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ABSTRACT 

STUDIES ON THE PIG PARASITE TT\YPA.\JOSG1A (NA.~~tJNJ\~) S~HAE 

The pig parasite Trypanosoma (Nannomonas) simiae is morpholo

gically indistinguishable fron1 Trypanosoma (Nannomonas) congolense: 

The main distinction between the two species ·is that in the domestic 

pig the former causes a highly virulent and rapidly fatal disease 

while the latter causes a rr.ore chronic disease. It is not clear 

whether the two parasites are distinct species, or subspecies or strains 

of one species. The main aim of the study "''as to help establish 

the identity of Trypanosoma (~.) simiae using biochemical and 

immunological techniques. 

Isoenzyme pattern analysis usin h"n-L y r s (lrch 1 

elcctrophoresi s of the enz}'Jl' s mala e d hydro n~ ( ffil ) , ph -

phoglucoisomerase (PGI), alanine arninotransf r · s (Al 1\T), n t 

aminotransferase (ASAT), phosphogluco utase (P 1), mali nzyw 

1E), peptidase I (PEPI) and peptidase II (l EP II), has e n 

carried out on isolates of !· congo len an l T. 1h r sults 

s ~w tha T. simia i distinc f T. 

Ho v r, intra cific ri io in 

so a of 
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antisera. The results suggest that these two parasites are anti

genically distinct from each other. 

The end-products of carbohydrate metabolism have heen inve

stigated and enzyme assays of trypanosome homogenates carried out. 

Results from these experiments strongly sugg~st that glycolysis 

is as important in I· s~iae as it is in other trypanosome species. 

The major end-products of aerobic glucose metabolism were acetate 

and pyruvate. Succinate, glycerol and glycerol-phosphate 'vere also 

present. These results suggest that these organisms have a partial 

Tri-carboxylic acid cycle (TCA) or an alternative pathway with 

TCA-cycle intermediates as the end-products. The enzymes hexokinase 

(IlK), pyruvate kinase (PK) and phosphoglucoisomeras (PGI) had 

th highest levels whereas 1 c a d hydro n. s (LDII) ,,•as pr . nt 

in trace amounts. 
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GENERAL INTRODUCTION 

Trypanosomiasis 

Trypanosomes are tiny flagellate protozoa but those that 

are pathogenic in man and his domestic animals have a powerful 

hold on the future of Africa. African trypanosomes include 

Trypanosoma brucei gambiense and Trypanosoma brucei rhodesiense 

which cause Gambian and Rhodesian sleeping sickness in man, and 

!· brucei brucei, !· congolense, I· vivax and I.· simiae which 

cause nagana or animal trypanosomiasis in tropical Africa between 

latitudes 14~ and 30°S. This area is referred to as the tsetse 

belt. Beyond this belt in and outside Africa, animal trypanoso

miasis occurs in the form of Surra caused by I.· evansi, dourine 

caused by I.· equiperdum and Chaga's dis s du toT. cruz • n 

addition, mechanically transmitted!· viv( 'nf c tion oc u in 

livestock in the Caribbean 'slands and South Am ·i • Th 

trypanosomes in the lands south of the Sahara ·s a major to 

the utilization of grasslands for animal pro uc ion. ati e g tation 

on these lands could be con er nnunant t o hi h quality 

protein. Lives oc r arin is min· izc.: if no p1 v nt l b • 

rypanoso iasis n h Ul 'P·-
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Animal trypanosomiasis is the greatest obstacle to livestock 

production in tropical Africa and the disease in nm1inants is of 

far greater economic and social importance than in other species. 

The annual loss of meat production alone in the region is · estimated 

to be US $5 billion. 

Sleeping sickness is a severer.often fatal disease th8t occurs 

widely in the sub-Saharan region ofthe continent. There are 

1.1.2. 

tv.·o varieties; one, caused by Trypanosoma brucei rhodesiense, is 

found in East Africa; the other, by I· Q· gambiense, occurs in 

West and Central Africa. About SO million people in 34 African 

countries are at risk of developing the disease and of these, 

only 5 to 10 million have ace ss to som fonn of prot tion or 

treatment. The incid nee of r rt d cas s is cun ntly f) , 

a year but many Jr.ore cases go und teet d (TD port 1.8 ). 

Taxonomy and morphology of 

Tie systematic sition of th t 

Phyl Proto~oa 

Su plyl 

S rcl 

s 

i tl 11 \'. : 
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m their insect vectors (Hoare, 1970). In the group sRlivnria are 

included those trypru1osomes whose development is completed in the 

mouthparts or salivary glands of the vector. Transmission of this 

group of parasites from the vector to the manm1alian host is ino

culative. All African trypanosomes of medical and veterinary 

importance belong to the salivaria. Four subgenera, namely 

Trypanozoon , Nannomonas, Duttonella and Pcynomonas constitute the 

salivaria group. Representatives of the subgenus Trypanozoon 

include !· (!). brucei, I_. (!). brucei gambiense, !· (I_). brucei 

rhodesiense, !· (!). evansi, !· (I_). equinum and !· (!). equiperdum. 

Subgenus annomonas is represented by!· (~). congolense and!· 

(~). simi ae Bruc et i!l; 1912. is r pr s nt d 

by I· (,2). vivax, and subg nus is r p1 n d l y !· 1). 

suis. 

In the section st rcoraria de\ lo 1 ntal c;cl in th in~ 

vector is completed in the hindgut ''ith m ta ri i fonn~ in 

present in faeces and ansmission i con aminat·, . 

contains T. 1 •isi , ! . 
of T. cruzi tryp o . 

rui. 
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well as in the degree of development of the undulating meJ11brane 

and flagellum. ~1amnalian trypanosomes differ also in the shr~pe 

of the posterior end of the body which may be sharply pointed 

(:£. lewisi)~ bluntly pointed CI· brucei) or rounded CI· vivax 

and I· congolense). The position and size.of the kinetoplast 

are also of diagnostic value. It may be far from the posterior 

end of the body cr. theileri), subterminal cr. brucei), marginal 

CI· congolense) or almost terminal CI· vivax). 

Life history of trypanosomes 

1embers of the genus Trypanosoma are digenetic paTasites, 

whos lif cycle involves an alternation of t,,o ho t . Normally 

a v rt bra animnl is the final hos , ,,hil d) h:1 ma 

phagous inv rt ra act as int rn diat ho s or v c 1s, 

v;hich transmit the infection to new v r l ~ts. Tht: 

course of development of trypanosomes in h mrumml ian host 

egins \dth the inoculat·on of ac: lie t1_rpano 01 l: th 

insect ector (in case of ali a1ian 

find r •ay in o h lood 

n 
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different proportions at various periods of the invertebrate' cycle. 
The most important and characteristic stage in the invertebrate• 

cycle is the epimastigote fon11 through which all the trypanosomes 

must pass before they are transformed into metatrypanosomes. The 

intermediate host is incapable of transmitting the infection to 

the mammalian host until the cycle frorr blood trypanosome through 

ep~astigote stage to metatrypanosome is completed. 

1.1. 4 Geograrhical distribution of trypanosorres 

The geographical distribution of most parasites generally 
coincides with that of their inv .rt hrate hosts. Thj s general 

rule applies to the glohal distri ution of tr)11ano om Th 

salivarian trypanosomcs T. 

I. hrucei garnbicnse, I·(_) congo lens and T. ~). 

found v:ithin latitudes 14~ and - 0S of frica a r ion ·i thin 

which the tse se f.lie are foWld. !.·CD e •ansi and 1. nllnn 
on the other hand have spr ad ou id fri th )' 

mitt 1 t c h. n i c. ll · 
y oth r 

fric 
1 
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1.1. 5 Control of trypanosomiasis 

Programmes to control trypanosomiasis have been in operation 

for nearly 100 years. Initial attempts involved control of the 

tsetse vector either by destroying the ~rild animal population on 

which tsetse feed or clearing the vegetation the flies require 

as breeding and resting sites. }1ore recently, most tsetse control 

programmes have been based on the arplication of in~ecticides .. 

Insecticide spraying is not entirely effective in areas of heavy 

tsetse infection where dense vegetation and high rainfall make 

spraying programmes very expensive. There is also a risk of 

environmental pollution as a result of repeated large scale 

insecticid spraying. 

egular trcatrnen v:i th trypa ocidal d1 ug h, s h n • n 

important control method sine l1 a ly J920' 

has been successful in situations ,,·hel e co1 nt 

gement has been achie\'ed. Che otheJap:, tl u h qui nn 

k m;tn<l

th 

control !T'easure, must m rer e i 

dcmes ic an· als are expose to an 

nt d inh: i.nit 1: tee us 

f ·n ction 

n th wildlife la ion 

cc n 

d 
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1. 2, LITERATURE REVIEW 

1.2.1 Clinical manifestations of African trypa11osomiasis 

How, when and which African trypanosomes cause disease 

and death of the host are influenced by factors relating to the 

tsetse-fly the trypanosome, the definitive. host and their en

vironments. Most species of African trypanosomes are spread by 

tsetse flies (Glossina). Following infection through fly bite, 

there is an incubation period lasting for days or weeks before 

the first signs of illness are observed. The period corresponds 

roughly to the time it takes the organism to reach the blood

stream from the chancre in sufficient numbers to cause clinical 

disease. This period can be considerably r due d by exp rim ntal 

needle challenge. The onset of p:n. si acmia is h::n t riz 1 

by fever and dullness. With time the f v r com s ulnt 

and intennitten and there is progressi e ana m·a, r hair 

coat , emaciation, enlargancnt of superficial 1 1nph nod s, 

abortion, irregular \estrus and infertilit • In a dit ion, th 1 c 

may be subcu aneous oe3 

incr ased r sp1ra ory n . 1 . 

corn a 



9 

period, there are several parasitaemic peaks with each peak progressively 

worsening the condition of the host. In rUJ11immts, the peaks are best 

demonstrated with T. vivax infection, and the ahility t0 sun~ress the 

level of parasitaemia will deterwine whether the aniFal will die or 

survive the infection. Suppression of paras.itaemia has been postulated 

as one of the mechanisms of trypanotolerance. Such animals produce 

more efficient immunoglobulin M (Ig'1) whi.ch is involved in irnP,une 

adherence and phagocytosis of the parasites (Nantulya, 1985). 

