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Abstract: Animal African trypanosomiasis (AAT) also known as Nagana is a devastating disease among domestic
animals in large parts of Sub-Saharan Africa causing loses in milk and meat production as well as traction power.
However, there is currently no commercial vaccine against AAT. The parasites have also developed resistance to
some of the drugs in use. Moreover, the use of affordable computer-aided wet bench methods in the search for
vaccine and/or new drug targets against this disease have not yet been fully explored in developing countries. This
study, therefore, explored the use of PCR to screen a freshly prepared bloodstream form Trypanosoma brucei brucei
(T. b. brucei) expression library for coding sequences followed by bioinformatics analyses specifying the functions
and importance of these proteins to parasite survival. Eleven protein coding sequences were identified from twenty
nine purified clones. The putative retro transposon hot spot protein 4 (RHSP 4) was the only protein with a fully an-
notated DNA sequence. All the others were hypothetical or had partial or unqualified annotations. RHSP 4 and pyru-
vate dehydrogenase E1 component, alpha sub-unit (PDE1x) are involved in aerobic respiration whereas succinyl-Co
A-3-ketoacid-coenzyme A transferase mitochondrial precursor (SKTMP) is predicted to be involved in ketone body
catabolism. Cystathionine beta-synthase (CBS) and alpha-1,3-mannosyltransferase (adMT) have been predicted in
cysteine biosynthesis and vesicular transport respectively. The functions of the hypothetical proteins encountered
have neither been experimentally determined nor predicted. We hypothesize that both CBS and PDE1a are good
drug targets. Overall, about 300 plates are required to PCR screen the entire Trypanosoma brucei genome in ap-
proximately eight months. This method is therefore, applicable and affordable in the search for new drug targets
under conditions of limited resources among developing countries.
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Introduction

Trypanosoma brucei brucei (T. brucei brucei) is
a flagellate protozoan parasite of the genus
Trypanosoma. It is one of the parasites called
trypanosomes in Africa that cause a disease in
animals known as African animal trypanosomi-
asis (AAT) or Nagana. AAT is a devastating dis-
ease among domestic animals in large parts of
Sub-Saharan Africa [1] threatening approxi-
mately forty eight million cattle and responsible
for losses in milk, meat and traction power
amounting to about $ US 1.0-1.2 billion per
annum [2]. This parasite has a life cycle that
alternates between the tsetse fly (genus

Glossina) and a mammal. In the bloodstream of
its mammalian hosts, the parasite evades the
immune response by antigenic variation (a con-
tinual switching of the variant surface glycopro-
teins (VSGs) that constitute the surface coat). It
has a genome of about 1,000 different VSG
genes [3-7].

Antigenic variation has greatly hindered vaccine
development efforts [8]. On the other hand,
chemotherapy is inadequate due to several rea-
sons, including drug resistance [9]. Identification
and characterization of novel T. b. brucei drug
and vaccine targets are the only foreseeable
ways of engaging the problem [10]. T. b. brucei
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cytoskeleton is believed to be one of the sites
that may contain applicable targets. It is pre-
dominantly made up of microtubules that form
the sub-pellicular corset covering the whole
parasite body just beneath the plasma mem-
brane except at the flagella pocket. This micro-
tubule cage is responsible for the maintenance
of the cell shape and form. The flagellum also
made up of microtubules is used for motility
and attachment to the host cell membrane [11,
12]. It is reasonable to expect thousands of
these drug and vaccine targets along this
microtubule skeleton. Those in the underlying
plasma membrane and protoplasm would
equally be of interest.

Methods such as Edman sequencing, mass
spectrometry, X-ray, Nuclear Magnetic
Resonance (NMR) have been used mostly in
the developed countries to identify these pro-
teins. However, these methods are expensive
and not readily available in developing coun-
tries, hence the need for more affordable meth-
ods, which can be boosted by the rampant
computer-aided technology. Therefore, in this
study, we used PCR to screen a freshly pre-
pared bloodstream form T. b. brucei expression
library for coding sequences that were analyzed
by bioinformatics tools.

Materials and methods

Isolation of T. b. brucei from blood by anion
exchange chromatography

Ten adult mice were infected with T. b. brucei
(UTRO 01029B) and blood from them harvest-
ed by cardiac puncture at a parasitemia of
about 107 to 108 by matching method [13]. The
parasites were then isolated from blood by
anion exchange chromatography using DEAE
cellulose according to the SIGMA protocol
(Sigma Prod. D6418, D0909 and D3764), pel-
leted, snap frozen in liquid nitrogen and stored
at-80°C.

