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SUMMARY 

The main purpose of this study was to determine the 
-pathways involved in the catabolism of glucose and proline by in 

vi.tro propagated Trypanosoma congol.ense. 

The procyclic Trypanosoma. congolense were cultured in. vitro 

as described by Brun and Schonenberger ( 1979). Respiration on 

glucose and proline were investi~ated. The end products of ~lucose 

and proline catabolism were also investi~atcd and th activities of 

the nzym s. likely to b involv d in the cat, boll m of the sam 

~ubstratcs w re assayed. Th pro yclic T. congol nse r ~plred 

both prolin and ~lu o..c; • 

When th trypanosomes were incuba d with p;lu ose as 

substrate. it was obs rved that the rate of o cy~cn ons nnplion w·1s 
s nsitiv to various me aboli in hi ito 1· s . 

sali y hydroxamic a id ( HA ) , lon inh 

r spir, ion y 3 .2 ±. 1.2% 

ht> r· · , o 

ldlUOI 

. . . 

Addition of 

th r,t of 

cy: 1 d al 1 t 

1 . :\ 1. ) b 
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sugp.;ested that some reducing equivalents derived from the 

oxidation 'of glucose are channelled to molecular oxygen via 

succinate dehydrogenase. Incubations in which antimycin A alone 
. 

was added showed a 39.4 + 4.2% inhibition of the rate of the 

respiration. A combination of antimycin A and SHAM resulted in 

86.3 + 4.2% inhibition of the initial rate of respiration. It was 

suJ!,gested that antimycin A inhibits the flow of electrons between 

cytochrome b and cytochrome aa3 oxidase. It was further suggested 

that the rate of respiration insensitive to a combination of 

antimycin A and SHAM could be due to an alt rnativ oxidase 

branchinp; prior to cytochrom b. 

The a lvi li •s of th nzym lik ·ly to be involv ·d h tlw 

catabolism of phospho nolpyruvat d riv d from glu o ~ ox.idaU n 

w rc th n assayed. The enzym s whi h h~ d specific a Uviti ~ 

p;reater than 60 nmol s/min/mp; protein w r pho. pho nolpyruval 

car oxyktnag (PEPCK). pyruva 

d hydrop; nas . AD -m, li nz . un . r. tt r du tast 

and a ~ i a . 

l•1<.1l\ lhtst 

, • ( ( IIC It It ( 

h v 1 'ill f 
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The end products of glucose catabolism were then 

determined · under both aerobic and anaerobic conditions. Under 

aerobic conditions the main end products were pyruvate and 

acetate. Small amounts of succinate could also be detected. Under 

anaerobic conditions simulated by the addition of SHAM, the major 

end products were acetate. pyruvate and succinate. Glycerol was 

also produced in appreciable quantities during anaerobic catabolism 

of glucose. 

Whe-n the trypanosomes were allow d to r spire on prolin a 

substrate. it W'ls obsc-rv d that th rat of r spir, tl n w. s also 

s nsitiv . to various metabolic inhi itors x .pt SJ lAM. Additi n f 

cyanid alan inhibit d th r spiration whos initi, l r t' was 12.8 

± 0.6 by 8 .0 ± G. 7% wh r as th addition of mal nat a1 ne aus d 

an inhibi ·on of 5l.G ± 1.6% of h rat r spiraUon. A com ina i n 

of cyanid and mal on at caus d an in hi i ion of 84. + . 7°'o f the 

initial ra of r spira ion. It wa propo d th t :om~ n .ducinp: 

quivalf"n s d riv d rom h ol st f pr linl • n h. nn lll l 

o h ya n i lv . td: st vi: tl t. 

mal on \ h 1 tl t. p: tasitt•s 

w 
\ ,\ 

11 't n and 

t l ( l 
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they are eventually reduced by molecular oxygen via the cyanide 
sensitive cytochrome aa3 oxidase. 

The activities of the enzymes likely to be involved in the 
catabolism of proline were also assayed. The enzymes that were 
observed to have specific activities greater than 50 nmoles/min/mg 
protein were proline dehydrogenase, <X-ketoglutarate 

dehydro~enase, succinate dehydrogenase, fumarase, NADP+-linked 

malic enzyme and glutamate pyruvate transaminase. Glutamate 

oxaloac tate transaminase and glutamate dehydrop;enas w refound 
to have specific activities 1 ss than 35 nmole /min/m~ prot tn. 

From th s r sults it was sup;p;cst d that prolin .oul be ox1dtz d 

to p;lutamat which is subs qu ntly transamin t d with pyruv·:ttt' t 
form alanin and <X-ketoglutarate. Alanin could b r ted · s at 
end product wh reas a.-ketoglutara is h .. nn ll"d t th" 

suppos dly partially functional Tri arboxyllic ~ cid (T A) y le. 

Th nd produ t f pr 11 . t. b lt. m we n t1 t n 
d r a 'I du t lttP ttd 

( onld not l>t 
d ttdtmttht ' Iuv.tt \hch 

. \ -

lt 
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CHAPTER ONE 

LITERATURE REVIEW 

1.1 INTRODUCTION 

Trypanosoma congolense is a small salivarian trypanosome 

With overall lengths ranging from 8 jlm to 24 jlm With an average of 

12.2 - 17.6 jlm (Hoare, 1959) or 12.5 - 15.6 jlm (Fairbairn, 1962). 

It has a rod-like shape and possesses a medium sized kinetoplast 

measuring between 0. 7 to 0.8 !liD (Hoare, 1972). These parasites 

have a tendency to adhere to one another, a feature which has been 

observed in fresh and stained preparations of blood. 

T. congolense causes animal trypanosomiasis (nagana) and lls 

infection has become the most predominant in Africa esp cially in 

the last twenty years (Hoare, 1972). 

1.1.1 Life cycle ofT. congolense 

Th liC cy 1 f T. ongol r tn 'Olv tw h st. th 

v rt br t h t ll tl t • lnv 1ttb1.l lH . t 

ar th ol th 

t:1 ' (;. 

r.:. 
' 

I. 1 7 

n n T. 

n hi 1 
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slender and intermediate forms of the trypanosome. The short 

stumpy forms transform in the mid-gut of the fly into the mid-gut 

forms which are identical to the cultured procyclic forms. After 

multiplication the mid-gut forms migrate into the salivary glands 

where they undergo transformation into epimastigotes which 

transform further into metacyclic forms. The metacyclics are 

infective to susceptible animals (Hoare, 1972; Fairlamb and 

Opperdoes, 1986). 

When the infected tsetse takes a blood meal from an 

appropriate vertebrate host it inoculates the infective metacyclics. 

The inoculated parasites migrate via the lymphatics to the lymph 

nodes and then into the blood stream where they multiply in large 

numbers and thereafter invade the intercellular spac s of oth r 

tissues (Hoare, 1972). 

1.1.2 Culturing of procycllc T. congolense in vitro 

Over the years the procyclic forms ofT. congol ns hav b n 

grown in s veral media. Th in lud ~ zgh ' m dium 

(R I h n w, 1934, 1937} d rt • nd llcnr 1d' medium 

(II nr. rd • n 1, ). ulttu d tl 

p. ra h Ill fUll . ) l t l fl w 

< ltur a lum 

n t 

0 ln 

11 -77 
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Essential Medium (MEM) and Medium 199 (M 199) supplemented 

with 10% foetal calf serum (Brun and Jenni, 1977). When this 

medium was used to culture T. congolense procyclics it was found 

that in as much as the parasites could easily be adapted into the 

culture medium, it was not possible to sub-culture them 

continuously for long. The bloodstream forms (used to initiate the 

culture} transformed and started to multiply but after 2 to 3 

subcultures they became swollen and contained large vacuoles. 

Eventually they stopped dividing and finally died off (Brun and 

J enni, 1977). 

A modification of SDM-77 has recently b en dev lop d and 

has prov •d more suitable than SDM 77 in ulluring pro y li T. 

bru.cei (Brun and S hon nb rg r, 197 ). Th m in alter li 1 ' ln 

the new SDM 79 is the use of low r one ntrat.i ns of 1lu os and 

higher concentrations of pyruvat , bi arbonat , d nosin and 

guanosine; addition of folic a id and a group of amino a ids known 

to b pr s nt in the tsetse haemolymph ( unningham and Slat r, 

1974) . 

It is po ihl · th t T. n I n pto · tlt :s m;t : 1 o b ; bh t 

it ow h .tt r 111 thi m h I 1 l\ m ( DM -7 >) th~ n tlu clid n 

-77. 

Ill I I l t 111 



4 

Opperdoes, 1986). In addition to glucose the procyclics derive 

energy from proline catabolism (Srivastava and Bowman, 1971, 

1972; Evans and Brown, 1972a). 

1.2.1 Carbohydrate metabolism 

1.2.1.1 Carbohydrate metabolism in bloodstream forms 

All bloodstream forms of trypanosomes catabolize 

various carbohydrate sugars as a source of energy. The end 

products of glucose catabolism depend on the species of the 

tryp nosome. 

1.2.1.1.1 Carbohydrate metabolism in 

bloodstream forms ofT. congolense 

Bloodstr an1 forms of T. congol ~ ns ha ~ 'l fairl high rat of 

oxygen and sugar consumption. Their r spiraUon is not blo 1 d by 

cyanid (Von Brand nd John on. 1 47; n Br .. nd t al. 1 50). 

Tl s parasit also hav · hi h 

m ~ t boli u produ t 

111 lud(• 

I iu t 

pi ~to u tt nt ~ nd tl mail 

tm th .ul , all t ht dt g t adt d 

Ill 'tt att 1 : l o 

tl . t lllOlll t ' ll 

11 ll l 

Ll 
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evidence of excretion of lactate, citrate, malate, propionate or other 
volatile acids by bloodstream forms of T. congolense (Agosin and 
Von Brand, 1954: Ryley, 1956). These products have not been 
confirmed ·by others. 

1.2.1.1.2 Carbohydrate metabolism in 

bloodstream forms of T. brucei 

' Trypanosoma brucei respire on glucose, fructose, mannose 
and glycerol (Ryley, 1956: 1962). They cannot respire on amino 
acids or fatty acids (Bowman and Flynn, 1976). 

Th s parasites have b en found to hav microbody-lik 
organ ell c:; all d p;lycosom s (Opp rdo s and or. t, L 77). 
Clycosom s in bloodstr am T. bruc i con ain th first vcn 
enzym s of the glycolytic sequ nee (Fairlanlb and Opperdoes, 
19R6). Th s ar c:;hown in Schem I. 

Th bloodstream forms of T. bruc i hav a v ry high rate f 
r spira ·on on p;luco C ucos ism lm st . · htsivt ly t 
pyruva Al h z m of t h~ vt l t n 

an form . ' lh Sl ~\ll 

)1\0h u ·tol 

1 ho 1 h alt 

• 1 t 

l 
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Scheme I 

Pathways of glucose catabolism by bloodstream Trypanosoma 
brucei. (Source: Kiaira & Njogu, 1989) 

The enzymes shown are:-

1. hexokinase 

2. phosphoglucose isomerase 

3. phosphofructokinase 

4. aldolase 

5. trio phosphate isomerase 

6. gly ·raldehydc -3-phosphate dehydrogenase 
7. pho phoglyccrate kinase 

8. phosphoglycerate mutase 

nolase 

1 0. pyruvate kinase 

1 1. gly ~rol-3-phosphate dehydrogenase 
12. gly erol kinase 

13. gly rol-3 -pho phatc : glu os transphosphoryla 
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Reoxidation of NADH generated in the glycosome is don by 

glycerol-3-phosphate oxidase (GPO) via NAD d p nd nt gly rol-3 -

pho phc. t d hydrog nas (Gr nt and S rg nt, 19 0; Opp rd 'S >i 

al, 1977( )(b); F irl mb and Bowman, 1 77; Flynn nd owm n. 

1973). lhis is shown in sch me I. 

During anaerobic respiration or wh n th GPO is inhibit ~d by 

salicylhydroxamic acid (SHAM) the bloodstream forms of T. brucei 

ontinu to utilize glucose producing quimolar amounts of 

pyruvat and gly erol (Ryl y. 1 56; Opp rdo s tal. 1 76) 

.2.1.2 Carbohydrate m t boll 

in procyclic tryp o om 

' I h t 

bl 

n umpt 

am om 

I ttl 

ltll llll 

t 1 

I t I 

l ). 

ttl ·t \h llt 1\\ 

' II H t 'I I o 

t h ' ll Ill t h 



8 

Tobie, 1958). Further investigations were not made regarding the 

stoichiometry of these products. 

