ~1rJVun Frecl..e-thEJwing 

cycl J" 1.-!C tj [ D I l ,'_[ rJ tl h U IYlil Xi. IY1C:1J. c:l C tj Vi t y 0 f 

u: -l~f' Dll f 'J 11 m; n r · rH; u 1 b-; a r u 

l' Hllp l t o,, J~ u in.:rl ror thc-J rr:JJ Clr"J~-;u nf GOT 

t 1 d ~ Al -1 · n k d r OH (f i g u r e r)) • 

One free?u--tha•·Jing cycle rcdntlsecl above G5% o-F 

t h a act i v i t i e s of G P l , rIA lJfJ - 1 i n k e d !1l: n 11 d G 6 P 0 I 1 b u t 

0 n 1 y 1 7 % a .c a: - G P 0 H i::l c t i v i t y w n s r e J e i:l s o d . T he rn <:J x l m a 1 

enzyme activities releasod by froeze-thawing w~rR: 

G p T , ., 3 % ; I A 0 P - 1 i n k P. d f1 E , 1 0 5 ~., J G 6 P 0 H , 8 0 :, cH, Ll 

a: ~GPOH , 54% . 

The rusults presented here are di~ferent from 

t has e a b t a i ned \:J it h Triton ,{ - 1 0 fl ( Fig u r e 2 ) and 

Digitonin (Figu e 4) \!!he1e the pattern of NAOI-

li ked E release fell between th t of GPT a1d ex:-

GPOH . F e e- aw·n~ !elcas ~ OP-li ked ME ~ om 

1 yp as or s in 

GPT. Glur.os 

atl n simil 0 th o tainod ~ o · 

in p t n i · 1 

0 

to 

d ydro n 1 u 
o ,PT. 
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CJI1CJ li ii 

c 1 IT' mbr-c.1no~; ill'O CUIII\lCJr.ecl of proteins 

Tho liplc.i crHnpunrJnt consis l:s of phosJJho-

1 i p i cl.,. o:.1 n d c I a 1 c c; t e ro 1. ~J !1 fJ ~ph o 1 i p j d t fl i ls co n t r i h-

u e tl con !; in o us non- p u l EJ r h y d r· o c .:1 r b o n cor E.-1 to t h u 

rne:nbrane (Singer and flicolson , 19i'L) . Biological 

mEmbrane~ are physic~l barrieru separating ~h3 aquuous 

compart~ents \·Jith dif{':Jrent solute composiUon . 

llsually the movement of po 1 ar molecules thruugh bio] o­

g i cal mer.1branes is v:.a specif1c cc:.:rl'icr rroteins 

s i t u a t e d vJ i t h i n t he m s il' ~ r 21 n e . T h e s e 1 e c t i v 8 p e rm 8 a -

iJility of the biolugical memhranes can bH abolishct~ 

;Jrtificially by disrl!pting the arrangement cf the 

r.1embrane components . 

Tr iton X -1 on .a non- ionic detergent "O 1 u Ll · 1 i zos 

hyd opt.ol.J'c mo · ties ir biolog · cal membran '"'• gi-

to in bi ds o and ro ov s chol ol er. id,. ·~ fz om 

iolo ic 1 f'1 m r n 5 . Fr z - h g c ll m ch r -

it; 0 th m m T (J oc 

d' u h n b'olo 1 m m 

1 u 0 v 1 f. 

n 



t ~,,··ln onP <.r,cl", d b).' CJnly nnr; lllllnlbf'tHIG c1r w·'1 ~·I · 
1 • "· L• . .. L. 1.1 r1 a 

Wl; ll I d I ( 1 J y d i f r i L. I I ·1 i: 1: 0 l ' D J. 0 rl S 8 b y 1., h n 

... l1 , 

HJ/ ) . 

In bloodstretim fonn I_:E_:.--..12~0:!.; , o::-v, l ycorophos·· 

phate dehydrogenase is glycosornal (OppePcloGs et2
_l , 

1977':;) ; 1950; 19tl~) and g1utamab~ pyruvcJte tre:Jr1sa-

minase is cytosolic f::::teiger et ~..!_ , 1980 ; Visr>or. and 

Oppe.:-does J 1980) . The pattern of reler;su uf glutc:·· 

rna t e a x a l o a c e t a t e t r a n s c. rr. i n n s o a n cf N 1\ 0 - 1 i n k o rJ rna 1 
0 

t 
8 

dehydrogenase in this study by freozo-thawlng, 

. 
Digitonin and Triton X -100 was similar to that or 

GPT indicati'lg that these enzymes are cytosolic iil 

bloodstream form T. b . brucei . This was in agreement 

\• i th the results of other auth01 s in this fi old . A 

cytosol · c GOT in bl•Jodstream form T . --~~~ 

Leen reported by Oppeldoes end co-wo1kors (1975) . 

Opp dol's ~_!_, ( 198 hav cpa ted cy o olic 

O-lin d DH ir blo d rn 

Ou 'n r n u 0 u 

1 0 
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locc.Jtion of U.ic n ym8 i11 ldontlnl.ruam forms . :rn 

'I • r. ...... u '2 i - --
LV (J r, (l c: n · t n G h on C1 

1 i <1 .1 ; IIH I i ~' i n I 1 i h j t e cJ by h j p; h 

[1 i I ,)I 11b"' tiorrs (Ld1111cLJ , 19SIJ ). llw 

l1 l n J 

v.l<1 r-; not in ibitcd by tf-1n 'J)j~itonin conconlrcJLions 

u s e d b u t l·Ja s i n h i h i t u n s i g n i f i c u r d; 1 y f J y CJ , 1 % T r i t o n 

X ·1 oo . The patter:1 of W\IJP-linked MC rEll8uSH from 

trypanoso"les by Digitonin and Triton X -100 fr~ll 

betvJeen that of cytosol ic and g 1 ycosoma l enzyrm~:J. 

H mv e v ;:_ ::- , -: h s p a t t err. i n \tJ h i c h t h c [ J A 0 P - 1 i n : . G a M [ v.1 a s 

r e l eased by freeze-thawing suggested that the onzym 8 

i s cytosolic . Since a mitochondrial marker w s not 

used in this ~tudy , the localisat~on of this enzyme 

in bloodstream form T. b. brucei could not be detor-

mined concl~sively . If the enzyme is located inside 

a large o ganelle 1: ke the promitochondrion , it wculcl 

be resistant to elea~ by det r ens a o s rv•d 

fa, glycouomal nzym8~ u r ~1 ea d by ft z -

haw·n obse v d fa cyt nz 1m In 

1 loor.J A P-lin i m st 

1. ly d . 0 oc 0 c t ol . 
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·1 he GGf'L•l • v · i y n 1 L 1 i rw d i. n l. 11 i ::> ~' l. tr dy w i U: 0 • 1 % 

I' 1 i ( I X 

U. (r1' 1(. r) }JmOl£•,/min/nrr.; rjJ'IJLuirL 'lile:: pcrLI~Drn of 

or this unzyrnu f'r·orrr tiro trypi:.lrrcn,omns by 

r1 on X ifJO, IJigitor.in ·rJnd frou/U ·t lrilvJirrr, indjcatod 

that it is cytosoliG . 

The localisatio11 of GPT , GOT, ~JAD-linkBd MUll 

and some of the iJAOP-linke~ l1E in the cytosol of 

bloo ,~st raam T . b . br-ccci has important im~l ications, 

It gives credibility to lhe proposod roles oF CPT 

and GOT in bloodstream trypanoso1:1es . Ryley , (1962) 

c:nd Rey nolds (19/5) proposed that GPT, GOT , NAD-

linked 1DH and NADP-linked ME are involved .in a 

series of coupled reactions leading to a transhydr·o-

genation between J~OH and 
+ . 

