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In an in vitro experiment, ribonucleotide reductase was genetically validated as a chemotherapeutic target
by engineering a plasmid vector (Recombinant DNA) for conditional expression silencing of the enzyme,
by cloning the ribonucleotide reductase in a polymerase chain reaction (PCR). It was then amplified,
purified and inserted into the plasmids to yield the recombinant DNA of interest, which was transfected
into the parasites (clonal transfected cell lines) by electroporation. Parasite cell growth was monitored
upon RNAI (Ribonucleotide reductase Interference) mediated silencing of RNR expression. The results
generated showed that mRNA repression in the four groups were time dependent in parasites induced at
24hrs, 42 and 48 hours, with 48 hours cDNA showing the most significant mRNA repression.
Ribonucleotide reductase was concluded to be an essential enzyme in the trypanosomes as depicted by
the RNAi mediated silencing of its expression. It is also a very good drug target.
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INTRODUCTION

Ribonucleotide reductase (RNR) is an iron-containing
enzyme that is essential for DNA synthesis, as it is rate-
limiting for DNA synthesis. It is a multifunctional enzyme
that contains redox-active thiol groups for the transfer of
electrons during the reduction reactions. In the process of
reducing the rNDP to a dNDP, RNR becomes oxidized.
The small R2 subunit of class | RNR contains a stable
free radical tyrosine residue required for its activity. This
radical is destroyed by peroxynitrite, which also
inactivates the protein and induces nitration of tyrosine
residues (Guittet et al., 2000). In recent times, RNR has
been recognized as a useful target for antiparasite
(Ingram and Kinnaird, 1999), anticancer and antiviral
therapies (Nuno et al, 2007). This enzyme plays a
central role in deoxyribonucleic acid biosynthesis during
cell proliferation when they are most needed. It has been
suggested that it may be explored in the development or
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determination of potential drugs African

trypanosomiasis (Ekanem, 2001).

against

Ribonucleic Acid Interference (RNAI)

RNA interference (RNAI) is a system within living cells
that take part in controlling which genes are active and
how active they are. Two types of small RNA molecules
(microRNA (miRNA) and small interfering RNA (siRNA)
are central to RNA interference (Fire et al., 1998;
Hyscience, 2006). RNAs are the direct products of genes,
and these small RNAs can bind to other specific RNAs
(mRNA) and either increase or decrease their activity,
this they do by preventing a messenger RNA (mRNA)
from producing a protein. RNA interference has an
important role in defending cells against parasitic genes
(viruses and transposons) as well as in directing
development and gene expression in general (Fire et al.,
1998; Bruce et al., 2008). This method was used in this
research to genetically repress the expression of
ribonucleotide reductase in trypanosome brucei brucei.
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MATERIALS
Parasites

Trypanosoma brucei bloodstream (Lister 427 strain) cell
culture used for the in vitro targeted integration of linear
DNAs in the RNAi experiments and generation of stable
cell lines were obtained and used in Prof. Gunzl’s lab. at
the Department of Genetics and Developmental Biology,
University of Connecticut, Farmington, USA. All
experiments were conducted within a sterile environment
in the cabinet or hood of Labconco Purifier class Il
Biosafety Cabinet, to prevent contamination.

Primers or Oligonucleotides of interest

Primers or Oligonucleotides of interest (3° and 5 end)
were purchased from IDT (Integrated DNA Technologies)
lowa, USA. The DNA sequence of the Ribonucleotide
reductase (RNR) large chain subunit spanning the region
from position 700 to 1200 (500 base pairs) with two
complementary strands (23 base pairs) in the opposite
direction was designed as the oligonucleotides of the
enzyme of interest.

METHODS
DNA sequence amplification

The DNA sequence of the Ribonucleotide reductase
large chain subunit spanning the region from position 700
to 1200 (500 basepairs) was amplified by PCR with two
complementary  oligonucleotides. The amplification
products were digested and cloned into the
corresponding sites of plasmid pJM325 and pT7 (Wirtz et
al., 1999).

In vitro cell line proliferation

Trypanosoma brucei bloodstream (strain Lister 427) cell
culture, for targeted integration of linear DNAs were
introduced into trypanosome cells by electroporation, and
the generation of stable cell lines by selection and limiting
dilution were done (Wirtz et al; 1999; Gunz! et al; 2000).