On the other hand a lot more has been reported on 

carbohydrate rnetabolism in procyclic Trypanosoma brucei and 

procyclic Trypanosoma rhodesiense. Both of these can respire on 

glucose, mannose, fructose and glycerol (Fairlamb and Opperdoes, 

1986). The end products of these carbohydrates metabolism in T. 

brucei and T. rhodesiense procyclics are C02. succinate and acetate 

(Ryley, 1962). Cross et al (1975) reported that 17 and 8% of the 

glucose carbon u sed by procyclic T. brucei could be recovered as 

su e ina t a nd a lanine. r spectiv ly. This , howev r, has not been 

inv s ugal d in d l< il . 

nd ·r ic c T. r/1 d n ul I tz 

oth glu os an gly rol only i h pr ·' n · f • 1 ) . 
Du ri ng su ·h n a robi ondili ns m ' t of th , rlu ':11 b 1 

u il iz( d ' a r ov r d mostl , a 

· ;tat ·. La tat h. not b 

.m d pp ·rdo · . l ). 

n 1 to a I s 1 ex tent < s 

• n l nd pt iu t (I· :url· mb 

il l l 
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Very low activities of NAD-linked isocitrate dehydrogenase 

and citrate synthase have been observed (Evans and Brown, 

1972(b). Enzyme activities of the glyoxylate cycle: isocilrnt lyas , 

malate synthase, alanine glyoxylale aminolransf rase and for 

anaplerotic reactions; NAD-linked malic enzyme and pyruvate 

carboxylase are also insignificant (Opperdoes and Cottem, 1982). 

TCA cycle enzyme activities greater than 2 nanomol/Inin/mg 

protein include malate dehydrogenase and fumarate reductase 

(Opperdoes and Cottcm, 1982). Enzyme activities that appear fairly 

high are of NADP-linked malic enzyme, glutamate pyruvate 

tr nsaminas (GPT) glutam t oxalo c tat trans minas (GOT) 

(Ev 1 and BrO\: n. 1 72(. }; pp rdo s and ott m 1 82). 

pi o:s1 hot nolpyt uvate < ;u bo. · rl it : st•, :tdtn t tt 11 : ~ at d gl. ttl ol­

r~- pho pi at(! t.h ch () lt'lla l ell. l ( l ). No . unil:u It pOll 

h I · n provi <. on pr · ·li · '1. conq l 11 • 

1 

'1 1 • ehan 

t holi m 

lll U I 0 

ir 

1 d - J rodta t du1 in • 

II lll •ruv. tl' tl> t ht• 

. I l.t U.Hlt'l:lltd \ ' llh 
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Ryley (1956, 1962) has inferred the presence of a fun Uonal 

TCA cycle in procyclic trypomastigotes. However. this situ tlon 

still remains unclear because while aconitas . a-oxoglu tarat 

dehydrogenase, succinate dehydrogenase, fumarate hydratas and 

malate dehydrogenase activities have been shown (Ryl y, 1962), 

citrate synthetase and NAD-dependent isocitrate dehydrogenase 

activities have not been shown. 

Conversion of PEP derived from glucos metabolism to 

mal t , fumarat and su inat via C02 fixation has be n 

d rno tr t d by rbon r~ diol b lling tudi (Kl in t al, 1 75) 

hm ·1ratc r :duc.tasc 1 as bl 1 dd dul m ~ 1 tkul. t lr~ ti 1 f1 m 

honH>gt~ n; t<· of 'I. {I I 11 t nl. l 7 } . 

' \ •ht mal t . th hnal p1u u ·t l( 

11 ' o omal m t boll m 1 J t 1 n. 1 l'll i 1 1 du 

m .t holi m 1 a' L (ll 72{.1) 

ro .n 

t 
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Scheme II 

Pathways of glucose metabolism in procyclic trypomastigotes. 
End products of aerobic or anaerobic metabolism are enclosed in 

boxes. Enzymes whose presence are not certain have been 
indicated by dashed lines. The enzymes shown are: 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

1 . 
11. 
12. 
1 '3 . 
lL 

• 1 rl ml ' l 

ydrog nase 
11 s 

as· 
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reductase (Klein, 1975). Acetate is produced both aerobically and 

anaerobically in T. rhodesiense in the presence of pyruvate 

dehydrogenase whose presence was demonstrated by Ryley, (1962) . 

This could suggest a route from malate via pyruvate and acetyl CoA. 

This is also shown in scheme II. No information on acetate 

production from glucose is available for T.b. brucei procyclics. 

Acetate is a minor end product of glucose catabolism by procyclic T. 

rhodesiense and C02 accounts for most of the glucose carbon used 

(Ryl y, 1962). This suggests that a functional TCA cycle could exist. 

However, failure to identify citrate as an intermediate or to detect 

itr t synthetas in th se parasit s makes the gen ral assumption 

of ully fun ti n 1 T A y 1 doubtful. 

1.2.1.3 Terminal respiratory y m 

'I h blo dstr am form of T. bru i la 'l lu m (l•l nn 

nd Bowm· 1 , 1 73: • airl 111 1 1 I o •m m. L 77). '1 h '. r · ' Pil a lion 

of hoi· ·ll on pl t ii t a nw inhllHtm s 

azid , l l •m: n, 1, 7'J). 

m. l p. t t t 1 lltt h.tt itt -

1 •• n 



1 3 

ADP phosphorylation (Gutteridge and Coombs. 1977). This 

terminal respiratory system is unique in that respiration is not 

sensitive to inhibition by cyanide and is not m dln.t d by 

cytochromes (Grant and Sargent. 1960; •lynn and owman, 1 7 ; 

Fairlamb and Bowman, 1977). Th GPO can b inhibit d by 

hydroxamic acids such as salicylhydroxamic a id (SHAM) (Evans 

and Brown, 1973; Opperdoes et al. 1976; Clarkson tal 1981). 

The procyclic forms posses cytochromes b, c, c 1 , a and a3 

(Hill, 1976; Bowman and Flynn, 1976). T. bnLcei procyclics have 

b n shown to r spire on both gluco-; • and prohn (Tobie et al, 

1 5 ). 'J hey h v xidL s wl i l cL n ot b ompl t ly inhibited 

·u1idc (l•, ~u ~ .11 d Br " 1 • 1 7~(; ). ut h a ' L m tL 1 

C)l l()l llOIH' (tat US 1' 11 ll\llllHt l{l ll l' of dtlll 1\ 

u mo 

prollll l! 

h Ill 

n fl t on l h ll 1 hH<) l lll 

Jll( rid 11" a1 <I o mb } 7 7), 11 ' ( I H1 ( I ' lll p ll l 

h I l n 1 r p l l' d t 01 T. I > • 

ha <1 u hn11 

I tl In 1 • l1l < 
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Scheme m 

Reoxidation of r du tng equivalents generated from the 

cataboli m of lu os by T.b. bruc i pro y 11 s trypomastigotes. 

Jo u t al. 1 80) . 
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DHAP to glycerol-3-phosphate in a reaction catalysed by glycerol-3-

phosphate dehydrogenase. The glyccrol-3-phosphate could th n 

reduce the GPO and the r duced GI 0 ould b r oxidiz d in two 

ways. Fir tly, it could be oxidized by mol cul· r xyg n dir Uy t 

form water. Secondly, it could be oxidized by cylo hrom b-CoQ 

complex. The reduced cytochrome b-CoQ omplex ould th n b 

oxidized by molecular oxygen via several st ps in the electron 

transport chain. In the same scheme III, it was further suggested 

that NADH could also reduce cytochrome b-CoQ complex dir ctly. 

This has not yet been verifi d. 

It Is not l 1 ow1 wh th 1· ~ h 1il... br~ 1 h d p. thway uld 

also , pply o pt <><' t IH 'J. c orr J len se. 

'Iurr ns ll propo I .. , }\1 tt • ol tlH llo\ of 
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Scheme IV 

An lt rnativ branched pathway for the re -oxidation of 
1 du<.ing qutv, 1 nt from the catabolism of glucose tn the 
mttoch ndrl of Trypanosoma cruzi eptmastigotes and T. brucel 
pr < yc li trypomasugotes. 

( our : Turr n and Villalta, 1989) 
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Evidence by Turrens (1989) supports the use of succinate as an 

intermediate in the reoxidation of NADH. The NADII 

dehydrogenase could transfer electrons to fumarate reductase 

rather than ubiquinone. Fumarate reductas could th n r du th 

fun1arate to succinate. The succinate form d could be r oxidized to 

fumarate by the reduced succinate dehydrogenas Succinate 

dehydrogenase can then reduce ubiquinone. 

The reduced ubiquinone can donate its electron to oxygen via 

electron transport chain. Succinate dehydrogenase is inhibited 

ompetitiv ly by malonate and the involv ment of fumarate 

r du tas and uc in ... t d hydrog n has b n d monstrat d by 

ilhlta (L ). 

malonate s n itn• • ~u ·mat d h '(h o 1 ·na · ' lid a! 

pro y ·Ii Tryparw ornn ongol ns . 
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Scheme V 

ur I :hnln r. l ( 75) 
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is also reduced in the process to give NADH. The glutamate 

produced undergoes transamination to give a - ketoglutarate. Th 

resulting a-ketoglutarate can then be hann ll d Into th TCA 

cycle. The reducing equivalents g n rat d durin pr lin 

catabolism could reduce oxygen to water via th 1 clron lr n port 

chain. From this scheme one mole of proline should produ e two 

moles of reducing equivalents. 

It is not yet established whether T. congolense procyclics 

catabolize proline via identical steps 

Th t fly g nu . Glo sina. utiliz pro lin during flight 

ur. ll (1 ) . hi' 1 hO\ n th f4 t th. t th 1 ' pld 

di ar p < r; r f prolin 1 t 1 lou t ttlt 
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The enzymes of this pathway which have been noted to be 

very active include proline dehydrogenase and alanine 

aminotransferase (Crabtree and Newsholme. 1970. 1975; Burs 11, 

1975). NAD-linked malic enzyme has also b n found to b < Uv 

(Hoek et al, 1976; Norden and Matanganyidze, 1977, 1979). 

Another enzyme in this proline catabolism pathway in the t ts is 

~ '-pyrroline-5-carboxylate dehydrogenase. The reducing 

equivalents generated are oxidized through the cytochrome aa3 

oxidase (Bender. 1975). 

1.2.2.2 Proline metaboll m in procycllc 

trypom U.got 

1 h pr II 'P n om 
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The partial TCA cycle present accounts for the C02 evolved and U1c 

energy produced. This is because the NADH g neraled Is 

presumed to be re-oxidized by the respiratory hain with th 

concomitlant synthesis of ATP (Fairlamb and Opp rdo s. 19 ). 

Proline is catabolized mainly to C02. alanine and aspartate 

(Gutteridge and Coombs, 1977). The presence of the enzyme 

alanine aminotransferase is critical for the growth on proline and is 

in fact present in very high quantities. Its presence explains why 

alanine is one of the end products (Guttertdge and Coombs, 1977). 

Evans and Brown (1972{a) proposed a path\ ay for the catabolism of 

prolin by pro y lie T. bruc L This is shown in s h m VI. In this 

.h m th nzym , 1. t in th 

tran ; mh ; tlon of 11ut 

pr ctu t ton of • 1· n1n . 

I cl l ' lUV. tl \\it} t} ( lOllOtlltt.t t 
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Scheme VI 

The pathway of proline catabolism by the procyclic T. brucei 
trypomastigotes (Evans and Brown, 1972a). The suggested names 
for the enzymes 1-8 are as follows:-

1. Proline dehydrogenase 

2. Glutamate pyruvate transaminase 
3. ex-ketoglutarate dehydrogenase and succinylCoA synthetase 
4. Succinate dehydrogenase 

5. Fumarase 

6. Malate dehydrogenase 

7. Oxaloa tate d rboxyla 

8. Malle ·nzym or m · 1, t d • rboxyl 
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1.3. AIMS AND OBJECTIVES 

This study was designed to establish whether procyclic 

Trypanosoma congolense can catabolize glucose and proline and if 

so determine the possible pathways of their catabolism in these 

parasites. This was done with the following objectives:-

1. To culture the procyclic forms of Trypanosoma congolense in 

vitro. 

2. To determine the sites of entry of the electrons derived from 

th oxidative ataboltsm of glu os and prolin . 

T d t rmln h nt g r plr· tl n U ~ t I nslt t t 

To d t m1ine th nd p odu 

a ol m. 

of pr lln nd 1 ll 
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CHAPTER TWO 

MATERIALS AND METHODS 

2.1 CHEMICALS AND ENnrMES 

The reagents in this study were of analytical grade. They 

were obtained from British Drug Houses, Poole England; Sigma 

Chemical Company, St. Louis, MO. U.S.A.; E. Merck A.G Darmstadt, 

West Germany and Bo hringer Manh im GmBH, West Germany. 

All th 11 
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bl· in d f1om 

12 }. 
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2 mM sodium dihydrogen phosphate and 10 mM 

proline. 

2.2 ORGANISMS 

Trypanosoma congolense IL 3000 procyclics were used 

throughout this study. The bloodstream forms of the parasites were 

obtained from International Laboratory for Research on Animal 

Diseases (ILRAD). This parasite IL 3000 was derived from ILC 49 

which was isolated from a cow in the Transmara region in 1966. 

Th bloodstream forms of IL 3000 were maintained in adult 

pr gu -Dawl y rat with w kly ri 1 p , s. g Approximat ly 

lxlO ll /ml f tl • h tim in ul. t d ultur a 

d · <.I ib ·d low ( nd allow · to r. n ~ nn tnt pr y ·II tm, . 

