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1. Introduction

1.1 Several facts about trypanosomes

Trypanosoma brucel is a parasitic protist, belonging to the orderd€oplastida, causing sleeping
sickness in humans and Nagana in cattle on thenemntof Africa. Of the sub-speci€B, brucel
brucel is responsible for disease prevalence in aninidsause it is harmless to humans, it
became a model organism in laboratory resedrchrucel gambiense causes chronic infection
in people living in western and central Africa alsdresponsible for around 90% of reported
cases. Infection by. brucei rhodesiense is acute and invades the central nervous systsm. |
prevalence is restricted to eastern and southainaAf

(http://lwww.who.int/mediacentre/factsheets/fs258/e

Trypanosoma brucel undergoes dramatic physiological changes durisdifg cycle, in
which we can distinguish three major forms: bloogkstn, procyclic and metacyclic (Vickerman,
1985). In mammalsT. brucei thrives in its bloodstream stage, morphologicaBytlae slender
form. In order to avoid immune response, the trgsame switches in this stage between variant
surface glycoproteins (VSGs) covering its body.niisochondrial activity is repressed. As the
cell count within the host bloodstream rises, thempy form starts to occur. These cannot
proliferate, but are pre-adapted for transmissia theT. brucei vectorGlossina, also knows as
the tse-tse fly. The procyclic stage occurs inrtlidgut of Glossina. Instead of VSG, their cell
surface is covered procyclin proteiddter establishment in the fly midgut, trypanosonaesest
in division and then migrate to the tsetse salivgaynd, where they attach as epimastigote forms.
These proliferative cells eventually generate nosiferative metacyclic forms which have re-
acquired VSG coat in preparation for transmissmmeéw mammalian host (Matthews, 2005);
see fig. 1.

In both procyclic and bloodstream stages, there lmariound a single mitochondrion,
which takes up significant portion of the cell gy@sm. Although the physiology of this
organelle is dramatically different between thege torms, one of the biological features of my
interest, mitochondrial DNA, is contained in thengastructure in both stages: the kinetoplast.
Bizarre as it is, this feature of the mitochondrisncommon to all members of the order
Kinetoplastida, and is the source of its name. Hihetoplast, also called kDNA, comprises of a
concatenated network of DNA circles (see fig.2).oTelasses can be recognized. Maxicircles

with its size of 20-40kb (depending on trypanosadhspecies) encode subunits of mitochondrial



respiratory chain, mitochondrial ribosomal prot@nd some proteins of unknown function
(MURFs). Minicircles, which mostly contribute toethimitochondrial DNA mass, are present in
several thousands of copies that vary in sequeheir size is about 1 kb ifirypanosoma
species.

Fig. 1 Trypanosoma brucei life cycle
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From Matthews, 2005

Fig. 2kDNA network structure.

(A) Electron micrograph of the periphery of an &eld kDNA network

fro T. avium. Loops represent interlocked minicircles. Bar, 560 n

(B) Diagrams showing the organization of minicircles
(I) Segment of an isolated network showintgiitocked minicircles
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1.2 RNA editing

RNA editing refers to an unusual form of RNA pragiag in which the sequence of the
primary transcript is altered post-transcriptiopaks by insertion or deletion of Uridine (U)
nucleic acids in the case of kinetoplastidsT Ibrucei, the editing process is regulated during the
life cycle of the parasite, often reflecting theffeliences in energy metabolism between
bloodstream and procyclic stages (Feagiral, 1986). This process was first discovered by

Benne and colleagues in 1986 and has been theckobjatense study ever since.

1.2.1 Maxicircle and minicircle transcripts

As mentioned above, maxicircles encode proteinscayly found on mitochondrial
genomes. Some of these genes are encrypted tnganlgigrees and need to undergo editing
process. There are basically three categoriesrdgé-ig. 3). So-called panedited genes require
extensive editing in order to be functional; sone@as undergo editing only in a small part of
their sequence, those can be called partially @dtegenes with limited editing. And finally

there are genes that require no editing what sotbaecan be called never edited or unedited.

Coding region {~15 kb)

ghn? OMUIRF2-2
coa coz = =
ND8 ND7 | CYb A6 CR3 AURF2 [ REP12
12 los N : Il ; D4l [N NDs|
ND3 MURAFS MURF1 ND1 CR4 CR5
Key:

—

Unedited Extensive editing Limited editing Owverdapping ends  gRNA

Fig. 3 Maxicircle map

Schematic of a linearized maxicircle map of Tmgpanosoma brucei mitochondrial genome. You can notice a lack of
t-RNA genes. Some genes overlap. Only the gene gagigions are shown. Gene abbrevations are asv&llb2S and 9S,
rRNA subunits; ND, NADH dehydrogenase; CO, cytochromxé@ase; Cyb, cytochrome b; MURF, maxicircle unitfeed
reading frame; CR, C-rich reagion; RPS12, ribosomatigin subunit 12.

From Koslowsky, 2009



Minicircles encode small (about 60 nucleotides JoRi§As called guide (g) RNAs that
serve as a template for editing of encrypted mesteitranscripts (Sturm and Simpson, 1990).
These nucleotide chains have a typical structua¢ ¢bntains three domains (Fig 4). The 5'-
domain is called the anchor region and forms aealuplith pre-edited mRNA directly 3’ to the
block where the sequence is to be edited. The midejion contains the information domain,
dictating specifically where and how many Us areeited or deleted. The 3’-end contains an
oligo (U) tail that is added post-transcriptionalBlum & Simpson 1990). Also, two gRNAs are
encoded on the maxicircles (Koslowsky, 2009). Theseare: gRNA for CO2, which is located
in the 3° UTR of said gene (Golden and Hajduk, 200%d gRNA for MURF2 situated near ND4
gene. MURF2 gRNA can also be found on minicircles.

cyB mRNA editing block

5' - —  AAuuu CuSuub\JCUU\J —f(3'

I n-:x:.:xlu.llll

3UVUUUUU —— U UAAGU G UAAGAG '*h*”\.__5 p— CYB
U tail information anchor  trans-gRNA

coll

Fig. 4 Guide RNAs mediate RNA editing. A minicircle-encodedns-acting gRNA forms a duplex with its cognate mRNA
through hybridization of its anchor domatbog). The information domain guides U insertions iatal deletions from the RNA
until it complements the editing block. Non-canahid:G pairings are depicted as crosses. disgRNA residing of the 3' UTR

of cox2 guides four U insertiongght).

From Hashimi, 2009

1.2.2 RNA editing mechanism and RNA editing core coplex

Editing or mRNA proceeds from the 3’ to 5’ directiMaslov and Simpson, 1992). At
first the anchor region of gRNA hybridizes with itegnate mRNA. As the mRNA is being



altered, new sequences that are serve as ancheresiterge, thus most pan-edited mRNAs
contain multiple editing sites (ES) requiring mplé gRNAs. For all these events to take place,
several catalytic steps must be coordinated (Kabld, 1996, Seiweret al, 1996, Igoet al,
2000). An endonuclease is responsible for cleam®NA at the ES, and then Us are either
added to the 3’-end of the 5’-fragment by termimadlynyl transferase (TUTase) or removed by
a U-specific exonuclease (exoUase). The processgpnénts are re-joined by a RNA ligase
afterwards. These catalytic activities are conthinea macromolecular complex for which Larry
Simpsonet al, (2010) recently suggested name the RNA editing coraplex (RECC), which
will be used in this thesis. It is also refereda® 20S editosome, since it sediments at 20
Svedberg units in glycerol gradients (Pollardl, 1992).