In vitro study

Generation of transgenic bloodstream form cell lines for
RNAi experiment; Cloning and amplification of
ribonucleotide reductase by PCR; PCR product
precipitation and Purification; DNA gel elution,
solubilization and purification; Digestion by restriction
enzymes (Hindlll/Xbal digestion and Milu1/Xbal
Digestion); Ligation of each of the constructs into two

different plasmids; Transforming E. coli with the
Recombinant DNA (Mini Prep.); Digestion of both
Recombinant DNA with Hindlll/Xbal enzymes; Second
ligated plasmid for second Recombinant DNA (Midi
Prep.)

Transforming E. coli with the second Recombinant DNA
(Midi Prep. 25-100ml); Sequencing of the Plasmid DNA
by Capillary Electrophoresis; Plasmid Purification using
the anion exchange chromatography principle;
Transfection of bloodstream form T. brucei with the
Recombinant DNA and finally the induction of
Ribonucleotide Reductase (Gunzl et al., 2006).

RESULTS AND DISCUSSION

Plate 1 shows the result of the polymerase chain reaction
after cloning and purifying the ribonucleotide reductase
(RNR).

The two strands, 3’ and 5° generated by digesting the
enzyme, RNR with Hindlll/Xbal (3’ strand) and MIUI/Xbal
(5’ strand) are as shown in plate 2.

The two recombinant DNAs generated by transfecting
the two opposing strands into E. coli (E.coli
transformation), are as shown in Plate 3. The PCR colony
of the plated clones, i.e. the recombinant DNAs
generated, yielded 8 positive clones of MIUI/Xbal and a
single clone of Hindlll/Xbal.

The plasmids, pT7 and pJM325 (Plate 4) co-ran through
the agarose gel, with their respective recombinant DNAs,
MIUI/Xbal and Hindlll/Xbal, generated the desired Mini
prep. (the first recombinant DNA) as shown in Plate 4.

The mini preparation results showed the products
generated on ligating the two plasmids to the first two
recombinant DNAs by the enzyme ligase. The gel result
revealed that the pJM325, was successfully ligated to the
“sense strand”, and the pT7, (the final plasmid carrying
Both strands), successfully  ligated to the
“antisensestrand”.

The gel result also revealed that pJM325 already
contains the stuffer, a separator or DNA segments
intended to stand between the sense and antisense
strands to prevent their hybridization, until the
hybridization is initiated (by doxycycline) in the final host,
the trypanosomes. The DNA concentrations of PT7 and
M/Xbal were less than those of PUM325 and X/bal (Plate
4). The gel result obtained after the second digestion

of Hindlll/Xbal-pJM325 complex and MIUI/Xbal-pT7
complex with Hindlll/Xbal restriction enzymes is
as shown in plate 5. Gel result confirmed
that the sense-stuffer was successfully

separated from the pJM325 anda segment of
pT7 (which usually ran out of the gel due to its very
small size) was cut out, to open the plasmid up for final
ligation of the sense-stuffer complex (Insert) into pT7-
Antisense complex (plate 6).
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E.coli transformation with the final
plasmid/recombinant DNA (Midi prep.)

ligated

Plate 6 revealed the gel results generated when the
“insert” cut out of the first gel was co-ran in another gel
with the digested pT7, thereby aiding its comparison with
the initial “mini prep” for proper DNA digest confirmation.

Plate 7 however showed the ligated “Sense-stuffer” and
“pT7-Antisense” complexes (vector + insert), already
ligated to form the second and last recombinant DNA,
also referred to as the Midi prep (Plate 7).

The bands observed in the gel results of the
second colony PCR (Plate 7) represented the
complete Recombinant DNA this indicate that all
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the clones picked from the ampicillin treated culture
plates Post ligation were positive clones when compared
with the only clone picked from the positive control plates,
containing the vector alone, the clone picked was
negative, containing no DNA, as none was visible in the
gel.

The result of the sequencing of the final recombinant
DNA (pT7-sense-stuffer-antisense complex), showed no
possible point mutations that may interfere with the RNAi
experiments. The nucleic acid sequence generated by
the sequence alignment editor showed no point or
segment mutation when compared with the tritrypdb
sequences database.

