



























































cause a form of the disease known as nagana, which is derived from a Zulu
term meaning "to be in low or depressed spirits"-— a very apt description of
the disease.

Though the symptoms of trypanosomiasis may vary, generally, it is
characterized by an early fever stage (trypanosomal fever), when the parasites
are mostly in the bloodstream, and at a later stage it affects the nervous
system. In addition to being difficult to diagnose, the presence of trypanosome
parasites in the nervous system often leads to personality changes in the
infected individual (Kreier, 1977). An example is the change in the sleep-
wake behaviour of the infected person. Gambian sleeping sickness is found in
different areas of West and Central Africa, while Rhodesian sleeping sickness
is found mainly in eastern and southern Africa and the Zambezi Basin.
Transmission of trypanosomiasis from one host to another is by insect vectors
of the genus Glossina. This vector is commonly referred to as tsetse (Tsetse is
a word from Sechuana language which is spoken in Bechuana, Botswana).
Several species of this vector exist. Examples include G. fuscipes fuscipes, G.

morsitans morsitans, G. austeni and G. pallidipes (Kreier, 1977).

2.2 Therapy
For most tropical diseases, patients can readily be managed with a
wide spectrum of drugs that meet certain safety standards. However, in
trypanosomiasis, the story is different. The treatment of HAT patients
depends on the species of the parasite and the how chronic it is. For

example, first line treatment uses drugs like the suramin pentamidine,and
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The life cycle of cyclically transmitted trypanosomes involves stages
or forms in the vertebrate host as well as forms in the insect vector. For
these trypanosomes, the developmental cycle in the arthropod vector is an
obligatory step, as transmission from one vertebrate host to the next via a
vector is the major means of transmission. Additionally, mechanical
transmission takes place on a small scale (Kreier, 1977), for example,
transmission of 7. vivax. A simplified diagram of the life cycle is shown in
Fig. 2.

Essentially, Trypanosoma spp. can be classified as salivarian or
stercorarian depending on the means of transmission. Salivarian are those
that mature in the proboscis and salivary glands of the vector, and as such
are injected into a new vertebrate host when the insect vector takes a blood
meal. An example in this case is T. brucei complex. On the other hand,
Trypanosoma species such as T. cruzi, are described as stercorarian since
they undergo posterior development, which takes place in organs other
than salivary glands and proboscis of the insect. Here contamination by the
insect’s feaces ensures transmission of this eukaryotic microbial parasite.
Though salivarian and stercorarian mechanisms are the two major means
by which trypanosomes are transmitted, mechanical transmission from one
host to another, as is the situation with 7. evansi and T.vivax (in areas out
of the tsetse belt), also occurs. This usually involves the mouthparts of flies
like the tabanids (Tabanus species) and Stomoxys, which therefore act as

flying syringes. (Molyneux and Ashford, 1983).
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The geographic distribution of the different groups is shown on Fig. 4. The
Morsitans group is made up of flies that are mostly found in the savannah
areas of Africa. This group is comprised of at least 7 species of Glossina,
for example, G. austeni, G. morsitans morsitans, G. swynnertoni and G.
pallidipes. The flies in this group are good vectors of all trypanosome
species, most especially in eastern and southern Africa. The Palpalis group
is found in the very humid areas of Africa, mangrove swamps, rain forests,
lakeshores, and gallery forests along rivers. It comprises of 10 species,
with examples such as G. fuscipes fuscipes, G. palpalis and G. tachinoides.
This group is made up of vectors for trypanosomiasises in certain West
Africa. The Fusca group, being the largest, is made up of at least 15
species, such as G. fusca fusca and G. longipennis (Kreier, 1977). Species
of the fusca group inhabit areas ranging from dry land, for example Sudan,
to forest regions (Pollock, 1982). The fusca group appears to comprise
good vectors of T. congolense and T. vivax. In summary, Glossina of the
morsitans and palpalis groups are the major vectors of trypanosomiasis
(Pollock, 1982; Maudlin, 1991).

All adult tsetse flies (male and female) are strictly heamatophagous.
i.e they feed solely on blood, principally vertebrate blood. Though all
species of tsetse are capable of transmitting trypanosomiasis to man and
other animals, it is important to note that different Glossina species have
been reported to differ in their susceptibility to trypanosomes (Moloo et

al., 1992; 1998).
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protein. In as much as this protein is useful in the formation of occluded
viruses, it is dispensable in cell culture. The BEVS therefore relies on the
replacement of the polyhedron gene by a target gene, under the control of
the polyhedrin promoter for mass expression. However, due to the large
size of the baculovirus genome, its direct manipulation is problematic. This
has been overcome by a strategy that exploits recombination of genetic
materials. A target gene to be inserted into viral gnome is first cloned, in
the proper orientation, into a baculovirus transfer vector, adjacent to either
the pl0 or the polyhedrin promoter. Numerous variants of baculovirus
transfer vector are available commercially. In the next step, the
recombinant transfer vector together with viral DNA will be used to co-
infect susceptible cells. This process, co-transfection, leads to the
production of a recombinant virus carrying the foreign target gene. The
constructed recombinant virus is a powerful molecular tool, which can be
used to express the recombinant protein either in an in vivo (in a larvae,
e.g. Bombyx mori or Trichoplusia. ni) or in vitro (in cell lines, e.g. Sf-21,
Sf-9, Hi 5 cells) system. The Sf21 and Sf9 cell lines are derived from

ovarian tissues of the butterfly, Spodoptera frugiperda.
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0.1 M acetate buffer pH 4.0, containing 0.5 M NaCl and 0.1 M borate
buffer (pH 8.0) containing 0.5 M NaCl.