2.3 CULTURING OF PROCYCLIC TRYP. 0 NGO AN E 

2.3.1 t rillzatlon of the 
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were then removed and the mouth of each wrapped tightly with an 

aluminium foil. An indicator tape was fixed along the neck of each 

piece of glassware. Small pieces of clean cotton wool were inserted 

into the glass pipettes through the constricted end. The pip tl s 

were then put in a cylindrical metallic container which was then 

capped. The container was wrapped with aluminium foil and an 

indicator tape stuck on it. All the glassware were heat-sterilized in 

an oven at l600C for 2 hours. After this time the indicator tape 

d veloped dark stripes indicating that sterilization was complete. 

The oven was switched off and the glassw r left to ool slowly at 

r om t mper tur . Th glasswar \ • r th n r ady for us . They 

w ' l • uuwr p t:d nly wht tl w r ~bout to bt, u s d . 

2.3.2 Sterilization of m dla, tor bottl , wat r and ll 

All h b o ttl J o p ' 1 I llld . Th \ 1 

ash d thorou hl 1 , nt), nd Ill\ d \ ' lth t 1p \ " tt 1 

5 t in t I ' 1tll di t ll d 

Tl t Ht 
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In one of the bottles was put 2 N NaOH which had earlier 

been prepared in deionized water. It was also sterilized in the 

san1e way as described above. 

After sterilizalion for 30 minutes the autoclave was switch d 

off and the bottles allowed to cool slowly. They were then ready for 

use. 

2.3.3 Heat inactivation of the serum 

Th comm r ially obtain d fo tal bovine s rum was 

·Uv· t d by h , ting in w t .r b. th 'lt 56° for 3 minut s . It 

was I het < llowcd o tool al n c 111 ku J>l t aim t 1 d h tu , 1 quotuJ 

mt< v ·nt t til · pi · stlC: I b · I r: o tnl ·ap: l t . 

' I h s •r m 

r qui r d . 
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50 mg glucosamine-HCl; 4 mg folic acid; 2 mg p-aminobenzoic acid 

and 0.2 mg biotin. These were then dissolved in steril deioniz d 

water. To this mixture was added 8.0 ml of MEM amino acids 

(50x) without glutamine and 6.0 mls of MEM non- ssenUal mino 

acids (100 x). The pH was adjusted wifu sterile 2 N NaOH to 7.3 

and the medium made up to one litre with sterile deioniz d water. 

The medium was fuen filter sterilized using Nalgene millipore filter 

of pore size 0.22 11m. 

Before use. the medium was suppl mented wifu 20% of heat 

ina tivated foetal bovin serum. 

'I h< v lun l of < ultut • 1 H di. pn pan d t; ch Unu \ .. l~ 5 

ml . ·1 hi last ·d or • I o 1( :3- l \ · ·I s :t t p> '. 

2.3.5 In vivo growth of p it 

lrt..Il 7: 
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anticoagulant. The exposed heart was punctured with the needle 

and 2-4 mls of blood was drawn into the syringe. 

The collected infected blood was then aseptically transferr d 

into a sterile screw capped centrifuge tube. About 6-8 mls of SDM-

79 was then added into the tube. The tube was centrifuged at about 

1000 x g for 5 minutes at 4oc. About 1 ml of the supernatant was 

then aseptically transferred to 5 mls of SDM-79 in a sterile T-25 

Falcon flask. Approximately lxl06 trypanosomes/ml were each 

tim used to initiate a culture. The fl sk was then screw-capped 

ti~htly and in uba t d t 280C. 

2.3. 7 Main ten nc of procycllc T. on l ·n.: in ult 

Art r 1 h lr m h im ) t lllitllllll Ill t ( ' tilliH'. th 

p ·1r u b tllur n tl llllb tt ' )>all ) Ill 
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2.4 HARVESTING OF TRYPANOSOMES 

About 2-5 mls of the trypanosome suspension was aseptically 

removed from each flask when the trypanosome density was about 

lxl07 cells/ml. These were centrifuged at about 1000 x g at 4oc 

for 15 minutes. The resulting pellet was washed at least five times 

With about 9.5 mls of either PSG or PS Proline depending on the 

experiment to be performed. It was then suspended in appropriate 

buffer and the trypanosomes counted on an improved Neubauer 

haemocytometer. 

2.5 RESPIRATION EXPERIMENTS 

xy n k w d xmtn 1 tn t h h d 

(R r k High r 

pol riz d at -0.6 V tn magn ti i ll f 

oxyg n up ke wa m n tor d on 1 d r ' u11 d 
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The concentration of oxygen in the incubation media was 

taken to be 240 nmol/ml (Chance and Williams, 1956). 

2.6 Enzyme Assays 

For enzyme assays the trypanosomes were suspended in PSG 

buffer (unless o herwise indicated in the text). Triton X-100 was 

added to a final concentration of 0.1% (v /v) (Opperdoes et al, 

1976). The lysate was centrifuged at about 1000 g for 10 minutes 

at 4°C. The supernatant obtained from this centrifugation was used 

for all C'nzyme assays. This is referred to as th sample in the 

followin.(1. assay d s riptions. C 1 ulations for sp cifi a Uviti s of 

zy ·s "W r Ion ~ . ordtn~ t ncrs~ 1 ycr (1 74) a cling 

h · o 1 wi Ji. < q t . i o u 1 t s o 1 n; is in cl k; t t 1 in t h t L . t. 

/min l 
= 

\' 

\ 1 r 

0 1 lllt 1 / min / tng 
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2.6.1 Glutamate Pyruvate Transaminase (E.C. 2.6.1.2) 

This enzyme was assayed according to Bergmeyer ( 197 4) tn 

80 n1M phosphate buffer pH 7.4 containing: 0.8 M L-alanine: 0.18 

mM NADH: 3.7 I.U/ml lactate dehydrogenase and 0.02 ml of the 

sample. This mixture was left to stand for 3 minutes. The reaction 

was started by addition of 18 mM a - ketoglutarate solution. The 

total volume of the assay mixture was 3 ml. After mixing the rate of 

decrease of absorbance was read at 340 nm. The assay was based 

on the following reaction. 

L- lanin 

L 
Pyruv + NA H + I 

2.6.2 Glutamate o 

1hl wa a d 

; 80 m 

GPT 

or n to 

r H 7. 

.7 1 

+- NAl t 

) ( . . 2. . . ) 

in ll\' t tt. 
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GOT 
L-aspartate + a-keto~lutarate ~====~ Oxaloacetate + Glutamate 

.J 

· ~ MDII 
Oxaloacctalc + NADH + I-I+-;===========~ L-Malate + NAD+ 

2.6.3 Pro ne Dehydro~enase 

This enzyme was assayed as described by Olembo (1980) 
hac; d on the reduction of p-iodonitrotetrazolium violet (2 - [4 -­

iodoph nyl] -3- [4-nitrophenyl]-5-ph nyl tetrazolium chloride; INT). 

Th as ay mixtur onsist d of 50 mM sodium phosphate buffer pH 
7.r:: 1 m po ssiu y. 1 icl . 10 mM prolint, 1.7 mM 

: CC'tal < l yd : 0.2 mp; y<'ast : I ol ol It 11 d1 o 1 •t a. t • 1 l bt t WL en 

0.01- . ml of sa HJI'. '!Itt {at 1011 \; . llll i.ll d 1 ,l(ldllmll nl 

100 ~1 of 0 mJ.V 111 phena:dn • 1 H lw llpha { (1' 1 ') I >lltn t•cl h 

200 ll of r: mp;/ 11 l 'I. 'I 'mal •olum • 1 Ill 'ul all m 1111. t u1 

m p n\ t u r l 01 l 0 
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The specific activity of the enzyme was determined by using 
the following equation:-

C= 
c 

Where 

D 
X X 

v 

v 

p 
X 

l 

t 

C == specific activity of the enzyme in 

jlmoles/min/mg protein 

L\E == Difference in the values of absorbance 

between the test sample and control ample 

e == Extinction coefficient of INT in thyl 

acctat at 4 0 nm whi h w~ tal en to b 

20 . X 103 · l l1 · 1 r 2 .l .· 10} I 2jm. 

or 20.1 m' fl.un (: \ I dit g t 

I c: 1ning n, )1). 

v == a 01 \'0 li a 1 llll 

== olu 1 0 ll' 

== ilu r - ' tatl' 
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volume of the incubation medium was 1.5 ml. This was then 

incubated for 10 minutes at room temperature (250C). Control 

samples were treated in a similar manner except for the omission 

of sodium · succinate. The incubations were terminated With 1.5 mls 

10% (v/v) TCA. Ethyl acetate (4.0 ml) was then added into each 

tube and then shaken vigorously for abut 30 seconds. The tubes 

were left to stand until the ethyl acetate layer was clear. The top 

layer coPsisting of ethyl acetate was then removed carefully with a 

pasteur pipette and its absorbance read at 490 nm against ethyl 

ac tate as a blank. The molar extinction coefficient for the 

r duction of INT in thyl ac tat was tak n to be 20.1 x 103 M- 1 

m ·l (P nningion. 1961). 

c iv i of l ll z. t l' \.st. h tl.ttt· l t. n~~. lht 

am< < c ta · o 1 as c d or prolin d h yc , o ~ ·n ·\ 

2. .5 u.-K toglut a d h og n 

• ra th tnl(ll t) 

llll pll 7. 1. 
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2.6.6 NADP-linked malic enzyme (E.C. 1.1.1.40} 

This enzyme was assayed as described by Ochoa et al (1955) 

in 70 mM Tris-HCl buffer pH 7.4 containing 3.5 mM MgCl2. 5 ~1 of 

5 mg/ml NADP+ and 0.1 ml of sample. The reaction was started by 

addition of DL malate to a final concentration of 3.5 mM. The total 

assay volume was 3 ml. The rate of increase of absorbance was read 

at 340 nm. 

The assay was based on the following reaction:-

M.E 
,-~ Pyru t + 02 + NAD H + H+ 

2.6.7 NAD-Unked malic nzyme 

Th y m diun1 for 11 nz 1 w hml r t th·1t l 1 th 

y of ADP-link d m li nzym 

Th m m ' IIi -H 

. 1 ml t th , 

to • 

Ill 
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2.6.8 Fumarase (E.C. 4.2.1.2) 

This was assayed as described by Konji (1983) in 100 mM 

phosphate buffer pH 7.4, 10 ~g/ml citrate synthase, 2mM NAD, 20 

~g/ml malate dehydrogenase. 1 mM acetylCoA and 0.1 ml of the 

sample. The reaction was started by addition of fumarate at a final 

concentration of 1. 7 mM. The final assay volume was 3 ml. The 

rate of increase in absorbance was read at 340 nm. The assay was 

based on the reaction below:-

Fumarase 

itr at nth· 

l ll 7 
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followed by reading the rate of decrease of absorbance at 340 nm. 
The reaction that was assayed was as follows :-

Fumarate reductase Fumarate+ NADH + H+ ---------~succinate+ NAD+ 

2.6.10 Malate dehydrogenase (E.C. 1.1.1.37) 

This enzyme was assayed essentially as described by 
Bergmeyer (1974) but in 94.6 mM phosphate buffer pH 7.5 
containing 0 .2 mM NADH and 20 ~1 of the sample. The reaction 
was started by addition of oxaloac tate to a final con entration of 
0 .5 mM. Th total as y volum w 3 mls . Th r t of 

rb n r d , t 340 nm. h r t1 n th. t w y d w. 
th fa ll wm : 

1DH 

2.6.11 

• 

0 

h 

l 

lna 
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The rate of decrease of absorbance was read at 340 nm. The 
reaction being assayed was:-

PEP.CK ATP 
PEP+ ADP + C02 _______ /.....::;._ ___ ~) OM 

MDH 

NAD+ 

Mal~ t 

2.6. 2 
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The rate of decrease of absorbance was read at 340 nm. The 

reaction being assayed was:-

PEP.CK ATP 
:1'1 

PEP+ ADP + CO~------------__,. OM 

2.6.12 vat Kinas (E.C. 2.7 . .40) 

in a m d. m con aining 7.5 m 

2. rm po assium hlorid l 

13m AD 20 Jll o ampl nd 

'1 

din 

MDH 

NAD+ 

B r ~m •t ( 1 " 1) 

hmtnt u t 1 I II 7. 
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2.6.13 Lactate Dehydrogenase (E.C. 1.1.1.27) 

This was assayed as described by Bergmeyer ( 197 4) in an 

assay mixture containing 48 mM potassium phosphate buffer pH 7.5 

and 0.18 mM NADH; 0.6 mM pyruvate was used to start the 

reaction. The total assay mixture volume was 1 mi. The rate of 

decrease of absorbance was read at 340 nm. 

The reaction assayed was as follows:-

LDH 
Pyruvate + NADH ;::::===========- Lactate + NAD+ 

2.6.14 Pyruvate Dehydrogenase 

This nzyme wa a ay d tn a mo ifi m hull. r t 

that for a -ketoglutarate dehydrog n d ri d v 1 h ·t 

al (1986). 

y m diurn ont n 1 0 m l l llf 1 lll 7.4. 

m .2m tl 1 till 

I I. 