Seq 2 and Seq 3 softwares were used to identify the
beginning and the end of the final recombinant DNA.
While Seq 2 identified the Hindlll and MIUI sequences,
which identifies the beginning of RNR as well as pT7
promoter and tet operator sequences, Seq 3 identified

the T7 terminators and MIUI sequences, which identifies
the end of the RNR.

After the DNA mutational check, the recombinant DNA
transfected into the parasites initiated the induction of the
hybridization of the “sense DNA strands” with the
“antisense DNA strands” to form a stem loop at 24, 42
and 48 hours on adding doxycycline (figure 1), it showed
a significant decline in the number parasites 24 hours
(day 2) post induction when compared with the non-
induced (the positive control) and this continued till 6
days post induction. This implies the intended repression
of ribonucloetide reductase (vital for the survival of the
parasite) was successful. The total mRNA,
spectrophotometrically measured in the four groups post
parasites’s induction were; 817.4ug/ml for non-induced,
862.0ug/ml for 24 hours, 1011.1ug/ml for 42 hours and
584.4ug/ml for 48 hours. General dilution of all the
mRNAs t0 500 ng/ml was used to generate the
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Figure 1. Parasite count post induction of hybridization in transfected parasite
culture
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Plate 8. Total Ribosomal RNA content in non-induced and induced parasites

subsequent results shown in plate 8 and plate 9. clean and free of DNA contamination in the Non-induced,
The total RNA Purification clean PCR gel check (plate 24 hr and 42 hr samples. 48 hr RNA, which was initially
8A) obtained from the harvested trypanosomes was contaminated with DNA was DNAase treated again and
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Plate 9. RT PCR, Tubulin and Small RNR subunits PCR products.

re-purified until clean (plate 8A) before it was used for the
next experiment.

The RNAi PCR linear gel check (plate 8B) results
showed that 20 and 26 PCR cycles were the least
productive cycles for the enzyme, cycle 30 was chosen
as the best PCR cycle for cloning and amplifying the
large subunit of the ribonucleotide reductase, and this
cycle was used throughout for the subsequent PCR
reactions (i.e. RT PCR and Tubulin PCR).

The total ribosomal RNA content of the four groups, ran
through the gel after diluting all to 500ng/ml is as shown
in Plate 8C. The three major bands seen in all the groups’
shows that the products obtained were accurate and
were not contaminated with any extra bands.

Plate 9 showed the gel results of the RT PCR, Tubulin
and Small RNR subunit. At various exposures of the ultra
violet light to the gels, the RT PCR showed the gradual

decline or repression of the trypanosomes’ RNR mRNA
with hybridization induction at 24, 42 and 48 hr. The non-
induced showed a stronger concentration of the mRNA,
as no doxycycline was added to this group to initiate
RNAI (Fire et al., 1998). This confirmed the silencing and
the transcriptional repression of the enzyme (Cross and
Gu'nzl, 2007). With more inductions at 96 hours and
above, more of the parasites are expected to be dead as
a result of significant repression of RNR, an enzyme vital
for their DNA synthesis.

Tubulin and small Ribonucleotide reductase (RNR)
subunit were used as a check and a control against the
RT PCR (plate 9). They were used as the primers (3’ and
5’) for the four groups which serve as the templates and
the PCR result showed no significant decline in their
concentrations in the 24, 42 and 48 hours samples and
as such no transcriptional repression of the proteins were



034 Glo. Adv. Res. J. Med. Med. Sci.

QERWVIFDKI
QEA@‘FDKI

G
G
G
G
G
G
G
G
G

Tb 8 KV R
Tcol4d 1N RE3
Tv 3 SRME ' ME}
Tc 8
ILm 8
Li 8
Lmx 8
Lb 8
Hs BB E
b EEEQZ
x1 B EEEQZ
Dm e sBvgeD
(W RIAVSNLH E E E V] 5E
IX RIAVSNLH Sigfs T
os R EUECTERMGsE T v
N RIABSNLHKBTIKOF SV
sp SEy RN
Pv TD| SDD'G
pe JEH oI ESDDVA GAZARE
Tb
Tco
Tv
Tc
Lm
Li
Lmx
Lb

