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ABSTRACT

The protozoan parasit€rypanosoma congolense one of the aetiological agents of
African animal trypanosomiasis that is transmittgdthe tsetse fly. The parasite causes
nagana in animals and affects livestock througlsult-Saharan Africa. The toxicity of
available drugs and the emergence of drug resiptaasites have affected the treatment of
trypanosomiasis. Control of the disease has alen lfficult due to ineffective vector
control and the potential of trypanosomes to explasdreds of antigenetically distinct
proteins on their surface. Vaccination againstangsomiasis has been thought to be a
possible control method. Since a vaccine basedadahble surface proteins of the parasite
is unlikely, research has been directed towardsdéatification of invariant pathogenic

factors of the parasite as potential targets ferapy.

Congopain, the major cysteine proteaseTofcongolensehas been implicated in the
pathology of the disease. Antibodies against coagoppre known to contribute to the
mechanisms of natural resistance to trypanosomis@vn as trypanotolerance by

neutralising the pathogenic effects of the enzyme.

Oligopeptidase B (OpdB), a trypanosomal serinegas¢ has also been associated as a
pathogenic factor of the disease. It is releastmltime host’s circulation by dead or dying

parasites and retains its catalytic activity siiiég insensitive to host serum inhibitors.

In the present study, the catalytic domain of caago (C2) and the use of
alpha-2-macroglobulinogM) as an adjuvant were investigated for their poémise in an
anti-disease vaccinep-Macroglobulin has been used to varying degredarget different

antigens to cells of the immune system and enhtdomeieimmunogenicity.

A previous study showed that antibodies raisedalibits against C2 complexed dgM
gave a higher percentage inhibition than antibodiwasle using C2 mixed with Freund’s
adjuvant. In the present study, goats were immudnisgh C2 complexed witlu;M to
confirm the enhanced immunogenicity of C2 and tteelpction of anti-C2 antibodies with
superior inhibitory properties. Following immuniget, goats were challenged with
T. congolenséstrain IL 1180) and showed sustained antibody ypetdn during the two

month infection period. Goat antibodies made u§i2gn complex withuM inhibited the



hydrolysis of hide powder azure by C2 by 96%. Maximinhibition of the hydrolysis of
azocasein was observed to be 63% and hydrolyssRife-Arg-AMC by C2 was inhibited
by 73%.

In order to determine the vaccine potential of Oppitein was recombinantly expressed
as a glutathione-S-transferase fusion protein en@gBEX expression system and purified
by glutathione agarose affinity chromatography amalecular exclusion chromatography.
Since a small yield of protein necessitated severahds of expression and extensive
purification, OpdB was subsequently expressed ldsdagged fusion protein in the pET
bacterial expression system. Recombinant protes eesily purified using nickel chelate
affinity chromatography. Purified OpdB was usedhwatlum for the immmunisation of
mice to produce antibodies capable of inhibitingyene activity. Following immunisation,
mice were challenged witfi. congolensegstrain IL 1180) and also showed sustained
antibody production following two months infectiorSince all mice died, the
administration of OpdB conferred no protection; lkoer, anti-OpdB mouse antibodies
inhibited 86% of OpdB activity against the subsrat-Arg-Arg-AMC. In addition
immunised mice were observed to survive 40% lortgan control mice as they had
previously been immunised with OpdB and were ablenbunt a rapid immune response

against this pathogenic factor during infection.

In general it could be concluded that immunisatbigoats with C2 in complex witt,M
produced antibodies with superior inhibitory prdfy. The immunisation of mice with
OpdB and alum also produced inhibitory antibodied previous administration of OpdB
enabled mice to mount a rapid immune response stg@ijpdB during infection. Antibody
mediated enzyme inhibition demonstrates the patkote of C2 and OpdB as vaccines

that may contribute to the development of an effecinti-disease vaccine.
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CHAPTER ONE
LITERATURE REVIEW

1.1 AFRICAN TRYPANOSOMES

Trypanosomes are parasitic protozoa of the gengsanosoma that cause diseases in man
and animals. From the mid-nineteenth century, tflegellated parasites were seen in fish,
frogs, moles and mice and it was soon recognisat &l vertebrates and invertebrates
could be infected by these parasitic protozoa. Thportance of these parasites as
pathogens was first recognised by David Bruce incaf(Haas, 2001). Bruce showed that
these parasites found in the blood of sick animalse responsible for the disease referred
to as nagana, meaning ‘poorly’. African trypanosoperasites also cause sleeping
sickness in man while South American trypanosonaese Chagas disease. The African
trypanosome parasites are transmitted by the tfigt§é€lossinaspp.) when a blood meal
is taken from an infected animal and may sometibeansmitted by biting insects. The
distribution of African trypanosomiasis is analogdo that of the tsetse fly (Schmidt and
Roberts, 1989). Tsetse flies are found exclusiuelfrica in a belt that stretches south of
the Sahara and north of the Kalahari Desert. Irsgheectors the parasites undergo
important life cycle transformations involving geéise morphological and proliferative
changes (Matthews, 1999). Clinical manifestatiohghe disease are dependant on the
species of infection. Trypanosomiasis is a wastiisgase that affects land areas of up to
10 million kn? with total annual losses amounting to $US 5 billigtristjansonet al.,
1999).

1.1.1 Classification of African trypanosomes

The classification of the gendsypanosomas given in Fig. 1.1. Species of trypanosomes
that are infective to mammals can be divided imto distinctive sections; the Stercoraria
and Salivaria. This grouping is dependant on tiggoreof the digestive tract of the vector
in which the parasite develops into its infectivani. Trypanosomes of the section
Stercoraria are produced in the hindgut and aresmnéted from the posterior, i.e.

transmission via the faeces of infected insectorsct



Phylum FROTOZOA
Subphylum SAR?OMASTIGOPHORA
Super class NIASTIGOPHORA
Class ZOOM,lASTIGOPHORA
Order KINElTOPLASTIDA

Suborder TRYPANOSOMATINA

Family TRYP,lANOSOMATIDAE

Genus TRYPANOSOMA

Section STERCORARIA

Megatrypanum

T. (M.) theileri

Section |SALIVARIA

Hepetosoma Schizotrypanum Duttonella
T. (H.) lewisi T.(S.) cruzi T.©)vivax  T.(D.) uniforme

Figure 1.1 Classification of the genu3rypanosoma (Vickerman,1976).

Nannomonas Trypanozoon

!—‘—\

T. (N.) congolense T. (N.) simiae

Pycnomonas

T. (P.) suis

T.(T.)evansi T. (T.) brucei

T. e. evansi T. e. equiperdum

T. (T.) equiperdum

T. b. gambiense  T. b. brucei

T. b. rhodesiense



Salivarian parasites are transmitted from the amtere. transmitted from the mouth parts
of the infected insect vector (Bushal.,2001). The aetiological agent of Chagas disease is
the Stercorarian parasite cruziand that of African animal trypanosomiasis, thBv@aan

parasited. congolense, T. vivandT. brucei brucei

1.1.2 Morphology of trypanosomes
The different groups of trypanosome parasites cargely be defined by their

morphological features. They are elongated cellh i single flagellum arising from a
flagellar pocket at its posterior end (Vickerma@69) (Fig. 1.2). It extends along the body
of the parasite to the anterior end. Trypanosorhags a single tubular mitochondrion that
contains the mitochondrial DNA and is associatethwhe kinetoplast (Schmidt and
Roberts, 1989). The parasite surface coat corsfistariable surface glycoproteins (VSGs)
which make up the major surface antigen of thesasgtas. Through antigenic variation
this protective coat can be changed and other emtitgpes may be expressed (Borst,
2001). Each variant is known as a distinct variadmgigen type (VAT) and by simply
changing this outer coat some parasites evadertimeine system and repopulate the host.
In this way, the level of trypanosome parasiteshim blood fluctuates with time. These
fluctuations are commonly referred to as waves arfagitaemia (Barry and Carrington,
2004).

1.1.3 Life cycle of African trypanosomes

In an infected tsetse fly, trypanosome parasited@und in the salivary glands. These are
non-dividing metacyclic forms and make up the itifeg population which is introduced
into the mammalian host during a blood meal. Onn&oduced into the host's
bloodstream, the infecting population undergoed dalision by binary fission and
morphological change (Vickerman, 1976). The blomdsnh population is comprised of
slender forms during the ascending phase of pasmsit and stumpy forms at the peak of
parasitaemia (Matthewet al, 2004). Some of the short stumpy non-dividingrfergo on

to reinfect tsetse flies when a blood meal is takdrey enter the midgut of the fly and
develop into procyclic forms. After further transfmation to the epimastigote form they
pass into the salivary glands to become metacythe. vast majority that is not taken up

by the tsetse fly during a blood meal is killed agtibody responses of the host or



degenerates over time. Figure 1.3 shows the dewenfal changes of. bruceiin the

tsetse fly and mammalian host during its life cycle

Trypanosome parasites also undergo adaptive chang#seir energy metabolism to
ensure survival of the parasite in the vector av&t.AVhile in the midgut of the tsetse fly,
the parasite relies on energy generated by tharbaxylic acid (TCA) cycle, the electron
transport chain and oxidative phosphorylation (Hi®76). Within the bloodstream of the
mammalian host the parasites are reliant on theegsof glycolysis for their principle

source of energy (Bowman and Flynn, 1976).

1.2 AFRICAN TRYPANOSOMIASIS

Human African trypanosomiasis or sleeping sicknessy be distinguished by two
different causativdrypanosomapecies that each induces its own unique clirigztlres;
Trypanosoma brucei rhodesienseEast and Southern Africa aid b.gambiense in West
and Central Africa. The causative organisms of Ris@h and Gambian sleeping sickness
are morphologically indistinguishable. Rhodesiageping sickness is transmitted by the
tsetse fly,G. morsitans develops more rapidly and is far more viruleranthGambian
sleeping sickness. Death may occur within severaéks of the onset of infection
(Welburnet al, 2001). Gambian sleeping sickness is transmitiye@lossina palpalisThe
disease is preceded by a long asymptotic stagewfet later by a feverish iliness and late
stage chronic meningioencaphalitis. There may dnen possibility of death many years

following the initial onset of the infection.

Animal African trypanosomiasis, also referred to ‘aggana’, is transmitted by many
Glossinaspecies.T. congolense, T. vivaand to a lesser degrek, b bruceiare the major
pathogenic species of animal trypanosomiasis (8tewand Brisse, 2004). Nagana is
typically divided into the initial acute phase ahe late chronic phase that is characterized
largely by anaemia, weight loss and poor produsti@iaylor and Authi€, 2004).
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1.2.1 Pathogenesis of African trypanosomiasis

Infection with trypanosomes is initially charactil by the presence of parasites in the
blood and lymphatic system. Trypanosomes are memdigntransmitted by the tsetse fly
through the skin barrier of the host during a blouodal. Parasites undergo extensive
multiplication in the skin and ultimately enter tlyenphatic and blood system. This phase
is also referred to as the haemolymphatic phasee @nthe blood the parasites gain access
and are able to affect other organs of the hogt siscthe spleen, liver and heart (Taylor
and Authié, 2004).

Intermittent fever due to fluctuations in paragitéee is common. The intensity and
duration of these waves of parasitaemia affectdthelopment and severity of anaemia.
Anaemia is the most prominent characteristic ofreitrypanosomiasis and the severity is
also influenced by the virulence of the infectimgpplation. With prolonged infection the
role of the parasite in the maintenance of anadm®@mes less significant. Animals may

be intermittently parasitaemic or aparasitaemickgrmanret al, 1993).

The presence of high levels of trypanosome antigenise blood as a result of antigenic
variation promotes high levels of circulating anotles. Subsequent antibody and
complement-mediated lysis of trypanosomes incredéisesconcentration of circulating
immune complexes and invariant pharmacologicalfvacimmunogens of the parasite.
Invariant immunogens have been established as dpaairmajor role in pathogenesis
(Tizardet al, 1978 ; Taylor and Authié, 2004).

1.2.2 Trypanotolerance

A degree of natural resistance to trypanosomi&sised trypanotolerance has long been
recognized in certain breeds of cattle. Trypanotwolee is the ability of certain animals to
survive and remain productive in areas of tsetsdleiige (Murrayet al, 2004). Although
most of the cattle found across Africa are of tkebwtype and are generally susceptible to
trypanosome infection, other breeds suclBas taurusN’ Dama, Muturu and Dohamey
breeds, found mainly in west Africa are not sustéptTaylor, 1998). Exposure of these
cattle to tsetse challenge has over time, by niasetaction, illustrated the accommodation
between parasite and host and has emerged as dicgdrat (Authi€, 1994).

Trypanotolerant and trypanosusceptible breeds kistect antibody responses (Taylor,



1998). The exact means by which trypanotolerancerrsds not fully understood but it is
likely to involve both non-immunological as well @amunological mechanisms. This
includes the host's capacity to control the initighrasetamia wave and limit the

development of anaemia (Vickermanal, 1993; Naesseret al.,2003).

1.3 DIAGNOSIS OF AFRICAN TRYPANOSOMIASIS

An accurate determination of the incidence and gdence of African trypanosomiasis in
humans and animals is difficult to establish asawailable diagnostic tests are limited in
their application. A direct method is the traditdmnicroscopic means of diagnosis which
relies on the presence of parasites in the blobd i€ unreliable due to fluctuating levels
of parasitaemia and the scarcity of parasites @ llood during the chronic stage of

infection (Vickermaret al, 1993).

Indirect methods include tests for circulating getis of the parasite but fall short as
immune complex formation and removal during infectimay eliminate much of the
antigen present (Vickermaet al, 1993). Indirect methods include the widely used
indirect immunofluorescence antibody (IFA) test aticect and indirect enzyme-linked
immunosorbent assays (ELISAS). In the IFA testitifiected blood of the host serves as a
source of antigen and the interaction with antp#ryosomal antibodies is measured.
Bound antibodies are visualised using an ultravioieroscope by means of a fluorescent
dye attached to the anti-host species immunoglolfHisleret al, 2004). The ELISA test
is widely used and involves immobilising antigemsto a microtitre plate and detection
using a specific antibody conjugated to an enzyhs tatalyses the conversion of a
colourless substrate to a coloured product. ThieedotdELISA is analogous to the IFA test.
It also uses antigen immobilised to a microtititate and specific antibody interaction is
detected by means of a labelled anti-species catgughich catalyses the conversion of
substrate to a coloured product (Eisketral, 2004). Molecular methods such as PCR are
also available for detecting trypanosomes. Thishoetis based on specific genetic
characteristics of the parasite and allows spexpesific detection (Desquesretsal,
2001).



1.4 CONTROL OF AFRICAN TRYPANOSOMIASIS

Control of African animal trypanosomiasis is laggéiindered by the ability of the
parasites to change their outer surface coats. phenomenon of antigenic variation
enables them to establish chronic infections inirtheosts. Efforts to control
trypanosomiasis include elimination of the inseetter, the use of trypanotolerant cattle
instead of trypanosusceptible cattle and treatrasimy trypanocidal drugs. These may be

applied mutually or separately with varying suca@dsDermott and Coleman, 2001).

Tsetse control and eradication strategies traditiprincluded aerial and ground spraying
of insecticides. Insecticides such as DTT and bembexachloride are highly effective for
this purpose but this has become unsound practieeta the considerable harm which it

causes to the environment (Schmidt and Robert9)198

Drugs available for the treatment of animal trypsomiasis include isometimidium,
homidium and diminazene. Isometimidium can be uasda prophylactic drug and
provides up to six months protection against tsatisellenge while homidium and
diminazene are mainly used as therapeutic agehesuse of these drugs is mired by their
toxicity but despite this they are still the moseéduently used and well established
veterinary drugs for the treatment of trypanosoisiasross Africa (Holmest al, 2004).
The use of trypanocidal drugs has also been compeaimby reports of drug resistant
parasites in at least 13 countries in sub-SahafaoaA (Geertset al, 2001). Less frequent
and more strategic administration is necessaryratopg the efficacy of these drugs
(McDermott and Coleman, 2001).

Trypanotolerant cattle may also be exploited inaaref high trypanosome challenge.
Cattle of trypanotolerant breeds are generally kmal size and although they do become
infected they are able to control parasitaemiarasét anaemia and therefore remain just

as productive as trypanosusceptible breeds (Vicakeehal, 1993).

With the combination of drug resistance and toyi@ind the inability to completely
eradicate the vector, vaccination against trypamissis has been thought to be a potential

control method despite the difficulty presentedabyigenic variation.



1.4.1 Vaccine against trypanosomiasis

Cattle immunised with irradiated trypanosomes onifigd VSG were protected against
challenge with homologous, i.e expressing the savig, but not heterologous
trypanosomes (Welldeet al, 1974; Morrison and Ulevitch, 1982). The potentd
trypanosomes to express hundreds of antigenicaijndt VSG genes (Borst, 2001) has
meant that a VSG based vaccine is unlikely. Assalteresearch is now focussed on the
identification of invariant trypanosome componers potential vaccine targets for
therapy. Components of the trypanosome cytoskeletoch as tubulin and microtubules,
have been studied and shown to have potential esines and confer protection from
challenge withT. b. brucei, T. congolense, T. evaasd T. rhodesienséLubegaet al.,
2002; Rasooly and Balaban, 2004;dtial, 2007). In addition, the proteolytic activity of
pathogenic factors released by dead or dying gesasbuld be neutralised by antibodies
produced through vaccination (Playfait al, 1990; Authié, 1994; Authiét al, 2001).
Central roles have been proposed for proteasesoddzman parasites such as host cell
invasion and stimulation and evasion of the hoshime system (Klemba and Goldberg,
2002). Cysteine proteases are suggested to bedsteamundant and are best characterised
among these proteases (Noethal, 1990). They have been known to play a role & th
development and differentiation of parasites sushlacruzi (Martinez et al, 1991),
Plasmodium falciparun{Rosenthal, 2004) antdeishmania mexicangMahmoudzadeh-
Niknam and McKerrow, 2004).

1.4.1.1 Adjuvants

Other factors influencing the outcome of vaccinedude the adjuvant carrier or delivery
system. When adjuvants are administered with thigem a greater immune response is
elicited than when using antigen alone (Singh aftda@an, 2003). Freund’s complete and
incomplete adjuvant is a common and standard adfueavhich many other adjuvants are
compared (Hunter, 2002). It constitutes a mineibitl@at forms a water-in-mineral oil
emulsion when triturated with antigen. It inducéghhantibody titres, a delayed release of
antigen and slow antigen clearance (Johanssal, 2004). However, the presence of
reactogenic mycobacterial products in Freund’s detepadjuvant, which costimulates
cells of the immune system, has been known to celusmic inflammatory responses and

abscesses (Roitt, 2001). Aluminium hydroxide andr@hium phosphate salts, commonly
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known as alum, have also been used in vaccinaaoislike Freund’s adjuvant, alum
provides an antigenic depot in the tissues (Wildglderet al, 2008). A study has shown
that alum may induce dendritic cell maturation h&sg in enhanced activation of CD4 T
cells of the immune system but has also has besociased with tissue reactions like
erythema, subcutaneous nodules and granulomas iRimat al, 2004). Alpha-2-
macroglobulin ¢;M), a high molecular weight glycoprotein has prowsetcessful as an
adjuvant option in some studies by entrapping titegan and dramatically increasing its
immunogenicity (Cianciol@t al, 2002). In the present study, parasite protelages been
combined with Freund’s adjuvant, alum andigM as potentially useful components of an

anti-disease vaccine.

1.5 PROTEOLYTIC ENZYMES OF TRYPANOSOME PARASITES

Proteolytic enzymes of parasites have a significalat in host-parasite interactions (North
et al, 1990). Proteases are able to catalyse the tygisabf peptide bonds and have been
classed according to their key active site residiasrett, 1994). Table 1.1 outlines the
classification of the proteolytic enzymes. Protsassnge from being highly specific to
others that are active toward a range of diffeqemattein substrates. The specificity is
determined by the substrate binding pockets ofetiieyme as illustrated in Fig. 1.4. In a
model set forward by Schechter and Berger (196i€) binding site on the proteinase for
each of the amino acid residues of the substrdtedwn as the S pocket while the binding
site on the protein or peptide substrate is refieme as the corresponding P pocket.
Proteases may be further classified as either g@timases or endopeptidases depending on
the site of cleavage in the substrate. Exopeptidaatalyse the cleavage of peptide bonds
near the N- or C-terminus while endopeptidasesveldsnds within the protein (Barrett,
2002). Protease activity is strictly regulatedhree ways. Some proteases are confined to
membrane bound organelles such as lysozymes whegeare active in a specialised
environment. Others are synthesised as zymogeastifie forms) that become active upon
proteolysis or they may be regulated by other pmstéhat inhibit their activity (Khan and
James, 1998; Barrett, 2002). Only the cysteine serihe proteases will be discussed

further as they are of relevance to the currertystu
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Table 1.1 The classification of proteolytic enzymeBarrett 1994, 2002).

Classl/type: Key active site Catalytic residues: Example:
residues :
Cysteine  Thiol group of Cys™, His™, Asp™® Papain,
cysteine congopain

Serine  Hydroxyl group  Asp'®, Set®, His*’ Chymotrypsin,

of serine oligopeptidase B
Aspartic  Carboxyl groups Asp®, Asp™ Pepsin,
of aspartic HIV protease
residues
Metallo  Metal atoms Glu?™® Trp?*® Thermolysin,
(zinc) Matrix

metalloproteases

(MMPs)
Scissile peptide
SUBSTRATE Pl bond P’ P2
N terminus ' ) e C terminus
ENZYME T & / J Catalytic \/ ; \
R site ST
$2 S1 o7 s2'

Figure 1.4 Subsite specificity of proteolytic enzyms (Barrett, 2002).The pockets of the enzyme which
bind the substrate residues on the N terminalaidedesignated;SS,, S;..., while the pockets binding the
substrate residues on the C terminal side arenkt®id $, S,’, S3'... The pockets of the substrate residues
on the N terminal side are designatedm®, Ps..., while the pockets of the substrate residuesherct
terminal side are designated,fP,’, Ps'...