The coupled resin was packed in a 10 ml Bio-Rad Econo-Pac column
(Bio-Rad) and the column equilibrated with buffered insect saline (BIS; 10
mM Tris-Cl, pH 7.9, 130 mM NaCl, 5 mM KCI and 1 mM CaCl,) at a flow
rate of 10 ml/h. Ion exchange sample that agglutinated trypanosomes
(approx. 1 mg protein) was loaded onto the affinity chromatography
column and unbound proteins were washed with BIS. Fractions (2 ml)
were collected using a fraction collector (Bio-Rad model 2128) and
absorbance values measured at 280 nm. Bound proteins were eluted from
the column in BIS containing 0.2 M D-glucosamine. The collected
fractions were analysed for trypsin and agglutinating activities. Only
fractions that showed both activities were pooled. Following concentration
with polyethylene glycol (PEG 40000, Serva, Uppsala, Sweden) samples
were extensively dialysed in BIS at 4°C (8 liters, 18 h). The purified active
sample was named Glossina proteolytic lectin (Gpl). Polyacrylamide gel
electrophoresis was used to assess the purity of the sample, after protein
concentration had been determined by the bicinchonic acid method using

bovine serum albumin as standard (Pierce, Rockford, Ill, USA).

3.5 Determination of protein concentration
The Pierce BCA Protein assay kit determined the amount of protein in
the crude midgut homogenate and the purified sample. Briefly, working

reagent was prepared by mixing 50 parts of solution A (a solution of
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3.7 Trypsin assay

The enzymatic (trypsin) activity was assessed following the procedure
described by Imbuga et al. (1992). This used the chromogenic substrate,
chromozym-TRY (Roche Molecular Biochemicals, Germany). The
reaction mixture (950 pl of 100 mM Tris-Cl, pH 8.0; 10 pl eluted sample)
was equilibrated at 37°C for 5 min (or 30°C for 10 min.). The reaction was
initiated by addition of 40 pmol (4 pl) chromozym-TRY. The total assay
volume was maintained at 1.0 ml. The change in molar absorbance at 410
nm was monitored using a DU 640B spectrophotometer. The change in
molar extinction coefficient at 410 nm (g410=8800; Erlanger et al., 1961)
was used to determine the amount of substrate hydrolysed; 1 unit trypsin
was considered as the amount of enzyme required to hydrolyse 1 umol
chromozym-TRY/min at 30°C.
Enzyme activity =[(change in A4j0/min)/ €410] X (V/v) x dilution factor

Where v= volume of chromozym-TRY, and V=total assay volume

3.8 Polyacrylamide gel electrophoresis
Protein samples were analysed by sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE) as described by Laemmli
(1970). Four to twenty percent gradient polyacrylamide gels were casted
using a gradient maker (BRL, Gaithersburg, MA, USA), while the stacking
gel consisted of 3.13% polyacrylamide. Samples were dissolved in equal

volume of 1 x loading buffer (0.13 M Tris-Cl, pH 6.8, 20% glycerol,
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0.002% bromophenol blue, 4% SDS, 1% beta-mercaptoethanol) and boiled
for 5 min at 100 °C. Afier centrifugation (10,000 rpm, 5 min.), the
denatured samples in the supernatant were loaded on the wells of the gel.
Electrophoresis was carried out as follows; stacking at 25 mA, and the
current stepped-up to 35 mA. The running buffer consisted of 25 mM Tris,
192 mM glycine, 0.1% SDS, pH 8.3. The molecular weights of
electrophoretically separated samples were determined by co-
electrophoresing marker proteins from molecular weight calibration kit
(Amersham Pharmacia Biotech, Piscataway, NJ, U.S.A). At the end of the
run, the Coomasie Brilliant Blue R250 or Silver staining method was used

to stain the gels.

3.9 Coomasie Brilliant Blue R250 staining

At the end of the electrophoretic separation of proteins, the gels were
carefully removed from the glass plates and subjected to Coomasie
Brilliant Blue staining according to standard procedures (Ausubel et al.,
1989). Briefly, gels were stained in 0.6% Coomassie Brilliant Blue R 250
(w/v) in 50% methanol (v/v) and 9.2% acetic acid (w/v) for 2 h. Next, they
were destained with several changes of destain solution 1 [50%methanol:
9.2% acetic and: 48.2% distilled water (v/v)] followed by destain solution

2 [5% methanol: 7.2% acetic acid: 87.5% distilled water (v/v)].
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3.10 Silver staining

The procedure used was modified from that of Wray e al. (1981). The
polyacrylamide gel was removed from the casting unit and fixed for 2
minutes in a fixative [50% methanol, 10% acetic acid (v/v)]. The gel was
then washed twice in 50% methanol, 10 min each, and rinsed in distilled
water for 5 min. After a second round of washing twice in 50% methanol
(10 min per wash), the fixed gel was incubated in 5% of 50%
glutaraldehyde solution for 30 min. This was followed by five washes in
distilled water (5 min per wash). Next, the gel was washed twice in 50%
methanol for 10 min each, and incubated in silver stain for 15 min. The
silver stain was prepared as follows: solution A (0.8 g of AgNO;3 in 2.5 ml
of water) was added in drops onto solution B (1.0 ml NaOH, 1.6 ml
NH4OH in 20 ml of distilled water), while solution B was continuously
stirred. The volume of the solution mix was adjusted to 100 ml with
distilled water. At the end of 15 minutes, the stained gel was rinsed three
times in distilled water (5 min per rinse). Protein bands were revealed by
finally soaking the gel in colour developer (2.5 ml of 1% citric acid, 125 pl
of formaldehyde, diluted to 250 ml). Once the right protein band intensity

was achieved, soaking the gel in 5% acetic acid halted colour development.

