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When tsetse feed on an infected hosL, the ingested bloodstream trypanosome undergo a 

complex developmental process that leads to the formation of the metacyclic forms. Tsetse are 

obligatory bloodfeeders and display host preferences in their feeding behaviour. Therefore, host 

blood is an imponant factor in the transmission of trypanosomiasis. Host blood at the infective 

meal has been shown to influence trypanosome infection in tsetse. How the host blood affect 

trypanosome de elopment panicularly the transformation of bloodstream to procyclic forms. has 

not been previous! established. Therefore, this slUd. in estigated how host blood and some of 

its digestive products influences this process. Morever, since trypsin is one of the bloodmeal 

induced molecules implicated in the transformation process. this study also investigated the 

release of midgut trypsin by host blood and blood fractions. 

Midgut homogenates from tsetse, Glossina morsirans morsitans, that had previous! been 

fed on different host blood samples were tested for their abilities to transform isolated 

bloodstream Trypanosoma brucei into procyclics in vicro. Compared to rat and goat blood 

samples, eland blood had the least capacity to suppon trypanosome transformation. while buffalo 

blood showed intermediate capacity. Fractionation of rat blood showed the imponance of the 

cellular portion since both rat and eland red blood cells (RBCs) supported the process. Virtually 

no transformation was observed in rat and eland plasma or serum fractions. Suspending rat 

blood cells in eland plasma led to a drastic reduction in transformation rates. Further 

experiments showed that the RBC membranes were also capable of supporting the process. ln 

addition, the low transformation rates observed in eland blood were due to an inhibitor present in 

the plasma fraction. 

Further studies were carried out to determine the properties of the eland plasma inhibitor. 

The inhibitor was highly unstable, being labile to heating above 50° C, freezing (-70° C) and 
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thawing (37 C) and is gradual! inacti ated during storage. The inhibitor activity was nor 

preserved b • lyophilizing fresh plasma. It was sensiti e to protease digestion since pronase (1 

mg/ mi. 2 h. 30° C) complete! abrogated its acri icy whereas trypsin had onl a partial effect at 

the same concentration. Inclusion of different proteaSe inhibitors in fresh plasma did not stop the 

inacti ation of the inhibitor implying that the loss of activit was not due to endogenous 

prOteolytic activicy. The inhibitor was non-dialyzable in a 12-14 kD molecular weight cut-off 

membrane suggesting that the molecular weight of the factor is greater than 14 kD. 

Transformation was not inhibited when trypanosomes were pre-incubated in fresh plasma for up 

to 1.75 h. Solubiliry studies using saturated ammonium sulphate solution showed that the 

inhibitor was insoluble above 50% salt. These results showed that the inhibitor is an unstable 

molecule. 

In an effon to isolate the transformation inhibitor, fresh eland plasma was fractionated 

using artion-exchange chromatograph on DEAE-Sepharose 6B-CL column. The inhibitor was 

recovered in the bound fraction. Further fractionation using linear salt gradients of between 0-

0.5 M aCI did not resolve the bound proteins. However, a stepwise elution using 0.1 0.2 and 

0.5 M aCl yielded four peaks none of which had the transformation inhibition property of the 

whole bound fraction. 

As the most abundant products of blood meal digestion in tsetse midgut and haemo.lymph. 

L-proline and L-glutamine were assayed for their abilit to stimulate the transformation of 

bloodstream trypanosomes. A 0-20 mM concentration of the amino acids in teneral and fed gut · 

homogenates had no influence on this process when tested indi idually or in combination. 

Midgut trypsin activities and isoenzymes stimulated by host blood and blood componen 

were determined as a function of time in order to elucidate the role of trypsin in transformation. 

Midgut homogenates from Glossina morsicans that had been fed on rat and eland blood or blood 

fractions were used. The trypsin isozymes were labelled using [1.3-3H] 



diisoprop_ lfluorophosphare in pres~nce of Los. lphen. I chJorometh. !ketone (TPCK). Teneral 

mid guts sho ed four trypsin isomers of M,- 256, 56. 40 and 30 kD on non-denaturing 

polyacrylamide gel electrophoresis. The M,-56. 40 and 30 kD isomers were inhibited during the 

ftrSt 8 h following bloodrneals, in midguts of tsetse that fed on blood or plasma. B 20 h. the 

inhibition was relie ed in midgut of tsetse that fed on whole blood but nor plasma. Midguts from 

tsetse that had fed on plasma showed additional bands of M. < 30 kD at 72 b bur did not result in 

significant change in the activities. Like tbe isoenzymes trypsin acti ities were also inhibited 

following bloodmeals but stimulated to peak le els around 72 h and 48-72 h in teneral and non

tenerals respective! . Only slight inhibition of both trypsin isoenzymes and activities occurred 

in midguts from tsetse that were fed on 50 % ( I ) red blood cell suspensions in saline indicating 

that plasma was responsible for the inhibitions. Despite initial differences in trypsin isoenzymes 

and activities following the bloodmeals peak acti ities were not significantly differem. 

Significance of the initial inhibition of theM, -56 40 and 30 kD isoenzymes during rhe time 

when transformation occurs is not known. 

Although many factors are involved in the successful development of trypanosornes in 

rsetse these results showed the important role pla. ed b blood especiall the red blood cells. in 

the transfonnation process. Furthennore, the host blood's ability to support this process certainly 

has a role in modulating infections in tsetse that feeds on such blood. More work is required to 

answer the questions arising from this work. 



CHAPTER 1 

1.0 INTROD CTIO . LITERATURE RE w 

1.1 OD CTIO 

African trypanosomiasis is a major vector-borne disease that affects both man and 

livestock in tropical Africa. The causative agent is the protozoan parasite, genus 

Trypano oma (Hoare, I 972) which is transmitted b tsetse, genus Glossina (Diptera: 

Glossinidae) (Buxton, 1955). Since the trypanosome is digenetic it requires both 

venebrate and tsetse hosts to complete its Life cycle. Although fossil materials of Glo sina 

have been found in Colorado region of America, living species are restricted to 

sub-Saharan Africa where 30 species and subspecies are known (Jordan, 1 986). It is 

estimated that about 11 million Km2 of sub-Saharan Africa is under-utilized due to the 

threat of trypanosomiasis. This has resulted in great economic losses estimated at billions 

of dollars (ILRAD, 1 991 ). All Glossina species are haematophagous, totally dependent 

on the blood sucking habit (Buxton, 1955). However, different species of Glossma have 

host preferences and this is imponant in the epidemiology of trypanosomiases (Jordan, 

I 986). Both male and female tsetse transmit the disease (Hoare, 1972). 

arious tsetse control measures have been employed in the management of 

trypanosomiasis (Jordan, 1 986). The traditional methods include bush clearing, 

destruction of wildlife and the use of insecticides such as Dichlorodipbenyl trichloroethane 

(DDT) (Bux1:on, 1 955 · Jordan, 1986 . The major drawback to the use of synthetic 
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insecticides such as DDT include off-target effects on u eful insects and animals. 

Extenninarion of game animals which serve as reservior for trypano omes is also another 

approach that has been selective! applied (Ford 1970 . However this approach rna be 

futi le since tsetse will alwa s find alternative hosts in livestock and man and this is likely to 

aggravate the problem (Ford 1970). Moreover the indi criminate application of 

insecticides extermination of wildlife and destruction of vegetation are inconsistent with 

the principals of conservation and could have severe consequences on biodiversity. 

The release of sterile males has been used with limited success in some areas 

(Knippling, 1982· Dame eta/, 1980). This technique exploits the fact that female tsetse 

mate only once in their lifetime. The sterile males released into the tsetse infested areas 

would compete with fertile males thereby suppressing the fecundity to levels below 

economic injury (Knipling, 1982). However, the application of sterile insect technique 

(SIT) for tsetse control is labour intensive due to the low reproductive rates and 

haematophagy (Luger 1982· Mews 1971 ). Secondly, the sterile tsetse are still capable of 

transmitting disease unless the die earlier than maturation period oftrypanosomes. It 

should be pointed out that SIT has been used successfully to control the screw worm, 

Cochliomyia horminivorax, in orth Africa (Knipling, 1982). 

Mass trapping of tsetse with the ultimate aim of reducing populations to levels 

below economic injury has also been used with some success. In recent times the 

efficiency of the approach has improved especially with the incorporation of odour baits 

(Owaga, 1984; 1985; Owaga eta/. 1988). This involves studying the chemical cues 
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emanating from animaJs that helps the t etse to locate its host Hassanali, 1986 Hargrove 

and ale. 1978. ale and Hargrove 1975: ale 198-). The behaviour of the fly is also 

being Studied particularly its response to various visual cues aimed at improving the 

trapping capacity. From this new approach, improved traps such as the biconical trap 

designated GU trap, has been developed (Brightwell eta/. 1987). The main advantages 

of the trapping method include low cost, ease of application and sustainability. The main 

drawback is that one trap design ma not be suitable for different tsetse species. 

The use of trypanocidal drugs for prevention or treatment oftrypanosomiasis has 

also been widely used (Leach and Roberts, 1981 ). However in high tsetse challenge 

areas. the frequency of treatment required to control the disease is economically 

unacceptable owing to the costs involved (Holmes 1980). Secondly, the problems of 

toxicity and resistance development poses major problems. Due to such drawbacks the 

possibility of developing vaccine against trypanosomiasis has been an attractive option. 

However the phenomena of antigenic variation remains a major impediment to this 

approach (Vickerman, 1978). Novel strategies for control of vector-borne parasites 

include blocking transmission at the level of parasite development within the arthropod 

vector. Such strategies require a thorough understanding of the vector-parasite 

interaction. In this regard, the understanding oftbe physiology and biochemistry oft etse

trypanosome interaction is crucial in designing future control strategies based on 

disruption of the transmission cycle. 



1.2 LITERATURE REVIEW 

I .2. I T et e as ectors of trypano omiasis 

Haematophagous arthropods, notably insects are major vectors of many 

pathogens which afflict man and domestic animals. Trypanosomiasis is transmitted b the 

tsetse bites. The transmission of trypanosomes between wild animals is of no economic 

value. However, when man and his domestic animals, which are usual! susceptible to the 

pathogenic effects of the trypanosomes~ venture into the cycle and becomes hosts of the 

trypanosome, the disease is of great economic importance (Ascroft 1958· 1959 . Unless 

severely stressed, wild animals are usual! able to control parasitaemia and the 

trypanosome-induced anaemia (Ascroft 1959· Mulla and Rickman, 1988· Grootenhuis et 

a/., 1990; Mahan eta!. 1986). It is for these reasons that wildlife are regarded as 

reserviors of trypanosomiasis. 

All tsetse flies belong to the genus Glossina (Jordan, 1986). At the lower taxa, the 

genus constitutes three weU marked species groups namely the Fusca, Palpalis and 

Morsitans bas~ on morphological characters and to a lesser extent on geographical 

distribution (Jordan, 1986). The Morsitans group transmits "nagana" to cattle and horses 

wh.ile both Morsitans and Palpalis are important vectors of both animal and human 

sleeping sickness (Jord~ 1986). Being obligatory blood-feeders infected tsetse with 

mature infections transmit the trypanosomes during blood meals (Buxton, 1955 ). Apart 

from the biological transmission oftrypanosomes by Glos ina (Jordan, 1986), mechanical 

transmission has also been documented especiall among the subgenus Dutonella 

(Molyneux and Ashford, 1983). Fore ample in South America which is a tsetse free 
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zone Trypano oma rva:r is transmitted mechanical] mainl by the Tabanids and 

Slomor;'S species (Molyneux and Ashford I 983 ). Wells (1972 argued that although 

GloSSina are best known for cyclic transmission of trypanosomiasis the are still the most 

efficient mechanical transmitters with Stomory taking a second position. Other cases of 

non-cyclical transmission of nagana have been established among the carnivores which 

become infected with T. brocei through carnivory (Sachs e1 a!., 1967) and coital 

transmission ofT. equiperdum among the horses (Molyneux and Ashford, 1 983 ). 

1.2.2 Trypanosome development in tsetse 

The digenetic life cycle of the African trypanosomes requires both the vertebrate 

and invertebrate hosts (Hoare. 1972} (Scheme I). The whole process involves a series of 

complex biochemic~ physiological and morphological changes that enable the 

trypanosomes to survive in changing environments (Buxton, 1955 · Hoare 1 972). Once 

bloodstream trypanosomes are ingested with a blood meaJ they encounter a hostile 

environment within the gut (Gooding and Rolseth, 1976) as a result of which most of 

them are lysed (Maudlin and Welbum 1987). However, a smalJ proportion ofthe 

ingested trypano~omes transform into the procyclic forms thereby escaping lysis (Maudlin 

and Welbum, I 987 ~ Stile eta/. 1990). 
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The successful development of gut establi hed procyclics culminate in th 

fonnation of metacyclic forms which are infective to mammals (Vickerman. 1985· Hoare 

1972). The exact details on the development of procyclics into metacyclic forms is still 

not clearly understood (Vickerman, 1985). Available information shows that the 

establishment of procyclics within the midgut requires a lectin which acts as the signal for 

maturation (Ibrahim et al., 1984; We1burn and Maudlin, 1989). Although there is a recent 

report on chitinase activity in Trypanosoma (Shahabuddin et al., 1993), it is still not clear 

how the procyclics cross the peritrophic membrane which, essential! , acts as a physical 

barrier in the midgut (Peters, 1992). Available evidence suggests that the trypanosomes 

cross after they migrate anteriorly to the proventriculus where the peritrophic membrane 

is, supposed} soft (Buxton, 1955). Further migration then proceeds through labial 

cavity, hypopharynx and finally to the salivary glands (Jlypanozoon) or proboscis 

(Nannomonas) (Buxton, 1955; Hoare, 1972). 

The duration between an infective blood meal and maturation of the trypanosome 

in the vector varies. This process has been shown to be dependent on temperature as well 

as on the species of trypanosome and the vector involved (Jordan, 1986· Stephen, 1986). 

The duration is.l6-35 days in Trypanozoon 16-25 days in Nannomona and 5-13 days in 

Dutonella olyneux and Ashford 1983; Stephen, 1 986). Maudlin and Welbum (1 989 

have also indicated that maturation of sali ary gland infections could also be under genetic 

controL 
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The developmemal cycle of the sub-genus liiOn 1/o ([. w ax) is the simplest 

among the salivaria rrypanosomes. The whole c cle is confined to the tsetse probo cis 

with no midgut or sali ary gland stages. However, the process ofT. vivax development is 

poorly understood. It is not clear for example, wh this subgenus does not have a midgut 

stage despite that the trypanosomes are ingested in the same wa as the other subgenus 

that have midgut stages. Further, it is not clear exactl what happens to trypanosomes in 

the midgut. This requires further investigation to understand the life cycle. This rna be 

important in designing future control strategies. 

1.2.3 Trypanosome-tsetse interaction 

An ideal vector-parasite relationship represents a compromise between the need 

for both the parasite and host to survive. The great economic importance of tsetse is due 

to biological and not mechanical transmission oftrypanosomiasis (Hoare, 1972). The 

proportion of tsetse that can transmit the disease at an given time is very low (Buxton, 

1955; Elce, 1971 · Harley 1971 · Jordan, 1986· Stephen, 1986) and this phenomena was 

recognized quite early (Duke, 1930). It could be that majority of the tsetse in a given 

population are_refractory. The obvious question is why infection pre alence is low and yet 

the tsetse have the chance of becoming infected. Morever, unlike under natural conditions 

which may be subject to a lot of variations, controlled laboratory infection studies still 

results in low rates of infections (Stephen, 1986). Some attention has been directed 

towards understancling the factors behind this low infection prevalence (Maudlin and 



elburn, 198 Kaa a. 1989, Shav. and Moloo 1991. Welburn and Maudlin, 1990, 

Mihok et a/. 1991 199"" ). From the current knowled e it is difficuJt to single out an one 

factor that would account for the low infection prevaJence. These factors include the 

ertebrate blood meal (Moloo 1981. 1984; Mihok eta/. 1991 , 1993) the tsetse host 

(Molyneux and Ashford, 1983; Kaa a, 1989) as well as the type of rrypanosomes 

involved (Maudlin, 1991; Molyneux and Ashford, 1983). For example, some 

trypanosome stocks are known to thrive better than others within the same hostile 

environment of tsetse midgut (Maudlin, 1991 ). 

The underlying details on the tsetse-trypanosome interaction are still not weU 

understood. For example, (Kaaya eta!., 1986a) showed that bacteria injected into tsetse 

haemocoele were quickly cleared b ' phagocytosis. On the contrary no such response was 

observed when trypanosomes were injected under similar conditions (Kaaya et al., 1 986a). 