ADP 1n the cytosol of 

the paras·te . The rosu 1 is of tt e pros nt s+ ..1dy are 

1 n agreernon wi h Us sported obse vat· on and 

proposo 1; . 

si 1 i 

co 

1 0 

The 

h 

-ran hyd 

enz 

ogen t'on p 

i: volv d c 

udy . 

G r 

u 

hw y would b 

i r lh m 

R ul on 

• T . 
n 
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As observed .Ji til Llw l'Gs td Ls on tho rGloDse of 

tr·ypanosoma· enzymes b( detGJ'gonts iHicJ froo%o-tll;Jwina 
G 

(Chapter 3) there v1Br8 sign-if' i cant Rn7.yrno ac L i viti 88 

in the supernatants der] ved from trypc:Jnosorno sur.pen --

~ions in PSG not subjected to the on7yme-r8laa~inry ,, 

lea king slightly from the trypanosomos . 

Leakage of trypanosornal enzyrr1es int.r1 host pL~'lsna 

\Jas investigated in an attempt to explain lho origin 

of additional plasma enzyme activities in animals 

infected vJith T . b . brucoi . Several au ho sin h ' 

field have made prop~sals on t. e o igin cf addi ion~l 

p!asma en?vm ac ivi i s durine tr 'P nooom 1 inf c . 

io s . L;np and eb ., i n (1950) (quo d b G y , 

1963) p opo h IC in r, T nd 

G T 1 v 1 in I U u ., 

du 1 1. v d 

v 



JUm y1o: irlll dlllillo'. r'tJil!lFlH'i1sc; :L 11 

u r1 1 imenlG tn show prnfHJn(;u ur n!Jscncl~ of L.'yr)~1 ·w-

somal onzymes in serun oF :ir1fncll~li ,:-Hlilllcds . 

I n t h i s s t u d y , 1: h a p 1 a s m fl J e v e 1 s of G P T .. G ll1 , 

P K 1 a:G~OH and LOH wece me.:lsured :in heallily und 

T , b. bruce i - infected rats . 1 ~~ s h o u 1 d be not u cJ t i 10 t 

the bloodstream form of T . b. bruc;ei hC'JS no lc=JCtate 

dehydrogenase. Male adul t Sprague-Dawley ratH wero 

infected with 1c
4 trypanosomas . Contiol rats were 

injected with PSG . 

All the rats were tail bled on alternat days 

and parasitemia detennined in infcc d rdts. R ,sult~ 

of the ~nzyme assc ys ell e pz e<so l d iu fi u s lfl. to 

11. 

Figu 7 t pl LOH l.v 1 of con r ol 

on-irf c d l T 1 v 1 rl co 

p ? lJ ol I 'r I u 

7 



~J r 1 ::-mrd ra l: p 1 a~~ rna L 011 <.1 c t i vi t y • 

l'r1t pl •"' 1cl U1H E~'-'tivd:y dUl'ing T . iJ . ~-1:2_~i 

infoc.:tion . Vertic bcn·c; r·t:.presenL 

s t n d d e 1 ro 1~ • 

LOH activ ' ty -Q-----Q-

p -o-- -o. 
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n? . .::. 

r~esulls pl cpr\'l. cl in f·i~~urrJ ll/\ siHJw normr-d l'at 

1ill"l nvnril!\f! nol'm.:11 plasmc.1 PK 

il c i v . t \oJ ut. G 1llliOlr,:;/lnin/11HlmJ plasmcL Figure 

{llJ ,hn', h 11 pl:~',m<J fli-', i'Jr,~·jv :iLy during T.b. bru---------

'ising parc:.lsile·nia froJr,-an' i11iLicll 1:1c~ivity of 6 

pmoles/rrin/'iO'lml rlasrna tu 15 . ~; ~tmo1Gs/rnin/100ml 

plasma at a rarasitmnia of aprr·uximateJy 10
13

colls/m1 

blood. Th:s vJas about 2 . 6 fold increase :in .:H:Livity . 

Fjgure 9A shovJS the normaJ rat plas!P;~ u: CFJOH 

activity . The avar:-dge nr rmal plasma ox -GPOH activity 

'.-Jas 0 . 2S lJmolesimin/100 ml plasma . Resultb pl'Csonl:-

ed in figure 90 sl10vJ th rat plosrna o:-GPOH activity 

during T . b . brucei infaction . The plasma a:-GPOH 

activity increased vrith rising parasitemia. from un 

in'tial activity of J . 25 1Jmoles/min/10nml plasma to 

0 . 36 11 moles/mi /10~nl plasma at a pa anitomia of 

•pp oximately 108cel s/ml blood. T1is w sa 1 . 4 

fold inr..rea>J ctivi y. 

R 1 n 10 ho -J no } I d 

. f c 1 c . v. In 

T 

ll 



Nor·mal rut plEismn fJK activity. 

Vt-:!r·l:icc:Jl bars represerd: sLui!dt·n~cJ orror. 

R·, plasrn f1K uctivi.ty uuring T . b . brucei 

i n r r c t i () n . Ve I t i c a 1 tr )''1 r 8 pI 8 sent 

st ndor d 1rt or • 

P' activity -o----o-

it. •mi -a-
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f"i.o'Ul'f' 10 --~ _. __ 

f·~orrnr:Jl F1nd T. b. hrucei-infc cLc~d r·at ~Jlasma GPT 

c:JCL-ivi.ty . Vnrticu) bars rnpn~sent standard 

f3 I' r·o r . 

rJcJT'Iilfll Inl pJaSfn(l Cf 1T act"iv"ity -o~----o-

I 11 f l! L t 8 d 1' a l p 1 fl.:'l n cl G p "I C.H~ t i v it y ..CJ- o-
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uct:iv'ty uf 2.7 vm ltl"/miJ1/1Clfltlt1 pl<Jsma to 7 . C ]ll"floJes/ 

min/1r'l[J 1 1l t 1 jldl'd.i i Lutn·i r1 of upproximcJ'Lely 

tc vi 

Figu e i 'i shovJS thr:l r.rJrrna l c-mcJ :i nfGctecJ red.~ 

p.asma GUf activity . In the control rats , the plasma 

GOT a·~tivity vJas eprroxirn~tely 3 )Jrnoles/rnin/100ml 

plasma . _n the infected rBts the plasma GOT acti-

vity increased with rising pa~asitemia from an 

jnit1al activit~· of 3 lJmoles/min/1lJOrnl plasma to 

5 . 8 llmoles/min/1n~ml plasma . This was a 1.9 fold 

in activity . 

The results on GPT and GOT activities in pl·sma 

of rats infected vJith T. b . bru~ei were analysed 

fu ther as presentod in T bl. r \-Jhich shov!S he 

GPT/GOT 1a io in alas 

infec~od ats . Tho vc 

a i o \-J • I) • 7 5 . I r e 

o n 

no m J pl ~m GPT/GOT 

d C T/GO 

n 

0 



r- i g urn 11 - --

1~ocmE1l nnrl T.b . lH'ucei-i rlfocl:uc: ral plasma 

r~ rrr ell~ i.:i v i t: y . 