Extraction of mRNA from T. b. brucei

Pure mRNA (5 ug) was extracted from blood-
stream form T. b. brucei parasites using the
magnetic mRNA isolation kit from New England
Bio Labs (Cat. No: NEB S1550S) and measured
in a NanoDrop ND-1000 UV-Vis spectrophotom-
eter from Thermo Fisher Scientific.
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Preparation of the bloodstream form T. b. bru-
cei expression library and titration

Complementary DNA (cDNA) was synthesized
using the ZAP Express cDNA Synthesis Kit from
Stratagene (Cat. No: 200401). The first cDNA
strand was synthesized and used as a template
for the synthesis of the second cDNA strand.
The cDNA termini were blunted; EcoR | Adapters
were ligated using T4 DNA ligase, phosphory-
lated by T4 polynucleotide kinase and digested
using Xho | according to the manufacturer’s
instructions. To ascertain the presence of
cDNA, a 500 bp a-tubulin gene fragment was
amplified from 0.5 pl of the cDNA sample in a
total reaction volume of 25 ul by PCR using the
primer set AAGGATCCCAGAGAAGGCCTACCA-
CGAG and AAAAAGCTTCTCTTCCATACCCTCAC-
CGA as the forward and reverse primers respec-
tively. A control reaction was also set up using
genomic DNA extracted from T. b. brucei. The
products were run on a 2% agarose gel, stained
with ethidium bromide and visualized under UV
light (gel not shown). The synthesized cDNA
was processed to remove contaminating pro-
teins, ligated into Uni-ZAP XR Express® Vector
and introduced into the Gigapack® Il Gold
Packaging Extract to obtain the primary library.
This was immediately tittered, amplified and its
titer determined using competent XL1-Blue
MRF~ cells according to the Stratagene proto-
col (Cat. No: 200401).

Library plague generation and PCR amplifica-
tion of these plaque sequences

Briefly, a warm water-bath was pre-heated to
52°C. Meanwhile, LB agar plates (20 x 150
mm) were placed inside an incubator at 37°C to
warm. Eight ml of melted LB/0.7% agarose was
aliquoted into each of the two sterile 15 ml
Falcon tubes (under sterile conditions) and
immediately stored in the warm water-bath
(52°C) until needed. Serial dilution (up to
1:1000) of the library ( see above) in SM buffer
was done and 2 ul of the diluted library (1:1000)
added to each of two labeled 15 ml Falcon
tubes containing 1.5 ml of competent XL1-Blue
MRF~ cells (OD600 of 1.0) at room tempera-
ture. The tubes were then incubated at 37°C for
20 minutes in the orbital shaker to allow the
phage to bind to the bacterial cells. Workings
quickly, a tube containing LB/0.7% agarose was
taken from the water-bath, and its contents
added to the falcon tube containing the phage
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and bacteria. The warm plates were removed
from the incubator, labeled and the mixture
poured onto them and swirled to distribute the
contents evenly. After allowing setting at room
temperature (3-5 minutes), the plates were
inverted and incubated at 42°C for four hours
or until plaques were clearly visible (about 3mm
diameter). Thirty six plaques were randomly
selected, stubbed out with a wide bore plastic
pipette and put into separate Eppendorf tubes
containing 200 pl of sterile distilled water.
These were then mashed up with the ends of
pipette tips (separately for each sample) and
stored at 4°C. The T7 and T3 primers (New
England Biolabs) were used as the forward and
reverse primers respectively. The amplification
reactions were prepared in a total reaction vol-
ume of 25 pl as follows: 6 pl phage (template),
0.5 pl 100 pg/ul T7, 0.5 pl 100 pg/ul T3, 0.5 ul
10 mM dNTP mix, 0.13 ul 5.0 U/ul Tag DNA
polymerase, 2.5 ul x 10 buffer (Mg free), 1.5 pl
25 mM MgCl, and 13.38 pl double distilled
water. PCR was run for 35 cycles with an initial
denaturation at 98°C for 2 minutes, cycling
conditions at 95°C for 15 seconds, 52°C for 15
seconds, 72°C for 1.5 minutes and final exten-
sion at 72°C for 2 minutes. The PCR amplicons
were then run on a 2% agarose gel, stained
with ethidium bromide and visualized under UV
light and samples, which produced single clean
bands of at least 100 bp were selected for fur-
ther study.