Morever in Glossina morsitan morsitans nodule formation against invading bacteria 

but not against injected trypanosomes was aJso shown (Kaaya et al. 1 986b ). Cellular 

immune responses such as melanization and encapsulation are responsible for innate 

refractoriness of the mosquitoes Aedes aegypli, Anophele quadrimaculatu and 

Armigeres subalbatu , to microfilariae infection (Ham 1 992). 

The above observations suggest that the cellular immune responses that are 

directed against other invading microorganisms in tsetse do not act against trypanosomes. 

This is probably due to the tsetse inability t o recognize trypanosomes as non-self The 

salient properties leadin to this co-existence merits further investigation in order to 
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establish how the rrypanosom avoid "immune" recognition b their tsetse host. One 

strategy adapted b. some insect parasites such as rnicrofilariae is molecular mimicry of the 

host's antigen (Stoffolano 1986 . For example during penetration into haemocoeJe. the 

microfilariae Bntgia pahangi are coated with materials from host midgut to avoid 

recognition by the hosts' immune system Sutherlands eta/., 1984 ~ Latfond eta/., 1985). 

1.3 T etse midgut factors that influence trypanosome establishment and 

transmis ion 

1.3.1 Overview 

The successful development of trypanosomes is only possible if the can overcome the 

destructive mechanisms in their hosts. In the vertebrate host, for example the 

trypanosomes overcome the host immune system b displaying a wide repertoire of ariant 

antigen types (VATs) on their surface coat (Cross 1990). The parasitaemic waves in 

infected mammals is mediated b antibodies directed aoainst exposed variant surface 

glycoproteins (VSGs (Vickerman, 1978). Induced VSG specific antibod responses 

causes clearance of homologous VSG types leaving switched VSG to generate the next 

and ensuing wave of parasitaemia thereby keeping the vertebrate immune system lagging 

one generation behind (Vickerman, 1 978 . 

In tsetse midgut, the trypanosomes encounter a hostile environment which includes 

various digestive enzymes (Cheeseman and Gooding, 1985) Jectins (Welbum eta/., 

1989) agglutinins (Ingram and Molyneux, 1988· Stiles eta/. 1990) and trypanolytic 

proteins (Stiles et a 1., 1991 ). These factors kill most of the ingested trypanosomes with 



few managing to transform into procycfics which are adapted to the midgut conditions 

audlin. 1991· Maudlin and elburn, 1987· ales er al., 1 990). In addition, the 

established procyclics require further development into the infective metac dies and. 

therefore, have to contend with other barriers notably the peritrophic membrane (Peters, 

1991). 

1.3.2 The peritrophic membrane 

1.3.2.1 Peritropbic membrane formation 

Peritrophic membrane (P is a fibrous chitin containing sac-like structure that 

lines the midgut ofinsects (Chapman, 1985) . Proteins. glycoproteins and 

mucopolysaccharides are the principal constituents but proteins rna account for as much 

as 50% dry weight (Peters, 1992). The ubiquitous occurrence ofPM among arthropods 

strong) suggests some essential role in gut physiology (Peters 1992). Insects PM are 

divided into two groups according to their mode of formation (Wigglesworth, 1972). 

Type I (or PMl) is secreted throughout the midgut epithelium, while type 2 (PM2) 

secretion is restricted to specialized group of cells around the cardia. Most adult 

haematophagous insects secrete PMl (Lehane 1976) . During PMl formation, bloodmeaJ 

induces its deposition mainly through secretion of preformed products as in Anophele 

stephensi or through stimulation of de novo synthetic activity by epithelial cells as in Aede 

aegypTi (Perrone and Spielman, 1988). Unlike PMl, PM2 is constitutively secreted but 

deposition is accelerated following a bloodmeaJ (Lorena and Oo 1 994). It has been 
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reponed that PMI canal o be induced in the ab ence of blood or proteinaceous maner 

(Bi11ingsle and Rudin. 199-). 

1.3.-.2 Ph_ iological role of peritropbic membrane and its involvement in 

trypanosome de elopment 

The functional significance of PM in the midgut physiology of arthropods is still 

not well understood although various functions have been assigned to it (Peters, 1992). 

These include protection of midgut epithelium from abrassive particulate food matter 

(Wigglesworth, 1972 and acting as a physical barrier to pathogenic infection (Peters, 

1992 Richards and Richards 1977· Y and and Davis, 1977). Its absence especially among 

the fluid feeding Hemiptera (Chapman, 1985) is in support of the proposed function. 

Most srudies on PM permeability reveal pore size of not more than 10 run suggesting that 

it can effectively act as a barrier to many pathogens and particulate matter (Miller and 

Lehane, 1990; Chapman, 1985). For example Leishmania amastigotes which transform 

to promastigotes and divide rapid! within the food bolus, onl move to the epithelium 

after PM breakdown confirming that PM can actually act as a barrier to pathogen invasion 

(Schlein eta/., 1_991 ) . Molecules such as lectins that bind to this matrix may reduce 

permeability to levels that are lethal to the insect (Eisemann and Bennington, 1994). 

On the peritrophic matrix, exposed sugars residues are thought to pla a crucial 

role in specificity of vector-parasite interactions (Ponnudurai et al., 1988· Rudin and 

Hecker 1 989). There is evidence that species differences in the occurrence of these 



residues influence specifici of the interaction between the vector and patbo ens the · 

transmit (Rudin and Hecker 1989~ Huber et al. 1991). For example, glycos lated 

receptor molecule on the microvilli and /or the PM in the mosquito midgu are important 

in enabling ookinete to recognize the midgut wall prior to invasion (Seiber et al. , 1991 ). 

oreover some enzymes such as aminopeptidases which have been implicated in 

refractory mechanisms in some insects, for examples Anopheles stephensi to Plasmodium 

fa/ciparum (Feldmann eta/ 1990) and in vector compatibility in sandflies to various 

Leishmania species are bound to the PM (Ponnodura.i e1 aJ 1988· Peters and Kalnins· 

1985 . However the clear role of PM in midgut physjology and infection has not been 

fully resolved and requires further studies. 

1.3.2.3 Penetration of peritrophic membrane by trypanosomes 

ln tsetse available information suggests that establjshed proc clics can onl 

penetrate peritropru membrane in its softer region around the proventriculus (Lehane and 

Miller, 1991 · Buxton, 195 5) but not in the other parts which are supposedly tougher 

(Freeman, 1973). Thjs observation qualifies PM as a ph sical barrier to pathogen 

development in .tsetse. However it was reported that in G. m. morsiums T. b. 

rhode iense can penetrate the fully developed membrane in the tougher regions and not 

just near the proventriculus as earlier suggested (Elli and Evans, 1 977). This suggests 

that parasites can overcome the PM barrier. 
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For man parasi es. thee cape from a bloodmeal is very crucial for successful 

completion of the life cycle within their respective vector hosts Ultrastructural studies 

dunng Plasmodium parasite penetration into baemocoele has re ealed that P. is focally 

disrupted near the apical end of the parasite. This suggests that penetration of the PM by 

the parasite is an enzymatic process mediated by parasite-produced chitinases, capable of 

degrading chitin (Huber e:t af. 1991 · Shahabudin and Kashlow, 1994). A recent study 

reponed that Plasmodium ookinete chitinase is secreted as a zymogen, prochitinase, 

which is activated by mosquito secreted trypsins probabl_, b clea age of one or more 

lysine residues (Shahabuddin eta/. 1993). Inhibition of chitinase by alJosamidin, a potent 

inhibitor of non-fungal chitinases completely blocked transmission of P. gallinaceum in 

Aedes aegypti (Shahabuddin eta/. 1993). This suggested that inhlbition of midgut 

proteases would result in Jack of chitinase activity thereby blocking penetration of PM by 

the parasite. Inhibition of trypsin activity coul~ therefore have a dual effect as far as 

parasite development is concerned because trypsin/trypsin-like enzymes are very important 

digestive proteases in many insects, including haematophagous insects (Applebaum, 

1985). This would inhibit bloodmeal digestion and parasite development. 

Chitinases have since been demonstrated in many genera of econornicall 

important protozoans including Lei hmania, Trypano oma, Leptomonas, Crithidia and 

Herpestomonas (Schlein eta! 199 1~ Shahabuddin and Kashlow, 1993). A similar 

mechanism of escape from blood meal exists in the protozoon Babesia microti which uses 

the content of a specialized organelle to penetrate the solid PM1 of the host tick, Ixodes 
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'!II71mu11 (Rudizinska et a/ .. 1982 . These observation suggests that PM rna not be as 

formidable a barrier in some ector-parasite interactions as earlier envisaged. 

J .3.3: idgut trypsins 

1.3.3.1 Tryp in stimulation by bloodmeal 

Ingestion of a blood meal by haematophagous arthropods stimulates the release of 

a number of digestive proteases (Gooding, 1973 · 1974~ 1975· Briegel and Lea, 1975· 

Borovsky 1985· 1986). In Glossina species, at least six proteolytic enzymes responsible 

for bloodmeal digestion, have been reported (Gooding and Rolseth, 1976· Cheeseman and 

Gooding, 1985). These includes trypsin, trypsin-like, chymotrypsin-like, 

carboxypeptidases aminopeptidases among others (Cheeseman and Gooding, 1985). 

These enzymes are important to the insect because they are involved in bloodrneal 

digestion (Chapman, 1985). Of these serine proteases are among the most important in 

bloodmeal digestion (Applebaum, 1985). Among the serine proteases trypsin and 

trypsin-like molecules have received the most attention due to their role in trypanosome 

differentiation (lmbuga et al., 1992b· Yabu and Takayanagi, 1988). 

It has been previously shown that these proteolytic enzymes are released only in 

the posterior midgut after a bloodmeal (Gooding and Rolseth, 1976· Stiles eta/., 1991 ). 



tiles er al 1991 failed to detect protease acrivity in the anterior midgut of Glos ina 

palpalis These studies showed that the release of pro teases in the posterior midgut 

follows a periodic panern peaking around 48-96 hours after a bloodmeal (Abbelle and 

Decleir, 1991 · Stiles eta!. 1991 · Onyango, 1993 . 

1.3.3.2 Role of trypsin in trypanosome development 

Transformation ofbloodstream trypanosomes into procyclic (midgut) fonns 

involves loss of the surface coat ( ariant surface gl coprotein) as well as other 

physiological biochemical and morphological changes (Hoare 19 2· Vickerman, 1985). 

Loss of surface coat and transformation is annbuted to proteolytic activity of midgut 

trypsins (Y abu and T akayanagi, 1988 · lmbuga et a/. , 1992a· 1992b ). Bovine pancrease 

trypsin has been shown to stimulate bloodstream trypanosome transformation just like 

midgut trypsins (Imbuga eta/., 1992a; Yabu and Takayanagi 1988). In vivo inhibition of 

midgut trypsin activity by soybean trypsin inhibitor (STI) resulted in reduced 

transformation rates (Imbuga eta/. 1992a). Furthermore, trypsins and trypsin-like 

enzymes have also been shown to play a crucial role in parasite-vector compatibility in 

Phlebotomus papatasi to Leishmania species (Borovsky and Schlein, 1987). Inhibition of 

cenain trypsins by Lei hmania major and not by L. tropica was shown to be the reason 

behind the successful development of the former in Phlebotomus papatasi in which the 

latter fails to establish (Borovsk·y and Schlein., 1987). 
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In Glo ma species. difference in expression of a chimeric molecules which has 

both lectin and trypsin activities rna be responsible for differences in the abilities of 

different species to develop infections (Osir era/., 1995· Abubakar eta/. , 1995). Earlier 

studies have also shown that high le els of mosquito pro teases cause damage to 

arboviruses (Hardy eta/ 1983) and Plasmodium parasites (Langley 1975· Yeates and 

Steiger 1981 ). Early escape by parasite from the midgut environment is. therefore, an 

important strategy that ensures successful development. Studies on mo quito trypsins 

indicated that they have a range of properties in common with other known trypsins such 

as molecular weight substrate and inhibitor specificity as well as amino acid sequence 

homology (Barillus-Mury eta/., 1991). Trus suggests that the role oftrypsins in 

vector-parasite interactions could be wider than hitherto envisaged. 

1.3.4 Lectins 

1.3.4.1 Midgut lectins 

Lectins or agglutinin are a group of carbohydrate-binding proteins with 

ubiquitous distribution in nature (Lis and Sharon, 1986; Sharon, 1993) and diverse 

functions (Barendes, 1981 . The presence of lectins in the midgut, hindgut and 

haemolymph of tsetse flies has previously been demonstrated (Ibrahim el a/., 1986; Ingram 

and Molyneux, 1990· Welbum and Maudlin, 1990). Presence oflectins in the 

haemolymph, midgut and the crop of Rhodnius prolrxus, a vector ofT end, has also 

been shown (Pereira eta/., 1981 ). Midgut lectins are induced in a periodic manner 
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following a bloodmeal with peak activity around 48-72 h {Abubakar el a/., 1995) The 

presence of lectins in haemolymph has aJso been demonstrated in other imponant vectors 

such as Smmlium blackfljes (Smail and Ham, 1989) and Anopheles mosquitoes (Scalzo

Lichtfouse et a/ .. 1990). 

The role of midgut lectins in vector-parasite interaction is still not weU understood. 

In Aedes aegypti, for example, studies have shown that midgut lectins prevent the 

migration of Bntgia pahangi microfilariae into haemocoel (Phiri and Ram, 1990). 

However, feeding Aedes aegypti on the sugar -acetyl-D-glucosamine, which specifica11 

binds to the lectin, enhances migration of this parasite through the midgut (Huber eta!. 

1991). 

The role of haemolymph lectin in parasite development in vector is not clear] 

established but they have been implicated in the maturation of midgut established 

trypanosomes (Welbum and Maudlin, 1990). For example the differential refractoriness 

of Simulium blackflies to different Onchocerca species is thought to be due to 

haemolymph Jectins (Ham_ 1988· Ham et al. , 1988~ Hams and Garms 1988). It has been 

demonstrated in tsetse (Croft et al., 1982) and Rhodnius prolixus (Pereira et al., 1981 ) 

tha1 baemolymph lectins have different sugar specificities to the midgut lectin. In addition, 

different species of insects have midgut lectins that vary in their sugar specificities. 



1.3.4.2 lt of e e mid!mt lectin in trypano om d elopmeot 

In t et e, midgut lectins ha e been impljcared in a number of functions. Firstl . 

th have been shown to mediate I sis of the trypanosome entering the f1 with an 

infective bloodmeaJ (Maudlin, 1991 ). Second] they provide a signal for differentiation of 

the bloodstream trypanosomes that escape lysis audlin and Welbum, 1988a,b). Third! , 

the maturation of established proc cues into the infective metacyclics has been shown to 

be meruated by lectin (Welburn and Maudlin, 1989). 

In tsetse the involvement oflecrin in the susceptibiJjty/ refractory mechanism has 

been sturued mainly b incorporating the specific lectin-binding sugar, D-glucosamine in 

the infective bloodmeals (Maudlin and Welburn, 1987). Inhibition oflectin activity using 

these sugars resulted in higher infection prevalences in both teneral and non-teneral tsetse 

indicating that lectins play a role in trypanosome development. Furthennore infection 

prevalences in tsetse have been shown to be influenced by their mdgut lectin titres at the 

rime of an infective feed (Ingram and Molyneaux. 1991 ). Studies by Maudlin and Wei burn 

(1987) reported very high midgut infection pre aJences (> 90%) in teneraJ G. m. 

morsitans when D+-glucosamine was included in the infective feed. Similarly, G. m. 

morsitans fed on bloodmeal contairung procyclics T. b. rhodesien e and 0.06 M galactose 

de eloped ery rugh midgut infection (95 %) compared to only 42% in controls 

elburn er a/., 1 994 ). Although rugber midgut ffifections were reported in tsetse that fed 

on gJucosarnine relative) fewer infections (8.3 %) agrunst 45% in control matured 

(Welbum and Maudlin, 19&9). This clearly shows that lectins do pla a role in the 
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maturation proces elburn and audlin. 1 989 In lo ma palpahs pal palls, 

uperinfections were onl obtained b a combination of D--glucosamine and Q-l--galactose 

elburn er a/. 1993) This suggested that this tsetse species has a econd lectin with 

galactosyl specificity and its inhibition results in high midgut infection Welburn and 

Maudlin ( 1989 showed that bloodstream T. congo/en e transformed into procyclic but 

did not mature in G. morsitans morsitans maintained on a meal containing D+

glucosamine suggesting that this sugar has no role in the transformation process but is 

crucial in the maturation process. Although details are missing, the role of Jectins in the 

mechanisms for susceptibility/ refractoriness in vector-parasite interaction appears crucial 

and requires further investigation. 