NcJJrn~J J'at plaorna GDT uclivity -o----..0 

ln r L c l (~ c.l I Cl t p 1 CJ smn r; 0 T c1 c t i vi t y -0 --0-



T/\f~ll I 

I r 1\1 rJ lfJ l.ll. 1\f\IIC:t:J TNH:ClEIJ RATS -- -· -- --· ·--· ----------·--

~------·-· 

I G~ 1 ;r;DT f:/\ 1 10 

I 
f DA LOG, O P AAASl-TE[·JIA ~ --- [-:·J_F_E_C_T_l.:_O _ _..__ .. _N_G·-r:;~-~~~-L--· 

I H I 
(Parcsites/rnl bloocJ) ' 

1:----+------t--·--f---
I 0 
I 

I 2 

I 
4 I 

I 6 

LJ 

G r 

pl 

n O.Cl .! O. rl/1 r) , ;'C .! 0. 009 

6 . 05 1 . 1 o .! n. ogo O. G8 .: u. 038 

7 . 37 I 1 . '15 ! 0 . 12& D. 76 0. 038 . 

7 . 78 1.40 !. 0 . 124 0. 76 ! 0 . 027 

0 . 77 ! n. 027 

p a ra s i t m i o n 1 y a p p 1 · o to i n f e c t c d 1 .., 

d GOT · 

pl 

t in d Otn th 
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Enz;me c1ctivPy (IU/100ml plasma) 
r-v i O'l c:P 

·~-'--:'t- lp!--- J_. ____ .L_ 
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~~··~--Tt~l~)~,,+f--~t~--~~--
(]'1 o> 

Log p rasitemi 
10 

ls/rnl b' ood ) 
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I I' I 1\ r I I f\ I J[ T J TN F l:: C 1 [~ U R 1\ T S --- ·-- ·-· ---------·-- .. 

,-. ·----~ ----
I G!=lT/r;rn r./\ l IO 

I 
I 

--- -----

OA S Lf"JG, O PAr~ASl rc:1IA E!'JFECTtD NGR~1~~ ~ 

I 
ll 

(Pdrasites/rnl tJlood) 

I 0 n n.r"' ! o.o71 rJ. 7G ... 0.009 

2 6 . 05 1 . 11]! 0. 090 0. 68 .: u. 03[:1 

4 7 .37 1 1. 45 .! fl . '126 0 . 76 - 0 . 038 

I 6 7 . 78 1.40 !: 0 .1 24 0.76 .! 0 . 027 

tJ - I - 0 . 77 !. 0 . 027 
I 
I 

Parasi eMia only p lie o infoc Ld rr: '1 . 

G T a d GOT i d Oil dl 

1 



08(l 

~ . 1 STJ\fff r.El Lrt·,rclf'IHll·~f:(1T~; rw GilT 1\NO COT - -·- -- ·-·---

I t \ 

h 1 vnL >d gJ J tc.trlid,o pyruvr1Lo trar1sr-m1i-

n, on glu r)dto CJ/.dJ (,acn.i,;d,l~ l:r<Jrlfi<'1Jn.i.nASD Jn 

pl !=>mcl of T.t. tnucci_- infGcl:ml !'cJI:s Wt1~> due to tiHJ 

trypano;Jomes. To confirm 'Lhirj pl'DfJOS£-11 , stcH'Cil e;eJ 

e lo c t r o ph o res i s of no rrn a l r a t s r~ rum , i n r o c t e d c a l; 

se.!:"'um a. ci trypanosornal lysato 111as porfr•rrnou . 

Results presented in fir;ur:-es 12!\ and 12bl show 

star:::;h gel electro;Jhoresis of normal rat sorurn, 

j rlfected rat serum arrd tcyranosomal lysate . The e;cl 

sketched in •'-.gur'O 12A \·Jas developed for GPT and that 

5 h 0\·Jn i n f i g u r e 1 2 B 'as d e'' e l oped f o r G 0 T . I n b a t h 

coses, the gel shO\ved one andfot· rHJimal sertJrn and 

two a ds for · nfe~;tca seru . T yoanosomal 1 ys ·8 

5 0 •e--i or-P r1 d ar d it 'li 1ci ,...,· th I e econd 

b d obt i ed i h i ,~ec d tum. 



S l: fJI'c l1 go l u l o c -L r·o p 11 o nHd n u f CPT , S k 8 t c h 'J f 

f~r.d dovr:·lrqll~rl frr UJT m1d vil~wod un:..Jur uli.:rnv:i.oJut 

:Jir:ld .. Th; '3ilndud nr.ds r'epru~1':?nt re~·ions of r-mzyme 

a~bviLy. "ll.c rnigi'i.tjo, o·F tho lJ.]ncls is drawn to 

• ·1 d v 

(+) Anode 

f-) Cc1thocle 

ch y, 1 1 cJ opto "is c l,QT . Sketch of 

Th 

y. n 

f o r, rn lHl d v · cw d u n d r u 1 t ra vi o 1 e t 

d I 

) 

( 

f t 

n 1 gion~ of enzyme 

a d i d wn to 
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- --------·· 
Nonn I S r 

f ~ 
·)I Infected serum [ ~ rJ (+) 

Trypa n8soma.! 

[ ~ lyccrte 

Origin 

~ 

Normal serum 

(-) lnfec d serum ~ ~ ( I 

Tryp nosomal P/1 
l sa e ~ 
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r 1 

d 1"1 r. b. I r·u ,r~ i hu:~ bur;n c-H3C8l l:ai rl r'3d 

lJ til r E 5811Ce of L1)H ~l[JG I IJJL buun un uquivucully 

c.Jemonst:r.-t8d (Ryley, 1'Jb2 , U:ixon , 1 ~166) . Tlt o:rufuro 

an elevation of olasrnCJ LlJH ciurinr:; T . b. brucui 

infections \·Ol!ld !J8 c:ttributed tu host tissue> cJarnc]f!U 

~y the trypa osomes ciince the Jatter hc:Jve no l_OH . 

The enzymes G~T , GOT and PK are cytosolic i n 

b.LOodstream "arm T . b . brucei (Oduro E~t a_l_ , 1geo ; 

Visser and Opperdoes , 1980 ; Opperdoes et al, 1977a , b) 

and ex: -GPOH is glycoso .al (Oppordoes ot a] 1l 77a ; 

1980) . The enzymes shovJing highest elevation in 

plasma of T. b . bruce · - ' nfec ed rats are cytosolic 

in the paras · te hu"' GDf I GOT d PK wer olev-.:~ ed 

. 4 f ld, 2 fold and 2 . old pect ' vely t 

a i m a of p ox·m t y 10 c 11 /ml bloo 

T 0 1 1 v d olrL ln 

( 0 v d 



\ 

Qd3 

woulrl b, r 1 rn1 fl gl yC:(l !)OnlC"l} CH17ymos il O r1 CG , 

I.IJ > l (J w l v n {.J, -CI'UII in plrl~·w1 n of T.h . l ~r·ucrJ.i --·- ------
ill 

Sine t th the l1rn,t mJ lltr'l trypi1nosornes 

c.:ontein GPT, GOT, PK cHld cc-(.;jJ[JII , tho <ldditiunc=ll 

activities o th8S8 onzym~s in [Jlcn;rnd of inroctC:JcJ 

origin or hCJth. Pyruvate kirwse iJnd LOH EJro prr3 sun~ 

in host tissues e . g . hoar~ , skelotal musc.:Jo , liver 

and erythrocytes . As 8X;Jlained earlieJ- , hloudstream 

trypanosomes contain PK but not LOll. If J._t~o ulevt'l­

t ion observed in t.he plas:na PK activity in the plcJ-

sma of infected rats was caused by hc1emolysis , LDH 

should also have been elevated , ut this was not tho 

case . Th ' s was an ' ndication tha the rise in ilo·-

l"la p a c t i v i y cl u r· i n g ..;.T_ • ..;,;;____;;;..;_~::...:. 

as of t yp C'ISO 1 01 • p,i . 