----- oxaERe LR

Ce
At
Os
Sc
sSp
Pv
Pf

K
----- GalVyERE OMLMRY)

----- GBVAERP QHEEMR
----- GKVAERP QHMIEMR

I
|
|
i
all
=

[
]

[
]

B
|
i < < K]

|
<

/

&

QR OII
HiHH
]

VERE TV

H
H
o]

H
o]

————— GKV|YERPQHMLMRVS

iim QR
HiHH
]

fa+]

Hs Qg————- GKVAERPQHMLMRVS
Mm Q-———- GKVAERPQHMLMRVS
X1 B———- GKVAERPQHMLMRVS

Q

\'A

D

ERPOHELIRY.
RERPQHELMRVS

fa+]

EHvNDNsG: BsvYIEVED VRVECEE R § sEsME

EPWLDG LRYEN.TS IDTHKCE Y

EA GEG Y\YSFEM VET YD TVIANT|
SH

GEEPNYIEVKI BEINVGE HB  SEV

IEREIEIEIEIEES

HEGREHIZVN WENGTRE TH Y
MEGIRREHTSVDM WENGTRE TH - YD
IS RVHLI Y TRE T V4> HL.D
R S B
B
NRRNGRHS® M Lo TV KD RLNS|
I M T ssro i ATSLE [eerw
T ons QY B T fy AYSIUNE
N e ORP N S B v B VBINEGIR LNSB T TYDRD
HH H AP T E IMYDRD)
D) T, | IIYDRD
Y E -[dLi/N W | TEMEN. VRS ITYDRD
N YMIGEAPMI S| TV THYDRDF
INBRENR A P L YBIV] RD
BVRECRIZAS] F RD.
v.-g pfs Bk fpr ROFY

o]
[7]

(7]
[l K]
|i|l|l

H

]

et

]

YFGFKTLERSYLL)|
YFGFKTLERSYLL)|

[ KKK K]

FGFKTLERSYLLK

FGFKTLERSYLLKI
FGFKTLERSYLLKI
FGFKTLERSYLLKI}
BYFGFKTLERSYLLKI

YFGFKTLERSYLLK]

FGFKTLERSYLLK]
FGFKTLERSYLIL
FGFKTLERSYLL

oo ok oo

S IDY[-RDi N > YFGEKTLEJSYLLR
DYERD

TMRIE
FGYKTLERSYLLRI
c

SEr
DIDAAIETYNL THAZPTLFNAGTNRPQLSSCFLLEMKDDS IEGI YDT]|
8 ton szt o fl ranceriraGTiRe oLoscr s TECT YD
8D IDAARETYNLESERYF THASP TLFJALT! MiIADS TEGISS|
=80 1A rETYNLMS Crareo) Is
DIDEYI| LMSPREF THASPTLFNAGTPRPQLSSCFLE@MKDDSIEGI YHT]
2 MSBREF THASPTLFNAGTPRPQLSSCFL@MEDDSIEGI YDT|
ERDIEAA M YFTHASPTLENAGTPKPOffSSCFL,
S8 fanETYNIMS
DR ANETYRLMSPRYF THAlP TLFNEGTPRPOliS SCFLLOMKEDS IEGIBET|
1D IDANETYRLMSBRYF THAlP TLFNSGTPRPOMS SCFLLEMKI\DS IEGIBET|

159
159
159
170
165
159
159
159
159
198
198

164
170
159
164
164
164
164
164

234
234
234
245
240
234
234
234
234
273
273

244
250
239
244
244
244
244
244



Sulaiman et al. 035

D

;8 LKOCALISKSAGGIGVEVEEIRATGSYIAGTNGNSNGLVPMLRVENNTARYVDQGGNKRPGAFAIYLEPWHWDIFEFLDLIEIR!
Uil LKQCALISKSAGGIGVEVE®IRATGSY IAGTNGNSNGLVPMLRVENNTARYVDQGGNKRPGAFATIYLEPWHIFD IFEF LDLCHR]