1.5.1 Cysteine proteases

Cysteine proteases have been found to exist in ngaoyps of parasitic protozoa and
typically have high activity in at least one stagethe parasite’s life cycle (Nortét al,
1990). In most cases these cysteine proteaseysa®mal. Lysosomes provide the ideal

acidic environment for these enzymes. Cysteineeps#s are inhibited by the cystatin
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family of proteinase inhibitors (Barrett, 2002).yjpanosomal cysteine proteases share a
likeness with the C1 family of cysteine proteadeawv(lings and Barrett, 1994b). Papain is
a common cysteine protease from this group. lisesite is composed of a catalytic triad;
Cys° His*™ and Asr’® and this arrangement is conserved in all membgtheo same
family. Papain and most other family members shqwederence for a bulky hydrophobic
residue in the Ssubsite and are inhibited by L-trans-epoxysuceiaeytylamido(4-
guanidino)butane (E-64). Whether secreted or lysas@nzymes, members of the papain
family are synthesised with a signal peptide ardp@ptide at the N-terminus. In addition,
some members of the family also have long C-terhertensions (Rawlings and Barrett,
1994b). Congopain, a major cysteine protease ffowongolensdas been recognised as
one of the major pathogenic factors of trypanossimi@Authiéet al, 2001) and as a result
is potentially useful as a vaccine candidate.

1.5.1.1 Congopain

Cysteine proteases are amongst the most abunddrfullyr characterised proteinases of
Trypanosomatids. Congopain from congolenséas been fully characterised (Mbaeta
al., 1992) and was initially observed as a 33 kDagarge localised in lysosomes. It was
also observed that the protease was susceptibditotion by E-64 and had the ability to
hydrolyse the synthetic substrate Z-Phe-Arg-AMC éWbet al, 1991a).

Congopain consists of four distinctive domains (Figh). These include a hydrophobic
signal (pre) sequence, a hydrophilic pro-regioneatral domain encompassing all highly
conserved residues including the active site treattj a C-terminal extension (Authié,
1994). The proposed 3D structure has been modetigde crystal structure of cruzain and

is shown in Fig. 1.6 (Lecaillet al, 2001). Congopain and cruzain share 68% sequence
identity in their active sites and have similar ynatic specificities (Chagast al, 1997).
Congopain consists of 2 major domains; an L domairsisting mainly oé. helices and an

R domain consisting mostly of anti-paralfelsheets. The residues defining the catalytic
triad and substrate binding site are located itett between the two domains (Lecaiée

al., 2001).

Congopain is synthesized as a zymogen together itsthpre- and pro-forms. The

pro-region plays a role in protein folding and riagjon of the protein activity by blocking
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the active site (Lalmanaddt al, 1998). Removal of the pre and pro regions byguigtic
cleavage at low pH gives rise to the mature forrthefenzyme (Serveaat al, 2003). The
mature form of the enzyme consists of the consewedlytic domain and a highly

immunogenic C-terminal extension (Auttgéal, 2001).

Congopain shows a preference for dipeptide sulestraith arginine in the;fosition and
bulky hydrophobic residues in the position. Congopain is activated by thiol compaaind
and is inhibited by specific inhibitors of cysteipeoteases such as cystatins, E-64 and
leupeptin (Chagast al, 1997).

Congopain has been established as a circulatingeanin the serum from cattle infected
with T. congolenséAuthié, 1994) Immunisation with congopain has been shown totelici
a prominent immune response in trypanosusceptditéec Although immunisation did not
prevent the onset of acute anaemia, cattle showeetidency to recover their leukocyte
counts 2-3 months following infection (Auth@ al, 2001). This suggests that congopain
contributes to the mechanisms of anaemia. Despitaunisation, the development of
infection in these cattle was observed to be ndewdiht from cattle that were not
immunised. This indicates that immunisation withngopain alone is not sufficient.
Immunisation together with other pathogenic factosy be considered or alternatively a
more efficient response to congopain may be reduirethe present study,M was used

in complex with congopain to enhance antibody potidn against the protease. The
properties ofuM and its use as an adjuvant will be discussediithér detail in Section
1.6.

Mature protease 33.9 kDa

Pre 20 aa  Pro 105 aa Central domain 217 aa C-terminal damain 105 as
22 kDa 11.9 kDa 23.1 kDa 10.8 kDa

Figure 1.5 Diagrammatic presentation of the four dmains of the cysteine protease congopain.
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Figure 1.6 The proposed 3D structure of congopairiLécaille et al., 2001).The X-ray crystallographic
structure of cruzain is represented in black aedpttoposed structure of congopain is shown in grag.
cysteine residue of the catalytic triad (with papaimbering) is also shown.

1.5.2 Serine proteases

Serine proteases are the most diverse group oéglybic enzymes. Using the criteria to
distinguish between families of peptidases, ovefa®ilies are recognised. On the basis of
their 3D structures they can be classed into fiveioclans. General classification is based
on the amino acid sequences surrounding the catadgrine residue (Rawlings and
Barrett, 1994a). The catalytic triad of these pasts is made complete by histidine and
aspartate residues. Serine proteases are most attineutral or alkaline pH. Of particular
significance to the current study is the proteabehe family prolyl oligopeptidase,
oligopeptidase B (OpdB, S9 family of clan SC). T8 family contains soluble and
membrane bound peptidases. OpdB is a cytosolicne@zgnd cleaves peptide bonds
C-terminal to dibasic amino acid residues with afgmnence for Arg in both ;Pand B
(Coetzeret al, 2008). All members of this family share sigréfit amino acid sequence
conservation within their catalytic regions and mmt need co-factors for activity. The
chemistry of the hydroxyl group of the active stine is such that it requires neutral or
slightly alkaline pH (Barrett, 2002). Members ottprolyl oligopeptidase family differ
from the classical serine proteases in that thiegisplay limited activity towards peptides

and not entire proteins (Morst al, 1999a).
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1.5.2.1 Oligopeptidase B

Oligopeptidase B was first isolated frofscherichia colicells and was shown to have
trypsin like specificity (Pacaud and Richaud, 197&suru and Yoshimoto, 1994).
Trypanosomal OpdB was first isolated in eukaryated. cruzi (Cazzulo, 2002) and is
expressed at all life stages. It has since alsa sm#ated from the African trypanosomes,
T. b. bruceiand T. congolensgTroeberget al, 1996 ; Mortyet al, 1999b) and from
another kinetoplastid of the same famileishmania amazonensfde Matos Guedest
al., 2007).

OpdB has been crystallised frofm b. bruceibut a 3D structure of the protease has not yet
been determined (Rezt al, 2006). However, oligopeptidase B is homologaugrolyl
oligopeptidase, the structure of which has beeprdened (Fulopet al, 1998), allowing
the construction of the 3D structure for OpdB (Fih8) by homology modelling
(Gérczeiet al, 2000). The enzyme consists of two domains. Thierhiinal regulatory
domain consists of a seven-bladgiegropeller which excludes large peptides and pnstei
from the active site. This domain is covalentlyaakted to the C-terminal or peptidase

domain that contains the catalytic triad and sabstpinding residues.

Figure 1.7 A Representation of the structure of ofjopeptidase B as modelled by Gérczet al. (2000).
The N-terminus is indicated in blue and the C-tewmiis indicated in red. The catalytic triad ressuSer™,
Asp®** and Hi§®® are shown in blackB Non-catalytic -propeller domain of oligopeptidase B (Fiilopet
al., 1998). The residues (Ly$ GIu** His®® Asp*’ Lys®® and Lys*) are shown in ball-and-stick
representation at the entrance to the propeller.
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The OpdB gene occurs as a single copy gene in kinetopiasti(Burleighet al, 1997;
Morty et al, 1999b; de Matos Guedesal, 2007) and is expressed as an 80 kDa peptidase
(Morty et al, 1999b, 2002). OpdB is released as an activene@zgs no evidence of

signal- or pro-peptides exists (Burleighal, 1997; de Matos Guedesal, 2007).

OpdB has been shown to have a preference for sidstvith basic amino acid residues in
the R and B positions (Kanataret al, 1991; Mortyet al, 1999b; de Matos Guedesal,
2007). Peptides with Arg residues present in bositipns are hydrolysed at a much faster
rate (Mortyet al, 2002) and hence the activity of OpdB is assaysidg the synthetic
substrate Z-Arg-Arg-NHMec. Molecular modelling amuitation studies have shown that
carboxyl dyads form both the 8nd $ binding pockets that interact with basic residues
the R and B positions (Gerczeet al, 2000; Mortyet al, 2002). The Sand $ acidic
dyads of trypanosomal OpdB are conserved excepk.foongolens®©pdB that has a GIn
residue in place of the second Glu residue in thelyad, which is similar to that of
Leishmania(Coetzeret al, 2008). Since OpdB frofh. congolenseliffers in its catalytic
specificity as a result of the, 8lyad (Huson, 2006), further elucidation regardtegise in

a vaccine is important.

The activity of OpdB is enhanced by reducing ageuish as dithiothreitol and heparin,
spermine and spermidine (Morgt al, 1999b). OpdB is rapidly inhibited by the serine
peptidase inhibitors 3,4-dichloroisocoumarin, chioethyl ketone and
diisopropylfluorophosphate (DFP). Inhibition bydhreactive agents such as iodoacetate
is also made possible by interaction with the dpsteesidue (Cys® which subsequently
interferes with the Psubstrate binding site and prevents substrateifgn@orty et al.,
2005b).

The physiological role of OpdB has not yet beeald&hed. The enzyme has been thought
to play a role in host cell invasion particulanythe case of. cruzi Studies suggest that

OpdB is involved in intracellular calcium transienthich have been shown to be vital for
mammalian host cell invasion (Burleigh al, 1997). During infection, OpdB is released

into the bloodstream of the host following lysisdgfad or dying trypanosomes where it is
free to cleave peptides as it is insensitive tarseprotease inhibitors. Peptides such as
atrial natriuretic factor, which are rich in basisidues, are particulary susceptible to

cleavage by OpdB (Troebeeg al, 1996). Degradation of host regulatory pepideh sas
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atrial natriuretic factor has the potential to seWedisrupt control mechanisms of the host
and thus contributes to the development of trypamigsis (Troebergt al, 1996; Morty

et al, 2001, 2005a). OpdB therefore acts as anothesilgespathogenic factor. Just as
immune responses have been found against the lysdseysteine protease of

T. congolenseimmune recognition of OpdB may also suggest tiatenzyme contributes

to the pathological effects of trypanosome infattio

1.6 ALPHA-2-MACROGLOBULIN ( @2M) AS A POSSIBLE ADJUVANT

Alpha-2-macroglobulin ;M) is a high molecular weight glycoprotein congigtiof four
identical subunits of approximately 180 kDa eactwd®son and Howard, 1979). Two of
these subunits which are non-covalently bound twgetare joined to the other two
subunits by disulfide bonds to form a double sinedecular “trap” (Feldmaet al, 1985).
The molecular weight of the entisgM tetramer is 720 kDa (Swenson and Howard, 1979).
The primary biological role ofi;M is uncertain. It is commonly considered to beraakl
spectrum protease inhibitor (Barrett and Starkéy3). However, it is not only able to
entrap proteases but also has the capacity to domplexes with non-proteolytic proteins
upon thiolester activation by a protease (Van Lawteal, 1982). In the present study the
ability of aoM to act as an antigen delivery system for useaocine development was
studied. This feature @;LM has previously been proposed and has had vauiszess. Chu

et al (1994) tested the ability of human and rabbi! to stimulate specifian vivo
antibody responses to hen egg lysozyme and popanereatic elastase complexes and
found that both human and rabb#M were capable of antigen binding and enhanced
adaptive immune responses. In addition, Lea@l (2002) showed that an HIV envelope
subunit peptide covalently complexed witsM was required in doses up to 100-fold less

than those needed with Freund’s adjuvant to prodntieHIV envelope antibodies.

1.6.1 Mechanism of proteinase complex formation

Each of the four subunits @bM contains three major sites involved in proteimgbex
formation. These include the bait region, the m&thioester and the receptor recognition
site (Van Leuveret al, 1986).

The bait region is a stretch of exposed amino alidated within the middle of each

subunit and is easily cleaved by any active pretg@arrett and Starkey, 1973). Bait
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region cleavage results in an intermediate andndistonformational change of theM
molecule that is also linked to the cleavage ofititernal thiol ester. Lysine residues are
able to covalently bind the,M molecule at a thiol ester on each of the fourusuis.
When the bait region is cleaved, thgM molecule undergoes a conformational change
resulting in irreversible binding of the proteabethis state the active site is not blocked.
The bound protease can still maintain activity tmgasmall peptide substrates whereas
activity towards large protein substrates is rewtd. Cleavage of both the bait region and
internal thiol ester ofi,M exposes recognition sites fagM receptors (CD 91) on cells
such as macrophages and hepatocytes (Van Leewexh, 1986). The conformational
change also results in an overall electrophordtift §fom the native or slow,M form
(s-w2M) to a more compact receptor-recognised or dad¥l form (f-oaoM) in native PAGE
(Barrettet al, 1979). Fig. 1.8 shows a model illustrating ttapping of a protease and the

subsequent conformational changes that occur.

LT

! PROTEASE

Figure 1.8 Protease-induced,M transformation. Protease trapping kM results in a conformational
change from its slow or native form (A) to a mooenpact, receptor-recognised, fast form (B) (Feldman
et al.,1985).

1.6.2 a;M-receptor interaction
Following binding,a;M-proteinase complexes are rapidly cleared fromciheulation by
hepatocytes, monocytes, macrophages and dermaiitiiendlls (Moestrup and Gliemann,

1991). All these cells express a specific recefdorecognising the proteinase-activated
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form of a;M (Van Leuvenet al, 1986). Conformational change @M can be induceth
vitro by treatment with methylamine (Barrett al, 1979). The methylene activated form

of a,M is recognised in the same way as protease aetivall (Van Leuveret al, 1981).

The aoM receptor ¢MR), also referred to as the low-density lipoprotetceptor-related
protein (LPR) or CD 91 (Stricklanek al, 1990), is a 600 kDa glycoprotein that undergoes
proteolysis to form two subunits of 515 kDa and BBa that are non-covalently
associated. The;MR subunits have multiple domains composed of kgamding and
growth factor domain repeats that undergo confaonat changes under the acidic
conditions of endocytosis. At pH 6.&M dissociates from the receptor early in the
pathway of intracellular ligand sorting (Borhal, 1990). The 85 kDa subunit contains a
cytoplasmic tail which is believed to direct theeptor to pits on the cell surface (Chetn
al., 1990). A third protein of 39 kDa with a hepalimding domain may be associated
with the receptor to regulate the affinity of tleeeptor subunits for its ligands (Heatzal,
1991).

Following processing of the;M complexes, the antigen presenting cells sucheaslritic
cells and macrophages, that possesot@R, present the antigen to the immune system
resulting in the subsequent production of antibowecules. In this wayy,M interacts

directly with the cells of the immune system thanhslate antibody production.

1.6.3 a;M as an adjuvant

a;M’s ability to form covalent complexes with protseirallows it to act as a carrier
molecule. Through receptor-mediated endocytasis is able to enhance antigen
processing by targetting the antigen to the cdllthe immune system (Chu and Pizzo,
1993). Studies have also shown thaM is not only capable of antigen delivery but
decreases the minimal antigen concentration redjdoe presentation to these cells. Chu
and Pizzo (1993) showed that 200-250 times dgbscomplexed antigen was required to
achieve effective presentation to T cells. EvidenE®ther biological roles of,M has

been suggested. Hoffman al, (1987) report regulation of immune cell devel@gmnhand

function by oM. It has also been associated with enzyme inbibifikari et al, 2001),

regulation of growth factors and cytokines (L&t al, 2001) and protection against

demyelination (Gunnarsson and Jensen, 1998).
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For the purposes of this study the potentiabg¥ as an adjuvant was studied. Huson
(2006) successfully used,M as an adjuvant. This was the first study to itgase
immunisation ofo,M complexed with trypanosome proteases. The prestenty further
evaluated the effect of immunisation with @M-protease complex on the production of

antibodies following trypanosome infection.

1.7 OBJECTIVES OF THE PRESENT STUDY

Current control strategies for trypanosomiasis largely limited due to the parasite’s
ability to alter the antigenic make up of its sadgroteins and evade the host’s immune
system. An alternative approach may be an antades&accine directed at antigens of the
parasite that play a role in the pathogenesisefitbease. Congopain and OpdB have both
been established as pathogenic factors of trypamasis. The immunogenicity of these
pathogenic factors may be enhanced by complexinh wiM. a,.Macroglobulin has
already been shown to bind proteases to form complethat preserve antigen

conformation and undergo rapid endocytosis by antjgresenting cells.

The aim of this investigation was to study the laodly-mediated inhibition of the cysteine
protease, congopain and the serine protease, efiidase B following immunisation of
goats withayM-congopain complexes and mice with OpdB using al@tudying the
potential ofa,M as an adjuvant for immunisation with congopaingoats is reported in
Chapter 2. This includes the analysis of the inbilgi properties of antibodies made
against congopain in complex withM using fluorogenic and chromogenic peptide and
protein substrates. Chapter 3 describes the restiééned for the recombinant expression
of OpdB in a bacterial system for immunisation aten Chapter 2 and 3 also include a
description of antibody production during immunigat and infection monitored by

ELISA. The results are discussed in the final chapt
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CHAPTER TWO

EVALUATION OF THE ADJUVANT POTENTIAL OF
ALPHA-2-MACROGLOBULIN BY IMMUNISATION WITH CONGOPAI N

L. Bizaaré, A. F. V. Boulang&?and T. H. T. Coetzér

School of Biochemistry, Genetics, Microbiology aPként Pathology, University of KwaZulu-Natal, Priga
Bag X01, Scottsville 3209, South Africa
UMR-IRD/CIRAD 117 BIOS, 34398 Montpellier, France

ABSTRACT
Congopain, the major cysteine proteasé&.afongolensacts as a pathogenic factor during

trypanosomiasis infection. Together with alpha-2enoglobulin ¢,M), a general serum
protease inhibitor, immunisation with congopain darces antibodies with enhanced
inhibitory properties. Alpha-2-macroglobulin acés an adjuvant by binding active
proteases and these complexes are rapidly endedytog antigen presenting cells. A
previous study showed that antibodies raised ibitalagainst,M complexed with the
recombinant catalytic domain of congopain (C2) gavhigher percentage inhibition of
enzyme activity than antibodies produced using @2edhwith Freund’s adjuvant. The
present study aimed to confirm these findings iraléhivestock (goats), in addition to
studying the immune response following trypanosochallenge. Levels of anti-C2
antibodies produced with Freund’'s adjuvant and with complexed withaoM were
comparable while the latter showed greater intwhitsf congopain. Following challenge a
booster effect was observed for all immunised gsafpgoats. Overall, the findings of the
present study indicated that antibodies producedyusM were able to inhibit C2 to a far
greater extent than those produced using Freumjtevant or no adjuvant at all. Alpha-2-

macroglobulin was thus shown to be an effectivenaatjt for immunisation with C2.

2.1 INTRODUCTION
Widespread vaccination of animals is still consédethe most successful method to

protect livestock against infectious diseases. €ntwwnal vaccines commonly make use
of live attenuated or killed pathogens. Attenuapadhogens aim to mimic the natural

pathogen without being infective. However, thi®igensive to do and certain pathogens
have been known to revert to their live virulentnfis (Wilson-Weldeket al., 2008). Killed

vaccines constitute pathogens that have beendredtie heat or chemicals. In this way the
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cellular integrity and hence the antigenic constits of the organism are retained. The
pathogen is however, unable to induce persistéettion or revert back to a virulent form.
A vaccine for trypanosomiasis would prove to beficlift to develop based on
conventional strategies using killed or live atteted parasites. Protozoa are difficult to
grow in bulk culture (Roitt, 2001) and trypanosorhase a complex life cycle. A vaccine
using killed parasites would have to target ancetfective against all life cycle stages.
Trypanosome parasites also have the ability to géaheir outer surface coat which is
made up of variable surface glycoproteins (VSGgy(ar, 1998). This behaviour referred
to as antigenic variation implies that a vaccinegisittenuated forms of the parasite would
have to include the identification and productidrparasites expressing a large series of
VSGs. Due to these limitations, efforts have bgeared towards developing a vaccine
that targets the invariant immunogens of the ptad§ilayfair, 1991; Authié, 1994). In a
study by Mkunzeet al (1995) partial protection against infection withcongolensand

T. vivaxin cattle was induced by vaccination with flagelecket antigens derived from
T. b. rhodesienseAntigenic constituents of the parasite that aoe exposed to the host
include proteases released by dead or dying pesaflizardet al, 1978). This change
from an anti-parasite vaccine strategy to an as@dabke vaccine aims to neutralise the
pathogenic factors of the parasite rather tharetdtg parasite itself (Authiét al, 2001).

Congopain acts as a major antigen in trypanosomiagiction (Authiéet al., 1992) and
has been associated with resistance to the disemsgghenomenon known as
trypanotolerance (Authié, 1994). It is therefoffitting vaccine candidate. In addition to a
catalytic domain, congopain has a highly immunogée®iterminal domain that is unique
to trypanosomal cysteine proteases. Like for cmimipthe major cysteine protease of
T. cruzi this highly immunogenic C-terminus is likely tmduce the production of
antibodies that do not affect the enzyme’s catalgite and therefore its proteolytic
function (Cazzulo and Frasch, 1992). A truncatednf of congopain, devoid of this
C-terminal extension (C2) can be used to produd#haiies that would inhibit the
enzyme. This would avoid any mis-direction of thamune system by the highly
immunogenic C-terminus. C2 has previously been roeted to contribute to the
pathogenicity of the parasite in an immunisatioal tfAuthié et al., 2001). Immunisation
of cattle with truncated forms of congopain had eféect on the establishment and

development of infection and anaemia. Immunisedlecatowever, recovered their
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haematocrit and leukocyte counts following 2-3 rheninfection, suggesting a probable

role of C2 in the development of the disease.