T of r, T/ 0 

T 

'nfect·or in 1ats 

,.. m T. 

3). 
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i 1 0 f i i111 !1 P l. 1 'd II fHll fl i n i'l S 8 S i n t II 8 

• r f t i '1 11 w r1 :. d 1 J 1: L r 1 'I u cl k a g u -F r 0 rn 

In m , tisoUG dulflrJ~l~ ruuulls i11 thn cJ1t81't.J~ 

ion o lh8 plasmrJ o Jf, ls uf GPT urtd ern . !-or 

8 ample in CdS85 Of liver UiSOfifjO , cliseEJSBS of ~\1(3 

t i 1 i a ry system , m~ s c ~- e and heart d j s Bas as , but h G p T 

and GI1T 21re eleJatad in plasrnd (L,In·jsten and Mrd:zlPr , 

1Y85). The levels of those enzymes in plasma aro 

thus important indicators of tissug damage . lissuu 

damage has been reported in t1ypancsomal infe~tions . 

~]urray et al, (1g74} observed solencrnfJ~aly , hepato-

megaly and myocerd ' al damage in rats ir"'lfec\1·ci wit\ 

T. brucei for a period of eight 1eeks. Mor i ·on 

e1: aL (· 978) reported severe le · ons in h a 1 t , 

c ntral ervous sys em, eye . sk•l al musr.le . 'drcy 

d es icl s of dogs in fu 

3 - s. The n 0 i t 0 t 

dur'ng y no o f c on con 1 

i i 1 n 
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In con 

or tdt't' fl 

l.lt' ' • 
l f L h r Ll rJ r i t i 0 ll iJ 1 w C t i V i t i D ~' u -F 1'1 1<. 

nt! p i 1 i1l rn of J'rJ~ G :i rlf'rJctr!cJ with T. hrucr~i -------
Cdll b infBrr d to be frotn tryfHcHIUSOtfi•JS upon lys; ~3 • 



0 r> r­
.J 

{ l~i\Pl f:"l) ~J 

TH r r l 11 1 J f J f' ( J I J. 1· J [l L fJ I ll c . " ·--_:~(L:/\M T. IL 

Fo lio ina the asG·J ':..; ul' r;IJT <HHJ r;rrr J·.n i ~ r . T'Y[VJ rw-

somes, the study of these b,J[) tran~>aminiJsos 

ro 1 e s :. n the par as it e · 1 he res !J I t s of t h :i s :. L u d y 

c3r8 pre=eilted in Tables l}.I I IV, \I I VI I iHHl fir,uc 13 . 

5.1 . UTILIZATIO oc GLUIA11ATC f3Y BLOODST~,Ef\M -----

T. B. 9RUCEI 

In this expe im8nt 18
8
cells/rnl PSG l-JBIB ir 1cuba­

ted ae obically at 25°C with and without 10 mm 

L -glutamcJ e. I c t'ons \'JC e m'n d vr j 30 

mi u~es a d t cone nt.l on of a 

p oducts a-..~ y i:1 - i u on r IJ • 

r t 



T/\CLE III 

Values arE~nolo~ metabolitE; 

r= -f.etogluta -,-;: 

-----

' I I 

0 

p rJvete L~a_anir ~ 
CJ 

-.-t,:!~-2_. .... --
Production 

1 
Produetio'l D duc-::io·; ;::::- ~L·--

4 

.L_"-..!1 __ ._.._ 

., J 0 

~ ... 7 2 . 75 r. J 

' 2.2" 5. 18 0 0 - I l 

L 
! 

3. 7.AR 0 0 

.5 q, 4 0 r. 0 

5.52 , .25 L 0 
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Wh r 1 r'l 
ltd llidLtl Wcl:, im;'\urlnrl in l.hr. 

v nrcx'r1Jtr.ly 1fl%. I -f\.l<Jnifll3 unci 

btJt L 
t i on a n t a H q c t e d l.J y e d tl it i fJ n r d' 1 [) 111M L- g 1 u L c.1 _ 

mate to the incub.Jtiun rn£:Jc1iurn. 

A 5 5 h u \'Jn : n f i g u :-e 1 1 
, L - e:JJ. f1 n i n o p r u d u c L i 0 n I<~ • 8 

3 f u n c t i on of L - g l u t "! r-r at ~ co n c 13 r 1 t r a t i o n i n t h u i 11 
, ; u _ 

bation medium. Tht:ri: was a stRady though no 1 inp, r 

inc::.~ease in L-a li=!f1 · r s produ cU or> ~tJi t h incr EJas ing L­

r;luta;r.ate concentration . The non-lineality fL-u 

nine pr;:~duction versus L-glutar at concentrat'on my 

8 
explained in terms of limitat"ons cau~cd y he 

mode of trans ort of t1e~ two mi o ,cid~ ir 1 y 

nosomPs. 
T a cport of L- 1 nin 1d L- n 

lood t 
T. • . u... i --- c d (Vuoi , i 1 

1971J . 

.. u 

( 



TABLE IV 

l-GLUTAMATE 

,.----~----- --------r--------.--------------

2.2 0 . 23 

. B 0 . 39 

a.a 

"' . ·..~-1 

cc -Ketoglutarate 
Pr duL·tion 

c. 13 

0. 26 

c .4 

0 . 77 

L-a~.ri~s 

Pro.:u--.: _:..o 

0 ·-; 

J.71 

0 . 6: 

. BRUCEI 

I 

I 
I 

i . 
[] l 

! 
J I 

I 
n j __ , 

I 

J I 
• -----------~----------------------

--------------
I 

0 
co 
CD 



r·rn~c·l OF l.-CL.UT/\M/\Tl: em L-1\l/\NII\F: fJ~rJOUCTIOI\l 

Loi1rdrwlml ·s de CJ illud in r1al,ur:ictls nne! ~ot:hods. 
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~.2 MJ!l r;!.l.J\N~/\1[ DrCNmOXYIN2,[:_ 
- - __ w __ _ 

t din PSG containi:-.~ 10 rnf'l L-gluLatnrJLCJ could no!: be 

accounted for eit ter by the~ a:-ketnglul:cn·ale or l_-e:.JlFJ-

ni 8 prod ced . An attempt was ttwreFore rn.:Jdl, to 

1 d 3 ntify other reactions which may consu1no L-~lutC"J 1 nr1 -

' 0 ... ~ . 
~twas oostulated thdt tho trypanoso~e~ 80tltaJ~sd 

8 ~ -her a glutamate d8carbo~ylAso , a glutamatR 

acemase or both . 

Gl tamate r3comase Jould , if presen , conver 

some 0 the L-glutamate in the incubation medium to 

O- glutamate rende ng it uroe ec abl by tho l-glu . -
Ma e-soeci ic enzyma'"i- a a us .u to a c;dy 1 h . 

cl t . Glul l d c r oxyl auld i p s n 

0 .I -:1 t lu to a no u y ,.. c'd ... 

i h l - n t. 

u 

T 
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• • r) C:: (J c • 
cJ ~ ..) 1 r C' n eli i n r 1'"' , I - g l. u L 'ltl C1 t o w rJ s no t 

ll L i l i £j c .h ' p.-r i r'tHI ltH'CIULIJ'Uin8n L~> wi Ut rl 

Jll 

n Lhu r~rJrlCrJn l:rcll:ions nf 

f r i.ncJb·tion with p<r r'usiLns . 