Sequencing of PCR products that produced
single clean bands

Twenty nine pure PCR amplicons that showed
only one band of at least 100 bp were sent for
sequencing at the Inqaba biotech laboratory in
South Africa. T7 and T3 primers were used for
sequencing for comparison of results and reli-
ability. All the amplicons were successfully
sequenced.

Bioinformatics analyses of the cDNA sequenc-
es

Bioinformatics analyses were done using the
public resources at the National Center for
Biotechnology Information (NCBI) website. The
NCBI VecScreen program was first used to
identify contaminating vector sequences,
adapters, linkers and primers by comparing the
query sequences with those in the UniVec data-
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base. Those sequences that belonged to lamb-
da ZAP expression vector, Uni-ZAP XR Express®
Vector such as PBluescript SK (-), adapters,
linkers and primers used during this study were
subsequently deleted to leave behind the
unique sequences from the referred cDNAs.
Basic Local Alignment Search Tool (BLAST) was
set to query the nucleotide database (ntdb) at
NCBI with the resulting sequences using blastn
program in order to determine the nucleotide
(nt) sequences they aligned within this data-
base. Expasy translate tool was used to trans-
late the nt sequences that did not yield any sig-
nificant hit into amino acid (aa) sequences.
These aa sequences were then queried against
the peptide database (ptdb) at NCBI using
blastx program to determine the corresponding
proteins in this database. Signalp from http://
www.cbs.dtu.dk/services/SignalP/ was used to
predict the presence of signal peptides in the
hypothetical proteins encountered to further
predict whether the proteins were secretory or
non-secretory; SignalP was also used to predict
the possible location of all proteins encoun-
tered during this study. Additionally, the
TriTrypDB from http://tritrypdb.org was queried
for orthologs among the kinetoplastids. This is
because orthologs are known to retain the
same function over the course of evolution.
Thus, an efficacious vaccine or drug that would
be successfully developed against one kineto-
plastid is likely to be effective for the other
Kinetoplastid (s) that possess (es) ortholog (s)
from which the vaccine or drug was designed
and developed.

Results

Construction and titration of the amplified T. b.
brucei expression library

The purity and quantity of the mRNA samples
were determined using a NanoDrop ND-1000
UV-Vis spectrophotometer from Thermo Fisher
Scientific. Pooled mRNA (5.0 ug) was extracted
and all pooled samples had a 260/280 ratio of
between 1.85-2.00 with smooth curves indicat-
ing that they were pure and not degraded. The
amplification of a 500 bp a-tubulin gene frag-
ment (gel not shown) indicated successful
cDNA synthesis. The primary library titer was
determined, and the volume needed for amplifi-
cation determined to be 250.00 pl. The titer of
the amplified library was determined as 1.25 x
106 pfu/pl.
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Query 17

Sbjct 1BSB
Cuexry 53

CTCGAGGG—AAMG-AGOG- AAMCCAA CGCAR - CCT TICAAA ACCCT TGCOCUCGAGACT CTCGYCTGATATIGTAA 92
Illllll! e lllllllllll FERRRRRRRRRRnnn e L e v vnnneenenl

GCCCCCAACACACTOGICTIGATAATGIAA 1784

mmnmmm mmmmmmmmmrm 167

PO RRRRRE PR e vennn et b n e e n et e ee ey vne v nneentd
Sbjct 1783 TCICCITIGACGTCATCT- mmmmmmmmmm—mmuna

Quexry 168 AAGCCCATCIGCAACGATACCAATUGACATIGACAR A2
IlIIIIIIIlIllIIIIIllIIIIIIIIIlIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
AAGCGATCTGCAA OGATATGAA TUGALA A A

Sbijct 1708

[GIGLGL 242

[GIGCGE 1634

Quexry 243 mmmmmmmm 317
PRRRE DRRRRRRnnn et b vnnnen b nnnn vnnn v v v i
Sbjct 1633 TACCACATCATITIGCCACCUCGCAGATTITCCAATAATCTTACCATAT TICTITCCGTTATCGCTATUGAGCTG 1559
Qonery 31 TCTAGCTICTITITACGCACACNTIT-CACTCGTITGIGATAGACACCCOCTGA TAARAMCARRACGACCCACTCGAL 392
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 1558