Recent studies made by Carnes and colleagues (2008 revealed that there are
actually three functionally and compositionally tadist RECCs. Kinetoplastid RNA editing
endonucleases 1, 2 and 3 (REN1, REN2 and REN3)hage enzymes that are proposed to
distinguish the function of the RECC depending dmnclv one of these it contains. While REN1
cleaves RNA at U deletion sites, REN2 does so atsédrtion sites. REN3 specifically cleaves
the cytochrome oxidase subunit Il (COIl) mRNA, whis the only maxicircle transcript that
contains its own gRNA on its 3’ UTR (see figs.3 @d

Other proteins that are confirmed to have a roleRMA editing are the so-called
mitochondrial RNA-binding proteins MRP1/2, whichigixas a heterotetramer and facilitate
hybridization between maxicircle transcript and gR{Echumacheet al, 2006; Zikovaet al,
2008). RNAI knockdowns of MRP1/2 have virtually teame phenotype as those of another
RNA binding protein, RBP16 (Vondruskowa al, 2005; Pelletier and Read, 2000). Their
silencing has an adverse effect on Cyb editing deuwteased stability of never-edited Col and
ND4 mRNAs. Simultaneous depletion of both factoegmss to have a lethal effect in the
procyclic stage off. brucei, as opposed to an inhibition of growth, and doguolates several
maxicircle mRNAs in a synergistic fashighisk et al, 2009).Interestingly, RPB16 appears to
enhancein vitro editing activities, perhaps suggesting that it lftes gRNA/mMRNA

interactions (Ammermaet al, 2008).
1.2.3 Mitochondrial RNA binding complex
This thesis focuses on the so-called putative rhadadrial RNA binding complex

(MRB1) (Hashimiet al, 2008; Panigralat al, 2008; Wengt al, 2008), the compositon of which
is depicted in fig.5. MRB1 was described indepetigehy three groups using the tandem



afffinity purification (TAP) approach. In this meiti, a fusion protein is created consisting of a
protein of interest and the so-called TAP tag. Tagsfacilitates the isolation of the protein and
potential binding partners using two purificatides (Puiget al, 2001). After the final elution,
mass spectophotometry is used for identificatiobinfling partners. The overlap of the proteins
between the complexes identified by the three ggauging the TAP-tag strategy, as well as
overlaps with complexes involved in other aspedtsn®@NA metabolism (discussed below),
suggest that there may be a dynamic interactiomgntizese proteins, or that this collection of
proteins is actually composed of smaller complex@&¥or protein monomers. Furthermore, the
data generated by RNAi knockdowns of these MRBIusiib results in a variety of different
phenotypes, which may mean they do not forpora fide protein complex such as RECC.

MRB1 or GRB complex
o N

GRBC/GAP1 Th927.5.3010

GRBC/GAP2 Th11.02.5390
Hel1500 Th927.4.4160

Tb10.6k15.390 Tb10.389.1910 \ Tb11.01.8620

Nudix Th927.8.8170
Tb11.02.5120

TbRGG2
Th927.3.1820
\ TbRGG1

Th927.3.4920
MERS1 Th927.6.2140

ThPPR5
Tb11.02.318
TbPPR1

Th927.2.1860
Th927.2.6070
Th927.7.800
Tb10.6k15.0150
Th927.8.8180
Th927.6.1680

Th927.3.1590

kPAP1
Th11.01.7510

Th11.47.0024

MRB1 (Hashimi, et al. 2008)
MRB1 (Panigrahi, et al. 2008)

MERS1 (Weng, et al. 2008)
kPAP1 (Etheridge, et al. 2008;
Weng, et al. 2008)

Fig. 5 Overlapping composition of putative MRB1 and GRB carpl

Putative complexes isolated by different groupsigiStAP approach. Overlap occurs not only betwed®BW and

GRBC but as well covers some complexes involved in mRi¢fabolism. From Hashimi 2009

In our laboratory, MRB1 was copurified with TORG@totein in a RNase sensitive
manner (Hashimet al, 2009). This protein contains a RGG RNA bindingndm and has an
affinity towards poly(U) (Leegwatest al, 1995; Vanhammet al, 1998). The same applies to
TbRGG2, which is also present in this putative claxpRNAI knockdowns of both result in
specific downregulation of edited-RNAs (Fiskal, 2008; Hashimiet al, 2008; Acestokt al,



2009). Two gRNA associated proteins (GAP1/2) ardually dependant (Wengt al, 2008;
Hashimi et al, 2009), and their knockdown causes downregulatiorthose edited-RNAsS
requiringtrans-acting gRNAs. This effect was shown to be due twrsequent decrease of the
steady-state level of gRNAs upon GAP-RNAI induct{@venget al, 2008; Hashimet al, 2009).
Homologs of these two proteins ligishmania tarantolae were assayed by Wemgal, (2009) as

a part of GRBC complex and were called GRBC1/2tuMdily the same phenotype as in GAP1/2
knockdowns was observed in in knockdowns of a ptedi DExD/H-box RNA helicase
(Hashimiet al, 2009; Hernandegt al, 2009). Another studied MRB1 protein is the préstic
Nudix hydrolase (Nudix stands for NUcleoside Dipplugte linked to some other moiety X).
RNAi-mediated depletion of this protein was founyg two independent groups to either
downregulate levels of both edited and pre-editBA& (Hashimiet al, 2009) or only the former
molecules (Wengt al, 2008). No effect on gRNA stability was observadeither study. The
latter group labelled this protein mitochondrialited mRNA stability factor 1 (MERS1) to
reflect such an apparent role.

In this thesis | will present my results regardfngctional analysis of two other subunits
of MRB1, provisionally named mitochondrial protéiMP) 100 and 102 (MP102), according to
their predicted molecular weights. The correspogd@eneDB (www.genedb.org) accession
numbers are Th927.8.8170 for MP100 and Th927.4.44601P102.

1.3  The mitochondrial RNA metabolism inTrypanosoma brucel

The RNA metabolism in thd.brucel mitochondrion is a complex process requiring
participation of several enzymes and complexes.|&Vbhnly a single mitochondrial RNA
polymerase (MtRNAP) is required for transcriptisoni maxi and minicircles (Gramet al,
2002; Hashimiet al, 2009), the maturation pathway of these transtrgpramatically differ
afterwards.

Minicircles are thought to be transcribed polyasically and then cleaved by a 19S
complex into an induvidual gRNA molecule (Grastsal, 2000). Kinetoplastid RNA editing 3'
terminal uridylyltransferase (KRETL1) is responsilibe polyuridylylation of these transcripts
(Aphasizhewt al, 2003a). Maxicircles seem to undergo polycistdranscripton as well. RNA
editing occurs independently of cleavage of theylpnecursor into monocistronic transcripts
(Koslowsky and Yahampath, 1997). Kinetoplast poly(Aolymerase (KPAP) then
polyadenylates 3’ ends of the monocistronic traptswith a short 3'-polyA tail (Etheridgst
al, 2008). In general, mitochondrial transcriptsTirbrucel have either short (20-25 nt) A-tail or



long (120-250 nt) poly(A/U) tail (Bhadt al, 1992; Etheridgest al, 2008; Militello and Read,
1999)., which seem to determine the fate of theifisattranscript.

Pre-edited forms possess only short A-tails wheneagredited and edited mRNAs have
both short and long tails (Bhat al, 1992; Militello and Read, 1999). While in preedi
transcripts, short poly(A) tails lead to destalatian, on most edited and some never-edited
RNAs it has the opposite effect (Kao and Read, 2@bBeridgeet al, 2008). Most mMRNAs
acquire long A/U tail, in case of RPS12 this evedmectly follows editing (Aphasizheva and
Aphasizhev, 2010). It is possible that the 3" A&il imarks that the mRNAs are prepared for
translation, which would cover both never-editedd asdited mRNA (Aphasizheva and
Apasizhev, 2010). This model is in contrast witlorganello studies made by Ryan and Read in
2005, which suggest that polyadenylated mRNAs astadbilized upon addition of UTPs.
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Fig. 5 Mitochondrial RNA metabolism iffi. brucei

Several complexes play a role in T. brucei RNA melialm. Both maxicircle and minicircle transcriptsdengo
polycistronic transcription and cleavage. KRET1 agd$y(U) tails to gRNAs, KPAP1 polyadenylates mapdl® encoded
RNAs, apart from ribosomal RNAs.



2. Materials and methods

2.1  RNAI construct preparation

2.1.1 Primers

Primers were designed using NCBI Primer-BLAST

(http://lwww.ncbi.nlm.nih.gov/tools/primer-blast/indeqi?LINK LOC=BlastHom#g

Primer

name primer sequence

MP100

Fw CCG CTC GAG TTA CGC ACA CTG CTC ACA
MP100

Rv GCC GGA TCC CTT CTT TTC GTC CCC ACA AG
MP102

Fw GGA CTC GAG TTC ATA ACT TCA TTG AGC CCG
MP102

Rv CGC GGA TCC ATG ACG GTG CTT CTT TTC GT
dKD Fw GGA TCC CCT CCC GTT CTACTG CTG AG
dKD Rv AAG CTT AGC AGT TGC ATG AAG TGA CG

Restriction sites are in bold.

To each single knockdown forward primer’'s 5’ encsvadded Xhol restriction site.
To each single knockdown reverse primer’'s 5’ end added BamHI restriction site.

Three extra bases added to 5’ end of single knoaghkdwimers, so the direct cloning into

P2T7-177 vector would be possible.