Host animals that survive the acute phase of trypanosomi<lsis 

remain generally unthrifty and unproductive. Some may self-cure, 

others may relapse into the acute y.>hase during stress from malnutri

tion, overwork or pregnancy, \\'hile o hers may di f1 TP sup rimpo~; d 

viral, ac erial, mycotic, helm in hie o oth pr tozo::tn inf t i n ·. 

Concurrent infections are eliev d to h th 1 ~u1 o :1! 'I un -

suppressive effec s of trypanoso es. Ir mmosupp1 .ion a1"o aff ts 

the response of infected hosts during vaccination p1 o ru un 

(Ilemobade et al; 1982). 

1.2.2 An 
----~~~~~~~~~~ 

1 t. in 

h 
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of antigenic variation (Gray and Luckins>l976; Vickerman, 1978; 

Turner, 1983). 

Four of the seven subgenera of Trypanosoma have been shown 

to undergo antigenic variation. All the species of these subgenera 

are transmitted either cyclically by thetsetse flyor mechanically 

by other biting Diptera. The capacity to undergo antigenic variation 

is associated with the presence of a surface coat, which can be 

visualized in transmission electron microscopy as an electron dense 

layer 12 - 15 run thick (Vic1:eman .>19611; Borst>l982). This coat is 

made up of glycoproteins. It seems to be an adaptation to life in 

the bloodstream of the mammalian host since it is lost when 

trypanosomes are ingested into the tse se fly midgut. In th fly's 

Tllj dgut, th • trypanoscmes d v lop into uncoa h 

surface layer is only re-txpr ssed with th • loi m nt of :inf ct 1 

metacyclic trypomastigotes fran uncoated ep·n· ti ot onn~ 'n h 

salivary glands. Each coat prot ts the or anism fr m c mp1 

lysis (Vickerman and Tetley, 19 9) and at the am a 

differen •arie v of an igen o · p ah a J • 

produc · on by t h Th n t · • 

t , 
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develops, ,.:hich in turn provokes an antiuody response, which controls 

the parasitaemia until a third variant population appears and so on 

(Barry and Hajduk, 1979). The cycle usually continues until deClth 

of the host in absence of any chemotherapy. Antigenic variation is 

therefore characterized by fluctuations in parasi taemia as the 

flagellates express an apparently inexhaustible series of variant 

antigen types (VAT's) against each of '\'hich the host J'lounts a new 

antibody response (Gray, 1965a; Vickerman, 1978). This process gives 

rise to consecutive antigenic types '\'hich are resistant to antibodies 

synthesized in response to preceding populations but not to subsequent 

ones. In many (but not all) imnunocomp t nt hosts, the waves of 

parasi acmia crest at r gular int r als of 3 - 7 cby Thi ntinuou 

an igenic varia jon nabl s trypano~orn s o "on t ;1h :1l" nf 

an i odi s raised against th m r 1 c m rn1i· 1 ho t. t- d\·in (I 79) 

in a vivid description had this to say about th c nt r 
rypanosomes: 

"The glycopro ein gann 

filrr., he spa bi 

n a 

is con inu 11 • n~.:' 1 ce 1in 

t 

in 

h t} 
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factor. Serological analysis suggests 100 variants whereas gene 

counting using teclmiques of molecular genetics implies }l")iJn (Van 

der ploeg et al; 1982). 

EA~ression of different variant antigen genes is non-random.Gray (196Sb) 

working with I.· brucei (subgenus Trypanozoori) and Wilson and Cunninghe1m 

(1972) with I.. congolense (subgenus Nannomonas) in cattle demonstrated 

that antigenic variants were formed in a definite pattern and that 

reversion to a parent type occurred. Such studies suggest that 

antigenic variation is not a random process and th8t the number of 

variants froF a strain of trypanosomes may be large but not infinite. 

Only a comparatively small proportion, perhaps IJ.l% nf the gene pool 

(Crowe .£_ al; 1983) is xpress d 'i hin h me a y 1 ic population, 

and these variants also app r 1n h firs p0r it, m], 

(Barry and Emery , 1984) within th loodstr am of h ruumn:-tl i<n h ·t . 

These are follm·:ed y 'predominant' antig nic typ s, o;o all 

because they always occur early in the hos 

or syringe passage to non-· 

It ~s originally 

differen an i nic 

follodn · t h 1 ·c 1 :i c a 1 

G1,;, L Sa . 

19 th t 1 
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congolense is similar to that in T. brucei infections (Sclappi and 

Jenni, 1977). 

Antigenic variation occurs at a comparatively lnh frequency 

at any one time, ahout 1 in 104 or 1 in 105 of the population are 

switching (Seed and Gam, 1966; Doyle et al; 1980). There is no 

evidence that antibody acts in any way other than by selecting 

for new variants by destroying their rredecessors. If there is an 

inductive event in antigenic variation it has yet to be identified. 

The ability of trypanosomes to change the antigenic composition 

of their surface coat is the primary mechanism ~~1ich prevents most 

dom stic animals from developing an effective ~une response against 

rypanosomi ~:is. TI1e sam 111echanism en bl s th ra lt to nd 

h effects of a conventional vaccin ,,,h:ich w rks y p1 iming ·m 

animals antibody responses againc:.t on or a nm 11 nUJTlh 'r f 

The surface coat of trypanosomes is md up of a 11ntr:i · f 

a out 107 identical glycoprotein molecules, knm,n as th variant 

surface gl yeo roteins ( 's) (C-o s , 1975). f 

coding dif£ rent \ G s is ·h fo ti n. 

'SG s i 

n . 

h n' ' 

11 
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synthesis of the appropriate VSG protein chain (Cross et al; 

1980). There are many telomeric ex-pression sites in the 

trypanosome genome that carry VSC' genes. Only one of tl1ese is 

actively copied into PN~ at a time. 

The mechanisra of this exclusive expression is not yet under

stood. Neither is the process by which expression is switched to 

a different telomeric site leading to the appearance of a different 

VSC' on the trypanosmre surface. The telomeric VSG genes provide 

a pool of VSG's likely to be expressed early in an infection. 

S\,·i tching of VSG expression may also occur by replacement of the 

VSG gene in the active t lomcric site by a duplicated copy of a 

non-tclom ric VSG g ne or of aneth r lorn ric g n . Th und r-

standing of the genetic basi o n ni var ·t:ion d nnt 

provid an explanation foi the r strict d s · z of th n• 

antigen ol, and also for the hena non of red01 n nc . 1 t . 
seems that gene positional effects are li 1_: o h i d. 

The extraordinal)' dh ersi and f1 

f 

of 
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the repertoire of metacyclic variants mny be continously evolving 

(Barry, Crowe and Vickerman, 1983). This poses a serious difficulty 

to the development of a vaccine. 

1.2.3 T!YPanosome metabolism 

The causative agents of African trypanosomiasis belonging to 

the subgenera Trypanozoon and Nannomonas spend a portion of their 

life cycle in an invertebrate host (Glossina) and part in a 

vertebrate host. The bloodstream fo~s possess a witochondrion 

in the form of a single canal with fe"' cristae and no functional 

citric acid cycle (Fulton and Spooner , 1959). The or anisms 

fParently depend entir lyon lycolys·s for th ir n rgy r quir -

m nt· since thy hav no cy ochr m s ( yl )', 195 ). o·ii:ltion 

of NADII under aero ic cond · ion i 

o i s ( PO) y t uniqu to th 

and Sargent , 1960) . The r,po s.·stem con 

phosph d hydrog na and 

red c s olecular o • en to 

at"on. Th"s 

1\ 

1 l 0 . d . 

t DP ph 

th 
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quantities. 

BloodstreD.l11 trypanosomes can be divided into groups Hccording 

to the end-products of aerohic glucose metaholism. nne grour 

produces mainly pyruvate and contains members of the subgenus 

Trypanozoon. The second group produces mainly carbon dioxide 

(C02) but also some acetate and succinate and contains South 

American trypanosomes. The African trypanosomes I· vivax and I· 

congolense of the subgenera Duttonella and Nannomonas respectively 

1. 2 4 

are intermediate, producing pyruvate, lactate, acetate, succinate 

and carbon dioxide (Gutteridge, 1976). 

Electrophoresis of iso nz)'IT'CS in s 

Classification within h g nu i" pr bl m:11 i c:d 

and this v:as noted. Its arted w'tl Gn1 \··in 18 3. Th 
' 

of the systematics of the mammal· an t1 1 ano m s ha ~ pa" d 

through several phases . 

Prerieus rn ans of ific 01 

trypanosa .. es ha 'C ei her 1i li ti n 01 to 

v u to d's inc i' 

in 

(') u 1 ' ,• th 
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strains by geographical locality has, at the moment, little 

meaning since in each area there may be several strai.Bs any of ·which 

may occur elesewhere. Most species of trypanosomes can be distinguished 

by morphological criteria but a problem exists in suhgenera comprising 

morphologically identical trypanosomes but with different biological 

characteristics. 