A recent repon on a Glo sino specific molecule with both lectin and trypsin 

activities (Osir eta!. 1995· Abubakar eta/., I 995) is significant in understanding the role 

ofbloodmeal induced molecules in trypanosome development. This molecule has been 

shown to stimulate trypanosome transformation (Osir and lmbuga, unpublished data) . Its 

pre ence only in Glos ina may possibly explain wh tsetse flies are the onl known vectors 

of rrypanosomes 

1.3.4.3 Lectins attached to peri trophic membrane 

Infection pre alences in tsetse have been observed to vary with age with the 

tenerals being more susceptible than their non-teneral counterparts (Maudlin, 1991 ) . 

The e differences ha e been attributed to the levels of protective midgut Jectins which are 
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released after a bloodmeal (Maudlin and elburn, 1987, 1988a) and are presumabl 

associated with the peritropruc membrane (Lehane and Msangi, 1991 ). Since tsetse 

secrete PM2 newly emerged tsetse lack a well formed peritrophic membrane lining their 

midguts but develops to full line the entire midgut within about 90 hours after eclosion 

(Lehane and Msangi, 1991 ). The well developed peritrophic membranes make older tsetse 

increasingly refractory to infection (Mwangelwa eta!., 1987). In non-tenerals the 

peritrophic membrane not only act as a physical barrier to trypanosomes (Freeman, 1973) 

but also harbours the bloodmeal induced anti-trypanosoma! lectins tbereb serving a dual 

role in preventing infection. 

Gingrich eta/. ( 1982) showed that infection in non-teneral tsetse is possible after 

prolonged starvation. This observation was attributed to reduced levels of midgut lectins 

whose stimulation following a bloodmeal is periodic (Welburn eta!., 1989) and not lack of 

peritrophic membrane. However, Lehane and Msangi (1991) disagree with this argument 

on the basis that high residual levels of midgut lectins 100-200 fold) present in starved 

non-tenerals compared to tenerals is still sufficient to overcome infection. This implies 

that the low infection prevalences in noo-teneral tsetse could be due to factors other than a 

ph sical barrier such as a well formed PM. Furthermore incorporation of sugars specific 

to midgut lectins to an infective meal results in higher infections in both teneral and non

tenerals suggesting that lectins and not PM per se are responsible for the low infection 

prevalences in older tsetse (Welburn and Maudlin, 1992· Welbum eta!., 1994). 
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1.4 Endosymbion 

1.4.1 Primary endo mbionts 

Many economically important vectors that are dependent on restricted diets such 

as blood harbour bacterial symbionts which are crucial for their survival b supplying 

B-group vitamins (Buchner 1965). Examples of such vectors include ticks sucking bugs 

beetles and lice (Ishikawa, 1990). These bacterial symbionts are either extracellular, for 

example gram positive Rhodococcus rhodnii found in Rhodniu prolix11 , or intracellular 

typically residing within specialized cells called mycetomes. Another category of 

symbionts includes intracellular reproductive parasites whose common example is the 

Wolbalchia species known to induce cytoplasmic incompatibility in some insects. The e 

bacteria enhances their own transmission through the expression of cytoplasmic 

incompatibility (Beard eta/., 1993). Lack of primary endosymbionts can have devastating 

effects on the insect vector such as sterility or in, extreme cases death. The lack of the 

symbionts would therefore affect the vectors' ability to transmit diseases. 

1.4.2 ecoodary gut symbionts 

Secondary symbionts are not required for the vector host's survival and do not live 

in well defined mycetomes but live in association within the lower section of the midgut 

(Ishikawa, 1990). However their presence may be important in determining vector 

competence. An example of secondary endosymbionts are the maternal! inherited 



_3 

Rickensia-like organism (RLOs found in the midgut cells of e eral Glo ·na species 

(Reinhardt era/. 1972 Pinnock and Hess 1974 . 

The presence ofRLOs in tset e is linked to their susceptibility to rrypanosomes 

elburn er a/ 1993 . RLOs release the enzyme chitinase that digest chitin resulting in 

accumulation of glucosamine during the late pupal stage. The glucosamine specificall 

inhibits midgut lectins. Since midgut lectins have anti-trypanosomaJ effect, their inhibition 

b glucosamine results in increased infection prevalences (Maudlin and Welburn, 1988b· 

Baker et a/. 1990). In contrast, refractory tsetse with few RLOs will accumulate 

relative! less glucosamine making the trypanosomes vulnerable to lectin activit . 

Maudlin and elburn (1988b) established that the proportion of midgut infection 

of Trypanosoma brocei and T. congo/en e maturing was significantJ increased when 

infected tsetse were maintained on a diet that contained D-glucosarnine. D-glucosamine 

was also shown to inhibit G. m. morsitans midgut trypsin activity Osir era/. 1993 ). This 

implies that a concerted inhibition of both lectins and trypsins b glucosarnine further 

increases the chances oftrypanosomes development Since midgut lectins increases after 

bloodmeal the differences in lectin levels due to RLOs disappears in non-tenerals. 

Therefore the iovolvement of RLOs in the susceptibility/ refractoriness to T rypano oma is 

restricted onl to teneral tsetse. It was also shown that rickettsial infections are not 

associated with susceptibility of G. m. centralis to T. congo/en e infections (Moloo and 

Shaw. 1989 . 
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I. Tb role of bloodmeal 

TsetSe are obligatory bloodfeeders with mammals being the preferred hosts (Jordan, 

1986). It is possible to identify the host of tset e and other haematophagous insects b 

anal_ sing their bloodmeal content and this has proved useful in the epidemiology of 

arthropod-borne diseases (Bareham, 1975 ~ Blackwell eta/., 1994). Tsetse derives all their 

metabolic requirements from bloodmeal digestion (BurseU et a!. 197 4 · Kabayo and 

Langley, 1985). Within the midgut, the blood is held in a sac-like pouch, the peritrophic 

membrane (Lehane and Msangi, 1991 ). In the tsetse gut the crop acts as a temporary 

store for bloodmeal, while the anterior midgut is the site of rapid diuresis (Gee, 197 5). 

Bloodmeal digestion takes place in the posterior midgut (Dow 1 986) while nutrients 

absorption occurs in the hin~aut where ionic balance is also maintained (Phillips eta!. , 

1986). The release of digestive enzymes to the posterior midgut is under hormonal 

control and the levels are proportional to meal size at least within 

0-24 b offeeding (Gooding, 1974). In Glo sina. proline is the most abundant amino acid 

after bloodmeal digestion and is important for energy metabolism (Bursell e1 a!. 1974). 

High concentrations of this amino acid in haemolympb and flight muscles has been 

reported (Burs~!~ 1960 1963 1966). It has been shown that during flight, there is a rapid 

disappearance of proline followed by stoichiometric rise in alanine within the first 2 

minutes (Bursell, 1963). The levels of glutamate also increase after the first minute of 

flight while a-ketoglutarate levels increase 1 0-fold after 2 minutes. These observations 

have led to the elucidation of the pathway through which proline is partially oxidized to 
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alarune to provide energy required for flight activity (BurseU et a/. . 1974 ). A similar 

pathwa has now been found in other profine metabolizing insects notably the Colorado 

potato beetle, Lep1inorarsa decemlineata eeda eta/., 1980a.b). It has also been 

established that following flight tsetse are capable of re-synthesizing proline from alanine 

and fat reserve in the fat bod (BurseU eta/ 1974). In this process alanine is converted 

to pyruvate by transamination with a.-ketoglutarate then carboxylated to oxaloacetate and 

finally condensed with acetylcoenzyme-A, a two carbon fragment derived from fatty acid 

oxidation (McCabe and Bursell 1975· Konji eta/., 1984). The a-ketoglutarate so formed 

undergoes transamination and subsequent reduction to yield proline which is then utilized 

for energy generation (McCabe and Bursell 1975· Konji eta!. 1984). 

Apart from being an important metabolite to tsetse proline is also a very important 

source of carbon and metabolic fuel for the midgut form trypanosomes (Evans and Brown, 

197_ Srivastava and Bowman, 1971). 

1.6 Justification for studying the role of host blood in the differentiation of 

bloodstream trypano omes 

Previous studies have shown that tsetse infection prevalences upon talcing an 

infective bloodmeal is influenced by the host blood (Mihok eta/., 1991 1993 · Moloo, 

198 1 1984). Using a diverse range ofhost blood samples Mihok eta/ (1993) 

demonstrated that host blood at the time of infective feed determines the rate at which 

tsetse developed infection. Generall , wildlife blood samples gave lower infection 

prevalences than domestic hosts. Further studies have shown that the host blood upon 
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which tse se are maintained after an initial infective feed is also imponant tn determining 

mfecrion prevalences oloo 1 9 4 Mihok er a/. 1991 ). However. the blood factor s 

that influence trypanosome infections in tsetse are not ve _ well understood. 

In the blood of some primates and wild Bovidae, uypanolytic factors have been 

reported ulla and Rickman, 1 988· Seed era/. 1990: Olubayo 1991 ). Fore ·ample, 

such factors in plasma of waterbuck (Mull a and Rickman, 1 988) buffalo and eland 

(Redutb et al., 1994) could possibl be directl invoJved in determining infection 

prevalences in tsetse feeding on these hoSts. Removal of serum from tsetse diet enhanced 

midgut infection of Trypano oma congolense in G. m. morsitans (Maudlin et al. 1984). 

lt has also been shown that some factors found in normal human serum lyse T. b. brucei 

but not T. b. rhodesiense and T. b. gambien e (Ri~ 1978) despite the fact that the three 

trypanosome species are very close! related (Hoare, 197 _ ). The lytic factor has now 

been identified as a sub-fraction of high density lipoprotein (HDL) (Hajduk et al., 1989). 

The basis of resistance of the other two members of the brucei sub-group to TLF is still 

not weU understood and is current! under investigation (Hajduk, personal 

communication). A recent study showed that the binding ofTLF to the trypanosome 

receptors is un¥fected such that resistance is as a result of reduced endocytosis (Hager 

and Hajduk, 1997). Such information rna be useful in developing strategies to combat 

human trypanosomiasis. 

Within the tsetse midgut blood meal stimulates the release of various factors 

namel trypanoagglutinins (1ectins) trypanol sins trypsin/ trypsin-like enzymes which 
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mecitate transformation as well as '~ sis of ingested trypano orne audlin.. 1991 , lmbuga 

et a/. . 1992a). Although blood has been shown to be crucial for this proces (Imbuga er 

a/. 1992a), it is still not clear how different host blood and blood components influence 

his process and whether this is related to the observed infection prevalences. 

Proline, a product ofbloodmeal digestion, is the most abundant amino acid in 

Glossina midgut and haemolymph (Cunningham and Slater, 1974· 1ckerman, 1985). The 

development of procyclics is intimately associated with a switch from gross utilization of 

glucose to proline. Studies using T. brucei have shown that midgut of uninfected tsetse 

have a much higher concentration of proline than their infected counterparts 24 h after a 

bloodmeal. This suggests an in vivo utilization of proline b the procyclic fonn 

trypanosomes (Vickerman, 1985). Even with such information, the role of the bloodmeal 

digestion products, particular! proline and glutamine, in the transfonnation of 

trypanosomes from bloodstream to procyclic fonns has so far not been studied and 

therefore needs to be established. 

Significant progress has been made in the elucidation of host blood factors that 

lyse bloodstream trypanosomes This is an effort to understand why, for example wild 

animals are generally resistant to trypanosomiasis (Ashcroft I 959). It is crucial to 

establish how host blood and blood components influence trypanosome transformation in 

the vector. Although infonnation is available on infection prevalences obtained when 

tSetse are fed on different host blood, details on bow the host blood influences the 

observed infection prevalences are scarce. Therefore, it is important to establish how host 
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blood influence the release of the various midgut factors. such as trypsin. that mediate 

differentiation and 1 sis of the trypanosomes. To gain insight into thi complex problem, 

the present stud was carried out 

1. Aims and objectives 

The overall aim of this study was to understand the role of host blood in the 

transformation of bloodstream trypanosome into procyclic forms. The specific objectives 

were: 

(1) Study the influence of host blood (from eland buffalo, goat and rat) on differentiation 

of bloodstream trypanosomes. 

(2) Investigate the blood component(s) necessary for differentiation. 

(3) Study the stimulation of trypsin/trypsin-like enzymes by the host blood and blood 

components. 

(4 Study the role of proline/ glutamine (as products of bloodmeal digestion) on 

trypanosome differentiation. 
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CHAPTER2 

2.0 MATERIAL AND METHOD 

2.1 Reagents 

The reagents used in these studies were of anal tical grade. They were obtained from Sigma. 

UK; Amersham, England; NEN. DuPont· Serva, Germany: BDH, England; Pharmacia. Uppsala, 

Sweden: Boehringer-Mannheim GmbH Biochemica, Germany· Biorad, Richmond; Pierce, 

Rockford. USA' Richter. Budapest Hungary. 

2.2 Animals 

Adult Wistar rats 2-4 months old were supplied by the ICIPE Animal Rearing and Quarantine 

Unit. Eland (Taurotragus oryx) and African buffalo (Syncerus caffer) were maintained in a 

tsetse-free environment at the Wildlife Disease Section of the Kenya Agricultural Research 

institute (KARl) at Kabete Kenya. The African goat was maintained at the Large Animal 

Breeding Unit of the ICIPE. 

2.3 T etse 

Glossina morsitans morsitans were reared in the ICIPE (International Centre of Insect 

Physiology and Ecology) insectary in airobi at a temperature of 25±1 o C and a relati e 

humidit of 65-85 %. This colony was established from a Zimbabwean stock maintained by the 

T etse Research Laboratory in Langford UK Unless otherwise stared, the tsetse were supplied 
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as tenerals and maim.ained at the above conditjons for 24 h efore !he experimentS. 

_ 4 aintenance of trypano omes 

In this study, pleomorphic Trypanosoma brucei brucei of a stock derived from EATRO 

1969 was used. The stock was isolated as pre iousl described (Otieno ec al.. 1983). The 

trypanosome were original! grown in rats from stabilates that had been cryopreserved in liquid 

nitrogen. Trypanosomes were maintained in Wistar rats b serial passage and were harvested 

only at high parasitaemia. 

2.- Collection of blood am pies. 

Blood samples were regular! collected from eland rat, buffalo and goat. To collect 

blood from eland and buffalo b. jugular venipuncture the animals were restrained in a clash 

while the goat was manuall restrained. Heads were held in such a way as to expose lheir jugular 

veins and the point of blood collection thoroughly sterilized with 70% ethanol. Heparin 

(Richter, Budapest Hungary) (1 0 IU/ ml) was used as the anticoagulant. For serum preparation 

blood was drawn as before but without anticoagulant. Blood from rat was collected b cardiac 

puncture into heparinized syringes. 

Plasma was obtained from fresh I collected blood by centrifugation (1 000 x g , 15 min. 4° 

C) in a Heraeus 2 Minifuge (Osterode Germany). The plasma was carefully separated from the 

cells and maintained at 4° C before use. For RBC preparation, the cellular ponion was washed 

three times in normal sal ine (0.85 % (w/v) aCl). Serum was obtained from !he coagulated 

blood b carefull removing the clot foll owed b centrifugation (1000 x g. 20 min, 4° C) of the 



supernatant fraction to remo e cells (Bessis. 1973) . 

•. 6 Artificial membrane feeding of e e 

Tsetse were allowed to feed on the blood samples through a heat sterilised (100 C. 

overnight) silicon membrane maintained at about 37° C b a warming template (Mews and Ruhn. 

1971). 

2.7 I olation of trypanosom b; isopycnic centrifugation 

For tran formation assays. trypanosomes were i alated from parasitized rat blood a 

previously described (Grab and Bwayo. 1982). Parasitized blood was mixed with an equal 

volume of phosphate buffered saline (0.1 M sodium phosphate. 0.15 M aCI. pH 7.4 containing 

1 %glucose (PSG). The content was mixed and an equal olume of Percoll (Pharrnacia) 

working solution [8.55 % (w/ ) sucrose. 2% (w/ } gluco e in Percoll, pH adjusted to 7.4 with 

HEPES] added. After thorough mixing. the contents were centrifuged (17,500 x g 4° C. 30 

min). The concentrated Ia_ er of trypano omes appearing near the top belo the platelet Ia er 

was carefully siphoned our using a Pasteur pippette and washed three times in PSG by 

centrifugation (1.500 x g 4° C, 10 min). Trypanosomes were resuspended in a minimal olume 

of PSG and the densir. determined b counting in a haemocytometer with impro ed eubauer · 

ruling. 
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Transformation assa_ 

Transformation assays were carried out as pre iously described (lmbuga er al.. 1992a). 

ln the in vicro assa · system. teneral tsetse (24 h after emergence) were allowed to feed on the 

blood samples through an artificial membrane. After 1 h the tsetse were immobilized by brief 

chilling and the midguts careful! dissected ouL The midguts were gentl homogenized and 

fresh! isolated r:rypanosomes (1 0; trypanosomes/ ml) added. After gently vortexing. the 

contents were incubated at 25° C. At different times, the incubation mixture was vortexed gentl. 

and 5 ml aliquots withdrawn for preparation of thin smears. 

