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ABSTRACT The developmental cycle of the cyclically transmitted African trypanosome involves an
obligatory passage through the tsetse ßy,Glossina spp. This intricate relationship requires the presence
of molecules within the insect vector, including a midgut lectin, that interact with the trypanosome.
Recently, a gene encoding for a proteolytic lectin, with trypanosome-transforming activity, was
isolated from a midgut cDNA library ofGlossina fuscipes fuscipes Austen in our laboratory. Using the
same approach, we have identiÞed a similar gene from a midgut cDNA library of Glossina austeni
(Newstead). The protein encoded by this gene was expressed in bacteria and a baculovirus-based
expression system. The baculovirus-expressed lectin was found in the medium of baculovirus-infected
Sf-21 cell cultures, indicating that the tsetse ßy-derived signal peptide was recognized and cleaved by
the Sf-21 cells. The baculovirus-expressed protein also was glycosylated despite the absence of classical
O-linked andN-linked sugar attachment motifs. Both the baculovirus- and bacterium-expressed lectin
proteins were shown to agglutinate trypanosomes and rabbit red blood cells in vitro. This agglutination
was strongly inhibited by D-glucosamine. D-Glucosamine also inhibited the action of the authentic and
recombinant lectins upon the chromogenic substrate Chromozym TRY. Interestingly, both baculo-
virus- and bacterium-expressed lectins showed no signiÞcant differences in terms of these activities,
indicating that a sugar moiety is not essential for biological activity. Our results provide an important
molecular tool for further characterization of Glossina proteolytic lectin.

KEY WORDS tsetse ßy, Glossina, proteolytic lectin, trypanosome

TSETSE FLIES, Glossina spp. (Diptera: Glossinidae), are
the only known vectors of African trypanosomiasis, a
debilitating disease affecting humans and other ver-
tebrates. These ßies are found only in Africa south of
the Sahara and have been associated with the trans-
mission of African trypanosomiasis for over a century
(Bruce et al. 1909). However, it is only within the past
two decades that numerous efforts have made toward
understanding the interactions betweenGlossina spe-
cies and cyclically transmitted African trypanosomes.
These efforts have focused on factors within Glossina
midgut that are principally protein in nature (Otieno
et al. 1983, Ibrahim et al. 1984, Maudlin and Welburn
1987). Ibrahim et al. (1984) were the Þrst to show that
a crude homogenate of tsetse midgut tissue is able to
agglutinate trypanosomes. Subsequently, numerous
studies (Maudlin and Welburn 1988a, b; Stiles et al.
1990; Maudlin 1991; Imbuga et al. 1992; Abubakar et al.
1995; Osir et al. 1999) have identiÞed protein compo-
nents of the tsetse ßy midgut tissue that are capable of

interacting with trypanosomes, including the aggluti-
nation of the bloodstream forms of trypanosomes in
vitro. The key molecule involved in this agglutination
activity is a bloodmeal-induced lectin (Abubakar et al.
1995) that is inhibited by sugars, especially D-glu-
cosamine (Maudlin and Welburn 1987, Mihok et al.
1992). When fed to tsetse, D-glucosamine strongly
increases the establishment of trypanosomes within
the midgut.

Osir et al. (1995) have puriÞed an active proteolytic
lectin protein from midgut homogenates of Glossina
longipennisCorti andGlossina fuscipes fuscipesAusten
(Abubakar et al. 2003). These studies have shown that
the proteolytic lectin is indeed the active molecule
that transforms the bloodstream form of trypanosomes
to a procyclic form (Welburn et al. 1989, Welburn and
Maudlin 1999, Abubakar et al. 2003). Knowledge of the
inhibitory property of D-glucosamine on the midgut
proteolytic lectin has facilitated the understanding of
the teneral puzzle, because newly emerged tsetse ßies
are more susceptible to trypanosome infection than
old ßies. Another important biochemical property of
the puriÞed proteolytic lectin molecule is that it is
glycosylated (Osir et al. 1995). The functional signif-
icance, if any, of this glycosylation has not been clar-
iÞed. Recently, a gene that encodes a lectin protein
was isolated from a midgut cDNA library ofG. fuscipes
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fuscipes and expressed in bacteria (Abubakar et al.
2005). Here, we report a comparative study in which
a lectin gene from another tsetse ßy, Glossina austeni
(Newstead), was isolated and expressed in bacteria
and by a recombinant baculovirus in a lepidopteran
cell line. The proteolytic and agglutination activities of
the lectin expressed in bacteria were highly similar to
those of the authentic and baculovirus-expressed pro-
teins, suggesting that glycosylation is not essential for
biological activity.