Recent approaches to the intrinsic identification of parasitic 

protozoa (Lumsden , 1974) include direct biochemical methods (Ne\vton, 1976) 

and indirect i.Jnmunological methods (Gray anr b.~ckins, 1976). 

Isoenzyme electrophoresis is an effective method for identifi-

ation an l is he:in ~id ly u in th h~nKte i"'flti no ])-'H sitic 

protozoa such as Entamoeba (Reeves and Bischoff, 1968), Leishmania 

(!.vans, 1978) and Plac;mod'um (Cart , 1973). Th t ·1 iqu ,,·:1 · fir t 

arplied to soluble enzymes of tryprmoc; m s (K'l our ,nd G d 1 y, 1 73; 

Bagster and Parr, 973) and th pot ntial u_ fuln . s f th cchni [U 

as a means of dis inguishing trypan on soon l em 1 

Enzyme profiles of protozoa m\ b n dt::t~ nnm d d th 

s arch-gel sis, hin -1 h n. i n 

adv ag s of tl in-1 y r 

0 0 

Jn 
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Enzyme polymorphism amongst naturally occurring T. vivax w<1s 

first shmvn by Kilgour et al; (1975). They demonstrated three 

zymodemes of alanine and aspartate aminotransferase among samples 

isolated in Nigeria from naturally infected cattle '\'hich ·caP1e from 

different areas of the country. The criteria for divisi.on of T. 

vivax into the different enzyme groupings was that the same s~ple 

consistently showed a clear distinction in banding in alanine and 

aspartate aminotransferase. Murray (1982), using nine I_. vivax 

stocks \\·as able to detect differences in three out of the twelve 

enzymes studied. 

I_. cruzi . organisms from man and other marrrnals of the western 

H mispl re ar morphologicnlly jndi tingui habl (Il 3r , 1972). 

nim,ls .r u1r ntly Those organisms occurring in ylv ti 

considered as a thr at to man on th 

infectivity to both rodents and triato in 

of moqholo,y nnd 

difficult to prove othendse it s u ent t 

Jj organisw.s as tle human pa 

of mar· d diff rene s 

no 

in :1 ~ 

r at 11 T. tu .. 1 

1 Yid n ~ 

7 ) . n 1 

n 

th 



l9 

for six enzymes. One combination was observed in stocks derived 

from ht.mlan infections or domiciliated animal~, the other occurred 

in stocks from sylvatic hosts. 

The three varieties within the complex of Tryp<mosom8 

(Trypanozoon) brucei (Hoare, 1972) are morpl).ologically identical. 

In the tsetse fly zones of Africa I· ~· gambiense is associ8ted 

with a chronic human disease in Western and some Eastern areas, 

T. b. rhodesiense causes an acute disease in Eastern areas, while 

T. b. brucei is widespread in animals but does not infect man. 

Each subspecies infects animals, and definitions based on infecti,'ity 

present problems when attempting to identify I· brucei brucei. 

Experiments \\rith ht.mlan volunteers have be n performed, but b caus 

it is :impossible tots suffici n numb 1 , n 1ati • r ult 

carUlot be cone lu i v . 1. d, 

ssibly \\Tongly because it is isola d f1 m 1 gion wh r htun:m 

trypanosomiasis is elieved not to occu1. R ntl)' an js l:1t 

labelled as T. rucei brucei "nfect d a 1 

(Robertson and Pic ns, 1975). di a no 

can e diff"cult, inc nd ic 

1 
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a slow alanine' <i!Pinotransferase (ALAT) pattern (ALAT I), and the 

remaining 3 stocks had a slow movjng pattern (ALAT II) found to be 

typical of I· brucei brucei and I· brucei rhodesiensc. The iso

enzymes of alanjne aminotransferase (Kilgour and Godfrey, 1976) 

~ere also found in tryp~osomes isolated fro~ Liberian pigs 

(Gibson, et al; 1978) which reinforces the suggestion, based o~ 

the resistance of th-ese trypanosomes to htunan plasma, that these 

ar ... imals may be the reservoirs of hlD'naT1 Gambian trypano-;omiasis. 

TaH et al; (1984) were able to establish, on the hasis of enzyme 

electrophoresis, that I·~· gambiense (defined by isolation from 

man) could be distinguished from Nigerian and Ugandan I· brucei 

isolated from either tsetse or domes ic animals. 

th pr sence of a variant p ptjdasc "'l ich w, · 

Th y demonstrated 

clusiv to T.b. 

gambi ns • Varjants in th nzyrn s yros·n, a p'"1t t nnino-

transferase, phosphoglucomutase an n 1 y fOtmcl 

in!·!?.· gam iense and not in gandm1 01 • · g rian _ ocks. 

0 ieno and Darji (1985) r ii ·ith T. bruc 

from he Sou h yanz.a dis ric th 

two princ' al 

from G. 

o T • .;;..;..,;;...;;;.;;;~ __ ...;.;;,.;;..,;,.,...;.;..;;. i 
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1970). For classification of trypanosomes belonging to this subgenus, 

criteria such as morphometry, behaviour in the insect vector ru1d 

host preference of the trypanosome have been used (Hoare, 1970). 

By the accepted criteria, there are only two recognized species of 

trypanosomes within the subgenus Nru1nomonas,-namely Trypanosoma 

(N) simiae and Trypanosoma (N). congolense. The various kinds of 

I· congolense that differ in such attributes as pathogenicity and 

host preference are not easily defined, with the consequence that 

their distribution is unclear and the epidemiology of an important 

animal disease throughout sub Saharan Africa is poorly understood. 

Distinct enzyme polymorphism has been amply d monstrated 

in T. congoJcnse. Young and Godfr y (1983) using 78 tocks of 

congol ns showed tha three nzym had h run cl t opl 

mo i1 ity in ev ry stoc ; these are ro a 1y t ic of 1. con _.-., __ _ 
and perhaps subgenus inc these nz 111 c;h w d if 1 nt 

mobili ies in the few representatives of the su 

an Du onella. Apar fr hi cl a1 tmi in the 

s ocks, Yotmg and Godfrey, (19 3) m: k 1 

oc. f th 

con n 



22 

congolense and T.(N). simiae that belong to the subgenus NannoJ11onas 

(Godfrey , 1977) . The two differ from each other in one important 

way , I . (ill_ . sirniae causes a rapidly fatal disease in pjgs where8S 

I · (N). congolense causes a mild one (Hoare , 1970). There have 

previously been no other method of distingu:i:shing I_: (N) . simiae from 

I. (N) . congolense . 

Recently a comparative analysis of repetitive n·A sequences 

and kinetoplast DN.A.. has been carried out on 2' . (N) simiae and 2.:_ Q:-D 

congolense. Using this technique, \1aj i,,·a et al; (1985) have shm,n 

that T. ( ) • sirniae is significantly different from its close relative 

~ (N). congolcnse. 

In this ·study , isocnzyn s h, v b n us d to har" ct riz 

1. (N). simiac and also to di t·n ui hit fr m1.( ). 

Diff r nc s in electrophor 

of th gcn tic diff rences among or an 

the differences among rypanoso s rna: l 

of 

impor anc e and may '311 t o th c1 in · l 

y h rious trypanos r j 

tin 

n ti b~1 i o 

lo ical 

:l\1 d 
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the proportion of such forms varies in different strains and populations 

it is not easy to identify the species in parasites taken randowly. 

The two parasites I· congolense and I· simiae are genernlly regarded 

as the only species belonging to Nannomonas. However, arrong various 

strains attributed to I· congolense, there a~e considerable mor

phological and biological differences on account of which some of 

them have been separated as independent species (\,odfrey, 1977) . 

1. 2. 6 TEYPanosoma (Nannomonas) simiae 

A trypanosome with the characteristics ofT. simiae was first 

seen in 1909 by ~1ontgomery and Kinghorn, working in Kambole (Zambia), 

in a pig which suddenly developed severe symptoms of disease and 

dj ed six hours late These work rs :1 ri but d th to T. 

nanu . Thr y ars lat Bru and o h r (1 12) is 1; 

monJ.·eys on ";hich wild 5 c: fl' e had b en fed , 'l 

characteristic si ilar to those d sc 

I too · re than forT. 

accepted as he only T)~oso that i 

Som of on u 

) . 
p ( 
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Malawi, Zambia and Rhodesia. Stephen (1966) recorded its occurrence 

in Portuguese Guinea, Dahomey, Guinea, Sierra Leone, Mali, Ghana, 

Nigeria, Burundi, Uganda, Kenya, Mozambique and Somalia. T. simiae 

has also been reported in Rwanda, Burundi and Liberia. 

T. si~iae was described by Bruce et al; (1912) as a mono-

morphic species resembling I· congolense in general appearance. 

However, subsequent studies of I· simiae from infected pigs (Hoare, 

1936; Culwick and Fairb~irn, 1947; Stephen, (1966) established 

that it was polymorphic and could be differentiated on morpholo-

gical grounds from T. congolense especially when parasitaemia is 
. -

high. The general morphology of I· simiae conforms to that ofT. 

congolense. Their comnon features are a medium s·z d kin topJnst 

(diameter 0. 8 lJm) occupying a marginal posi ion n · r th pos r jo 

end of the body, and the absence of a free flag llum. B th T. simi·1 

and I· congolense have a conspjcous undulating m mbrane. How v r, 

in contrast to I· congolense which is relatiYely monmrorphic, 

• 
T. simiae is Characterized by a high degree of pl amorphism (Hoar , 

1936; Stephen, 1966). The O\ rall 1 n h of imiL r 

to those of T. 