I • 
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2.6.15 Glyceroklnase (E.C. 2.7.1.30) 

Glycerokinase was assayed according to Bergmeyer ( 197 4) in 

glycine-hydrazine buffer, pH 9.8 (182 mM glycine and 0.91 mM 

hydrazine) containing 1.82 mM MgCI2. 0.41 mM NAD+, 3.0 mM 

glycerol, 3.6 I.U/rnl glycerol-3-phosphate dehydrogenase and 20 Ill 

sample. The reaction was started by the addition of 1.35 mM ATP 

(sodium salt) to a final assay volume of 1 ml. The rate of increase of 

absorbance was read at 340 nm. The reaction measured was as 

follows:-

GK 
ly rol + ATP ----~Glyc rol -3-pho ph. t +AD 

II p AI H + II 

2.6.16 Acetate Kinase (E.C. 2. 7.2.1) 

Tht nzym •a nt 11 iltd b 

rgm y r {l 7 ) n 7 m trl min pll 7. 

5 . 

. 2 r J 

I 

I I I 
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absorbance was read at 340 nm. The reactions in the cuvette that 

was being assayed for were as follows:-

Acetate Kinase 
Acetate + ATP·-------~ Acetyl phosphate + ADP 

r Pyruvate Kinase 
ADP + PEP· --------7- Pyruvate + ATP 

LDH 
Pyruvate + NADH•~=============- Lactate + NAD+ + H+ 

2.6.17 Glutamate dehydrogenase (E.C. 1.4.4.1.3) 

Thi. was assayed as d scribed by Ovcrath t al ( l 8 ) . Th 

r aclion Lx urc ontain d r::o mM TrL /I ICl uf~ r 

moni 1 

IT. 1 h rc•'' · ion w·1s s ·1r cd I. 

Th 0 al ( ssny volu'm. \ a~ 1 ml and tlH 1 ' l ' 

absorban m asur •d a 3 tO nm. 'lh 

was as fo low :-

a-K to~l nra + ADII 
IJ4 

2.G. 

a· on th: 

7 

II 7. . r::o n M 

·u 1 ... rnM 

pl i\11\j h. 

f dl '1 

·d ft r 
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volume was l ml. The rate of increase of absorbance was read at 

233 nm. The reaction assayed for was:-

PTA 

Acetyl phosphate + CoASH--~'s;-~) AcetylCoA 

Pi 

The extinction coefficient for CoASH at 233 was taken to be 4.44 x 

106 cm2 moi-l. 

2. 7 :MET ABO ITE ASSAYS 

Wh n th nd product of tth r glu o or proltn 

W( to c d t rmln th .t t ln s 

arri o in a u n ff m n a I) ml 

Th n vo urn o \ '\ llll. 

tabolism wa stopp d 

• final one n ra ion of 7o/o (v /v). 1 1 d ·un lh•s \ t'r 

n utra iz d wi h G KOII. All quo h ' 

xtra 0 it • 

d n 2c::oc ·1 of 

1 • r I J I 
p 
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An extinction coefficient of 6.22 x 106 or 3.4 x 106 em -1 per 

mole of NADH used or generated was used in all determinations at 

340 and 365 nm respectively (Bergmeyer, 1974), unless oth rwise 

indicated in the text. The equation used for estimating the mount 

of metabolite in each sample was as follows unless otherwise stated 

in the text. 

v 1 

C= X X 

6.22 or 3.4 v p 

th 
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2. 7.1 Pyruvate 

Pyruvate was assayed according to Bergmeyer ( 197 4) in an 

assay mixture consisting of 4 77 mM triethanolamine buffer pii 7.6: 

4.8 mM EDTA: 0.12 mM NADH and 0.05 ml of the neutralized 

extract. Before the reaction was started the absorbance was 1 ft to 

stabilize and the initial reading of the absorbance taken at 340 nm. 

The reaction was started by addition of 2. 75 I. U /ml of LDH. The 

final assay volume was 1 ml. The final reading of absorbance was 

tak n at 340 nm when the rate of change of absorbance was zero. 

The r action in the assay was as b low:-

2.7.2 Alanin 

This wa assay d a d rlb d b 01 m (1 ) h 

consis ing of 92 m .Ql 

AD+ • nd 0.02 ml of 

' r dl on 

. int uf~t p1 

n l t 

Ni\1 
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ADH 
L-alanine + NAD+ + H2Q-;::==:====~Pyruvate + NADH + NH4+ 

2. 7.3 Glutamate 

Glutamate was assayed according to Bergmeyer ( 197 4) in an 

assay medium containing 290 mM glycine - 232 mM hydrazine 

buffer pH 9.0, 0.97 mM ADP and 1.6 mM NAD+. The reaction was 

started by 4.5 I.U/ml glutamate dehydrogenase (ammonium ions 

free). The total volume of the assay .mixture was 1 ml. The initial 

value of the absorbance was read before the start of the reaction and 

the final on read after about one hour when the rat of hang of 

absorban was zrro. All m .. sur m .nts w r . don at 340 nm. 1 h 

r .a U n (. ss. y for wa. :-

COli 
L-p;lutama II Al I I 

2.7.4 Aqparta ~ 

1 
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GOT 
L-aspartate + aKG , h Oxaloacetate + L-glutamate 

MDH 

NAD 

Malate 

The values of the absorbances were read at 340 nm. 

2. 7.5 Acetate 

Acctat was assayed ess ntially as d scried by r~m yer 

(1974) in a rracUon mix.t r onsistin~ of 0.15 M trt thanol. mine 

huff r piT 7.G. 10 roM L- 1 1. . 0.40 m oA. ll, r::. n M AT • 

l. 3 Mp;Cl2 lm NA +, 4.0 I.U/ml L Il. r..o I. /ml Ml 1£. r· 

I.U /ml phoc;p on • yl" tran~f ra . 5.0 I. /ml itra 

I. U /ml a tat kinas • <. nd the •xlrac . 'I ht' reac ton ''•l, st~u t 1 

a di ion of a • at kina . Th of addit1 n \'as: - I•in"t th' 

buff r con aining mala . g2 . AD , II, Tl , n II and 

x rn wa pip· t d in u 

. t .. bil"z at d a or an r tt bt 
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PTA 
(b) Acetyl phosphate + CoASH---~>AcetylCoA + Pi 

cs 
(c) Acetyl Col\ + OM + H20 ---~Citrate + CoASH 

MDI-I 
(d) Malate+ NAD+ >OM+ NADH + H+ 

The overall reaction in the cuvette was :-

MDH 
Acetate + ATP + NAD+ + Malate-----.--~ Citrate + ADP + H+ + Pi 

The amount of acetate was estimated by using the formula 

b low which has been d scrib d arli r ( .. e sub s tion 2. 7). 

1\F:a · talc whl h is the hnng in 

th .x r. w, s .. Irul~ lrd ns follows: -

/\En alt = 

tat in 
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2. 7.6 Glycerol 

Glycerol was assayed in a medium containing 0.19 M glycine-
0.69 M hydrazine buffer pH 9.5, 5 mM MgS04 , 2.3 mM NAD+, 5 
I.U/ml of glycerokinase and glycerol-3-phosphate dehydrogenase 
and 0.02 ml of 'the extract. The reaction was started by addition of 
4 mM ATP. The final assay volume was 1 ml. The initial value of 
absorbance was read 340 or 365 nm before starting the reaction 
while the final value of absorbance was taken at the end of the 
reaction. The reaction in the cuvette was as follows:-

GK 
Gly rol +AT --~>Gly rol- p 

2.7.7 Succinate 

po 

0.02 

in .. wa 

u 

+ p 

Il +N Il Jl 

. n1 un nt.l 1 il g r:: mM 

• l d 
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10% trichloroacetic acid. A volume of 4 mls ethyl acetate was 

added into each tube and the mixture shaken vigorously for 

approximately 30 seconds. The tubes were then left to stand until 

the ethyl acetate layer cleared. The ethyl acetate layer was 

removed with a pasteur pipette and its absorbance read at 490 nm 

against ethyl acetate as a blank. All incubations with and without 

SHAM were read at this wavelength. 

' 
The extinction coefficient was taken to be 20.1 x 106 cm-1 

moi-l) (Pennington, 1961). 

Th amount of succinat produc d wa. tim~ t d • . follow 

c = X 
20.1 v p 

wh r c = Amo n of uc matt: l 1 odu d in 

~mol 

20.1 = fl'Tu ctl l 



53 

2.8 PROTEIN DETERMINATION 

The amount of protein was determined by the method of 

Lowry e( al (1951). A standard curve was constructed using 

crystalline bovine serum (fraction V-essentially fatty acid free) 

obtained from Sigma Chemical Company. The curve was 

constructed with standard BSA samples ranging from 0 Jlg to 40 Jlg 

which was found to lie within the linear range. A solution, A was 

perepared by mixing 50 ml of 2°/o (w /v) anhydrous sodium 

carbonate, 0.02% (w /v) potassium-sodium tartrate in 0.1 M sodium 

hydroxide and 1.0 ml of 0.05% (w /v) copper sulphate solution. 

This was don whcnev r prot in cone ntration was to be 

d t rmln d. A solution was pr p r d by dil t1 f!. F lh -pl n l ( 

Folin-Cio alt u) n·a~ nt with dl ill d w ( r ' l : . 1 

a h pro •in sampl .an appropri t volum • of w'\ r w·\s < cl • 

follow d by 0. 77 mls of solu ·on A. hak n th r ughl 

Aft r t n min t s 0.08 ml of solution 

thoroughly and incu a d for thirty minu 

was l ml. Aft r thirty min th . 

P rkin Elm r 5SO - U 1 I •i p 

w~ s • ddl d, shaken 

Th tot. 1 • , :1 t lume 

t 7 
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CHAPTER THREE 

GLUCOSE CATABOLISM IN PROCYCLIC TRYPANOSOMA 

CONGOLENSE 

3.1 EFFECT OF VARIOUS METABOLIC INHIBITORS ON 

RESPIRATION BY TRYPANOSOMA CONGOLENSE 

PROCYCLICS UTILIZING GLUCOSE AS SUBSTRATE 

3.1 .1 Respiration on glucose and the effect of SHAM 

The ff t of SHAM on the oxyg n 

ongol n e procy ltc w tnv 

ddition of SHAM to n 1 u a lion 

trypanosomes cau ed a d crea in th r t of 

on umption by T. 

ur 1 ( ) h w th t 

n t ·tfni n r r s 1 iltn 

n tm n. 

The figure shows that the rate of re plra ion d r · 1 

to 6.37 nmol/min/mg protein. From 

th rate of oxyg n con umptfon d r 

+ 1.0 to .6 + 0.5 nmol/min/m - -
. in lbltlon o .2 

1 min. tt n · 

fl Ill 1 .3 

nt d , 

ult 
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Table 1 

Tlte t'ff ·ct. of various metabollc Inhibitor~ on th< r. t' of 
oxy~~en con<.:umptlon ofT. congol "ns procy l1 s utlllztn~ glu os . 

I. olat ·d 'ypanosorn · w ·r · w h ·d r: ttm • , nd susp nd ·d 
in PS ~. 'liH·y wetc· h·1 tn 10 u nto th1 dt ·trodt. ·hambe:.r 

t ·fo1 
.. 'lh,ra< 

of v· o 1 n ~ oll 

n ur l( ) - (1). 

or Jnlnu h nd, r 

of r . piraUorl 

inhlbilors w •rC 

1 h re ults arc 

d vl tlon. ThC 
ndl h o 1 n unb r of p r"lt 
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Table 1 

Initial Rate Inhibitor added Rate of oxygen Percentage 
ofoxyg n consumption Inhibition 
onsumptton after addition 

nmol/min/ of Inhibitor 
mg protein nmol/min/mg 

protein 

10.3 ±_1.0 (6) SHAM 6.6 ± 0.5 (6) 36.2± 4 2 ( ) 
11.1 ± 0.3 (5) KCN 5.1 ± 0.5 (5) 54 .1 - 5.5 (5) 
10.9 ± 0.3 (6) KCN+SHAM 1.6 ± 0.2 (6) 85.3 1 (6) 
10.6 ± 0.4 (5) Malonate 7.1 ± 0.2 (5) 32.3 ± 1.9 (5) 
10.8 ± 0.3 (3) Malonate + SHAM 3.5-0.2 (3) 67. 1 ± 0 9 (3) 
10.6 ± 0.8 (5) Antlmycln A 6.4-0.8 (5) 39.4 ± 4.2 (5) 
10 7 ± 0.9 (4) Antimycin A+ SHA.\11 1.5 .:t 0.5 ( ) .3 4.2 (4) 
10 4 ± 0.4 (3) Antlmycln_ A+ Malonal 2_ 0.3 (3) . .7 :± ( ) 
10.5±06(3) Rotenone 10.0 _0.9 50 ( ) 



Figure 1 (a) 
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The effect of SHAM on the rate of oxygen 
consumption by Trypanosoma congolense 
procycUcs utillzing glucose as substrate. 