3.11 Effect of sugars on the agglutinating property of the proteolytic lectin
The effect of four different sugars (D-glucosamine, N-acetyl-
glucosamine, D-glucose and D—galactose) on the agglutinating property of

the purified molecule was investigated. In each case, three different
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3.15.1 Synthesis of first strand complementary DNA (cDNA)

The enzyme employed in this process was a Powerscript™ reverse
transcriptase (RT), a point mutant of Moloney murine leukemia virus
(MMLYV) reverse transcriptase, which lacks RNase H activity but has
polymerase and terminal transferase activities. Also, a modified oligo (dT)
primer (CDSIII/ 3° PCR primer) and an oligo (G) primer (SMART IV
oligonucleotide) provided in the kit were used. Three microliters of total
RNA (~1.0 pg) was mixed with 1.0 pM of each primer and incubated
(72°C, 2 min) in a thermal cycler (PTC 100, MJ Research, NJ, USA). The
contents were then cooled on ice and spun briefly before addition of 1 x
first strand buffer (250 mM Tris, pH 8.3, 30 mM MgCl, 375 mM KClI), 2.0
M dithiothreitol (DTT), 0.25 mM dNTPs and 1.0 pl Powerscrpot RT. The
10 pl content was mixed gently and spun briefly before incubation at 42°C
for 2 h. The reaction was terminated at the end of the incubation period by
cooling in ice. The resulting single-stranded cDNA was used in a PCR

reaction to generate full-length ds cDNA.

3.15.2 Generation of double stranded cDNA by polymerase chain
reaction

Long distance polymerase chain reaction (PCR) was used to prepare the
full-length ds ¢cDNA from the first strand. The 100 pl reaction mixture
contained 1x Advantage 2 PCR buffer, 0.25 mM dNTPs, 200 pmol of each

primer, 1x Advantage 2 polymerase mix and 2 pl of the first strand single
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stranded (ss) cDNA as template. PCR was performed on a preheated
(95°C) PTC-100™ (MJ research Inc.) under the following cycling
programme: initial denaturation at 95°C for 20 sec., followed by 24 cycles
of denaturation at 95°C for 5 sec. and annealing at 68°C for 6 min. The
product was analysed on a 1.2% agarose/EtBr gel by electrophoresis.

The DNA polymerase used for ds cDNA synthesis was inactivated by
Proteinase K treatment of the PCR product. Three micrograms of amplified
ds cDNA was mixed with 0.8 ug of Proteinase K and incubated (45°C, 20
min). The digest was diluted twice with deionised water and cDNA
extracted with an equal volume of phenol: chloroform: isoamyl alcohol.
The phases were separated by centrifugation (14000 rpm, 5 min) and the
top aqueous layer carefully transferred into a clean tube. To precipitate the
cDNA, 3 M sodium acetate, 20 pg/ul glycogen and 95 % ethanol (at RT)
were added and the mixture immediately centrifuged (14000 rpm, 20 min,
RT). The cDNA pellet was washed with 80% ethanol, air-dried (10 min)

and resuspended in nuclease-free deionised water

3.16 Construction of midgut cDNA expression library
The cDNA expression library was constructed from the synthesized ds
cDNA following the SMART™ cDNA Library construction kit protocol

(Clontech, CA, USA).
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(14000 rpm, 1min) and column centrifuged another 1 min (14000 rpm).
The bound plasmid DNA was finally eluted in 50 pl of sterile distilled
deionised water.
3.19 Gene sequencing and bioinformatics analyses

The recombinant plasmids were submitted for sequencing at ILRI
Nairobi automated sequencing. The National Center for Biotechnology
Information (NCBI, Bethesda, MD) BLAST computer search program was
used to perform sequence homology searches against public databases
(Altschul er al. 1997). Sequence alignment and statistical analysis of

alignments were performed using the MultiAlign program (Corpet 1988).

3.20 Recombinant Protein expression in E. coli

Recombinant Gpl was expressed in E.coli strain BL21 from a
pTriplEx2 vector containing the full-length cDNA of gpl. The transformed
bacteria were cultured in LB medium containing 125 pg/ml ampicillin and
incubated at 37°C until they reached a log phase of growth. At this point 5
ml of cells were transferred aseptically to a flask containing 300 ml of TYP
broth (16 g Bactotryptone, 16 g yeast extract, 5 g NaCl, 2.5 g K,HPOy).
Protein expression was induced with isopropyl-p-D-thiogalactoside (IPTG;
1 mM final concentration) when the ODggo reached 0.6 (approximately 2
h). The induced cells were allowed to grow overnight (12 h) in a vertical
incubator shaker (Environ-shaker 3597-1, Lab-line instruments, Inc.). The
cells were pelleted by centrifugation (3000 xg, 4°C, 10 min), and

resuspended in PBS (pH 8.0) and sonicated on ice as described above.
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min), the cell pellet was plated on an LB/ampicillin plate and incubated at

37°C overnight.