T M~ l L. V 

TEST Ff1R GLUT ""ATf R/ C~~~/\SE /\f~Ll GLUT/\MATE IJI:C/\HHOXY-

L SE I. I BLOOOSl REA!"! T . f::l . BRUCE I 

Values are umoles L-t~l~tamute/ml 

--

[)(PE~If t: 1T 1n . Before jncutation After :rr:uhatior r 
(Zero Lrne) (2 brs . ) 

1 9.80 10 . 07. 

2 10 . 011 10 . 12 

3 g , g') 9 . 85 

4 9.90 9 .90 

~ 9 .87 9 .90 

6 I 9. 'l 9 . 70 

---- - --
9 . 9. 2 

u 0 
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Lh h 

MHNn 1\CIOS 

i n l. h i ! , ;; l. t 1 d y l. hat b' y p EJ 1 1 u ~i o rn o ~3 

v ~] uLr11r1<tb1 l.o oL i tor arninu acid~' 

r:1c ~ of tryp•H.ono;nos incuhalocJ i n PSG a n d 

10 m~1 L-g utn rate cortfirmerJ t l tal: rllr-Jn:inu WrJS l he o nl y 

amino acid product c i- this incubcd,jon . 

From these experiments i L was concludud thut ~:: 10 

r:Jle of GPT in blorJdstream T . b . brucoi is to L':creLG 

pyruvate generated in glycolysis as alaninu . In th i s 

study , aoproxirnately 10% of the oyruvate gon·~ralcd in 

glycolysis was converted to alanine . 

5 . 4 SPARTATE BY T. A. GRUC·I 

It was proposed in thin tud h t GPT n GOT 

n loodb · involv d in 

of coup 1 0 0 y o n 

r . 
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· · dt1i:'ivtd y dncnrhoxylatGd to 

pyr·uvctt b - i n I l J M I j 11 LIHJ p r c f30 r1r~ c3 o f ~J Au I' + 

1 VIJdlro~;rJrn:~L 1~/\U-l:i.nkud MDII Cc31l n r 

h x'dn~hHl ,Jf rnt11i'll:r3 LrJ oxa.luiJclltate. 

ur s'L,3blu nnrJ rrtlly dr~carboxylatu non-

l nz mntic lly to pyruvdte. 1=ur U1·i G recJSrJtl, it was 

found diif1cult tu r1cwHJn::;tnttu Lho uxidativD 

decarboxylfltion ot rnalat, to pyruvate lJy N/\IJP-linkod, 

~E in this study. 

R 8 ::; u 1 t s ore f' en ted in Tab lt: VI s l1 ow !J u cJ u c tic n 

of malate by tryp~nosQ~R ~ys0tes incubated iG PS 

containing 10 m L-asparti'lte . ~il en the lysates were 

incubated with L-asp-':3:-tate alonG, the amount or 

malate produced was small . Addition of 10 mM 

o:-ketogluta a e caused mi imal 'ncrease in malc.~te 

production . However, when oth 5 m IAOH d ld 

0 m 

'ion 

s d 

0 a 

0 c 

o: -ketoglu 

m ~·urn, h 

j ic 1 

n d l -

we e 'inc ud d in thn i .cuh -

of m lat 

0.012 lJffi 

lo 

o~c d nc 

I r/108c 11 

1 lJ!nOl 

0 li y 
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[ W ·1 • r l • lll 1 lJ r:l·. J I_ Y :; AT E S --------- -····--

---·---- -·-· 
f~/\ L/\T l: !"l!~ f1tlUCT T llN 

lJ mo 1 CJ s L- r~ r1 1 t1 L r l I h r I 1 0 B cell:::· 
ACD IT H Jc 

-------
N. O 

0.01?. ± n . urJ 12 

--
0.018 :t. o . r:n·,1 

·---~ 
0 . 510 ± 0 . 0051 

~-----------------------------------------------------

In this erim r t 108 c 11..,/n 1 PS f 

ha ed o c and cu t d j n h p en~a of n u 

1 . d L- 0 1 I m for hr . 

7r: 0 c. 0 i d 

1 d 



A • 

lU 

C'lbii.J• 

0 9t 

rn 

f' f\ ~) lJ v !~I!~' L u d L () h H ph y s i () 1 D­

:J: Lr'l'ilfll tr'yjJtlfiUSOifll~S !)y 

~ y U I Ll I, r.! rn u I. rJ b r Jl i ~, 111 !~ o r· e: 11 o v 1' 

r n p; 'yr;oly,Jj ~, dflU prn·llt-ljJS c11 so 

t h n ox j rj iJ t i u r 1 - I 'r j t J c t j o n b ,l l u n c c i n 

thE s e o rg -1 s s ( S t : u b s and ~ J P. B d , 1 g 7 J ; f I r:1l J H l iJ l, 

1981) . Transaminase:: 1re ii;~purLJnt in tfl8 rneLC:Jbo]isn. 

cf amiflo acids. The results of llle prGsenL study 

attem~~ ~o exolain tht: oossibl ! ales of L11e lwo 

trc.nsaminases \.Jhich have been uidely reoortrw ~n 

bloodstream for T . b . brucei . These a.3 GPT ~nd ~or. 

Tho activity af the-..e tr· nsami ascr..; >po ~..ed hBl'E.' 11 

bloodstream T . b. b u .Je e; GPT, 0.526 ± 0.1"132 at d 

GOT, 0.075 _ 0.009 ll ol s/rnin/mg at in s1 cl'v ly . 

1 i d c 

n 1 v 
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PJnd~C' l - 1 , n · n o \v " · <1 I' u n c l: i u n o-F L - g '· u t tJ -

111 t r t ll o 11 i n t.ll . i 11 c L' I 1 .t l . .i n n m n d i urn • T h l1 

p Cl lu o alc~nitll' WiJ!, fur Lltcn· confirmed by paper 

c h 1 c rnu o 1 d J h y • 

Using oaper chromatography, WJlli~mson and 

Oesm._ritz, (·i961) found D1;:,:-tin8 tn he the majrli.' rrec 

Chaopell and Co-ljJorkers, r1g72) ·fr1und alanine io 

constitute more than 47% o.f' tha total frne t'1rn~r.o 

~cid pool in bloods .ream form T.b. gambiEJnse_:_ Thev 

e 1 so rtJcovered labelled a 1 ani nG l'llhen b 1 oodst r Jam 

form T.b. gum ien:;e \'Jere incubatF!d with uniformly 

1 a be 11 e d [ 1 4 C] g 1 u co s e . C hap p e 11 a n d Co -l.v o r h:n' s 

(1972) speculated that alanine was formed by ·rans -

mination of gluta ate \oJi h pyruvate in a reuction 

ca aly od by GPT. Ttc r oichio •• E:tly of this tR.ct'on 

a to v r no invo ig ~cd. R ults ;Jr " d in 

h 5 udy 1 d to ~ 1 co• c u ion XC:l -

0 oy uv fo1 of i rn jot 

1 01 0 T v u uc: 

T uv of 
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o 1 1 11 o L h n r1 c c u u 11 t mJ f o r i 11 t e rrn s 

of o "th'l h -I o J ll L 1 'tl t. u D I' l: h u L - u l rl n in 8 

PI'O u l. l: o a PI TD x i 1 ncJ l: ely 

• 1 L lu m.J'L /!,r·/l'r. 1U
0 

pnrDsilc-ls. Investi-

r,u on on 'J · bln pntl vw.yn vJi1·i ch r:u uJd bo consurni!1g, 

L-p,lutc~'Tlat£.! c,r r,r~nverli:'l~ i l; l:o lho Ll-form wh ·ir:h 

would be undetec~ncl11 by tho clssay mnti1Ud us8cJ ~id 

nut p rev j de a so 1 u t i u 'l to L h i s cJ is c r rm an c y . 