A suspension containing 1.1 x 108 trypanosomes (equivalent 
to 1.07 mg prot ln) was introduced into the chamber housing the 
oxyge• <:1<. trod ontatntng 1.2 mls PSG. A steady (linear) rate of 
oxy ·n con umptlon wa noted. SHAM was then added to a final 
con ·ntJ aUon of 0.5 mM (Njogu et al, 1980) and the new rate of 
oxy 1c n ·onsumptton r .cord d a shown. 

lgure (b) ff ct of KCN on r te ,of oxy n con umption by T. 
ongol procycllc utlllzlng glucose as ubstrate 

A 11 J> 11 1 n U ' lnh 7 . 107 >no om (cqulval nt 
no th h rn ing the 

. A dy r of oxyg n 
d In o hamb r · o fin l 

n 0) nd th n r t of 



PSG 1·1 x108 tryp anosomes 

t 
SHAM 

132 nmoles 

I . I 
3mtns 

F1 g ure 1 (a ) 

PSG 
1. 6 107 t rypanosomes 

I U ( ) 
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3.1.2 The effect of cyanide on the respiration by T. congolense 

procyclics utilizing glucose 

The effect of cyanide on the oxygen consumption by T. 

congolense procyclics utilizing glucose as substrate was also 

investigated. The addition of cyanide inhibited the rate of oxygen 

consumption. Figure 1 (b) shows that the rate of oxygen 

consumption decreased from 10.90 to 5.6 nmol/min/mg protein on 

addition of KCN. From five separate experiments the rate of oxygen 

consumption decreased on the average from ll.l + 0.2 to 5.1 + 0.5 

nmol/min/mg protein. These r pr s nt d a per entag inhibition 

f 54.1 + 5.5% (Tabl 1). Thi b rv._ tion u sts tl of 

yt chr xid.. w i .h u ually i 1 ibil d b ntd 

In inl ibilion f oxy f n tmp i n y t ·uHd has 

n bs rv d in T. bru ei pro y ·li s ( j fu t al. l ). 

3.1.3 The effect of a combination of cyanide and 

respiration 

'1 l Otl 

(01 

on th 

(l ) (. 

1 

l·t ltlll 

l.' 
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Figure l(c) Effect of a combination of SHAM and KCN on the 

oxygen consumption by T. congolense procycllcs 

utilizing glucose as substrate. 

on t lnln 1. 1 x 1 0 try p ~ n m was A u p nston 

tntrod . ·d into th oxy .n 1 :c [ d h mb r pr ·- q 111bratcd 
wHl 1.2 ml of P 'I h . r tl · o r plr Uon ·for and after 
ad UJon a omb ll'ltl nd KC to a final on enlratlon 

m r rd d a hown. The 

.1 .07 mg prot in. 



PSG 1. 1x108 trypanosomes 

l l 

In nmoles 

1
3 

. I 
mrns 

(c) 
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are shown in Table 1. These results suggest that procyclic T. 

congolense possess at least two terminal oxidases : the SHAM 

sensitive oxidase and the cyanide sensitive oxidase. The SHAM 

sensitive oxidase is insensitive to cyanide and vice versa. Results 

suggesting the presence of at least two terminal oxidases have also 

been obtained from studies using T. b. brucei procyclics. It is 

concluded from this investigation that the SHAM and cyanide 

insensitive respiration could be due to another terminal oxidase, 

probably cytochrome o proposed by Hill et al (1972) in procyclic T. 

brucei. 

3.1.4 The effect of malonate on the respiration 

h inv lv m nt f in 

r spir ion. th ff t of malon t n th o g 

congol nse pro y li in bat d wi h gl 

urlng s .quential addition of malonat 

w s a gr, ual d .r ( s in th 

f pto 25 m 

n llnJ 

7 

h In 

T. 

was in' ·og· t d . 

nrt d th. l tlu r 

1 • ddHt n 

f nt t 1 l 

1 

II 

O{ 



61 
II 

Figure 1 (d) (1) I~ffc t of in r asing con ntr Uons of 

rnalonat on th rat of o yg n on umptlon of 

pro -yell T. congol ~n ullllzln lu ost .. 
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Figure l(d)(ll) Effect of malonate on the oxygen consumption by 'f, 
congolense procycllc utilizing gtuco e a ubstrate 

l 

A u p :n Ion or l'llnln . 1 

0. ) r 1g p ot ·tn) w . h hod 

( quival nt 

h t th o y n 1 trode 

wl h 1. ml of 1 nd th rate of 

ion of 25 mM malonate was 

p r on rmln d. 
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These results suggest that succinate dehydrogenase (which is 

competitively inhibited by malonate) is involved in the catabolism of 

glucose in T. congolense procyclics. It could be inferred that 

reducing equivalents derived from glucose catabolism are oxidized 

by molecular oxygen via succinate dehydrogenase. 

3.1.5 The effect of a combination of malonate and SHAM on the 

respiration 

The effect of a combination of SHAM and malonate was also 

investigated. It was found that this combination inhibited the rate 

of oxyg n onsumptlon by the parasit s mor than ny of th 

inhibitor singly. Ftgur 1 ( ) hows th t thi ombtn._ U n r du d 

the rat of oxyg n on mptton from 10.9 t 3.4 nm 1/mln/n"' 

prot in. From three separate determination ombin u n f 

malonate and SHAM decreased the rate of o ·yg n on ·umptton 

from 10.8 + 0.3 to 3 .5 + 0.2 nanomol/min/m prot ln . Tht 

r pr s nted a per entage inhibit on o 67 .1 _ 0 . %. Sin n t 

alon inhibit th r ptraUon by 3 .2 .2% nd m. lon. tt b 

32.3 l. % ( abl 1). it oul · l 

. 1. 

hy ro n 

In 

u 



II 

64 

Figure l(e) Effect of a combination of malonate and SHAM on the 

rate of oxygen consumption by T. congolense procyclics 

ut.Uizing glucose as substrate. 

A · ·p ·nslon containing 3. 9 x 1 Q7 trypanosomes (equivalent 
to 0.44 mg prot In) was introduced into the chamber of oxygen 

le trod pr quilibrat d with 1.2 mls PSG and th rate of oxygen 
uptak not d. 1'w nty flv mM of m lon t w th n add d 
follow d with th addition of 0.5 mM SHAM. 1 h r t of oxygen 

n umptlon w ag in not d. 

i, ure (f) ffect of antimycln A on the rate of oxygen consumption 

by T. congol nse procycllcs utllizlng glucose as 

ub t te 

1 O' t n om ( l , v 1 nt 

h , h pr -
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3.1.6 The effect of antimycin A on the respiration 

The effect of antimycin A alone on the respiration was also 

investigated. Figure 1 (f) shows that addition of antimycin A 

reduced the rate of oxygen consumption from 10.7 to 7.2 

nmol/min/mg protein. From five separate determinations it was 

found that antimycin A reduced the rate of respiration from 10.6 + 

0.8 nmol/min/mg protein. This represents a percentage inhibition 

of 39.4 + 4.2%. These are shown in Table 1. These results suggest 

lhal some reducing equivalents derived from glucose catabolism are 

oxidized via cyto hrom b and cyto hrom 1 . In ompl t 

tnhtbttfon of oxyg n on umptton by nlimy in A h. Lo b . 

b rv d In T. bruc l pro y .It (Nj g t al. 1 c ) . 1t t ugg( st 

lh t n 1 ' tr n transport h in \ ith b '1 1 

yt hr m c1 Is pr nl in pr eli T. con ns . 

3.1.7 Inhibition of respiration by a combination of antim n and 

SHAM 

'I h r, of x g t n m lll n II tl 

n 

d 

l 
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Figure l(g) Effect of a combination of SHAM and antimycin A on 
the respiration by procycllc T. congolense catabolizing 
gtucose. 

A su p 'J sl n ont lnlng 7.3 x 107 trypanosomes (equivalent 
I() . 7 4 mg prolC'ln) was lntroduc d into the chamber housing the 
xy 1( n ·1 rtr d ontaln1ng 1.2 ml SG and the rat of r plrauon 

rwtt'.d . 'I ·n ml rolltr of 100 mM SHAM w th n add d follow d 
with th · addftton of 10 J.!l of 10m /u 1 mth 1y .tn A. Th r, t of 
re ph • tJon wa tl n d t ·tmln ·d . 

ur l(h) . t of combln ion of m on te nd antimycin A on 

. ongol nse procycllc 

e 
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suggest that most of the reducing equivalents derived from glucose 

catabolism are oxidized by SHAM sensitive oxidase and via the 

antimycin A sensitive complex II of the electron transport chain. 

3.1.8 The effect of a combination of antimycin A and malonate on 

the respiration 

The effect of a combination of antimycin A and malonate on 

the rate of oxygen consumption by T. congolense procyclics 

cal bolizing glucose was also investigated. When these metabolic 

inhibitors w r added. th y caus d a de r a e in th rate of oxygen 

n mpli n. • igur 1 (h) hows th t addition o th sc i hibitors 

r .d ·d l e r, t · of r · pir ti n r m 1 .5 t .2 1 mol/min/m 1 

pr t in. ·rom thr s par at d • ·rminati n . h r·tt f 

r spir Uon was r d d on th av rag from 10. ± 0. to '.2 

nmol/min/mg prot in. This r ml tbltl n of 

40.7 + 0.8% {Table l) . This d e i Hhin the 

m 

lon 

rang a 

M 

th t or r 

timy · 1 A , lo . 

11 l11l II 01 up n 

L 

pirali n in tl pr nlim ' l' n , 

.• u ( d l. 

. %. 

Ill 
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3.1.9 The effect of rotenone on the respiration by procycllc T. 

congolense catabollsing glucose 

The effect of rotenone on the oxygen consumption by 

procyclic T. congolense was investigated. Figure 1 (i) shows that 

addition of rotenone caused a negligible change in the rate of 

oxygen consumption. From 3 separate experiments rotenone had 

the effect of decreasing the rate of oxygen consumption from 10.5 

+ 0.6 to 10.0 + 0.9 nmol/min/mg protein. This represented a 

decrease in the rate of oxygen consumption by 5.0 + 3.8% (Table 

1). These results suggest that either procyclic T. congolense do 

not have the NADH dehydrogenase s gment tn th ir 1 tron 

tr n p rt haln or that th NADH d hydrog n in th tt 

t modifl d su h that rotenone do s not hav n tt. It 

o ld also suggest that electrons deriv d from glu o at li m 

are chann lied to molecular oxygen via another it and n 

through the NADH dehydrogenase. 



Figure 1 (l) 

It 
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Effect of rotenone on the respiration by 

procycllc T. congolense catabolizing glucose 

A su pension containing 2.56 x 107 trypanosomes (equivalent 

to 0.33 mg prot ·in) wa introduced into th hamb r housing the 

oxygen ·1 ·ctrod .ontalntng 1.2 ml P nd th r t of r pir uon 

not ~d. Hot ·non wa th n add .d t c nnal on nlr on of 5 ~M· 

·111; 1 t · o th · r · ptr. llot wa a atn lh ·n t ·rmln d. 



PSG 2 6x107 trypanosomes 

l j 
Rotenone 

I 2 nmol 

F 1 ur ( ) 
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3.2 ENZ'YMES FOR THE CATABOLISM OF 

PHOSPHOENOLPYRUVATE DERIVED FROM GLYCOLYTIC 

INTERMEDIATES IN PROCYCLIC T. CONGOLENSE 

All mammalian parasites catabolize glucose via the classical 

Embden-Meyeroff pathway to phosphoenolpyruvate. Thereafter 

each organism has adopted different metabolic mechanisms for the 

reoxidation of NADH generated from the oxidation of 

glyceraldehyde -3-phosphate (GAP) to 1, 3 diphosphoglycerate 

(Fairlamb, 1989). 

In this study th tiviti of om nzym lik ly t b 

involv d in th ·at boli m of pl osph nolpyruv. t in pr y li T. 

congolense was inv sugated. The nzym s whos' a 'llviU , w 1 

investigat d wer pyruvate kinas~. phospho nolp ruv t, 

carboxykinase, lactate dehydrog nase, pyru at d "'h dro l ·n .. s . 

su inat d hydrog nas . NADP-link d m. lie nz_ rme. AI linkl' 1 

mali nzyme. fumar se. fum. r t 

d hydr g nas . . .tat 

T bl II sl ow th ~P ( tl 

' l h(• pt If I 

tl 

r du t c. m · 1~ te 

l.tt.lt 

tl.u 

h 
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phosphoenolpyruvate may involve phosphoenolpyruvate 
carbox:ykinase, pyruvate dehydrogenase, succinate dehydrogenase, 
fumarase, NADP-linked malic enzyme, fumarase, fumarate 
reductase, malate dehydrogenase, acetate kinase and a­
ketoglutarate dehydrogenase. This will discussed further in a later 
section. 
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Table ll 

Specific activities of some enzymes likely to be involved in 
the catabolism of phosphoenolpyruvate by procyclic Trypanosoma 
congolense. 

Isolated trypanosomes were washed five times in PSG and 
th .n lysed with 0.1% Triton XlOO. The samples were then 
c ntrlfuged at 1000 g at 4°C and the resulting supernatant assayed 
for th cnzym acUviU hown abov . Th a say t mperatures for 
all d .termination wa 2soc. Th r xpr ss d as mean 
plu or mtnu t nd rc.l d ·vtatlon. 'l11 numb r in bra k ts 
r pr · ·nt lh tot I n u l r of p \rat . d t rminauons. 