T. 1 • t \ r. 

l u -

·n ' t 

h 

1 
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It starts in the midgut where the flagellates are in the trypo

mastigote form with the kinetoplast far away from the posterior end 

of the body and near the nucleus. These flagellates migrate to 

the proboscis, assume the epimastigote forw and attach themselves 

to the walls of the food canal, and finally.invade the hypopharynx 

where the metatrypanosomes are produced. The metatrypanosomes 

resemble the blood forms of T. congolense (Cul\,'ick and Fairbairn, 

1947). Like I· congolense, I· simiae is devoid of a free flagellum 

in all stages of its development in the vector. The entire develop

mental cycle in ~· morsitans and Q. brevipalpis takes about zn days 

at 28.3°C (Bruce et ~; 1912). 

T.simiac (Bruce et al; 1912) is an important p3rasit of pigs. 

It causes an acute and fatal form of trypanosomiasis ·n pigs 

(Hoare, 1936; Unsworth, 1952). The animals die due to thrombos s 

of medium sized blood vessels, large veins and arterioles and th 

plugging of capillaries with trypanosomes in the spleen, lungs, 

kidneys, adrenals, lymph nodes, cerebrum and cerebellt@ 

(I soun, 1968). TJ)~anosoma simi~e h.s b n d crih d n_ th 

"Lightning destroyer of the do ti 

T. simiae causes acu ou b 

z d y v T}• r pi d d l , h 

mno l 
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pigs survived for nine months. 

Janssen and Wijers (1974) rerorted that the virulence of 

T. simiae in pigs depended on species of tsetse fly transmitting 

trypanosomes. Glossina brevipalpis transmitted virulent infections 

while _Q. pallidipes transmitted chronic ones·. Roberts (1971) showed 

that G. tachnoides could transmit T. simiae to pigs though the 

infection rate in G. morsitans was higher than that in G. tachnoides. 

Similar observations were reported by ITesowitz and Watson, 1953; 

Isoun, 1968; and Agu, 1984. 

The classical form of acute porcine trypanosomiasis is 

characterized by a sudden onset of disease, where a pig which may 

have been healthy a day or several hours earlier sudd nly falls 

ill, becomes progressively worse and usually di s wlthin th n ·t 

few days . The spread of disease within a herd is also sporadic· 

With .-. atypical strain(s) of I· simiae the infection in pig~ ha: a 

longer incubation period, the animals sun·ive for mor 

month and instead of a progressi'e rise of pa asita 

are periods when trypanosomes are 

when they disappear fro 

T. s i e has 

r n s 

to 

l 

u~ in tl 

1 

than a 
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However, atypical strains ofT. simiae from Rwanda - Burundi 

(Chardome and Peel, 1967) were infective to cattle. T. simiae has 

been reported in sheep and goats but with variable effects. While 

some strains were pathogenic others produced a chronic infection or 

even a latent infection without clinical symptoms (Barnett, 1947). 

The susceptibility of Cercopithecus monkeys to infection with this 

parasite was also noted (Culwick and Fairbairn, 1947). 

The natural reservoir for T. simiae is believed to be the 

warthog (Stephen, 1966), though other species of wild pigs may also 

harbour the parasite. 

Relatively little is known about the biology of!· simiae 

compared to other species of trypanosom s. This may be mainly 

because of failure to maintain strains in suitable lahor~tory 

animals. The literature on T. simiae is meagre and a I.umhcr of 

questions concerning its identity are yet to be ans1'' r d. For 

instance, it is not at all clear whether T. sim1ae is a distinct 

species or only a strain of I· congolen_e. These t\o paras]t s 

are morphologically indistinguishable. 1h y ar in£ ctiv~ to 

corrmon hosts, sheep, goats, a ttl ' · h \. rrin d 

ofvirulen Tit olycl ni t'on 

ofT. on 

n II 

n 

1. 

1 
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of infection by I· congolense. Previously, a parasite found in 

the pig if infective to laboratory rodents was designated as I· 

congolense. Recently a laboratory adapted strain of I· simiae has 

been reported (Opiyo, 1985). The fact that a strain of trypanosome 

is infective to the pig does not automatically design8te it as the 

porcine parasite simiae. There exists a need, therefore, to establish 

the identity of I· simiae. Hany parasites can be identified using 

morphological features but characterization of behavioural, specific 

or subspecific differences by morphology has failed in the case of 

T. simiae and I· congolense. Biochemical and immunological chara

cterization studies which are the subject of this study aim at 

throwing light on these two parasites and hop fulJy r veal th 

differences between the two parasites which are of gr at iolo al 

and economic importance in Africa. Such a study is not only of 

interest to taxonomists but is of great help to studies on c 11 

biology, studies on epidemiology and comparative pnthogenicity 

as all these require reliable and accurate label. on th ~1rasites. 

1.3. Aims and Ohjectives 

Trypanosoma . i o ic. 1 i h hl -
from clos r nl • 

on n 

T. on 

0 0 0 
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The main objectives of this study were 

(1) To study isoenzyme patterns of I· simiae isolates using 

starch-gel electro~oresis and compare them with isolates 

of!· congolense. 

(2) To investigate the occurrence of antigenic variation in 

an isolate ofT. simiae and to find out if T. simiae and 

and I· congolense share common antigens on their surface. 

(3) To determine the end-products of the glycolytic pathKay 

in T. simiae and group the parasite appropriately on the 

basis of its metabolism. 
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2 .1. PARASITES 

2.1.1 Isolates 

Trypanosoma siJT'iae isolates EATRO 1786, 1806 and 1861 and 

Trypanosoma congolense fA.TR\' 2386 and EATRO 2506 were obtained as 

stabilates from the Kenya TT)~anosomiasis Research Institute (KETRI) 

~~uguga. T. simiae TS 81 and TS 82 were obtained frow the Interna-

tional Laboratories for Pesearch on Animal disease (ILPAD) whereas 

T. congolense S 14 was obtained as a stabilate from ICIPE. Details 

of the brief history of stabilates are described in 2.3· 1 The 

parasites were maintained by serial passage through animals or as 

stabilates in 10% glycerol. 

2.1.2. ~aintenance of strains in host animals 

All the I· congolense isolates and 1· simiae EATRn 1786 

were maintained by serial passage in male outbred Wistar rats 

of body weight 200 - 300 g. The rats ,,·ere inoculated intra eri ton ally 

with 1. 5 x 106 trypanoson:es suspended in Phosphnte Sal in Glucose 

(PSG) buffer. The course of parasitaemia in the 1:1L ,, . . follm,· d 

by examination of w t fil of blood f th t '1. \\l1 n p:trn i-

tn~i a ~as high tl. In tlll t 

l-lh.] 

u 
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I· sirr.iae isolates TS 81, TS 82, EATRO 1861 and EATRO 1806 were 

·maintained in Piglets. Crosses of Large -White and Hampshire breeds 

of pigs were used. The piglets were intravenously inoculated with 

1 x 105 trypanosomes suspended in Phosphate Saline Glucose buffer 

(PSG) via the ear-vein and parasitaemia followed . . The parasites 

at peak parasitaemia were harvested via the jugular vein into a 

heparinized container. 

Separation of trypanosomes fr~ infected blood 

Trypanosomes were separated from blood by passing infected 

blood through an anion exchange collD11Il of DEAE cellulose as 

described by Lanham and Godfrey (1970). Th scpnr.ation d pend 

fLmdamentally on differences in surface charge; th D: 1: c 11 u 1 oc:: 

adsorbs the more negatively charged blood compon nts ,,•hi le th 

less negatively charged flagellates are eluted. 

Although surface charge differs bet,een speci s of salivnrian 

trypanosomes it is ah·ays sufficientl; differen from that on th 

host blood cells and platelets for succ ful e .r. ion ·n 

standard condHions of pJ~ and ionic h. 

The p1 5\'>'0ll n l u 1 ·n 

(PBS) \\ho i \\71 

ic 
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Parasites from infected blood were estimated by use of the 

hacmccytometer and the infected blood was centrifuged for 1 min at 

3 ,mo rpm. The pellet of trypanosomes and blood suspension wCJs 

layered on top of the prepared column and run into the co1~n under 

IT'ild sunction. It formed a well defined layer in the cellulose. 

The blood cells were adsorbed tightly onto the cellulose. A flow 

of one drop/10 seconds was maintained for fast elution. The 

eluate was collected as successive fractions in tubes. The tubes 

were replaced in succession as they got filled up. The tuhes 

containing trypanosomes appeared milky. The eluate ~~s centri

fuged at 3,noo YpJT1 for 1 minute and the organisms were sedirnented 

as a white pellet. These were resusp nded in PSG buff r and final 

counts taken for total organisms eluted. They v:cr k pt at 4° 

until used. 

2. 2 ANI 1ALS 

2.2.1 Rats 

1ale outbred Wistar rats of od' i ht 

used in this study. The t 

animal hous and · p in 

h 0 • 
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Animal Fann, Kabete. They were fed on a diet of weaner and sow 

meal and water three times daily. 

2. 2. 3 Rabbits 

Newzealand-White rabbits aged 9 - 12 JTlQnths were used in the 

study. The rabbits were fed on a diet of rabbit pellets, green 

vegetables and water. 

2.3. ELECTROPHORESIS 

2. 3. 1 Trypanosome stocks 

The trypanosome stocks used for electrophoresis and their 

histories arc shown below: 

Stock Species 

EATRO 1786 T. simiae 

EATRO 1806 T. simiae 

EATRO 1861 T. simiae 

TS 81 T. sirniae 

TS 82 T. sirniae 

s 14 T. congol ense 

E TRO 2386 T. 