3.22.1.3 Bgl 11 digestion and cloning into pAcUW21 vector

Ten clones from the overnight culture above were selected and
screened by PCR, using Gpl-specific primers. Replicas of the selected
clones were made on a fresh LB/ampicillin plates. Eight of the ten clones
contained the recombinant pUC carrying gpl. A clone from among the
positive was picked from the replica plate and used to inoculate a 5 ml LB
broth. After overnight incubation at 37°C in an incubator shaker (Environ-
shaker 3597-1, Lab-line Instruments Inc., IL, U.S.A), plasmid was
extracted by the miniprep procedure using a Qiagen plasmid miniprep kit.
Approximately 5 pg of the extracted plasmid was subjected to restriction
digestion with 3 units of Bgl II. The 20 pl reaction mix also included 2 pl
of 10 x reaction buffer 3 and 5 pl of water. The reaction mix was incubated
at 37°C for 2 h. At the end of the incubation, the sample was analysed on a
1.2% agarose gel and the target band excised. The band was purified from
the gel slice using a Qiagen gel extraction kit. In the next step, the eluted
band was ligated to Bgl II-digested and dephosphorylated pAcUW21. The
ligation mix contained 4 pg of insert, 2 ng of vector, 2 ul of 10xligation
buffer, 3 pl of water and 3 units of T4 DNA ligase. After mixing, the tube
was incubated at RT for 3 h, at the end of which 5 pl was used to transform

competent cells as earlier described. After overnight culture, clones were
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Western blot was carried out as earlier described (section 3.13). The
negative control experiment was protein harvested from AcMNPV.LacZ-

infected Sf-21 cell lines.

3.24. Immuno-affinity purification of baculovirus-expressed Gpl

In order to purify the baculovirus-expressed Gpl, an affinity matrix
was generated by coupling polyclonal antibodies that were generated
against the recombinant bacteria-expressed Gpl to cyanogen bromide—
activated sepharose 4B (CNBr-activated Sepharose 4B; Pharmacia,
Piscataway, NJ) following the manufacturer’s protocol. The affinity
column (3.5 ml) was equilibrated with wash buffer (10 mM Tris-Cl, pH
8.0, 0.14 M NaCl, 0.025% NaN3). There after, 1.5 ml of the concentrated
supernatant of virus-infected cells (see above, containing approximately 3
mg of crude protein) was loaded onto the column. The gel was first washed
with 50 ml of wash buffer and secondly with 40 ml of buffer A (50 mM
Tris-Cl, pH 8.0, 0.1% triton X-100, 0.5 M NaCl). The bound proteins were
eluted with 40 ml of buffer B (50 mM Tris-Cl, pH 9.0, 0.1% Triton X-100,
0.5 M NaCl). The flow rate was maintained at 250 pl/min using a
peristaltic pump for all of the washes and elution. The absorbance (Azs0) of
the eluate (1 ml per fraction) was measured using a DU 640B
spectrophotometer (Beckman, Fullerton, CA). The eluted sample was first
dialysed against 6 L of PBS (pH 8.0) for 12 h and then concentrated with
PEG 40,000 (Serva), then further dialysed against 6 L of PBS (pH 8.0) for

8 h.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 CHARACTERISATION OF NATIVE PROTEOLYTIC LECTIN

4.1.1 Purification of authentic Glossina proteolytic lectin

A two-step purification procedure involving anion-exchange and
affinity chromatography was employed to isolate Gpl from G. austeni
midgut homogenate. The homogenate, with 90 mg of total protein, was
prepared from 200 twice-fed and starved (72h) male teneral G. austeni.
The first step, anion exchange chromatography, produced the profile
shown in Fig.5. Fractions from peaks III and IV, which showed
agglutination activity, were pooled and applied on the D-glucosamine
affinity column. The agglutinating and trypsin activities were co-eluted in
the bound fraction (peak II, Fig. 6). The successful binding of the purified
protein to both columns is a clear indication that the authentic protein has
an overall net negative charge and it also interacts with sugars. Ion
exchange chromatography facilitates the separation of a mixture of
samples on the basis of selective interaction of the components in the
sample with the stationary phase (which is charged). In the present
situation, only molecules with a net negative charge, at the pH used (pH
8.0) interacted with the DEAE Sephacel column.

The second step in the purification was an affinity chromatographic
procedure in which separation was based on the selective interaction

between a component in the sample and the D-glucosamine in the column.
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4.1.2 Biological and biochemical characterisation of purified native Gpl

About 7.2 ng of purified protein was obtained following the two-step
procedure of anion exchange and affinity chromatographic techniques. A
sample of the eluted material from the affinity column, when incubated
with T. brucei brucei and washed rabbit red cells (in separate microtiter
plates) showed an agglutination titer of 2048 and 1024 respectively (Table
2). The fact that the active purified sample from the midgut homogenate
was able to cause the agglutination of the parasites and rabbit red cells is
further indication of lectin activity, and ties very well with findings
obtained from other species of tsetse (Abubakar et al., 1995; Osir et al.,
1995; Abubakar et al., 2003) and the initial study on G. austeni midgut
homogenate by Ibrahim et al. (1984). However, this is the first report in
which a lectin has been purified from the midgut of G. austeni. Ibrahim et
al. (1984) used crude midgut homogenate in their study. To investigate
whether this purified protein had enzymatic activity, it was used in a
trypsin assay, with chromozym —TRY as substrate. An average trypsin
activity of 4.8x10%umol/min/ml was recorded. When analysed by SDS
PAGE, the eluted bound protein from the affinity column gave two bands
with molecular weights of 27,000+277da (n=3) and 35,500+425da (n=3)