Enzyme 

d t rd1·o n 

bl II 
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Specific activity in 

nmolcs/min/mg protein 
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3.3 END PRODUCTS OF GLUCOSE CATABOLISM 

The end products of aerobic glucose catabolism w re 

pyruvate, : acetate and succinate. During anaerobic glu os 

catabolism (simulated by the addition of SHAM), th end produ ts 

detected were pyruvate, acetate, succinate and glycerol. Tabl III 

shows the end products of glucose catabolism in the presenc and 

absence of SHAM. 

In the absence of SHAM the mean rates of pyruvate, acetate 

and succinate production were 0.218, 0.425 and 0.0·18 ).l.moles/30 

min/mj!, protein rcspcctlv ly. In th pr s n of IIAM th m L n 

rat s of produ tion of pyruv. t . , • 1 d su 

0.144 an 0.0 J.l.ITl I s/30 min/m~ p1 ote n 'J l t 

di ·on of SI Ii\ also 1 ·d t rm" U 1 of plvc l'l ol at a rllt :\n t :ttl c\1 

0.147 )lmolc /30 min/m~ prot in. ·1 I u he 1 

aus d a d cr as in th ra 

bu i 1 d o an in r a 

·rom 

h ola 

o produ lion ot I 't \lVatt• .md ' \l't•tat • 

. t of 1 d u U n of tH t lnatt . 

ru tJ 
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End Products of glucose catabolism by procyclic 

T. congolense in the presence and absence of 

SHAM 

Every sample of freshly isolated trypanosomes was divided 

into two. One of these was deproteinized immediately with PCA 

(f. . t z ro time). Both of these were then incubated in PSG for 30 

mlnut s. The previously undeproteinized portion was then 

d prot fntz d with PCA after the incubation period. They were 

th ·n pro . d for m tabolite a says as d cribcd in mat rials and 

m ·thods. All th r ult rr t d for z ro tim . The r suits 

ar xp1 e d a m , n plu 01 mil u tand rd d vt. tton. The 

ln br•t k t 1 p• nt th tot 1 n mb r of parate 

d t 'I Jlllll 'll I Hl . 
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End Products of glucose catabolism by procyclic 
T. congolense in the presence and absence of 
SHAM 

Every sample of freshly isolated trypanosomes was divided 
into two. One of these was deproteinized immediately with PCA 
(l. . at z ro time). Both of these were then incubated in PSG for 30 
mlnut s. The previously undeproteinized portion was then 
cleprotelnlz<:d with PCA after the incubation period. They were 
th n proccs ed for m tabolit a says , s de ribed in materials and 
nwthod . All th r ult w r corr t d for z ro time. The r suits 

tandard d viatlon. The 
fltur In l r H k t r pr nl th tot 1 numb r of parate 
d · ·r mln &tl u • 
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End Product Rate of produ tion in J.lrnoles/30 min/mg protein 

NO SHAM PLUS SHAM 

Pyruvate 0.218 ± 0.01 ( ) 5 + 10 (7) 

A etat 0.425 ± 0.023 (4) . 1 l 1 ('/) 

Glycerol ot d t ct d . 147 7 ( ) 

Succinate 0.048 ± 0. l7) 0 . 1 (7) 

bl III 
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3.4 DISCUSSION 

3.4.1 Tenninal Oxidases and the electron transport chain in 

procyclic T. congolense catabolizing glucose 

The NADH formed during the catabolism of glucose in the 

bloodstream and procyclic Trypanosoma brucei is reoxidized by 

molecular oxygen (Fairlamb and Opperdoes, 1986). The reduction 

of molecular oxygen involves the GPO alone or the GPO in 

combination with cytochrome aa3 oxidase and another oxidase 

probably cytochrome o (Hill . 1972). 

In this t 1dy pr .y lie Tr!Jpanosonza ·onq lens ) also n spi d 

n rJucos • ju t as T. bru · ~i pr < eli< s (Njogu t Cll, 1 ) 0) I nell<. a ling 

that mol ·ul· r oxy r ·n uld b a t ·rmilnl ·h·( lt on HT ·pllH. 

Rot none had no t on tht r ph. liOn { • i un· 1 (i)). ' I hi 

ha also b n r port d 11 t h > 1 1 Ol 'the T. lJ1u< e1 

( utt .rid e nd oomb . 1 77). V1H, lt.l ( l 

pro 1 o d ll t tl 
tl l ll lhlltt th. t 

tl ~ m nt 

J 
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(determi ned as NADH-ferricyanide reductase) has been sho 

In T. cruzi and which is also insensitive to rotenone present . 

ns et al, 1986) but its specific function is not clear. 1he (Bove · 

f Y rog nas may trnnsfer electron to NADil linked 
NADH deh d 

reductase rather tha ubiquinon {Turrcns a d Vill• ](a, umarate 

1989}. I t would appear that procyclic Trypanosoma congol n 

could also . . . reduce molecular oxygen using a suntlar mechamsm as 

proposed in procyclic T. brucel and epimastigote T. cruzt. that 

This · •s represented in Scheme IV. ouring glucose catabolism the 

mg equivalents from NADH could be channelled to fumarate reduc· 

to produce 
succinate which can in turn b reoxtdiz d by th 

senstltve succinate d bydrog na Th r du d lllalonate . . ~ 
e dehydrogenase then transf rs th r du ·ill' qutv·•lc l 

10 

succinat 

Ubiq . umone and eventually to mol ular ox gcn "' ih< ·I< "

11 1 11 

port chain. This contrasts with th ca in m·uunl'liHut ',n . trans 
Where th 1 11 cl ia 

e redu ing equival nts from NADil • r ,ann<' 

1 

n se to ubiquinon '" d e enluall IO moi<'<'"l.n 

s ob rv d to il hibil the n opil a (loll ll :lO. I · 
NADII dehydrog 

oxyg n. M Ion 

34.2%. This indi 

n dtH il I l qui r,lh nt. ' It 

t . 
r ox· l lZ thr u ll 

ob 1Hil t} 

(I th Jl p11·lll II 

d1l I 
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(determined as NADH-ferricyanide reductase) has been shown to be 

present in T. cruzi and which is also insensitive to rotenone 

(Boveris et al, 1986) but its specific function is not cl ar. The 

NADH dehydrogenase may transfer electrons to NADII linked 

fumarate reductase rather than ubiquinone (Turrcns and Villalta, 

1989). It would appear that procyclic Trypanosoma congolense 

could also reduce molecular oxygen using a similar mechanism as 

that proposed in procyclic T. brucei and epimastigote T. cruzi. 

This is represented in Scheme IV. During glucose catabolism the 

reducing equivalents from NADH could be channelled to fumarate 

to produce succinate whi h can in turn b 

malonat s n itiv su d hydrog n 

s dehydr gen~ th n tr. n f r s th 

r oxidiz d by the 

Th r du d 

bi l 1in n and v ·ntu·lll t mol ·c d · 1 o. g t 11 t ht tit { tt n 

transport h in. This nlra t w1th lh • ·a m mamtwtli m < 11 

wh r th r du ing qui c 1 nt from 'll" n 

NADI I d ·hydrog n~ 

OJ\..)'g n. M .. Ion t 

4.2%. 'I h 

to ub qumorH ~ 1 l •en tuall ' to molt• ·uta1 

1l lht ll' pu: tmn b • 'l . l -

U Idttll l tqutv,1hnt s: tl 

t I 

1 
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congolense have also the GPO system as a terminal oxidase because 

it is the GPO that is usually inhibited by SHAM (Opperdoes et al, 

1976). This is consistent with observations in other 

trypanosomatids (Fairlamb and Opperdoes. 1986). There was, 

however, 13.1-16.3% of the respiration which was insensitive to a 

combination of KCN and SHAM. A similar observation was made in 

procyclic T. brucei (Hill, 1972, 1976, 1977; Njogu, et al, 1980). 

When antimycin A was added to the respiring procyclic T. 

congolense it inhibited this respiration by 35.2-43.6%. It was 

interesting to note that a combination of SHAM and antimycin A did 

not result. in omplct Inhibition. This ombinntion inhibit d the 

r ptr tion by 82.1 - 0.5%. Thus ab ut .5-17. % wa. till 

in ns1Uv • to a omt fnation antlm in A ancl IIAM. This 

sugg sts that th yanid I HAM ins 11 ·1t1v • 1 pit ·ttl n 1 · al ·o 

ins nsitiv • to an tim in A . '1 he ~ 'HnHh· / I lAM 111 < 11 1t 1 

r spira lion in procyclic T. bnl i he bt: n attn u t ·d t l yt ·h 1 0111 

0 {Hay and ro , l 72: I 11, l, 7 ). lltll ( 1 7'1 ) pr posed a 

bran .h d l ·< tron tr 1 p rt h. it 

off 

l I 

It 

I 

1. 

tl1 ltiVt llt . 

nl l t h 
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some electrons are channelled to ubiquinone through a rotenone 

insensitive NADH dehydrogenase. 

From their results, Njogu et al (1980) proposed that the 

electron transport chain in procyclic T. brucei is branched and has 

at least two terminal oxidases : cytochrome aa3 and the GPO. The 

electron transport chain could branch at the ubiquinone region and 

be reduced by the G-3-P dehydrogenase component of the GPO 

(Scheme III). From this investigation it is not possible to say 

conclusively whether the electron transport chain and GPO in 

procyclic T. congolense are bran h d or parall 1. It is, how ver, 

possible that pro y li T. congol ns also hav a bran h d 1 ctron 

tr n p rt h in imil, r t tl <. t of pt oc rli T. bntc >f thou ,h thi 

w not inv \ :1 

inhibit d with SHAM th f 

e uivalent to th to al mol· r · m u1 l o p ' I uv· t '\ ' ·tat n 

su inate. In [, t th tot l p •ruvat . "H tatt• anti ' lH' 'inat • to 

gly rol mol r r tio 3: 1. 

'1 ir tl t ( , • • - P) 

7 ) 

ll 

lltt• 

lt , II l 
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3.4.2 Pathways of catabollsm of phosphoenolpyruvate derived from 

glucose oxidation 

In their studies, Opperdoes and Cottem (1982) reported that 

glucose consumption in procyclic T. brucei is accompanied by co2 

fixation. This explains the excretion of significant amounts of 

succinate under both aerobic and anaerobic conditions (Bowman 
' 

1974: Ryley, 1962). Opperdoes and Cottem (1982) observed high 

activities of PEP-carboxykinase and the NADP linked malic enzyme. 

Klein et al (197 4) also provided evidence for the presence of 

phosphoenolpyruvate carboxykinase in Crithidia fasciculata, 

Trypanosoma mega and th procyclic form of T. bruc f. They 

r por d thnt th mo t . l~nlfi ant nzyn1 f PEP tab ltsm w r 

EP c r oxykin. s . ; d wli r zy1 1t . 

In hi inv sti~a ion using T. no I n • It \ ~ 

obc; rv d hat PEP ar o. ·vkin·1 l nd ignlfi 'at t . .l h (. l )\ 

ac ivi i s o p ruv. nd I. ta . dt h dr ' n. (Tal lt• II) 

ugp, ha 

p. vs a p 
l 

l H 
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in the production of malate. Malate then undergoes oxidative 

decarboxylation to form pyruvate in a reaction dependent on either 

NAD or NADP. Since no significant activity of NAD-linked malic 

enzyme was detected it is possible that it does not contribute 

towards pyruvate formation. This would imply that NADP-linked 
, 

malic enzyme is the major enzyme that contributes towards 

pyruvate formation. Some of the pyruvate is excreted and the rest 

oxidised in the mitochondria to acetylCoA via the pyruvate 

dehydro,genase catalysed reaction. The acetylCoA could be 

converted to acetate as follows:-

PTA 
Ac tylCoA + Pi -------7"0 tyl pho ph. t + CoA II ( 1) 

AK 

A y1 hoc;ph" + AD ----~ tnt + i\Tl ( . ) 

A similar pa hway of a ta nn. ti n ha ~ 

Trichomonas uaginalis (St In u h I • nd ) (a) and (b)). 

It was. ho"' v r. no po ibl t d mo t1 t 1 

iv of n lt n t u in , tl 

od 
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fumarase 
Malate+ HzO--------~Fumarate ( l) 

FR 
Fumarate + NAD+ ---------}> Succinate + NADH (2) 

The result_s of this investigation are consistent with Scheme 

VII. It is a modification of Scheme II. This scheme shows that the 

reducing equivalents (NADH) generated from the oxidation of GAP 

may be reoxidised by DHAP to form G-3-P. Under aerobic 

conditions or in the absence of SHAM the G-3-P could be oXidised 

by molecular oxygen to form water and DHAP. This could explain 

th s nsiUvlly to SHAM during th at bolt. m of glu o This 

suggests that th r is no c umul~ tton f C -3 -P .. nd h n p:ly r 1 

nnno procl 1r d u d nditt n , . I I w v r. r 
th int r onv r. ion of HAP h • NJ\. w uld :-;t 11 b 

r du NJ\ 

via thr GPO. 