14B4

Quexry 393 mmmmnmmmn—m 467

Sbjct 14B3
Quexry 46B

Sbjct 1408

—mnc—nm:rmrrr 14059
[CATGICGCGCACATCATC 542

[CATGTICACGTACATCATC 1334

Quexry 543 mmmmmmmmm 617

Sbict 1333

PRRRRRRRRRRRnnr b e een et vennnner vennnn bennnen i nn e e
GCAGTITATAATAACTCIG-CGECT ICT CITGIC-TT T TGCCCAGT GATGAA AAT CRGCCT CATCUGGAGAAL TG

Query 51B AGGACAGTTACACCOUCAACCC-AMAT-GECACACCTCACCANGCCCTGTAACTAAGUUCTTACCG-AT—GICAR 692

Sbjct 1258

IIIIIIIIIIIIIIIIIIIIII LI B e e reeet
; 7 AAR CUGGCA GA—- C-CATCGEETGECGTCIGC—GCATIT-CTGCATATGICAA 1164

Quexry 6353 mmmummrmr—mmm—c—c—m -IGTA 767

Sbjct 11B3 CAATGATGIGOCCT-TIITIITICTIG--GATACTAACCCACCTAT TCOGCICAAMCGECATCT-TCOGGGAATTTA 1109
Query 76B TICCTC--AACCCTOCCCTCITCICCEGGITICTIGITATATATTAAATACCOGATITC-TCCCACCARATATGC B44

Sbjct 110B TACCTCTICAACCCTCCCCTCTITCTICCGGGITICT IGL IATATATTAAATACCOGA TCCCGTCIGT-GARATATGC 1034

Query B45 AACAACATCAACCATTCUTITCATGCGAACTGAACUCACTGAATCAACCAARAATCGATCOCAANGOCACATGGITIACT 919
TORRRRRRRRR Rt vy pene e et b e e e e e e nnenni

Sbjct 1033 AACAACATCAACCATTCCATCATIGAACTGAACCAATGAA TCAACCAAA AATGATCCAACACCGCTATGATTTACT 959

Query 529 AATACCAGCTGIACCAATARCAATATGCIATCGGT-TNICTCIGIGCTIITITCCACCCACCATCITIGSAGCUCTC 9B 4
FERRRRRRRRRRn e vennnne v b v vnnnnnnnnennnnnn vt nnnnnnl
Sbjct B55B nmmmmmmmmmsn

Query 9BS5 GITGGATTATATACCACACGUGCATAR

A-TWCTACTYTGC-CGUCYC 1059

|II|IIIHIIIIIIIllllllllllllllllllIIIIIIIIIIlllllIIIl 11 i1 i
Sbjct BB2 GITGGATIATATACCACACCUGCATAATTICACCACCGAT-ATATACATGITIAAAATTITCCCC-GCACATCTC BDS
Query 1060 GIAGTGIACTCCAATGCAAACYTIGCT-GIATGEOCATCCTTIICTC-GA- GRGAGARCAARA-T-TCCAA-C-ATC 1144

Sbict BOB

Quexry 1145 AGGUCICTC-GICAATCICTGCATCAL-. mm—rmc 1184

PEE RRReE e ne e peneneny veenpppnp nnnl
Sbjct 733 AGCTCTICIUCGECALTOG- TGCATCAACATTORCA-GGATCAL 691

Figure 1. Pwsa for the determination of RHSP 4 (Th927.1.120). One of the clones matched RHSP4 when BLAST
searched in the ntdb at NCBI with Score = 1081 bits (585), Expect = 0.0, Identities = 982/1168 (84%), Gaps =

66,1168 (6%) Strand = Plus/Minus.

Bioinformatics analyses outputs

The only fully annotated DNA sequence hit was
RHSP 4. The gene coding for this protein is on
chromosome 1 and locus 120. The cDNA iso-
late corresponded to nt 17-1143 and aligned to
segment 1858-716 of the RHSP 4 (Figure 1).
SignalP analysis predicted RHSP 4 localization
in the nucleus of T. brucei. Querying the
TriTrypDB with the same isolate showed that
it's unique to the T. brucei complex. The other
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proteins were hit in the peptide database using
the translated cDNA queries as shown in the
pwsa (Figures 2-11) below. The translated
cDNA (aa 1-27) made a hit to PDEla and
aligned on it from aa 241-267 (Figure 2).
SignalP analysis predicted PDElx localization
in the mitochondria. Querying the TriTrypDB
with this cDNA isolate showed orthologs in L.
infantum, L. Mexicana and T. cruzi. The trans-
lated cDNA (aa 9-30) made a hit to VSGPx and
aligned with it from aa 224-245 (Figure 3).
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PPLEVDGIDKLDIEFGTRPRAEFIQPG 27
P L VDG+D L ++ GTR E+ G
Sbjct 241 PGLRVDGMDVLAVQEGTRHAKEWCLAG 267

Query 1

Figure 2. Pwsa for the determination of PDE1a. One of the clones matched
T. brucei TREU927 PDE1ac when BLAST searched in the ptdb at NCBI with
Score = 24.6 bits (52), Expect = 0.007, Identities = 12/27 (44%), Positives =
16/27 (59%), Gaps = 0/27 (0%).