In lhe in vivo studies. tsetse were fed on parasitized samples (107 crypanosomes/ ml) and 

the midguts were dissected at various times for preparation of wet smears. 

The wet smears were air dried. fixed in absolute methanol for 5 min and stained in 

Giemsa stain (freshly prepared from a pre-made stock b diluting x 10 in 0.1 M sodium 

phosphate buffer pH 7.2). Trypanosomes were examined using a Dialux compound microscope 

(Leitz WeuJer, FRG). Typically 3-5 groups of 100 crypanosomes each were counted and 

classified as being typical bloodstream forms transition forms or midgur forms based on 

morphological characteristics (Lloyd and Johnson 1924· Ghiotto er al. , 1979). The position of 

kinetoplast relative to the nucleus, size and mitochondrial staining were the most important 

morphological characteristics used. 
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-· 9 Preparation of red blood cells 

Whole blood samples were centrifuged (1000 x g, 4° C. 10 min) to separate cell from 

plasma. After removing the plasma lhe "huffy coat" was carefull: removed. The remaining 

RBCs were washed 3 times in normal saline (0.85% (w/v) 1aCI) each rime remo ing the 

remaining huffy coat 

2.1 0 Preparation of red blood cell membranes 

Red blood cell membranes were prepared b suspending washed cells in 10 volumes of 

distilled water and lea ing them to stand for 30 min ar 4° C. The content was centrifuged 

(1 0.000 x g 4° C, 30 min) (Bess is. 1973). The peller was washed once in distilled water then 

resuspended in normal saline to the original (for eland RBCs) or twice (for rat RBCs) volume of 

cells. The membrane suspensions were fed to tsetse through an artificial membrane and midguts 

dissected out for use in transformation assays (section 2.8). Rat RBC membranes were also 

prepared by one c cle of freezing (-196° C) and thawing (37° C). Membranes were also prepared 

from rat RBCs by sonicating a 50 % ( I ) cells suspension in oormaJ saJine three rimes for 30 sec 

at a setting of 10 on a MSE Soniprep 150 sonicator with 60 second periods of cooling on ice 

bet ween each burst The 1 sates were centrifuged (1 0,000 x g. 4° C. 30 min). The membranes 

were then washed once in saline then resuspended in an equal volume of the saline before 

feeding to tsetse through an artificial membrane. Midgut dissected from these tsetse were used 

in transformation assa s. 
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_.11 Prop rti of the plasma inhibitor 

_.1 1.1 Thermo tability of the inhibitor factor 

Se en. 3 ml fresh eland plasma aliquots ere separate! • incubated in a water bath at 

constant temperatures of 4 22, 37, 42. SO, 60 and 70° C for 30 minutes. Washed eland RBCs (3 

mJ) were then added to the plasma aliquots and anificially fed to tsetse. Transformation using 

dis ected midguts was carried out as before. 

-.11.2 Effect of freeze-thawing on the stabili of the eland plasma inhibitor factor 

Fresh eland plasma was di ided into six. 3 ml aliquo in SO ml plastic tubes. The 

aliquots were separate! subjected to 0 (control}, 1. 2, 3. 4, and 6 freezing (-70° C) and tha ing 

(3 o C) cycles. Washed eland RBCs (3 ml) were added to these samples and fed to tsetse. 

Midguts dissected from the tsetse were used in transformation assays. 

2.11.3 Effect of preincubating i olated trypano om in fr h eland plasma on 

transformation inhibition. 

Isolated trypanosomes were suspended in fresh eland plasma for 0. 112• 1, and 13
/ 4 hat 

room temperature with gentle agitation. After the incubation periods. trypanosome were 

separated from plasma b centrifugation (2500 rpm 10 min. 25° C) in a Microfuge. After 

washi ng. the trypanosomes were mixed with midgut homogenates dissected from tsetse 

previous! fed on a 50 o/o (v/v) suspension of eland RBCs in nonnal saline. Transformation of 

trypanosomes was then assessed. 

-
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_,11.4 Effect of dialy ino eland plasma 

The following experiment was carried out to asses whether dial. sis of eland plasma 

would resuh in loss of the inhibitor activity. Fresh eland plasma was dialysed o emight in PBS 

using a membrane with a molecular weight cut-off (MWCO) of M,. 14.000. The dialysed plasma 

(3 ml) was mixed with an equal volume of washed eland RBCs and fed to tser.se. Fresh plasma 

kept ar 4° C for the same duration was used as a control. ashed eland RBCs {3 ml) were added 

to the a1iquor.s and fed to r.setse. Transformation was carried out as before using the dissected 

mid guts. 

2.11.5. Effect of lyophilizing plasma on the stability of the inhibitor. 

Fresh eland plasma (1 0 ml) was frozen { -70° C) in a 50 ml plastic tube and lyophilized 

ustng a irtis freeze-drier (Virtis Co .. Inc. Gardiner. New York) . After this the weight of the 

powdered plasma was recorded and stored at -20° C. To assess the effect of freeze-drying fresh 

plasma on the activity of the transformation inhibitor. a weight equi alent to 3 ml of the original 

plasma was reconstituted in distilled water. mixed with an equal volume (3 ml) of washed eland 

RBCs and fed to r.setse. After 1 h. midguts were dissected from these tsetse and used in 

transformation assays. 

2.11.6 Ammonium ulfate fractionation of the eland plasma 

Sawrated ammonium sulphate {SAS) (pH adjusted to 7.4 b ammonium h droxide) was 

added to 50 ml of fresh eland plasma maintained in an ice bath with constant stirring. Protein 
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fractions ere collected from 0-10, 10-20. 20-30. 30-40. 40-50. and 50-60% (wt/v) SAS y 

centrifugation (10,000 xg. 4° C, 15 min). At each SAS precipitation tep. the insoluble protein 

were obtained b_ centrifugation (10,000 x g, 4° C. 30 min). The pellets were redissolved in a 

minimum volume of PBS and dialysed extensively in the same buffer 10 remove excess salt. A 2 

mJ protein solution of each fraction was mixed with an equal volume of washed RBCs and fed 10 

tsetse. Transformation assays using the dissected midguts were Lhen carried ouL 

2.11. 7 Effect of pro teases on the plasma inhibitor 

2.11.7.1 The effect of pronase 

Fresh eland plasma was divided imo four, 3 ml fractions. The fractions were incubated in 

a water bath (30° C, 30 min). Aliquots of a freshl prepared stock pronase (Sigma, St. Louis, 

MO. USA) (5 mg/ml in PBS) was added to the eland plasma aliquots to attain a final 

concentration of 0 (control) 0.05 0.1 and 1.0 mg/ ml respectively. The content was mixed and 

incubated (2 hat 300 C). After this period the pronase treated plasma was dialysed in PBS (4° C. 

2 h). 

For transformation assa. s, washed eland RBCs were mixed with the pronase treated 

plasma in a 1:1 ratio and fed £O tsetse. Transformation using the dis ected midguts was carried 

ou . 

2.11. 7.2 Effect of trypsin 

The effect of rreating eland plasma with bovine pancrease trypsin (Serva, 

Feinbiochemica. Heidelberg) was assessed as described under section 2.11.7.1. except that the 



tryp tn inhibiror. tos II sine chlorometh_ I ketone (TLCK). wa added and incubated (30° C. 20 

min). before dialysis. Washed eland RBCs were mixed with the trypsin treated plasma on a 1:1 

ratio and fed to tsetse. Transformation using midguts dissected from the tsetse was then carried 

OUL 

2.11.8 Effect of protease inhibitor on the Stability of the inhibitor factor 

The effect of protease inhibitors on the stabiliry of eland plasma inhibitor factor was 

assessed as pre iousl described (Redutb eta/. , 1994} except that diethylp rocarbonate was used 

instead of leupeptin. To 6 ml of freshl obtained eland plasma. the protease inhibitors were 

added to the fol1owing final concenrrarions; 40 mM phenylmeth lsulphooyl fluoride (PMSF) 

(Sigma StLouis MO, USA) (predissolved in a minimum volume of isopropanol) 2 mM DL

dithiolhreitOl (DTT) (Sigma. StLouis. MO. USA}, 10 mg/ ml aprotinin (Boehringer Mannheim 

GmbH. FRG) 4 mM EDTA and 150 mM diethylpyrocarbonate (Serva, Feinbiochemica 

Heidelberg}. 

The 6 ml plasma with protease inhibitors was divided imo two, 3 ml portions. Another 

rwo, 3 ml portions of fresh plasma without inhibitors were included as controls. The fractions 

were stored for 6 days at either -20° C or 4° C. 

After this period the protease inhibitors were dial sed for 24 h with several changes of 

PBS followed by dialysis in 0.15 M aCt for 2 h. Washed eland RBCs (3 ml) were mixed wilh 

each of the dialysed plasma aliquots and fed to tsetse. Midguts were dissected and 

transformation assays carried out. 
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2.1- Fractionation of eland plasma. 

A DEAE-Sepharose CL-6B (Pharmacia. Uppsalla. Sweden) column (1.5 18 em) wa 

equilibrated overnight in 20 mM Tris-HCI buffer. pH 7.4. The flow rate was adjusted to 13.2 

mllh. Fresh eland plasma (9 ml) dialysed against the equilibrating buffer was loaded omo the 

column at the same flow rate. Elution of the unbound proteins was carried out b washing the 

column in equilibrating buffer until the protein absorbances at 280 nm were equal to that of the 

blank. 

A stepwise gradient 0.1 M, 0.2 M, and finall 0.5 M aCI in equilibrating buffer was 

u ed lO elute the bound proteins. The resulting fractions were pooled, concentrated b~ dialysi in 

pol ethylene glycol (PEG) powder then dialysed in Tris-buffered saline (0.15 M aCI in 20 mM 

Tris-HCI , pH 7.4) to remo e the excess salts. The abilit of the protein fractions to inhibit 

transformation were then assayed. 

2.13 Protein estimation 

Protein estimation was carried out b the Bicinchoninic acid (BCA) protein assa ' method 

(Pierce, Co.) according to the manufacturers' protocol. Bovine serum albumin (BSA) fraction 

(Serva, Heidelberg, Germany) was used as the protein standard. Absorbance was measured at 

562 nm using a model DU-50 Beckman spectrophotometer (Beckman, Palo Alto, CA., USA). 

2.14 Pol. acrylamide gel electrophoresis (PAGE 

Native polyacrylamide gel electrophoresis ( ative-PAGE) was performed as de cribed b 

Laemmli 0970). The gradient gels (4-20% acrylamide) were cast using gradient maker (BRL). 
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\1. here necessary. samples were extensive!_ dialysed against PBS prior to electrophoresis. 

Samples were dissolved in an equal volume of sample buffer (0.13 M Tris-HCI, 20 o/( glycerol. 

0.002% bromophenol blue. pH 6.8) and mixed thorough! prior to loading onto the gel. 

Electrophoresis was carried out at a constant voltage (70 volts) at room temperature in 25 mM 

Tris-HCL, 192 mM glycine pH 8.3. 

After elecuophoresis, the gels were stained o emight for proteins with 0.6 % Coomassie 

Brilliant Blue in methanol acetic acid and distilled water in ratios of 50:9.2:40.8. respectively. 

The gels were then treated with several changes of destaining solution (methanol. acetic acid, 

distilled water: 50:9.2:40.8) at room temperature. Native molecular weight of the proteins were 

estimated from the relative migration of the high molecular standards (Pharmacia). 

2.15 Effect of proline/ glutamine on transformation 

The influence of proline and glutamine on bloodstream trypanosome transformation was 

m esrigated. in vitro , using two assa systems. One utilised teneral midgut homogenates while 

the other one used fed homogenares. Groups of ten 24 hold reneral G. morsicans were dissected 

and midguts homogenised. L-proline or L-glutamine (Sigma. St. Loius, USA) (from a stock 

freshly prepared in PBS) was added to homogenates to the following final concentrations; 0 

(control). 2. 4. 6, 8, 10. 12, 14, 16 20 and 50 mM. Freshly isolated trypanosomes were added 

(1 a· rrypanosomes/ rnl) and mixed. Transformation was assessed as already described. This 

experiment. was repeated using the same proline and glutamine concentrations but in midgut 

homogenares from tsetse that were fed on rat blood. Transformation was assessed as above. 



4 0 

_J6 Qualitative and quantitati e tudi on tryp in timulated b~ · h t blo d and bl d 

fractions 

-.16.1 Trypsin assays 

Trypsin activity was assayed using a chromogenic substrate, 

carbobenzox - al-gl -arg-4-nitrianilide acetate {Chromozym-TRY: Boehringer Mannheim: 

FRG}. The reaction mixture contained midgut homogenate appropriate! diluted to 0.95 ml in 

0.1 M Tris-HCI. pH 8.0 and maintained at 30° C. The reactions were initiated b the addition of 

40 mmol of substrate (predissolved in 0.1 M Tris-HCJ pH 8.0) and the increase in ab orbance at 

40- nm monitored using a Beckman model DU SO spectrophOtometer (Palo Alto, Calif. USA) 

fi tted with a thermostat control. The change in Molar ex.tinction coefficient at 405 nm (e40.; = 

8,800: Erlanger ec al., 1961} was used to determine the amount of substrate hydrolysed: 1 unit of 

IJ)'psin is the amount of enzyme required to h drolyse 1 mmol Chromozym-TRY min'1 (30° C). 

2.16.2 Qualitati e analysis of trypsin/ trypsin-like enzymes in tsetse midgut after feeding 

on different blood samples 

Trypsin isoenzyme analysis using radioactive inhibitor [1 3 3H]-Diisopropyl 

fluorophosphate (DFP) was carried out as pre iously described (Borovsk and Schlein, 1988). 

Teneral Glossina m. morsicans (24 h after emergence) were fed on the following blood samples; 

rat blood, eland blood, SO % v/v) eland RBC suspension in normal saline, 50 % (v/v) eland RBC 

suspension in saline, rat plasma and eland plasma. At 0. 2, 5, 8, 20 24, 48 and 72 h after 

feeding. six tsetse flies were dissected from each group and their midguts separate!. 
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homogenized in 60 ml of 0.1 M Tris-HCl. pH 7.8 containing 0.1 M CaCl,. The homogenate was - - '-' 

centrifuged (10.000 rpm. 10 min, 4° C) in a Microfuge Model5415 C (Eppendorf. etheler. 

Hinz. GmbH. Hamburg). The equivalent of one midgut (1 0 ml) of the supernatant was removed 

for crypsin analysis. Before separation b native-PAGE. the 10 ml supernatants were first 

incubated with 10 mM of cold tosylamide-2-phenyl chloromethylketone (TPCK) (Sigma. St. 

Louis. MO USA), a chymotrypsin inhibitor for 6 b at 4° C. Three mCi of [1, 3 3H) DFP 

(specific activiry 35 mCi/mmol, NE . Du Pont) was added, vonexed and then incubated (20 h, 

4° C). An equal olume of native-PAGE sample buffer was added. mixed and centrifuged 

(10.000 rpm. 2 min. 4° C) to remove any debris. The labeUed trypsins were separated on 

native-PAGE (4-20% acrylamide). The gels were stained using Coomassie Blue. The 

radioactivity signal in the gel was enhanced b ' incubating in AmplifyTM (Amersham, UK) for 30 

min followed by drying in a Hoefer slab gel drier model SE 1160 {Hoefer Scientific Instruments, 

San Francisco. USA). The gels were exposed to X-ray fiJms (Fuji RX) for 7 da sat -70° C. To 

reveal trypsin bands the films were developed after seven days. 

2.17 Statistical analysis 

Statistical analysis were performed using the Statistical Analysis System (SAS, 1985). Means 

were tested for significance using Analysis of ariance (ANO A). Rejection of the null 

hypothesis was based on 0.05 %confidence imerval. 
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CHAPTERJ 

3.0 RESULTS DISCUSSIO 

3.1 ROLE OF HOST BLOOD, BLOOD COMPO T AND AMINO ACID 

(PROLINE AND GLUTAMINE) IN TRYPANO OME TRANSFORMATIO 

3.1.1 Trypano orne transformation in various ho t blood samples 

Transformation of bloodstream trypanosomes by midgut samples prepared from tsetse 

pre iously fed on eland buffalo, goat and rat blood samples was carried out in vicro. 

Transformation occurred readily in assa s involving rat and goat blood samples (Fig. 1) . 