(Fig. 7, lane 3).
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These findings confirm earlier reports (Osir ef al., 1995 and Abubakar
et al., 2003), which indicated that the purified lectin from the midgut of
Glossina sp. is a dimeric protein with enzymatic activity. Importantly, this
enzymatic activity is similar to that of the serine protease, trypsin, because
the purified protein sample was active on the chromogenic substrate,
chromozym-TRY. Imbuga et al. (1992) had earlier established the
substrate specificity.

Since the initial attempts to characterise the lectin in Glossina midgut
employed crude protein sample, it was important to determine whether the
purified sample sugar specificity was restricted to D- glucosamine or to
related sugars. The effect of four different sugars on the agglutinating
property of the purified proteolytic lectin was therefore investigated. Of the
four sugars used, D-glucosamine was the only sugar that completely
inhibited the agglutinating activity. On the other hand, glucose, galactose
and N-acetyl-glucosamine showed very little or no effect on the
agglutinating activity of the proteolytic lectin at the concentrations used
(Table 2). This demonstrates that the Glossina midgut proteolytic lectin is

indeed a D-Glucosamine-specific lectin.
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Following the confirmation of the right size of the fractionated Sfi I
digest, the ds cDNA was ligated to an Sfi I-digested pTriplEx2 vector of
the SMART cDNA library construction kit. This system allows for
construction of high quality cDNA libraries with full-length clones, which
are useful for mapping transcription start sites. Additionally, the use of
pTriplEx2 vector and Sfi I enzyme leads to directional cloning, and the
insert, which is easily screened by blue/white selection technique, can be
readily expressed in all three reading frames. An aliquot (6ug) of the
ligation mix was used to transform E. coli XL-1 blue cells, which were
plated on an LB agar plate with IPTG and X-gal. The plates were observed
to have thousands of white colonies with some blue colonies (in a ratio of
about 50:3). Thus, the blue/white screening procedure indicated the
successful construction of the midgut cDNA library of G. austeni. Next, an
equal aliquot of the ligation mix was used to transform E. coli BL 21 (DE
3). Following plating and 18 h incubation on 5 LB plates without IPTG and
X-gal, the plates were screened with polyclonal antibodies raised against
native Gpl. Four Gpl-positive clones (ca. 0.002%) were detected from five
filters containing about 4500 colonies. The plasmids containing putative
Gpl cDNAs were isolated and screened with TriplEx2 and SP6 primers,
and shown to contain inserts (Fig. 10). The sizes of the inserts were
determined by PCR using Gpl-specific primers (Fig. 11), which were
observed to have the same size. The clones were purified to homogeneity
and the inserts sequenced. The sequences of all the inserts were identical.

The cDNA sequence of the proteolytic lectin from G. austeni is shown in
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Fig. 12 (GenBank accession number DQ060150). The cDNA contained an
open reading frame (nucleotides 30 to 825 in Fig. 12) that encoded a
predicted protein of 274 amino acid residues. The predicted molecular
weight of the deduced protein was 29 kDa. A putative signal peptide
(amino acid residues 1 to 16) was identified with signal peptide database of
Swiss-Prot/EXPASY proteomics bioinformatics tools. Sequence motifs
conserved in serine proteases, were also found between amino acid
residues 68 to 73 and 213 to 224 (underlined in Fig. 12). In a comparative
sequence analysis with other gene sequences in the GENBANK, BLASTP
(Altschul et al., 1990) with the deduced protein sequence for G. austeni
proteolytic lectin showed 98% identity to a Gpl that was previously cloned
from G. fuscipes fuscipes midguts (Abubakar et al., 2006), and 91%
identity to a chymotrypsin-like serine protease from G. morsitans

morsitans (Yan et al., 2001) (Fig. 13).
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Figure 15. Glucosamine affinity purification of recombinant Gpl
expressed in bacteria. Eluted bound material from first column was applied
onto a Buffered Insect Saline (BIS)-equilibrated glucosamine affinity
column. The column was washed with BIS to remove unbound material
(fractions 1-26, peak I) and bound proteins (fractions 28-35, peak II) were

eluted with 0.2 M glucosamine in BIS
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97 kDa

65 kDa
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30 kDa

Figure 20. SDS-PAGE (4-15%) analysis of proteins in the cell culture
medium of Sf-21 cells infected with AcMNPV-LacZ (lane 1) or AcMNPV-
gpl (lane 2), and affinity purified, AcMNPV-gpl-expressed Gpl (lanes 3
and 4). Each lane was loaded with 15pg of protein. The sizes of the
molecular weight standards (lane M) are shown to the left. The proteins
were visualized by silver staining (lanes M, 1, 2, and 3) or carbohydrate
staining with PAS {lane 4). AcCMNPV.gpl expressed Gpl was separated by
SDS-PAGE and then transferred onto nitrocellulose paper. The blot was

then reacted with antiserum to the purified bacterial expressed Gpl (lane 5).
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4.3 CHARACTERISATION OF RECOMBINANT PROTEIN