Various amino acid ran3rnases have been roportod 

in micr~o-organisms . ~ada (197·1) has rupo ..... ted t~c'l.ivHy 

of an unspecific amino ·"Jcid racemase in Ps8ccior~1EJ:las 

striata and car.dinale (19613) has reported proline 

r 6 cemase activity in that organism . Glutamate race-

mase activity has bee · l"'BIJOrted in Lactobacillus 

arabinosus (Wood , 195 ; Glaser , 1960) . Glutamate 

a"'emase activi v was not detec ad in bloodst oam 

The .... rasi ·e al~o did nol chow 

~lu dec ox la ct.ivily . 

In 0 ol of GPT h cr ior 

0 
lo T. 

). 
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are cytos1lic 1'1 

·a A u n i 'L • r P r i v o d fro !~1 g lt 1 1 ~ o n r:; o r t l1 r tw n i n e c a t a b o 1 i ::: m 

f CJ r 1 i p i d b i o s y n t h e :3 i s ( L i n :; trw cJ J.l'i.: r.1 l , 1 q 7 7 ) , 

Reduced .UOP iB reqtdred in fatty ar.id syntnBsis. Two 

+ . 
main systems for N/\OP reduct1on have been suggested 

in trypar.oson9S; the pentose phosphate patnw<Jy and 

transhydrogenation v!ith f!AOH. The former par~IJvJcJY 

requi~es glucos9 an~ the latt~r aspartatP both of 

" 
which could be olltaill'JCJ frorn the host plaEmFJ 

(Reynolds , 1975) 

In bloodstream form f . evan ·i, Reynolds , (1975) 

reported activ''Lies of enzymes which may producn 

JAOPH . These \·JOre; G60PH (0 . 0043 lJmoles/nin/mg 

protei ) , l1 np-1 in~·ed isoci rate dehydroBe•Pr;e 

(0.00213 r.1olrv:imi /'llg r l nin) nd 'ADP-linl· d ME= 

(0.0 7 l]mol s/ in/rr" o 'n). In blood .. r m fat 

Ry 1 y. ( 1 "2) r po · d c 1 vi 

0 nzym od•Jc Th 

( 

( . 0 



100 

NAOP-.lin~ud M po 'l od i 11 Ll1i ~~ utucly j n bloodstf'ourn 

rcJ m ll,f11/. 1 !l . !HJ2q prnolos/rrdn/m~: 

~~ n t ' • 

romp l fJPDII iHtrl Jt\IJP··l i11kr~d iEwci t.J'aLo 

hyd I < .Uf.'f"P'it"~• tht:l: ll/\IJP-linkod Ml: js cl 

l'l jar sourer~ of .1/\DPH in blcocJs tr·er11T1 tryponosnrm~s. 

Tbs enzymes ir.volvsd in t.:hn proposud L'rcFishynro·· 

+ 
genation of · ADH and llf\!JP hoV8 hir,h activity in 

bloodstream form T . !.J. bru';ei. Th8 activit·les lrJOl'8 ; 

GPT , 0 . 526 ± ~ . 032 ; G8T, 0 . 0~5 i 8 . 0G9 ; NAD-link8d 

MDH , 0 . 140 ± 0 . (122 cH•r NADP-linked ME , O,C'i2 ± O.OCJ29 

llmoles/min/M~ protein 'ospectively . Glutarnat8 

pyruvate transaminase transaminab~ pyruvat8 dGrived 

from glycolysis with glu amate: d rived frorn host 

ulasma to cx:-ketoelutara G and alanine . This a.-k to-

~luta ate is tr n~uminatod with ~spartat doriv d 

f orn ho•t pl sma ly GGT p1oduci1g o aloac t~t and 

lu m t . ll.i o Ella i hem roduc' d to 

1 n c t lyood y 1AU-l 'n~ d 

v 0 1 c y-

n UPH 

( 



1 01 

pl'OtlucPcJ. Th o 

WClUll l' • hown br luvJ) 

Nf\ Jfl --~ /\Ln1ittl3 +CO -..--- 2 
+ 

·I r-.Jr~D I· N/\DPII 

lhe last step in this LrunultydrogGnr-1tion rathv.1oy 

has been r·epor'ted by sevf.-'.ral uutho·rs working with 

other tissues . Brdiczka und Putte (1971) hdve 

postuleted that the function of NADP-linkud ME tn 

heert tissue of rab~its, rats, pigs , bear anc 

pigeons would ~a transhydro~cnation yieJdin~ NAnrH , 

Lardy et al , (1964) assigned the role of N/\U:=>-:inked 

ME in rat liver as production of NAOPH for f~l 

synthesis , ~~u , (1~70) reported oxidative decarboxy­

lation of malate y pigeon live NADP-linked ME and 

Cazzulo ~~l! (1H77) have sported oxidative 

decarbo ylatio1 of ~~late by .AOP-linked ME from 

T. cruzi epimas igote~ . 

I w conclud in hi udy t th lllQ t 

1 • 1 I of GOT blood t m T. b. b uc 

n d'n 

0 u v 1 0 
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• 1 cuQV~ v nr Ai1HJOTf~/\r!sr·[I~Asr:s n1 BUlODSTRl:/\M _ _,___ _ ___ .. ____________ _ 
T. B. R~U'EI 

The catabolism r'f most amino uci ds bot>;.i ~ w"i th t.l 

transami'latio'1 . The:--e arc no reports in litPrulurc 

of a complete survey of transnminasos in bloudstrr.alll 

T . b . bruce i , t nereforc eYpei·i, .en t s 1tJB rE pt3r iormcd 1 11 

an attempt to identify aminotrBnsferases in the 

pa!asite utilizing ..-.: - k o ~ o g lu t a !'a t e a s i] m i 1 , u g r o u p 

acceptor . 

Results presented in fable VII show that 

bloodstream form I . 'I · brucei_ lysates transami nat .d 

alaninP . aspa ate , r,lutamine , leuc·ne , isnhwcino . 



1 0~ 

A stmvr v 

~--------~·-·--·---····-----

-AMI "l Ar ro prnol r-:~; l.-Glu ti"~m;-Jtn produr:oc.i/hr/mg prcd:l~i 11 

------- --------------

A'. .. ANH':- 1.~44 ± 0. 0410 ( 11 ) 

APGINI 'E O. C..24 ± [] , [)01 0 ( 4) 

ASPARf:GI •:: 0, ·JOS t n.oo:?s h) 

A3PARTATF: O.b6/ ::!: (),0120 ( 4) 

CITRULLif!E U. 074 ± 0. 00113 ( 4) 

CYSTEI. .E 0. :)61 ± O.Or:J39 (4) 

GLUTA.r-.1! !E 0,330 ± IJ.IJ07Q (4) 

GLYCif!c 0. 059 ± 0. 0124 (4) 

HISTFJI1 1E 0. 068 ± 0.0044 (41 

ISOLEUC 'E 1. 092 :!.. 0. 0152 (4) 

I EUCU!~ 
1 . 022 ± 0. 0275 (4) 

VALl !E 1. 132 ± 0. 0132 (4) 

LYSI fE 0. 054 ± 0 .0054 ( 4) 

I ETHION! 'E 0 . .345 i 0.011 6 ( 4) 

rn IJTHI E 0.029 ± 0 . 0030 ( 4) 

I 1.132 - 0. 0220 (4 ~ 

8 709 0 . 0137 (4) 

o.:,as - 0. 0141 (4) 

0. 0 9 . 0050 (4) 

0. 0 9 0 . 1 (4) 

Tt .03 0. 002 l ) 

n ou 
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rnol.hionin h bllO l' fll11 Ptll'lil .·~ \Jru cci lysatcs, 

t 
0 

i c i t. e r d · a t n s - m o t \ 1 ~n 1 u t h i o 1 a n ci h y d r o ~ 8 n 

sulphide (Bn mvnnga ar1d Sb3c1u , 1979) , I L vJuG 

p ~oposed in the pi nsc:mt study tl1flt <J s:i.rrd lar 

pattn.,ray r"BY exj st in bloorlstre.-:'lm forrn T, b . ~!"'.:.!_CGi. 