In the case of double knockdown (dKD) Xhol restatsite was added to the 5’ end of

the reverse primer and Hindlll site to the 5’ efdh@ forward primer.

2.1.2 Polymerase chain reaction (PCR)

For each 5@ reaction was used:

Genomic DNA 20 ng
Fw primer (10 pM) 2ul
Rv primer (10 pM) 2ul
Tag polymerase 10 units
Tag Pol buffer 10x 5ul
dNTPs 2,5 uM 1,2 ul
MgCl, 5ul




Program:

1. denaturation 96°C 5 minutes

2. denaturation 94°C 1 minute

3. primers extension 58°C 1 minute 25X
4. polymerase 72°C 1,5 minutes

5. polymerase 72°C 10 minutes

2.1.3 Restriction

Both PCR product and P2T7-177 plasmid were digesith BamHI and Xhol enzymes
(New England Biolabs) and recommended buffer fer double digest. Twenty units of each
enzyme were used for each reaction. Incubated fihd7°C. Restriction of P2T7 was verified

by electrophoresis.

2.1.4 Ligation into P2T7-177 plasmid

Notl 284

T7 promoter Fig. 6 P2T7-177 plasmid

k3
6000 |

el Plasmid without the 800 bp GFP
~~BamHI stuffer is about 6 Kb.
A ia—Fvull
GFP stuffer
5000 _HindIII
2T7-177 G
p = ~—— —Xhol

T7 promoter

6036 bp 2000

400
000 3000

Ligation was done using T4 ligase in a 10 pl resctivolume according to

manufacturer’'s protocol except for the incubatioviiich was done at room temperature

10



overnight. The PCR product insert was at leastetlmfefour times more abundant than the cut

plasmid to ensure that the plasmid was the limitajor in the reaction.

2.1.5 Transformation to XL1- BlueE. Coali cells

Competen€. coli XL1-Blue cells were thawed out on ice, and 50 fu¢ells was mixed
with 5 pl of the ligation reaction. The cells waneubated 20 min on ice, then 40 sec in a 42°C
water bath, then 2 min on ice again. A volume dd 0 of SOC was added and the cells were
shaken for 30 mins in 37°C. The cells were spraadmpiciline lates that were left at 37°C

overnight.

2.1.6 Cultivation of E. coli and plasmid isolation

E. coli colonies were picked from the plate (3 per gene) seeded into 3 ml of LB
media with ampicilin (0.1 mg/ml). Cultures were gro overnight at 37°C. The plasmid was

isolated using the QIAGEN mini-prep kit, accordimgmanufacturer’s protocol.

2.1.7 P2T7-177 linearisation

Plasmid was linearised by the Notl enzyme (New &myBiolabs), using 20 units for 5
g of DNA at 37°C overnight. The digest was tedigdunning an aliquot of the reaction on a
gel in parallel with an uncut plasmid. The lineadzconstruct was precipitated with 96% ethanol
in a 2:1 ratio and sodium acetate at a final comagaon of 0,3M in -80°C for 20 minutes.
Pelleted DNA was washed with 70% ethanol. The pelées air-dried and resuspended in 400 pl

of sterile cytomix.

Cytomix composition 25 mM HEPES
120 mM KCI
0,15 mM Cadl
10 mM KHPQO, / KH,PO,
2 mM EDTA
6 mM glucose
5 mM MgCbhb

11



2.1.8 Electroporation into 29-13 strain ofT. brucei

Mid-log culture of wild type29-13 strain of T. brucei was harvested by careful
centrifugation (1300 g). The pellet was washedwi® ml of cold cytomix and resuspended in
400 pul of cytomix with 10 pg of linearised plasmiche mix of cells with plasmid was loaded
into cuvettes and electroporated by ECM650 (BTXkln@e with two pulses using following
setting: 1500 V, 2%, 50 uF, 10s, 1700 V, 2%, 50 uF. Afterwards, cells were resuspended in
10 ml of medium supplemented with hygromycin (H)afi concentration 50 mg/ml and G418
(G) to final 15 mg/ml, and incubated at 27°C ovgii

2.1.9 Drug-based selection of transfectants

2,5 pg/ml of phleomycin (P) was added into the weltof transformants. Cells were
distributed on 24-well plate for semi-cloning bsniting dilution. First row was loaded with 1,5
ml of culture, second and third with 1 ml of SDM-F&dium and fourth with 0,5 ml of SDM-79
medium. Then 0,5 ml from the first row was transddrto the second, 0,5 ml from second to the
third and so on (see fig. 7) Plates were kept fC21ntil the drug selection was done and the cell
lines stabilized.

Electroporated
Medium cells

2 OO0 OO0 k.
«1 000 000K
w1000 OO0 ™
-/ OO0 Q00

Fig. 7Dilution of electroporated cells

i

0,5 ml of
culture

N\

2.2 Cultivation of T. brucal

The procyclic stage of. brucei was cultivated at 27°C in SDM-79 medium (Brun and

Schonenberger, 1979). Hygromycin (50 pg/ml) andmgin (G418) (15 pg/ml) were added
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into the wild type cell culture (H,G), stable norduced cell line culture contained phleomycin

(2,5 pg/ml) in addition to those (H,G,P). Tetraayel(1 ug/ml) was used to induce RNAI.

2.3 Northern analysis

Northern analysis was used for knockdown verifaratusing a radioactively labelled
probe that hybridized both the target gene and dsBé&tated by tetracylin induction. Compared
to real-time quantitative (q) PCR, it provides lied information about gene abundance upon
interference induction, but the result also indésavhether the dsRNA is transcribed even in the

absence of tetracycline. This phenomenon is cétlgkhge.

2.3.1 Induction of T. brucei

Two cell cultures were grown with a starting cortcation of 2x16 cells/ml and a 10 ml
volume.One of them was supplemented with tetracyclined/iml) to induce RNAI. Cells were
harvested by centrifugation (1300 g) after 48 hotuife cell pellet was resuspended in 1 ml of
RNA Blue (TopBio, Czech Republic).

2.3.2 RNA isolation

To each sample in RNA Blue was added 200 pl of rofilom. The emulsion was
vortexed for 15 s, kept 2 mins to settle down amansdown in 4°C for 15 min, 9750 g. The
upper aqueous layer was transferred to a new toderaxed with 500ul of isopropanol. The
RNA was precipitated at room temperature for 10,raimd then centrifuged as described before.
The supernatant was discarded, pellet washed Wih 6&thanol and air dried. The dry pellet was
resuspended in 30 pl of water and heated for 10an®0°C. The concentration of RNA was
measured using the NanoDrop (Thermo Scientifictspphotometer.

2.3.3 RNA gel electrophoresis

A 1% agarose gel containing 6,7% of formaldehydd &rMOPS buffer was made.
Samples and RNA marker were mixed with appropnailime of 1,5x sample buffer and
incubated 10 min in 65°C before loading. The geswan for 3 hours at 60 V. The running

buffer was shaken every 30 min.
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RNA gel 1% 100 ml

10x MOPS 10 ml
Agarose 19
milliQ water 72 ml

after cooling down add 18 ml of fomaldehy de 37%

1.5 x Sample Buffer 10x MOPS 100 mi

Formamide 600 ul 0,5 M MOPS 40 ml
Formaldehyde 37% 210 ul 3 M NaO Acetate 1,67 ml
10x MOPS 156 ul 0,5MEDTA pH 8 2ml
Ethidium Bromide 5ul milliQ water 56,33 ml

Running Buffer (500 ml)

10x MOPS 50 ml
milliQ water 450 ml
2.3.4 Blotting

The Northern blot apparatus consisted of filterggathe RNA gel, membrane and more
filter paper in this order from bottom to top. 586G was poured on blot during assembly, all
layers were smoothened to avoid air bubbles. Thewuwas created by dry paper towels on the
top of the blot. Pressure was applied and the apymivas secured against evaporation and let to
stand overnight. The transferred RNA was then imfizaldl to the membrane by UV

crosslinking (UV Stratalinker, Stratagene).

2.3.5 Membrane pre-hybridization

Membrane was pre-incubated in Na-Pi (sodium phdsphaffer) in a cylinder. It was let

to rotate for two hours at 60°C.
2.3.6 Radioactive labelling
HexalLabel DNA labelling Kit (Fermentas) was usedaading to manufacturer’s

protocol using 100ng of purified PCR product agmglate. The probe was purified in a spin
column (MicroSpin G-50 Sephadex-GE Healthcare)thed heated at 100°C for three minutes,
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cooled down on ice, put into approximately 5 mNa&Pi and poured into the cylinder with pre-

hybridized membrane. The cylinder was then rotatesb°C over night.