4.3.1 Comparison of the biological activities of the native and
recombinant Gpl

The ability of the native (from the tsetse fly midguts) and recombinant
(bacterially or baculoviral expressed) Gpls to agglutinate trypanosomes
(purified from either in vivo or in vitro sources) and red blood cells are
shown in Table 3. The agglutination assay was carried out at 27°C since a
previous study indicated that this was the optimum temperature for this
assay (Ibrahim ef al., 1984). The agglutination activities of the
recombinant Gpls appeared to be identical, but only half as strong as that
of the native Gpl. There was no difference in the agglutination of
trypanosomes maintained by serial passage in rats (i.e., in vivo) or purified
from blood (i.e., in vitro). The agglutination titer reported is the reciprocal
of the highest protein dilution that showed clumping of cells. The
trypsinization activities of the authentic and recombinant Gpls are also
given in Table 3. The authentic Gpl showed higher (ca. 1.5-fold)
trypsinization activity in comparison to that of the recombinant Gpls. The
addition of 200 mM D-glucosamine to the assays strongly (60- to 250-fold)
inhibited agglutinization activity. There was no significant difference
between any of the three Gpl proteins in terms of the biological activities

investigated.
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4.3.2 Partial chemical characterization of the purified baculovirus-

expressed protein

The presence of covalently bound carbohydrate moieties on the purified

baculovirus-expressed Gpl was determined by PAS staining following

SDS-PAGE (Fig. 20, lane 4). The baculovirus-expressed Gpl was shown to

be glycosylated on the basis of PAS staining.

Table 3. Agglutination and trypsin activities of the native and recombinant

Gpls
Source of Agglutination Activity' Trypsinization
purified Gpl Activity?  +
s.d.
(nmol/ml/min)
parasites Red
blood
cells

In vivo In

culture vitro

d culture

d

Native 2048 2048 1024 48.0 +£3.0
Native+D- 8 8 8 0
glucosamine
Bacterially 1024 1024 512 32.1+4.0
expressed
Bacterially 8 8 8 0
expressed+D
-glucosamine
Baculovirally 1024 1024 512 334+£20
expressed
Baculovirally 8 8 8 0
expressed+D
-glucosamine

'Average value of two independent assays

?Average value of three independent assays
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4.3.3 Interaction of Gpl with D-glucosamine

The effect of glucosamine on the biological and biochemical activities
of the recombinant Gpl was assayed as reported above. The results are in
agreement with previous reports on a midgut lectin from Glossina spp.
However, there has not been any suggestion as to how this tsetse midgut
protein interacts with this sugar. A preliminary investigation was therefore
carried out here to determine whether this interaction is based on the shape
or relies solely on the amino group of the sugar.

Several studies on tsetse midgut proteins have shown that complete
inhibition of the effect of midgut lectin on trypanosomes could readily be
achieved in vivo (Maudlin, 1991) or in vitro (Ibrahim et al., 1984;
Abubakar et al, 2003; Amin et al., 2006) with D-glucosamine. For
example, Maudlin et al. (1991) showed that high tsetse infection rates with
trypanosomes could be attained if D-glucosamine was added onto the
bloodmeal. The same results could not be obtained with other related
sugars including glucose or N-acetylglucosamine. This had remained
intriguing since charge was ruled out after lysine failed to produce similar
effects (Maudlin, 1991). From these studies, the arising question has
therefore been how the inhibitory property of glucosamine comes about?
And is there any role of the amino group in the process of binding prior to
the inhibition of the biological property of the protein? Cyanogen bromide
activated Sepharose 4B binds to molecules that have free amino groups
with lone pair electrons on the nitrogen atom. The purification of the

recombinant Gpl with a glucosamine-affinity column, in which the amino
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group was immobilised, covalently to the Sepharose is an indication that
structural complementarities between Gpl and D-glucosamine is the major
factor towards the binding of the two, and therefore constitute the initial
step in the specific inhibition. This binding may precede the electronic
interaction between the two molecules, probably involving the amino
group of the sugar and other groups on the protein. This interaction is
likely to be structural. The immobilised sugar was used to purify the
expressed recombinant Gpl from the harvested supernatant from
AcMNP.gpl-infected Sf-21 cells (Fig. 21, peak II and Fig. 22, lane 2).
Though the present findings may not be conclusive, it could be
hypothesised that Gpl interacts with glucosamine in a manner similar to the
lock and key, in which the glucosamine (the key) fits perfectly into a
crevice within Gpl (the lock). The 3-dimensional structure of D-
glucosamine is different from that of the other sugars. It is, therefore,
suggested that electronic interactions between the nitrogen of D-
glucosamine and Gpl may not account for the initial phase of the binding
that leads to the specific inhibition of this proteolytic lectin by D-
glucosamine. Nevertheless, this remains to be confirmed with
crystallographic analysis of the two molecules. It is worth mentioning that
unlike what has been described here, the covalent attachment of D-
glucosamine to epoxy activated Sepharose 6B is via the hydroxyl groups of

the sugar and not the amino group (Pharmacia, 1986).
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species, compared to G. austeni, as was observed in the course of the
experiments reported here. Even with reverse transcriptase polymerase
chain reaction (RT-PCR), a more sensitive analytical tool, it has been
shown that the gene transcript is several times higher in G. fuscipes
fuscipes compared to G. austeni (Osir and Abubakar, unpublished data).
This may explain why the amount of the midgut proteolytic lectin from G.
austeni was found to be lower than that from G. fuscipes fuscipes in this
study.