In order to enhance the immune response during msation an adjuvant that is co-
administered with the immunogen provides a longiigsreserve of immunogen. This
prevents the rapid dispersal of the antigen froensite of injection (Wilson-Weldest al,
2008). Many experimental adjuvants demonstrate hugtency but are too toxic for
common use (Singh and O’ Hagan, 2003). A commadgd adjuvant is Freund’s
complete and incomplete adjuvant. The incompleevant consists of a mineral-in-oil
emulsion with the emulsifying agent, mannide moteate (Johanssoet al 2004).
Freund’s complete adjuvant additionally containsthkilled M. tuberculosisand this
causes chronic inflammatory responses and abscéReé 2001). For this reason an
alternative adjuvantg;M, a naturally occurring protease inhibitor, haseaised with
varying success as an adjuvant (G#tual., 1994; Ciancioloet al., 2002). Alpha-2-
macroglobulin is able to bind to active proteased andergoes a conformational change
that exposes recognition sites on its surface. fidusptor recognised form a(M allows
targeting of the complex to cells of the immunetays (Chu and Pizzo, 1993). These
complexes are rapidly and efficiently internaliggdantigen presenting cells via their CD
91 receptors (Hast al, 2004).

A previous investigation showed that rabbits immsedi with C2 emulsified in Freund’s
adjuvant mounted a greater immune response oveéraftl rabbits immunised with C2
complexed withu,M or free C2 (Huson, 2006). However, the antibegieoduced against
C2 usingapM as an adjuvant were more inhibitory towards Cfvdg than antibodies
produced against C2 mixed with Freund’s adjuvaiintibodies produced against C2
either complexed ta,M or mixed with Freund’'s adjuvant were also assgdse their
ability to inhibit C2in vitro. It was found that the antibodies produced in rabagainst
C2-0,M complexes generally showed slightly higher intidm. In the present
investigation, C2 complexed wittpM, C2 emulsified in Freund’s adjuvant and free C2
were used for the immunisation of goats to testrépeoducibility of these results in small
livestock. Furthermore, the animals were challengéh T. congolensd¢o determine the
sustainability of the immune response and to asgesher immunisation with C&,M

complexes confer protection against trypanosom#erige.
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2.2 MATERIALS AND METHODS

2.2.1 Materials
Buffer salts and other common chemicals were obthinom Saarchem (South Africa),

Roche Diagnostics (Germany), BDH (England), FeraeifLithuania), Merck (Germany)
and ICN Biomedicals (USA) and were of the highesitp available.

Sephacryl S-300 HR, Coomassie blue R-250, 4-chlenaphthol, hide powder azure,
azocasein, Z-Phe-Arg-AMC, lima bean trypsin inlobi{LBTI), Freund’s complete and
incomplete adjuvant and L-trans-epoxysuccinyl-léacydo(4-guanidino)butane (E-64)
were obtained from Sigma (USA). Horse anti-goat ly@ése radish peroxidase (HRPO)
conjugate was obtained from Jackson Immunochemi@3®A). High range molecular
mass markers were from BioRad. Recombinant C2 wasided by Hlumani Ndlovu
(University of KwaZulu-Natal). VacutainBf tubes were from BD Vacutainer Systems
(UK). Nunc-Immund™ 96-well plates and FluorNunc® fluorometry platesras from
Nunc Intermed (Denmark). ELISA and fluorometry pktwere read in a FLUORStar
Optima Spectrophotometer (BMG Labtech, Germanypc®&dures carried out at the
University of KwaZulu-Natal (UKZN) using animalsasived approval from the UKZN
animal ethics committee (Reference number 002/Gitahand 025/08/Animal).

2.2.2 Isolation of a,-Macroglobulin (a,M)
A variety of isolation procedures are availabletfar isolation ofi,M. The procedure used

for the isolation of goati,M is a combination of procedures used previously tfe
isolation of human,M as described by Barrett (1981), Kureekial (1979) and Salvesen
and Enghild (1993). The first step involves thelason of a;M from blood using
polyethylene glycol (PEG), Mr 6 000. PEG 6000 istipalarly useful for the isolation of
large proteins (Polson, 1977). This was followedalffjnity purification of a;M from the
redissolved plasma precipitate by zinc chelate rolatography. Alpha-2-macroglobulin is
capable of binding to zinc by the interaction betwets electron donor groups on the
surface of acidic amino acid side chains and theobilised electron acceptor zinc metal
group (Giroux, 1975). Alpha-2-macroglobulin wastlher purified by molecular exclusion
chromatography (MEC) using Sephacryl S-300 HR (@igras some contaminating

proteins were present following zinc chelate chrtmgephy (Imber and Pizzo, 1981).
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2.2.2.1 PEG precipitation

Goat blood was collected in K3E Vacutain&rtubes and centrifuged to remove the cells
(10 000g, 20 min, 4°C). The resulting plasma was combindt @.28 volumes aqueous
25% (w/v) PEG 6 000, stirred (10 min, RT) and lgftstand (20 min, RT). Following
centrifugation (10 00@, 20 min, 4°C), the supernatant was mixed with Ov@Rimes
aqueous 25% (w/v) PEG 6 000 and left to stand (B0 RiT). The mixture was centrifuged
(10 000g, 20 min, 4°C) and the resulting precipitate digedlin a minimum volume in 20
mM sodium phosphate buffer, pH 6 containing 150 M&CI. Residual PEG was removed
by dialysis against two changes of 20 mM sodiumsphate buffer (4°C).

2.2.2.2 Zinc chelate chromatography odi,-Macroglobulin

The redissolved PEG 6 000 precipitate was loaded arprepared zinc affinity chelate

column (15 x 95 mm, 50 ml.h RT). Unbound protein was eluted with 20 mM sodium
phosphate buffer, pH 6 containing 150 mM NaCl whiteind protein was eluted with 20

mM sodium cacodylate buffer, pH 5 containing 150 mdCIl. The eluted protein was

titrated to pH 7 with 1 M sodium phosphate buffeH 7 and concentrated by dialysis
against PEG 20 000.

2.2.2.3 MEC purification of a,-Macroglobulin

The concentrated sample from zinc chelate chromapby was applied to a Sephacryl
S-300 HR MEC column (fractionation range 10-1 50@k840 x 25 mm, 25 ml. }). For
calibration the column was equilibrated in MES buff0.5 M, pH 6.5) and calibrated with
blue dextran (2 000 kDa, 2 mg/ml), bovine serunualim (66 kDa, 5 mg/ml), ovalbumin
(45 kDa, 5 mg/ml), soybean trypsin inhibitor (21&C5 mg/ml) and lysozyme (14 kDa,
5 mg/ml). Fractions were eluted with MES buffers(04, pH 6.5) and the absorbance at
280 nm of each sample monitored to construct atoelyrofile. The concentrated sample
from zinc chelate chromatography was loaded orgoctilumn equilibrated with 100 mM
sodium phosphate buffer, pH 7 containing 0.02% )YvaNs. Fractions of 5 ml were
eluted with the same buffer.

2.2.2.4 SDS-PAGE and western blot analysis of istéd a,-macroglobulin
In order to confirm the isolation kM, the pooled fractions eluted from the Sephacryl S
300 HR MEC column were analysed by reducing SDS-BAG5%). SDS-PAGE analysis
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of proteins was carried out using the discontinudus-glycine buffer and gel system
described by Laemmli (1970) using the BioRad MIREGPTEAN 3 gel system. Protein
bands were visualized by staining with Coomassiee bR-250 or blotted onto
nitrocellulose membrane as described by Tovebial (1979) using a wet blotter (BioRad,
Hercules, CA, USA). Following blotting, the nitrdicdose membrane was stained with
Ponceau S to identify the positions of the molecub@ss markers. The membrane was
destained by washing in distilled water. Followlrigcking with 5% (w/v) low fat milk in
Tris-buffered saline, pH 7.4 (TBS; 20 mM Tris, 2001 NaCl) for 1 h, the membrane was
washed with TBS and incubated for 2 h with chicketi-bovineo,M [25 mg/ml diluted in
0.5% (w/v) BSA-TBS]. Following washing with TBS @etion was made possible by
incubation with rabbit anti-chicken IgG coupled torse radish peroxidase made up in
0.5% (w/v) BSA-PBS (1: 12 000). After washing witlBS, substrate solution [0.06 %
(w/v) 4-chloro-1-naphthol, 0.1 % (v/v) methanolp@15 % (v/v) HO, made up in TBS]
was added and the membrane was left to react irddhnle until dark bands appeared.
SDS-PAGE and western blot images were capturedyusiversaDoc imaging system
using Quantity One software from BioRad (USA).

2.2.3 Complexing C2 withax-Macroglobulin

C2 was combined in excess wiipM in 100 mM Bis-Tris buffer, pH 6 containing 4 mM
NaEDTA, 0.02% NalN and 40 mM cysteine and incubated at 37°C for The. mixture
was loaded onto a calibrated Sephacryl S-300 HRnwoland eluted with 100 mM sodium
phosphate buffer, pH 7 containing 0.02% NaRractions of 5 ml were collected (results

not shown).

2.2.4 Production of antibodies in goats (immunis&in)
An immunisation/infection trial was set up usingago at the Faculty of Veterinary

Science, University of Eduardo Mondlane, Maputo,zilobique. Three groups of goats
were used to produce antibodies against the cmtabjdmain of congopain from
T. congolensgC2). Each group of five goats was immunised with C2 (&f) and a
different adjuvant system or with no adjuvant. Thst group was immunised with C2
complexed with goat,;M, the second group with C2 emulsified in Freuratguvant and
the third group was immunised with C2 alone (ncuadnt). All goats were immunised
subcutaneously on the inside of the thigh. Bosstare administered every ten days with

the last booster given on day 40. All times reddrto relate to the time following the
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initial immunisation on day 0. Goats were blednirahe jugular vein prior to

immunisation to collect non-immune sera. Blood gi® were collected weekly in the
same way and sera were analysed by enzyme-linkeauimosorbent assay (ELISA).
During the immunisation period some goats contdhaiekettsiosis. Rickettsiosis is a
tick-borne disease caused by obligate intracellbkateria that infect the ticks’ salivary
glands. The disease is transmitted to vertebras¢éshduring feeding (Raoult and Roux,
1997). As a result of this disease, numbers wedeiced to four goats for the group
immunised with C2 with no adjuvant and three gdatsthe group immunised with C2
mixed with Freund’s adjuvant. No goats in the grammunised with C2 complexed with
apM died (Table 2.1).

Table 2.2 Description of the different adjuvants ued with C2 for immunisation of goats.

Name Immunogen and adjuvant
C1;C2;C3;C4 C2 + no adjuvant

C5; C6; C7 C2 + Freund’s adjuvant
C8; C9; C10; C11; C12 C2upM

2.2.5 ELISA evaluation of immune kinetics
ELISAs were carried out to evaluate the antibodspomse against C2 using different

(Freund's orazM) or no adjuvant in goats. Microtitre plates (NONmmund™) were
coated with C2 (100 ng) in PBS, pH 7.2 overnighd%t. Unoccupied sites in wells were
blocked with BSA-PBS [0.5% (w/v), 150 ul/well, 1RT]. Wells were washed with 0.1%
(v/v) PBS-Tween 20 and incubated with the respectwti-sera diluted in BSA-PBS
(100 pl/well, 2 h, RT). Following washing with 04l (v/v) PBS-Tween 20,
HRPO -conjugated anti-goat IgG (1:10 000, 100 pljvieh, RT) diluted in BSA-PBS was
used as the detection system. Plates were wagja#a with 0.1% (v/v) PBS-Tween 20
and the enzyme reaction was developed with ABTS;Hubstrate solution [0.05% (w/v)
ABTS, 0.0015% (v/v) KO;] in 150 mM citrate phosphate buffer, pH 5.0. Tdmical
density was measured using an ELISA microplate eedBLUOStar OPTIMA, BMG
Labtech) at 405 nm.
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2.2.6 Isolation of antibodies

Goat IgG was isolated from serum by PEG precigita{Polsoret al, 1964). Following
collection of serum into glass vacutainers, seruas wlarified by centrifugation (10 0@Q
10 min, 4°C). Clarified serum was combined withulole the volume of borate buffered
saline, pH 8.6 and PEG 6 000 added to 14% (w/vjterAhe PEG was dissolved the
solution was centrifuged (12 0@ 10 min, 4°C) and the pellet resuspended in thgenad
serum volume using 100 mM sodium phosphate buffdr/.6. PEG was added to 14%
(w/v), dissolved and the solution was centrifugé® Q00g, 10 min, 4°C). The pellet was
dissolved in half the serum volume using 100 mMiwwod phosphate buffer, pH 7.6
containing 60% (v/v) glycerol and 0.02% (w/v) NaNhe resulting solution was stored at
-20°C.

2.2.7 Challenge of goats witfi. congolense (strain IL 1180)
All goats were challenged witfi. congolenséstrain IL 1180). Infected mouse blood

collected at the peak of parasitaemia was usexféatithe 3 groups of goats at a dose of
10* parasites per animal on day 98. Goats were gt fitbm day 50-98 as the animals
were rested prior to infection. Following challengdood samples were collected weekly
and analysed by ELISA for anti-C2 antibody prodoictas described in Section 2.2.5.

2.2.8 Active site titration of C2 with E-64
The concentration of active C2 was determined livegite titration using the inhibitor

E-64 and the fluorogenic substrate Z-Phe-Arg-AME-64 is an irreversible cysteine
protease inhibitor that binds rapidly with the eetsite of cysteine proteases (Baregtal,
1982). When activity is plotted against the mtyanf E-64, the active molarity of the
enzyme being studied can be determined at the pdiate the plot reaches zero activity
(Barrett and Kirschke, 1981).

Enzyme (0.1 - 1 uM) diluted with 0.1% (w/v) Brij waadded to E-64 (0.1 — 1 uM) also
diluted in 0.1% (w/v) Brij and incubated with 10avirBis-Tris buffer, pH 6.4 containing
4 mM NgaEDTA, 0.02% (w/v) NaN and 8 mM DTT for 30 min at 37°C. Aliquots were
combined with substrate Z-Phe-Arg-AMC (20 uM) antidwing incubation for 10 min at
37°C, the fluorescence was read (excitation atr880and emission at 460 nm) using a

fluorescence FLUOStar OPTIMA microplate reader.
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2.2.9 Inhibition of congopain activity by goat IgG

2.2.9.1 Inhibition of congopain hydrolysis of Z-Pk-Arg-AMC

The inhibition of C2 enzyme activity by specificajdgGs was assayed over time with
serial two-fold dilutions starting from 2 mg/ml.2@¢10 ng active enzyme) was diluted with
0.1% (w/v) Brij and combined with an equal volumiel@G diluted in 200 mM sodium
phosphate assay buffer, pH 7.2 containing 4 mMBEREA, 0.1% (v/v) Tween 20 and
40 pug/ml lima bean trypsin inhibitor to give finglG concentrations of 1000, 500, 250 and
125 pg/ml. Lima bean trypsin inhibitor was addedhtabit any residual Z-Phe-Arg-AMC
hydrolysing serum protease activity. Samples weaibated at 37°C for 15 min.
Aliquots were combined with 200 mM sodium phosplressay buffer, pH 7.2 containing
4 mM NagEDTA, 0.1% (v/v) Tween 20 and 8 mM DTT and activhtt 37°C for 1 min.
Substrate Z-Phe-Arg-AMC (20 pM diluted from a 1 nsttbck made up in DMSO) was
added and the microplate was incubated for 5 mi&78C. Fluorescence was read over
time (excitation at 360 nm and emission at 460 nming a FLUOStar OPTIMA
microplate reader and inhibition was expressed aperentage of the activity of

non-immune antibody at the same concentrations.

2.2.9.2 Inhibition of congopain hydrolysis of hi¢ powder azure

C2 (200 pmol active enzyme) was diluted in 100 mhi4-Bris assay buffer, pH 6.4
containing 4 mM NgEDTA and 0.02% (w/v) NajNand combined with 100 mM cysteine
(100 ul) and activated for 5 min (RT). Antibody 400 pmol) diluted in assay buffer was
added and incubated for 20 min at 37°C. Substi@tdien (12.5 mg hide powder azure,
600 mM sucrose) made up in assay buffer was addednaubated for 1 h at 37°C with
agitation. Undigested substrate was removed byrifgdtion (13 700y, 5 min, RT) and
the absorbance read at 595 nm using a FLUOStar R Thicroplate reader. Inhibition
was expressed as a percentage of the activity cemiga non-immune antibody at the

same concentrations. This assay was performedglitate.

2.2.9.3 Inhibition of congopain hyrolysis of azocein

C2 (100 pmol active enzyme) diluted with 0.1% (WBrij and activated with 100 mM
Tris-HCI assay buffer, pH 8.4 containing 4 mM EBTA and 0.02% (w/v) Nap for

5 min at RT. Antibody (0-200 pmol) diluted in 0.1 @/v) Brij was added and incubated

for 20 min at 37°C. Substrate solution [3 M ureadenap in 6% (w/v) azocasein] was
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added and incubated in a water bath for 1 h at 3T#@ reaction was stopped with the
addition of 5% (w/v) trichloroacetic acid and céniged (13 700g, 5 min, RT). The
absorbance of the supernatant was read at 366 imgn agsLUOStar OPTIMA microplate
reader and inhibition expressed as a percentadgieecdctivity compared to non-immune

antibody at the same concentrations.

2.3 RESULTS

2.3.1 Isolation of alpha-2-macroglobulin

Alpha-2-macroglobulin was isolated from goat plasnthe elution profile for PEG
precipitated plasma purified by zinc chelate chrtmgeaphy showed a sharp single peak

after application of the elution buffer for gaaM (Fig. 2.1).
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Figure 2.1 Afffinity chromatography of goat a,M on a zinc chelate columnZzZinc chelate affinity column
(95 x 15 mm, 50 ml. 1) was equilibrated with 200 mM sodium phosphateeupH 6 containing 150 mM
NaCl. Bound proteirwas eluted with 20 mM sodium cacodylate buffer, pHeontaining 150 mM NaCl.
Absorbance at 280 nm was determined for all frastieluted.

Subsequent MEC on a Sephacryl S-300 HR column sthow@ major peaks in the elution
profile (Fig. 2.2). The high molecular weight pee&rresponds tax,M at an elution
volume of 195 ml and approximate size of 720 kDhe Tower molecular weight peak

corresponds to an approximate size of 66 kDa.
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Figure 2.2 Molecular exclusion chromatography of gat a,M on Sephacryl S-300 HR. Sephacryl S-300
HR (840 x 215 mm, 25 ml.H was equilibrated and eluted with 100 mM sodiunogphate buffer, pH 7
containing 0.02% Naf Absorbance at 280 nm was determined for all ivasteluted.

Fractions containing the high molecular weight enmotwere pooled and analysed by
reducing SDS-PAGE and western blotting. A proteamd at 170 kDa is indicated by the
arrow and corresponds to theM monomer that is expected under reducing condition
(Fig. 2.3). A band at 120 kDa was observed in &ldito the 170 kDa monomer in
western blot analysis and corresponds to fragmaintse a,M monomer that result from

reducing conditions (Fig. 2.4).
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Figure 2.3 Reducing SDS-PAGE (7.5%) gel analysid pooled high molecular weight fractions from
Sephacryl S-300 HR.Lane 1, BioRad Precision Plus high range molecoiass marker; lane 2, pooled
fractions eluted from the MEC column (20 pl). Phasewere stained with Coomassie blue R-250.
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Figure 2.4 Western blot analysis of pooled high nmecular weight fractions from Sephacryl S-300 HR.
Protein was electrophoresed on a 7.5% SDS-PAGEmglelectroblotted onto a nitrocellulose membrane.
Transferred protein was incubated with anti-ge#¥l. Secondary antibody was HRPO-conjugated rabbit
anti-chicken 1gG. Reaction was developed with 4adil-naphthol/HO,. BioRad Precision Plus high range
molecular mass marker is shown alongside poolediéres eluted from MEC column.

2.3.2 Evaluation of antibody response against C8# goats using ELISA
The production of antibodies in goats immunisechv@? without adjuvant or with either

Freund’s adjuvant or complexed witpM was monitored by ELISA over a 50-day
immunisation period (Fig. 2.5). C2 specific antilmsdwere produced and detected after
the primary immunisation in each of the goats imiset as shown in Fig. 2.5. The
antibody response appeared to peak after the sdumwst, i.e. from day 21 to the third
boost at day 35 (i.e. week 3-5).
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Figure 2.5 ELISA showing immune response againstZin goats immunised with C2 in the presence
or absence of different adjuvants. Antibody production was monitored for goats imns&a with C2 and
Freund's adjuvanti, x, =), C2 and alpha-2-macroglobulih,(¢, , , 4 ) and C2 with no adjuvan®(4

). C2 was coated onto ELISA plates (100 ng/well) encubated with the sera collected weekly follogyi
the first immunisation at a dilution of 1:250 (ir8B-PBS, 10Qul/well, 2 h, RT). Horse anti-goat IgG HRPO-
conjugate at a dilution of 1: 10 000 (in BSA-PB80Ll/well, 1 h, RT) and ABTS/BD, (100 pl/well) was
used as the detection system. Absorbance readirff}s6 nm represent the average of duplicate axpets.
Arrows (|) indicate when booster immunisations were given.