Materials and Methods

Constructionof aMidgut cDNAExpressionLibrary
of G. austeni. Total RNAs were extracted from the
midguts of 50 male G. austeni obtained from a labo-
ratory colony maintained at the Animal Rearing and
Containment Unit (ARCU) of the International Cen-
ter of Insect Physiology and Ecology (ICIPE). The
teneral (24-h-postemergence) ßies were subjected to
two rounds of feeding and starvation as described by
Abubakar et al. (1995). Essentially, the feeding and
starvation regime involved allowing the insects to feed
on pig blood for 30 min through an artiÞcial silicone
membrane followed by starvation for 72 h. This pro-
cedure was then repeated before the removal of the
midguts. After removal, the midguts were rinsed three
times in Tris buffer (20 mM Tris-Cl, pH 8.0) and
homogenized before total RNA extraction using an
RNA extraction kit (Promega, Madison, WI). Double-
stranded cDNAs were generated from the total RNAs
using a SMART cDNA library construction kit (BD
Biosciences Clontech, Palo Alto, CA). The cDNAs
were then digested with SfiIA and SfiIB, size fraction-
ated, and directionally ligated into pTriplEx2 (BD
Biosciences Clontech).
Antibody Screening of the cDNA Library. The G.

austeni cDNA library was screened following a pro-
cedure already established in the laboratory
(Abubakar et al. 2005). Brießy, polyclonal antibodies
against Glossina proteolytic lectin (Gpl) were pre-
pared as described by Osir et al. (1986). NonspeciÞc
binding to bacterial proteins was prevented by pread-
sorbing the serum with a lysate (diluted 1:10 in 2 ml
of 25 mM Tris-Cl, 135 mM NaCl, 2 mM KCl [Tris-
buffered saline] pH 7.4) from Escherichia coli DH5�
cells (protein concentration of 50 �g/ml). The pread-
sorbed serum containing the polyclonal antibodies
was further diluted (1:300), and used for library
screening according to the method of Sambrook et al.
(1989). After colony transfer, the membranes were
stained, and positive clones were visualized with
5-bromo-4-chloro-3-indolyl-phosphate (Sigma, St.
Louis, MO) and nitroblue tetrazolium (Sigma) sub-
strates in the dark. The plasmid DNAs in clones that
were conÞrmed to be positive against the anti-Gpl
serum were extracted using a Miniprep kit (QIAGEN,
Valencia, CA) and their inserts were sequenced.
Database Search and Sequence Analysis. The Na-

tional Center for Biotechnology Information (Be-
thesda, MD) BLAST computer search program was
used to perform sequence homology searches against

public databases (Altschul et al. 1997). Sequence
alignment and statistical analysis of alignments were
performed using the MultiAlign program (Corpet
1988).
Construction of a Recombinant Baculovirus Ex-
pressingGpl.A polymerase chain reaction (PCR) was
used to amplify the complete open reading frame of
the gpl gene by using the primers Gpl5BglII (5�-GCA
GAT CTA TGA AGT TCT TTG CAG TGT TCG C-3�)
and Gpl3BglII (5�-GCA GAT CTT TAC AAA AGT
TGC GCA TAG TTC-3�) andPfupolymerase (Invitro-
gen, Carlsbad, CA). Plasmid DNAs isolated from pos-
itive clones after antibody screening (see above) were
used as template DNAs. The thermo cycling param-
eters were 1 cycle of 94�C for 1 min; 39 cycles of 94�C
for 1 min, 50�C for 1 min, and 72�C for 1 min; followed
by a clean up step of 72�C for 3 min. This ampliÞcation
incorporated BglII sites at the 5� and 3� ends of the gpl
gene. After gel puriÞcation, the PCR-ampliÞed frag-
ment was Þrst blunt-end ligated into the SmaI site of
pUC18. Subsequently, the gpl gene was excised by
BglII digestion and cloned into the BglII site of the
baculovirus transfer vector pAcUW21 (Weyer et al.
1990). Restriction endonuclease digestion and nucle-
otide sequencing conÞrmed the orientation and au-
thenticity of the gpl gene in the resulting recombinant
baculovirus transfer vector, pAcUW21-gpl.

To generate a recombinant baculovirus expressing
the gpl gene, pAcUW21-gpl (4 �g) was transfected
with linearized, chitinase-negative AcMNPV DNA
(0.1 �g, a generous gift from Prof. Linda King, Oxford
Brookes University, Oxford, United Kingdom) by us-
ing Cellfectin reagent (Invitrogen) basically as de-
scribed by OÕReilly et al. (1992). After the transfec-
tion, a recombinant baculovirus (AcMNPV-gpl) was
isolated by two rounds of plaque puriÞcation on Sf-21
cells. The authenticity of the construct was conÞrmed
by polymerase chain reaction (PCR) by using AcM-
NPV- andgpl-speciÞc primers. The virus was ampliÞed
on Sf-21 cells, and stocks were kept at �70�C and
�4�C.
Cell Culture and Expression of Glossina Proteo-
lytic Lectin.Routinely, Sf-21 cells were grown at 27�C
in TC-100 medium with L-glutamine (JRH ScientiÞc,
Lenexa, KS) that was supplemented with 10% fetal
calf serum (Intergen, Purchase, NY). For recombinant
protein production, Sf-21 cells in suspension (5 � 105