The study of 1nethion~.18 t:r:-ansa1ninat .ion by bloodstn2.:-1111 

c T b brucei was there~ore extended . 
r o rm . ·-----
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BY t\!~ll SUN Ir:Al.l. rJI\J 

[n h' t u d y , U lll 1 :'1 i 1 t1 d o n i 11 u t r r'lrl s fJ m i m 1 t .i n g 

.Jct'vitv a• rofurrm.J i:u i"J~3 rnuLhioninu lrt.~l1smr::tnE1t:i r 1 g 

F:nz 'm~. Th8 use o; c..lob,I gDnl:s Lu r·uloc-H)G thn 

rrethionire +:ransami~·a c in~ en7yrrm fn.lln trypnnoGCJITlGS 

was avoidgd beLausc of lha lon~ incubntion porloc.J 

(1 hr . ) required to u~tai:1 s]p;ni.ficant transcmli na-

~ion . If detergents \!Jere usucJ , thF~Y may havu ha'd 

unkncwn sf£ect2 en the enzyme . 

Results presented in Figure 14 s'"'ow the reJoar:;e 

cf the methionine transaminating e .zy ... e fr·orn ulood-

stream form T. b . brucei by freeze-thawing . 
, 

A s'ngle 

freeze-tha1ing cycle was sufficisnt to release maxi­

mal activity of he enzy11e ' pp oximatoly 0 . 7 Jllnolc:-s/ 

min/m prot in. Re~ ted f. 7.- huw·n~ w r. 'nunf 
b - •• \ 

t 0 in · j t he n ... yrt ~ ... i n i f i c n ll y w i l h f i v c y c 1 wS 

0 f 
uc t r L ym a r. · v • l h y 

c: 0 1 



· l~r!lP.CJEiC oF rnPthionino tram,clln·ir•at:ing onzyrne hy 

i 11 f'~, vJ•,r't~ :::~JbjncLecl tu fl'DCZo-tlwwjllf~· Th8 suspEm-

sior'o viUl'U i.lwn r;nr,LJ•iflJGGd <d: ~ 0 , UOO p; al 4°C ·Fur 

Hl rn i r 1LJ I; u r. . l h c s 11 p C3, n d l ant 3 •,w rn ·i n cub ule d CJ t 2 5° C 

vJil:h 1!1 rnM l.-rncthiorlinennc! rx· kcto~J.ut<H'l:Jte for 1 h1' . 

lhu ir,tubrlLiunG Wl3l'D then Lei·mi. rJrJled ollcl L-e:lutarn.:Jte 

~JIC'JcJuc 10.1 cleterrn'nocl . 

1 5 

of m hi or in tJ n_arninatinc enzyme by 

on Tt YP no om ) (c ll den ity 2 o0 /mU 

""' 
. c t 4°C wi.h on So if's r r c; . 

") fo 'f) cond iod 

0 1 m of u p n ion 

w 
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curnoc:n·-'"'JLl8 to lt activi l y old,.:d nucl nftor one cycle 

of P r r P 7 £ - h J • n . P 1 c1 J r lll !~ rH.l ~w n i c l1 t :i u n up to 1 f\ 0 

s r.ord. i' rn f r.l. Llw 'lr;tiviLy of tho onzymu. 

h 1 ,~ se of the rrruthionirw tram;arnincJting 

nz 1me by free7e-·thavri n~ vlfJS sirnilEJr 'La t lw roleas8 

ui the cytosolic.: marker GPl (Chapt.or· 3 riguror:; S Elnd 

6) . This was an indication that liko oti1er i<.nown 

transa:ninases in bloodstream form ~ _l:l2:ucei_, tl1e 

muthioni e transaminating enzyme is possibly cytcsu-

lie. 

I t \-J a s con c l u d e d t h a t b l o o d s t ream f o I m T . L . h r u -

cei has a me~hioni ne transaminat,;.ng enzyme ltJhich iE; 

inhibited significantly t.y repeated freeze-th~ -Jinp; 

The substrat~ specificity of the methionj ne tr on sa·· 

minating enzyme was 1en investigat~d. 

• 3 . ErFECT f1F 

I 0 0 d . h pr nt td h nc 

0 1 of 01 

0 



[ f f f.' c t 1J'r I - 8 Ud () n in £3 0 n t h ~~ (-J c 1: ·L vi t y 0 r 

[I 
lryJlcHIOSOrnn JystJL0~1 (2x1[) r~oJltJ/ml fJ~i) were 

t.~nn CJf L-rn .... thiorJinu (1n .nM1 aru o:-kGloglutDrate 

(11) mMJ anJ va1 yin~ concontz ot~or1 of L-8thionine 

1 c1 r, · n ~ f r 'H 1 0 L o 2 0 mM • IncubcJtions were then 

tormj: , ~~1cl r1d L-glutarnc.1 Lr~ pr orluct:: c n at evr3:::·y 

L- I '' i ,., I li n co n c n tr at i o n d e t e r ., 1 i n e d . 
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Enzyme activiiy 
(~moles L -g.u tomo.te I hr/rrg prott:-in) 
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1f)9 

o f t I w ''1£' t. i o r d n fll). HTl i lld I. i 11g rJI1ZyrnD 8VfJr1 at i-1 

in 2 0 rn 11 n d l; '' ; J I: o t h i D 11 i m~ w c-3 s t r a n s a ·· 

,imilt r tr• i f,,,L o.P 111f3thio !dne 

Ll'll1' ,rt'\·ll t.ion. 

An attempt \>Jas C:Jlso mudo tn usu [Jyruvate as an 

amino group acceptor in the rnuthionine tr3ncam:inotio:-~ . 

In this experiment, the tryfJano~:ornc-~1 lyDates were 

incubated -Jith 10 mf1 L··methionino ;1 nd 10 mM pyru·Jt:Ji:e 

in PS . L- A 1 a r. i n e v · D s t hen a s sa y e cJ a s a rn e a s u r e o ·: 

transaminase activity . The methionine transamJnating 

enzyme did not use pyruvate as an i:lrnino group ac;..ep-l..:or . 

It was th~refore concl~ded thdt lhe methionine 

transaminatingenzyme inbloodstream form T . b . b .. _ucoi 

utilised o:-ketoglutarate b,_.t not ryru\tat8 as thG 

amino group cceptor· a ld cC'uld usc oth l.-rne hionina 

and L-eth ' onino as a~ino group do o s. 