Und r ann .robi co ditio rh I • :-> nl ilt tl d 

by JIA . h I 0 liz t1 t 

Thi tl n 
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dehydrogenase reaction and the · glycerol-3-phosphate 
dehydrogenase reactions both of which reoxidize NADH would 
seem to be competing reactions during anaerobic conditions. 
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Scheme VII 

Proposed pathway for the catabolism of glucose by procyclic 

Trypanosoma congolense. [Adapted from Fairlamb & Opperdoes 

(1986) and Kiaira and Njogu (1989)]. 

Th nzym s shown are:-

1. fkxokJn c 

2. 

3. 

4. 

lye rol 3 phosphate : Glucose transphosphorylase 

Phosphogluco lsomcras 

Phosphofructokln( . 

Aldol( . 

f:>. '1Ilo : pho ph• t t om ·1 • 

7 . ~ty · ol-3 -ph ph •tt lr n 

8. .Iy •J okln. 

pl 

I 



Glucose 

ADH-

:~=DP 
GOP Hp 
tADP co 10 

PEP ATP 

2~ 20 

I 

3PGA p Glycerol 
1 1 

Scheme VII 



87 

CHAPTER FOUR 

PROLINE CATABOLISM IN PROCYCLIC TRYPANOSOMA 

CONGOLENSE 

4.1 EFFECT OF VARIOUS METABOLIC INHIBITORS ON THE 

RESPIRATION BY PROCYCLIC TRYPANOSOMA CONGOLENSE 

UTILIZING PROLINE AS SUBSTRATE 

4 .1.1 Respiration on proline and the effect of SHAM 

Th • ff t f HAM on th oxyg 1 .onsumption by T. 

ngol "r1 • pro< y .li s ut ilizit g pt lit l ~ 1:l ubstt · tl w~ 

I• i 1ur 2('1) show hal 

n riigibl hang in th • r' t of o.·y r n or sumpl1 n. I•t m f ur 

pc rat xp rim nts SI lAM h m 1 th 1al ol 

oxyg •n ons unplion from 12.8 _ :l . l .·1 nmol/mm/m~ 

p r l in . This r • p r s · 1 t c , d m t h r, 1 

o umptiOI 1 2. 2.3% 0 bl I r). Ti 11 

pr 'J. ( nqol n r l ut liz tl 

Ill 

• J • h 11 

1 
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II 

Table IV 

'I h · eff · of various m taboli Inhibitors on th rat of 
xy1-~en cons unpUon of T. congol :)nse pro ycli s utilizin~ prolin 

Isolated t.typano omc w · w •tslw tv . lim , nd . usp nded 
in PS JHOlin<·. '1 h ·y w r · th · \ 

. f'll ' ll J('t , tl 0 

ton b ·fo · 'Ul 

n br k 

duc-t d It t th • o. yg •n 

tilt 1.2 ml f I pr linc .. 

r ,- lH ' i lch wn f various 

1 own u hgur 2(a) - (g). 

pl or ntnu h · and· rd 

In lc · h tot' l numh r of 
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Table IV 

IniU.l Rat Inhibitor add d Rate of oxyg n p r ntag 

ofoxyg n con umptlon 

on umpuon , 1l r • ddttion of tnhlbttton 

in nmol/mJn lnhlbttor in nmol/ 

/mg prot In mln/m prot In 

12.8 ± 0.6 (4) SHAM 12.4 .± 0.5 Hl 
13.5± 12 (4) KCN 2.5 ± 1.0 ( ) 

12.8 ± 0.5 (6) Malonate 6.2 .± 0.4 (6) 

12.9.± 1.8(3) AnUrnycln A 3.5 ± 1.3 (3) 

12.8 ± 0.5 (3) Anllrnycln A+ Malonate 2. ± 1.0 (3) 

12.0 ± 0.7 (4) Malonate + KC 1.8 _0.9 ( ) 

11.3 ± 1.0 (3) Rotenone 11.0- 1.2 (3) 
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Figure 2(a) : Effect of SHAM on oxygen consumption by T. 

congolense procycllcs utilizing proline as substrate 

A suspension containing 6.6 x 105 trypanosomes was 
introduced into the chamber containing the oxygen electrode pre­
qutlibrat d with 1.2 mls of PS proline. The rate of oxygen 
on umptton before and after the addition of SHAM was recorded 

:1 hown . IIAM was added to give its final concentration of 0.5 
mM. Th trypanosomes added into the chamber were equivalent to 
0 .32 mg prot ln. 

ure 2 (b) : Effect or cyanide on the rate of oxygen uptake by T. 

ongol procycllcs utlllzlng proline as substrate 

ont in! 106 trypano om wa 

In h dl n l r on alnln th oxy n · l trod pr -

l. rolln n th n 

of 

uv t .2 



PS PROLINE 

~ 

tryp anosomes 

132 nmoles 

I . I 
3 m1ns 

Figure 2 (a) 

PS PROLINE 9 9x106 trypan osomes 

Il2 nmoles 

'3 . I mms 

I U 2 ( ) 



91 

the rate of oxygen consumption decreased from 14.9 to 3.0 

nmol/min/mg protein. From four separate determinations the rate 

of oxygen consumption decreased from 13.5 + 1.2 to 2.5 + 1.0 

nanomol/min/mg protein. The percentage inhibition by cyanide 

determined from the same number of determinations was 81.0 + 

6. 7% (Table IV). This observation suggest that most of the 

reducing equivalents generated during proline catabolism are 

reoxidized via the cytochrome aa3 oxidase which is usually inhibited 

by cyanide. 

4.1.3 Effect of malonate on the respiration of proline 

To d t rmine th involv m nt of inat d hydr n n 

r piraUon by T. congolense procy li durin lh Uliz tt n f 

proline, the effect of malonate on oxyg n on umpli n w 

inv stigated. Sequ ntial addition of malonat to r p irin 
I I try,aP.nO mes resulted in a gradual decra in th r .. t of o 

on umpUon. Maximum inhibition wa 

ma1on t . Furth r ddlt on f m Ion 

inhibitory t on U o 

plot 

n 

21 . mM 
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F.igure 2(c)(t) : l!.ff ct of increasing concentration of malonate on 

the rate of oxygen onsumptlon by procycli T. 

congolense utili tng ptolin 



11 
<Cl 
c 
---1 

CD 

N ,..... 
(') 
'-" ,..... 
...... 
'-" 

)> 

3 
0 
c: 
:::J -
0 -
3 
OJ 

0 
:::J 
OJ -(1> 

-3 
:!!: -

0 

...... 
0 

1\) 

0 

(..) 

0 

...... 
0 0 

Percent inhibition 

1\) w 
""" 

01 (j) 
0 0 0 0 0 



,, 
93 

Figure 2(c)(U): Effect of malonate on oxygen conswnption by T. 

congolense procycllcs catabolizing proline 

A , usp n ion ont, tnl .. 3 107 tryp. no om was 

tntrodu . ,d tnto th , h mb r ·ont tinlng th 0 y n 1 trod pre-

. 1u llbr at .d with 1.2 ml lf 1 pr lin .. Th plrauon 

b·o · ; nd nft ·r th · ddltou f 25 Ill Ill Jon t w r ord d as 

hJWJl . 1h m dd w r qulval nt o 0.32 mg 
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132 nmoles 
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was decreased by malonate from 12.8 ±. 0.5 to 6.2 + 0.4 

nmol/min/mg protein. This represented a decrease of 51.6 + 1.6% 

(Table IV). From this result it is suggested that there could be an 

involvement of succinate dehydrogenase during the catabolism of 

proline by T. congolense procyclics. Since the inhibition by 

malonate was incomplete, it is possible that not all the reducing 

equivalents derived from proline catabolism are oxidized via 

succinate dehydrogenase. 

4.1.4 The inhibition of the respiration by antimycin A 

Th ff t of antimy in A on th r spJratfon Jn T. congol ns 

pr ry ]I It tll:dng rolin s ubs t r. t " • • al. o h llg~ tPd. 

· l ur 2() h w h a t a ddtli on antim <in A c · u td . dttt t': \s t In 

th ra l of oxyg n on um U n . It the ft r111 • tl w l"' ll • 1f o .· 1 n 

ons mp ion d r a s from 12.5 2.8 nnw l/ nnn / m g 1 to l •in m 

a ddition o antim 'Cin A. Fror 

of r pir .. lion d d from 12. l. 

o pr ot .in . TI1i r pr nt d • . l r- .. 0 

( . b l 
d tl . t • 

' l d h l 11\ 

.u 

n 
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Figure 2(d) : Effect of antimycin A on the rate of oxygen 

consumption by procyclic T. congolense utilizing 

proline as substrate 

I\ su p nsion containing 8.9 x 107 trypanosomes was 

introdu ed into th oxygen lectrode hamb r pre- quilibr ted 

with J .2 mls of PS pro lin·. Th r t' of r ·spiration b fore nd after 

addition of 10 ~I of m Umycin A was n:cord d , s sl own. The 

trypano~om<:s add :d w ·rt ·qui val nt to . 7 l mg pr t in. 

ur 2( ) : ct of a combln tlon of malonate d antimycin A on 

g n consumption by T. congolense 

p o y 11 u lizlng prolin a ub tr te 

n 1.2 • 1 t 
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was investigated. Figure 2(e) shows that a combination of malonate 

and antimycin A decreased the rate of oxygen consumption from 

12.5 to 2.8 nmol/min/mg protein. From thr e separate 

determinations the rate was decreased from 12.8 + 0.5 to 3.4 + 1.0 

nmol/min/mg protein. This represented a perc ntage decrease of 

81.6 + 7.6% (Table IV). This percentage inhibition is greater than 

that by malonate alone but comparable to that by antimycin A alone 

which is 73.1 + 5.9% (Table IV). It could be suggested from these 

results that the reducing equivalents derived from proline 

catabolism are oxidized via the malonate sensitive succinate 

d hydrogenase and cytochrom s b and l· 

4.1.6 Inhibition of re piration by a combination of malo nat d 

KCN 

II m ll ,t tt 

2. lilt 
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sensitive cytochrome aa3 terminal oxidase via the malonate 

sensitive succinate dehydrogenase. 

4.1.7 Respiration on proline and the effect of rotenone 

The effect of rotenone on the oxygen consumption by T. 

congolense procyclics utilizing proline as substrate was 

investigated. Figure 2(g) shows that addition of rotenone caused a 

negligible change in the rate of oxygen consumption. From three 

separate experiments rotenone had the effect of d creasing the 

rat of oxygen consumption from 11.0 + 1.2 to 2.4 + 2.1% (Table 

IV). Th s r sults sugg t th t ith r pro y li T. congol ns do 

n t s 11n<.ti NADII d hydrog n< r th t th NA H 

d ydro s n · • pr • ·n 1 modih · i1 tit· t it c a11 11 t l l 

inhibi d by rot non On th o h •r han th ·s 11t , ul 1 

sugg st that 1 trans d --nv d from p1 lin· 'at·t oh ·m · r 

r ox.idized by mol cular o.· n vi. • noth ·r patln ''l not invol in r 

ADII d ·h dro n, 
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Figure 2(f) : Effect of a combination of malonate and KCN on the 

rate of oxygen uptake by procyclic T. congolense 

utilizing proline as substrate 

A suspension containing 1.2 x 1 os trypanosomes was 

tntrodu d into the oxygen electrode chamber pre-equilibrated 

with J .2 mls of PS proline. The rate of oxygen consumption before 

and , ft r the additions of inhibitors was recorded as shown. The 

final con ntratton for malonate and KCN w rc 25 mM and 0.1 mM 

r sp tfv ly. 

l ur 2 ( ffect of rot none on the rate of oxygen uptake by 

procycllc T. congolense utillzlng proline as 

ub trate 

lr 



PS PROLINE 1.2x108 trypanosomes 

t t 

}2 nmoles 

13mins 
1 

Figure 2 (f) 

PS PROLINE 1 2x108 trypanosomes 

~ ~ 
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4.2 ENZVMES FOR THE CATABOLISM OF PROLINE IN 

PROCYCLIC TRYPANOSOMA CONGOI.ENSE 

Proline may be oxidized to glutamate in a two step reaction 

involving either proline oxidase or proline dehydrogenase and ~-­

pyrroline dehydrogenase. Proline oxidase use molecular oxygen as 

the electron acceptor while proline dehydrogenase use FAD as the 

electron acceptor (Scheme V and VI). Proline oxidase is not 

sensitive to inhibitors of the respiratory chain. 

In sections 3.1 and 4.1 it was shown th t about 15% of 

r spiraUon i ins nsiliv to SHAM. anUmy in A nd y nid during 

th u Uliz lion of gl or prolil l . It w· pt 

r spiralion w s not du to prolin, oxida w;.l • o · ~,. 1v c1 

when proline was repla d by glu o · a· ~ul> ·trat . It wa · ul · 

suggested that proline ould be c· tabolis ·d to al~ mn, a· oulhn 'd in 

s h m VI. This sugg stion · t si d dl'tt rmining tlu 

ativitis o proli dhdro nst, glut·m.tc pr1ate 

tr s u in . , flut, nY t 

d t ydr r nn • • . tll l 1l ~ t l 

d ·h dro 11 

t 

l 1 

/ 1 I I 
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Table V : Specific activities of some enzymes likely to be involved 

in the catabolism of proline by procyclic Trypanosoma 

congolense. 