This report also deals with the expression of a functionally active
Glossina proteolytic lectin (Gpl) in insect cells using a recombinant
baculovirus expression vector. Recombinant protein expression in
lepidopteran cell lines, especially Sf-21, is fast becoming a common
practice because of the numerous advantages (Kamita et al., 2001). The
gene encoding Gpl was obtained from a midgut derived cDNA library
from G. austeni and used to generate the recombinant baculovirus
AcMNPV-gpl. To date, this is the first tsetse gene to have been cloned and
expressed in a baculovirus genome. The recombinant protein expressed by
this virus was secreted into the culture medium of Sf-21 cells, indicating
that the G. austeni-derived signal peptide was properly recognized in the
lepidopteran-derived cells.

The recombinant Gpls (rGpls) expressed in insect Sf-21 cells and in
bacteria agglutinated washed trypanosomes and rabbit red blood cells. The
rGpls produced an agglutination titer of 1024, which was comparable to

that obtained with the native Gpl from midgut homogenates. The
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recombinant Gpls also showed trypsin activities (32.1-33.4 nmol/ml/min)
against the substrate chromozym-TRY. This trypsin activity was similar to
that produced by the authentic Gpl (48.0 nmol/ml/min). Both
agglutinization and trypsin activities were strongly inhibited by D-
glucosamine, a strong indication that the protein is a lectin. Recently, a
bacterially expressed Gpl was characterized and shown to promote the
transformation of T. brucei brucei in vitro (Abubakar et al. 2006). This
transformation was observed with the aid of immuno-fluorescence
microscopy. The important role of D-glucosamine as the main
physiological inhibitor of Gpl has been used to explain why teneral tsetse
flies are more susceptible to infections with trypanosomes than adult tsetse
(Maudlin, 1991). This affinity for D-glucosamine has been exploited as a
biochemical tool to purify the protein, both from the midgut homogenate
and the recombinant expressed protein as reported in this thesis and
elsewhere (Abubakar et al., 2003). Though how the interaction between
Gpl and D-glucosamine occurs has been obscure, this thesis shows that the
interaction might rely on structural complementarities between the two
molecules. From this work, it can be postulated that the two interact in a
lock and key pattern, with the amino group of the sugar not involved in any
specific bond formation (neither weak nor strong) prior to binding. Rather,
this group may help to confer a specific shape to the sugar that enables it to
fit into some crevice in the native structure of the midgut protein.

However, this remains to be shown by crystallographic analysis.
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In view of the drawbacks of vector-control measures that are currently
in use, it has been suggested that the creation of transgenic tsetse flies that
are refractory to trypanosomes will significantly contribute towards the
control of trypanosomiasis, if used together with a sterile insect release
program. At present, transgenesis of tsetse is not possible since its eggs are
nurtured within the female and only released at the final stage of larval
development. However, in paratransgenesis endosymbionts of the tsetse fly
can be used to express a foreign gene within the adult fly (Crampton 1994,
Aksoy et al. 2001).

In this study, the recombinant Gpl expressed in Sf-21 cell lines with
the recombinant baculovirus, AcMNP.gpl was investigated for
glycosylation, a protein post-translational process present in most
eukaryotes. PAS staining confirmed that the purified baculovirus-
expressed Gpl was glycosylated. This is not surprising as the native Gpl
from midgut homogenate of G. longipennis was shown to be dimeric, with
the P-chain reported to be glycosylated (Osir et al., 1995). Here, the
baculovirus-expressed recombinant has a size comparable to this B-chain.
The glycosylation pattern is different. There is a generally accepted view
that most glycoproteins have O-linked or N-linked glycosylation pattern,
which occurs through serine and asparagine residues, respectively.
However, this appears not to be the case in Gpl. The deduced amino acid
sequence of Gpl does not have the classical consensus signature sequences
for these types of glycosylation. A number of studies (Haltiwanger et al.

1992, Previato et al. 1994, Hart et al. 1995, Mehta et al. 1997, Haynes
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1998) have presented evidence for the existence of saccharide-protein
linkages that do not follow the prevailing dogma. For example, in
Dictyostelium spp. (Mehta et al. 1997), phosphoglycosylation occurs via
the linkage of the sugar to a phosphate attached to a serine moiety on the
protein backbone. However, there is no evidence as yet of a consensus
recognition motif for this type of glycosylation (Haynes 1998).