cells/ml) were inoculated at a multiplicity of infection
of 0.1 plaque-forming units per cell. Sf-21 cells inoc-
ulated with AcMNPV-lacZ under identical conditions
were used as a control. At 72 h postinfection, the cells
were harvested by centrifugation (2,000 � g; 5 min)
and then resuspended in 5 ml of saline buffer (BIS;
10 mM Tris-Cl, pH 7.9, 130 mM NaCl, 5 mM KCl,
and 1 mM CaCl2). The cells were lysed by sonication,
and the homogenate was centrifuged at 4,000 � g for
10 min at 4�C. The supernatant, within a dialysis bag
(6,000Ð8,000 mol. wt. cut-off, Millipore Corporation,
Billerica, MA) was concentrated by polyethylene gly-
col precipitation (PEG 40,000, Serva, Heidelberg, Ger-
many) and dialyzed against 6 liters of BIS for 8 h.
Protein concentration was estimated using a BCA pro-
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tein assay kit (Pierce Chemical, Rockford, IL) with
bovine serum albumin as a standard. The mass and
purity of the recombinant protein was estimated by
sodium dodecyl sulfate gradient-polyacrylamide gel
electrophoresis (SDS-PAGE) according to the
method of Laemmli (1970). Gradient gels were cast
using a gradient maker (Invitrogen) and stained by
Coomassie brilliant blue and silver staining proce-
dures.
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 Luria-Bertani
medium containing 125 �g/ml ampicillin and incu-
bated at 37�C until they reached a log phase of growth.
At this point, 5 ml of cells was transferred aseptically
to a ßask containing 300 ml of TYP broth (16 g of Bacto
tryptone, 16 g of yeast extract, 5 g of NaCl, and 2.5 g
of K2HPO4). Protein expression was induced with
isopropyl �-D-thiogalactoside (1 mM Þnal concentra-
tion) when the OD600 reached 0.6 (�2 h). The in-
duced cells were allowed to grow overnight (12 h)
with shaking at 37�C. The cells were pelleted by cen-
trifugation (3,000 � g; 4�C; 10 min) and resuspended
in phosphate buffered saline (pH 8.0) and sonicated
on ice. Next, the lysate was centrifuged (8,000 � g;
20 min; 4�C), and the resultant supernatant dialyzed
against 6 liters of BIS for 8 h and stored at �20�C.
Preparation of Trypanosomes and Rabbit Red
Blood Cells. Trypanosoma brucei brucei ILTat 1.4
(Miller and Turner 1981), obtained from the Interna-
tional Livestock Research Institute (ILRI, Nairobi,
Kenya), were passaged in male Wistar rats as de-
scribed by Imbuga et al. (1992). The rats were ob-
tained from the Animal Rearing and Containment
Unit (ARCU) of ICIPE. Parasites (in vivo-derived
trypanosomes) were harvested from the rats by car-
diac puncture following the method of Lanham and
Godfrey (1970) and were puriÞed from the blood by
using a DEAE Sephacel column. Additionally, blood-
stream trypanosomes (i.e., in vitro-derived trypano-
somes) were maintained in vitro following the pro-
cedure described by Hirumi and Hirumi (1989).
Purification of Proteolytic Lectin fromMidgut Ho-
mogenates and Bacterium-Expressed Gpl. Authentic
proteolytic lectin was puriÞed from 200 tsetse ßy mid-
guts by using a two-step approach as described by
Abubakar et al. (2003). Brießy, the Þrst step involved
applying �90 mg of crude midgut homogenate onto a
DEAE Sephacel column equilibrated with 20 mM
Tris-Cl (pH 8.0). After washing with the same buffer,
the bound proteins were eluted using a 0Ð0.5 M NaCl
gradient in the same buffer. The eluted proteins were
Þrst dialyzed against 6 liters of BIS buffer for 24 h and
applied onto a D-glucosamine afÞnity column. The
bound protein was eluted from the column with 0.2 M
D-glucosamine in BIS buffer. The same procedure was
used to purify the recombinant, E. coli-expressed Gpl.
Immunoaffinity Purification of Baculovirus-Ex-
pressed Gpl.To purify the baculovirus-expressed Gpl,
an afÞnity matrix was generated by coupling poly-
clonal antibodies that were generated against the re-