pelN LKQCALISKSAGGIG ESCIRATGSYIAGTNGNSNGLVPMLR INNTARYVDQGGNKRPGAFAIYLEPWHMD E A 314

Y WHocalf sksAGGTClyVH S T RASGHG EC TN G TSNGLYPMLRVE NNARYVDOGCEKRPGAFATY LEP WD ir e LY IEPE
[e-l LKQCALISKSAGGIGEY IRATGS“IAGTNGTSNGLTPMLR INNTARYVDQGGNKRPGAFAIYLEPWHED S 320
At E IRATGSYIRGTNGTSNGIVPMLRVFNBTARYVDQGGEKRIEGAFAfjYLEPWHED i 314
os [Bs SiCEHE ¢ TARYVDOGGEKRAGAFAT YLEPWHAD IFEr LOLIEER
P8 sificarrsKliacoTCI N T RETCS Y TAGTNGTSNCL TPMERVE NNTARYVDQGGNKRP GAF A LEeWHED Tr R TDTIESH)
Sp LK&C' IS A NTE IRATGSYIAGTNGTSNGIVPMisR INNTARYVDQGGNKRPGAFAL\YYLEPWHBD 314
2 LKQCALIS m VBB IREYYS Y IEGTNGHSNGLVPMLRVFNBTARYVDQGGEKRGGEF AMYNEPWHED 353
GGGV

Pt acCIGYRVE RS sY I GTNGHSNGLPMLRVEN eaffvtizos 353

Tb 324
Tco 330
Tv 319
Tec 324
Lm 324
Li 324
Lmx 324
Lb 324

*k kkk kkkkk. * kkkk kkk,okkokk k. kkkkkkkk kk kokk kokkkk k. k.

E

: CRRK N GKEEQRARDLFEALWIPDLFMKRVEY SLMCPNECPGLMEVWGEEFEKLYESYERBGRYRK\YVKAQBLWYA T Bl
| SR KNI GKEEQRARD LFALWIPDLFMKRVE SLMCPNECPGLMEVWGEEFEKLY X YERBGR\YRK\YVKAQBLWYA T BT
YE

X1 T, RARDLF YARWIPDLFMKREVENNIABWS LMCP K RERKVKAQBVWEIA 394
Dm T, RARDLFYALWIPDLFMKRVELINEBWS LMCP) H KYE| R TVKAQ : 405
LWETV]

D
ce TRrEecE WS LMCE GECP GLDEWCEEF B LYK YEQEGRYRK TV 400

12 2]

PO = NHGKEE S RARDLF YALWLPDLEMERVENN WS LECENERR LD W r et viik vi e R vEA OB LWV T I
os RARDLFYALWIPDLFMERVEN CPNE/YPGLED Sk Dis? 394
Sc 1} MRARDLFJALWIPDLFMKRVEENeWWELESPRFPGL -c% m & % isd 393
sp REEE & Ry RVESNEEWEENCPNEP G io VWG EF L VoK YERETRGRSIZA ORWy A TLIERY
g <HGKEESRARDLE YA Wi MCPNECP L BBEWGEEFEKL YK YERE ST GRK TVISA oML WA TLIPEE
PEf I'RARDLF YANWVPDLFMKRVEENENWE LMCPNECPGLSBWWGEEFEKLY| ENYGRKTVIAAQILW] 433
Tb 404
Tco 410
Tv 399
Tc 404
Lm 404
Li 404
Lmx 404
Lb 404
kkko ok ckokkkkk k|
F
Hs WETGTP YMLYKDSCNRKSNQONLGT IKCSNLCTEIVEY TSIXDEVAVCNLAS[HEA Sl . 472
ol e o scmaonconLorrconicre e otoravenias i el R
SRl S Ot TG TR YML YKD) v g o 472
) I HONE TGYP YMLEKDBCNRKSNQONJ|GT IKCSNLCTE IVE YBBPDE] El 483
S EIR
[