The lack of a carbohydrate moiety on the bacterially expressed Gpl
had essentially no effect on its agglutinization and trypsinization
properties. Although not essential in these functions, glycosylation of Gpl
may serve a structural role or ensure proper synthesis and positioning of
Gpl within the organism. For example, appropriate glycosylation may be
required for the proper targeting of the protein in the midgut region. The
carbohydrate moiety of glycoproteins generally contributes a net negative
charge and increased solubility to a protein (Nachon et al. 2002). Thus, it is
also plausible that glycosylation plays a role in the proper solubility of Gpl
within the midgut cells. Currently, Gpl is associated with two roles in the
tsetse-trypanosome relationship (i.e., anti-trypanosome by causing an
apoptosis-like cell death and, pro-trypanosome by promoting
establishment). This protein may have evolved as an adaptation by tsetse to
reduce the physiological stress on it brought about by trypanosomes, which
compete for some of the components within tsetse bloodmeal, for example
proline (Leak, 1999). This may explain why tsetse flies show low

infectivity to trypanosome parasites in nature.
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5.2 Conclusion

Characterisation of Glossina proteolytic lectin has been the pillar of
this study. The proteolytic lectin was isolated from G. austeni midgut
homogenate, and the encoding gene was identified midgut cDNA library
and sequenced (GENBANK accession no. DQ060150). After a close study
of the native and recombinant forms of Gpl, it was observed through in
vitro studies that Gpl is a tsetse midgut protein that interacts with
Trypanosoma brucei brucei 1LTat 1.4, by bringing about agglutination.
This agglutinating property was also observed when washed rabbit red
blood cells were used. In addition, both forms of the protein showed
trypsin-like enzymatic activity. These two important biological activities
were strongly inhibited by the amino sugar, D-glucosamine. Though not
very conclusive, results obtained also indicate that the interactions between
Gpl and D-glucosamine may rely more on the structural complementarities
between both molecules, with the sugar (key) fitting perfectly into a
crevice on Gpl (lock), in a manner described as lock and key.

Following the expression of Gpl with the baculovirus expression
vector system, the recombinant Gpl was found in the medium of
AcMNP.gpl-infected cell, a strong indication that the tsetse signal peptide
was properly recognized by the protein synthetic machinery of §f~21 cell
lines. This recombinant protein was shown by PAS stain to be
glycosylated. This confirms that Gpl is indeed a glycoprotein.
Interestingly, the present findings also indicate that the carbohydrate

moiety on Gpl is not attached through the classical N- or O-linkage as
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observed in most mammalian glycoprotein. It is therefore important to
express eukaryotic proteins in systems that allow for post-translational
modification in order to have such groups attached to the mature protein.
And because the results from agglutination and enzymatic assays with both
the unglycosylated and the glycosylated forms of the protein were not
significantly different, it is concluded that the carbohydrate moiety may
not play an important with respect to these biological activities of Gpl.
However, it may be useful in conferring a net negative charge to the
molecule for proper targeting.

Recombinant Gpl was expressed both in bacteria and in Sf-21 cells.
Interestingly, far more recombinant Gpl was produced in Sf-21 compared
to the use of bacteria cells in terms of volume of culture medium
employed. Additionally, the expression of Gpl in Sf-21 cells made it

possible for post-translational modification of the protein to be achieved.

5.3 Recommendations

This study has come up with very vital additional information on the
nature and activity of Glossina proteolytic lectin. However, due to the
budgetary constraints as well as time the length of the understanding could
not be extended. Other key areas of research on this molecule, which have
now been identified, will need further studies. It is therefore recommended
that the following be looked into
i) The structure of the sugar moiety and the type of saccharide-protein

linkage.
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3 g Tris Dissolve in 500ml deionised distilled water, adjust pH to 7.4 with
HCL and make vol. to 1000ml.

PBS (phosphate buffered saline), pH 7.4

8.0 g NaCl

0.2 g KCl

1.44 g Na,HPO4

0.24 g KH;PO4

Dissolve salts in 600ml deionised distilled water, adjust pH to 7.2 and

make vol. to 1L.

BCIP and NBT as revealing substrates

NBT stock solution: prepare NBT stock soln. By dissolving one tablet of
NBT in 1ml of deionised water

BCIP stock solution: prepare BCIP stock soln by dissolving one BCIP
tablet (25mg) in 0.5ml 100% DMF.

Substrate buffer: 0.1M Tris (12.11g/L), 100mM NaCl (5.84g/L), 5SmM
MgCl, (1.02g/L). Adjust pH to 9.5 with HCL

Substrate solution: prepare substrate solution by adding 330ul of NBT

stock soln. To 10ml of substrate buffer, mix, and then add 33ul of BCIP
stock soln., mix.

NB All solutions should be protected from light.

Immunoblotting (western blotting) formulations

Transfer buffer















119

Dissolve salts in 600 ml distilled- deionised water, adjust pH to 7.9 with

HCL, and make up vol. to 1000 ml.Filter and degas.

Acetate buffer (0.1M, pH 4.0)

0.6 M Sodium acetate 49.2 g/l

0.6 M Acetic acid 34.4 ml glacial acetic acid per Liter of distilled
water

Mix 435 ml of 0.6 M acetic acid with 130 ml of 0.6 M sodium acetate.

Adjust to 1000 ml with distilled deionised water.

Borate saline buffer (0.1M,pH 8.3-8.5)
Boric acid 6.18 g/l
Sodium tetra borate (borax) 9.54 g/l

Sodium chloride 4.38 g/l

Carbonate-bicarbonate buffer (0.1 M)

Stock solution A 0.2M Na,CO; (21.1 g/l)

Stock solution B 0.2M NaHCO; (16.8 g/1)

X ml of solution A +y ml of solution B, diluted to a total of 200 ml will

yield the approximate pH shown below (0.1 M)

Solution A Solution B pH
5.0 ml 45 ml 9.2
7.5 42.5 9.3

9.5 40.5 9.4