combinant bacteria-expressed GPL to cyanogen bro-
mide-activated Sepharose 4B (GE Healthcare, Little
Chalfont, Buckinghamshire, United Kingdom) follow-
ing the manufacturerÕs protocol. The afÞnity column
(3.5 ml) was equilibrated with wash buffer (10 mM
Tris-Cl, pH 8.0, 0.14 M NaCl, and 0.025% NaN3). Then,
1.5 ml of the concentrated supernatant of virus-in-
fected cells (see above, containing �3 mg of crude
protein) was loaded onto the column. The gel was
washed Þrst with 50 ml of wash buffer and second with
40 ml of buffer A (50 mM Tris-Cl, pH 8.0, 0.1% Triton
X-100, and 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 ßow rate was
maintained at 250 �l/min using a peristaltic pump for
all of the washes and elution. The absorbance (A280)
of the eluate (1 ml per fraction) was measured using
a spectrophotometer. The eluted sample was Þrst di-
alyzed against 6 liters of phosphate-buffered saline
(PBS) (pH 8.0) for 12 h, concentrated with polyeth-
ylene glycol (PEG 40,000, Serva), and then dialyzed
against 6 liters of PBS (pH 8.0) for 8 h.
Agglutination and Trypsinization Assays. The

ability of the puriÞed proteins to agglutinate washed
trypanosomes and rabbit red blood cells was de-
termined as described by Abubakar et al. (1995).
The trypsinization activity of the recombinant Gpls
was determined as described previously (Imbuga et al.
1992) with carbo-benzoxy-val-gly-arg-4-nitroanilide
(Chromozym-TRY; Roche Diagnostics, Mannheim,
Germany).
Periodic Acid Schiff (PAS) Staining for Glyco-
proteins.SDS-PAGE was carried out using a 12.5% slab
gel as described above. After electrophoresis the gel
was placed in a Þxative [7.5% (vol:vol) acetic acid]
and rocked gently for 10 min at room temperature.
The gel was then treated with 1% (wt:vol) periodic
acid (Sigma) for 15 min at 4�C to oxidize the oligo-
saccharides. Subsequently, the gel was rinsed with
distilled water for 30 min at room temperature and
stained with SchiffÕs reagent (Sigma) in the dark
(15 min; 4�C). After staining, the gel was treated with
0.5% (wt:vol) sodium metabisulÞte (Sigma) for 30 min
at room temperature. Finally, the gel was rinsed ex-
tensively with distilled water at room temperature.

Results

Cloning and Expression of G. austeni Proteolytic
Lectin. Four Gpl-positive clones (�0.02%) were de-
tected from Þve Þlters containing �4,500 colonies.
The clones were puriÞed to homogeneity and their
cDNA inserts were sequenced. The sequences of all of
the inserts were identical. The cDNA sequence of the
proteolytic lectin from G. austeni is shown in Fig. 1A
(GenBank accession no. DQ060150). The cDNA
contained an open reading frame (Fig. 1A, nucleotides
30Ð852) that encoded a predicted protein of 274
amino acid residues. The calculated molecular mass of
the deduced protein was 29 kDa. A putative signal
peptide (amino acid residues 1Ð17) was identiÞed.
Sequence motifs conserved in serine proteases also
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were found between amino acid residues 68Ð73 and
213Ð224 (underlined in Fig. 1A). The deduced protein
sequence showed 98% identity to a Gpl that was pre-

viously cloned from G. fuscipes fuscipes midguts
(Abubakar et al. 2005) and 91% identity to a chymo-
trypsin-like serine protease from G. morsitans morsi-
tans (Yan et al. 2001) (Fig. 1B).

The culture medium of insect Sf-21 cells infected
with AcMNPV-gpl exhibited the ability to aggluti-
nate washed rabbit red cells beginning �48 h postin-
fection (p.i.). This activity peaked �72 h p.i. (data not
shown). Very little agglutinization activity was found
in the supernatant of Sf-21 cells infected with
AcMNPV-lacZ compared with that observed with su-
pernatant from AcMNPV-gpl-infected Sf-21 cells. The
expression of Gpl by AcMNPV-gpl was conÞrmed by
Western blot analysis (Fig. 3, lane 5) by using poly-
clonal antibodies that were generated against Gpl ex-
pressed in bacteria. These antibodies also were used to
prepare an immunoafÞnity column that was used to
purify the baculovirus-expressed Gpl (Fig. 2). Anal-
ysis of the immunoafÞntiy-puriÞed protein by SDS-
PAGE gave a single band, with an approximate mo-
lecular mass of 33 kDa (Fig. 3).
Purification of Authentic Proteolytic Lectin from
G. austeni Midguts and Bacterially Expressed Gpl. A
two-step puriÞcation scheme was used to purify the
authentic Gpl from midgut homogenates ofG. austeni
and recombinant Gpl expressed in bacteria. In the Þrst
step, the crude protein sample was applied onto a
packed DEAE Sephacel column, and the bound pro-
teins were eluted with a NaCl gradient (Fig. 4A). In
the second step, Gpl that was eluted from the DEAE
Sephacel column was applied onto a glucosamine af-
Þnity column and eluted with 0.2 M D-glucosamine
in equilibration buffer (Fig. 4B). The sample purity
was ascertained by SDS-PAGE (containing 2% �-mer-
captoethanol), which yielded a single protein band
(Fig. 5). The estimated molecular mass of the bacte-
rially expressed Gpl was �32 kDa by SDS-PAGE.
Comparison of the Biological Activities of Authen-
tic and Recombinant Gpl. The ability of the authentic
(from the tsetse ßy midguts) and recombinant (bac-
terially or baculovirus expressed) Gpls to agglutinate
trypanosomes (puriÞed from either in vivo or in vitro
sources) and red blood cells are shown in Table 1. The