25 T. 

T. 

n 

Location 

1uhaha Forest 

" 

" 

Uhunda 

ill.unda 

) 

" 

" 

i 

Host Y r 

G. austeni 1970 

G. brevipalpis 1970 

G. bre,·ipalpis 1970 
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temperature, the trypanosomes resuspended in 2.5 volmes of lysis 

buffer (10 rr~1 Tris - HCl pH 7. 4, 1 m~1 di thiothrei tal, 1 ntf EDTA , 

2.5% Triton x- 100) at 0°C and homogenized in a Tri - P -stir 

homogenizer. ·The homogenate was centrifuged at 4Q,non g for 3n 

minutes and the resulting supernatant fluid was used for electro

phoresis . 

2. 3 ._2 Electrophoresis 

Electrophoresis was carried out on a thin-layer starch gel 

as described by Young and Godfrey (1983) . Connaught Hydrolysed 

starch gel was prepared in the appropriate buffer and lnid on a flat 

surface . The gel was allowed to cool for 1 hour at r om t mp -

rature and then for 30 minutes at 4°C. Trypanosome ly 0t s 

were inserted into slots made in the gel ·with a razor lad by 

adsorbing the extracts on cotton threads. Electrophor sis ,,·as 

carried out at 5°C in the refrigerator. This temperatur was 

maintained by a water cooling devic in the el ctrophm ti 

tanl·. The buffer conditions us d fo ropl o fm th 

various enzymes a1 e sho n . n T bl l 01 

he top of the ut 

urf c n. 

l. t 

35 n l I 
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·LECTOOPHIRETIC CONDITIO. S USED FOR TilE 1\PIOUS ENZYMES * 

Tan· ffer Gel buffer Volts em -1 Time 
across gel (Hours) 

0 ha e H 7.0 3 in 40 20 3 

dilution of TB 

1 in 10 dilution 29 2 

c r·c acid 
VJ 
0 

3 in 40 dilution 40 1 hour 15 min 

c ic cid H 7 .o ofT B 

3 in 40 dilution 40 1 hour 15 min. 

. 5 ofT B 

1 in 10 dilution 

KH2 P04 KOH-buffer 20 1 hour 30 min 

thanol + paper overlay of T B 



uffer 

c ric ncid 

Gel buffer 

1 in 15 dilution 

ofT B 

1 in 10 dilution 

ofT B 

3 in 40 dilution 

ofT B 

- 1 Volts em 

21 

2() 

2() 

Time 

3 

2 

3 



p IFIC · :r 1E ST I FOR THE ARI 

u strate Co-enzyme 

1 m F P Smg p 

1 G lP 10 mg DP 

16DP 

2 - xo 1u aric acid 2 mg H 

120 L-alanine 

F16DP 

aldola e 

OO!g NAD 

f s z~s 

Linking Enzyme 

500 G6PDH 

500 G6PDH 

8m LDH 

Ions 

1 m1 O.lM 

Mge12 

1 m1 0. SM 

MgC1z 

10 mg 

sodit.nn 
arsenate 

Dye 

10mg HTI 

2mg IMS 

1n mg ~m 

2mg PMS 

10 rng I'ITT 

2 rng PMS 

H20 

7 

7 

,, 



rate 

1 ml 1.0 
alic acid 

PH 7.0 with 
'aCl1 

7 -leucyl 
lycl glycine 

0.3 1 0.1 
lie ac·d 

7. wi h 
aOH 

Co-enzyme 

3 mg p 

1 mg peroxidase 
1 mg L-amino 
acid oxidase 

1 mg peroxidase 
1 mg L-amino 
acid oxidase 

2 mg 
p 

Linking Enzyme Ions 

0.2 m1 
0.1 M Mn02 

0.2 m1 
O.lM MnClz 

1 ml 0. 5 M 
Mg0 2 

Dye 

10 mg T'ffT 
2 mg PMS 

5 

5 
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2.4. ANTIGENIC VARIATION 

2. 4 .1 

Trypanosoma sim:i.ae EATRO 1786 and T. congolense S 14 were 

used for the antigenic variation studies. 

Antigen and anti-trypanosome serum preparation 

The antigens used in this study consisted of a susrension 

of trypanosomes in whole rat blood. A group of 20 male outbred 

Wistar rats were inoculated intraperitoneally with 1 x 106 

trypanosomes suspended in PSG buffer. Parasitaemia was monitored 

in the rats until death. Counts of parasites were done by use 

of the improved Neubaeur haemocytometer. At each peak of 

parasitaemia 5 rats were bled by cardiac puncture while under 

diethyl-ether anaesthesia, 1 ml of blood was withdrawn from the 

heart of each rat. The parasites were cleaned by us of the 

DE-52 column and stored as stabilates in liquid nitrog n lmtj 

needed for the serological tests. Several populations 'ver 

generated and stored. 

Antisera to the trypanosome populations were raised in 

albino rabbits. Cleaned parasites w re inoculat in ra\'enously 

into albino rabbits already bled fo1 normal s rum. The d lop-

rnent of agglu inating an i ro n h 

rab it was Th d 

cl y 

lu-

in 

c 0 
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retract. The expressed serum was collected by removing any loose 

blood cells by centrifugation. The serum was stored in small vials 

at -20°C. 

Agglutination 

This test is antigenic-type specific and is used for the 

identification of the antigenic type of trypanosome populations 

or for recognition of antigenic-type specific antibodies (Lumsden 

1973). The test depends on the agglutination of living trypano-

somes by antibody specific to their surface antigens binding the 

the organisms together. 

The agglutination technique was carried out as d scrib d 

by Cunningham and Vickerman 1962. A slide agglutination t ~ 

was used. nvo-fold serial dilutions of antisera from 1/10 - 1/64 

were made in microtiter plates. Phosphate Saline Glucose (PSG) 

buffer was used as diluent. Normal sera collected before infection 

of the rabbits used for antisera production '"as u_ ed as controls 

for the corresponding an isera. 

1 drop of anti n 111 SO ul · 

th test and cont rol 

a 25°C for 1 hour in 

L ch di u 'on 

to h d'lut.ion o 

n ul , t 
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Each population of antigens was tested for agglutination 

using the homologous and the heterologous antisera. 

2.4.3 L:rsis 

. . 

The lysis-technique detects surface antigens and so, ljke 

the direct agglutination test is, antigenic-type specific. This 

technique involves the lysis of living trypanosomes using 

homologous immune serum in presence of complement. Lysed trypa

nosomes can be distinguished from unaffected ones by being non

motile, enlarged and non-refractile on phase-contrast microscopy. 

The difference cannot be seen by ordinary transmitted light 

microscopy. 

The immune-lysis technique was carri d out s d crjb d 

by Lumsden et al; 1973. Dilutions of antisera fran l/10 - 1/ 4 

were made on a ceramic ring slide. Phosphate Salin Gluco e 

(PSG) buffer was used as diluent. 1 drop of tT}~anosrn e suspension 

was added to each dilution of antisera. Tonnal ral bit sennn 

was used for controls . Guinea pi SCl on nt1ation of 

25~ was used as colllpl en . Th ted 37° 

for 1 hour. icro co ic t 

ir 0 

p T n 0 
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2 • 5 • ~lli TABOLI 91 

2.5 .1 

2.5·2 

Trypanosoma simiae EATRO 1786 (Ukt.mda - 1970) was used 

in the respiration experiments. 

Oxygen uptake by trypanosomes 

The rate of oxygen utilization by trypanosornes was 

followed at 25°C using a Clark-type oxygen electrode connected 

to a Sargent Welch recorder . A closed system was used in which 

oxygen was not replenished , as it was depleted by the respiring 

material. The buffer used was Phosphate Saline (PS) buffer. 

The electrode was allowed to equilibrate with the buffer for 5 

minutes at 25°C before the experiment was started. Glucos 

(1.0 M) was used as a substrate . To start the re. ction 1 lJ 1 

of a trypanosome suspension containing about 108 trypanosom 

was added to the cuvette. Rates of respiration were e ~r ss d 

as nanomoles of oxygen utilized per 108 cel1s/~in. 

Product assaz:s 

In order t o det enn' n of in-

cu at:i ns wer a r i ou in ul .tt 

in 25 I l:rl r 

u d. 

0 

I 
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or increased absorbance of reduced pyridine nucleotides at 34n 

nm on a Unicarn SP 800 spectrophoto~eter using cuvettes of 1 ern 

light path at 25°C. The spectrophotometer · was coupled to a 

Pye - Unicarn recorder. 

Of 6.22 X.lo- 6 or 3.34 xln..;.6 
An extinction coefficient 

per mole of N~H or NADPH used or generated was used in all 

the determinations. The concentration of the metabolites in 

each sample assayed was estimated using the following formula . 

c = 6E -----
6.22 or 3.34 

· v 
X

V 

where C = Concentration of respective 

metabolite in llmoles/ml of sampl . 

6E = Change in absorbance during the assay du to 

volume v of sample in a cuvette containine a 

final volume V of assay mixture. 

(i) Assay of Pyruvate 

Pyruvate v.·as assayed imrnediat ly aft 1 n u r. li.,, tion of 

the dcprotenized extract s de ni ll''Ilt 

(1974). Pyro •at .. r 

. l 1 d pro n 'z 

con il ·n 

5 u 

0 . 
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(ii) Assay of Lactate 

+ LDI-l + 
Lactate + NAD + ;=:====:\, Pyruvate + NADH + H . 

The fonnation of NADH was measured by the increase in 

extinction at 34n nm. The reaction mixture contained 0.4 M 

Hydrazine, 0. £\1 Glycine (PH 7.0) and 1.5 rrN NAD+. The reaction 

was started by the addition of 1.5 units of LDH. Absorbance 

was read at 34n nm. 