AEFLOQPGGSTSSRAAATAVEIQ 30
AEFL GG+ S AT ++ +
Sbjct 224 AEFLAAGGTLSVNTATTTIKTE 245

Query 9

Figure 3. Pwsa for the determination of VSGPx (emb|cad90550.1]). One of
the clones matched T. b. brucei VSGPx when BLAST searched in the ptdb at
NCBI with Score = 22.3 bits (46), Expect = 0.009, Identities = 9/22 (41%),

plasmic reticulum and
upon querying the
TriTrypDB, orthologs were
found in T. cruzi, L. infan-
tum and L. braziliensis.
The alignment of the
translated cDNA query (aa
7-28) to SKTMP was from
aa 408-429 (Figure 7).
The gene encoding SKTMP
is on chromosome 11 and
locus 0290. SignalP analy-
sis of this cDNA predicted
that SKTMP localizes in
the mitochondria and
when the TriTrypDB was
queried, orthologs were

Positives = 13/22 (59%), Gaps = 0/22 (0%).

Query 10 EFLOPGGSTSSRAAATAVEIQLLFPLVR 37
++ A +A E + L L+R
Sbjct 16 KLLMPGAEBATSAGKSAAEYRTLCKLIR 43

+ L PG

Figure 4. Pwsa for the determination of VSGq (Th11.v4.0036). One of the
clones matched T. brucei VSGq when BLAST searched in the ptdb at NCBI
with Score = 22.3 bits (46), Expect = 0.009, Identities = 9/28 (32%), Posi-

tives = 15/28 (54%), Gaps = 0/28 (0%).

SignalP analysis of this cDNA sequence predict-
ed VSGPx localized in the plasma membrane.
Ortho-logs were found in L. infantum and T.
cruzi upon querying this cDNA sequence on the
TriTrypDB. The tra-nslated cDNA (aa 10-37) hit
VSGq and matched it from aa 16-43 (Figure 4).
The gene coding for VSGq is on chromosome
11 and locus 0036. SignalP analysis of this
cDNA sequence showed that it localizes in the
plasma membrane and upon querying it on the
TriTrypDB, orthologs were found in L. mexicana
and T. cruzi. The alignment of the translated
cDNA query (aa 3-41) to CBS was from aa
16-55 (Figure 5). The gene encoding CBS is on
chromosome 11 and locus 5400. SignalP anal-
ysis of this cDNA sequence showed that CBS
has no signal peptide, non-secretory and local-
izes in the cytoplasm. Upon querying the
TriTrypDB, orthologs were found in L. mexicana
and T. cruzi. The alignment of the translated
cDNA query (aa 23-51) to aMT was from aa
271-299 (Figure 6). The gene coding for aMT is
on chromosome 10 and locus 0260. SignalP
analysis predicted aMT localization in the endo-
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found in T. cruzi, L. infan-
tum, L. braziliensis and L.
major. The translated
cDNA (aa 4-10) hit hypo-
thetical protein | (HP I) and
matched its aa 374-410
(Figure 8). The gene
encoding HP | is on chro-
mosome 7 and locus
4460. SignalP analysis of
this  cDNA  sequence
showed that it has a signal
peptide and localizes in the mitochondria.
Querying this cDNA sequence on the TriTrypDB
showed that HP | is unique to T. brucei. The
alignment of the translated cDNA query (aa
2-16) to hypothetical protein Il (HP Il) was from
aa 2571-2 (Figure 9). The gene encoding HP Il is
on chromosome 6 and locus 620. SignalP anal-
ysis of this cDNA sequence showed that it has
no signal peptide, non-secretory and localizes
in the cytoplasm. Upon querying the TriTrypDB,
orthologs were found in L. Mexicana and T.
cruzi. The translated cDNA (aa 14-38) hit and
aligned to hypothetical protein Il (HP 1ll) from
aa 1210-1234 (Figure 10). The gene encoding
HP Ill is on chromosome 3 and locus 1420.
Signalp analysis of this cDNA sequence showed
that it has no signal peptide, non-secretory and
localizes in the cytoplasm. Orthologs to HP llI
were found in L. infantum, L. Mexicana and T.
cruzi upon querying the TriTryDB. The alignment
of the translated cDNA (aa 4-27) to hypothetical
protein IV (HP IV) was from aa 300-326 (Figure
11). The gene encoding HP IV is on chromo-
some 5 and locus 2770. SignalP analysis of this
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Quey 3 LGTGPPLEVDGIDKLD-IEFGTRPRAEFLOPGGSTSSRAA 41