Fig. 1. (A) Nucleotide and deduced amino acid se-
quences of the proteolytic lectin cDNA of G. austeni. The
arrowhead indicates the predicted signal peptide cleavage
site. The putative serine protease active site residues are
underlined. A potential polyadenylation signal is double un-
derlined. (B) Alignment of the deduced protein sequences
of proteolytic lectins from G. austeni (Ga) and G. fuscipes
fuscipes (Gff), and a chymotrypsin-like serine protease from
G. morsitans morsitans (Gmm). Identical (*) and similar (:)
amino acids residues are indicated below.

Fig. 2. Immuno afÞnity chromatographic puriÞcation of
recombinant Gpl expressed in Sf21 cell lines. The glu-
cosamine-afÞnity column was loaded with the culture me-
dium of AcMNPV-gpl-infected Sf-21 cells. After elution of
unbound proteins (peak I), nonspeciÞcally bound proteins
wereelutedwithbufferA(peak II), andboundproteinswere
eluted with buffer B (peak III).
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agglutination assay was carried out at 27�C because
a previous study (Ibrahim et al. 1984) indicated that
this was the optimum temperature for this assay. The
agglutination titer reported is the reciprocal of the
highest protein dilution that showed clumping of
cells. The agglutination activities of the recombinant
Gpls seemed to be identical, but only half as strong
as that of the authentic Gpl. There was no difference

in the agglutination of trypanosomes maintained by
serial passage in rats (i.e., in vivo) or puriÞed from
blood (i.e., in vitro). The trypsinization activities of
the authentic and recombinant Gpls are also shown
in Table 1. The authentic Gpl showed higher (�1.5-
fold) trypsinization activity in comparison with 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 sig-
niÞcant difference between any of the three Gpl pro-
teins in terms of the biological activities investigated
Partial Chemical Characterization of the Purified
Baculovirus-Expressed Protein. The presence of co-
valently bound carbohydrate moieties on the puriÞed
baculovirus-expressed Gpl was determined by PAS
staining after SDS-PAGE (Fig. 3, lane 4). The bacu-
lovirus-expressed Gpl was shown to be glycosylated
on the basis of PAS staining.

Discussion

This report deals with the expression of a func-
tionally active Glossina proteolytic lectin (Gpl) in
insect cells by using a recombinant baculovirus ex-
pression vector. The gene encoding Gpl was obtained
from a midgut-derived cDNA library from G. austeni
and used to generate the recombinant baculovirus
AcMNPV-gpl. 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 lepi-
dopteran-derived cells. Comparative sequence anal-
ysis, both at nucleotide and deduced amino acid
levels, showed that the gene cloned fromG. austeni is

Fig. 4. PuriÞcation of bacterially expressed Gpl. (A) The lysate of E. coli cells transformed with pTriplEx.gpl was applied
onto a DEAE Sephacel column. Unbound proteins (fractions 1Ð19) were removed from column with 20 mM Tris-Cl, pH 8.0,
whereas bound proteins (fractions 21Ð36) were eluted using a salt gradient (0Ð0.5 M) in the same buffer. (B) Proteins eluted
by the salt gradient were applied onto a BIS-equilibrated glucosamine afÞnity column. The column was washed with BIS to
remove unbound material (fractions 1Ð26) and bound proteins (fractions 28Ð35) were eluted with 0.2 M glucosamine in BIS.

Fig. 3. SDS-PAGE (4Ð15%) analysis of proteins in the
cell culture medium of Sf-21 cells infected with AcMNPV-
LacZ (lane 1) or AcMNPV-gpl (lane 2) and afÞnity-puriÞed,
AcMNPV-gpl-expressed Gpl (lanes 3 and 4). Each lane was
loaded with 15 �g of protein. The sizes of the molecular
weight standards (lane M) are shown to the left. The pro-
teins were visualized by silver staining (lanes M, 1, 2, and 3)
or carbohydrate staining with PAS (lane 4). AcMNPV-gpl-
expressed Gpl was separated by SDS-PAGE and then
transferred onto nitrocellulose paper. The blot was then
reacted with antiserum to the puriÞed bacterial expressed
Gpl (lane 5).
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very similar to that previously reported forG. fuscipes
fuscipes.This ties with the results of the puriÞcation of
a proteolytic lectin from the midgut homogenate of
both species.