Appro imately 50 %of the bloodstream trypanosomes had transformed into either transition or 

procyclic (midgut) forms after 10 h of incubation at 27° C. In contrast buffalo blood supported a 

slower transformation rate. with 50% of the trypanosomes ha ing transformed after 18 h. 

Trypanosomes incubated with midgut homogenates from tsetse that had fed on eland blood had 

very low transformation rates. In rhis case, less than 10% of the trypanosomes had transformed 

compared w 60% 80% and 85 ~ in buffalo rat and goat blood, respectively. Apart from the 

low transformation rates 1 sis of trypanosomes occurred in all experiments where whole eland 

and buffalo blood was used. 



Fig.l. Effect of host blood types on trypanosome transformation in vitro. 

Tsetse were fed on different host blood samples. Midgut homogenates 

prepared from these tsetse were mixed with bloodstream trypanosomes 

(107 trypanosomes/ ml). Transformation of the trypanosomes was 

assessed as described in Materials and Methods. The blood samples were 

from eland (0 : buffalo (e ); goat (c.) and rat ( ~. ). Data represent mean 

values= SD (n = 5). 
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11.. Influence of bJ od ampJ from different eJands on trypano me transformation 

Since blood samples from eland number 7695 did nm suppon transformation, it was necessary 

10 ltsh whether blood samples obtained from other elands, held together in capti ity, had similar 

mformation inhibition properties. Blood was obtained from four eland aged between 1-6 years. 

rom and bred in captivity in a tsetse free environmenL The identification numbers and institutions to 

nich the elands were assigned were gi en as 7788 (International Livestock Research Institute) 7695 

lmemational Centre of Insect Physiology and Ecology), 7827 and 7843 (Ken a Agricultural Research 

tiMe) . Eland number 7843 was the youngesL Howe er. blood from its mother was not tested. 

Figure 2a clearly showed that fresh blood from all the elands did not support trypanosome 

aansfonnarions. Based on transformations after 24 h (Fig. 2b), there were no significant differences 

i.'llOng !he blood samples from the four elands (P < 0.05). Howe er, transformations between the 

~ands samples and the rat blood (control) were significant (P < 0.05 = 0.001 ) 

In order to elucidate the blood factor(s) involved in inhibiting trypanosome transformation. all 

SlJbsequem experiments were carried out using rat and eland blood samples as positi e and negative 

oomrols. respectively. The results gi en in this stud therefore. are based on blood samples collected 

from one eland (number 7695). 

3.1.3 The effect of mixino eland and rat blood on trypano orne transformation 

The transformation of trypanosomes b midgut homogenates of tsetse fed on mixtures of eland 

md rat blood samples was studied. The results showed that increasing the proponion of eland blood in 

·a blood led to a progressive decrease in the transformation rates (Fig. 3). inually no transformation 

curred in 100 % eland blood. 



Fig .2a. 

Fig.2b. 

Effect of blood samples from different elands on trypanosome 

transformation. Tsetse were fed on the blood samples. Midgut 

homogenates prepared from these tsetse were mixed with isolated 

trypanosomes (1 07 trypanosomes/ ml) and transformation was 

assessed. The blood samples were from eland numbers: 7695 

(e )· 7788 (~.); 7827 (a) and 7843 (D) . Rat blood (O) was used 

as a control. The values are means of 3 readings. 

Trypanosome transformation in blood samples from different 

elands after 24 h . Everything is as in Fig. 2a. The blood 

samples were from eland numbers 7695 , 7788 7827 and 7843. 

The values are means of 3 readings. 
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Fig. 3. Effect of mixing eland and rat blood on trypanosome transformation. 

Eland and rat blood were mixed in different proportions and fed to tsetse. 

Mi<ioout homogenates from these tsetse were used in transformation assays 

(Fig. 1). Eland blood (0)· eland:rat blood (3:1) (e )· eland:rat blood (1:3) 

(6) and rat blood ( • ). Data represent mean values± SD (n = 5). 
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Try-pano orne transformation in rat blood fractions 

Transformation of the trypanosomes occurred onl in rat blood fractions that contained cells. 

e ample. total cells suspended in either plasma or serum (Fig. 4). Plasma or serum alone or a 

mixture of lhe [WO did nm suppon the process. A 50 % I ) total cell suspension in normal saline 

also supponed transformation. except lhat compared to whole blood a dela in the stan of the 

~ was observed (Fig. 5). B 18 h about 62 % of the rrypanosomes were still umransformed 

mhomogenates from tsetse fed on a 50% ( /v) cell suspension compared to 42% in homogenates 

from tsetse that had fed on whole blood (control). On the other hand a reduction in the 

coocemration of cells resulted in a decrease in transformation rates such that b 18 h, 83 % were not 

uansformed <Fig. 5). A similar observation was made using a 50% {v/ ) RBC suspension in saline 

(data not shown). Howe er, remo al of RBCs from rat whole blood resulted in ery low rate of 

trypanosome transformation (data not shown). 

Trypano ome transformation in eland blood fractions 

The fractions prepared from whole eland blood showed very low capacities to support 

uypanosome transformation. Plasma erum or total cells suspended in either plasma or serum gave 

·ery low rates of trypanosome transformation (Fig. 6). In all these cases approximate! 85 % of the 

trypanosomes were still untransformed after 24 h of incubation. In contrast, the process was almost. 

complete b, the same time in rat whole blood (Fig. 6). Howe er a 50% ( I ) suspension of eland 

lOtal cells in saline ga e rates of trypanosomes transformation as conrrol (rat blood) (Fig. 7a). 

These result indicated that the lov. capacity of whole eland blood to support trypanosome 

ansformation was due to the plasma fraction. The abilit of a suspension of eland cells in rat 

plasma to support transformation was also studied. In this case. a transformation rate comparable to 
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at o 'hole rat blood was observed (Fig. 7a). Thus. eland cells suspended in rat plasma ga e a 

ne uansfonnation rate than when suspended in saline. As was the case with rat blood fraction 

where RBCs were removed. a similar fraction from eland blood did not suppon the process (Fig. 

The ability of midgut homogenates prepared from tsetse fed on washed rat blood cells 

spended in eland plasma to transform rrypanosomes was also examined. The low rate of 

uansformation observed in this case suggested the inhibitory nature of eland plasma (Fig. 7b). 

3.1.6 Trypano orne transformation in red blood cell membranes 

Since RBCs prepared from rat or eland blood samples supponed trypanosome 

transformation, it was considered of interest to assess whether the RBC membranes might be 

sufficient for the process. In this experiment, various methods were used to achieve cell lysis. Brief 

sonication using a probe led to complete cell lysis in both cases. However, the eland RBCs 

appeared to disintegrate completely under these conditions resulting in poor recovery of the 

membranes. In contrast, rat RBCs gave a good yield of the membranes. One cycle of freezing and 

!hawing also resulted in a poor ield of eland RBC membranes while rat RBCs gave a good ield. 

Jt was onlv hypoosmotic lysis in water which gave a good _ ield of the eland RBCs membranes. 

The RBC membranes from rat and eland supported transformation of the trypanosomes (Fig. 8). 

Transformations in homogenates from tsetse fed on rat and eland RBC membranes were higher 

compared to rat blood control (Fig. 8). B 18 h, more than 90% of the trypanosomes in RBC 

membranes were transformed compared to 70 % in rat blood control. 



Fig. 4. Influence of rat blood fractions on trypanosome transformation. 

Various combinations of rat blood fractions were prepared from RBC 

serum and plasma and fed to tsetse. Midgut homogenates from these 

tsetse were tested for their ability to transform trypanosomes (Fig. 1). 

Whole blood (0); serum:plasma (1:1) (e )· cells:Plasma (1:1) (a)· 

cells:serum (1: 1) ( • ); and cells:plasma:serum (I: I: I) (0). Data represent 

mean values ± SD (n = 5). 
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Fig. 5. Influence of rat blood ceJls on trypanosome transformation. Tsetse 

were fed on washed blood cells suspended in normal saline. Midgut 

homogenates prepared from these tsetse were used in transformation 

assays (Fig. 1). Rat blood (control) (0)· serum c• >- plasma (6)· 50% 

cells in saline (• )· and 25 % cells in saline (0). Data represent mean 

alues = SD n = 5). 
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Fig. 6. Influence of eland blood fractions on trypanosome transformation. 

Mid.::,out homogenates from tsetse fed on eland blood fractions were tested 

for their abilities to transform trypanosomes (Fig 1). Rat blood (control) 

(0): plasma c• )· serum (A); Cells:p}asma (1: J) ( .. )· cells:serum (1: 1) (0)· 

and cells:plasma:serum ( 1: 1: 1) C•). Data represent mean values± SD (n 

= 5. 
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Fig. 7a. 

Fig. 7b. 

Trypanosome transformation using eland blood cells. Tsetse 

were fed on cells suspended in either saline. rat plasma or eland 

plasma. Midgut homogenates prepared from these tsetse were 

used in transformation assays. Rat blood (control) (0)· 50 % 

( I ) eland blood cells in saline (e ) and rat plasma (.t:.)· eland 

plasma ( • )· eland blood without RBCs (0). Data represent mean 

alues ± SD (n = ). 

Trypanosome transformation using rat blood cells suspended 

in eland plasma. Tsetse were fed on 50% rat cells suspended in 

either normal saline. rat plasma or eland plasma. Midgut 

homogenates prepared from these tsetse were used m 

. transformation assays. 50 % (v/ ) rat cells in saline (t:.) rat 

plasma (0) and eland plasma (e ). Data represent mean aJues 

:::: SD (n = ~). 
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Fig. 8. Trypanosome transformation in rat and eland red blood cell 

membranes. Tsetse were fed on the RBC membranes suspended in 

saline. Midgut bomogenates prepared from these tsetse were used in 

transformation assays. Rat blood (control) (0)· rat RBC membranes 

(e ); 50 % (v/v) eland RBC in saline (.c.) and eland RBC membranes ( .. ). 

Data represent mean alues = SD (n = 5). 
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1. Properti of the inhibitor for trypano orne tran formation in eland pi rna 

. 1.7.1 Effect of temperature on the plasma inhibitor 

Thennostabiliry of the eland plasma inhibitor for transformation was studied by incubating 

l1quo!Sof eland plasma for 30 minutes at temperatures of 4° C, 22° C, 37° C, 42° C, 50° C. 60° C 

1d 7ft C prior to the transformation assays. Heating plasma above 50° C resulted in loss of the 

.hibitor acti ity whereas negligible loss occurred below 42° C (Fig. 9). Incubating the plasma for 

>min at 4° C, 22° C and 37° Chad no effect on the inhibitor activity. Heating the plasma for 30 

in at 70° C led to formation of an insoluble gel that could not be utilized in the assays. 

1.7.2 Effect of freezing and thawing 

The effect of freezing (-70° C) and thawing (37° C) on the stability of the eland plasma 

lhibiLOr was studied by subjecting fresh plasma aliquots to se eral freeze-thawing cycles. Freeze

lawing resulted in loss of the inhibitor activity {Fig. 1 0). Based on transformation rates after 24 h, 

ne freeze-thawing cycle resulted in about 30 %. while two or more c cles resulted in more than 50 

' loss of acti ity , respective} . Whereas the acti it decreased tremendous! following two or 

tore freeze-thawing cycles, it was not abolished even by six cycles (Fig. 1 0). 



Fig. 9. Effect of heating fresh eland plasma on the inhibitor activity. 

Transformation assays using plasma samples maintained for 30 

minutes at 4° C (0)· _2° C (e )· 37° C (A)· 42° C ( • )· 50° C (0)· 

60° c c•) were carried out. The values are means of 3 readings. 
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Fig. 10. Effect of freezing and thawing on the eland plasma inhibitor. 

Trypanosome transformation was assayed using plasma samples 

that were subjected to zero (control) (0)· one (e ); two (t:.)· three 

( ... )· four (D) and six C• ) freeze-thawing cycles at (-70° C) and 

(3 7° C), respectively. The values are means of 3 readings. 
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.J .i . Effect of fresh eland plasma on trypano orne transformation 

Preincubation of i alated trypanosomes for arious lene:th of time in fresh eland plasma 

ref e they ere transferred to an in vitro transformation system did not affect their abilit to 

:rnnsform normall_ (Fig. 11). o inhibition on transformation was evident in these trypano orne 

even after I. 5 h of preincubation (Fig. 11). Longer incubation of the trypanosomes was avoided 

e to rrypanolytic effect of eland plasma (Reduth et al., 1994). 

3.1.7.4 Effect of dialysing plasma 

Effect of dial sing fresh plasma on the inhibitor activit) was studied. This was necessary to 

have an idea about the molecular size of the inhibitor so that activity is not lost through dial sis. 

Plasma was dialysed for 24 hat 4° C in a 12-14 KD molecular weight cut off (MWCO) membrane 

d assayed for its ability to inhibit transformation. Both the dialysed plasma and one kept at 4° C 

for a similar duration showed similar capacities to inhibit transformation (Fig. 12). The slight loss 

of activity in both aliquots is consistent with storage effect (section 3. 7 .6) during the 24 h period. 

This results indicated that the inhibitor factor has a molecular weight greater than M,-14 KD. 

3.1.7.5 Stability of the eland plasma inhibitor to 1 ophilization 

The effect of storing eland plasma in lyophilized form on the inhibitor activity was assessed. 

Storage of lyophilized plasma for 1 week did not preserve the inhibitor acti it . Both the 

lyophilized plasma and one kept at -70° C for a similar duration showed similar transformation 

inhibi tion capacity (Fig. 13). Fresh plasma (used as a control} showed high inhibition on 

transformation (Fig. 13). 



Fig. 11. Effect ofpreincubating isolated trypanosomes in fresh eland 

plasma on transformation. Isolated trypanosomes were 

preincubated in fresh plasma for 0 b (e )· 1a h (6)· 1 h ( .. ) and 13
14 

h (D) then transferred into an in vitro transformation system. 

Fresh eland blood was used as a negative control (0). The values 

are means of 3 readings. 
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Fig. 12. Effect of dialyzing fresh eland plasma. The plasma was 

dialyses (24 h 4° C) in PBS in a 12-14 kD MWCO membrane 

before transfonnation assays. Midguts homogenates were from 

tsetse that were fed on 50 % (v/v) RBC suspension in of the 

following: saline (control) (0), eland plasma kept at 4° C for 24 

h (control) (e ) eland plasma dialyses in PBS for 24 hat 4° C (.t.). 

The values are means of 3 readings. 
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Fig. 13. Effect oflyophilizing plasma on the stability of eland plasma 

inhibitor. Fresh eland plasma was lyophilized and stored at --0° 

C for 7 days. A sample oflyophilized plasma (weight equivalent 

of 3 ml plasma) was reconstituted in distilled water and used in 

transformation assays. Fresh eland plasma (control) (0)· eland 

plasma kept at -70° c for 7 days (control) ce): lyophilized plasma 

(t. . The values are means of 3 readings. 
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'.1.7. Loss ofinhibiror activity during storage 

Figure 14 clear! ·shows that the inhibitor activity was highest in fresh plasma and was 

ually lost during storage. Based on transformations after 24 h about 50 % and 0 % of the 

intubmon activity was lost after 3 and i days at 4° C respecti ely (Fig. 14). The result also shows 

that RBCs ( hether fresh or one week) did not have any effect on the inhibitor activity confirming 

that the inhibitor is only present in the plasma . 

. l.i.i Ammonium sulphate fractionation of eland plasma 

Various sarurated ammonium sulphate (SAS) fractions prepared from fresh eland plasma 

were assayed for their abilities £O inhibit trypanosome transformation. The result showed that most 

of the inhibitor activity was in the 30-40% and 40-50% SAS fraction (Fig. 15) . The 20-30% SAS 

fracuon had a high lytic effect on trypanosomes hence it was not possible to include it in the 

ansformation assa s. The conrrol which was eland plasma stored at 4° C for the same duration. 

lost some of its inhibitory acti ity ithin the same duration. The high salt concentration in the 

fractions had somehow preserved the inhibitor activit during isolation. ll was not possible to stud 

the effect of a 0-10 %fraction on transformation since it always formed an insoluble gel. Therefore, 

0-20 %: SAS fracrion. which did not gel, was used instead. 



Fig. 14. Effect of storage. Eland RBCs and plasma were stored at 4° C for 

various durations then fed to different groups of tsetse. Midgut 

bomogenates were from tsetse fed on a 50% ceU suspension of 

fresh RBCs and plasma (e )· 3-day old RBCs and plasma (0); 3-

day old RBCs and fresh plasma (0)· 7-day old RBCs and fresh 

plasma (t>)· 7-da old RBCs and plasma (.•). The values are 

means of 3 readings. 
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Fig.15. Ammonium sulphate precipitation of fresh eland plasma. 