+G+ P + ++ + + I+

+ EF PGGS R A

Sbjct 16 IGSTPCIRLNRLPNMHGIQCEVVAKCEFFNPGGSVKDRIA 55

Figure 5. Pwsa for the determination of CBS (Th11.02.5400). One of the clones matched T. brucei TREU927 CBS
when BLAST searched in the ptdb at NCBI with Score = 23.9 bits (50), Expect = 0.006, Identities = 11/40 (28%),

Positives = 20/40 (50%), Gaps = 1/40 (3%).

RANRRGMCRIRSGGRRLEGGPDRPIVSRI 51
RA RRG C RG LG D + +
Sbjct 271 RAYRRGRCEKREGTVVLVGASDEEVFHNV 299

Query 23

Figure 6. Pwsa for the determination of aMT (Tb10.70.0260). One of the
clones matched T. brucei TREU927 oMT when BLAST searched in the ptdb
at NCBI with Score = 24.3 bits (51), Expect = 0.008, Identities = 11/29
(38%), Positives = 13/29 (45%), Gaps = 0/29 (0%).

GAXXLVLISNCXXXGDPXVLER 28
G +V  +C GDP ++ER
Sbjct 408 GTRVVVITTTHCSKNGDPKIVER 4289

Query 7

Figure 7. Pwsa for the determination of SKTMP (Tb11.02.0290). One of
the clones matched T. brucei TREU927 SKTMP when BLAST searched in
the ptdb at NCBI with Score = 23.5 bits (49), Expect = 0.005, Identities =
8/22 (36%), Positives = 13/22 (59%), Gaps = 0/22 (0%).

central region containing an
ATP/GTP-binding motif and a
ribosomal inserted mobile ele-
ment insertion site [14]. Immu-
nofluorescence and Western
blot analyses with RHSP sub-
family-specific immune sera
confirmed that RHSP 4 localiz-
es to the nucleus [14] whereas
PDEl1a was encountered by
immunoprecipitation in the
identification and characteriza-
tion of several multi-protein
mitochondrial complexes from
procyclic form T. brucei [16]
confirming SignalP prediction
that PDElax localizes in the

cDNA sequence showed that it has no signal
peptide, non-secretory and localizes in the
cytoplasm. Orthologs to it were found in L.
infantum and T. cruzi upon querying it against
the TriTrypDB.

Discussion

The proteins encountered could be categorized
as follows:

Proteins involved in energy production

Both RHSP 4 and PDE1x are involved in energy
production through the usual glucose pathway.
SKTMP, on the other hand, was inferred from
homology search to be a putative protein local-
ized in the mitochondria and involved in ketone
body catabolism as an alternative pathway for
energy generation [14, 15]. PDE1x is a member
of the thiamine diphosphate (ThDP) -requiring
2-oxoacid dehydrogenase complex family and
is involved in oxidative decarboxylation of
2-oxoacid substrates to carbon dioxide and
acetyl-Co A derivatives [15]. Meanwhile, RHSP
4 is a housekeeping gene with a conserved
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mitochondria of both procyclic

and bloodstream form T. bru-
cei. BLAST searching the cDNA isolate of RHSP
4 on the TriTrypDB showed no orthologs in T.
cruzi but previous Genome Survey Sequence
databases indicated that a homologous gene
family is present in this parasite [14], confirm-
ing bioinformatics analyses as simply predic-
tions, which must be confirmed by experimen-
tation. On the other hand, PDEl1x has been
predicted to belong to the Thiamine pyrophos-
phate (TPP) family and has a TPP-binding site
for chemical binding, the tetramer and het-
erodimer interfaces for the binding of polypep-
tides and the phosphorylation loop region for
post-translational modification [17, 18]. It is
therefore, plausible to predict that oxidative
decarboxylation of 2-oxoacid substrates to car-
bon dioxide and acetyl-Co A derivatives occurs
in T. brucei and the organisms with PDEl1a
orthologs. PDE1x orthologs in the preceding
organisms may also have TPP-binding sites for
chemical binding, tetramer and heterodimer
interfaces for polypeptides’ binding and phos-
phorylation loop regions for post-translational
modifications. Thus, the significance of the
above functions of RHSP 4 and PDElx to the
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PSRSTVSISLISNSARGLVPNSAXGXVXXRPRGGARY 40
PR +V +§ ++ RILV + + G PRG R+
Sbijct 374 PQRPSVGVSHLNRVMRSLVNSESTGPCGPVPRGFVRH 410