2.3.7 Membrane washing

Hybridizaton solution was poured out of the cylindehis was replaced by 5 mls of the
2x SSC + 0,1% SDS solution and rotated for 20 ntimoam temperature. The liquid was
discarded and 5 ml of 0,2x SSC + 0,1% SDS was poute the cylinder and let to rotate for
another 20 min at 55°C. The membrane was then wdhppto foil and stored in a
phosphoimager cassette over night. The Northerra daas captured on a Typhoon

Phosphoimager (Amersham).

2.4  Growth curve

This method is used to follow the growth of thel dele where RNAIi has been induced
and determine by comparison with non-induced cghether the RNA-silencing of the target
gene has an effect on the growth rat@.drucei. If growth is inhibited, the gene is considered
to be essential.

The starting cultures contained 2Xlls/ml. Their concentrations were measured with
Beckman Coulter Z2 Particle Counter every 24 hdardourteen days, with dilution back to
2x10 cells/ml every second day. Four cultures were gréav each gene knockdown; two with
the tetracycline in media (tet+) and two withowdt{t The graph was then acquired using the

average of the two values.

2.5 Western blot

Western blot analysis is a technique used to deteetific proteins in whole cell or
subcellular lysates using an antibody against ¢éepraf interest. Four major steps were used.
Gel electrophoresis, wet blot transfer to a PVDFnipeane, antibody detection and analysis

using a luminoimager.
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2.5.1 Gel electrophoresis

Cells were harvested at day five after inductiod aasuspended in sample buffer
consisting of 100 mM Tris, 200 mM DTT, 4% SDS, 0,B¥amophenol Blue and 20% glycerol.
A volume of lysate cooresponding to approximatet§® cells was loaded into each well of a
12% polyacrylamide gel (PAGE). The gel was run 3ohours at 80 V to separate proteins
around 100 kDa.

2.5.2 Wet blot transfer

The PVDF membrane was prepared by washing with amethfor 10 min and transfer
buffer (20% methanol by volume, 38,6 mM glycine, ™81 Tris, 1,3 mM SDS) for another 10
min. The gel was also soaked in the transfer buféfore the blot assembly. The wet blot was
assembled in the following order from anode to cdé sponge, filter paper, membrane, gel,
filter paper, sponge. The blot was run for two Isotr make sure that the proteins around 100
kDa, which was the size of the target protein, wainsfer. The membrane was blocked in 5%

milk dissolved in PBS-Tween over night at 4°C.

2.5.3 Protein detection

The membrane was incubated with primary antibodgiresy MP100 (supplied by L.
Read), which was diluted 1:2000 in 5% milk. The rbeame was then washed in PBS-Tween 5
x 5 min and incubated with secondary antibodyhia tasex-rabbit antibody, which was diluted
1:2000 in 5% milk. Washing in PBS-Tween was repeatebefore.

2.5.4 Membrane analysis

The Pierce ECL Western Blotting Substrate was afdpmin the membrane for 2 min. The

immunodecorated protein was visualized using th&13800 Luminoimage analyser set to high

sensitivity and an appropriate exposure time.
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2.6  Real time quantitative PCR (QPCR)

This method follows the general PCR principle, dildws the reaction to be followed in
real time and thus quantify the abundance of astmdpt. This procedure is facilitated by a
dsDNA binding fluorescent dye, SYBR green in ouseawhich allows the measurement of
concentration of a PCR product over the courséefréaction. The gPCR method was used in
this project to verify RNAIi knockdowns as well assaying RNA editingn vivo. The latter
assay was done using primers designed for selegtedhondrial genes, some of which undergo
full editing, some just editing in a small regiondasome that are not edited at all (Caretes,
2005). Primers were designed to be specific foteddand pre-edited versions of genes. This
approach allows us to see whether the knockdovetiafthese transcripts and even draw some
conclusions about the part of the RNA metabolisgivan protein may participate, based on the

effect of their downregulation.

2.6.1 RNA isolation

RNA was isolated according to the same protocdlwes used for RNA isolation in the

preceding section on Northern analysis (see 2.2.2)

2.6.2 DNAse treatment of RNA

Since this assay focuses on quantification of trapisin a sample, it is important to get
rid of any DNA that may potentially be isolated e¢tiger with the RNA prior to using it a
template for cDNA synthesis (described in sectidh3).

10-15ug of RNA mixed with 1U of TURBO DNAse (Ambion) aridx supplied buffer
in 50ul reaction, and then incubated 30 min in 37°C. @mae unit of TURBO DNAse was
added to each reaction and incubated for anotheniB0Then the sample was incubated 2 min
in RT with 1Qul of DNAse inhibition mixture to stop the reacti@pun down for 2 min at 5850 g
and the same volume of supernatant from each sanwgsdransferred to new tubes. A volume
of 300l of 96% ethanol, ful of 3M acetate and ful of glycogen were added to each tube and
left over night to precipitate in -80°C.

Samples were centrifuged at 4°C at 13200rpm fom®® supernatant was discarded,

RNA was washed with 70% ethanol and spun at theesaonditions for another 10 min. The
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ethanol was then discarded and the RNA air driede Tolume of water required for

resuspension was chosen according to the stanmau@t of RNA, so the final concentration

would be approximately lug/ul. The quality of RNA was checked on a denaturing
formaldehyde gel.

2.6.3 Creation of cDNA

Complementary DNA (cDNA) for gPCR was created impltiate for each sample. In
addition, a negative control was created for eablA Rample where reverse transcriptase was
missing from the master mix. In total, we therefoigained A and B RT+ samples (reverse
transcriptase present) and one RT- cDNA for eacl Rample. Since accuracy is critical in this
method, every reagent including RNA was vortexed spun before using.

At start each tube contained 5 pg of RNA, 250 ntgpatlom hexamer primers and 4 pl of
2.5 mM dNTPs in a total volume of 10 pl. Tubes weue into a PCR cycler and after 5 min at
65°C 10 pl of master mix containing 40 U of recamalnt ribonuclease inhibitor
(RNaseOUTY, Invitrogen), 200 U of reverse transcriptase €38pript® I, Invitrogen), 1 pl
of 0,1 M dithiothreitol (DTT) and 4 ul of 5x Supexn$pt Il buffer was added to RT+ samples.
All of above apart from the SuperScript enzyme added to RT- samples. The cycler program
was resumed using the following: 5 min at 25°Cn@f 50°C, 15 min at 70°C. The volume of

all samples was then brought to 200 pl.

2.6.4 Real-time quantitative PCR

Each reaction was done in triplicate and contabgHof cDNA, 10l of Power SYBFR
Green PCR Master Mix (Applied Biosystems) and (d.8f each primer (c= 1QM) in a total
volume of 20ul. For quantification of 18S anf-tubulin housekeeping genes the cDNA was
further diluted 50x. Samples were put into the R&@ene RG 3000 (Corbett Research)
thermocycler and the following program was run: i at 50°C, 10 min at 95°C, (15s at 95°C,
60s at 60°C) repeated 40 times, melt: 60°C-> 95/ vdegree/step increment, first step took
45s, following ones 5s each. In the first run alamoy of housekeeping genes was measured in
all; A and B, tet+ and tet- samples, then the kevelinduced and non-induced cDNA were
compared and the pair with the closest Ct valuechasen for further experiments.

For the primers used for the quantification of @as mitochondrial proteins see Carnes

et al (2005). Primers used for knockdown verificationrevdesigned using NCBI primer blast,
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numbers in brackets determine the position in theneg sequence; MP100 Fw:
TACGCTCGATTCGCGACGCC (112-131), MP100 Rv: GGGTGTGAGCAGTGTGCGT
(187-207), MP102 Fw: CGGAAAATTGGCGAGAAGTA (22-41), MP102 Rv:
CCGGGGGAGAAGACTAAGAC (65-84). All the primers uséar gPCR were HPLC purified.
The Relative abundance of maxicircle transcriptsval as target gene transcripts were
calculated using the Pfaffl method (Pfaffl, 200E@r the used formula, see Fig. 7. Error bars

were calculated using the data obtained for tipdidates in which each reaction was done.