Various saturated ammonium sulphate (SAS) pellets were 

collected by centrifugation dissolved in and extensive! dialysed 

in PBS. Transformations using the fractions was carried out 

Fresh eland plasma kept at 4° C during the SAS precipitations 

(0)· 0-20% SAS (e )· 20-30% SAS (o)· 30-40% SAS (•)· 40-

50 % SAS (D)· 50-60 % SAS (. ). The values are means of 3 

readings. 
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• 1. . Effect of Proteolytic en~mes on plasma inhibitor activity 

Treatment of fresh eland plasma with pronase (2 h. 30° C) led to loss of the inhibitor acri ity 

=tg. 16a). The loss of the acti iry increased with enzyme concentration used. A complete loss of 

=livi£Y resulted when plasma was treated with 1 mg/ml pronase for 2 h (Fig. 16a). Similarl 1 , the 

of bovine pancreas trypsin at the same concentration resuiled in reduction of the inhibitor 

tiviry al though it was not completely abolished (Fig. 16b). A 0.05 mg/ ml trypsin had negligible 

- ect In contrast. a similar concentration of pronase resulted in a 30 % loss of the inhibitor acriviry 

~ on transformations after 24 h (Fig. 16a). 

_J.7.9 Effect of protease inhibitor on the tability of the plasma inhibitor 

Different protease inhibitors were added ro fresh eland plasma aliquors before storage for 6 

~ays at either 4° C or -20° C. Although there was substantial loss of activiry in all aliquots. those 

lhat were stored at -20° C retained slightl more activit than those stored at4° C (Fig. 17). 

Table 1 summarises the abilit of various rat and eland blood fractions to support 

ansformation. 



Fig. 16a,b. Effect ofproteases on the eland plasma inhibitor. Fresh eland 

plasma was treated (2 h, 30° C) with 0 mg/ m1 (0); 0.05 my} m1 

c• )· 0.1 mg/ mJ (t.) and 1.0 mgl ml (.t.) of pronase (a) and trypsin 

(b) before enzyme activity was stopped. Plasma were mixed with 

equal volume of washed RBCs and fed to tsetse. Midgut 

homogenates prepared from these tsetse were used m 

transformation assays. The values are means of 3 readings. 
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Fig. 17. Effect of protease inhibitors on the stability of eland plasma 

inhibitor. Inhibitors were added to fresh plasma before storing 

for 6 days at 4° Cor -20° C. Prior to transformation assays the 

inhibitors were dialyzed out in PBS ( 24 h 4° C). 50 % (v/v) 

RBCs in saline (control (0)· eland plasma with inhibitors kept 

at -20° C (0) or 4° C (e )· eland plasma without inhibitors kept 

at -20° C (.t.) or 4° C (• ). The values are means of3 readings. 
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J.l. Anion-exchange chromatography of plasma 

Smce the eland plasma inhibitor was precipitated in the 30-50% (w ) saturated ammonium 

phare fraction (Fig. 15), the initial effortS to isolate this factor utilized this fraction followed b. 

gel fihr.nion on Sepharose 6B-CL column. However. assays of the fractions after concentration and 

dialyses in PBS showed ver little inhibitor activity (Data not shown) . 

Due to the rapid loss of activity, it was important tO try isolation procedures that would take 

the shonest rime possible. Thus fresh plasma was fractionated b gel filtration on FPLC using 

Superose 6 column but several runs were necessary to obtain enough protein samples to carry out 

tranSformation assays. After concenrration and dialyses in PBS. the fractions showed ery little 

inhibitor activity (Data not shown). Further attempt to isolate the plasma inhibitor was made b 

using ion-exchange chromatography on DEAE-Sepharose-6B-CL. Fresh plasma was initially 

fractionated into unbound and bound fractions (Fig. 18a). Assay of these fractions showed activit 

only in the bound fraction (Fig. 18b). Since the inhibitor was in the bound fraction, further attempts 

10 isolate the molecule was carried out using linear salr gradiem 0-0.5 M aCl). None of the four 

sail gradients separated the bound fraction into distinct peaks (Fig. 19). Consequent]_. a strategy 

involving stepwise gradient elution with various salt concentrations (0.1, 0.2. and 0.5 M aCt) in 

equilibration buffer was adopted. With this approach. the bound fraction was re ol ed into 4 

distinct peaks (Fig. ~Oa). Two peaks were eluted in 0.1 M aCl while both 0.2 M and 0.5 M gave _ 

single peaks (Fig. 20a). Assays of the fractions from these peaks showed very little inhibitor 

activiry (Fig. 20b). There was slightly more activity in peaks C and D when compared to the other 

peaks. However, since the procedure before assa s invol ed chromatograph . concenlration and 

dialysis and took more than 30 hours, il is possible that the activiry was lost during this time (Fig. 

20 ). 
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:.t.9 Effect of proline and glutamine on transformation 

Compared to the other amino acids, proline and glutamine are present in higher 

;oncemration in tsetse after bloodmeal digestion. Their role in the transformation of tr pano ames 

· m bloodscrearn to procyclic forms was in estigated. Since unfed gut homogenates had earlier 

oeen shown not to stimulate transformation (Imbuga eta/. 1992a), the amino acids were added to 

:ilese homogenates at concentrations of 0-20 mM and tested for their abiliry to stimulate this 

process. The results showed that L-proline did not stimulate transformation (Fig. 21). Midgut 

~genates from tsetse that had fed on rat blood (as a control) supported normal transformation. 

imilarly trypanosome transformation using midgut homogenates from tsetse that had fed on rat 

lood in which L-proline was included did not stimulate significant! higher transformations from 

the control (Fig. 22). When the assays were repeated using either L-glutamine or a combination of 

l-proline and L-glutamine at the above concentrations there was no significant stimulation on 

iianSformation due to the amino acids (data not shown). Since proline concentration of upto 50 mM 

has been reported in tsetse (Cunningham and Slater. 1974). a simi lar concentration of proline and 

glutamine did not stimulate transformation in vitro (data not shown). 



Fig. 18a. 

Fig. 18b. 

Elution profile on DEAE-Sepbarose CL-6B of eland plasma. 

Fresh eland plasma (9 ml), dialyses in starting buffer was run in 

a DEAE-Sepharose CL-6B anion exchange column at a flow rate 

13.2 ml h-1
• The bound fraction was eluted in 0.5 M NaCI. 

Transformation using bound and unbound DEAE Sepbarose 

CL-6B fractions. Transformation assays were carried out using 

midgut homogenates from tsetse that fed on a 1: 1 mixture of 

washed eland RBCs in: Iris-buffered saline (control) (0 ) fresh 

eland plasma c• ) unbound fraction (t.). and bound fraction (. ). 

The values represent means of 3 readings. 
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Fig. 19. Elution profile of the eland plasma bound fraction on DEAE

Sepharose CL-6B using linear salt gradient. Everything is as 

in figure 18a except that different gradients were used to elute the 

bound proteins. 

A 0-0.50 M NaCl· B 0.15-0.35 M NaCI· 

C 0-0.30 M NaCl· D. 0.2-0.30 M NaCl. 

The arrow indicates the beginning of the graclient 

Peak I and IT are the unbound and bound fractions respecti ely. 



-~ c 
0 
C) 
C\1 -
~ 
c 
al 
~ 
0 
rJ) 

.a 
ci 

.0 

. 
0. B 

A 
0.6 r-

0.4 

0.1 

L_) 
0 

0.8 r 
(\ 

0.6 

0.4 

0.2 

U. 
0 

0 10 

71 

1.0 

(A ) 
(Bl 

I 0.8 

(1 
0.6 

0.4 

'2 

~ ~ 0.2 
0 
C) 

~ 
I .., 

J 
' I 

a> 
CJ 
c (0) 
(1j 
.!) (() 
'- II 0 
1/) ..... II 

(I 
<i 

~ 
_) 

20 30 20 30 1..0 

Frac ion number Fraction number 



Fig. 20a. 

Fig. 20b. 

Gradient elution on DEAE-Sepharose CL-6B of the eland 

plasma bound fraction. Everything is as in figure 18a except the 

bound fraction were eluted using 0.1 0.2 and 0.5 MNaCl. 

Trypanosome transformation after 24 h using bound 

fractions. Assays were carried out using midgut homogenates 

from tsetse that fed on a 1 : 1 mixture of eland RBCs in the 

fractions from the peaks (Fig. 20a). The histograms represents 

inhibitor activity in the fractions of the peaks expressed as a 

percentage of the original activity in plasma before fractionation. 

The protein concentrations (mgl rnl) in each fraction were: Peak 

i'\ 53 .7; peakB 20.1· peakC 45.0· peakD 39.3;and peakE 

10. 

The values are means of 3 readings. 
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Fig. 21. Effect of proline on transformation in teneral midgut 

homogenates after 21 h. Teneral mi~out homogenates were 

mixed with L-proline. Isolated trypanosomes (1 07 trypanosome 

ml) were added and transformation assessed. The values 

represents means ± SEM, N= . 
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Fig. 22. Effect of proline on transformation using fed gut homogenates 

after 24 b. Midgut homogenates from tsetse fed on rat blood 

were mixed with L-proline (Fig. 20). Isolated trypanosomes (1 0 

trypanosomes/ ml) were added and transformation assessed. The 

values represents means ± SEM, N=5. 
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3.- D' cus ion 

3.-1 Role of host blood in the transformation of blood tream trypaoo omes 

An important step in the establishment of the gut-adapted trypanosomes (Trypano:oon 

and annomonas) within the tsetse vector involves transformation of the trypanosomes from 

bloodstream into the proc clic (midgut) forms (Vickerman, 1985). This process is 

accompanied by high trypanosome mortality mediated by se era! midgut factor that include 

lectins. trypsin or trypsin-like molecules and l sins (Maudlin 1991· Osir et al. 1993). In both 

susceptible and refractory tsetse, the extent of trypanosome monaliry appear to be dependent 

on the type and quantity of these factors as well as on the trypanosome species ingested in the 

blood meal. Since the midgut factors are bloodmeal-induced the infection prevalence would 

be expected to be influenced b the type of host blood at the time of an infective meal. This 

pomt has already been demonstrated b Moloo (1981) and Mihok et al. (1993), although it is 

presently unclear exact! how host blood infl uences the rypes and quantities of midgut factors 

released. Using a relati el simple in vitro system for studying transformation of bloodstream 

rrypanosomes into proc clic (midgut) forms, the results of the present stud provide some 

insight into this complex problem. 

Among the four host blood t pes tested, those from rat and goat supported 

transformatior ofT. brucei brucei, while buffalo and eland blood samples gave interrnediat 

and low transformation rares respective) . A recent stud reponed low infection prevalence 

by T. congolense T. brucei and T. simiae in Glossina morsitans hen the infecti e blood 

originated from cow and eland (Mihok et al. 1993). The same stud also showed that wildlife 

hosts found that goat blood produced a high infection prevalence. In these srudies the wildlife 

blood supported lower infection pre alence than blood of domestic hosts (Mihok eta!. 1991 

1993· Moloo, 1981, 1984). Since the blood samples that ga e low raLes of trypanosome 
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uansfonnation are the same ones that gave lower infection prevalence, it may be assumed that 

the rwo processes are close! linked. Those trypanosomes that transform efficient! in the fl 

midgut are much more like! to reach maturation than those that do not. 

The results of this study have shown that RBCs are an important blood component in 

rrypanosome transformation. In contrast. the WBCs did not support the process. lmbuga ec a/. 

(I 992a) showed that transformation of bloodstream Trypanosoma brucei was supported on I by 

midgut homogenates obtained from tsetse that had been fed on blood. Furthermore, stimulation 

of the process by bovine pancreas trypsin occurred onl in presence of blood (Imbuga ec a/., 

99_a) suggesting that blood played a crucial role in this process. Yabu and Taka anagi (1988) 

also reponed that transformation of bloodstream trypanosome could be stimulated b bo ine 

pan reas trypsin only in presence of mammalian cell feeder layer. The role played b the RBCs 

or the ceU feeder layer in facilitating transformation of the trypanosomes remains a matter of 

conjecture. 

Previous studies bv Gingrich ec a/. (1982) reported high midgut infection pre alence ofT. 

b. rhodesiense in G. morsicans that had been fed on serum-free meals. Maudlin eta/. (19 4) also 

showed that removal of serum from blood greatly increased midgut infection rates ofT. 

congolense in Glossina morsitans. The results of Gingrich er al. (1982) are supported b the 

results of this study which showed that midgut homogenates prepared from tsetse that had been 

fed on serum or plasma from rat or eland gave ery low rates of trypanosome transformation. 

Furthermore, the process was readily supported by washed cells. Moreover the I tic properties of 

plasma from humans and baboons (Gillet and Owens, 1992) buffalo (Reduth et al., 1994) and 

waterbuck (Mulla and Rickman. 19 8) rna have a direct contribution to the low infection 

prevalence observed in tsetse maimained on these hosts. In addition to the trypanolytic factor in 

eland plasma (Reduth ec a!., 1994). the present study has clear!~ demonstrated the presence of an 
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inhibitory factor(s) for trypanosome transformation. The ability of bloodmeal taken up with 

uypanosomes to facilitate the transformation process appears crucial for successful establishment 

of an infection in tsetse. Following a bloodmeal, several trypanol tic factors are relea ed imo the 

fly midgut. These factors reach peak levels after 48-72 h (Abubakar er al., 1995; Stiles ec a/., 

1991· Osir, lmbuga and Abubakar. unpublished data). Some pre ious studies carried out in our 

laboratory showed that, compared to bloodstream trypanosomes, the procyclic parasites are not 

lysed by high levels of trypsin in vitro (Osir and Imbuga, unpublished data). Indeed under in vivo 

conditions the procyclic trypanosomes thrive in an en ironment of high trypanolytic acti ity. 

The ability of procyclic trypanosomes to withstand such conditions has been exploited in 

characterizing wild infections through in vivo procyclic expansion from gut homogenates of wild 

tSetse (Mihok et at. 1994). From the observed differences in the abilities of host blood to support 

transformation a relationship between infection pre alence and transformation rates may be 

deduced. Blood samples with poor capacities to support transformation lead to low infection 

prevalence since the rrypanosomes are lysed before the get a chance to transform into procyclics. 

In contrast those host blood that support high transformation rates enable the ingested 

uypanosomes to escape the harsh midgut environment thus resulting in high infection prevalence. 

However it should be pointed out that transformation of the trypanosomes into procyclics is only 

the first step in a series of complex changes that eventually result in the establishment of infection 

in tsetse (Vickerman, 1985). These changes are under the control of other factors wilhin the fly. 

3.2.2 Properties of eland plasma inhibitor for trypanosome transformation 

Domestic animals succumb very easily to trypanosomiasis when the venture in endemic 

areas and this has Jed to lo I ivestock productivity in tsetse infested areas (Jordan, 1986). In 

contraSt, wild bo ids, unless severe! stressed do not readily succumb to such infections (Ascroft. 
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1 -9: Murry and Dexter, 1988). The are usually capable of controlling parasitaemia below 

d tection levels and show little or no pathological signs of the disease (Ascroft, 1959). In 

addition. the development of parasite-induced anaemia. a major pathogenic feature of bovine 

trypano omiasis is effecti el_ controlled by wildlife (Murry and Dexter. 1988). 

Wild bovids use both immunological and non-immunological responses to o ercome the 

pathological effect of trypanosome infections. The production of antibodies to specific 

trypanosoma] antigens is responsible, in part for the control of parasitaemia (Rurangirwa ec al., 

1986· Olubayo, 1991). Studies have shown that both buffalo and eland. born of trypanosome free 

parents and bred in captivity in a tsetse-free environment are capable of efficient! controlling 

trypanosome infection. This is achieved by antibod mediated responses while showing few or 

no pathological signs (Dwinger et al., 1986: Grootenhuis er al., 1990; Olubayo et al. 1990). This 

observation suggests that these hosts have innate mechanisms for controlling trypanosome 

infections. 

Antibody-independent responses, notably serum trypanocidal facrors, have also been 

identified as the other mechanism by which the parasitaemia is controlled (Reduth ec a/., 1994. 

Mulla and Rickman 1988, Olubayo 1991). Trypanocidal factors have been demonstrated in sera 

of buffalo, eland (Reduth et al., 1994) and waterbuck (Mulla and Rickman 1988) that have not 

been previously exposed to trypanosome infection. Apart from wild bovids, other animals such as 

the ground dwelling primates have also e olved mechanisms for overcoming trypanosome 

infections. The plasma of these animals contain a trypanosome lytic factor (TLF), a high density 

lipoprotein (HDL) (Seed eta!. 1990). A similar factor, found in human plasma. confers 

protection against T. b. brucei infection (Lorenz et al., 1994; Seeder al., 1993). This protection is 

absent in individual with hepatic disease owing to their low levels of circulating HDL (Abebe et 

a/., 1988: Lux et al .. 1973). Although different subclones of trypanosomes show ariations in 
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!herr iri ities to the TLFs in ground dwelling primates (Seed ec al .. 1990) and humans (Lorenz 

eial .. 1994). this factor certain! is imponant in detennining whether tsetse taking infected blood 

meals from these animals develop infections. 