S ORE TGI#P Y] Y KDEFINRK SNOONLGT IKCSNLCTET PDESAVCNLASTIALN IFDFUKLAEVTK JERE
At T TGTPYMLEKDSCNRKSNQONLGTIKESNLCTET BEWAVCNLASIALS 21] 130y OSNNPAT 491
(N BOE TGTP YMLYKDSCNRKSNQONLGT IKSSNLCTE I MENT SPI{EAVCNLAS IGLIZRF ViR P IF DFINK LAEM TS i N

sc 3 Sromemy NLGGIKESNLCEETVEYBEPDERAVCNLASHAL I It SR b <o T Bl [PXT
()0 SOMETGYPEML YKDSCNRKSNOENNIGT ICSNLCTEIVE Y SPDEVAVCNLASHA LIZE S gRc [N B Lz 471
1A' A0SO INLGT IKCSNLCOEIBEYTSPDEVAVCNLASIALG vig[. 310 L Yl I 512
23050 NLGTIKCSNLCAEIREYTSPDEVAVCNLASIALSRF VAl BENE fir ki Ve ST REE:
Tb 481
Tco 487
Tv 476
Tc 483
Lm 483
Li 483
Lmx 483
Lb 483

ok kkkkokok ko kkkk kk:.oo.: * kkkkkkk. *



036 Glo. Adv. Res. J. Med. Med. Sci.

G
RR 1 RN LK T TDENY VP VGEASMSNARHRP 1G1GVQGLADAF T LMRYPFES AEAORLNKOTFET Y Y EALEASCHLA
Mm R i JZEAHIISNINRHRP IGIGVQGLADAF ILYR | LNKQIFETIYYEALEASCELARENGP
X1 :’Im ﬁpgy HRPIGIGVQGLADAF ILMR % NKQIFETIYYAALESCELA L
1Sk Tfiny veRieaBsniRure o1 clocEAp Al LiRE i sEEASRNfoTrETTYYERLEASCE LA
(W TRNLNKI ID@NYYPVEER cvoGLADFHLERYPFiSI\EARWLNKRIFETI Y YEALEASCELASA
) NV TVNLNK I ID@NY YPVERARISNMRHRP IGIGVQGLADAF ILLE EAQOLNKMIFETIYY/:ALKASH LE
Sc IDNYYPVEEARNSNMRHRP If FHLLRIZPFHSEEARMLNHOIFETIY| LGP
Sk 1 Tofiny vevEEARRsNMReRe JHCVOGLADAF R FESTEAR ST O TrET T Y AT EA SCEIARUECE
XS TRNL ARRSNIIRHRP I GIGVQGLADIFMLLRYPHESBE AR yyen AD NG
o N R R e 4 B o R

i

ck kkk ok

*

H
ORll /T YEGSPVSKGILOYDMWNVIERI P AKEGERNSLLUAPMP TASTHOT LGNNES =
Pl v TYECSPVSKGTLoYDMNVI YR LXEKTAKNGHRNST.L§APMPTASTROTT.GNNE SfiEP YTSNT YRR
DMl rvE S vSKGTL oYMV [ EP TDLWDWBALKEK TAKNCRRNS LLBAPMP TASTROTLGNNES R
) Il YETYEGSPVSKGILOYDMWBL4 S BIMP THLWDWO L KEF IVHGHR APMP TASTEOIYGNNESFEP YTNI Y[ERR
Ce Gﬁ[.O]Tl-QCn WL BIKIAKHGER QILGNNESHEPYTSNIYSRR
PO v YA GSPVSKGI Lo gDMWN VI KR e BD WD WAL B> T T BKICHRNS L APMP TAS TSQTL.GNNESF EPY TSN YBRR
RN = rvEcsevsKaTLoP DM QRSP B0 WBB e | T KRN S L AP MR TASTSOT LGNNESFEPYTSNT YRR
e e A Ol i S S
Sp S [.0]1Ng i3 APMPTASTSQILGNESFEPYTS Qﬁ
gl = vpcse fisHcTofiorny [ERS BT nw R KK I TKHC RRN S LI APMP TASTSOT LGNNESFERYTSNT YR
3B fisBor ofiorn N PRI oW KK T AKHCRRN S LLAP MR TASTSOTLGNNESFEPYTSNT VIR
Tb Ljjo- [14] sHCHL I I
Tco LEDR [37] DDYERL| I I
Tv PRLEE-[12]TCS I
Tc -[.2]
Lm —-[.3]
Li —-[.3]
Lmx —-[.3]
Lb -[.3] S