Isolated t1 yp nos om w r wa h d fiv 

lh ·n lys<'d with 0. 1% '1 riton X 1 '11 

centr ifuged at 1000 g • t o ' and th 

or the :uzym : · c.tivit i · shown. '1 he · ay 

tim s tn PSG and 

mpl s w r th n 

u p rn tant y d 

for a ll 

d ·t ;r miuatan wns 2~0 '. '1 h · 1 tl ar · xpr ·~~ d a~ m n plus 

or m in u th · shnd· rd d '1 'I h • numb rs in brack ts 

r 'JH <' 'nt th · lot 'd numl r ol p rat d t rmmations. 
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Table V 

Enzyme 

Proline dehydrogenase 
Glutamate dehydrogenase 
Glutamate pyruvate transan1inase 
Glutamate oxoglutarate transaminase 

Sp tfi A Uvtty 
nmol /min/m pr tetn 

55.2 + 4.8 ( ) 
11.1 ± 3.0 (3) 
92.2 ± 8. 7 (4) 
34.7 ± 3.8 (5) 
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4.3 END PRODUCTS OF PROLINE CATABOLISM 

The end products of aerobic proline catabolism were alanine 

and glutamate. Table VI shows the rates of production of the end 

products of aerobic proline catabolism. 

The mean rates of production of alanine and glutamate were 

0.0472 and 0.081 J.l.moles/30 min/mg protein respectively. This 

represented a molar ratio of the mean rates of production of alanine 

: glutamate of 1: 1. 7. Aspartate was however not detected as an end 

product when the same samples were assay d enzymatically. 

It was suggested that the procy He Trypano oma ongol n 

might have a similar mechanism for ataboliztng proline a~ 

proposed in procyclic Trypanosoma bruc i by Evan and Brown 

(1972a). 

From these rc ult it j ob r ' d th t m r glut, m, t 

prod uc d .omp, r d to nln . ll t . ( t uld b r\ 

r t lu itin (r ul to Ct 1 th lu t l • 

lo lut. u t 

l h U1 tl um 
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End products of aerobic proline catabolism by 

procycllc T. congolense 

!~very sample of freshly isolated trypanosomes was divided 

Into two. On of th wa d prot lnlz d imm d1 t ly with PCA 

(i.e. at z ·ro tim·). I oth of th · w r tl ·n tn u at d in PS proline 

f r 30 I ut . 111 pr ·vtou ly und prot lnlz d portion was then 

d :pt ot ·tnlz :d with P 'A afl r lh ln ubatton p rtod. They were 

th :ll pt (H : d f01 m t bollt · • , y as d s ·rtbed in materials and 

111 • hod . All h · 1 ult orr ctcd for z ro lime. The results 

pt d m an pl or mlnu tandard deviation. The 

, 1 ur in br k t pr nt the total numb r of s paratc 
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End product Rate of production in ~moles/30 min/mg protein 

Alanine 0.0472 ± 0.003 (6) 

Aspartate Not detected 

Glutamate 0.081 ± 0.006 (7) 

Table VI 
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4.4. DISCUSSION 

4.4.1 Terminal oxidases and the electron transport chain in 

procyclic T. congolense catabolizing proline 

In this study procyclic T. congolense respired on proline 

(Figure 2a-g) just like procyclic T. brucei (Evans and Brown, 

1972a). This suggests that molecular oxygen could be a terminal 

electron acceptor. Rotenone which normally inhibits site one of 

the mitochondrial electron transport chain (Lehninger, 1975) had 

no effect on the respiration. The explanation for this observation ts 

similar to that made with glucos a ub tr. t tion 3.4). It 

would therefore seem that a 1milar m han! m C r th h· nru llln 

of electrons from NADH to the n t a ptor. 1 tqutn n . 1 ' u d 

during proline catabolism. 

When SHAM was added to the rc pirln t1 'P• no omc , tt did 

not have any significant f~ t on th n onsumpti n . 

Thi sugg t that th 0 I not u t I 

1 rolln 1. 

\\ 1 ll 

IA t 1 1 It 

. ) . 

l r r h 

m 
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catabolism of glucose by the same parasites. This could be because 

some of the reducing equivalents which would have otherwise been 

reoxidized by molecular oxygen through the GPO are now being 

channelled to molecular oxygen through the electron transport 

chain. 

The observation that 7 4.3-87.7% of the respiration was 

sensitive to KCN suggests that most of the reducing equivalents 

derived from proline oxidation are reoxidized via the cytochrome 

aa3 which is the one sensitive to cyanide. A similar observation was 

also made during the respiration by the procyclic T. congolense 

when glucose was used as the substrat (S Uon 3.4). Th la k of 

compl te inhibition by y· nid · 1g tl1·1t durin 1 r ltnr 

catabolism by procyclic T. congolense. not all th 'l 

molecular oxygen through cytochrome aa3 but om r du o n 

via at least one more oxidase. This other o.·Jda ( ) could, how ~v ~r. 

not be the GPO as addltlon of SI-I.M1 dtd not re ult In an tgntfi , nt 

inhibition. 

\Vh n n U m In A ' 

b l iz.l 

7.2-7 .2 

d th p 

ll Ill 

H 

"1. ( c nqol n 
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It is therefore proposed that the reducing equivalents derived 

from proline catabolism by procyclic T. congolense are reoxidized 

by molecular oxygen. Between 50.0 to 53.2% (Table IV) of these 

reducing equivalents are channelled to ubiquinone through 

succinate dehydrogenase and eventually to cytochrome aa3. This 

was the percentage respiration sensitive to malonate. 

Approximately 12.3 to 25.7% of the reducing equivalents are 

reoxidized by another oxidase probably cytochrome o. It is also 

possible that the rest of the reducing equivalents are channelled to 

cytochrome aa3 via a somehow modified NADH dehydrogenase 

(insensitive to rot non ). Th GPO app rs not to play a rol in t.h 

r oxid Uon f th r d i i • uiv· 1 nt duri tl .. ltabolism f 

pr lin 

It is suggest ·d that during th at·lb li 'Ill r pr lin 

procy lie T. congolense a r •spiratory eham smuhr to tlnt prop ::,l'cl 

by Turr ns and illalt (l c ) is u ·d lS 'hun' I ). It " ould st.: m 

t.ha pro y li T. congol n Il.J it~ tt r · t:h .. tn dming 

th t t tl lu th. t hlltllJ~ 

4. . p h in • ' J1HJOl •ns 

7 tl 

l l 
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catabolize proline to glutamate. The glutamate produced then 

undergoes transamination with pyruvate to give alanine in a 

reaction catalysed by glutamate pyruvate transaminase. The GPT 

activity was found to be significant and relatively higher than the 

activity of proline dehydrogenase. Alanine is excr ted whereas a­

ketoglutarate is catabolized through some reactions of the TCA 

cycle during which it is converted to succinate through the a­

ketoglutarate dehydrogenase catalysed reaction. The activity of a­

ketoglutarate dehydrogenase was found to be comparable also to 

that of proline dehydrogenase as both w re high r than 55 

nmol/min/mg protein (Table V). Sue inat is oxidis d to malat 

through rec lions ate ly ' d by u in te cl 1 yclrogcn~ l ~ nd 

fum r s Both su in t d ·hydr ; n s ~ nd utnat·a c. aet i Hie.• 

wer mor than 55 nmol/min/m r pro tn lT·1 l l II) . M hl · n 

then undergo oxidative d arbox lati n to fmm p 1 u al · 111 a 

reaction dcp nd nt on eith r NAD or NJU)I -lin l ·d malic ~nz m •. 

Since no signifi ant a ti •ity f A -hnl t d mali t'It.t. 

d it i po ibl the t 1t dot n t llh lOllll tow·1r Is p lll • tc.. 

form tio . T 11 • lil t 1 z n ' • s 

high !I' tll lh.tt ul I t l ll l l tltt 01 t 

invol tl ( l lll\'!h \ 'lll lh 

ll 

lr n 

ll 

n J 

. I 
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to a-ketoglutarate catalysed by glutamate dehydrogenase according 

to the following reaction is not a preferred pathway by procyclic T. 

congolense. 

GDH 
Glutamate + NAD2 1" )a-ketoglutarate + NAD(P)H + NH4+ 

- ADP H20 

Opperdoes and Cottem ( 1982) also reported low activities of 

glutamate dehydrogenase in procyclic T. bru.cei. 

The finding that ~lutamate oxaloac tat transaminase (GOT) 

activity was significant though 1 s than that of GPT ugg st d that 

aspartat ould hav b n an nd rodu . J1 w v r, wh n tt w •. 

assay d for it could not b d (Ta I VI). It f. r r p 

GOT could be us d by th para it to g •n( rat· a and 

k toglutarate from aspartate oxid tion. This as part l '0 lei 

obtained from either th ho t or fr m th p. ra:ite, ' 1 1 ote in 

breakdown. 

rom h r f thl i pr 

llld 

II 
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Scheme VIII 

Proposed pathways for the catabolism of proline in procyclic 

T. congol nse. Adapted from Evans and Brown (1972a). 

'I h · ·nzym s shown ar 

1. Prolln d hych o 

2. 6' pyrrolln d hydro 

3. Jut m1t py1 U\' t tHm min 

a -k n 

5. tH lnyl o 

1 ln t . d e 

7. 

m 11 nzym . 
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enzyme activities shown in tables II and V. Although pyrroline 

dehydrogenase and succinylCoA synthetase activities were not 

investigated the presence of their activities was assumed because 

all the other enzymes involved in proline catabolism were shown 

and alanine was an end product of proline catabolism. Alanine 

would otherwise not have been detected in the absence of these 

enzymes whose activities were not assayed. 
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CHAPTER FIVE 

GENERAL DISCUSSION AND CONCLUSIONS 

5.1 Reoxidation of Reduced Coenzymes and the Production of 

ATP by Procycllc T .. congolense 

From the proposed pathways of glucose and proline 

catabolism in schemes VII and VIII respectively. reduced 

coenzymes are produced. These are NADH, NADPH and FADH2 . 

The NADII produced according to th pathway f r oxidtz d via 

the 1 tron tran port h in and .1 . tr n 

transport hain via fumar t r duel s ch 'm IV). This \ ulcl 

ordinarily result in 2 mol s of ATP r m 1 f NA II o .· idl:-- •cl 

(Lehninger, 1975). Howev r, aus of th HAM/ ~lnid<' 

insensitive oxidase (s cUon 3.4 and . } 1 s than 2 mol , of AI P 

could be produc d p r mole of A II o.·idtZl d b_r mokcular (. ·vgl'n. 

Som NADI-I generat d from th . ' t 

y mol ul r oxyg n •i 

Thf ox , tion thr u 

I I 

. ) 

lt Ill). 

t l 'l h d t 0 I ·1 l 

). 

h 
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catalyses the transfer of electrons from NADPH to NAD+ 

(Lehninger, 1975). NADH is then reoxidized through the electron 

transport chain with the concomittant production of ATP. 

During proline catabolism some FADH2 is generated which 

could be reoxidized via the electron transport chain. FADH2 could 

possibly enter the electron transport chain at the coenzyn1e Q 

(ubiquinone) through the malonate sensitive succinate 

dehydrogenase. Ordinarily this would lead to production of 2 moles 

of ATP per mole of FADH2 oxidized. However, because of the 

SHAM/ cyanide ins nsiliv respiration 1 ss th .. n 2 mol s of ATP per 

mol of FADII2 oxidiz d ould b pr u d. 

5.2 CONCLUSIONS 

From this study the foliO\ •ing on lu i n ~an t ma I •: 

l. 

2. 

Pro y li T. congol 

ub trc t . . '1 l 

·r 

oth 1hH o, t ·u d pt t)lln 

• l'l 

Ill 

lu 
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glucose catabolism the reducing equivalents are oxidized by a 
SHAM sensitive GPO and cyanide sensitive oxidases. In both 
cases there is always some residual respiration not sensitive 
to either cyanide or SHAM or combination of both. 

4. This study suggests that with more research it would be 
possible to target both glucose and proline catabolism 
reactions for chemotherapeutic attack. This is because the 
two substrates are useful sources of energy. Such a method of 
control of the insect stage of the paras ite would be d sirabl 
as the drugs would not hav to be administ r d to th 

mammal with po sibl 

would go a long w y in 

ub ~ ·qu nt t ' ide This 

ntrollin} anim 1 tr p no mtasls. 

5. It is recommended from this stud th t th nzym , 
identified to be invol cd in th metal>oli m of th • l\: o 
substrates b tudi d urth r \ •ith a vi ~w to loc~ lis in 1 and 

chara t rizing th m. It uld 1 bt I rndtt t to in ' l sti ~~Ht 

wh th r th tllll . mil t at 1 l 

ii pr t lu tl d '· 
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