The fmding in this study of an inhibitor for rransfonnation of bloodstream trypano omes in 

fi"esh eland plasma is interesting. Such a factor has not been previously reported. The factor was 

shown to be highJ labile. Interestingly, the African buffalo. which shares with eland the same 

mechanism for controlling parasitaemia did not have this factor (Nguu, Osir and lmbuga 

unpublished). It has also been previously shown that buffalo serum does not affect differentiation 

of 1. congolense metac clics into bloodstream fonns in vitro (Olubayo and Brun 1992). This 

finding is in suppon of our observation. 

It is still unclear how host blood affects infection pre alence in tsetse. The serum 

trypanocidal factors are likely to be partly responsible for low trypanosome infection prevalence 

in tsetse that feed on such blood. Reduth et al. (1994) screened a large number of domestic and 

wild hosts for trypanocidal acti icy and found it mainly in buffalo and eland and to a lesser extent. 

waterbuck. In buffalo serum, trypanocidal acti it was found to be associated with a molecule 

r -150 kD) that was insoluble in 50% ammonjum sulphate (Oiubayo 1991). The findings b 

Gingrich et at. (1982) that r b. rhodesiense infection pre alence increased significant! in G. 

morsicans fed on serum free blood fraction indicated that serum factors are invol ed in 

modulating infection in tsetse. This observation was confirmed by Maudlin et al. (19 4) who 

showed that serum free infective meals resulted in significantl higher T. congolense midgut 

infection pre alence in Glossina morsitans. Other than serum factors. nucleated red blood cells 

have also been reported to support very low parasite infection prevalence in haematophagous 

vectors. For example the sandfl Plebotomus papatasi, a competent vector of Leishmania 

£rOpica when maintained on rodents, failed to de elop infections when maintained on turke 
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blood (Schlein eta/. 1983). 

The sensitivity of the eland plasma inhibitor to treatment with proteol .. tic enz mes 

suggested that it is a protein. Rifkin (1978) showed that the human plasma trypanocidal activit · 

was abolished by trypsin treatment of gel filtration fractions but not in whole plasma. This 

observation may be attributed to presence of trypsin inhibitors in whole plasma (Huang. 1971) but 

not in gel filtration fractions. Similar! . the result of this stud shows that the highest trypsin 

concentration used (1 mg/ ml), which was 10 times what Rifkin (1978) used, on! showed partial 

loss in the eland inhibitor activity. In contrasl a similar concentration of pronase complete! 

abolished the eland plasma inhibitor activity. Seed and Sechelski (1989) demonstrated that 

plasma from T. brucei infected mice contain a factor that inhibits the transformation of long 

slender trypanosomes into short stumpy forms. Unlike the mice inhibi£Or facLOr. the one in eland 

plasma is present in animals that had not been exposed to trypanosomes. Second! , it blocks 

transformation of bloodstream-form trypanosomes into procyclics. Therefore, it remains to be 

elucidated whether the two inhibitors are similar. ln addition, preincubation of isolated 

rrypanosomes in fresh plasma for 1. 75 h did not affect their subsequent ability to transform. This 

suggested that the plasma inhibitor does not have a direct effect on the trypanosomes' abiliry to 

transform. Possibl it interacts with the midgut factors that mediate transformation. Based on 

the stability studies it is possible that the eland plasma inhibitor is complete! different from the 

trypanocidal factor found in eland and buffalo plasma (Reduth eta/. 1994). The tr panocidal 

factors are relati ely stable making their purification feasible (Rifkin, 1978; Reduth era/., 1994; 

Seeder a/.. 1990). For example, the activit of the human plasma TLF could be preser ed b_ 

storage at - 0° C (Rifkin 1978; Gillet ec al .. 1992). The instabilit of the eland plasma inhibitor 

was not due to proteolytic degradation since addition of protease inhibitors to plasma did not stop 

loss of activity. 
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Although we were unable to purify the plasma inhibitor due to its instability. it constitute 

an additional mechanism by which trypanosome infection in tsetse is modulated b ' host blood. 

Since acti,·iry of the inhibitor is lost during storage, this implies that a tsetse taking a blood meal 

directly from host will have even lower infection prevalences than those reported by Mihok era!. 

(1993). The factor(s) in eland plasma that inhibits transformation certainl requires further 

investigations to understand the mechanism(s) in olved in this interaction. This would increase 

the current knowledge on tsetse-trypanosome interaction. 

3.2.3 Influence of proline and glutamine on trypanosome transformation. 

The development of African trypanosomes from bloodstream to procyclics forms is 

accompanied b major changes in their nutrient uptake, energ metabolism and ultrastructure 

(Opperdoes 1985; Vickerman 1985). The most significam metabolic change is a switch from the 

gross utilization of glucose to proline as the major energy source (Bowman and Flynn. 1979). 

Lower proline levels has been reported in tsetse midgurs infested b rapidl dividing T. brucei 

procyclics compared ro uninfected ones 24 h after bloodmeal (Vickerman, 1985). This i not 

surprising considering that proc clic forms acti ely utilise proline not only for energy provision 

but also as a carbon source for growth and development (Evans and Brown, 1972; Srivasta a and 

Bowman. 19?1). This metabolic strategy is essential since proline is the most abundant amino 

acid in tsetse midgut and haemol mph (Cunningham and Slater, 1974; ickerman 1985). Acti e 

proline catabolism by midgut stage parasites appears widespread among trypanosomatids (E ans 

and Bro\\·n 19 2: Krassner and Flory, 197 · Silvester and Krassner, 1976). For example, 

Leishmania donovani and Trypanosoma cruzi have been shown to utilize proline in the midgut of 

sandflies and triammine bugs, respective! (ter Kuile and Opperdoes 1992: Silvester and 

Krassner. 1976). As in tsetse, proline is also abundant in rhe midgut of sandfly and triaromine 
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bug (ter Kuile and Opperdoes, 1992; Madrell and Gardiner. 1980). 

For a long period proline and glutamine have been identified as essential ingredients in the 

cultivation of trypomastigote proc clic culture forms in semi-defmed media (Vaucel and 

Fromenrin, 1967· Brun and Jenni 198 ; Evans. 1978). However, it has not been previously clear 

how the two amino acids rna~ influence trypanosome transformation from bloodstream to 

proc. clic forms. Unlike the case of procyclic cultures, these amino acids are not as crucial in the 

maintenance of bloodstream cultures in vicro (Brun and Jenni 1987· Hirumi and Hirumi 1994). 

This stud showed that the amino acids proline and glutamine do not stimulate 

trypanosome transformation. This result suggested that although blood is important for the 

transformation process, the digestive products proline and glutamine do not stimulate this 

process. Earlier studies have shown that tricarbox lie c cle (TCA) intermediates, citrate/ cis

aconitate stimulates the transformation of bloodstream form trypanosomes to procyclics, in vitro 

(Brun and Schonenberger 1981· Czichos er al. , 1986). Proline and glutamine are 5 carbon 

metabolites which are catabolized via the TCA cycle for energy generation. It is still not clear 

how these 6 carbon TCA cycle intermediates. name! citrate and cis-aconitate stimulate 

tranSformation and not proline or glutamine. During degradation, the 5 carbon skeleton of both 

proline and glutamine enter the TCA cycle via a-ketoglutarate which has not been shown to 

stimulate transformation. This rna possibl explains why the two amino acids had no effect_ on 

transformation. 

In a previous study, Ross (1987) demonstrated that the transformation ofT. congolense to 

metacyclic trypomastigote stage was dependent upon the concentration of proline or glutamine. 

Similarly proline and to some extent. glutamine was also shown to stimulate transformation of T. 

cruzi epimastigotes ro the metac clic stage (Homsy era/., 1989· Contreras era! .. 1985). Although 

se era! of these studies were based on the effect of amino acids on trypanosome transformation 
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no infonnation ' as hitheno available on the effect of proline and glutamine on the transformation 

of aypanosomes from bloodstream to procyclic forms before their subsequent transformations ro 

the infecti e metacyclic forms. 
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CHAPTER4 

.0 RESULT AND DISCUSSIO S 

.1 TRYPSIN STIMULATIO BY HOST BLOOD AND BLOOD COMPONENTS I 

GLOSSINA MORSITANS AND THEIR ROLE IN TRYPANOSOME 

TRANSFORMATION 

4.1.1 Trypsin isoenzyme in tsetse midguts fed on rat and eland blood and blood fractions 

This study was initiated to collaborate trypsin isoenzymes with the trypanosome 

transformations in midgut homogenates from tsetse that were fed on different host blood and 

blood fractions. A radiolabelled trypsin inhibitor [1.3-3H]diisoprop I fluorophosphate (DFP), in 

p esence of a chymotrypsin inhibitor. rosylphen !alanine chloromethyl ketone (TPCK) was used 

ro specificall label the midgut trypsins. Trypsin isoenzyme profiles were progressi el 

detennined in midguts at 0, 2, 5, 8. 20. 24, 48 and 72 h after the bloodmeals. Teneral midgut 

homogenates showed four trypsin bands estimated as M,-256. 56 40 and 30 kD (Fig. 23). 

!mmediatel after the bloodmeals, homogenates from tsetse that were fed on blood and plasma 

had theM,, 56, 40 and 30 kD bands complete} inhibited while the 256 kD was partiall 

inhibited (Fig. 23 24 and 25). The inhibition of these bands persisted up to 8 h post-bloodmeaJ 

(fJg. 26) . By 20 h the inhibition of the M,-56, 40 and 30 kD isomers was relieved in blood fed 

tsetse midguts but persisted in midguts of tsetse that fed on plasma (Fig. 2 ). Signals obtained in 

me -72 h after the bloodmeals progressive! ' increased with the strongest at 2 h. There was a 
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30 kD d at 0 h (Fig. 23) in midgut dissected from tsetse that had fed on rat blood that was 

absent a 2 h. -hand 8 h (Fig. 24, 25 and 26). Although blood and plasma samples showed an 

ininal inhibition of the ~-56, 40 and 30 kD trypsins soon after the bloodmeals the isomer and 

radioactivity signals obtained at 48 and 72 h (Fig. 29 and 30) were the same as those from 

midguts of tsetse that fed on the other blood fractions. By 48 h, additional trypsin bands of M, 

ower than 30 kD appeared only in midgut homogenates of tsetse that fed on plasma fraction and 

were more prominent at 72 b (Fig. 29 and 30). 

4.1.. Trypsin activities in tsetse midguts fed on rat and eland blood and blood fraction 

This experiment was meant to stud trypsin activities stimulated b different host blood 

and blood fractions and whether they bear any relationship LO the trypanosome transformation 

supported by midgut homogenates from tsetse that fed on these fractions. Trypsin assays were 

carried out using a chromogenic substrate, Chromozym-TRY. Changes in absorbances as a 

functJon of time were measured at405 nm in a spectrophotometer. Figure 31a shows that the 

trypsin stimulated b the different blood fractions in tenerals followed a periodic pattern peaking 

around 72 h. It was interesting to establish that immediatel 1 after the bloodmeal, enzyme 

activities in tener~l tsetse decreased sharply before a stimulation phase ensued. This drop in 

a ti\ iry was much more pronounced in midguts of tsetse that were fed on either blood or plasma 

compared those fed on 50% ( I ) cell suspensions in saline. Trypsin acti ities stimulated by the 

blood fraction were not significant! different but decreased to nearl teneraJ levels b 144 h in .... 

all the midguts. 



86 

Figure 31b shows similarly obtained results when 72 h non-teneral tsetse were re-fed on 

·unilar host blood/ blood fractions as those in figure 31a. As in the case of tenerals, an initial 

drop in the (peak) crypsin activities was observed in all the midguts but the drop was highest in 

midguts from tsetse that fed on either whole blood or plasma. Trypsin acti ities were higher in 

the 72 h oon-tenerals than in tenerals at the peak activities. However, the peak activities were 

around 48- 2 h in both teneral and non-tenerals. 



Fig. 23. Native-PAGE of labelled midgut trypsins 0 h after 

bloodmeals. Groups of G. m. morsitans were fed on rat and eland 

blood and blood fractions. Midguts were removed, homogenized 

then labelled in [1 3 3H]-DFP. The homogenates (equi alent of 

one midgut) were separated on PAGE. Lane 1 unfed midgut; 

homogenates from tsetse fed on: lane 2 rat whole blood· lane 3 

eland whole blood· lane 4 50 % (v/v) rat RBCs in saline; lane ~ 

50% (v/v) eland RBCs in saline· lane 6 rat plasma· lane 7 eland 

plasma. 
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Fig. 24. Native-PAGE of labelled midgut trypsins 2 h after 

bloodmeals. The details are as in figure 23 except that midguts 

were obtained after _ h. 
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Fig. 25. Native-PAGE of labelled midgut trypsins 5 b after 

bloodmeals. The details are as gjven in figure 23 except that 

midguts were obtained after 5 h. 
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Fig. 26. Native-PAGE of labelled midgut trypsins 8 h after 

bloodmeals. Details are as in figure 23 except that midguts were 

obtained after 8 h. 
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Fig. 27. Native-PAGE of labelled mjdgut trypsins 20 h after 

bloodmeals. Detaiis are as in figure 23 except that midguts were 

obtained after 20 h. 
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Fig. 28. Native-PAGE of labelled midgut trypsins 24 h after 

bloodmeals. Details are as in figure 23 except that tsetse were 

dissected after 2 4 h. 
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Fig. 29. Native-PAGE of labelled midgut trypsins 48 h after 

bJoodmeals. The rest is as in figure 23. Lane 1 unfed midgut" 

homogenates from tsetse fed on: lane 2 rat whole blood; lane 3, 

eland whole blood· lane 4 rat plasma· lane 5, eland plasma; lane 

6 50 % (v/v) eland RBCs in saline· 
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Fig. 30. Native-PAGE of labelled midgut trypsins 72 h after 

bloodmeals. Details are as in figure 23. Lane 1 unfed midgut; 

homogenates from tsetse fed on: lane 2, rat whole blood· lane 3 

eland whole blood· lane 4, 50 % (v/v) eland RBCs in saline; lane 

5 rat plasma· lane 6 eland plasma. 



kD 

669-

440-

232-

140-

67-

94 

2 3 4 5 6 



Fig. 31a. Midgut trypsin activity in teneral Glossina m. morsitans after 

feeding on different bloodmeals. Tsetse were fed on the 

following: rat whole blood (0)· eland whole blood c• )· 50% 

(v/v) rat RBCs in saline (ll} 50% (v/ ) eland RBCs in saline ( • )· 

rat plasma (D) and eland plasma (. ). At the indicated time 

points, 6 tsetse were dissected from each group and homogenized 

in 0.1 M Tris-HCI buffer pH 7.8. Trypsin activity was 

determined in the supernatants after carrying out the appropriate 

dilutions. Each point represents the mean activity of 3 

- determinations. 
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Fig. 31b. Midgut trypsin activity in 72 h non-teneral tsetse after feeding 

on rat and eland blood and blood fractions. Tsetse were first 

fed on similar meals as in figure 31a thenrefed on the same meals 

after 72 h. Trypsin activities were determined exactly as in figure 

3la. Each point represents the mean activity of3 determinations. 
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Discussion 

_ J timulation of trypsins by rat and eland blood and blood fraction 

The present srudy has clear! demonstrated that teneral Glossina morsicans midgut 

oo ogenares contain substantial trypsin-like activity. The activity was injtiall inhibited by Lhe 

mgested bloodmeal and later stimulated to new levels peaking around 48-72 h. Pre-bloodmeal 

11)-psin activity in Glossina was previously reported by Langley (1967) and his finding agree 

with results of this stud . This result shows that in teneral tsetse trypsin exist before a bloodmeal 

and lhat the meal enhances secretion by stimulating de novo s nthesis. Pre-bloodmeal trypsin 

acti ity bas also been reported in other haematophagous insects such as the Anopheline 

mosquitoes (Horler and Breigel 1995; Muller et al .. 1995) and Stomoxys species (Moffat and 

Lehane. 1990). In Scomoxys calcitrans for example, substantial amount of digestive proteases 

has been reponed in unfed midguts packed in storage esicles, and is rapidly released after a 

bloodmeal (Moffat and Lehane. 1990; Wood and Lehane 1991). Based on pre-bloodmeal 

enzyme activity, it appears that trypsin induction in Glossina is closely related to that of 

Anopheles and Stomoxys but rna be quite different from that of Aedes. 