- A
Relative abundancy = PCR efficiency (target gene) » Ct value (targete]

PCR efficiency (reference gene) ~ Ct value (refezegene)

Fig. 7 Pfaffel method formula
Ct value stands for threshold cycle value, whicthe number of the cycle where the transcript dhnoe reached a set

flouresence value.
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3. Results

3.1  Orthologs of MP100 and MP102 in Kinetoplastids

We have found orthologs of Tbh927.8.8170 (MP100) dih®27.4.4160 (MP102) in
various organisms belonging to order Kinetoplastilao proteins similar to those mentioned
above are found only in two organisnis: brucei gambiense and Trypanosoma congolense.
Other kinetoplastida, which have only one gene witmificant sequence identity with our

guery, arelrypanosoma cruz, Trypanosoma vivax, Leishmania brazliens, Leishmania infantum

andLe shmania major.

Organism

Accession number (GeneDB)

T. brucel brucel

Th927.8.8170

T. brucel brucel

Th927.4.4160

T. brucei gambiense

Thg927.8.8500

T. brucel gambiense

Thg927.4.4290

T. congolense TcIL3000.4.3570

T. congolense TcIL3000.8.833

T. cruz Tc00.1047053509895.20
T. vivax TvY486_0807570

Leishmania brazliens

LbrM31_V2.0810

Leishmania infantum

LinJ31_V3.0670

Leishmania major strainFridelin

LmjF31.0640

3.2 Single knockdowns of MP100 and MP102

Both single knockdowns were done only in the précyform of T. brucei. This task was
not as straightforward as anticipated because efhigh DNA sequence identity of the two
genes. | chose two ways to present the DNA sequenuéarity between MP102 and MP100.
First is a standard alignment, created using AMstpplication, second is a simplified scheme

which offers clear picture of position of primersed for generation of single and double

knockdown in the context of sequence similarity.
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3.2.1 Alignment of MP100 and MP102

Alignment was done in BioEdit using the ClustalWpkgation. It shows 90% sequence
identity in approximately 85% of the sequence. dmaaining 15% with no significant sequence
homolgy is located in the 5-region. PCR primers #@mplifying the fragment for dsRNA
generation for single knockdowns were thereforegtkes! in this 5’-region in order to avoid off
target RNAI. In contrast, the RNAI fragment used double knockdown generation is longer
and targeted near 3-end, where there are nuckeaibuences with 100% similarity for
sequence stretches longer than 24 nts, the minangth of interfering dsRNAs (Djikeng al,
2001). The parts of the sequence where the priraareeal are marked in the alignment

according to the fig. 8 description.

hF102 - top line
mP1 00 - bottom line

| | [ [ [ [ | [ [
ATGTACCCTTTCATAGAACCTCGGAAAAT TGGOGAGAAGT ATAGAGT AGAGAAAAATATGOGATGT CT TAGT CT TCTCCOCCGEGEGT GCGEOCCAATGA
ATGCGACGGCTAAGCCT TCTTCCACGCAGGAGOGCTGCAGT TG

| | [ | | |
TAAGTGTTATGCATGT TCGICAICRICAIIGAGEEE CCGGGT GCAACAGOCGCAGGT TTTCAGCCT ATCAAT TCAACGT GGACGAACACGT TGGG
TGBGCTCOGCT TACGCT CGAT TOGOGACGCCAGCGGUCCCAACGAAT TTAAAGGCT TCAACT CTGGAGT TAAATAACCCAGT AGT TACGCACACTGCTCA

| | | | [ | |
GACAGCGACGACATTTGCTAGCACTGATCAG AGTAAAAGGGAAGT GAAAGCGGAAGGT GGAGCGTGTACCACATATCTT
CACACCCGT GACACTAACT GCCACT ACT GACGCT GCCAGCGGT AATATTTATAGT AGCAAGGAAGT TGAAGCT GAAGT CGCAGT GCCCGCCGCAGGTGCG

| |
GCACCGAAAAGCAGGEGCOCGAAAGCGCACAGT CACAGGGACCGT AAAAAT TCTGAT GT CGAT GBCGT GCACCT CAGAGA RAAAGAA
AAGGAAAAAAT TCAAGCCAGCAGGCGT AAGCAT GT TAATACAGT TGAGCT TTTGATATCCATGGCAGT TACCCT ACAGAAGAAAT CTAGT GGOGOCGOCG
410 420 430 440 450 460 470 480 490 500
RUTS FRUT PR FEFTY PR FERTS R R EOT Rl EEErs REenl ERTr FETT FEE EEr Raen e mere eeee
(CACAACOGCOGCT TGT GOGGAGGAGACAAAAGAAGCAGCT GAGGBGAACT GT GGCT GT CGAT GT CACGOCGCAGCCOGT AGACCCACGEIG
CTGCTGOCGT CACAGACAGOGCT TGT GEGEACGAAAAGAAGGAAGCAACCGAT GBGGAT GCAACCGT CGGT AT TGOGCOCCGRECCGGT AGACCCACT GCA

510 520 530 540 550 560 570 580 590 600
R R R T DR EREEA R Tt EREE KT R R D T Rl KO R KT KR R
GCTCCTCAGGGTACT TCBGEOGTATAT TCGCAGT GAGGCTCTTCT GGAAAAACT CTGCOGCT CTAAGATACCT GCAGT GOGACGCCACTATTTGGTCATT
ACTCCTGAAAGCACT TCBGEOGTATAT TCGT AGT GAGGACAT T TTGGCCGAGT TGTGT CGT TCCAAGGT GCAGGCOGT ACGECAGCGCTACGT GBCCATT

CGT GCACGGCGGCAGCGACT TCCGGT GCTTCACCGGGACATTCT TCTGAACGAAGT TACACGT GT TGT TGAGCGGCGCGAGGT TCCCCTCATTGAAGT CG
CGT GCGCGGCGECAGCGAGT TCCCGCCTTTCATCGTGATATCCT TTTGAGT GAAGT GACCCGCGT TGT TGAGCGGCGCGAGGT GCCATACATTGAAGT CG

CTCGGTTACT TAAACT GCGCTGGCCCGCACAATTTACGGATCTTTCCGGCAGCCGT TGCCTTTCTTTTTTGAAGCGCAGCCT TATGI CGT GGATTGCGGA
CTCGGT TACT TCGGCCCCAT TGGCCCGCACAACT TATGGATGCT TCTGGT GGCCGT TACCAT TCCT TCCT GCAGCGGAGT CTGCT GGCGT GGAT TGCGGA

GTTACTGCGAGAGGGT AAGCT TGCACCAGAT GGCGCGCGGACGGT ACT GTCGCAGT GCCCGCGECT CTTTCATGGEGECACATATCGCTCATGAGCTCTATT
GTTGT TGCGAGAGGGCAAACT CT CACCAGAAGAGGCGCGGT CGGTACT GTCACAGT GCCCACGACT CTTTCATGGEGCATTTATCGCTCATGAGT TCTATT

910 920 930 940 950 960 970 980 990 1000

R T R R D EE A KR E T RN KRR RN RERRE KRRl Rt KRN DRt MRt T BRI R
GTAGAACGGGCGCTCCT TGACGT CAACACAATACAAAACCCT GAGCCTATCATAGT TTTGATGT GGT CGGT GAAT GAAGCGGGCACACATGCACCCAATC

GTAGAGT GTGCACTCCT TGATATCAACACAATACAAAGCCCT GATCCAATCATAGGT TTGATGT GGT CTGT GAAT GAAGCGGGCACACAT GCACCAAGCC
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1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
U RS DR PR U DT RSN RS DU RS DR DRSS PR BT DR DR BN DRSS BN DU
ACTTTT GTTGT! GGCT GTTGAATCGCTCGCT GAGGCAT AGAT TCGGAGACACGGT GCAGCT GGGGAAAT GT GAGAGOGGGCA
ACTTTTGGCAACGTACCGTGGGTAGGT TGGCACAAT TGAATCGCT CGT TGAGGGATACAT TAGGAGAT GOGAT GCAACT GGGGAAAT GTGBGAACGEGCC
1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
R R R R R R o R R R e R R R R R e e ey
GGGTGACACTGOCGT CTGCAGCGCT CCTGGT GATAAGGGAAAGGACT GT GGGGAAACCGAT ATCAAAAGCAACAACGAT AATAAGGAGGGT AATAT T
CAAAGATGGCACTACCATCCACAGOGGT CCOGGT GGT AGGGAAAAAAAAGGT GAAAAGGGT AATATCAAAAGT AACAACGAT AATAAGGGGGGTAATATT