The recombinant Gpls, expressed in insect Sf-21
cells and by bacteria, agglutinized washed trypano-
somes and rabbit red blood cells. The recombinant
Gpls produced an agglutination titer of 1,024, which
was comparable with that obtained with the au-
thentic Gpl from midgut homogenates. The recombi-
nant Gpls also showed trypsinization activities (32.1Ð
33.4 nmol/ml/min) against the substrate chromo-
zym-TRY. This trypsinization activity was similar to
that produced by the authentic Gpl (48.0 nmol/ml/
min). Both agglutinization and trypsinization activi-
ties 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. 2005). This transfor-
mation was observed with the aid of immunoßuores-
cence microscopy.

In view of the drawbacks of vector-control mea-
sures that are currently in use, it has been suggested
that the creation of transgenic tsetse ßies that are
refractory to trypanosomes will signiÞcantly contrib-
ute toward the control of trypanosomiasis, if used
together with a sterile insect release program. At
present, transgenesis of tsetse is not possible because
its eggs are nurtured within the female and only re-
leased at the Þnal stage of larval development. How-
ever, in a technique referred to as paratransgenesis
(Crampton 1994, Aksoy et al. 2001), endosymbionts
of the tsetse ßy can be used to express a foreign gene
within the adult ßy. Thus, our Þndings may have use
in terms of generating a transgenic endosymbiont
that expresses Gpl in a paratransgenic insect. The
expression of Gpl in a paratransgenic tsetse should
produce the same effects as a transgenic Gpl-express-
ing insect.

PAS staining conÞrmed that the puriÞed baculo-
virus-expressed Gpl was glycosylated. Interestingly,
although there is a generally accepted view that
O-linked and N-linked glycosylation occurs through
serine and asparagines residues, respectively, this
seems not to be the case in Gpl. The deduced amino
acid sequence of gpl does not have the classical con-
sensus signature sequences for these types of glyco-
sylation. Recently, a number of studies (Haltiwanger
et al. 1992, Previato et al. 1994, Hart et al. 1995, Mehta
et al. 1997, Haynes 1998) have presented evidence for
the existence of saccharide-protein linkages that do
not follow the prevailing dogma. For example, inDic-
tyostelium spp. (Mehta et al. 1997), phosphoglycosy-
lation occurs via the linkage of the sugar to a phos-
phate 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 glycosyl-
ation (Haynes 1998). We intend to further character-
ize the baculovirus-expressed recombinant in terms of
the structure of the sugar and the type of saccharide-
protein linkage.

The lack of a carbohydrate moiety on the bacterially
expressed Gpl had essentially no effect on its agglu-
tinization and trypsinization properties. Although not

Fig. 5. SDS-PAGE (4Ð15%) analysis of the noninduced
bacterial cell lysate (lane 1), pTriplEx2.gpl-transformed bac-
terial cell lysate (lane 2), and puriÞed rGpl from
pTriplEx2.gpl-transfromed bacterial cell lysate. Each lane
was loaded with 30 �g of protein. The sizes of the molecular
weight standards (lane M) are shown to the left. The proteins
were visualized by Coomassie brilliant blue staining.

Table 1. Agglutination and trypsinization activities of the native and recombinant Gpls

Source of puriÞed GPL

Agglutination activitya Trypsinization
activityb � SD
(nmol/ml/min)

Parasites
Red blood cells

In vivo cultured In vitro cultured

Authentic 2,048 2,048 1,024 48.0 � 3.0
Authentic � D-glucosamine 8 8 8 0
Bacterially expressed 1,024 1,024 512 32.1 � 4.0
Bacterially expressed � D-glucosamine 8 8 8 0
Baculovirus expressed 1,024 1,024 512 33.4 � 2.0
Baculovirus expressed � D-glucosamine 8 8 8 0

a Average value of two independent assays.
b Average value of three independent assays.
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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 sol-
ubility 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-trypano-
some 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 phys-
iological stress that is brought about by trypanosomes
(Leak 1999). This also may explain why tsetse ßies
show low infectivity to trypanosome parasites in na-
ture.

Acknowledgments

We are grateful to Prof. Linda King (Oxford Brookes
University) for the kind donation of AcMNPV (chitinase
negative) viral vector. We also thank the director of research
and partnerships at ICIPE for encouragement. D.N.A. was
supported by the German academic exchange service
through a DAAD in-country scholarship. Partial support for
this work was provided by National Research Initiative of
the USDAÐCSREES 2003-35302-13499 and NIH/NIAID U01-
AI058267.