The mechanisms involved in the bloodmeal stimulated secretion of trypsin activity in the 

midgut of tsetse ~d other baematophagous insect is still not well understood. In Aedes aegypti 

for example, bloodmeal stimulates trypsin secretion in two phases name! , the early and late 

trypsins (Barrillas-Mury eta!., 1995). The earl trypsins are secreted 2-3 h after bloodmeal and 

are insensitive to transcriptional inhibitors given with a bloodmeal suggesting that their mRNA is 

symhesized prior Lo bloodmealtheo translated immediate!_ after bloodmeal (Felix eta!., 1991). 

On the other hand. secretion of the late trypsins begins about 8 h after bloodmeal , peaking around 
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- 30 Unli e early trypsins the late trypsins are sensitive to transcriptional inhibito rs gi en 

vo a loodmeal suggesting that their mRNA is Lranscribed afler the meal {Feli ec al .. 1991). 

. eil:her the earl nor the late trypsins in Aedes were detected in homogenates of unfed femaJe 

mos troes, suggesting that they are translated de novo following a bloodmeal (Graf and Briegel. 

· 89). This is in contrast to Glossina morsitans trypsin activir which is present in the tenerals 

and a loodmeal just stimulates their release and enhances further secretion. 

In Anopheles mid guts Horler and Briegel (1995) have demonsLrated the presence of a 

constimti e and inducible trypsin-like activity. The s nthesis of the Anopheles inducible 

uypsins has been shown robe stimulated only by a bloodmeaJ (Horler and Briegel, 1995). In 

contrasL the constitutive trypsins are present in Anopheles midgut even before a bloodmeal. 

They ares mhesized and retained in the midgut epithelial cells and released after a bloodmeal 

(Horler and Briegel, 1995). As much as one third of the peak acti ity was reponed in Anopheles 

albimanus femaJes that had ne er taken a bloodmeal (Horler and Briegel, 1995). However the 

authors did not analyse the trypsin isoenzymes involved therefore it is not known whether the 

inducible trypsins represents an enhanced secretion of the same isozymes as the constitutive one 

or different isomers are in olved. From the present study, there was no e idence of earl and 

late uypsins in Glossina m. morsitans for two reasons. First, the four trypsin isoenzymes 

o served in the teneral state were still the ones expressed in later stages of bloodmeal digestion 

except for the differences in signal intensities. Second. the earl trypsins in Aedes were released 

2-3 h after bloodmeaJ and nor before or immediate!. after the meaJ . The differences in trypsin 

asoeozymes and activities soon after the bloodmeals is primaril due to inhibition by plasma and 

no as a result of induction. Further studies on mRNA s nthesis prior and after bloodmeals rna 
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ve useful in establishing whether earl and late rrypsins existS in Glossina. Such srudies 

d be useful in confirming the resuhs obtained by isoenzyme studies presented in thi work. 

:mce Glossina morsitans shows rrypsin activity in teneral state which is stimulated to peak 

evels after blood.meal the mechanism of trypsin release resembles that of Anopheles. Thus, the 

uypsin activity in Glossina morsitans before and after a bloodmeal is comparable to the 

constirurive and inducible trypsins respectively, in Anopheles. 

The late and the inductive trypsins in Aedes and Anopheles mosquitoes, respecri ely, are 

important in bloodrneal digestion (Barillas-Mury et al. 1995· Horler and Briegel, 1995). 

However. the role of the earl and constitutive trypsins in Aedes and Anopheles respective) , is 

still not clear!. established. Barrillas-Mury et al. (1995) showed that the early trypsins may be 

involved in regulating the synthesis of the late trypsins in Aedes aegypti. On the other hand, the 

Anopheles constitutive rrypsins rna be important for bloodmeal digestion (Horter and Briegel, 

1995) since it is known to ingest multiple bloodmeals as a strateg to optimize fecundit (Briegel 

and Horler 1993). However. the role of these trypsins in parasite development in their 

respecti e vectors, particularl in midgut establishment remains to be clear! established. 

Four trypsin isomers, Mr-256. 56, 40 and 30 kD were detected in native-PAGE using a 

tritiated-DFP in teneral G. morsitans midgut homogenates. Immediate! after bloodmeal. the 

isomers. Mr_56, 40. and 30 kD disappeared in midgut homogenates from tsetse that were fed on 

ei er whole blood or plasma but the same isomers were only slight! inhibited in homogenates 

frorn tsetse that fed on rat or eland 50% ( I ) RBC suspension in saline. This clear! indicated 

tna the initial inhibition of trypsin-like activir. was mainl , due to inhibiror(s) in the plasma 

fra~tion. Using tritiated DFP, Graf and Briegel (1985) detected five major trypsin bands, 
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l~ 6.7. 28.5, 29.7, 31.2 and 32 kD on SDS-PAGE in Aedes aegypci midguts 24 h after 

: oodmeal. In Aedes, peak acti iry is about 20-30 h after bloodmeal (Briegel and Lea. 1975). 

therefore the 5 bands were expressed within the peak acti it '. Using a similar assay system. 

Boro sJ...-y and Schlein (1988) also showed the presence of se eraJ trypsin isozymes on native

PAGE of Culex and Aedes mosquitoes but the molecular sizes ere not reponed. ln contrast to 

!he present study the earlier workers analysed trypsins only at peak activity and therefore it is 

oot possible to make a complete comparison with the results of the presem study. 

Like many blood clotting factors, activated thrombin is sensitive to DFP and can result in 

artifacts. In the present stud . it is unlike! that there were any artifacts as a result of acri ated 

hrombin for rwo reasons. First in the 24-72 h midgut the factor would be inactivated through 

p oteolytic digestion. Second, in the earlier hours (0-20 h) after bloodmeaJ when thrombin is 

a ive. additional isomers other than the four present in teneral state were not observed. This 

suggested that no artifacts originated from such contaminations. 

At peak activit (48-72 h), some minor bands. Mr < 30 kD were observed in midgut from 

tsetse that were fed on plasma but not whole blood or RBC. Earlier studies on mosquitoes 

showed that the quality and quantity of protein in bloodmeal was an importam factor in 

determining the quality and quantity of trypsins released (Briegel and Lea, 1975; Graf and 

Briegel, 1989· Felix ec a/., 1991· Noriega ec al. , 1994). In Aedes aegypti insoluble glutaldehyde 

ftxed erythrocyte ghosts were shown to induce delayed as well as reduced trypsin activit 

compared to bovine serum albumin which stimulated trypsin jus! like whole blood (Felix era!., 

1991). On the other hand. small peptides in form of neutralized liver digests failed to induce an 

activity until 8-10 h after bloodmeal (Felix er al. 1991). According to Gooding (1974}, washed 
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f erythrocytes failed to stimulate midgut trypsin activity in Glossina morsicans. 1n contrast to 

IS fmdjng. chis stud~ ha clear! showed that washed RBCs are al o capable of stimulating 

~-psin acti ity just like whole blood. Gooding (1974) also showed a correlation between 

posterior midglll trypsin acti it and the amount of protein ingested. This stud did not. 

however, attempt to correlate trypsin acti icy to the quantity of protein fed to tsetse. Mihok eta/. 

(1995) reported chat midgut trypsin activities in tsetse 48 h after bloodmeal were not significant!. 

different whether samples originated from goat, buffalo or eland. Although Mihok ec al. (1995) 

did not examine trypsin acti icy as a function of time their results are in support of the findings 

of this swd_. Details on how bloodmeals influences the qual it · and quantiry of the trypsins 

released are still not well established and requires further investigations. 

4.2.2 Relationship between trypsins and trypano orne tran formation 

In vivo and in vitro studies on the transformation of bloodstream Trypanosoma brucei 

into midgut fonns in Glossina m morsitans suggested that the process is mediated b some 

factors present in midgut in the earl hours after a bloodmeal (lmbuga et al .. 1992a). Morever, 

the demonstration that reneral gut homogenates added to parasitised rat blood stimulates 

transformation (Imbuga and Osir, personal communication) is in support of this observation. 

This study anal sed trypsin isoenzymes released in tsetse midgut by rat and eland host blood/ 

blood components using tritiated-DFP between 0-72 h in native-PAGE. This was carried out to 

identify trvpsin isoenzymes involved in bloodstream trypanosome transformation. Isoenzymes 

stimulated b rat and eland whole blood were the same despite the fact thar the former supported 

while the latter inhibited transformation ( guu et al., 1996). The initial inhibition of the activity 
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and isoenz_ mes b the ingested whole blood possibly represen a natural adaptation to suppres 

otease mediated trypanosome destruction thereb increasing their chances of establishmem in 

Glossina . Inhibition of Aedes aegypti trypsin activity b serum was earlier reponed (Huang. 

19 1). Huang (1971) further demonstrated that sera from different animal hosts show variations 

m their capacities to inhibit midgut r.rypsins. The fact that the M,, 56, 40 and 30 kD isomers 

were complete! inhibited during the period when transformation occurs suggested that the 

ISOmers are not important in this process but would be crucial in lysis and b1oodmea1 digestion. 

The 30 kD trypsin isomer that appeared in midguts from tsetse that were fed on rat whole blood 

at 0 h is possibl due to incomplete inhibition by the time of dissection since this was carried out 

unmediately after feeding starting with the rat blood fed midgut. 

Since midgut trypsins are implicated in the transformation of bloodstream form 

trypanosome into procyclics (Yabu and Takayanagi 1988) this suggests that the four trypsin 

ISomers are important in this process. A chimeric molecule with both trypsin and lectin activit , 

native M: -61 kD was isolated from Glossina longipennis midgut homogenates (Osir eta/. , 

1995). This molecule has been shown to stimulate trypanosome transformation from 

bloodstream to procyclic forms in vitro (Osir and Imbuga, unpublished data}. Antibodies against 

this molecule showed cross-reactivity only to midgut homogenates from other Glossina species 

suggesting that it is specific to tsetse. Based on molecular size, the trypsin-lectin complex 

appears to be close! related to the M,-56 kD isomer. However, since the M, -56 kD isomer was 

also inhibited during the period when transformation is stimulated, then it is not clear what role it 

plays in the transformation process. It is possible that the brief encounter of the trypanosomes 

\1:ith these trypsins before their tOtal inhibition provides the required signal for transformation 
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that their subsequent inhibition is, essentially, of no consequence. 

There were no apparent difference in II)'psin isoz mes observed in midguts 

mogenates from tsetse that had fed on rat or eland plasma despite the fact that the latter 

ontains inhibitors for trypanosome transfonnation (section 3.7). Since trypsin i oenzymes 

eli ited by rat and eland whole blood were the same. the eland plasma inhibitor for trypanosome 

tranSformation may be acting through mechanism(s) other than b • trypsin inhibition. 
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CHAPTERS 

5.0 GENERAL DISCUSSIO SAND CO CLUSIO 

The objecti e of the present study was to understand the role of host blood in the 

rransformation of bloodstream trypanosome into procyclic forms. This study has gone some way 

towards identifying some of the crucial factors in host blood that influences this process. 

In the development of the African trypanosomes the metacyclic forms represen the 

fmal developmental stage in the tsetse vector. Tbe successful development of trypanosomes to 

this stage is a complex process in which many factors are involved (Maudlin. 1991). Each 

de\'elopmemal stage requires stage-specific growth conditions (Vickerman, 1985). 

The transformation of bloodstream trypanosomes to procyclic forms takes place in tsetse 

midgut in the presence of the host blood meal (Roditi et al .. 1989; Ziegebaur er al .. 1990) but it 

has not been previously established how it influences this process. This stud has demonstrated 

that blood is important in the transformation of bloodstream trypanosome to procyclic forms. 

Preliminary in estigations in this work using blood samples from rat. buffalo, goat and eland 

hosrs showed that rat and eland blood supported and inhibited transformation, respectively. 

Therefore. the two host blood samples were suitable choices in further studies to understand the 

influence of host-blood in this process. Plasma and serum fractions from both hosts did not 

support the transformation process. In addition, eland plasma fraction also inhibited the process 

and this was the reason for the very low transformation rates using eland blood samples. 

That host blood differs in their ability to suppon infections in tsetse has already been 

reponed (Mihok et al. , 1991 1993· Moloo. 1981, 1984). The results of the present stud makes 

n possible to link transformation to infection prevalences previously reported in tsetse fed on 
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infective meal in the respective host blood. The inhibition of trypanosome transfonnauon from 

bl tream to procyclic forms in tsetse that feeds on infecti e eland blood could be the main 

fa tor responsible for the low infection prevalence reported in tset e taking such a meal (Mihok 

e: al .. 1993}. 

Blood feeding arthropods acquire arious parasites from enebrate hosts but its only a 

restricted number of insect hosts that successfull. transmit such parasites (Lehane 1991}. The 

fact that tsetse is the only known transmitter of uypanosomes is example of a specific interaction 

thar promotes development of the parasite in that host where others cannot develop. From a 

biochemical viewpoint, a delicate balance of factors enables the trypanosomes to develop onl_ in 

rserse and not in other haematophagous insects. Se era! factors including midgut trypsins (Yabu 

and Takayanagi, 1988) and lectins (Maudlin and Welbum, 1988a.b} have been implicated in the 

transformation of bloodstream-form trypanosomes to procyclics. Other factors are the 

tncarbox lie cycle intermediates, cis-aconitate and citrate (Brun and Jenni, 1987). Variations in 

lhe levels of these factors either individuall or in combination. ma have a profound influence 

on !be ability of a given tsetse species to successfull_ transmit a given trypanosome species. 

Whereas trypsin has been shown to stimulate trypanosome transformation (Yabu and 

Takayanagi, 1988) there is a general lack of knowledge on the mechanisms involved. In this 

study trypsin acti ity and isozymes stimulated by various fractions of rat and eland host blood 

were investigated lO elucidate their role in transformation. However, a clear relationship of the 

-
observed transformations and rrypsins under the influence of the different blood fractions could 

not be easily deduced. The significance of teneral trypsin activity in the four isomers (Chapter 4) 

on trypanosome transformation is yet to be established. If trypsin pia s a role in transformation 

as earlier indicated, then the role the four isomers in lhis process is not clear since three of the 

isomers M. ,56, 40 and 30 kD were inhibited in midguts from tsetse that fed on either rat or 

eland whole blood but homogenates of tsetse fed on the latter are still capable of supporting 
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uansformation. Howe er, it could be that only a brief interaction of the trypano omes with one 

or more of these isomers before the are inhibited by the blood pro ide the nessessan• stimuli 

for uansfonnation. Furthermore. since trypsin activities and isoenzymes stimulated b: rat and 

eland blood were the same this further suggests that differences in their ability to support 

uansformation is not due to trypsin stimulation. This show that the interaction of trypanosomes 

and trypsins in the transformation process is complex and requires further clarification. 

From this study the following conclusions can be drawn on the role of blood in 

uypanosome transformation from bloodstream into procyclic forms: 

1. Blood is important for trypanosome transformation. 

Host blood differ in their ability to support this process. 

3. Red blood cell fraction is crucial for the transformation process. 

Plasma or serum fractions do not support transformation. 

5. Eland blood does not support the transformation process due to a highly labile 

proteinaceous inhibitor in plasma. 

6. The eland inhibitor is insoluble above 50% saturated ammonium sulphate and has a 

molecular weight higher than 14 kD as determined by dialysis. 

7. The amino acids proline and glutamine which are the most abundant bloodmeal digesti e 

products in tsetse gut and haemolymph, appear not to suppon the transformation process. 

Teneral tsetse gut homogenates has trypsin activity in four isomers of approximate 

~- 256, 5'6 40 and 30 kD. 

9. Blood and plasma show an initial inhibition of trypsin acti it and isoenzymes in tsetse 

midguts before a stimulatory phase. The inhibition was complete in theM. -56. 40 and 

30 kD isomers. while it was partial in Mr-256 isomer. 

0. While the rat and eland blood showed extreme differences in their ability to support the 

transformation process, trypsin activities and isozymes stimulated were the same. 
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·.1 Future r earch projects based on thi work 

The demonstration that RBCs constitutes an important stimulatory factor for 

tranSformation of crypanosomes from bloodstream to procyclics forms is a significant resuh. 

Further work is required to elucidate molecules in RBCs that are responsible for 

sumulating/supporting transformation. The eland plasma inhibitor for trypanosome 

transformation needs to be isolated in an active form so that its other properties and mode of 

action can be studied. The presence of four trypsin isoenzymes in teneral midguts is interesting. 

Further attempt should, therefore, be made to elucidate the role of each of these isomers 

panicularly in trypanosome transformation. This could possibl be done by selective inhibition 

of the isomers. Knowledge of the mode of action of the eland plasma inhibitor and the role of 

the individual trypsin isomers could be valuable in opening up new avenues that rna be 

exploited in combating trypanosomiasis. 
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