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
R R R R R RN R RN R R R R R R R R R R R e
AATGACACCAAGCGCAACTATACGGT GEGT CATGTGT TTTCTGGACT TACAACT AGGCAGCTATTCOGTGT TTTACGAGTACTT GGAA
AATGACACCAAGCAAAACTATACGGT GBGCCATGTGT TTTCTGGACT TACAACT AGGCAGCTATTCCGT GTATTACGAGT ACT TCGAAAGGAATGCTGGT
1310 1320 1330 1340 1350 1360 1370 1380 1390 1400
AU RO R PR U DT PR B DRSS PR BURSE PUSEE RS BT DRSS DR BN DRSS BN DU
GCAACGATGTCTCTACCGT TTACGACT TTGT TGACAAGGCT CTAAAAAAT ATTGOCCT TGAGGT GGATGCT AT TGGAT CATGTGAAGCCACTT
GCAACGATGTCTCTACCGT TTACGACT TTGT CGACAAGGCT CTAAAAAAT ATTGOCT TTGAGGT GGAGGCT AT TGGAT CATGT GAAGCCACT TCTCAAAA

1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
GCGCCCAATGI CAAGGCAAACAAT CACCCAGCGCGTAAAAAAAT CAGCGGACCT CACTCCGAAGGAGT TGCTCTCGCTGT TGAGCATCGCGGGECGAACT G

1510 1520 1530 1540 1550 1560 1570 1580 1590 1600
T AT T oA GOAT ACT T B BB CA T CaGACT TG 0T G0 T BB ACAT TAT T T OO GBBOAGT T ar TCAGT TG BT T T

GGTGT TGACT TCCATGCATCACT TGCGAGGACATCGGACT TTCTCCT GGCGCCAATGGTACATTAT TTGGACCGCGAGGAGT TGT TACAGT TGTCTTTAT

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700
R R R KO DR R R R Rt R R CEE R KRR DT R KRR R
TTGTTCGAAAGACACACT GCGACTCGOCAACGCT TTTGCAAT CGATGEOGAAT GAAAT TGTACGECGOGEEGT GAAT TATCCAGT TTCGCT TAGOGT GAG
TTGTTCGAAAGACACGCT GTGATTCACTAACGCT CGT ACAAT CGATAGCAGAT GAAAT TGTACGECGT GBGGT GAAT TATCCACT TTCGGT TAGTCTGAG

00 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
DN DR DR PR DR DT PR BT DU PR DR PUSEE DRSS BT DRSS DU BN DR DN DU
GGCGGTCTTGCGCA TCAGAAGCCAGTTCTGCTTTCACAACT CACCCT CACACCACT TGT TGATCATGTCATATCT TTATGT AAGACATAT

CAAGGOGGCCCT GOGCACGEOGCT TCAGAAGCCAGT TCTGCT T TCACAACT TACCCT CACACCACT TGT TGATCATGT CATATCT TTATGCAGGACGTAC
1810 1820 1830 1840 1850 1860 1870 1880 1890 1900

U RO DR PR U DT PR RS DU PR BN DUSEE RS BT DR DU BN DRSS BN DU
GGCTGGT ATATGCGAGCCT CGCAGCT GCT TGGT TGGEOGGAAGT GT TATATGATCTTTCTCGT CGCCACGACCCAT CGTCATCTGT TGGCGT CAACGTAC
GGCTGGT ATATGCGAGCGT CGCAGCT GCTTGGT TGGEOGGAAGT GT TATATGATCTTTCTCGT CGCT ACGCT CCATCGTCATCTGT TGGCGT CAACGTAC
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

AU RO DR PR U DT PSRN BURE BN PR DR DRSS RSN BT DR DU BN DRSS BN DU
GTTCGTGTGTAGAAAGACT CGCAGOGOCGT TGOGT GCTATGCT CGAGGT GREOGT GGT GCOGAT GACCGT CGT T TCCOGCT TCATTGAGCT CACGGT TAT
GTTCGTGTGTAGAAGCACT CGCAGOGOCGT TGOGT GCTATGCT TGAGGCGGE0GT GGT GCOGAT GCCOGT CGT TTCCOGCT TCATTGAGCT CACGGT TAT

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
el e e e e e ]
TCTCGGCATGOGCGCAAAGCCACT TCAATATACGCAAT CCATCAAACTGT GOGCAAT GCTGCGGOGAACGCGOGTATAACT TTTGOGAA
TCTCGGCAT GOGCGCAAAGCCACAT CAATATACGCAAT CTATCAAACT GT GGGAGGAGCGCAAT GCTGOGGOGAACGCGCGTATAACT TTTGCGAAGAGT

2110 2120 2130 2140 2150 2160 2170 2180 2190 2200
e b e e e ]
GTCTTGAATAAAGAGAAT GACACGT TGAT TCCGATGGCGGAGT T ACAA GCAGAAT TGGAGGAT TCTGGT GAGGT GGGCGAGGT GAGCTCEE
GTCTTGAATAAAGAGAGT GACATGT TGAT TCOGAT GTCGGAGCT CCTGTACGACGCAGCOGGAAT TGGAGGAT TCTGGT GAGGT GGGCGAGGTAACCTCCC

2210 2220 2230 2240 2250 2260 2270 2280 2290 2300

N S S e [ I L [P [P [P I |
GTGCA GOGCGT CAGGTGTATGATGAGCTAATTTACT TGT TTGAGATGCAGATGATCAT CGCCGATCA

GT'CCTACTGCTGAGCT GT GCAGAGCAGCGCGT CAGGT GTATGATGAGCTAATTTACT TGT TTGAGATGCAGAT GATCATGCGCT CGCCGATTACACAAAA

2310 2320 2330 2340 2350 2360 2370 2380 2390 2400
U RO R PR U DT PSRN RS DRSS PR BN DUSEE DRSS BT DRSS DU BTN DRSS BN DU
GGAGGATOGGCT GAATGACACGT TTAGT CACGT CGGGT TGTACAACAT TGT TG TGGT GCCAGAGCCAT GTGGOGGGT ACATCTTCAGCCT TCT
GGAGGAGGATCGGCT GAATGACACGT TTAGT CACGT CGGGT TGTACAACAT TGT TGT TGGT GOCAGAGCCAT GTGGCGGGETACATCT TCAGCCTTCTTCT

2410 2420 2430 2440 2450 2460 2470 2480 2490 2500
o e L I e [P I I |
TTTCCTTCAGCCAATGCCTCTTGT GT TGAGGGOGT CGT TCCATTGAGT T CCGTATTTCCTCTACA CGAGCACTACCTGTGT!
TTTCCTTCAGCCAATGCCTCT TGT GT TGAGGGOGT CGT TCCAT TGAGT TCGCCTCACCGT AT TTCCTCTACACCGOCT CGAGCACTACCT GTGTGGGTGG
2510 2520 2530 2540 2550 2560 2570 2580 2590 2600
ol e e e e e ]
GCGACGCGT TAACGCTAT TGT CGAGGGCCGCAT AAGGCGEGECGAAT ATAAGCGCCACCT! CGAGGATGTGCTCOGT TTGT TCGGGCAA
AGCGACGCAT TAACGCT ACCAT CGAGGGCCGCAT AAGGCGEGECGAAT ATAAGCCCCACCT CAACCGACGAGGAT GTGCT COGT TTGT TCGGGCAACGCCA
2610 2620 2630 2640 2650 2660 2670 2680 2690 2700
SRR DR ERRTE CERE EXEE FERS ey FRwel FEER FETE) Bl R EREl REET KTl ERRR EEel Rl RErs e
CTGTAA GCAAAAGT GCGTCACTTCATCCAACTCCT GATGGAGGAGT CGT CGT TGGT CTTGGT TAAGCAGCA TTCGTCTGGATTTTTACGGTG
CTGTAACGCAGCAAAAGT GOGT CACT TCATGCAACT GCTAAT GGAGGAGT CGT CGT TGGT TCTGGT TAAGCAGCAGCGT TTCGT CTGGATTTTTACGECG
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2710 2720 2730 2740 2750 2760 2770

RN R DU PR R DT DR DU DS DS BN DU BN BN DR
GAACT GEOGOGCCGAT T TGGT GRGGAGCAGGAGCAGCAAAT GGCACAGGAAATGT TAGCGAAGGTGCTTTATTAG
GAACTGGEOGOGCCGAT T TGGT GRGGGACAGGAGCAGCAAAT GGOGCAGAAGATGT TAGCGAAGGTATTTTGTTAG

Fig. 8  Alignment of MP100 and MP102

The alignment was done using ClustaW applicatio. lire is the gene sequence of MP102, bottom heesequence of
MP100. The sites where the primers anneal areigtied in the following manneiSiNGIEIMPI02IKDIELR:, single MP100
KD primers, double KD primers.