The data shown in Fig. 2.5 was averaged for eaplvact and the control (no adjuvant)
and plotted (Fig. 2.6). Antibodies against C2 mixeith Freund’'s adjuvant generally
showed a strong initial response peaking at weekswaile those antibodies produced
against C2 complexed with,M or those produced with no adjuvant peaked between

weeks 4-5.
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Figure 2.6 ELISA showing the antibody response ag@st C2 by measuring the recognition of C2 by
pooled serum samples from goats immunised with C2sing different adjuvants. Antibody production
was monitored for goats immunised with C2 and Fd&uadjuvant @), C2 and alpha-2-macroglobulin §

and C2 with no adjuvant®). C2 was coated onto ELISA plates (100 ng/wetlyl ancubated with sera
collected weekly following the first immunisation a dilution of 1:250 (in BSA-PBS, 1Qd/well, 2h, RT).
Horse anti-goat IgG HRPO-conjugate at a dilutionlofl0 000 (in BSA-PBS, 10pl/well, 1 h, RT) and
ABTS/H,0, (100 pl/well) was used as the detection systerhsofbance readings at 405 nm represent the
average of duplicate experiments. Arroysiidicate when booster immunisations were given.

In summary, goats immunised with C2 mixed with Fda adjuvant consistently showed
a high antibody response throughout the immunisagchedule. Goats immunised with
C2 alone or complexed wittbM showed far lower antibody responses except at3fay

where the antibody response for C2 with no adjushntved a significant increase.

Following challenge withT. congolensdIL 1180) infected mouse blood, a booster effect
in the immune response of all goats was observeg. (7). Antibody production
following infection appeared to peak between daya dnd 126 (weeks 16-17).
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Figure 2.7 ELISA showing immune response againstZin goats immunised with C2 in the presence

or absence of different adjuvants after trypanosomeshallenge.Antibody production was monitored for
goats immunisation with C2 and Freund’s adjuvamt {, =), C2 and alpha-2macroglobulinh,e, , , 4)

and C2 with no adjuvant®(4A , -). C2 was coated onto ELISA plates (100 ng/well) ancubated with sera
collected weekly following the first immunisation @ dilution of 1:250 (BSA-PBS, 100/well, 2h, RT).
Horse anti-goat IgG HRPO-conjugate at a dilutionlofl0 000 (in BSA-PBS, 100l/well, 1 h, RT) and
ABTS/H,0O, (100 pl/well) was used as the detection systerbsofbance readings at 405 nm represent the
average of duplicate experiments. Arrqy ifdicates the time of trypanosome challenge.

ELISAs conducted with pools of antibodies collectdter trypanosome challenge again
showed that antibodies produced against C2 mixéd veund’s adjuvant had a consistent
and high immune response overall as was the cagegdthe immunisation schedule
(Fig. 2.8). However, antibodies produced againgt d@mplexed witho,M showed a
significant boost after trypanosome infection. AG#-0,M antibody levels peaked at day
112 and exceeded antibody levels produced usingit®2Freund’s adjuvant and C2 in the

absence of adjuvant.
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Figure 2.8 ELISA showing the antibody response agrast C2 by measuring the recognition of pooled
serum samples from goats immunised with C2 using flerent adjuvants after trypanosome challenge.
Antibody production was monitored for goats immatiisn with C2 and Freund’'s adjuvarne), C2 and
alpha-2-macroglobulin) and C2 with no adjuvant#{. C2 was coated onto ELISA plates (100 ng/well)
and incubated with sera collected weekly followthg first immunisation at a dilution of 1:250 (ir6B-
PBS, 10Qul/well, 2h, RT). Horse anti-goat IgG HRPO-conjugate dilution of 1: 10 000 (in BSA-PBS, 100
uliwell, 1 h, RT) and ABTS/KD, (100 pl/well) was used as the detection systerhsofbance readings at
405 nm represent the average of duplicate expetsnerrrow (|) indicates the time of trypanosome
challenge .

2.3.2 Inhibition of C2 activity by antibodies rai®d in goats against C2

2.3.2.1 Inhibition assays using Z-Phe-Arg-AMC as aubstrate
Total IgGs from day 50 (week 7) were purified asal#ed in Section 2.2.6 and assessed

for their capacity to inhibit the hydrolysis of Z#@Arg-AMC by C2 (Table 2.2).
Fluorescence was read continuously over a 20 nringhe The resulting initial rates of the
enzymatic reaction were used to determine the mdnibactivity of the antibodies. The

average inhibition of the antibodies against Cilustrated in Fig. 2.9

Table 3.2 Inhibition of C2 activity by anti-C2 antibodies

Animal: Adjuvant: Inhibition (%) Average
inhibition (%)*

C2; C5; C13; C15 No adjuvant 38; 30; 27; 37 33

C3;C7;C14 Freunds 31; 18; 57 36

C8; C10; C16; C17; C18 ap-Macroglobulin 35; 39; 54, 50; 73 50

*for IgG at 1 mg/ml final concentration
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Figure 2.9 Inhibition of C2 activity against Z-PheArg-AMC by goat IgGs at 1 mg/ml. Inhibition of C2
hydrolysis of Z-Phe-Arg-AMC by antibodies again2 €omplexed ta,M ( ), C2 mixed with Freund's
adjuvant @) or C2 with no adjuvant) was expressed as percentage inhibition relative2 activity in the
presence of non-immune IgG control (0% inhibitiofjach bar represents the average % inhibitiorache
group and is the mean of duplicate experiments.

All 1gGs isolated from day 50 (week 7) inhibited GZtivity. @ The most efficient
inhibition was observed for those antibodies preduagainst C2 complexed withM.
The greatest inhibition was determined at a fimtibedy concentration of 1 mg/ml, giving
an average 50% inhibition. More specifically, Ig@solated from an individual
experimental animal in theM group was found to give up to 73% inhibition la¢ tsame
concentration. At day 50, antibodies produced Witbund’s adjuvant showed the highest
antibody levels, but despite this they did not shbegreatest inhibition. In some cases a
titration effect may be observed when antibody eom@tion was decreased in a serial
manner but this was not consistent for any of tfueigs or 1gGs isolated from individual
goats of the same group. Antibodies produced with adjuvant showed the least
inhibition, i.e. 33% at 1 mg/ml final antibody camtration. Overall, antibodies produced
against C2 complexed witt,M showed 14% higher inhibition than those produbgd
mixing with Freund’s adjuvant and 16% higher inhidn than those produced with no
adjuvant. This is a significant difference as ¢heronly a 2% difference in inhibition by
antibodies produced using no adjuvant and thosdugex by using the conventionally

used Freund’s adjuvant.
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2.3.2.2 Inhibition assays using hide powder azui&s a substrate

Total 1gGs from day 50 (week 7) was purified andilaition of the hydrolysis of hide

powder azure by C2 assessed. Hydrolysed substaaitdbe quantified by absorption at
595 nm. Proteolytic activity was determined by thaent of the hydrolysis of the hide
powder azure substrate compared to a C2 contrdl wie-immune control antibody
(0% inhibition) and is expressed as percentagditibm (Fig. 2.10).
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Figure 2.10 The effect of anti-C2 antibodies on #hactivity of C2 against hide powder azure.Different
concentrations of antibody (50, 100, 150, 200, 380, 350 and 400 pmol) produced against C2 coreglex
with a,M () or mixed with Freund’s adjuvan®] was combined with C2. The extent of inhibitioh o
hydrolysis of hide powder was measured by readiegabsorbance at 595 nm in comparison with C2dn th
presence of non-immune control antibody (0% infohit

Anti-C2 antibodies produced by complexing witiM were able to inhibit up to 96% of
C2 activity at increased amounts of IgG (150 pnihe presence of 200 pmol C2. As
the amount of specific antibody was increased bitibn was seen to decrease slightly but
remained fairly high. The lowest inhibition wasseat 400 pmol IgG but good inhibition
(58%) was still observed even at this high levehofibody. Anti-C2 antibodies produced
with Freund’s adjuvant were able to inhibit 96%GC# activity at low levels of antibody
(25 pmol). The least inhibition was seen at 40(@lpantibody and at this high level

antibodies seemed to activate, rather than in@ibit

2.3.2.3 Inhibition assay using azocasein as a strase
Total IgGs from day 50 (week 7) were purified aheé inhibition of the hydrolysis of
azocasein by C2 assessed. Proteolytic degradatiazocasein results in the release of

peptides that are soluble in trichloroacetic aciuilst undigested fragments precipitate.
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The soluble peptides have an intense yellow cdlwaircan be quantified by measuring the
absorption at 366 nm (Fig. 2.11).
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Figure 2.11 The effect of anti-C2 antibodies on #h activity of C2 against azocasein. Different
concentrations of antibody (0, 25, 50, 75, 100,,12%8D, 175 and 200 pmol) produced by complexing C2
with a,M («) or by mixing with Freund’s adjuvan®j was combined with C2. The effect on azocasein
hydrolysis was measured by reading the absorban®@6anm and comparison with hydrolysis of azoaasei
in the presence of non-immune control antibody (0Btbition).

Anti-C2 antibodies produced by complexing wit}M inhibited up to 63% of C2 activity
at low levels of IgG (25 pmol) in the presence 00 mol C2. As the amount of specific
antibody is increased, inhibition was seen to desmeslightly but remained fairly
consistent and reached a plateau with an averdmjgition of 49%. Anti-C2 antibodies
produced with Freund’s adjuvant inhibited C2 atyiwvith the greatest inhibition of 57%
at 50 pmol antibody. The least inhibition was saeB00 pmol antibody (i.e., double the
amount of antibody compared to that of enzyme)ngiv21% inhibition. Similar results
were seen for antibodies produced againstafB2-complexes, although the latter still

showed good inhibition of 44% at this high levebaitibody.

2.4 DISCUSSION

Since antigenic variation is an obstacle to theetigpment of a vaccine against
trypanosomiasis, the concept of an anti-diseaseimachat targets pathogenic factors of
the parasite has been proposed (Playfair, 1991hi&utl994). Congopain has been
implicated as a pathogenic factor necessary fodéwelopment of anaemia in the host as

shown by Authiéet al (2001). Prominent IgG responses were observedaitie
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immunised with congopain in RWL, a proprietary a@jnt from Smith Kline Beecham.
This adjuvant induced higher and more sustainedb@ay levels. Immunised cattle
recovered and maintained leukocyte counts follovdrgymonths infection, indicating the
role of congopain during infection. However immuwdscattle did not show any difference
in the development of infection compared to non-imsed cattle. In addition, the
production of RWL (Smith Kline and Beecham) wasdigtinued. In the present study, the
use ofayM to enhance the immunogenicity of C2 to productibadies with the potential

capacity to inhibit the enzyme was investigated.

The results presented show that antibodies agegnsmbinantly expressed trypanosomal
C2 were produced in all goats immunised. Thisfssrithe use of congopain as a vaccine
candidate (Authié, 1994) as high amounts of spedafitibodies that inhibit C2 were

produced in the experimental animals.

Alpha-2-macroglobulin was successfully isolatedzinc chelate and molecular exclusion
chromatography. The method used in the isolatiors waodelled on the technique
described by Salvesen and Enghild (1993) for tlwai®n of humano,M. C2 was
complexed witha;M and any unbound C2 was separated from complex@tyCMEC.

The C2ea,M complexes were used for the immunisation of goatee present study.

The highest titres of antibody produced during imisation were apparent for those goats
immunised with C2 mixed with Freund’s adjuvant. lfrd’s adjuvant has a depot effect
and as a result the antigen is retained in thadgssat the site of injection (Wilson-Welder
et al, 2008). Upon completion of protease binding awdfarmational changeg,M
complexes are rapidly cleared from circulation (émland Pizzo, 1981; Enghilet al,
1989). Since the antigen is removed from the tis$here is no continuous stimulation of
the immune system to produce antibodies. An uniyshah antibody titre was observed
for antibodies against C2 alone. The titre howedsgenot analogous to the level which
would be observed if it were administered togetiwéh an adjuvant, but since C2 is
immunogenic by itself it is able to elicit an imneuresponse. Antibodies with the greatest
inhibitory capacity were produced with C2 complexeith a,M. The superior inhibitory
properties of these antibodies may be attributed the preservation of the
three-dimensional conformation of C2 when boundid®l. The shielding properties of

a2M have been used to protect bound proteins froranpdaproteases during presentation
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to cells of the immune system (Chai al, 1994). Freund’'s adjuvant offers no such
protection to the enzyme and results in antiboaydpction against linear epitopes rather
than conformational epitopes. Conformational e@®pre able to inhibit the enzyme to a
greater extent. Complexing antigen witfM and using the unique binding capacity of
a2M to CD 91 on antigen presenting cells enhancesrale and efficiency of antigen

uptake and presentation to the cells of the imnayséem (Haret al, 2004).

Binding of antibody to enzyme is thought to affdoé enzyme in two ways. Antibodies
may induce conformational changes at the active @iitthe enzyme resulting in a less
active or more active conformation of the enzymbe Tantibody may also physically
occlude the active site of the enzyme and preveyntagcess of the substrate. In addition,
occlusion of the active site by the antibodies maialways be evident depending on the
size of the substrate used (Richmond, 1977). Irptheent study inhibition of C2 activity

was tested with the substrates Z-Phe-Arg-AMC, piowder azure and azocasein.

Inhibition using Z-Phe-Arg-AMC showed fairly goodnhibition at an antibody
concentration of 1 mg/ml. The effect of differentibody concentrations was investigated
with a fixed amount of enzyme but it was diffictdt obtain reproducible results at these
lower concentrations of enzyme. IgGs produced u€i@gi,M isolated from serum of
individual goats showed up to 73% inhibition. Aneoall 50% inhibition of C2 was
observed against Z-Phe-Arg-AMC by antibodies preduagainst the C&M complexes.
These antibodies also showed approximately 16% tegreahibition of C2 activity
compared to antibodies against C2 produced withuriefs adjuvant and 14% greater
inhibition compared to antibodies produced agaires C2. A maximum inhibition of
86% has been reported for the inhibition of thetaiype protease trypanopain from
T. b. bruceiagainst Z-Phe-Arg-AMC by anti-trypanopain antileglimade in chickens
(Troeberget al, 1997).

Inhibition assays for C2 tested with hide powdenrazalso showed very high levels of
inhibition, particularly at the lower amounts oftiandy used. Of all the substrates used to
assay for inhibition by anti-C2 antibodies, hidewper azure showed the greatest
inhibition. Maximum inhibition was observed to b&% at low levels of antibody

(50 pmol antibody in the presence of 200 pmol TR)js was apparent for antibodies made

using C2 mixed with Freund’s adjuvant and &B4 complexes. It is important to note the



42

difference between the inhibition capacity of aotles produced using GiM

complexes and C2 mixed with Freund’s adjuvant asattmount of antibody is increased.
For antibodies produced using @2V complexes inhibition decreases notably from
antibody amounts in excess of 200 pmol while fatibendies produced using C2 mixed
with Freund’s adjuvant, inhibition begins to deseasteadily from levels in excess of
100 pmol. Antibodies produced with @2M complexes inhibited C2 activity to a greater
extent (i.e., higher % inhibition overall) and hadre sustained inhibition than antibodies

produced with C2 mixed with Freund’s adjuvant.

Inhibition of the hydrolysis of azocasein by C2 wied fairly high levels of inhibition.
Maximum inhibition of C2 activity in this assay wapproximately 60% for antibodies
produced with C2,M complexes (25 pmol antibody to 100 pmol C2) ari®o5for
antibodies produced using C2 mixed with Freund’gnaght (50 pmol antibody in the
presence of 100 pmol C2). Anti-G2M antibodies were observed to have a higher
maximum inhibition at lower levels of antibody. teesing the amount of antibody in
solution resulted in a steady decrease in inhibiti@verall, antibodies produced with
C2-u,M complexes were observed to generally have grdaatebition than antibodies

produced using C2 mixed with Freund’s adjuvantldegels of antibodies.

Hide powder azure is a very large substrate andbeaypo large to enter the active site of
C2. Azocasein and Z-Phe-Arg-AMC are smaller substrand can interact with the active
site of C2 more effectively. In a study on thesefs of anti-trypanopain antibodies on the
enzyme activity against Z-Phe-Arg-AMC, Troebest al, (1997) suggested that since
Z-Phe-Arg-AMC is a small substrate, inhibition g case is mediated through antibody
binding that induces a less active conformationtled enzyme rather than sterically
hindering substrate binding. This was also appdarthe present study. Using substrates
of differing sizes, it was determined that enzymahibition was mediated through the
binding and induction of a less active form of #rzyme rather than occlusion of the
active site by antibodies. The marked inhibitiorthe# hydrolysis of hide powder azure by
C2 was due to a less active enzyme induced by mtieC2 antibodies in addition to
ineffective substrate binding due to the large sizéhe substrate. In the same way, a less
active form of the enzyme interacted with azocaseid Z-Phe-Arg-AMC, but because
these are smaller substrates they were still ablateract with the active site of C2 to

some extent. Immunoenhancement of enzyme actiwiglso possible due to the binding
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and induction of a more active enzyme conformaligrantibodies (Richmond, 1977). At
higher levels of antibodies (in excess of 200 pmsignificant enzyme activation was
observed against both hide powder azure and azacétgher levels of antibody may be

responsible for binding to C2 in such a way to rela more active form of the enzyme.

The inhibition assays were carried out under camut of pH similar to physiological
conditions. These assays determined the abilith@fantibodies to inhibit the proteolytic
activity of C2in vitro. In an attempt to understand what would hapipexivo where
parasites, upon lysis, would release congopainti@diost’s bloodstream, conditions close

to physiological pH were used.

Following challenge a booster effect was obsereedi immunised groups. Twelve days
after infection (day 110) the immune response waserved to decrease but began to
increase slightly ten days thereafter (day 120) mdained stable over the remainder of
the test period. This phenomenon where the immesponse was observed to decrease
for a short time may be due to the process of “nmappip” or parasite clearance by the
immune system. The dominant immune response ofht® to infection is antibody
mediated and targets the exposed surface epitdp® 0/SGs on the parasite (Taylor,
1998). Antibody and complement-mediated immune grses may expose previously
concealed pathogenic factors upon parasite ly$is fas been confirmed by the superior
IgG responses of trypanotolerant cattle to buri€giGVepitopes (Tayloet al, 1996;
Williams et al, 1996) and congopain (Authet al, 1992, 1993). Antibodies specific for
these buried epitopes and pathogenic factors mdyiraithe clearance of opsonised
trypanosomes (Taylor, 1998). The binding of patmigeactors makes it easier for
phagocytes to latch on to the particles and entigin and hence remove the immune
complexes from the blood (Roitt, 2001). Howevencsi antibodies are absorbed and
cleared from circulation, serum antibody titresra accurately indicate the production of
antibodies at the cellular level (Nielsehal, 1978; Tayloret al, 1996) and this may be

observed as a lower immune response in an ELIS#aasobserved in this study.

None of the goats challenged with congolensdlL1180 developed any noteworthy
symptoms of trypanosomosis. They had very inteéemit parasitaemia, no significant
anaemia, and finally all but self-cured. As a resitl is difficult to asses whether

immunisation with C2 in complex wittb,M conferred any protection against trypanosome
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challenge. No formal studies of the pathogenicitglallenge byrl. congolensél. 1180 of
goats has been published, but it is reported todedsevere anaemia, weight loss and
immunosuppression in infected cattle (Welleleal 1974). In general, small ruminants
such as goats do generally exhibit fewer clinicanifestations of the disease than those
shown by cattle (Taylor and Authié, 2004). The hatar of this local breed of goats from
Mozambique may also be attributed to a naturalstasce to trypanosomosis. This
phenomenon has previously been described for Afrizdtle (Authié, 1994). It is possible
that the strain of. congolensdé.1180, which is extremely pathogenic in cattlegymot be

as pathogenic in goats. It may also be possilasiethie goats had previously been exposed
to trypanosome parasites prior to immunisation emallenge. This may even explain the
inhibitory activity of antibodies isolated from geaimmunised with C2 alone. It is
therefore imperative to conduct a preliminary pg#micity experiment with several
T. congolensestrains on goats. Goats should also be selectsddban a low anti

trypanosome antigen antibody levels.

The general objective of this study was to deteentime adjuvant effect af,M on the
inhibitory capacity of the antibodies produced byatural trypanosome host immune
system for use in an anti-disease vaccine with gpam (C2) as an immunogen. Goats
were immunised with C2 in complex withM or Freund’s adjuvant or with no adjuvant
and the humoral response to immunisation was detednby ELISA. All goats
immunised showed the production of antibodies $jget C2 and the highest titres of
antibody produced during immunisation was obsefeedoats immunised with C2 mixed
with Freund’s adjuvant. The immune response forimfhunised goats was maintained
following challenge and a booster effect was obsgrnEnhanced enzyme inhibiting
antibodies were isolated and analysed using vargusstrates. Antibodies with the
greatest inhibitory capacity were produced with &@mplexed withooM. In general
therefore it was found that immunisation using FRks adjuvant resulted in quantitively
better antibody production. Complexing antigen witM and using the unique binding
capacity ofaxM in the present study, led to qualitatively supegantibody production that

is capable of inhibiting C2.
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CHAPTER THREE

RECOMBINANT EXPRESSION AND PURIFICATION OF OLIGOPEP TIDASE B
AND ITS USE AS AN ANTI-DISEASE VACCINE IN A MOUSE M ODEL.