'11 0 

1 It II V 0 f c1 In i n 0 L r <l n ~~ f f H · cl F> U G i I I b l 0 0 0 G t I' R C3 P1 

shovJE'd flovel t.l'nnsarnillrJtion ac l. ivi-

i 8 5 0 f g 1 u t itn i 8, 1 p ! c 1 rl f3 ' in 0 1 0 u c ·i n [] , vi] lin 0 i.1 n d 

methionine ·:i th a:-!<..etor~lutarate as am·i no ~rDLIIJ acce­

ptor. It was not ~cssible to concJusively show 

\.,.hethcr tnis transami'lation was cr-Jtalysed by 5 clifre­

l'ent transaminases specific for euch of the 5 ami11LJ 

~cid~ or by non-specific transuminase(s) lCttng on all 

the 5 amino acids . 

The results obtaingd in th:is studv on tho 

transami ation of glutaminH by bloodstream form T.h . 

b ucei lysates were not conclusive because if a 

glutaminase was present , glutamine would be de~midaLed 

0 glutamate . Since productio 1 of glutamate !t'r ~ takon 

to be a measu1e of un"ar ; nase ctivity , p eduction 

of lu a . 1t by a c ng on glu arr~in 

auld yi ld m:i "l s . Furthe mar· , glu u-

i yd 1 ad 0 lut m t in qu ou 

0 u on ( y I ' I ) . 

T 0 n ' 
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l1 · o n i t 1 l l J y J 'rd: Ln~ •=d n p). u t a 1 n-i n r;! 

'd 1 n t1 d r: o - w rJJ, k u r ~; ( 1 SJ 7 G ) 

,•,zyrr n. T L ur· lctJL i m~ Clmj notran::;-

n n'n ir.r; luucinn , uLidoninn , methlonirw , 

nor- tal in , nor loucine ar1d IICJmocy~;l,rdno. Tr1ylor 

c:1nd JBnkHIS ( 1986) report ad hog heart enzymu I 

t ansaminating valino, leucine , isoleucine and 

methionire, \·•hile Ruurnan and f1oister (19~3) ruport­

P.d an aminot!"'ansferase L? activity in f: . coli thtJt 

t ansRminated leL~ine , valine i~oleucine and 

mathionine . Similar tr~nsaminase activity w~s 

repo!"'ted ~n Acetob2ct.31 suboxydans (Tachik.i. c:'llld 

Tochikura , 1975) and Pseudomonas aeruginos~ (Norton 

and Soka ch , 1g7f)) . 

C811-free extracts of the hemoflagellate 

Leishmania donovani , a par si ic rotozoa belotgine 

0 the fdmily T hav been rep a d tc 

c 1 roe h tr ami nation of a te, hi• tidin 

hi on . n ly ne, cy 1 ni e, h ny 

i orn"thin uc 
. 
n y 0 . , 

0 0 p c p 

( J). 

. 
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o q~ c-n1 i s m s d i. s ·us d nl 1" o • Thn tJ'dt1rlclm.inc-l~38(s) 

u 1... s e r ·v E d i n 

h'miJ to 

nr l:._~-· lll'Llr.~r-11 rJXtl'rlC I.t> mr1y bo 

h£ 11l. •n;ytllfl I, l:.col\ clffiinutrans·· 

'ui!.OYyrl~ cHTri n otran~jFFll'ase or 

n roginoscJ nrninfJLI'iJm>fnrtlso bucm.:sr~ t:hurn 

w, .... b noaminl tion of lo jr~in~, ViJlir1G , isoleucinP. and 

methioninP. I may bfJ similar to rat J ivor t~nzyrno JJ. 

becaus3 there was transamination of othior1ino or to 

the L ansnminases of Lei shrrraniC:J dnnovnn:i bRcauuc th11:-·u 

was transamination of' leucine . valine and tnothior,Jnc·. 

The transamination ot methionine by bloodstream 

T. b . hrucei lysateswas shown to b~ specific for 

~-ketoglutarate and not pyruvate . Furt'ler investi-

gations should ~e carried out on the substrat~ 

specificity of other transaminase activities onrl th8 

extent to which the 5 ami o acids are cataboli ed 

af er the transami1ation eac ion . Such s ud·a~ 

cJY reveal p hways of 3 ino ao·d catabol'sm uniqu 

0 th : ryp no om s hich could becom t 

arti- yp o. mal d u 
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'HAf 1f"l l 

In this study, Uw ro1n of !;Flr in convnrsion of 

p y 1 u c1 t P t n a 1 a n i n e i n b l o o rJ s t r n am .T , tJ • b :L"' u c FJ i r.1 n cJ 

the stoichiometry of this reaction has berm shovm. 

The role of GOT in bloodstream fom1 T. b. brucoi tws 

beE'n proposed to be in a series of coupled n~acl-:o,,s 

lEading to a trdn:-'1-,vcrogenation bt:J~ween N.I\OH ond 

t 
1 .-,op . The lnst enzyme of the [Jroposed trC'lnst.y:4 ~o-

genation oathway,- NADP-linked ME , was howev8r not 

~onclusively loca1ised though results indicated that: 

it was partly cytosolic . Glucose-6-phosphate 

dehydrogenase an enzyme gennrating NAOPH was s 11own 

to be cytosolic . 

T e presence of t ypanosomal GPT and GUT in 

s um of rats infected w . T. . bruce· as d 1 ons-

d nd loads earn fo m T. lys 13 w 

0 r v i l 1 uc 
. 

n ol ucir • I J. 

0 a:- u lu . 
m n:l u 

0 



been cstabl:shcd. lh ':- L t u .. "' !1 'L c h bloods b' e <'lin 

f Cll Ill 

t!u I in11 :Jiwulrl hu fuT'Lhcn~ invest-

i r. 0 f f D t l y CH:: ~j r.J S j ! .i t 0 b 1 0 0 d S lT 8 am 

b 'I p dna s orne s ( n d t h n a f + 8 c t ~; o f inhibition of l h j s 

s •Gtem on the paraaite. Th8 loc~lisaLion of NAOP-

1 i n ked ME s h o u 1 d be i n v e s t i g a t e d u s i n g m o r e s c n s j t i v ~3 

methods . 

further studiGs snould be carried out to 

e<;tabl:i.3h Jhat other· trypanosornal enzymes ore 

p esent in the plasma or inrected animals ancl th' 

effects tl,es8 may have on lhe host . Studies should 

also be carried out to establish to what extent 

elevated enzymes in plasma of trypanosome-inf8stod 

animals ar ' se from host tissue damage . 

Th novel ansaminatio'l y T . b. bruc~i lys ec -
should b inves i ted fui · i er to obt n inform w on 

on su st specific' y, inhibl ion , opt'm 1 

condi 
. 

0 0 c ivi y nd l 0 h nd produc r. of 

c on . T on in n:z n 



pu~.f ogrnj r • t.y ( r 

hu Llll'l ir u lU t 

i r 1!l 1 11nin i 

I l I'll' l 1 l . ~ 

C'l tho oF host td""'fOrHt' \fJi U1 t!w lrurw uf fj ndi 11g 

cl:i-~'f r nc8s wh.icl, could l8t1 d to duvcd.optnDI!l: o.P nnl]-

trypanosomal dr~g~. 

From the r~sults of this study it is possible 

to dra~·J tt 8 follo vi ng --:one lt: s :i 0!1S on the ami no acid 

metabolism in bloodstrc~m term T.b . brucei : 

(i) Glutamate pyruvate transaminaso is involved 

in the excretion of pyruvate iG the Form of 

alanine . 

(ii) Glutamate oxc loacetate transaminose is 

po sibly i~vblved n a set ies of courlud 

react'on lcadi g loa transhydrogen lion 

be n ADt nu OP in ho paras't . 

( . i i ) d r • t ion 1 c i vi y of 1 u tam t p y I u v 

• l u rn o lo c l 

irf c d 

Of 1 

( . v) 
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