3.2.2  Schematic drawing of MP 100 and MP 102

The scheme in Fig. 9 presents the genes and thgoposf primers used for RNAI
fragment creation. Double knockdown primer desigmsvibased on the sequence of MP102.
Please note that the scheme is not drawn to scale.

D R T T T P LU TP PO TP OO TTLCOPPOTIN e UICTITTI LT TP PEUPIOPIOTA
MP 102

...... B e RIIIITTITIITTE D R T T O P TP TP U PO PTEPTICTECPEOPRIPRIPRITES S OO PRRPRTPRY

oo mmmpe oo esesesons M [P secceresstnstttnsstnpiteien M.ﬁ...i.d.o.. ...................................................................

........ —r

Fig. 9 A scheme of MP 100 and MP102 gene sequence identity

—» represent primers used for real-time quantitati@&mn MP102
represent RNAI primers used to generate MP100 KD dsR&gment
represent RNAI primers used to generate MP102 KD dsRagment

—» represent RNAI primers used to generate MP100/10Bldd<D dsRNA fragment

— represent primers used for real-time quantite®@R in MP100
The yellow background marks the drawn region wileegtwo genes differ in sequence. The white
background represents the area where the two ¢@ves90% sequence identity. The scheme is not diawn
scale.

23



3.2.3 RNAI fragment creation

PCR products were checked by agarose gel electregpisobefore and after digestion
with BamHI and Xhol restriction enzymes. The P2T/7-Iplasmid was also controlled after

restriction with these enzymes.

MP102 MP100 P2T7

MP102 MP100

Fig. 1C Gel elecrophoresis of Fig. 11 Gel electrophoresis of
gene fragments used to plasmid and inserts after
generate dsRNA obtained by restriction digest.
PCR
P2T7-177 plasmid and inserts
- The sizes of both fragments after restriction by Xhol and
are about 280 bp BaMHI. The plasmid size is

about 6000 bp while the freed
GFP stuffe 800 bp in size

After ligation of the digested PCR amplicons in@®I@-177, subsequent transformation
into competentescherichia coli bacteria, inoculation oE. coli transformants into LB media
cultures and isolation with the QIAGEN miniprep, klte plasmid was again digested with Xhol
and BamHI to diagnose the presence of inserts.

MP100c MP100b MP100a MP102c MP102 b MP102a

Fig. 12Plasmid isolated fror&. coli after digest

Minipreps of plasmids isolated from tBecoli cultures after restriction with BamHI and Xhol. §ttad size is about

6000bp, insert size about 300bp. One successhtldig for MP100 and two for MP102 were obtained.
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One successful ligation of MP100 and two of MPliserts into the p2T7-177 vector
were obtained. These three plasmids were also segdeas a further control of their identity.

3.2.4 Knockdown verification

Two clones of MP102 and four of MP100 knockdownl| deles survived after
electroporation of one of the previously describedstructs into the 29-13 strainhbrucei and
subsequent selection by 2,5 pg/ml of phleomycinodkdowns were confirmed by real-time
guantitative (q) PCR (see Fig 10). Clones MP10abd MP102 D5 were chosen for subsequent

experiments.

MP102 clone D1 MP100 clone D2 MP100 clone D5
100 ¢ 100 £ 100 I
10 = 10 = 10 %
T B Btub T B Btub T B Btub
+ ® 18S + €1 18S + &N 18S
1 C‘T—q—w 1 *m—v——mf 1 W
0,1 0,1 01
=} N o N ’ N
= S = = § S
[a o o o o o
= = = = = =
MP102 clone D6 MP100 clone D3 MP100 clone D6
100 2 100 100 ¢
10 = 10 = 10 ¢
T M Btub T B Btub T B Btub
&118S I 0 18S 1 N 18S
1 *fw 1 *m—v——ﬁf 1 fm—y—m—
01 01 S < 0,1
=) IN o N
] o = =] o o
a a a x T a
S = = = = =

Fig. 13  Single knockdown verification by qPCR
Single knockdowns were verified by gPCR. The gragiwshdownregulation of transcript in induced cetisnpared to non-

induced ones. Two different housekeeping genes ugzeé for normalization of the data: 18S rRNA @rtdbulin. Based on this
analysis MP102 clone D1 and MP100 clone D5 weresehdor subsequent experiments.
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3.2.5 Growth curves

Clones MP102 D1 and MP100 D5 were chosen for the/tlyr curve analysis (Fig. 14).
The starting cultures contained 281@lls/ml. Their concentrations were measured edagyfor
fourteen days, with dilution back to the startimgpecentration every second day. No effect on

growth of RNAi-silecning of either MP100 or MP102svobserved over the two weeks period.

MP100 clone D5 MP102 clone D1
L000E+08 1 1,000E:08
= +— Tet- = -
= = Tet
o ) » Y
B 1000E407 - e Tet+ B 10008407 / v / / —e— Tet+
=3 ¥ =
3 S
L
1,000E+H06 — 1,000E+06 ‘ “““““““
0123456 7 8 91011121314 012345678 91011121314
Days post-induction Days post-induction

Fig. 14 Growth curves of single knockdowns of MP100 arl1{d2

Growth of both MP100 and MP102 KDs was measureddorteen days. Tet+ lines are cells in which RNAiswnduced by
tetracycline; Tet- are non-induced cells. No effatigrowth was observed over the two weeks pedoeéither knockdown.

33 Double knockdown of MP100 and MP102

A double knockdown in the procyclic form &f brucel was obtained by Lucie Novotna
by electroporation of the RNAI fragment that was$ s#o the region with high similarity
between the two genes in a manner described above.

3.3.1 Northern analysis

Northern analysis was performed on clones thatigenivselection with phleomycin. The
probe, which was a radioactively marked PCR produeated using the same primers as for the
amplification of RNAIi fragment, should detect dsRNAed for RNA silencing and target
MmRNA. It confirmed that the dsRNA is transcribealy in induced cells, but the transcript
itself is not clearly visible. A possible explamaticould be that the abundance of target mRNA
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is below the threshold of Northern analysis detectr that the band is obscured by ribosomal

RNA running around the same size.

D1+ D1- D2+ D2- D3+ D3- D4+ D4-

Fig. 1 Northern blot of double
knockdown of MP100 and MP102

Transcription of dsRNA in
induced cells was verified.
Transcript (2700 nts) is not clearly
visible. Clone D3 was chosen for
subsequent experiments.

3.3.2 Growth curve

The growth of the double knockdown was followed flmurteen days in the presence and
absence of tetracycline, starting at a concentratio2x10 cells/ml and diluted every second
day. The growth inhibition of cells cultured in theesence of tetracycline was observed around
the fifth day after the induction (see fig. 16)

dKD of MP100 and MP102

1,000E+08
’_E\ —o— Tet-
2 omor A s A A
= SV
g
[
1,000506 T T T T T T T T T T T T T

012 3456 7 8 91011121314
Days post-induction

Fig. 16 Growth curve for double KD of both MPs

Performed as described in fig. 14. Growth inhilnitis observed starting at day five post-induction.
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3.3.3 Western analysis

Western analysis was performed on both single kioeks as well as double
knockdown using a MP100 antibody, generated agairstnthetic peptide of this protein and
supplied by Laurie Read (State University of Newrkvat Buffalo). An antibody against the
cytoplasmic enolase protein was used as a loadinggat. The predicted size of MP100 is 100
kDa. However, the signal can be observed at thetdpe membrane, which would indicate the
size of the protein above 250 kDa. Furthermore, ihed intensity was quite low, making
interpretation of the western blot difficult. Netlegless, the signal intensity follows the expected
pattern, which is downregulation in induced MP10D &nd double KD while the band intensity
not affected in the MP102 KDs as compared to threinduced cells.

dkKD+ dKD- MP102+ MP102- MP100+ MP100-

—— 100 kD

enclase e w e e U W 50 kD

Fig. 17 Western analysis of MP100

Western analysis was performed on single knockdafheth MP100 and MP102, as well as the doublekdown,
using anti-MP100 antibody. An anti-enolase antibadg used as loading control. The protein sizeexagcted to be

100 kDa. The "+" marks lysates of tetracycline ioelli cells;'—' lysates from non-induced cells.

3.3.4 Quantitative real-time PCR

The gPCR-based assay of maxicircle RNAs was peddrion cells four days post
induction, which is the time point directly preceglithe manifestation of growth inhibition. Two
housekeeping genes were used to normalize thebddteeen tetracycline induced and non-
induced samples: 18S rRNA afetubulin. The gPCR shows downregulation of both @1
and MP102 transcripts. As for the mitochondrial €enwe observe decrease in abundance of
edited transcripts with the exception of MURF2, ethstill appears to accumulate in the double

KD in its pre-edited form despite no significantadge in the abundance of the edited form.
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Another gene with outstanding reaction to the depieof both MP100 and MP102 is CO3,
which shows a decrease in both edited and preeettdascript abundance.