L. Bizaaré, A. F. V. Boulang&®and T. H. T. Coetzér

School of Biochemistry, Genetics, Microbiology aPként Pathology, University of KwaZulu-Natal, Priga
Bag X01, Scottsville 3209, South Africa
UMR-IRD/CIRAD 117 BIOS, 34398 Montpellier, France

ABSTRACT

Trypanosome parasites are surrounded by an outdr camsisting of variable surface
antigens. Due to antigenic variation, efforts héeen focussed on using the invariant
antigens of the parasites for vaccine targets. wWgnsuch is the serine protease,
oligopeptidase B (OpdB). Oligopeptidase B is ehpgéenic factor of trypanosomes. It is
released into the host bloodstream following pseadeath and retains catalytic activity as
it is insensitive to host serum protease inhibitots the bloodstream it hydrolyses host
peptides and hormones such as atrial natriuretiofand vasopressin thus contributing to
disease pathology. The focus of this study wagsbthe use of OpdB by vaccination and
trypanosome challenge experiments in a mouse mo@dgopeptidase B from
Trypanosoma congolenseas recombinantly expressed in Bacherichia colibacterial
system. The resulting fusion protein was puriftad affinity and molecular exclusion
chromatography. The presence of purified proteas wonfirmed by SDS-PAGE and
western blot analysis using anti-OpdB antibodiesdpced in-house. The mice were
challenged withT. congolenseand the parasitaemia was monitored throughout the
infection period. The immune response in mice ta®pvas monitored before and after
challenge by enzyme-linked immunosorbent assay BLland anti-OpdB antibodies
showed 83% inhibition of enzyme activity. In geebpdB was observed to be highly
immunogenic in mice and elicited an immune respahaeproduced antibodies capable of

inhibiting OpdB activity.

3.1 INTRODUCTION

Vaccination against trypanosomiasis has long bleenght to be the most desirable control
method to combat the disease. Conventional cositiralegies have largely been hampered
due to the toxicity of drugs used to treat the aseand the emergence of drug resistant

parasites (Taylor, 1998). Despite the difficultyegented by antigenic variation, many of
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the parasite’s components are pathogenic factodsam@ potentially useful as vaccine
candidates. Pathogenic factors may be activelyessttror released by the parasite upon
death (Playfaiet al, 1991). The concept of an anti-disease vaccisebban proposed and
entails antibody-mediated inhibition of these pagtic factors (Authi€, 1994). It is likely
that an anti-disease vaccine would be most effedfiit encompassed a variety of factors
that contribute to pathogenesis, resulting in atireoimponent vaccine (Price and Kieny,
2001). Identification of the various pathogenic téas is therefore essential in the
development of a vaccine. Among the pathogenicofacare proteolytic enzymes of the
parasite, some of which have already been implicatethe pathogenesis of the disease
(Sajid and McKerrow, 2002).

Oligopeptidase B, a serine proteaséd nfpanosoma congolenskeas been established as a
virulence factor in trypanosomiasis. It is releasetb the host’s bloodstream during
infection by dead or dying parasites and maintaatalytic activity as it is resistant to host
serum inhibitors (Troebergt al, 1996, Mortyet al, 2001, 2005a). OpdB is involved in the
degradation of host regulatory peptides such asotensin and atrial natriuretic factor
which have a significant role in the maintenanceblmiod volume. This is particularly
important as elevated blood volume is typical déation with bloodstream trypanosomes
(Troeberget al, 1996; Mortyet al, 2001).

Recombinant expression of proteins is a more fealda way to produce proteins,
particularly when using them for immunisation tsiaas a large amount of protein can be
produced in this way. Isolating native proteinedity from the parasite is far more time
consuming and tedious and the yield of proteinas as substantial. The recombinant
production of OpdB in th&scherichia col(E. col)) bacterial expression system for its use
in immunisation trials to study the antigenicity ©pdB and its use as a vaccine against

trypanosomiasis is detailed in this chapter.

Potential endotoxin contamination originating frahe bacterial expression system was
removed from the recombinantly expressed and pdrifdpdB by EndoTrdp affinity
chromatography prior to immunisation. Endotoxime khighly immunogenic and would
mis-direct the immune system resulting in antibsedieoduced against endotoxins rather
than the protein that was injected. Endotoxins alsovate complement and inflammatory

responses (Morrison and Ulevitch, 1982).
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In the current study OpdB fromi. congolensevas expressed in the pGEX4T1 and
pET28a bacterial systems. OpdB was expressed glatahione-S-transferase (GST)
fusion protein and was purified by on column clegvas well as cleavage outside the
column using thrombin. Further purification wasiitated by molecular exclusion
chromatography (MEC). In the pET28a expressioriesys OpdB was expressed as a
fusion protein with a histidine tag and subsequeptirified by nickel chelate affinity
chromatography. Purified OpdB with alum was usedHie immunisation of mice. It was
previously found that the type of adjuvant appeaoedave no impact on the levels of anti-
OpdB antibodies in rabbits but greatly affected ithi@bitory capacity of the antibodies
towards OpdB. Immunisation with alum was previgusétermined to be the best as it
promoted the production of antibodies in rabbitst inhibited up to 100% of the activity
of OpdB (Huson, 2006). In the present study miceewehallenged withl'. congolense
(Strain IL 1180) following immunisation to determirthe sustainability of the immune
response. The inhibitory capacity of anti-OpdBilzodies was also determined before and

after challenge with trypanosomes.

3.2 MATERIALS AND METHODS

3.2.1 Materials
Buffer salts and other common chemicals were obthinom Saarchem (South Africa),
Roche Diagnostics (Germany), BDH (England), ICN rBadicals (USA), Merck

(Germany) and Fermentas (Lithuania) and were ohitjeest purity available.

Sephacryl S-200 HR, Sephacryl S-300 HR, Glutathiagarose, Coomassie blue R-250,
4-chloro-1-naphthol, MES [2-(N-morpholino)ethandsnoic acid], Z-Arg-Arg-AMC,
Ampicillin, and Antithrombin 1ll were from Sigma @A). EcaRl, Notl, shrimp alkaline
phosphatase (SAP), T4 DNA ligase, DNA dilution leuff10 mM dNTP mix, DNA high
and middle range molecular marker mix, Gené&JePlasmid Miniprep Kit and

TranformAid™

Bacterial Transformation Kit were obtained fromrRentas (Lithuania).

Taq polymerase, 10 x PCR reaction buffer and Mg@ére from Solis Biodyne (Tartu,
Estonia). The Ni-NTA agarose was obtained from thogen (USA). Horse radish
peroxidase (HRPO) labelled horse anti-mouse IgG wlatained from Southern Cross

Biotechnology, Vector Labs. 2,2-azino-di-[3-ethyllzéhiazoline sulfonate] (ABTS) was
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obtained from Roche (Germany). EndoTrap® columneevi®m Profos AG (Germany).
High range molecular mass markers were from Phaamhow mass molecular markers
and Poly-Prep® chromatography columns were fromRBiob Laboratories (USA).
Thrombin, thrombin dilution buffer and thrombin aleage buffer were from Novagen
(USA). Nunc-Immund" 96-well plates were from Nunc Intermed (Denmark).
Trypanosomal lysates for SDS-PAGE and western ibfptivere provided by Richard
Kangethe (University of KwaZulu-Natal). Ethicalpapval for experimental immunisation
studies was obtained from the University of KwazZNatal animal ethics committee
(Reference number 002/07/Animal and 025/08/Animal)

3.2.2 Protein analysis

3.2.2.1 Determination of protein concentration

Protein concentration was determined by the Bignafic Acid (BCA™) Protein Assay
Kit (Pierce, Rockford, IL, USA). Protein sample wixdn was combined with a working
reagent (sample to working reagent ratio is 1:i803 microtitre plate and incubated for
30 min at 37°C. The BCA-protein complex exhibitsteong absorbance at 562 nm and
protein concentrations can be determined with esfeg to standards of bovine serum
albumin (BSA) from 60-2000 pg/ml. This assay is aotend point method as the final
colour continues to develop and as a result a atdncurve (Fig. 3.1) is constructed each

time the assay is performed.



49

0.400 +
0.350 +
0.300 +
0.250 +
0.200 +
0.150 +
0.100 +
0.050 +

0.000 \ \
0 500 1000 1500 2000 2500

BSA concentration (ug/ml )

Absorbance at 562 nm

Figure 3.1 Standard curve used for protein quantitéion using the BCA™ Protein Assay Kit. Protein
(0-2000 pg/ml) was related to absorbance at 595 Tim. equation of the trend line was y = 0.0002x +
0.0242, with a correlation coefficient of 0.9876.

Protein quantitation was further verified by SDSGH Equal volumes of protein and
standard BSA samples (125-2000 pg/ml) were run @8-BAGE and compared
(Fig. 3.2).

Figure 3.2 SDS-PAGE gel (10 %) of BSA of known caentrations to verify protein quantitation.
Equal volumes of protein samples were run alongkit®vn concentrations of BSA on an SDS-PAGE gel
allowing quantitation of the unknown concentratiobane 1, BioRad low molecular mass markers; l&ses
7,BSA at 2, 1, 0.75, 0.5, 0.25, 0.125 mg/ml. Thewgs stained with Coomassie blue R-250.
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3.2.2.2 Concentration of dilute protein samples

Dilute protein samples were routinely concentrdtgdiialysis against polyethylene glycol
(PEG) 20 000. Protein sample was placed in dialyigéng (molecular weight cut-off
10 kDa) and covered with PEG 20 000. After conedimtg the sample to the desired
volume the dialysis tubing was washed in distilledter and the sample removed and

stored.

Protein was also concentrated using the Amicon eatnation cell (model 202) using an

X-M 50 membrane and very low pressure.

When protein samples required for analysis, by ¢caduSDS-PAGE, were too large in
volume, SDS-KCI precipitation was used. 5 % (WADS (10 ul) was added to protein
sample (100 pl) and mixed by inverting the tube. BRI (10 pl) was added and the
mixture was inverted and centrifuged (12 0§02 min, RT). The supernatant was
discarded and the precipitate was resuspendedducirgy treatment buffer [125 mM
Tris-HCI, 4% (w/v) SDS, 20% (v/v) glycerol, 10% ¢y/2-mercaptoethanol, pH 6.8, 10pul].

3.2.2.3 SDS-PAGE and western blot analysis of grin

SDS-PAGE analysis of proteins was carried out ughey discontinuous Tris-glycine
buffer and gel system described by Laemmli (19&WMgithe BioRad Mini-PROTEAN 3
gel system. BioRad or Pharmacia molecular mass eraskere run on each gel and used
to determine the size of sample proteins as thaivel migration of proteins in a gel is
inversely proportional to its molecular mass (Dsoni 1999). A standard curve was
constructed relating the relative migration of piog to their known molecular sizes to

determine the sizes of sample proteins (Fig. B)S-PAGE gels were run at 18 mA per

gel.
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Figure 3.3 Standard curves relating relative mobity of proteins of known size to log (Mr) on a 10 %
SDS-PAGE gel. A BioRad low range molecular mass markersnclude phosphorylase B (97.4 kDa),
bovine serum albumin (68 kDa), chicken egg ovalbu@s kDa), bovine erythrocyte carbonic anhydrase
(30 kDa), soybean trysin inhibitor (21 kDa) andoiein egg white lysozyme (14 kDa). The equatiorhef t
trend line was y = -5.9511 x + 12.024 with a catieh coefficient of 0.98968. Pharmacia high range
molecular mass markers include myosin (212 kDa)p,-Macroglobulin (170 kDa),B-galactosidase
(116 kDa), transferrin (76 kDa) and glutamic deloggmase (53 kDa). The equation of the trend line
was y = -2.9747 x + 7.2633 with a correlation ciméht of 0.9938.

Following electrophoresis protein bands were detkbly staining with Coomassie blue R-

250. For more sensitive staining, silver stainiragwsed (Blunet al, 1987).

Proteins separated by SDS-PAGE were transferreadittocellulose membranes for
western blotting as described by Towkeh al (1979) using a wet blotter (BioRad,
Hercules, CA, USA). Following blotting, the nitrdkéose membrane was stained with
Ponceau S to identify the positions of the molecub@ass markers. The membrane was
destained by washing in distilled water. Followlrigcking with 5% (w/v) low fat milk in
Tris-buffered saline, pH 7.4 (TBS; 20 mM Tris, 2001 NaCl) for 1 h, the membrane was
washed with TBS and incubated for 2 h with the appate dilution of primary antibody
in 0.5 % (w/v) BSA-TBS. Following washing with TB8etection was made possible by
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incubation with the secondary HRPO-linked antibauyd.5 % (w/v) BSA-TBS for 1 h.
After washing with TBS, substrate solution [0.06\#8v) 4-chloro-1-naphthol, 0.1 % (v/v)
methanol, 0.0015 % (v/v) @, made up in TBS] was added and the membrane wat® lef
react in the dark until dark bands appeared. SD&PANd western blot images were
captured using a VersaDoc imaging system using QQuane software from BioRad
(USA).

3.2.3 Enzyme activity assays

The activity of OpdB was measured using the fluerog substrate Z-Arg-Arg-AMC.
OpdB, diluted with 0.1% (w/v) Brij 35 was added 200 mM Tris-HCI buffer, pH 8
containing 10 mM DTT and 0.02% (w/v) Naldnd was allowed to incubate for 5 min at
37°C. Substrate (20 uM diluted from a 1 mM stoclkdenap in DMSO) was added and
fluorescence (excitation at 360 nm and emissigfb@tnm) was read using the FLUOStar
OPTIMA spectrophotometer plate reader (BMG LabteGermany) following 5 min

incubation at RT.

3.2.4 Expression of recombinant oligopeptidase Bsaa GST-fusion protein in E. coli

2YT medium (100ml) with ampicillin (5&@/ml) was inoculated with a single colony of
recombinant pGEX4T1 (Fig. 3.4) containing OpdB sfanmed intoE. coli IM109 cells
previously prepared by Huson (2006) and incubatesfraght at 37°C. The overnight
culture was transferred into 2YT medium (900 mihtaéning ampicillin (50ug/ml). The
culture was incubated at 37°C until an §Pof one was reached. Isopropyl-beata-D-
thiogalactopyranoside (IPTG) (0.1 M; 3 ml) was atlde induce expression and the
culture was incubated for 4 h at 37°C. Followingpression, cells were collected by
centrifugation (5 00@, 10 min, RT). The pellet was resuspended in 0.{vA6 PBS-
Triton X-100 containing lysozyme (1 mg/ml) and stiat -20°C.
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Figure 3.4 Schematic map of the pGEX4T1 expressiorector (Amersham Biosciences).

3.2.5 Purification of recombinant oligopeptidase B

3.2.5.1 ‘On-column’ cleavage using thrombin

Before purification of OpdB from the bacterial lysathe lysate was thawed, sonicated
(VirSonic 60, Virtis, USA) and clarified by centadation (5000g, 10 min). Additional
clarification of the lysate was carried out bydiihg the supernatant through Whatman No.
1 filter paper. The lysate was mixed with glutatféocagarose resin (Sigma) overnight at
4°C by end-over-end mixing. The matrix was allowedsettle in the column and was
washed with 0.1 % (v/v) PBS-Triton X-100 (10 colurmiumes) and equilibrated with 20
mM Tris-HCI thrombin cleavage buffer, pH 8.4 coniag 150 mM NaCl and 2.5 mM
CaCl (Novagen) and resuspended to a 50% slurry to witicdtmbin [4U from a 1 U/ul
stock made up in 50 mM citrate dilution buffer, 5 containing 200 mM NacCl, 1 mg/ml
PEG 6000 and 50% (v/v) glycerol (Novagen)] was addehe column was incubated
overnight at RT with gentle rocking. Cleaved recamht OpdB was directly eluted from
the column. Any thrombin present in the sample wastivated by the addition of an
equimolar amount of antithrombin 1l (Sigma). Anpund GST and uncleaved fusion
protein was eluted from the resin with reducedaghibne (10 mM) dissolved in 50 mM

Tris-HCI, pH 8 containing 0.02% (w/v) NaN The column was regenerated by washing
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with 100 mM sodium borate buffer, pH 8.0 containb@ mM NacCl followed by dtO,
100 mM sodium acetate buffer, pH 4.0 containing 5@ NaCl and again with di®.
The resin was stored in PBS with 0.02% (w/v) Nai4°C.

3.2.5.2 Cleavage outside the column using thrombin

This method was carried out exactly as for thecolumn’ cleavage except after washing
with 0.1 % (v/v) PBS-Triton X-100 (10 column volus)ethe GST-OpdB fusion protein
was directly eluted from the resin with reducedtagiione (10 mM) dissolved in 50 mM
Tris-HCI, pH 8 containing 0.02% (w/v) NaNThe column was regenerated and stored as
described in Section 3.2.5.1. Thrombin (1U per 1 pngtein) was added to the eluted
fusion protein sample, together with the appropriamount of 10 x thrombin cleavage
buffer consisting of 20 mM Tris-HCI buffer, pH 8céntaining 150 mM NaCl and 2.5 mM
CaCbk (Novagen). The solution was left overnight at rodemperature. Following
overnight incubation the thrombin present in solutwas inactivated by the addition of an
equimolar amount of antithrombin 11l (Sigma) andalysed by SDS-PAGE to check the

extent of cleavage of the fusion protein.

3.2.5.3 Purification of oligopeptidase B by moledar exclusion chromatography
(MEC)
Oligopeptidase B eluted from the glutathione agareslumn using the on-column
cleavage method was loaded onto a Sephacryl S-BOMHEC column (fractionation range
10—1 500 kDa, 840 x 25 mm, 25 miY)ho eliminate the numerous proteins that co-eluted
with OpdB. Since these proteins were of similar ecalar weight, a resin with a large
fractionation range was used. Oligopeptidase Bedlftom the glutathione agarose column
using the cleavage method outside the column wadelb onto a Sephacryl S-200 HR
MEC column (fractionation range 5-250 kDa, 1.5 xc#0, 20 ml. i). GST was the only
contaminating band and is much smaller in size togB and was therefore easily
separated using a resin with a smaller fractionatamge. Both columns were calibrated
and equilibrated using MES buffer (0.5 M, pH 6.%)dacalibrated with blue dextran
(2 000 kDa, 2 mg/ml), bovine serum albumin (66 kBamg/ml), ovalbumin (45 kDa,
5 mg/ml), soybean trypsin inhibitor (21 kDa, 5 mb/iand lysozyme (14 kDa, 5 mg/ml).
Fractions were eluted with MES buffer (0.5 M, pHp)6and the absorbance at 280 nm of

each sample monitored to construct an elution lerofi
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3.2.6 Sub-cloning and expression of recombinantigbpeptidase B as a His-tag fusion
protein in E. coli

3.2.6.1 Sub-cloning of oligopeptidase B into pET28

Glycerol stocks of the OpdB clone inserted into pY@E1, prepared by Huson (2006)
were used to streak a 2X yeast tryptone (2X YT)ragate containing ampicillin
(50 pg/ml) and grown overnight at 37°C. A singléooy was picked and grown overnight
in liquid 2X YT medium (5 ml, 50 pug/ml ampicillinPlasmid DNA was isolated by the
miniprep method according to the manufacturer'strimgions (Section 3.2.6.3) and
digested using the restriction enzymesoRl and Notl (Section 3.2.6.4). The resulting
2.1 kb insert was purified from the agarose gelc{ia 3.2.6.5) and ligated into the
prepared pET28a vector (Fig. 3.5) that had prelyohsen isolated and restricted in the
same way. The vector was dephosphorylated using &éderding to manufacturer’s
instructions (Fermentas). The ligated vector arsgrinwere transformed into competent
JM 109E. colicells (Section 3.2.6.7) and plated onto 2X YT ggjates using kanamycin
(30 pg/ml) as a marker for transformants. Colomiese screened for recombinants by
colony PCR using specific OpdB primers (Table 3Rgcombinant colonies (2) were
grown in 2X YT media containing kanamycin (30 pug/aahd plasmid DNA was extracted
by miniprep and transformed into competent BL21 3DEells and plated onto 2X YT
agar plates containing kanamycin (30 pg/ml). Casnivere considered recombinant by

digestion withEcoRI andNotl and the subsequent release of a 2.1 kb OpdBtinser

Table 3.1 Sequences of the primers used in colonZR.

Primer name Direction Sequence (5’-3’)

Oligopeptidase B Forward CGT TCT AGA ATG TAC GCC AGCA GTG CGC
Oligopeptidase B Reverse CAC TCT AGA TTA GTC CGTTCGAG CTC CCG
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Figure 3.5 Schematic map of pET28a expression vect(Novagen).

3.2.6.2 Agarose gel electrophoresis

Agarose gel electrophoresis was used to separatevianalise DNA by staining with
ethidium bromide. Agarose (0.3 g) was dissolve@0nml 1 x TAE buffer (40 mM Tris
acetate buffer, pH 8 containing 1 mMJE®TA) by heating in a microwave oven. A small
amount of ethidium bromide (1ul) was added to thiat®n and once cooled, was poured
into a Perspex casting tray. Once set, the gelswamerged in a tank filled with 1 x TAE
buffer. Loading dye containing 20% (v/v) glycerolasvadded to DNA samples and
samples were loaded into the gel wells. Electrog$isrwas carried out at 80 V until the
tracking dye had migrated sufficiently through thel (about half way). The gel was

viewed under ultraviolet light and captured using BioRad VersaDoc system.

3.2.6.3 Isolation of DNA (GeneJET" Miniprep Kit)

DNA is usually isolated on a small scale from arroight culture by a method called
miniprep. The GeneJET Miniprep Kit was used for all isolations of plagshand insert
DNA. Cells from an overnight culture of plasmidrB) grown at 37°C were harvested by
centrifugation (12 00@, 2 min, RT). The supernatant was discarded ancéfiet was

resuspended in resuspension solution (250 ul) anéxed. Lysis solution (250 pl) was
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added to the resuspended solution and the tubeinvasted 5 times. Neutralisation
solution was added (350 pl) and the tube was iadesttimes. The resulting solution was
centrifuged (12 00@, 5min, RT). The supernatant was transferred taeaeGET" spin
column and centrifuged (12 0@) 1 min, RT). The pellet (cell debris and chromoabm
DNA) was discarded. Wash solution was added (50@mpd the solution was centrifuged
(12 000g, 30-60 s, RT). The flow through was discarded @redcolumn was centrifuged
(12 000g, 1 min, RT). This wash step was repeated. The @&H¥ column was
transferred to a new sterile microfuge tube andtN& was incubated with elution buffer
(50 ul, 2 min). DNA was collected in the flow thgiu from the column following
centrifugation (12 00@, 2 min, RT) and stored at -20°C.