Query 4

Figure 8. Pwsa for the determination of HP | (Tb927.7.4460). One of the clones matched T. brucei TREU927 HP |
when BLAST searched in the ptdb at NCBI with Score = 22.3 bits (46), Expect = 0.026, Identities = 12/37 (32%),

Positives = 19/37 (51%), Gaps = 0/37 (0%).

QUERY 2 PTSEVDGIDKLDIETF 16

PT EV + G+ KLDTI

Sbjct 2571 PTVEVEGML KLD IRF 2585

Figure 9. Pwsa for the determination of HP Il (Tb927.6.620).

This could constitute a good candi-
date for new drug design and develop-
ment against trypanosomiasis as well
as diseases caused by parasites with
CBS orthologs.

One of the clones matched T. brucei TREU927 HP Il when BLAST
searched in the ptdb at NCBI with Score = 24.3 bits (51), Expect =

0.010, Identities = 10/15 (67%), Positives = 12/15 (80%), Gaps

=0/15 (0%).

survival of trypanosomes suggests that these
are good targets for drug design and develop-
ment against trypanosomiasis and diseases
caused by organisms possessing the RHSP 4
and PDE1ax orthologs.

On the other hand, T. b. brucei and organisms
with the SKTMP orthologs may survive in the
absence of glucose since they have ketone
body catabolism as an alternative pathway for
energy generation. This makes SKTMP a poor
target for drug design and development since
this pathway can be evaded by the parasite.
However, the role of SKTMP needs to be experi-
mentally determined to ascertain the above
predictions.

Proteins involved in anabolism

CBS is the only protein involved in anabolism
identified during this study. It has been inferred
from electronic annotation that it’s involved in
the cysteine biosynthesis from serine, cysteine
synthase activity, pyridoxal phosphate binding
and transferase activity. It was also shown in
one of the studies that the growth of T. brucei
bloodstream forms occurs only in the presence
of cysteine either directly added to the medium
or reduced from cystine by the action of agents
such as Beta-mercaptoethanol and monothio-
glycerol supplied to the medium as cystine can-
not be taken up by bloodstream form trypano-
somes [19]. This makes the study of the effects
of CBS gene knock down or silencing on try-
panosome growth of paramount importance.
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Proteins involved in antigenic varia-
tion

The two proteins identified during this study
involved in antigenic variation are VSGq and
VSGx. VSGx was inferred from VSGPx whereas
VSGq was isolated from plasma membrane
sheets of T. brucei bloodstream forms by sub-
cellular fractionation in combination with com-
plementary protein separation and identifica-
tion techniques [20]. There are up to 1,000 dif-
ferent VSG genes within the genome of T. bru-
cei [3-7, 17]. They are known for their use by
this parasite for the evasion of the host immune
system through antigenic variation thus consti-
tuting a big challenge to vaccine design and
development efforts against trypanosomiasis.

Proteins involved in vesicular transport

Alpha-1,3-mannosyltransferase («MT) was pre-
dicted by groups involved in the sequencing of
the genome of the African trypanosome by
whole chromosome shotgun (chromosomes 1
and 9 to 11) and bacterial artificial chromo-
some walking strategies for chromosomes 2 to
8 [17, 18]. Its function has not yet been experi-
mentally determined, however, it has been
inferred from electronic annotation that it's
involved in hexosyl group's transfer and localiz-
es in the endoplasmic reticulum. Identification
and characterization of aMT using a combina-
tion of experimental approaches such as mono-
clonal antibodies, affinity chromatography,
immunoprecipitation, mass spectrometry,
immunofluorescence, Edman sequencing, X-ray
and NMR would provide more significant infor-
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Query 14 IEFGTRPRAEFLQPGGSTXSRAAAT 38
I F G PRA L + G ST S A +

Sbjct 1210 ILFGASPRAAVLRGGCSTRSSAVSN 1234

Figure 10. Pwsa for the determination of HP Ill (Th927.3.1420). One of the clones matched T. brucei TREU927 HP
Il when BLAST searched in the ptdb at NCBI with Score = 23.5 bits (49), Expect= 0.012, Identities = 12/25 (48%),
Positives = 14/25 (56%), Gaps = 0/25 (0%).