Lk o kek kk k.k sk : : * s kkkk khkkkkkk :kk.:k *kk .kk k.k.%k k%

I
OBV SGEFO MKNONT AGNGS 1031 PETPDDLKLYKTVWE I SOKTVIRAMAR
V.S CEr OB VNP HL LKD L TER LW MKNON TASNGS TOR TP E TP DDLKEL YKTVWET SORTVIRMAAR GAF TDOSOST
b M1, SGEF QRVNPHLKDLTEPGLWNEEM ANNGSIONHP WMAADRGAFIDQSQSI)
L V1. SGEFQVVNEHLLEDLTEWMDL M] Es Th8ZPK m‘ AADRGAF IDQSQS
S s B Offve B KDL TERC LT REMKNEL. TARNGS Toff Ne TP D BKEL Y TVWET ORI T BMAADRGARTDOSOS )
PO scervVNGHL DL TR CL T T HkNRT. TN GS TN TP DD LK Y RTvWE 0T TVIDMAADRC
IV 1.SGEFQVVNPHLLRDLUBGHEW RPN IO cliPBliPBE LB YKTVWE I SOK T T iMAADREM TDOSHST,
sp VNP LLKDLYE R L WNEBMKN I LI AMICS Ol PE TP @D LKBL YK TVWE T SOKTVIDIJAADRGF TDQSQST]
By Efvor. TABNGS ol TEE LK TDMAADRGAFTDQSQST]
Pf RGLWBEBMKEOL TABNGS IQMIEE T PDDLKELYKTVWE T¥OKAM I DMAADRGEEF IDQSQSL

552
552
552
563
558
571
571
556
551
592
592

561
567
556
563
563
563
563
563

628
628
628
629
634
647
647
632
627
669
669

650
670
643
640
641
641
641
641

701
701
701
702
714
727
727
712
707
749
749

730
750
723
720
721
721
721
721



Sulaiman et al. 037

J
Hs A 701/792 56.1/72.2
Mm H 701/792 56.5/72.1
X1 | H 701/797 55.3/70.7
Dm | H 702/812 54.7/70.3
Ce E 714/788 55.7/71.5
At D 727/816 55.7/71.3
Os D 727/810 54.8/70.3
Sc F 'RA 712/888 53.2/67.0
Sp PYGKITSMHFYGWKKGLKTGMYYLRTI AR 707/811 57.4/73.1
Pv Q I4T (Al SMHFYGWEKGLKTGRYYLRT 749/848 52.7/68.8
Pf : : 749/847 52.5/68.9
730/838 100/100.0
750/842 68.0/76.4
723/799 66.6/78.8
720/796 68.9/79.6
721/799 66.2/78.7
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Figure 2. ClustalW sequence alignments of RNR large subunits domains A-J. (A) Alignment of RNR sequences from
Homo sapiens (Hs, accession number CAA42180.1), Mus musculus (Mm, NP_033129.2), Xenopus laevis
(XI1,:NP_001084312.1), Drosophila melanogaster (Dm, NP_477027.1), Caenorhabditis elegans (Ce, :CAA79574.1)
Arabidopsis thaliana (At, AEC07222.1), Oryza Sativa Japonica (Os, ACC95434.1), Saccharomyces cerevisiae (Sc,
AAB64606.1), Schizosaccharomyces pombe (Sp, CAA91952.1), Plasmodium Vivax (Pv, EDL46877.1), Plasmodium
falciparum (Pf, PF14_0398), and from the trypanosomatids, T. brucei (Tb, AAB70704.1), Trypanosoma congolense
(Tco, congo855a04.p1k_14), Trypanosoma vivax (Tv, TvY486_1108560), T. cruzi (Tc, EFZ23824.1), L. major (Lm,
LmjF XP_001684370.1), Leishmania infantum (Li, CAM69320.1), Leishmania mexicana (Lmx, CBZ28456.1) and
Leishmania braziliensis (Lbr,: CAM39626.1).

Positions with >60% of identical and conserved residues were shaded in black and gray, respectively. Red shading
indicates positions in which trypanosomatid sequences are invariant and no conservation is present in the other
sequences. Numbers of amino acids without significant similarity are specified in parentheses. Identity/similarity
values specified at the end of each sequence were determined by pair-wise comparison with the T. brucei sequence

using the EMBOSS program (http://www.ebi.ac.uk/emboss/align/).

observed (Cross and Gunzl, 2007; Thelander, 2007).