3.2.6.4 Restriction digestion of DNA

When two DNA samples are digested with the samg&iecisn enzymes that result in
overhangs or ‘sticky ends,” once mixed togethees¢éhsamples combine due to base
pairing. EcoRl (GJAATTC) andNotl (GC|GGCCGC) were used for restriction digestion
of plasmid and insert DNA. The use of restrictiozygmes was carried out as outlined by
the manufacturer (Fermentas) and the amount useddependent on the amount of
sample DNA in the solution. The restriction solaticonsisted of sample DNA, restriction
buffer (10 x), sterile distilled water and restioct enzyme. Solutions were mixed by gentle
finger tapping and incubated (16 h at RT or 2 B78C).

3.2.6.5 Purification of DNA from agarose gels

Digestions are often analysed by agarose gel elgutresis. DNA must therefore be
purified from the agarose gel following separatidn.this study plasmid and insert DNA
were purified using a peqGOLD Gel Extraction Kitlg€sic Line) from peqglLab
Biotechnologie. Following separation by agaroseajettrophoresis, the DNA band was
excised from the gel using a sterile scalpel bldde DNA was suspended in an equal
volume of XP2 buffer (0.2 g gel is equivalent t@ @nl). The solution was incubated at
60°C for 7 min with vortexing every 2-3 min untll agarose was dissolved. A maximum
of 750 ul of sample was loaded onto a HiBifdNA spin column for adsorption of the
DNA to the membrane. The membrane was washed wifferb XP2 (300 ul) and
centrifuged (10 00@, 1 min, RT). This was followed by two incubaticarsd washes with
SPW buffer containing ethanol (2-3 min) followed bgntrifugation (10 00@, 1 min,
RT). The column was dried by centrifugation (10 @@ min) and the DNA eluted with
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elution buffer (40 pl) and collected in the flowdhgh after centrifugation (10 0Gf) 1
min, RT).

3.2.6.6 Colony PCR

Recombinant clones of bacterial colonies were sm#eby colony PCR. Primers
(Table 3.1) were used to amplify a 400 bp produeinfthe coding sequence of OpdB.
PCR products were analysed by gel electrophords$is. PCR conditions for 25 cycles
were as follows; denaturation (95°C, 1 min), anngal55°C, 1 min), and extension (72°C,

2 min). Components of the PCR reaction are outlin€table 3.2.

Table 3.2 PCR reaction components used to amplify 400 bp product from the coding sequence of
OpdB.

PCR reaction component Volume (ul) Final concermmnat
Forward primer (10 uM) 0.5 0.25 uM
Reverse primer (10 pM) 0.5 0.25 pM

10 x PCR reaction buffer 2.0 1x
MgCl; (25 mM) 2.0 2.5mM

Taq 0.25 1U

dNTP mixture 2.0 250 uM
Sterile distilled water 11.75 -

Total 20

3.2.6.7 Transformation of pET28a intoE. coli cells

For transformation int&. coli JM 109 cells, DNA was combined with electrocompeten
cells using the TransformAlf Bacterial Transformation Kit according to manutaet’s
instructions (Fermentas). For transformation iBic21 (DE3) cells, DNA (5 ul) was
combined with electrocompetent BL21 (DE3) cells (BD by electroporation in 1.5 mm
gap vials (BioRad, Hercules, CA, USA, 1.5 kV, 25, 1280 Q). Immediately following
electroporation, cells were resuspended in 2X YQioma without antibiotic and collected
by centrifugation (13 000, 30 s). Most of the supernatant was removed aadélis were
resuspended in the remaining supernatant beforegb@ated onto 2X YT agar plates

containing kanamycin (30 pg/ml) which were growrimight at 37°C.
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3.2.6.8 Expression of recombinant oligopeptidase Bs a His-tag fusion protein in
E. coli
2YT medium (100 ml) with kanamycin (3@®/ml) was inoculated with a single colony of
recombinantE. coli BL21 (DE3) pET28a-OpdB froml. congolenseand incubated
overnight at 37°C. The overnight cultured cells eveollected by centrifugation (50@)
10 min, RT) and the pellet was resuspended in 50 N&W#L,PO, binding buffer, pH 8
containing 0.5 M NaCl, 10 mM imidazole and 1 mgMygozyme and stored at -20°C.
Prior to purification, the lysate was thawed andisated (4 x 10 s) and centrifuged
(3000g, 15 min, 4°C) to pellet the cell debris. The soptant was transferred to a clean
tube. Due to the effects of leaky promoters, thpression of His-tagged OpdB in this
system did not make use of IPTG and expressionceairmed by comparison with non-
transformed BL21 (DE3) cells.

3.2.7 Purification of recombinant oligopeptidase By nickel chelate chromatography
The Ni-NTA Purification System consists of Ni-NTAgarose (Qiageh). Ni-NTA agarose
uses the tetradentate chelating ligand, nitrilogi& acid (NTA) that binds Ki ion by
four coordination sites. The system is designediradothe affinity and selectivity of
Ni-NTA Agarose for recombinant fusion proteins tlaaé tagged with histidine residues.
Nickel is a transition metal and is able to bindotfion rich molecules such as histidine
which consists of an imidazole ring sructure. Tiaisin exhibits low non-specific binding
of other proteins. Bound proteins are eluted by mpetition with excess imidazole. Proteins
may be purified under native or denaturing condgiaepending on the solublility of the
recombinant protein. In this case, because OpdBsehble, it was purified under native

conditions.

3.2.7.1 Preparation of the Ni-NTA agarose column

Ni-NTA Agarose (1 ml) was pipetted into a conicahtrifuge tube (15 ml). The resin was
allowed to settle by centrifugation (8@) 1 min, RT) and the supernatant removed. The
resin was resuspended in sterile, distilled waienl) with gentle tapping and invertion of
the tube. The resin was allowed to settle by clergaition as done previously and the
supernatant removed and discarded. The resin waspended in 50 mM NaFRQO, native
binding buffer, pH 8 containing 10 mM imidazole ifl) and was once again settled by

centrifugation. This step was repeated and thereapant discarded after each step.
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3.2.7.2 Purification under native conditions

Lysate (8 ml) was added to a prepared Ni-NTA colydml) and allowed to bind for 1 h
at 4°C by end-over-end mixing. The resin was albbigesettle by centrifugation (8@f) 1
min, RT) and the unbound lysate removed and kaparialysis by SDS-PAGE. The resin
was washed with 50 mM NaHRO, native wash buffer, pH 6.5 containing 20 mM
imidazole (8 ml) and settled by centrifugation ame previously. The supernatant was
removed and kept for SDS-PAGE analysis. This wash was repeated three more times.
The resin was resuspended in 50 mM PR®L, native elution buffer, pH 8 containing
250 mM imidazole (10 ml) and transferred to a BidRRurification Column. Fractions
were collected (1 ml) and analysed by SDS-PAGE. fdsin was washed with 0.5 M
NaOH (10 column volumes) and equilibrated in 50 miisH,PO, native binding buffer,
pH 8 containing 10 mM imidazole and stored at 4°C.

3.2.8 Production of anti-oligopeptidase B antibod®in mice

3.2.8.1 Endotoxin removal by EndoTrap®

In the present study, endotoxins were removed freaombinantly expressed proteins
using an endotoxin affinity resin called EndoTegpProfos AG, Germany), according to
manufacturer’s specifications. Since the ELISA festtesting the successful removal of
endotoxin was prohibitively expensive, an irrelevaantigen, VP2, recombinantly

expressed in the same expression system as OpdBnehWaded as a control antigen.

3.2.8.2 ELISA evaluation of immune kinetics

Mice were used to produce anti-OpdB antibodiesch group of 10 mice was immunised
with OpdB (20 pg) using alum. A control group wasmunised with recombinantly
expressed viral protease 2 (VP2) (20 pg) also usiogn. All mice were immunised
intraperitoneally. Boosters were administered migntMice were bled via the tail vein
prior to immunisation to collect pre-immune serd aétood samples were collected weekly
for analysis by enzyme-linked immunosorbant assBYIA). Microtitre plates
(NUNC-Immund™) were coated with 100 ng OpdB in PBS, pH 7.2 (10vell) and
incubated overnight at 4°C. Wells were blocked V&t (w/v) low fat milk in PBS (150
pl/well, 1 h, RT) and incubated with the respectwi-sera diluted in 0.5% (w/v) BSA-
PBS (100 pl/well, 2 h, RT). Horse radish peroxidesejugated anti-mouse IgG diluted in
0.5% (w/v) BSA-PBS (1: 10 000; 100 pl/well, 1 h,)RW¥as used as the detection system.

Plates were washed with 0.1% (v/v) PBS-Tween betwieeubations. The enzyme
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reaction was developed with ABTS®, substrate solution [0.05% (w/v) ABTS, 0.0015%
(v/v) H2O7] in 150 mM citrate phosphate buffer, pH 5.0. Tiptical density at 405 nm was
measured using an ELISA microplate reader (FLUOGRTIMA, BMG Labtech).

3.2.8.3 Challenge of mice witfT. congolense (strain IL 1180)

The sustainability of the immune response to Opd&s wtudied by challenge with
T. congolensdL 1180. Infected mouse blood collected at thekpefparasitaemia was
used to infect both groups of mice at a dose SfpEbasites per animal. Mice were bled
prior to infection to collect pre-infection seraloBd samples were collected weekly and
analysed by ELISA as described in Section 3.2.Ba&ked cell volume (PCV). i.e. the
proportion of blood volume that is occupied by tddod cells, was monitored following
challenge using the capillary microhaematocrit drgation to determine the extent of
anaemia. Parasitaemia was also monitored duriregtioh. Blood withdrawn from the tail
vein was diluted with 1% (w/v) phosphate salinecgke (PSG) and the number of
parasites was determined using a Neubauer haemmoetgo (Weber, England). This was
done weekly. After approximately 1 month infectiparasitaemia was only determined
fortnightly. Parasites were considered viable wheagellar movement was observed. The
latent period, (number of days post-challenge wparasites were first detected in the
blood) and persistence span (number of days padlecige when the infected mice died)

were monitored.

3.2.9 Inhibition of oligopeptidase B activity by nouse 1gGs

Anti-OpdB IgG in mouse serum collected before afteranfection was assayed over time
to analyse the inhibition of enzyme activity. Redmnant OpdB (20 ng) was diluted with
0.1% (w/v) Brij and combined with an equal volunfel@G (present in serum) diluted in
200 mM sodium phosphate assay buffer, pH 7.2 coingi4 mM NaeEDTA, 0.1% (v/v)
Tween 20 and 40 pg/ml lima bean trypsin inhibitmrgtve final concentrations of 1000,
500, 250 and 125 pg/ml. The concentration of Ig@sserum was taken to be
approximately 15 mg/ml. Lima bean trypsin inhibiteas added to inhibit any residual
Z-Arg-Arg-AMC hydrolysing serum protease activiamples were incubated at 37°C for
15 min. Aliquots were combined with 200 mM sodipmosphate assay buffer, pH 7.2
containing 4 mM NgEDTA, 0.1% (v/v) Tween 20 and 8 mM DTT and activhtd 37°C
for 1 min. Substrate Z-Arg-Arg-AMC (20 pM dilutddom a 1 mM stock made up in

DMSO) was added and the microplate was incubated fain at 37°C. Fluorescence was
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read over time (excitation at 360 nm and emisstet6@ nm) using a FLUOStar OPTIMA
microplate reader and inhibition was expressed apementage of the activity of

non-immune antibody at the same concentrations.

3.3 RESULTS

3.3.1 Expression and purification of recombinant ligopeptidase B as a GST-fusion
protein in E. coli

3.3.1.1 Expresion of recombinant oligopeptidase B

Expression of the recombinant OpdB as a fusionepmawith glutathione-S-transferase in

E. coli was successful as shown by SDS-PAGE and westetn(fitp 3.6). The fusion

protein produced by induction with IPTG is seertleg expected size of approximately

106 kDa.
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Figure 3.6 Analysis of recombinant OpdB fusion pragin in bacterial lysate

A. SDS-PAGE gel analysis (10%) of recombinant OpdBusion protein in bacterial lysate. Lane 1,
Pharmacia high molecular mass markers; lanes 2 GEX4T1-Opd B uninduced (10 ul); lanes 4-6,
pGEX4T1-Opd B induced with IPTG (10 pl). Proteinsrey stained with Coomassie R-250. Arrow indicates
position of OpdB-GST fusion protein at 106 kDa.

B. Western blot analysis of recombinant OpdB fusionprotein in bacterial lysate Protein was
electrophoresed on a 10% SDS-PAGE gel and eleotteldl onto a nitrocellulose membrane. Transferred
protein was incubated with mouse anti-Opd B serubxb00 dilution). Secondary antibody was
HRPO-conjugated horse anti-mouse 1gG. Reaction deagloped with 4-chloro-1-naphthol/®,. Lane 1,
pPEX4T1-Opd B uninduced; lane 2, pGEX4T1-Opd B irethwvith IPTG.



63

3.3.1.2 Purification of recombinant oligopeptidas® by 'on-column' cleavage

The 106 kDa OpdB-GST fusion protein was purifiedabfnity chromatography using a
glutathione agarose column. The OpdB-GST fusioriegmmowas cleaved with thrombin
while still immobilised on the resin to facilitaseparation of the recombinant protein from
the GST carrier. Oligopeptidase B has an apparetgaular weight of 80 kDa while GST
has a molecular weight of 26 kDRurification of recombinant OpdB by cleavage of the
fusion protein while adsorbed to the glutathionarage was found to be successful as
shown by SDS-PAGE and western blot (Fig. 3.7).
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Figure 3.7 Analysis of OpdB purified by glutathiore affinity chromatography (‘on-column’ cleavage)

A. SDS-PAGE analysis (10%) of OpdB purification byglutathione affinity chromatography. Lane 1,
Pharmacia high molecular mass markers; lanes 2figd OpdB eluted from the glutathione column
(10 pl). Proteins were stained with Coomassie blue R-250.

B. Western blot analysis of OpdB purification by gutathione affinity chromatography. Protein was
electrophoresed on a 10% SDS-PAGE gel and eleotteldl onto a nitrocellulose membrane. Transferred
protein was incubated with mouse anti-Opd B serutb00 dilution). Secondary antibody was
HRPO-conjugated horse anti-mouse IgG. Reaction dea®loped with 4-chloro-1-naphthol®, Arrows
indicate the position of OpdB at 80 kDa.

Oligopeptidase B required further purification asa#l amounts of contaminating proteins
were eluted along with the cleaved protein. Sina#-@pdB antibodies did not recognise
the contaminating proteins in the eluted fractiand it was concluded that these proteins

were bound to the affinity matrix by non-speciftdraction.
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3.3.1.3 Purification of recombinant oligopeptidas® by cleavage outside the column

Cleavage of the recombinant oligopeptidase B fro8TGoutside the column was
successful as shown by SDS-PAGE and western higt 38). The purified OpdB is seen
at the expected size of approximately 80 kDa. Qlggtidase B however, required further

purification as GST, seen at 26 kDa, remained latsm with the cleaved protein.
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Figure 3.8 Analysis of cleavage of OpdB-GST fugigprotein outside the column.

A. SDS-PAGE gel (10%) analysis of OpdB-GST cleavage wide the columnLane 1, BioRad low
molecular mass markers; lane 2, cleaved OpdB-GSibriuprotein (10 pl). Arrow indicates position of
OpdB at 80 kDa. Proteins were stained with Cooreasisie R-250.

B. Western blot analysis of OpdB-GST cleavage outi the column Protein was electrophoresed on a
10% SDS-PAGE gel and electroblotted onto a nittatede membrane. Transferred protein was incubated
with; lane 1, anti-Opd B serum (1:500 dilution) alahe 2, anti-GST monoclonal antibody (1: 10 000
dilution). Secondary antibody was HRPO-conjugatersé anti-mouse 1gG. Reaction was developed with
4-chloro-1-naphthol/ 5D,

3.3.1.4 Purification of oligopeptidase B by moledar exclusion chromatography
(MEC)
Some contaminating proteins were eliminated dutiregon-column cleavage method by
extensive washing of the column. However, this was sufficiently stringent and MEC
was used to further purify OpdB. Oligopeptidasewsified by ‘on-column’ cleavage was
separated from contaminating lower molecular welteins on a Sephacryl S-300 HR
resin. The elution profile (Fig. 3.9) shows a peélkting at 245 ml correlating with a size
of 80 kDa which is analogous with the expected diae OpdB. Fractions eluted
corresponding to this peak that showed activityiresgdathe substrate Z-Arg-Arg-AMC
were analysed by SDS-PAGE and silver stained. Allzr80 kDa was observed for these
fractions (Fig. 3.10).
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Figure 3.9 Elution profile of molecular exclusionchromatography of OpdB following ‘on-column’

cleavage on Sephacryl S-300 HR resiifthe column was equilibrated with 200 mM Tris-HCiffier, pH 8
containing 10 mM DTT and 0.02% NaNSample (3ml) was loaded onto the column and élwt&h

Tris-HCI buffer. Absorbance at 280 nm (—) and Z-Ag-AMC activity (fluorescence; arbitrary units;)

were determined for all fractions eluted. The molacweights of the calibration proteins are intchat the
top.
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Figure 3.10 SDS-PAGE gel analysis (10%) of OpdB dctions eluted by Sephacryl S-300 HR MEC.
Lane 1, BioRad low molecular mass markers; lane® Rractions active against Z-Arg-Arg-AMC
corresponding to the elution peak from Sephacr@08-MEC column (10 pl). Proteins were visualised by
silver staining.

MEC was also used to separate the contaminating f&®T OpdB on a Sephacryl S-200
resin following OpdB-GST fusion protein cleavageaside the GST column. The elution
profile (Fig. 3.11) shows two peaks eluting at 96amd 112 ml corresponding to sizes of

approximately 85 kDa and 22 kDa respectively whach analogous with the expected
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sizes of 80 kDa for OpdB and 26 kDa for GST. Fmaati from the first elution peak
showed activity against the substrate Z-Arg-Arg-AMQd were analysed by SDS-PAGE

and visualised by silver staining. A band at 80 kibas observed for fractions eluted

corresponding to the first peak (Fig. 3.12).
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Figure 3.11 Elution profile of molecular exclusion chromatogragy of OpdB following cleavage
outside the column on Sephacryl S-200 HR resirThe column was equilibrated with 200 mM Tris-HCI
buffer, pH 8 containing 10 mM DTT and 0.02% NaSample (4ml) was loaded onto the column and eélute
with Tris-HCI buffer. Absorbance at 280 nm (—) addArg-Arg-AMC activity (fluorescence; arbitrary
units,—) were determined for all fractions eluted. The ecalar weights of the calibration proteins are

indicated at the top.
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Figure 3.12 SDS-PAGE gel analysis (10%) of OpdB dctions eluted by Sephacryl S-200 HR MEC.
Lane 1, BioRad low molecular mass markers; lane®, ZFractions active against Z-Arg-Arg-AMC
corresponding to the first elution peak from Sepyia8-200 MEC column (10 pl). Proteins were vissedl

by silver staining.
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3.3.1.5 Concentration of oligopeptidase B
All fractions containing OpdB eluted from MEC wepeoled and concentrated using the

Amicon concentration cell (Fig. 3.13).

Figure 3.13 SDS-PAGE gel analysis (10%) of OpdB dctions concentrated by the Amicon
concentration cell. Lane 1, BioRad low molecular mass markers; lan@sBSA at 2, 1, 0.75, 0.5, 0.25,
0.125 mg/ml; lane 8, concentrated OpdB eluted fBephacryl S-200 HR resin (10 pl); lane 9, concéetira
OpdB from Sephacryl S-300 HR resin (10 pl). Prateiere stained with Coomassie blue R- 250.

Fractions pooled from the Sephacryl S-300 HR re&gne concentrated to 0.125 mg/ml
(Fig. 3.13, lane 9). Before MEC, the concentrattérOpdB loaded onto the column was
approximately 1 mg/ml. Fractions pooled from MEQgBacryl S-200 HR resin) were
concentrated to approximately 0.25 mg/ml (Fig. 3/&Be 8) and prior to loading onto the
column, the concentration of OpdB was 0.54 mg/mle Do the tedious manner in which
OpdB was required to be purified from the pGEX4Btterial system and the low yield of
recombinant protein obtained following MEC, expiessn another vector which could be
purified by a simpler method was proposed. Her@pdB was sub-cloned into the
pPET28a expression vector for expression as a ldisttsion protein that could be purified

by nickel chelate chromatography.
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3.3.2 Expression and purification of recombinant igopeptidase B as a His-tag fusion
protein in E. coli

3.3.2.1 Sub-cloning of the oligopeptidase B gendo pET28a

The pET28a plasmid (cut witBcoRl and Not) and OpdB insert DNA (also cut with

EccoRIl andNot)) were analysed by agarose gel electrophoresgs @14) to determine the

relative quantities of vector and insert DNA. Theetor can be seen at size of 5 kb (lane 2)

and the OpdB insert DNA can be seen at approximatél kb (lane 3).
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Figure 3.14 Agarose gel (1%) electrophoresis anaig of EcoRI and Notl digestion of pET28a and
OpdB insert DNA for the determination of the relative quantities of DNA to be used for ligationLane

1, Middle Range DNA markers; lane 2, pET28a (1 |dne 3, OpdB insert DNA (1 pl). Vector and insert
DNA were digested witiEcoRl andNot. DNA was visualised with ethidium bromide.

Vector and insert DNA were added in a 1:3 ratio aachbined with DNA dilution buffer
and T4 DNA ligase. The ligated vector and insers wransformed int&. coli JM 109
cells and colonies were screened by colony PCRdoombinants using specific OpdB
primers (Table 3.1). All ten colonies tested weéreven to be recombinant as shown by the

presence of a 400 kb PCR product upon analysigasoae gel electrophoresis (Fig. 3.15).