(iii) Assay of succinate 

Succinate + ATP + COA _S_u_c_c_in_a_t_e __ ~, succinyl CoA + 
' thiokinase 

Pi + ADP. 

ADP + PEP ___,Pyr.....,__u_v_at_e __ -l) ATP + Pyruvate 
kinase 

Pyruvate + NADH + H+ LDH "' Lactate + NAD'!" 

The assay was carried out in a reaction wixture containinr 

SO rrf\1 Triethanolamine, 10 m igClz, Srrt EDTA, (PH 7. 4) , Sm\1 

CoA, 10 rrt>i ATP, 50 nt-1 PEP, 2. 4 m ' H and 1.0 units of LD!l 

and PK. The reaction ~s s arte : rtddition of 21 I .U of 

succinate thiol·inase. The chan in a orh:m 1 , d , t 3 ) nm. 

n 
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The sequence of reactions is as folloHs: 

M 2+ Glycerol ___ .._r ____ ~'> ar.1ycerol phosphate 

1\ 
Pyruvate 

NADH 
+W 

ATP ADP 

~ 
PK t--------- PEP 

Deprotenised samples ~ere added to a reaction mixtur 

containing 50 rrM KcL, 10 m1 1gS04, 0.2 rrM EDTA, 0.15 m1 H, 
4.0 nN ATP, 5. 0 m\1 PEP and 5. 5 tmi ts LDH, 4.0 tmi ts PK and SO 

m1 Tris- HCI (PH 7.5). The mixture '~s pre-incubated until 

a sta le a sorbance \o'as obtained. 2.0 Units of r. • , . re used to 

start the reaction. Absor ance ~as r ad t ~4 nm. 

111 cuv 0 

) 

2.5 

- 1 n 



- 47 -

(vi) Assay of ATP 

2. s. :3 . 

ATP v;as assayed in a 1 rnl cuvette containing sn rrM KCl , 

10 m'1 MgS04 , 0.2 mM EDTA, lJ) rrt1 NADP, 20 nM D- Glucose , 1.5 

j.,U. Hexokinase, 4.0 "1 .• U Glucose 6-P-dehydrogenase cmd sn 

~1 Tris/HCI (PH 7.5) . The assay was based on the increase in 

absorbance at 366 as N~P was reduced. 

ADP 

D - Glucose + ATP ~ 
G6P 

NADP+ 
G6PDH > 6 Phosphoglucono

lactone 

The reaction was started by addi t ·on of 20 pl of P-1 D-glucos • 

The 6E at 366 nrn was used to determine the amount of ATP 1n h 

sample assayed. 

Enzyme assays 

The methods described in ' .1ethods of Enzymatic Anal r is by 

Hans Urlich Bergmeyer Volum I - II (1974) '' 1 tt. ed. Th 

3 ~1 assays were uffered \lth · h 

in O. ' (PH 

i) H o·inn l. 
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(ii) Glycerol kinase (GK) (EC 2. 7. 1. 30). The assay contained in 

final concentrations: 1. 25 rrt1 ATP, 2. 5 nt1 MgCl 2, 3 1-11g r: 6 PDH, 

0.45 rrt~ NAD+ in 8n rrM Glycine buffer (PH lO.n). The reAction 

was started by addition of 5 rnr-~ glycerol. * 

(iii) Pyruvate kinase (PK) (EC 2.7 1.40) . The method used ~~s that 

described by Bucher and Pfleiderer (1955). Final concentrations 

used were 2 1J& LDH, () .1 rrt1 NADH, 2 mM ADP, 3. 5 m\1 ~1gSQ 4 and 

( 

7.5 mM KCL. Phosphoenolpyruvate (PEP), n.45 ~~started the 

reaction.* 

(iv) Lactate Dehydrogenase (LDH). The method used was that 

described by Bergmeyer and Bernt (1974). The assay gyst m 

contained 0.1 M phosphate buffer, PH 7.5 and 0.15 m1 NI\DII. 

The reaction was started by addition of 2 mr-~ pyruvate at 340 nm. 

(v) Glucose-6-phosphate dehydrogenase (r.6PDH) (EC 1. 1. 49). The 

assay mediwr contained 2 nt1 NADP+ , 1. 75 rrf\1 ATP, 2. 5 nt ~trc1 2 . 

5rrt glucose - 6 - phosphate "~s used to tart th r .1 tion. 

(vi) Glucose phosphat somerase ( I) ( 5. . 1. 9) . Fil. 1 

c c ntrat 'on fo - )- pl .s 
n 

i) Ph pl 0 1). 

s 



- 49 -

(viii) ~alic enzyme - NADP+ (EC 1.1.1. 40) and malic enzyme NAD+ 
• 

(EC 1.1.1. 39) . The method used was according to Hod;- et al; 

(1976). The final concentrations used were 2. 5 w1 ~~gC1 2 , 

+ + 2 'flg malate dehydrogenase, 0. 5 #1 NPD or '). 25 m~1 NADP . 

The reaction was started with 5 nt-1 malate. •*' 

(ix) ~ glycerolphosphate oxidase (GPO) (EC 1.1.1.8). The 

method used as as described by Hoek et al; (1976). Final 

concentrations in 0.1 H glycine - NaOH buffer (pH H1.0) 

+ and 0.5 mM NPD • The reaction was started with 5 Jlt-1 a- GP.* 

(x) Malate dehydrogenase •1I)I-; (EC 1.1.1. 37). The method used is 

as described for GPDH, substituting ~GP with 5 m\1 L - rna late. * 
* 340nm 

Protein determination: Protein was estimated by the LoHry-

Polin 1ethod described by Lov.-ry et al; (1951). S3lllpl s w re 

suitably diluted to give 200 ~ protein/mi. Bovine serU!l1 

albumin was used for protein standard cun·e plots. 



- 50 -

C H A P T E R III 

RESULTS 
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3.1. ELECTP0PHOPESIS 

3.1.1. 

Thin-l~yer starch gel electrophoresis of lysates obtained 

from T. simiae and I· congolense ~~s carried out as described 

under Hater ials and ~1ethods ( 2. 3 · 2.) • 

The results of isoenzyme electrophoresis ofT. simiae and 

T. congolense isolates are presented in form of plates (Plates 

I - VIII). The mobilities of the isoenzymes of I· congolense 

and I· simiae can be best comrared by use of their Rf values. 

The Rf value shows the distance each individual band has moved 

in relation to the entire gel distance. The Rf values are 

presented in Table III. 

Phosphoglucomutase 

Trypanosoma congolense Sl4 produced two bands whjch w r 

quite distinct compared to Trypanosoma simiae isolates which 

showed only one band. The single band for the five I· simiae 

isolates migrated unifonnly giving an f value of 64.7. This 

was a faster mobility than the o ands '' d ; .!.· congol n- . 

The slo\\er band in.!.· congolen e had n lu of 4'. S , .h 1 

the fas er band lad an alu of , 

3.1. . Gluco 

p 0 0 
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Pl I; h- 0 

( 
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Pl t II: 
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This band was similar to the slowest band obtained in I· congolense 

EATRO 2386. Two isolates of I· congolense EATRO 2386 and 25()6 

showed three bands each. The second slowest band of EATRO 2386 

was similar to the slm .. 'est band in EATRn 2506. This indicates 

variations among isolates in the same species. Three isolates 

of Trypanosoma sirniae (i.e. EATRIJ 1786, 1806 and 1861) showed 

three bands each, whereas two isolates (TS 81 and TS 82) showed 

two bands each. The slowest bands in TS 81 and in TS 82 were 

similar in electrophoretic mobility to the middle bands in EATRO 

1786, 18n6 and 1861. The bands of T. simiae isolates were slower 

than those of I· congolense isolates. The fastest moving band 

amongst the!· congolense isolates had an Rf value of 63.33 and 

the slowest had an Rf value of 55.54 compared to !· . sj~inc nf 

values of 50.0 and 27.96 for the fastest anJ slowest bands 

respectively. 

3.1. 3. Malate dehydrogenase 

Plate II I compares the isoenz) es of latt: d hyd1 o na e 

1) from one isolate of I· congol ns l 'ith tho f1 m iv 

isola es of 1. =.;..;..;;.;;....;;. T. congo j l n in 

pa t m of la 

d 
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Aspartate ~inotransferase 

Plate IV compares the isoenzyrnes of aspartate amino-

transferase in three isolates of Trypanosoma congolense and 

five isolates of Trypanosoma siJI1iae. Two of the isolates of 

Trypanosoma congolense showed one band each, while the third 

isolate showed three bands. These bands migrated at different 

rates although the band from I· congolense Sl4 was similar 

to the fastest ~and optained fro~ Trypanosoma congolense E~TRO 
. . ' 

2506. B9th showed an Ff value of 63. 79. .TrYPanosoma congolense . 
EA.TRn 2386 showed one band. This, band was similar to the slowest 

band in I· congolense EAT.RO 2506. These results confinn thett 

intraspecific variations do exist among isolates ofT. 