10

B Btub
18S

0,1

MP100
MP102
co2 P
co2 E
co3 P
co3 E
cyB P
cyBE
MURF2 P
MURF2 E
ND7 P
ND7 E
RPS12 P
RPS12 E
col

ND4

Fig. 18  gPCR analysis of the relative abundance of seleuniedcircle-encoded mRNAs in double knockdown after
RNAI induction

On the X-axis are the names of mMRNAs and on thei¥a relative abundance of those mRNAs in the RBikinced
double KD as compared to non-induced cells on arldgnic scale. If the abundance in induced callpasses 1, it
indicates accumulation of the transcript upon RNAduction. In the other case of the reduction of tamscript in
induced cells, the column is drawn below the X-afi8S and3-tubulin (Btub) are two housekeeping genes used for
normalization of the acquired data. The error lraticate the standard deviation.

Gene abbrevations are as follows: ND, NADH dehydnage; CO, cytochrome oxidase; CyB, cytochrome B; MURF
maxicircle unidentified reading frame; RPS12, ribmabprotein subunit 12.
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4. Discussion

In my work | have focused on two proteins introdiity two different groups as a part
of putative MRB1 complex (Hashingt al, 2008, Panigrahét al, 2008) and believed to play
some role in RNA editing or metabolismTnbrucei. Th927.8.8170 was given a working name
MP100, which stands for a mitochondrial proteirl®0 kDa mass. The other, Th927.4.4160 has
an atomic mass of 102 kDa, therefore we call it PR1These two proteins, which do not
contain any known domains or motifs, seem to besalt of gene duplication if. brucei, which
is supported by the level of their sequence idgist well as the fact that in other Kinetoplastids,
with the exception ofl. congolense andT. brucel gambiense, only one protein homologous to
our proteins of interest can be found. This sitwatnade it particularly complicated to create
single knockdowns, because the stretch that urigiween the two genes only takes up about
15% of the total coding sequence on the 5’-endhWWithis region, | had to design primers for
gPCR determination of the downregulation of indnattMP100 and MP102 mRNAs, as well as
for amplifying fragments for generation of dsRNA=esific against either of these transcripts.
On the other hand, the double knockdown was quitgy €0 obtain. The RNAIi fragment
designed near 3’-end of MP102 gene sequence doulateg the abundance of the mRNA of
both genes.

Since Northern analysis that was performed on thable knockdown did not really
visualise target mRNA, perhaps because the mRNAsatuaround the same size as rRNAs
during gel electrophoresis or transcript abundanase below the sensitivity threshold of this
method, we decided to use gPCR as a way of vegfte knockdowns. This method proved
that the attempt to downregulate only one of theegeanscripts at a time was successful, as well
as creation of the double knockdown.

The growth curves revealed that although the doguiegion of both proteins at once
slows the growth of the tetracycline induced c&lsipproximately half the growth rate of their
non-induced counterparts, the lack of only onehef two proteins has no effect on growth as
evidenced by the lack of growth inhibition in thegle knockdowns. This result would suggest
that the MP100 and MP102 proteins serve redundauatibn.

Quantitative real-time PCR measuring maxicircle RN#&as done only for the double
knockdown so far. The result is quite surprisingl amt exactly easy to interpret. The
downregulation of both MP100 and MP102 does notnsée have any significant effect on
never-edited genes, which are represented by NAB#ydrogenase 4 (ND4) and cytochrome
oxidase 1 (Col). Cytochrome oxidase 2 (Co2) andctypme B (CyB) transcripts are both
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upregulated in its pre-edited form and downregdlateedited form. Both of these mRNAs are
only edited in a small region. However, another RNhich undergoes editing only in small
region, mitochondrial unknown reading frame 2 (MWRFdoes not seem to be downregulated
in its edited form, although the pre-edited traigaccumulates in induced cells. When we look
at the genes which are fully edited, representetNAipH dehydrogenase 7 (ND7), ribosomal
protein subunit 12 (RPS12) and cytochrome oxidasg€C&3), we can observe significant
downregulation of the edited form of their mRNA.tlne case of RPS12 and ND7 there is no
accumulation of the pre-edited mRNA. However theeleof pre-edited Co3 mRNA goes down
upon induction.

My hypothesis about the possible functions of MP&@@ MP102 in the mitochondrion
of T. brucel is mostly based on the gPCR. Since the doubleKkdayen influences the levels of
Co2 mRNA, which has its gRNA encoded within itdJd'R and acts iris (Golden and Hajduk,
2005), a role intrans-acting gRNA stability is unlikely. When the GAPopein are knocked
down, the level ofrans-acting gRNAs is decreased while Co2 editing isfieeted (Hashimet
al, 2009) A good way how to address whether MP100MRA02 affects gRNASs is to do the
guanylyltransferase labelling assay, which can ctlyevisualise these molecules. Another
possible role in RNA metabolism could be invesegiaby determining which RNA binds these
proteins, if any. There are various methods whauh lze performed to find out. One is an EMSA
assay, also called gel shift assay. The genenmatipte of this method lies in the fact that nucleic
acid migrates in gel slower when it has a proteiprotein complex bound to it (Pelletieral,
2000). Another possibility is the so-called Crossking and ImmunoPrecipitation (CLIP)
method, which can identify direct interaction sitegween RNA-binding proteins and RNAs
vivo (Ule et al, 2005) In this method, a cross-linking agent is usedixaté the nucleic to the
protein it interacts with, and then a specific laotly against the protein of interest is used for
immunoprecipitation. The nucleic acid can thendsntified.

The downregulation of the pre-edited as well asedldCo3 mRNA upon RNAiI-silencing
of both proteins could indicate a role in cleavagfethe maxicircle transcript, which is
transcribed polycistronically. Co3 is an extenspvedited gene overlapping with pan-edited
ND7 on its 5’-end and patrtially-edited Cyb on itseB8d. If the function of MP100 and MP102
was to make sure that editing takes place on 8isdsare then recognized as the cleavage sites,
the lack of these proteins may lead to the dowradigm of this RNA even in its pre-edited
form. This hypothesis may be confirmed by Northamalysis with a probe hybridizing pre-
edited and edited Co3. In case this hypothesisn®ct, we would be able to see a larger size of

these mMRNAs, albeit with a lower intensity.
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The last hypothesis | would suggest would be, #&100 and MP102 are simply
increasing the efficiency of editing and thereftireir knockdown results in increased abundance
of transcripts where editing is in progress. Sipceners targeting pre-edited transcripts are
designed near 3’-end of target mMRNA, which is wheatiing starts, and primers targeting edited
transcripts are designed near 5-end, thereforgetsng only transcripts where editing is
complete, transcripts where intensive editing i ist progress are not detected by either pair.
This situation could explain why we do not see apyegulation in abundance of pre-edited
transcripts of panedited genes or even, in the oa$e03, we can observe a downregulation,
since an accumulation may occur in the “invisibedited intermediates. Perhaps it may be
interesting to look at these molecules to see d@rghare any editing stall sights. However,
transcripts that require only one or a few gRNActorect their sequence have a considerably
less complex mix of editing intermediates. ThusviP100 and MP102 would be involved in the
progress of editing, | would expect a slight uptagan in pre-edited and slight downreguation
in edited mMRNA abundance upon their RNA-silenciighile the partially edited MURF2
adheres to this scenario, partially edited CyB @o@ are significantly affected by the double

knockdown.
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5. Abbreviations

complementary DNA
cytochrome b

cytochrome oxidase

double knockdown

double stranded RNA
editing site

guide RNA

knockdown

messenger RNA
mitochondrial edited mRNA stability factor
mitochondrial protein
mitochondrial RNA
mitochondrial unidentified reading frame
NADH hedydrogenase
polymerase chain reaction
real time quantitative PCR
ribosomal protein subunit 12
RNA binding protein

RNA editing core complex
RNA editing endonuclease
RNA interference

terminal uridynyl transferase
tetracycline

untranslated region

uridine

variable surface glycoproteins
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cDNA
Cyb
Co
dKD
dsRNA
ES
gRNA
KD
MRNA
MERS
MP
MtRNA
MURF
ND
PCR
gPCR
RPS12
RBP
RECC
REN
RNAI
TUTase
tet
UTR
U
VSGs
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