DISCUSSION

The in vitro PCR and RNAIi experiments were set up as
molecular confirmatory tests to establish the essentiality
of ribonucleotide reductase (RNR) to the survival of the
parasites and the possibility of being a good drug target.
The results generated from plate 1 to 7 indicated a
successful cloning (Dormeyer et al., 1997; Hofer et al.,
1997) and purification of the enzyme (RNR) (Hofer et al.,
1997; Guittet et al., 2000). Comparing the PCR amplified
products (plate 1) and the digests (plate 2) with the
standard marker confirmed their sizes to be accurately
located at 500basepairs between 400 and 600basepairs
(plate 1 and plate 2).

The Miui/Xbal (3" strand) and Hindlll/Xbal (5 strand)
clones picked from the ampicillin treated agar plates were
positive and of about 300 basepairs (plate 3). The ligation
of both strands into pT7 and pJM325 respectively to
generate the first two recombinant DNAs (Midi preps.)
was successful as depicted by plate 4. Hindlll/Xbal
digestion gel results in Plate 5 not only establish the fact

that the pT7 contain the antisense strand but also show
the sense-stuffer complex was completely separated
from the pJM325 for a successful final ligation as
confirmed by plate 6 to form the second and final
recombinant DNA (Midi prep.) (plate 7).

The pre-digestion Mini prep (first recombinant DNA) is
circularized and runs faster than the linearized DNA post-
digestion (pT7-Antisense complex), this is as a result of
the intact supercoling, which is absent in the linearized
DNA (plate 6). The insert also ran faster than both as a
result of its smaller size (1000 basepairs). The final
recombination into a second and final plasmid (Furukawa
et al; 1992; LaCount et al., 2000) aided the subsequent
successful transfection of the desired plasmid into the
parasites as well as the initiation of RNAi (Fire et al.,
1998). Sequencing, mutational crosscheck and
transfection into the parasites were also successful (plate
7 to plate 9) (Bruce et al., 2008a).

24 hours post transfection and induction, the first
significant decline (P > 0.05) in parasite count (Figure 1)
observed indicate the enzyme, RNR was successfully
repressed transcriptionally and this consequently affected
the growth of the parasite and confirmed how vital the
enzyme is to the survival of the parasites (Dormeyer et
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Figure 3. The RNR phylogenetic tree was constructed with the computer program ClustalX (neighbor joining
method). The RNR large subunit in the trypanosomatid is highly divergent.

al., 1997; Brandenburg et al., 2002).

Sufficient concentrations of mMRNA (Daneholt, 2006)
required for genetic validation of mMRNA mediated
silencing of RNR was obtained to generate the total
ribosomal RNA (plate 8). The significant decline in
ribosomal RNA (plate 8C) observed by the 48 hour
showed and confirm the genetic silencing /repression of
the enzyme (Furukawa et al; 1992; Dormeyer et al.,
1997).

The observed decline in the DNA concentration of the
large subunit reverse transcriptase PCR (RT PCR) (plate
9) also confirm the repression (Hofer et al., 1997; Cross
and Gu'nzl, 2007) of the enzyme and its vitality to the
survival of the parasites. Tubulin and small RNA subunit’s
PCR showed no significant differences in their
concentrations at 24, 42 and 48 hours, this is because
the protein that was actually transcriptionally silenced
was RNR large subunit and not tubulin nor the small RNR
subunit target (Ingram and Kinnaird, 1999). This
confirmed that RNR large subunit is a good drug target
and is essential for the survival of the parasites.

The RNR large subunit is conserved (Figure 2) among
trypanosomatids and has some similarities to other
eukaryotic proteins. The clustaW analysis of RNR
revealed overall identity and similarities values of (52.5 to
68.0) and (67.0 to 79.6) respectively. The RNR large
subunit in the trypanosomatid is highly divergent (Figure
3) relative to the human RNR, Fungi and plasmodium
RNR. The divergence of the trypanosome protein may be
a target of specific inhibition. It also revealed that the
functional specificity of the enzyme is conserved among
trypanosomatid organisms. Ribonucleotide reductase
was concluded to be an essential enzyme in the
trypanosomes as depicted by the RNAi mediated
silencing of its expression. It was also confirmed to be a
very good drug target in the formulation of trypanocides.
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