The bands of I· copgolense were faster moving than those of 

Trypanosoma s:ln!_iae. I.!:lEanosom'! simiae also shm,•ed a multi

banding pattern with three bands in three of the five isolates 

(i.e. EATRO 1786, 1806 and 1861) and t,,·o bands in each of the 

other two isolates (TS 81 and TS 82). The slo,,· t band in 

TS 81 and in TS 82 migra ed in a simi 1 r mann r • d ' t:r 

similar to the fastes and ·n 17 an 1 h \'in n 

n value of 37.93. T\'0 land 0 l n 17 

(sl ·· s nd h 

0 

ol 
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Plat IV: Starch- 1 1 

( T) 

con 

1 
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Malic enzyre 

Plate V co~pares the isoenzymes of malic enzyme ~E) in 

three isolates of Trypanosoma congolense and five isolates of 

TI)]?anosoma simiae , I· congolense Sl4 showed one band with an 

Pf value of 41. 6. This was similar to the fastest band in 

EAT~D 2386 and the slowest band in FAT~() 25()6. The slowest 

band in EATRO 2386 was slow moving compared to the other bands 

of the I· congolense isolates and it had an Rf value of 36 . 6. 

All the bands obtained in T. congolense isolates were faster -
movjng than those in T. simiae isolates. Three Trypanosoma 

simiae isolates (EATRO 1786~ 1806 and 1861) showed two bands 

each. The bands obtained in 1
EATRO 1786 .and 1806 were simile1r 

while those bands of EATRO 1861 were relatively faster m vjn . 

TS 81 and TS 82 showed one band each which seemed to e 

shared amongst all the isolates of T. simiae studied and had ru1 

Rf value of 21.6. The fastest band in T. simiae HlS smwed b 

EATRn 1861 and had an P..f value of 25.0. This Y.'3S a much sl 'er 

mobility than that of the bands in T. congolen. isolat 

In pla \I i 0 n 

f on 

T 

0 

) 
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Plate V: Starch- 1 hor · o ( .) 
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of Trypanosoma simiae showed three bands. These bands were 

distinct and moved in a similar manner in all the five isolates. 

They had P.f values of 32.64, 36.17 and 40. 59 for the slmvest to 

the fastest moving band respectively. The t,,7o parasites I· 
congolense and T. smiae shmved differences in the number of 

isoenzymes and in their rates of movement. 

3.1. 7. Peptidase I. 

Plate VII ShoWs the isoenzymes of peptidase I. One isolate 

ofT. congolense 'was 'compared with five isolates of!· simiae. 

There \\7ere two bands 1n each of the isolates studied. However, 

the bands in T. congolense S14 were faster moving than those 

in T. simiae isolates. The slower band in!· congolens had an 

Rf value of 53.·12 Wlierea·s •the faster :band had an Rf value 

of 65.62. Trypanosoma simiae had bands which showed intrasp cific 

variations . The faster moving band in T. simiae ,,-as shared 

among all the five isolates. It had an Rf value of 55.16. 
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Pl 11 s d- 1 of 1 
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Band 

I 
II 
III 

I 
II 
III 

I 
II 
III 

I 
II 
III 

I 
II 
III 

I 
II 
III 

I 
II 
III 

l 
l 
I 

T.simiae 

64.7 

27.96 
31.32 
50.0 

64.5 

32.06 
36.89 
37.93 

18.66 
21.66 

32.64 
36.17 
40.59 

39. 69 
5 .16 

44 . 7 
.19 
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_!.congo1ense 

42.25 
49.29 

55.54 
59.99 
63.33 

41.25 
46.25 
48.75 

58.04 
58.6 
63.79 

43.89 
47.5 

51.47 

:>3 .11 
. 2 

Enzyme 

P01 

GPI 

tiDH 

'ASAT 

t1E 

J 

1 
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bands were slower moving than the bands in T. simiae isolates. 

'The faster band in T. simiae was shared amongst all the isolates 

and had an Rf value of 52.19. The slower band, however, showed 

variations amongst the I· simiae isolates suggesting intraspecific 

differences in the parasite. 

3.2. ANTIGENIC VARIATION 

Antigenic variation is believed to be the phenomenon responsible 

for the relapsing course of parasitaemia in organisms of the genus 

Trypanosoma. Experiments were carried out to study this phenomenon 

in Trypanosoma simiae. Initial experiments involved taking counts 

of parasites in infected host animals. The counts enabled us to 

establish a pattern of parasitaemia in rats infected wi h the r -

adapted strain of!· simiae. The results of thes counts ar sho\~ 

in Figure 1. The results indicate that the parasites first app r d 

in the blood of the animal on day six after infection. Parasit 

numbers increased until a peak parasitaemia of 5 x 107 organism/ml 

of blood was reached. This was followed • a dec1 ease, and then 

an increase in number of parasites. Th re 1 e ~1 r flue u ions 

in rypanosome numbers ith w d fin of p. r. i , mL 

cr d a Tcgul r in rv 1 0 

para i n rs 'lh 

flu 0 n 

oc u 0 
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Agglutination 

Serological tests including agglutination and lysis were 

carried out in order to compare the antigenic crnnpositions of 

parasitaemic peaks. Agglutination was observed as clumps 

composed of densely packed organisms. Under high power, the 

clumps appeared to consist entirely of t1~anosomes in a solid 

wTithing mass. The clumps did not break up but remained intact 

even after death of the trypanosomes. When motility of the 

agglutinated trypanosomes had ceased the majority were lysed. 

In order to study the antigenic nature of the parasites obtained 

from the various parasitaemic peaks, antisera to these peaks 

were raised in rabbits as described 1mder Materials and Methods 

(2.4.1). All antisera were tested against all the peaks for 

agglutination until the host died. The results of eA~ rin1 nts 

using the homologous and heterologous antisera are present d 

in Fig. 2 . It can be seen that parasites obtained at peak A 

of parasitaemia had the highest reactivity ~ith the homologous 

antiserum A. Agglutination of parasites from peak A deer ased 

gradually from antiserum A to antisc . P its obt,in d 

from pea · B of parasi aem·a h tio 

d 
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of parasites did occur in successive parasitaemic reaks during the 

course of Trypanosoma simiae infection in tl1e vertebrate host. 

It was further observed that reactivity which was highest '~ri th the 

homo logous antisera, decreased gradually with successive hetero

logous antisera. 

3.2.2. Lysis 

Experiments were carried out to study the lytic power of 

the anti-parasite antisera. These experiments involved the 

incubation of trypanosomes with the homologous and heterologous 

antibody in presence of complement. Lysed trypanosomes were 

distinguished from intact ones by being non-motil , enlarg d 

and non-refractil e when observed under a phase-contrast microsco 

The results of these experiments ,,·ere e>..-pressed as percentng 

lysis and are slD11lllarized in Figure 3. These results show that 

in every case the highest lytic activity ,,·as obtained with the 

homologous antisen.nn. Like agglutination, lysis of trypano. om s 

from peak A decreased gradually v.•i th , C, D tmt il ' ry 

fe"· trypanosomes "~ere lyse y of 

compl n . Using pa~ i k 

t} ly c c 

ol h 
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3.2.3. Cross-reaction experiments 

Cross-reaction experiments of antisera generated using 

Trypanosoma sirniae and antigens obtained . from I· congolense were 

carried out as described under Materials and f\1ethods (2.4:4) to 

investigate the serological relationship between the two parasites. 

Results of these studies are presented in Figure 4. The results 

indicate that there was no cross-reaction between the antisera 

of T. simiae and an~igens of I· congolense, suggesting that 

agglutination and lysis reactions are species-specific. 

3.3. ENERGY METABOLI~1 

Salivarian trypanosomes are entirely dependent on ext rnnl 

sources of substrate for survival. "~en Trypanosoma ~ · simia 

was washed and incubated in phosphate saline buffer at pll 8.0 

without glucose it lost motility. The posterior end of the 

trypanosome lost motility last. \:hen the trypanoso es '''ere left 

in this state, they clumped together and e·entu 11; di in rat d . 

. ~otili ty here is defined as a il ity to mak roo 

obscn•able under th 1 · ht micro co 

tl p rc n a of 11 o o n 

at 

TI 

t \ 

1 

,,·hi h , r 

1 ul 

1 T. 
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Incubation buffers 

10 rrM Glucose 
in PBS 

5.0 X 107 

3.6 X 107 

72t 

10 rnM a-Glycerol 
a-Phosphate in PBS 

5.0 X 107 

3.0 X 105 

0.6% 

of glucose, a glycerol - phosphate and glycerol upon 

·i al of Trypanosoma s:i.miae in vitro. 

10 rnM Glycerol 
in PBS 

5.0 X 107 

4.3 X 107 

86% 
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after 1 hour's incubation in 10 m1 glucose and in ln mM glycerol 

was 72% and 86% respectively. ~~1en incubated for the same period 

in a-glycerol - phosphate or phosphate buffered saline only a 

fe1,, (0. 6%) of the organisms survived. These results clearly 

indicate that both glucose and glycerol support the survival 

of simiae in vitro. Glycerol gave a better survival rate than 

glucose. It was further observed that if a suitable substrate 

was added to the culture when the organisms were almost immobile 

they became active. 

In order to find out how substrates were utilized by the 

trypanosomes, incubations were carried out with 10 rrH glucose 

in a closed system. The utilization and metabolic products of 

glucose under aerobic conditions were h n investigated. In n1l 

the experiments the concentration of glucose ,,·as 10 rn'1 <1t th 

start of incubation. I· simiae aerobically breaks down glucos . 

The rate of oxygen utilization is as sho"n in Figure S. Th 

rate of oxygen utilization \-:as 4 nanoatoms 2/min/108 tryp:mo. 0111es . 