References Cited

Abubakar, L. U., Bulimo, W. D., F. J. Mulaa, and E. O. Osir.
2005. Molecular characterization of a tsetse ßy midgut
proteolytic lectin that mediates differentiation of African
trypanosomes. Parasitol. Res. (in press).

Abubakar, L. U., E. O. Osir, and M. O. Imbuga. 1995. Prop-
erties of a blood meal induced lectin from the tsetse ßy
Glossina morsitans. Parasitol. Res. 81: 271Ð275.

Abubakar,L.U.,G.Zimba,C.Wells,F.Mulaa, andE.O.Osir.
2003. Evidence for the involvement of a tsetse midgut
lectin-trypsin complex in differentiation of bloodstreamÐ
form trypanosomes. Insect Sci. Applic. 23: 197Ð205.

Aksoy, S., I. Maudlin, C. Dale, A. S. Robinson, and S. L.
O’Neill. 2001. Prospects for control of African trypano-
somiasis by tsetse vector manipulation. Trends Parasitol.
17: 29Ð35.

Altschul, S. F., L. M. Thomas, A. S. Alejandro, Z.Z.Z. Jinghui,
M. Webb, and D. J. Lipman. 1997. Gapped BLAST and
PSI-BLAST: a new generation of protein database search
programs. Nucleic Acids Res. 25: 3389Ð3402.

Bruce, D., A. E. Hamerton, H. R. Bateman, and F. P.Mackie.
1909. The development of Trypanosoma gambiense in
Glossina palpalis. Proc. R. Soc. B. 81: 405Ð414.

Corpet, F. 1988. Multiple sequence alignment with hier-
archical clustering. Nucleic Acids Res. 16: 10881Ð10890.

Crampton, J. M. 1994. Approaches to vector control: new
and trusted prospects for genetic manipulation of insect
vectors. Trans. R. Soc. Trop. Med. Hyg. 88: 141Ð143.

Haltiwanger, R. S., W. G. Kelly, E. P. Roquemore,
M. A. Blomberg, L.Y.D. Dong, L. Kreppel, T. Y. Chou,
and G. W. Hart. 1992. Glycosylation of nuclear and cy-
toplasmic proteins is ubiquitous and dynamic. Biochem.
Soc. Trans. 20: 264 269.

Hart, G. W., K. D. Greis, L.-Y. Dong, M. A. Blomberg,
T.-Y. Chou, M.-S. Jiang, E. P. Roquemore, D. M. Snow,
L. K. Kreppel, R. N. Cole, et al. 1995. O-linked N-acetyl-
glucosamine: the yinyang of Ser/Thr phosphorylation?
Adv. Exp. Med. Biol. 376: 115Ð123.

Haynes, P. A. 1998. Phosphoglycosylation: a new structural
class of glycosylation? Glycobiology 8: 1Ð5.

Hirumi,H., andK.Hirumi. 1989. Continuous cultivation of
Trypanosoma brucei bloodstream forms in a medium con-
taining a low concentration of serum proteins without
feeder cell layers. J. Parasitol. 75: 985Ð989.

Ibrahim, E.A.R., G. A. Ingram, and D. H. Moulyneux. 1984.
Haemagglutinins and parasite agglutinins in haemolymph
and gut of Glossina. Tropenmed. Parasitol. 35: 151Ð156.

Imbuga, M. O., E. O. Osir, V. L. Labongo, N. Darji, and
L.H.Otieno. 1992. Studies on tsetse mid-gut factors that
induce differentiation of blood stream Trypanosoma bru-
cei in vitro. Parasitol. Res. 18: 10Ð15.

Laemmli, U. K. 1970. Cleavage of structural proteins during
the assembly of the head of bacteriophage. Nature
(Lond.) 227: 680Ð685.

Lanham, S. M., and D. G. Godfrey. 1970. Isolation of sali-
varian trypanosomes from man and other animals using
DEAE cellulose. Exp. Parasitol. 28: 521Ð534.

Leak, S.G.A. 1999. Tsetse biology and ecology-their role in
the epidemiology and control of trypanosomiasis. CABI
Publishing, New York.

Maudlin, I. 1991. Transmission of African trypanosomiasis:
interactionsamong tsetse immunesystem, symbionts, and
parasites. Adv. Dis. Vector Res. 7: 117Ð148.

Maudlin, I., and S. C. Welburn. 1987. Lectin mediated es-
tablishment of midgut infections of Trypanosoma congo-
lense andTrypanosoma brucei inGlossinamorsitans.Trop.
Med. Parasitol. 38: 167Ð170.

Maudlin, I., and S. C. Welburn. 1988a. The role of lectins
and trypanosome genotype in the maturation of midgut
infections inGlossina morsitans. Trop. Med. Parasitol. 39:
56Ð58.