69

1 2 3 4 5 6 7 8 9 10 11 12 13

Figure 3.15 Agarose gel (1%) electrophoresis analg of screening for recombinant OpdB-pET28a
clones after transformation into E. coli JM 109 cells. After colony PCR, samples were analysed by
agarose gel electrophoresis. Lane 1, Middle rangé harkers; lanes 2-11, PCR of 10 individual coémi
lane 12, positive PCR control; lane 13, negativ&kRGntrol (excludes template DNA).

Two of the positive clones were assessed for teegnmce of the insert by miniprep and
restriction digestion witlecoRI andNotl. Recombinant plasmid was then transformed into

E. coliBL21 (DE3) cells for expression.

3.3.2.2 Expression of recombinant oligopeptidase Bs a His-tag fusion protein in
E. coli

Following expression of the recombinant OpdB asisthlgged fusion protein i&. coli,

cells were harvested, lysed and analysed by SDSEPAGe fusion protein (shown by the

arrow) is seen at the expected size of approxim&@kDa (Fig. 3.16).
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Figure 3.16 SDS-PAGE gel analysis (10%) of recomkant OpdB-His-tag fusion protein expression in
bacterial lysate.Lane 1, BioRad low molecular mass markers; laneoR-transformed BL21 (DES3) cells;
lanes 2-3, OpdB-His-tag fusion protein. Proteingengtained with Coomassie R-250. Arrow indicates th
fusion protein at 80 kDa.

Western blotting of the bacterial lysate with afis tag monoclonal antibody confirmed

the expression of OpdB at the expected size o8 (Fig. 3.17).
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Figure 3.17 Western blot analysis of recombinant @dB-His-tag fusion protein in bacterial lysate.
Protein was electrophoresed on a 10% SDS-PAGE rgtletectroblotted onto a nitrocellulose membrane.
Transferred protein was incubated with anti-His pwanal antibody (1:1000 dilution). Secondary andi
was HRPO-conjugated horse anti-mouse IgG (1:12di@€ion). Reaction was developed with 4-chloro-1-
naphthol/HO,. Lane 1, non-transformed BL21 (DE3) cells; lan©®pdB His-tag fusion protein.



71

3.3.2.3 Purification of recombinant oligopeptidase B by nickel chelate
chromatography

The recombinant OpdB His-tagged fusion protein wasified by nickel chelate

chromatography under native conditions. The putifieotein was analysed by SDS-PAGE

with silver staining and protein corresponding tarifled OpdB could be seen at an

expected size of 80 kDa (Figure 3.18).

Figure 3.18 SDS-PAGE gel analysis (10%) of recomidnt OpdB-His-tagged fusion protein
purification from bacterial lysate by nickel chelate chromatography. Lane 1, BioRad low molecular
mass markers; lane 2, bacterial lysate beforemyaiver Ni-NTA resin; lane 3, bacterial lysate aftgcling
over Ni-NTA resin; lane 4, native wash; lanes %r8ctions eluted from Ni-NTA resin.

3.3.3 ELISA evaluation of antibody production in nmice

Purified recombinant OpdB (2@g) in alum was used to immunise mice over a 12 week
period. Mice received three booster immunisationd anonth intervals and were bled
weekly. Non-immune control serum was collected BEfommunisation. Specific
antibodies produced against recombinant OpdB inemias monitored by ELISA
(Fig. 3.19). High levels of antibodies against Opd8re detected approximately 30 days
following the first immunisation and increased dab$ally over the immunisation period.
Antibody production appeared to peak initially beém days 40-60 (weeks 5 and 6) of the

immunisation protocol and continued to increasectier.
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Figure 3.19 ELISA showing immune response in micéAntibody production was monitored in mice
immunised with OpdB (m), and VP2 as a control ¢). OpdB or VP2 was coated onto ELISA plates
(100 ng/well), incubated with sera collected weekiyowing the first immunisation at a dilution 4£500
(inBSA-PBS, 10Qul/well, 2 h, RT) and detected by horse anti-mougg HRPO-conjugate and ABTS/H,
(100 pl/well). Absorbance readings at 405 nm regmeshe average of duplicate experiments. Arrofys (
indicate when booster immunisations were given.

Following challenge withT. congolens€IL 1180) infected mouse blood, a booster effect
in the immune response was observed for all migaumsed against OpdB (Fig. 3.20).
Mice immunised against VP2 did not show a boostiexce A slight decline in the VP2

immune response was observed following trypanosdm#enge.
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Figure 3.20 ELISA showing immune response in mice oflowing challenge with
T. congolense (IL 1180). Antibody production was monitored for mice immunisel with OpdB (®m), and
VP2 as a control ¢). OpdB or VP2 was coated onto ELISA plates (100 ntiwimcubated with sera
collected weekly following the first immunisation @ dilution of 1:500 (in BSA-PBS, 1Qd/well, 2h, RT)
and detected by horse anti-mouse IgG HRPO-conjugate ABTS/HO, (100 pl/well) was used as the
detection system. Absorbance readings at 405 nmesept the average of duplicate experiments. Afgw
indicates the time of trypanosome challenge.
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3.3.4 Western blotting evaluation of anti-OpdB anbodies
Anti-OpdB antibodies in the pooled serum collectedekly during the immunisation
period was used to probe recombinant bacteriatdysa determine the specificity of the
antibodies. A single band at 80 kDa was observeg @&21).
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Figure 3.21 Western blot analysis to determine rexgnition of OpdB in bacterial lysate by pooled
serum. Protein was electrophoresed on a 10% SDS-PAGEagel electroblotted onto a nitrocellulose
membrane. Transferred protein was incubated with@opdB serum (1:500 dilution). Secondary antibody
was HRPO-conjugated horse anti-mouse IgG. Reaatiaa developed with 4-chloro-1-naphthci@®i.
Lane 1, BioRad low molecular mass markers; langEZ,28a-OpdB bacterial lysate.

Anti-OpdB sera from individual mice were used tolpr recombinant OpdB in bacterial
lysate samples (Fig. 3.22) and native OpdBTincongolenseparasite lysate samples
(Fig. 3.23). Lanes 1-10 represented sera obtairmd fmice 1-10 while lane 11 was a
control using pooled non-immune serum. A band akB@, corresponding to OpdB was
observed for eight out of ten blots for recombinant native lysate samples. Some sera
appeared to have recognised additional bands mthetrecombinant bacterial lysate and
in the T. congolenseparasite lysate. Serum used to probe recombinasteria lysate
(Fig. 3.22) and parasite lysate (Fig. 3.23) in laheshowed no recognition of OpdB.
Similarly, no recognition of OpdB was observed s@mrum used to probe recombinant

bacterial lysate in lane 3 (Fig. 3.22) and pardggate in lane 5 (Fig. 3.23).
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Figure 3.22 Western blot analysis to determine rexgnition of recombinant OpdB in bacterial lysate
by sera from individual mice. Protein was electrophoresed on a 10% SDS-PAGEmglelectroblotted
onto a nitrocellulose membrane. Transferred proteis incubated with individual anti-Opd B sera @ar-
10) and non-immune serum (lane 11) (1:500 diluti®@8condary antibody was HRPO-conjugated horse anti
mouse IgG. The reaction was developed with 4-chlermaphthol/ HO,. Arrow indicates OpdB at 80 kDa.
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Figure 3.23 Western blot analysis to determine regnition of native OpdB in T. congolense parasite
lysate by individual mouse serum.Protein was electrophoresed on a 10% SDS-PAGE agel
electroblotted onto a nitrocellulose membrane. Ji@med protein was incubated with individual abpdB
sera (lanes 1-10) and non-immune serum (lane 1BH0@ldilution). Secondary antibody was HRPO-
conjugated horse anti-mouse 1gG. The reaction waseldped with 4-chloro-1-naphthol/,8,. Arrow
indicates OpdB at 80 kDa.
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Anti-OpdB sera from individual mice following chafige withT. congolonsevere used to
probe recombinant OpdB in bacterial lysate samples$ T. congolensearasite lysate
samples to determine recognition of recombinant aaiive OpdB. A band at 80 kDa,
corresponding to OpdB was observed for all blois séra recognised recombinant OpdB
in the bacterial lysate (Fig. 3.24) and native OpdBhe T. congolenseparasite lysate
(Fig. 3.25).
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Figure 3.24 Western blot analysis to determine rexgnition of recombinant OpdB in bacterial lysate

by sera from individual mice following trypanosomechallenge.Protein was electrophoresed on a 10%
SDS-PAGE gel and electroblotted onto a nitroceflalonembrane. Transferred protein was incubated with
individual anti-Opd B sera (lanes 1-10) and non-imen serum (lane 11) (1:500 dilution). Secondary
antibody was HRPO-conjugated horse anti-mouse [§ke reaction was developed with 4-chloro-1-
naphthol/ HO,. Arrow indicates OpdB at 80 kDa.
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Figure 3.25 Western blot analysis to determine regnition of native OpdB in T. congolense parasite
lysate by sera from individual mice following trypanosome challengeProtein was electrophoresed on a
10% SDS-PAGE gel and electroblotted onto a nittatede membrane. Transferred protein was incubated
with individual anti-OpdB sera (lanes 1-10) and #immune serum (lane 11) (1:500 dilution). Secondary
antibody was HRPO-conjugated horse anti-mouse [§ke reaction was developed with 4-chloro-1-
naphthol/ HO,. Arrow indicates OpdB at 80 kDa.

The recognition of OpdB was observed to be morense following challenge and
numerous other bands were recognised by most ssanmples. Following trypanosome

challenge and the subsequent increase in circglatimune complexes in sera, various

other proteins apart from OpdB were also recognisekle parasite lysate.
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3.3.5 Inhibition of OpdB activity by mouse IgGs pesent in serum

Pooled serum collected before and after infecti@as wssessed for the capacity of 1gGs
present in the serum to inhibit the hydrolysis eAy-Arg-AMC by OpdB. Fluorescence
was read continuously over a 20 min period. Tlseiltng initial rates of the enzymatic
reaction were used to determine the inhibitoryvétgtiof the antibodies. The inhibition of

OpdB by antibodies present in sera is illustratedig. 3.26.
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Figure 3.26 Inhibition of OpdB activity against Z-Arg -Arg-AMC by mouse IgGs present in sera
collected before and after infection. Inhibition of OpdB hydrolysis of Z-Arg-Arg-AMC bwnti-OpdB sera
was determined at 1000 pg/n# ), 500 pg/ml @), 250 pg/ml ( ) and 125 pg/ml ) and was expressed as
a percentage inhibition relative to OpdB activitythe presence of non-immune sera control (0% itibiit).
Each bar represents the average % inhibition di gaaup and is the mean of duplicate experiments.

IgGs present in sera collected before and aftexctidn were all observed to inhibit OpdB
activity to some extent. A maximum inhibition 88% was observed at 1000 pg/ml for
IgGs present in sera after challenge with trypamesowhile the least inhibition was 49%
at 125 pg/ml for 1gGs present in sera before chgke In general, greater inhibition was
observed at the higher concentrations of serumdgé sera following challenge showed

greater inhibition of OpdB activity than sera priorchallenge.

3.3.6 Challenge of mice witlT. congolense: Parasitaemia and survival rate

During infection, blood withdrawn from the tail vewas diluted with 1% (w/v) phosphate
saline glucose (PSG) and the number of parasites dedermined using a Neubauer
haemocytometer (Weber, England). Parasites weresidened viable when flagellar

movement was observed. No substantial differencpaiasitaemia was noted between

mice immunised with OpdB and mice immunised with2V@Fig. 3.27). Parasitaemia



77

increased over the infection period and remainddtively stable from 30 days post

infection onwards.
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Figure 3.27 Parasitaemia duringT. congolense infection. Mice were infected with fOparasites/mouse

and the parasitaemia was monitored for mice imnaeghigith OpdB @) and VP2 @) using a Neubauer
haemocytometer.

Since all mice became infected no protection waderced by immunisation with OpdB.
However, mice immunised with OpdB had an incredatsht period and persistence span.
On average, mice immunised with OpdB became |latere days post infection, while
mice immunised with VP2 became infected seven gmgt infection. Mice immunised
with OpdB survived on average 15 days longer thamtrol mice immunised with VP2.
The survival of mice immunised with OpdB was obsento be approximately 40 %
greater (Fig. 3.28). At the time point when all tohmice had died, four out of a total of
ten mice immunised with OpdB had still survived.tekfchallenge withl. congolense
PCV dropped from 55-60% to 40% for mice immunisathv®pdB and VP2. Following

two months infection, PCV for mice immunised witpdB increased to 45%.
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Figure 3.28 Survival curves for mice immunised wit OpdB and VP2.The survival of mice immunised
with OpdB @) and VP2 @) was recorded during the infection period.

3.4 DISCUSSION

The impact of trypanosomiasis on livestock in sali8an Africa has led to the need for
improved disease control methods. It is well acegpthat pathogenic factors of the
parasite contribute to the development of infec{ibizardet al, 1978; Taylor and Authié,
2004) and it is imperative that this relationshgivieeen the trypanosome parasite and its
natural host is understood for the development @h@cine. Parasite components such as
proteolytic enzymes have long been known to playniicant roles in host-parasite
interactions (Northet al, 1990). Oligopeptidase B, a serine protease oficé
trypanosomes has been implicated as a pathogedior f@Morty et al, 2001) and a
therapeutic agent (Mortet al, 1998, 2000) of the disease. It is known to degra
regulatory peptides of the host and contribute he tevelopment of the infection
(Troeberget al, 1996; Mortyet al, 2001, 2005a). For this reason the antigenidi@dB
was studied as a potentially useful candidate endavelopment of a vaccine to combat

trypanosomiasis.

In the present study OpdB was successfully expdesséhe pGEX4T1 bacterial system.
Expression is under the control of tiae promoter, which is induced by the lactose analog
isopropyl B-D thiogalactoside (IPTG). Thiac gene product is a repressor protein that
binds to the operator region of ttec promoter, preventing expression until induction by
IPTG. In this way, control over expression of thsibn protein is maintained (De Boar
al., 1983).
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SDS-PAGE analysis confirmed the expression of Op8 a fusion protein with
glutathione-S-tranferase (GST) at a size of 106. KDarier proteins are often introduced
in the expression vector to act as tags for thes ggonduct to assist in the purification of
the expressed protein (Murlgt al, 1996). pGEX vectors express fusion proteins \aith
glutathione-S-transferase-tag which can be easilifipd on an affinity column consisting
of a glutathione agarose matrix. GST was readi#awtd from OpdB by thrombin while
adsorbed onto the glutathione agarose column asgibled by Smith and Johnson (1988).
In the pGEX4T1 vector, the inclusion of a cleavaife for a specific protease allows
separation of the two components of the fusionginotThe proteolytic cleavage site in
this vector is specific for thrombin and hydrolysbe bond between the Arg and Gly
residues in the sequence Leu-Val-Pro-Arg-Gly-Semi(l® and Johnson, 1988). Other
proteases that may be used include Factdhat is used in other pGEX vectors which has

its own specific proteolytic cleavage site (Eagbral, 1986).

Cleavage using thrombin is a relatively rapid affiicient technique that requires no
further purification. However, some contaminatipi@teins were co-eluted with OpdB.
During the expression of a foreign protein someraegation of the protein by host
proteases may be expected to occur. In the custedy the presence of contaminating
proteins was not a result of OpdB degradation bst lppoteases as analysis by western
blotting using antibodies specific to OpdB showetymne band at approximately 80 kDa.
The contaminating bands may be due to over-sonitatf the lysate and the subsequent
co-purification of host proteins with the fusiorof@in (Smith and Johnson, 1998). Efforts
were made to use shorter bursts of sonication hedysate was kept on ice during this
process. Despite this, contaminating bands welleosserved. As a result an additional
purification step was used. Purification by MECngsihe Sephacryl S-300 HR matrix
resulted in electrophoretically pure OpdB. The I&&pyl S-300 HR resin has a
fractionation range of 10-1500 kDa. Due to the noue contaminating bands, many of
which were of similar lower molecular weight, airewith a large fractionation range and

high resolving power (Dennison, 1999) was used.

The GST-OpdB fusion protein was also directly eduteom the glutathione column to
asses the efficiency of cleavage outside the colu@leavage outside the column resulted
in significantly purer protein that showed no conitgation with host proteins.
Oligopeptidase B and the GST tag were easily segthtay MEC using the Sephacryl
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S-200 HR matrix. The S-200 HR resin has a fractionarange of 5-250 kDa. Unlike the
‘on-column’ cleavage method, where OpdB was elwi@gd many contaminating proteins,
cleavage outside the column showed only two majoiens that were easily separated on
a column with a smaller fractionation range. Themponents of the fusion protein
following cleavage were confirmed as GST and OpgBwestern blot analysis using
anti-GST and anti-OpdB antibodies.

Expression in the pGEX4T1 system was shown to lieiexft, however SDS-PAGE

analysis following concentration showed OpdB topbesent in very low amounts when
compared to the OpdB generated from ‘on-columravdge or from cleavage outside the
column prior to MEC. The tedious manner in whicis firotein was required to be purified
to yield only small amounts of protein led to caesation of the expression of OpdB in

another system which required simpler purificatoethods.

OpdB was sub-cloned into the pET28a expressiorovétthe hope that larger amounts of
protein would be purified more easily. OpdB wascassfully sub-cloned into the pET28a
system as confirmed by restriction digestion and vaéso successfully expressed in
culture. Expression in the pET system is underuth@er the control of the bacteriophage
T7 promoter. Unlike systems based Bncoli promoters (e.gtac gene in pGEX4T1), the
pET system uses the bacteriophage T7 promoterréatdihe expression of target genes.
Since E. coli RNA polymerase does not recognise the T7 promdtegre is no
transcription of the target gene in the absenca eburce of T7 RNA polymerase. The
construct is therefore transformed into BL21 (DE3)Is which have the T7 RNA
polymerase necessary for transcription (Mierendo#l, 1994). Expression in the pET28a
system was confirmed by western blotting of baatetysate and probing with an
anti-histidine tag monoclonal antibody. Using a NNiA agarose column, OpdB was
successfully purified under native conditions doghe soluble nature of the protein and
required no further purification as determined WYSSPAGE and silver staining. Larger
amounts of protein were not necessarily obtaineénvbsing the pET28a expression
system and purification method, but the additiatap of further purification by MEC was
eliminated. In this way, a comparable amount ofiBpvas produced in a shorter time
frame. Since the histidine tag is very small zesind does not affect the size of protein, it
was not necessary to remove it from the purifieatgdn. The histidine tag is too small to

be immunogenic and therefore would not interferthwiie immune response of animals
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immunsed with OpdB. In addition, Morst al. (1999, 2005a) showed unaffected enzyme
activity for recombinanfl. b. bruceiand T. evansiOpdB expressed with an N-terminal
histidine tag. Expression in the pET system andytiieeration of a histidine-tagged fusion
protein that does not require removal, for the pegs of this study, also eliminated the

overnight incubation with enzyme to remove thedadiag.

The ELISA results presented showed the productfaant-OpdB antibodies. High titres
of antibody were apparent for both immunised grodimsn 5-6 weeks during the
immunisation period. Mice immunised with the cohfpootein, VP2 showed consistently
high levels of antibody production that appeareddach a constant titre from week 6
onwards. Antibody production against OpdB showedrastant increase following week 6.
OpdB elicited a suitable immune response since haghls of specific antibodies were

produced in all immunised mice.

Serum collected from individual mice was analysgdMestern blot to determine whether
antibodies present in the sera were able to resegm@combinant OpdB from bacterial
lysate as well as native OpdB from parasite lys&digopeptidase B has previously been
isolated fromT. b. brucei(Troeberget al, 1996), T. cruzi (Burleigh et al., 1997),

T. congolensgMorthy et al, 1999)and T. evansiMorty et al, 2005a)where it is
expressed in all life cycle stages. However, ingresent study whol€. congolenséysate
was used. Prior to infection, eight out of a tatalen samples of mouse serum were able to
recognise both recombinant and native protein. e samples showing no recognition
of recombinant and native OpdB were not from theesanouse. The inability to recognise
OpdB may be due to individual serum samples coimgitower levels of anti-OpdB

antibodies that may take longer to interact withatared OpdB.

Following infection, all mice sera showed recogmitiof both recombinant and native
OpdB. Other protein bands were detected by indalidnouse sera in the parasite lysate.
This is expected since sera from infected animalstain antibodies and immune
components against circulating antigens preseningluthe infection (Taylor, 1998).

However, the most prominent response to be expestadainst OpdB as the mice had a
pre-existing immune response against this antigesr po trypanosome challenge. This

was also observed by Katzenbaek al, (2008) for immunisation with recombinant
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B-tubulin. Immunised animals showed a more effedtiweune response during following

challenge due to previous administratiorgatibulin.

A booster effect from trypanosome challenge wasoiesl for mice immunised against
OpdB (Fig. 3.20). OpdB has been shown to be retea#® the host system by dying
trypanosomes where it retains its full catalyti¢iaty as it is resistant to host serum
inhibitors (Troeberget al, 1996; Mortyet al, 2001, 2005a). In the present study OpdB
would be released into the system of infected rhicelead or dying parasites. No booster
effect was observed for the VP2 control group. aViprotease 2 is unrelated to
trypanosomiasis infection. For this reason we ditlaxpect to see a boost in the immune

response for this protein.

During the infection period, parasitaemia was n@ndd in similar ways for mice
immunised with VP2 and OpdB. No significant diffiece was observed. A key factor to
be monitored during infection is the ability of amals to control the initial parasitaemia
and the resistance to the development of anaemigkdkmanet al., 1993). Although
parasitaemia was maintained in a similar way fdhlgyoups, the severity of the infection
cannot be determined by measuring parasitaeiiaongolensds not able to invade
tissues as it is an extracellular parasite butbees reported to attach to the endothelial
cells lining the blood vessels (Banks, 1978). Ragirculating in the blood are therefore
not a true representative of the entire populati@naemia is the most prominent
characteristic of animal trypanosomiasis and withlgnged infection the role of the
parasite in the maintenance of anaemia becomesitpaficant (Vickermaret al, 1993).