This rate is slightly lm.;er than tha 1 e r d f01 T. i 

(Su genus Trypanozoon) y Hill , 19 

good indication of th fact 

dmm. 
11 

1 

) . 
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Addition of trypanosomes. 
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Metabolite prnol es/ml sample 

Acetate 1.04 

Ethanol 0.00 

Fonnate 0.00 

Pyruvate 0.546 

Succinate 0.139 

Glycerol 0.264 

lactate 0.00 

Glycerol-phosphate 0.306 

Propionate 

Table V: 

0.00 

Concentrations of the end-products of D-glucose 
following its aerobic breakdm,n by Trypanosoma 
N. simiae in vitro. 
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Succinate, glycerol and glycerol-phosphate were present in low 

amounts. There was no ethanol, lactate, formate or propionate. 

The absence of lactate confonns to the low activity exhibited by 

lactate dehydrogenase (LDH) reported belov.r. The end-products 

could be a rough indication of the pathv.ay.s followed in the 

aerobic degradation of glucose by the trypanosome under study. 

A study of the enz~e activities was undertaken in an 

attempt to understand the relationship between the organisms' 

dependence on glycolysis for survival, the ~etabolic products 

and the high rate of oxygen utilization observed. Trypanosomes 

are unique in that NADH reoxidation is through the a-glycerol 

phosphate oxidase (~GPO) system. The activities of malic enzyme 

(.ffi) and malate dehydrogenase (l-IDH) v.•ere studied as pos ihlc 

pathways of NADH reoxidation in simiae. The activities of th 

enzymes may also be indicative of other possible cataholic 

pyruvate utilizing pathways or path,,·ays by which alternative 

substrates may be utilized. A unit of enz 'J1'e acti i ty '·as 

taJt-en as that required to catalyse the con\'ersion of 1 of 

substrate/minute under t1 e assa, conditio 1 th 

enzyme activities w d on n 'tion o o h 1z 'Il 

act i v · i s sl wn in T l \ • 
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Enzyme }.ID101es/min/mg Protein No. of determinations 

Hexokinase 0.50 + 0.12 

Glucose-6-PDH 0.031 + '(),019 

Phosphoglucoisomerase 0.623 + 0.11 

Phosphofructokinase 0.56 + 0.047 

Lactate Dehydrogenase 0.022 + 0.01 

Glycerol Kinase 0.50 + 0.05 

Pyruvate Kinase 0.76 + 0.16 

Malate Dehydrogenase 0.073 + 0.032 

~-glycerol phosphate oxidase 0.035 + 0.005 

NADP+ linked malic enzyme 0.058 + 0.03 

Table VI: Enzyme activities in ~les/ in/mg protein of 

homogenates of Trypanosoma _. simiae. 

3 

3 

3 

3 

3 

3 

3 
"' 
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3 
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DISCUSSION 
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DISCUSSION 

Trypanosomes of the subgenus Nannomonas, I.· congolense and 

T. simiae are morphologically indistinguishable (Hoare, 1972, 

Godfrey, 1977). Some authors regard I.· simiae as a distinct species 

whereas others designate it as a sub-species of I.· congolense. 

In the present work, three aspects of the biology of I.· simiae, 

namely antigenic variation, electrophoresis of isoenzymes ann 

metabolism were studied with a view to seeing whether or not it 

differs from T. congolense. 

4.1. Antigenic Variation 

Antigenic variation occurs in I.· congolcnsc (Wilson and 

Cunningham, 1972) and it was of interest to find out if it 

occurs in T. simiae. The initial experiments involved taking 

daily counts of parasites in the infected host animals until 

the animals died. Results of such counts clearly show a fluc

tuating pattern in the number of parasites in the host animal 

as the infection progressed. The pattern is a le r indication 

of antigenic variation in the pa a un 1 To confirm 

this observat ·on t:¥.'0 erolo · c 1 Tl out. mnun 

s ra ag. ins T 

wa 
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was observed with the most heterologous antiserum. The lysis 

test also confirmed these observations. These results strongly 

suggest that the change in antigen constitution was gradual and 

continous and that several antigenic types co-existed together 

though at any one time there was a predominant type often called 

the "Variant antigen type" (VAT). This variant antigen type had 

the highest reactivity with the homologous antiserum. It is also 

clear from the results that each rabbit produced antibodies 

reacting with an increasing number of antigenic types. The results 

do not provide the order in which antigens developed in the host, 

but they certainly show antigenic change. These results do agree 

\vith the work by Wilson and Cunningham (1972) who using I· 

congolense demonstrated that antigenic variation is not a random 

process. 

Results obtained in this study further suggest that at 

advanced stages of infection (Peak E),mixtures of antigenic t}~es 

may be found in the bloodstream of the v r host as 

parasites at pea E of paras· taemia ~ re lys 

to sone extent by an ibodi 

These r sults do a r wi 

who u 

0 0 

lutinat 1 

v·ou p k 

2) 

n 
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The two serological tests may be of value in the diagnosis 

of low grade I· simiae infections in'which it is not easy to 

demonstrate trypanosomes by parasitological methods. 

4.2. Electrophoresis 

In this study, starch-gel electrophoresis was carried out 

on 8 enz~nes. The results (Plates I - Plate VIII) show differences 

between I· congolense and I· simiae. There were distinct differences 

in the patterns of migration of the isoenzymes and also in the 

rate of migration. These interspecific differences are due to 

structural differences in the proteins and have prcsunabJy, 

developed during the course of evolution. 

With regard to the results for the enzymes glucose phosphate 

isomerase, aspartate aminotransfense, malic enzyme, pcptidas I 

and peptidase II, it is evident that there are variations amongst 

the isolates ofT. simiae. These are intraspecific differences 

which could be the outward manifestations of less profound 

modifications affecting sane of the prot ins . Although I. simi. 

patterns vary considerably "'i rd to 1 rn \ nz. 1 

it was ev'dent th th i ol 

R sul of h' y 

T. -------
i 
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expression of genetic variation and a valid taxonomic tool. 

4.3. Metabolism 

It has been demonstrated in this study that I· simiae depenJs 
largely on an external substrate for survival. In absence of an 

external substrate (glucose or glycerol) the organisms lyse and 

eventually disintegrate. The end products of aerobic glucose 

breakdown by !· simiae were found to include acetate, succinate, 

pyruvate, glycerol and glycerol phosphate. There was no lactate, 

ethanol or propionate. These results strongly suggest that 

glucose breakdown goes beyond the glycolytic sequence. The initial 
steps of carbohydrate catabolism however conform to those of 

classical glycolysis a fact supported by the high leveJs of activi y 

for enzymes involved in the glycolytic sequence as report d lat r 
in this chapter. These results agree with those of Bm,man and 

Flynn (1976), who reported that bloodstream trypanosomes of the 

subgenus Trypanozoon were entirely dep~nden on an t mal 

substrate for their energy requirements. Carhoh,-dr t rn t lolism 

in trypanosomes is charact~r· z inco . ion of h~: 

su strat. (Gran and • 1 on , 1957). Th ~ 

h R in 
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noted that glucose cataboUsm results in the production of mainly 

pyruvate. 

In contrast to the evansi-brucei group, !· cruzi, I· congolense 

and I· vivax degrade glucose beyond the pyruvic acid stage. Fulton 

and Spooner (1959) noted that the organisms produce appreciable 

quantities of succinic, acetic acids and carbon dioxide. Similar 

observations were made by Ryley (1956). Aerobic succinate 

formation is common to several trypanosomes (Ryley, 1956) 

but the pathway of biosynthesis of this metabolite is unknown. 

The system responsible for the formation of this metabolite may 

offer a possible target for chemotherape:utic attack. 

A survey of enzyme activities in this study was carried 

out to try and explain possible pathways of glucos utilization. 

Hexokinase, the first en7yme in the glycolytic sequence show d 

one of the highest enzyme activities. Its activity compared 

with glycerol kinase the phosphorylating enzyme on the op1~site 

end of the pathway. The ~u enzymes catal ·se the initial st ps 

in the breakdown of the ~'0 main substrates glucos and glyc rol. 

The enzyme hexol·inase also cat 1 ys s a t 1 imi in . p in 

the glycoly ic uenc • Pho 

fruc o ina 

111 

c 

. s l 

TI 

1 ') • 
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(Hill, 1976) as is the.case in the other trypanosome species. 

There was very low activity exhibited by glu.cose-6-phosphate 

dehydrogenase whereas 6-phosphogltlconate dehydrogenase activity 

was not demonstrated. The two observations rule out the presence 

of the pentose phosphate pathway in Trypanosoma simiae and suggests 

that glucose-6-phosphate dehydrogenase plays no active role in the 

organism. 

The activities of the terminal oxidase system of trypanosomes 

were demonstrated. a-glycerol phosphate dehdrogenase had an 

activity of 0.525 comparable to that of hexokinase and glycerol 

kinase. Glycerol phosphate oxidase, on the other hand, exhibited 

very low activity (0·035) comparable~ to those of lactate dehydrog<tnase 

and glucose-6-phosphate dehydrogenase. 1t.~lic enzyme activi i s ' 

were effectively demonstrated by the ability of the homogenate a 
+ + PH 7.6 to reduce NADP and to a very low extent NAD in presenc 

of malate as substrate. The observed activity was then due to 

NAD+ linked malic enzyme. 1alate dehydrogenase acti i ty obseryed 

at pH 10.0 was 0.073. This was at le·els hi her than that of 

NAD+ -linked m·tlic enzyme. 

In surrmary, glycolysi i :fun n 1 0 t l l \1l ·h 1 0 

T. s i c n v ro s h 1h 

u h h 

h 0 1 l 
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CONCLUSIONS 

From the results of this study, H is possible to draw the 

following conclusions: 

1. TEYPanosoma simiae is antigenically distinct from its 

close relative T. congolense. 

2. T. simiae is a distinct species from T. congolense on the 

basis of enzymic differences. 

3. T. sirniae is very similar toT. congolense in metabolism. 
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