Maudlin, I., andS.C.Welburn. 1988b. Tsetse immunity and
the transmission of trypanosomiasis. Parasitol. Today 4:
109Ð111.

Mehta, D. P., J. R. Etchison, R. Wu, and H. H. Freeze. 1997.
UDP-GlcNAc:Ser-protein N-acetylglucosamin-1-phos-
photransferase fromDictyosteliumdiscoideum recognizes
serine-containing peptides and eukaryotic cysteine pro-
teinases. J. Biol. Chem. 272: 28638Ð28645.

Mihok, S., L. H. Otieno, N. Darji, and D. Munyinyi. 1992.
Inßuence of D (�)-glucosamine on infection rates and
parasite loads in tsetse ßies (Glossina spp.) infected with
Trypanosoma brucei. Acta Trop. 51: 217Ð228.

Miller, E. N., and M. J. Turner. 1981. Analysis of antigenic
types appearing in Þrst relapse populations of clones of
Trypanosoma brucei. Parasitol. 82: 63Ð80.

Nachon,F., Y.Nicholet,N.Viguie, P.Masson, J.C. Fontecilla-
Camps, and O. Lockridge. 2002. Engineering of a mo-
nomeric and low glycosylated form of human butyryl-
cholinesterase: expression, puriÞcation, characterisation
and crystallization. Eur. J. Biochem. 269: 630Ð637.

O’Reilly, D. R., L. K. Miller, and V. A. Luckow. 1992. Bac-
ulovirus expression vectors: a laboratory manual. W.H
Freeman & Company, Oxford, England.

Osir, E. O., M. A. Wells, and J. H. Law. 1986. Studies on
vitellogenin from the tobacco hornworm,Manduca sexta.
Arch. Insect Biochem. Physiol. 3: 217Ð233.

Osir, E. O., L. Abubakar, and M. O. Imbuga. 1995. PuriÞ-
cation and characterisation of a mid-gut lectin-trypsin
complex from the tsetse ßyGlossina longipennis.Parasitol.
Res. 81: 276Ð281.

March 2006 AMIN ET AL.: CHARACTERIZATION OF A PROTEOLYTIC LECTIN FROM TSETSE FLY 307



Osir, E. O., M. Abakar, and L. Abubakar. 1999. The role of
trypanolysin in the development of trypanosomes in
tsetse, pp. 417Ð420. In Proceedings 25th Meeting of the
International ScientiÞc Council for Trypanosomiasis Re-
search and Control, 27 SeptemberÐ1 October 1999, Mom-
basa, Kenya. OAU/STRC Publication 120, Nairobi, Ke-
nya.

Otieno, L. H., N. Darji, P. Onyango, and E. Mpanga. 1983.
Some observations on factors associated with the devel-
opment of Trypanosoma brucei brucei infections in
Glossina morsitans morsitans. Acta Trop. 40: 113Ð120.

Previato, J. O., C. Jones, L.P.B. Goncalves, R. Wait,
L. R. Travassos, and L. Mendonca-Previato. 1994. O-
Glycosidically linked N-acetylglucosamine-bound oligo-
saccharides from glycoproteins of Trypanosoma cruzi.
Biochem. J. 301: 151Ð159.

Sambrook, J., E.A.Fritsch, andT.Maniatis. 1989. Molecular
cloning: a laboratory manual, 2nd ed. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York.

Stiles, J. K., G. A. Ingram, K. R. Walbanks, D. H. Molyneux,
I.Maudlin, andS.C.Welburn. 1990. IdentiÞcation of mid-
gut trypanolysin and trypanoagglutinin inGlossina palpalis
palpalis (Diptera: Glossinidae). Parasitology 10: 369Ð376.

Welburn, S. C., and I. Maudlin. 1999. Tsetse-trypanosome in-
teractions: rites of passage. Parasitol. Today 15: 399Ð403.

Welburn, S. C., I. Maudlin, and D. S. Ellis. 1989. Rate of
trypanosome killing by lectins in midgut of different spe-
cies and strains ofGlossina.Med. Vet. Entomol. 3: 77Ð82.

Weyer, U., S. Knight, and R. D. Possee. 1990. Analysis of
very late gene expression by Autographa californica nu-
clear polyhedrosis virus and the further development of
multiple expression vectors. J. Gen. Virol. 71: 1525Ð1534.

Yan, J., Q. Cheng, C. Li, and S. Aksoy. 2001. Molecular
characterisation of two serine proteases expressed in gut
tissue of the African trypanosome vector, Glossina mor-
sitans morsitans. Insect Mol. Biol. 10: 47Ð56.

Received 10 July 2005; accepted 28 September 2005.

308 JOURNAL OF MEDICAL ENTOMOLOGY Vol. 43, no. 2