Animals may be intermittently parasitaemic or apaagmic.

Packed cell volume (PCV) is the proportion of blamiume that is occupied by red blood
cells and in mammals is dependent on body sizevéBuet al, 2004). In bovine
trypanosomiasis, PCV may fall from a normal 30%loove to 15% following 2-3 months
of infection with T. congolenseindicating the development of anaen{iBaylor and
Authié, 2004). Prior to infection PCV for mice immised against OpdB and VP2 ranged
from 55-60%. Following infection a general PCV @% was observed for both groups.
Over the period of infection this level remainedatieely stable at 40% for mice
immunised with VP2 while the packed cell volume foice immunised with OpdB was

observed to increase to 45% following two monthmtgction.
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Although mice immunised with OpdB were not ablerésist the development of the
infection, leukocyte counts were partially recowerén addition, mice immunised with
OpdB had a greater persistence span and were els@rgurvive 40% longer than control
mice. Mice that were not immunised with OpdB wenalle to build up a rapid protective
immune response and this resulted in their highertatity (Katzenbacket al, 2008).
These combined effects suggest a delay in the @msktdevelopment of anaemia which
was induced by anti-OpdB antibodies. It is well wmothat OpdB degrades atrial
natriuretic factor which causes elevated blood m&ua key characteristic of trypanosome
infection (Troeberget al, 1996; Mortyet al, 2001).

Inhibition of recombinant OpdB by anti-OpdB antilbes| present in sera collected prior to
and after infection, using Z-Arg-Arg-AMC showed gboinhibition at antibody
concentrations of 1000, 500, 250 and 125 pg/mli-@pdB 1gGs present in sera after
infection showed maximum inhibition of 83%. A maxim inhibition of 92% has been
reported for the inhibition of OpdB fromi. b. bruceiagainst Z-Arg-Arg-NHMec by
anti-OP-Tb antibodies made in chickens (Mogtyal 2001). Huson (2006) also reports
100% inhibition ofT. congolens®pdB against Z-Arg-Arg-AMC by antibodies produced
in rabbits.

The antigenicity of other intracellular parasitdéigens has also been described. Lubetga
al. (2002) showed that mice immunised with nativeutiy) a cytoskeletal protein of the
parasite, were able to produce anti-tubulin speeifitibodies and could be protected after
T. bruceiandT. congolensehallenge. The same response was also observed hivle¢

al. (2007) used recombinant beta-tubulin Tof evansifor immunisation of mice and
rabbits. Significant amounts of anti-tubulin antlies were produced and inhibited the
growth of trypanosomes im vitro culture. In addition, the paraflagellar rod prateif
trypanosomes has also been shown to have potastial common vaccine antigen that
could be effective against different strains withie same species as well as different
species of the same genus since the gene is haghigerved (Abdilleet al, 2008).
Microtubule associated proteins (MAP), such as MAP5, which enhance tubulin
polymerisation, have also been shown to be effedis vaccines and show up to 100%

protection from challenge with. brucei(Rasooly and Balaban, 2003).
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The focus of this study was to determine whethedEDgvould be a suitable vaccine
candidate. Specific antibodies against OpdB capablinhibiting enzyme activity were
produced. Immunised mice were able to mount a greatmune response upon infection
since they had an already established respons@athagenic factor of the disease. Since
mice immunised with OpdB outlived non-OpdB-immuriseice, it may be suggested that
OpdB plays a role in the onset and developmennatmia. Although no protection was
conferred by immunisation with OpdB, the enzyme magentially be used in a multi-
component vaccine which would target multiple pgtmic factors of the trypanosome
parasite.
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CHAPTER FOUR

GENERAL DISCUSSION

African trypanosomiasis has severely affected ramin livestock across Africa.
Trypanosome parasites cause nagana in cattle eedirsl) sickness in humans. They are
single celled flagellates that are transmitted bgect vectors and evade the host-cell
immunity to establish infection (Vickermaet al, 1993). Symptoms of trypanosomiasis
include fever, progressive anaemia and ultimateBtldl of the infected host. It is estimated
that 45-50 million cattle live under trypanosomsassk (Shaw2004). This debilitating
disease is responsible for up to US $ 5 billioregonomic losses per annum in Africa
(Kristjansonet al.,1999).

Surrounding the trypanosome is a dense coat of512+h made of variant surface
glycoproteins (Vickerman, 1969). This coat protdbes parasite from the host. The ability
of the parasite to change or replace this surfatigen, a phenomenon known as antigenic
variation, allows the parasite to evade antibodghated killing by the host. In this way
the parasite can repopulate the host resulting lang-lasting chronic infection which

manifests itself as waves of parasitaemia (Bor8120

Current control and treatment strategies for Afrieaimal trypanosomiasis include control
of the vector (tsetse fly), trypanocidal drugs dne exploitation of trypanotolerant cattle
(McDermott and Coleman, 2001). However, since tmeergence of drug resistant
parasites, toxicity of trypanocidal drugs and thebility to completely eradicate the
vector, vaccination against trypanosomiasis has h@eposed as a potential control
method. Due to the antigenic variation of the pgeake approach in the development of a

vaccine must be carefully thought out.

Vaccines are typically based on killed or live attated forms of the pathogen (Roitt,
2001). For trypanosomes this is difficult as laegaounts of the pathogen are required.
Protozoans are generally difficult to grow in cudtland trypanosomes in particular have
very complex life cycle transformations involvingrgetic, morphological and proliferative
changes (Matthews, 1999). A vaccine based on Iitenaated or killed forms of the
parasite would have to be effective at all the djele stages. In addition, the ability of the

parasites to undergo antigenic variation implies ttentification and production of
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parasites expressing a large series of VSGs. Aessalty the concept of an anti-disease
vaccine based on pathogenic factors of the parasisebeen proposed (Authié, 1994;
Authié et al., 2001). Invariant immunogens, which are natmadly exposed to the host,
are released into circulation upon antibody and pmement-mediated lysis of
trypanosomes during infection. These immunogens Hasen established as having a
major role in pathogenesis (Tizasd al, 1978; Taylor and Authié, 2004). Instead of
targeting the parasite, pathogenic factors of #agite are targeted (Authié, 1994; Authié
et al, 2001).

Proteases of the trypanosome parasite are particul@eresting vaccine candidates.
Proteases play various roles in parasite-hostaotins and many are involved in cell
invasion, catabolism of host cell proteins as veallthe stimulation and evasion of host
immune responses (Klemba and Goldberg, 2002). Bienstanding the structural design
and determining the enzymatic characteristics esehproteases, specific inhibitors or

chemotherapeutic strategies could be used to irthibir activities.

Congopain, the major cysteine proteasd@yppanosoma congolens@s been identified as
having a probable role in trypanosomiasis. Antiesdiagainst congopain have been
suggested to contribute to mechanisms of trypaeote (Authiéet al., 1992, 1993;
Authié 1994). Trypanotolerance is the genetic cépat some cattle to limit parasitaemia
and anaemia during the development of infectionttifet al.,2001). Congopain consists
of two major domains; a catalytic domain and a @ateal extension. As found if. cruzi,
the C-terminus is highly immunogenic and elicits iemnmune response that results in
antibodies targeting the C-terminus (Cazzulo andséir, 1992). Antibodies directed
against the C-terminal extension would have noceffen the activity of the enzyme.
Instead a truncated version of the protease, With@-terminus removed, would ensure an
immune response that would result in the produatibantibodies specifically against the

catalytic domain.

The initial part of the present study included m®duction and study of inhibitory

antibodies against the truncated form of congopam, C2. C2 has already been used in
immunisation trials in cattle (Authit al.,2001). Although immunised cattle were not able
to prevent the onset of infection, they mountedearly and prominent IgG response to

congopain and leukocyte counts were recovered &1 after infection. This suggested
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a probable role for congopain in the developmenintdction. If this response could be
enhanced, antibodies against congopain may cotgribo an overall state of
trypanotolerance. In order to enhance the prodacifanhibitory antibodies in the present
study, C2 was complexed to alpha-2-macroglobuligM]j. Alpha-2-macroglobulin is a
high molecular weight plasma glycoprotein thatb&eao inhibit proteases by trapping it in
a cage-like structure that only allows access tallspeptide substrates. It has been used
with varying success as an antigen delivery sysséme antigenp,M complexes are
rapidly endocytosed by antigen presenting cellshef immune system (Chu and Pizzo,
1993). Once the antigen is bound, th&M molecule undergoes a conformational change
that exposes receptors on its surface which spatiifitargets it to the cells of the immune

system that express the CD @iM receptor (Cianciolet al, 2001).

Alpha-2-macroglobulin has several advantages aadjumvant system in comparison to
other commonly used adjuvants. In general, commasBd adjuvants are potent but are
often toxic to the animal being immunised (Singld & Hagan, 2002). A frequently used
adjuvant is Freund’'s complete and incomplete adjuvBhis adjuvant works well as it has
a depot effect. The antigen is slowly released iitoulation, enhancing the immune
response and preventing rapid dispersal from teeddiinjection (Wilson-Weldeet al,
2008). The disadvantage of using this adjuvariias it contains mycobacterial cells which
cause inflammatory responses in the animals bamguinised. Alpha-2-macroglobulin is
a natural glycoprotein and therefore does not @ogethreat on the immune system of
animals being immunised. However, becauskl is internalised by the cells of the
immune system, it does not have a depot effedtatsof Freund’s adjuvant. Studies have
also shown thati;M is not only capable of antigen delivery but deses the minimal
antigen concentration for presentation and intésatibn to cells of the immune system
(Chuet al, 1993). In the present study, the amount of §&cted per immunisation was
50 pg, which is on the lower end of the recommerditeshge of 50-1000 pg for enzymes
(Harlow and Lane, 1988). Trypanopain, a cysteinetgase fromT. b. brucej has
previously been used to immunise chickens usingtal amount of 30 pg with Freund’s
adjuvant (Troeberget al, 1997) and OpdB fronT. b. bruceihas also been used to
immunise chickens using a total amount of 50 pdn Witeund’s adjuvant (Mortet al,
1999D).
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All goats immunised with C2 produced antibodiesc#peto C2 as determined by ELISA.
Goats immunised with C2 and Freund’s adjuvant skiothe highest immune response.
This is likely to be due to the depot effect thas tadjuvant has. Goats immunised with C2
complexed tax;M did not show as high an immune response andrihig be attributed to
the internalisation ofi,M following endocytosis. No prolonged release ofigan would
be expected in this case. Goats immunised withl@2aalso produced antibodies specific
to C2. The immune response for goats immunised ¥véb antigen was noted to be

unusually high.

A booster effect by challenge with trypanosomes walaserved in all immunised groups.
During infection immune responses manifest as adtiband complement-mediated lysis
of trypanosomes (Taylor, 1998). As a result, fregtigen would circulate in the
bloodstream and cause a boost in the immune resppadicularly against C2 as the goats
were immunised with this antigen. Following the si@o effect, a drop in the immune
response can be seen. This may be attributed t@imppp or clearance of circulating
congopain antigens by antibodies against its datatiomain. It would be interesting to
determine in future studies whether antibody dffidnd avidity increased as a result of

antibody maturation particularly following infectio

None of the goats infected developed any notabtgosyms of trypanosomiasis. They had
very irregular parasitaemia, no significant anaeim in due course recovered from
infection. No formal studies have been publishaghrding the pathogenicity of infection
by T. congolensél 1180 of goats but it is reported to induce sevanaemia, weight loss
and immunosuppression in infected cattle (Wekdeal, 1974). However, it has been
observed that local breeds of small ruminants aglgoats do generally exhibit fewer

clinical manifestations of the disease than thesva by cattle (Taylor and Authié, 2004).

The high immune response observed for goats imradnsth C2 alone prior to and after
infection may be attributed to the exposure ofdbats to trypanosome parasites prior to
immunisation. As a result antibodies against frez &so showed unusual inhibitory
activity. In future, in order to evaluate the edioy of immunisation of C2 complexed with
azM for an anti-disease vaccine, animals should bectsd with the knowledge that they
have not been exposed to trypanosome parasiteferd@it strains of trypanosomes used

for infection should be compared to ensure thatarsthat is pathogenic to the test animal



89

is used in the challenge phase of the study. AhaheT. congolensélL 1180 strain has

been shown to be very pathogenic in cattle, itsleirce in goats was not known.

Another invariant antigen, the protease oligopegstdB (OpdB), has been established as a
pathogenic factor in trypanosomiasis (Modlyal, 1999a). Oligopeptidase B is a serine
protease that is involved in the degradation ot hegulatory peptides (Mortgt al, 2001).
Oligopeptidase B is released into the blood strégndead or dying parasites where it
remains active due to its resistance to host s@matease inhibitors (Troebeeg al., 1996;
Morty et al, 2001, 2005a). In a previous study the interactib OpdB witha,M and the
use ofayM as an adjuvant system for immunisation with Optds investigated (Huson,
2006). OpdB does not interact with the bait regidm,M and another protease, C2, was
used to induce the conformational change to allteraction between OpdB angM and
subsequent presentation to the immune system. édthantibodies were produced against
OpdB, alum was determined to be the best adjuvansé. Immunisation of OpdB with
alum produced anti-OpdBnabodies that showed up to 100% inhibition of fireteasein

vitro.

In the second part of the present study, OpdB waembinantly expressed in two bacterial
systems. Following purification, OpdB was used ifamunisation of mice with alum. All

mice were challenged with. congolenséL 1180).

Large amounts of protein are required for immumisatDue to the laborious isolation of
protein from native trypanosome lysates, OpdB wawessed using the bacterial expression
systems pGEX4T1 and pET28a. Successful expressidhese systems allowed for the
purification of OpdB for use in immunisation trial®pdB was expressed as a 106 kDa
GST-tagged fusion protein in the pGEX4T1 system and30 kDa histidine-tagged fusion
protein in the pET28a system. GST fusion proteirs waectly eluted from the column and
cleaved using thrombin. OpdB was also eluted fromm&ST column as an already cleaved
product by incubation with thrombin while the fusigrotein was still adsorbed onto the
glutathione agarose resiihe inclusion of a cleavage site for a specifictgase allows
separation of the two components of the fusionginotThe proteolytic cleavage site in
this vector is specific for thrombin and hydrolysbe bond between the Arg and Gly
residues in the sequence Leu-Val-Pro-Arg-Gly-Seamifl® and Johnson, 1998 both



90

cases, i.e., cleavage outside the column and ordhenn, eluted fractions needed further
purification due to contaminating host proteingontaminating GST.

Cleavage outside the column resulted in an 80 kdbal lworresponding to OpdB and a 26 kDa
band corresponding to GST which were separatedelph&ryl S-200 HR MEC. Analysis of
cleavage of the fusion protein while still adsorttedhe resin resulted in a protein band of
80 kDa corresponding to OpdB and the co-elutionmoiitiple contaminating host proteins
which were separated and eliminated by SephacBd(BHR MEC. The Sephacryl S-300 HR
resin has a larger fractionation range (10-1500)kiban the Sephacryl S-200 HR resin (5-
250 kDa) and was used to separate the numerouanoimting host proteins from OpdB. All
fractions were observed to be pure following puafion by MEC as determined by silver
stained SDS-PAGE analysis. These fractions weréedaand concentrated using the Amicon

concentration cell under low pressure.

Following concentration it was observed that theldyiof protein obtained compared to the
initial amount observed before MEC was very sniflle cost of thrombin is also substantial
especially when a small yield of protein necess#taseveral rounds of expression and
purification. OpdB was subsequently sub-cloned theopET28a expression vector in the hope
that larger amounts of His-tagged OpdB could beifipdr by the simpler method of
nickel-chelate chromatography. OpdB was succegstitined and expressed in pET28a and
was purified by nickel-chelate chromatography undative conditions due to the soluble
nature of the protein. This method of expressiath @urification allowed for the production of
OpdB in a smaller time frame and also involved feparification steps. Further purification
of the protein by MEC was eliminated as proteintadufrom the Ni-NTA column was
determined to be substantially pure by silver gdiSDS-PAGE analysis. Since the histidine
tag does not interfere with the activity of the tgin (Morty et al., 1999, 2005pand is too
small to elicit an immune response against histidih was not necessary to remove it from
OpdB.

Purified recombinantly expressed OpdB was mixedh\@um for the immunisation of mice.
The immune response was monitored by ELISA durlmg immunisation period. Specific
antibodies were produced against OpdB in all mie@lowing challenge with trypanosomes
(T. congolensstrain IL 1180) a slight booster effect was obsérfgr mice immunised with
OpdB. No booster effect by infection was obsenadtlie control group immunised with the
irrelevant protein VP2, which was expressed in shene bacterial system as OpdBree

antigen circulating in the bloodstream possiblysesua boost in the immune response,
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more specifically against OpdB as the mice were imised with this antigen. Serum
collected from individual mice showed recognitiohbmth recombinantly expressed and
native OpdB. In western blots multiple bands shawtime recognition of various proteins
in parasite lysate samples were observed by moerse collected following infection.
Since sera from infected animals contain antibodiesimmune components against many
circulating antigens present during the infectitre recognition of other proteins apart
from OpdB is expected (Taylor, 1998). Due to theady prominent and established IgG
response against OpdB from immunisation, the migsificantly recognised antigen was
OpdB. As suggested for C2, it would also be intimgsto determine in future studies if
there is an increase in antibody affinity due ttéitedy maturation during the course of

immunisation and post trypanosome challenge.

Parasitaemia was monitored during infection andnatte controlled parasitaemia in a
similar way. Following the initial increase in paitaemia from infection, parasiteamia
remained fairly constant. However, the role of pds®mia is not a true indicator of
infection (Vickermaret al, 1993). Through antigenic variation many antiggres may be

expressed by the parasite (Borst, 2001) resultirftuctuations in parasite numbers which
is seen as waves of parasitaemia (Barry and Céonn@004). During infection animals

may be intermittently parasitaemic or aparasitagiickerman,et al, 1993).

The resistance of the mice to the development aémnia was also monitored. A drop in
PCV from an initial 55% and above to 40% was evidenboth immunised groups and is
indicative of the development of anaemia (Taylod @&uthié, 2004). Although the mice
immunised with OpdB did not resist the developmainfection, leukocytes did show
some recovery after two months. Mice immunised v@idB also showed 40% greater
survival. Non-immunised mice were unable to mouna@d immune response following
infection and had a higher mortality than thosehwdin already established immune
response to OpdB. It may be suggested that asoeitgopain, OpdB is likely to play a
role in the development of anaemia during infecti®OpdB has already been implicated in
elevated blood levels during infection as it degsadhost proteins responsible for the
maintenance of blood volume (Troebergal, 1996; Mortyet al, 2005a). Elevated blood

volume is typical of infection of bloodstream forwistrypanosomes.
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The antigenicity and protective potential of vasgoather intracellular antigens of the
parasite cytoskeleton have also been describeduedaet al, (2002) and Liet al,

(2007) who showed that mice immunised with nativeecombinant tubulin were able to
produce anti-tubulin specific antibodies. The plag#gllar rod protein of trypanosomes
may also be used as a potential vaccine antigancthdd be effective against different
trypanosome strains since it is conserved (Abditl@l 2008). The protective ability of
immunisation with various components of the cytésiam may be used in conjunction

with proteases of the trypanosome in an attempidioce a state of trypanotolerance.

The use of rodent models in this study is converasrnthey are an economical alternative
for studying the effects of specific antibodies the pathogenic factors of the parasite.
Studies are currently underway in Uganda, Mozanigd Burkina Faso where Ankole

cattle have been immunised with C2 and OpdB.

This study shows that immunisation usimg/ complexed to the catalytic domain of the
protease congopain, which is involved in the paginegis of the disease, has the ability to
produce antibodies that have inhibitory propertigainst the enzyme. In addition, OpdB,
also involved in pathogenesis, was shown to be inogenic and elicited a good immune
response. Anti-oligopeptidase B antibodies colédbiefore and after challenge with
congolensalso inhibited OpdB activity. The study of thesetpases and the production
of inhibitory antibodies, forms part of a collabtioa that investigates the feasibility of an
alternative vaccine for trypanosomiasis. This apphofocuses on creating an immune
response against antigens of the parasite thainaodved in the pathogenesis of the
disease. Future work may include immunisationdraid infection with a highly virulent
strain of T. congolens@ goats to asses a more accurate protectivetaffeémmunisation
with proteases complexed &gM. Immunising with C2 in complex with,M may also be
studied in larger ruminants such as cattle. Theganicity of OpdB has been previously
established in rabbits (Huson, 2006) and anti-Opd&bodies showed 100% inhibition of
OpdB activity. The antigenicity of OpdB was confeth in the present study and
trypanosome challenge following immunisation of enishowed the production of
anti-OpdB antibodies that inhibited OpdB activitp to 83%. These results should be
confirmed in other small and larger livestock. Immsation using both congopain
complexed toazM and OpdB in alum may also be investigated to peedsuperior

inhibitory antibodies which may be the start of altihcomponent vaccine.
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In the present study, immunisation of goats withd@nplexed withooM and mice with
OpdB in alum elicited immune responses that indubedproduction of antibodies capable
of inhibiting the activity of the respective enzysnén both cases, a booster effect induced
by challenge withT. congolensdstrain IL 1180) was observed and antibody produncti
was sustained over the infection period. Antibodresle using C2 in complex witiaM
showed superior inhibitory properties with a maximinhibition of 95% of C2 activity.
Anti-OpdB antibodies showed up to 86% inhibition OfpdB activity and although
immunisation with OpdB had no effect on the essdisient of infection and the
development of anaemia, mice immunised with OpdBevabserved to live 40% longer.
The results of the present study showed that imsation with proteases of the

trypanosome parasite may be used in the developofi@nt anti-disease vaccine.
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