Query 4 GPRAEFIQP-——GGSTSSRAAATAVEL 27
P A ++P STSSR+AA +VEL

Sbjct300 DPNAATIVRPRRIEASTSSRSABCSVEL 326

the expression, localization and func-
tions of these proteins can be experi-
mentally determined using T. b. bru-

Figure 11. Pwsa for the determination of HP IV (Tb927.5.2770).
One of the clones matched T. b. brucei strain 927/4 GUTAT10.1
HP VI when BLAST searched in the ptdb at NCBI with Score = 22.7
bits (47), Expect = 0.005, Identities = 13/27 (48%), Positives =

17/27 (63%), Gaps = 3/27 (11%).

mation about this enzyme. The function of aMT
orthologs could therefore be inferred upon
determination of the function of aMT.

Hypothetical proteins

HP I, HP Il, HP Ill and HP IV are conserved with
their functions neither experimentally deter-
mined nor predicted [17, 18]. The existence of
HP lll and HP IV was also predicted by scientists
involved in the sequencing of the genome of
the African trypanosome by whole chromo-
some shotgun and bacterial artificial chromo-
some walking strategies [17, 18]. SignalP analy-
sis showed that HP | localizes in the mitochon-
dria meanwhile, HP II, HP IIl and HP IV occur
within the cytoplasm. However, characteriza-
tion of the plasma membrane sub-proteome of
bloodstream form Trypanosoma brucei showed
that HP Il is found within the plasma membrane
(DOI 10.1002/pmic.200700607) and HP IV in
the nuclei of procyclic form trypanosomes. The
difference in the localization of HP Il shows that
SignalP solely predicts the possible location of
a protein, and only experimentation approach-
es can confirm, thus this protein most probably
localizes in the plasma membrane. The local-
ization of HP IV in the nuclei and cytoplasm of
procyclic and bloodstream form trypanosomes
respectively suggests that this protein is consti-
tutively expressed. This further suggests that it
performs a vital role for the survival of this par-
asite. The presence of orthologs to HP I, HP II,
HP 1l and HP IV suggest that these proteins
have been conserved in these organisms thus
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cei bloodstream forms and those of
their orthologs inferred upon. HP |,
HP Il and HP IV may constitute candi-
dates for new drug design and devel-
opment whereas HP Il may be for
new drug and/or vaccine design and
development against AAT and dis-
eases caused by parasites with these protein
orthologs.

Identities and positives in this study show how
closely similar the queries (nt or aa sequences)
are to the genes/proteins they aligned with in
terms of structure. The high number of hypo-
thetical proteins (4/11) identified during this
study affirms the fact that there are many pre-
dicted protein-coding genes (9068) in T. brucei
[17]. Thus, a large number of genes in trypano-
somes are hypothetical and therefore, undeter-
mined. The screening tools used during this
study are therefore, reasonably random, pick-
ing according to the abundance ratio. The rela-
tively high number of enzymes encountered
suggests that there are many vital roles requir-
ing enzymatic activities in trypanosomes. Two
VSGs, VSGx and VSGq (2/11) were identified
possibly due to the high number (806-1000) of
VSGs in T. brucei complex used for the evasion
of the host immune system. The proteins (elev-
en) above were determined from twenty nine
plaque amplicons randomly selected from two
plates each consisting of about one hundred
plaques thus can be postulated that 300 plates
are required to cover the entire T. brucei
genome of 9068 predicted genes in about
eight months.

In conclusion, this study revealed that this
method is feasible as it can pick sequences
with novel drug and/or vaccine target value. It
is also an affordable method compared to
mass spectrometry, X-ray, antibody screening,
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NMR and Edman sequencing since the Kits,
PCR components and computer used are rela-
tively cheap and readily available to the devel-
oping world institutions. The construction of
the expression library is a well-established
method and thus relatively easy. It can readily
be repeated many times in an experimental
design.

We, therefore, recommend the use of this
method coupled with bioinformatics analyses
in the search for novel drug and vaccine targets
and the study of stage specific gene expression
in T. brucei and other parasites. The feasibility
of CBS and PDEla as drug candidates should
also be investigated by gene knock down or
silencing in bloodstream form trypanosomes.
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