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INTRODUCTION

1. INTRODUCTION:

Trypanosoma brucel brucel is a subspecies of tH&ypanosoma brucei complex and a
member of the protozoan order Kinetoplastida (Sonpet al., 2006; Moreira et al.,
2004). Kinetoplastid flagellates are causative &gjehseveral serious diseases that are
spread worldwide F. brucei is responsible for African sleeping sickness avestock
disease Nagana (Barrett et al, 2003), reldtgganosoma cruzi causes Chagas disease
andLeishmania spp. is the causative agent of leishmaniasis.

T. brucel is famous for several distinctive oddities sucls@a$ace antigenic variation,
kinetoplast DNA, trans-splicing or mitochondrial RNditing (Lukes et al., 2005). It is
also a model species for which a number of molecukthods are available, including
functional analysis using RNA interference (RNAIWg et al., 2000).

Together with Euglenoids, kinetoplastids constithe phylum Euglenozoa. All
euglenoids bear secondary chloroplasts, whiledtganelle is absent from kinetoplastids
(Hannaert et al., 2003). It is a long debated dgoiesthether the predecessors of
kinetoplastids contained a chloroplast and loaftér their separation from euglenoids, or
euglenoids engulfed it only after the separatiobaih lineages (Cavalier-Smith, 1999;
Martin and Borst, 2003). Some authors gathered cotde evidence to support the fact
that trypanosomes at some point had a plastid (&=met al., 2003), some raised
opposing arguments based on ultrastructure (Leag@déd).

The question whether kinetoplastids had or hadarméastid is highly relevant. It would
shed light on the long evolutionary history of thieole phylum Euglenozoa. Moreover,

if these parasitic flagellates ever harbored atipflasome remnant metabolic pathways
totally different from those of their hosts incladihuman may still be present in their
cells. Such pathways would represent an excellerg thrget (Waller et al., 2004). In
fact, a reduced plastid termed apicoplast curraefpyesents the most promising target in
the malaria parasites (McFadden et al., 1999). ¥gehome sequencing heralded the
post genomic era af. brucei (Berriman et al., 2005). Unfortunately the TriTrgpnome-
sequencing project.éshmania major, Trypanosoma cruz, T. brucei) has not revealed
any substantial evidence for the existence of rernplant or plastid genes in the
trypanosomatid genomes (El-Sayed et al., 2005).

YCF stands for ¥WpotheticalChloroplast open readirgrame (Hallick and Bairoch,
1994). YCFs is an arteficial group of ORFs conngetéh each other only because of
their at present unknown function and their conioectvith chloroplasts. They are
encoded either in chloroplast genomes (Steane,)20006ey have been transferred into
the nucleus (Hackett et al., 2004). Their functigredually become known (Maenpaa et
al., 2000, Ohtsuka et al., 2004), but unforutnaselyar no one becomes interested in
YCF 45. The gene YCF 45 is the only member of sl krery surprisingly found in all
TriTryps genomes and is very likely of cyanobaeteor chloroplast origin (Opperdoes
and Michels, 2007). It is highly conserved, hasiaknown function and was so far
found only in cyanobacteria and chloroplast-beaeungaryotes (algae, plants and
diatoms). YCF 45 is, as others YCFs, coded eitlgehe chloroplast genome itself, or
has been transferred into the nucleus and obtaineedhloroplast targeting sequence
(Fig. 1). This fact strongly indicates that its ¢tion is associated with the chloroplast.
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YCF 45 gene of kinetoplastids may be either a rethaba chloroplast or was acquired
by horizontal transfer. Alternatively, lateral teder can be considered following the
“You are what you eat” theory (Doolittle, 1998)nse there are still many extant free-
living kinetoplastids which feed on bacteria or #raaicellular eukaryotes using
fagocytosis (Vickerman, 1976).

In this work | have tried to establish the intrdgiar localization of the protein product of
YCF 45, as well as whether it is essential forghecyclic (insect form). brucei.

YCF 45 ,itself*
o ——————
Chloroplast
targeting
PLANTS: sekvence YCF 45 ,.itself*
Specific
KINETOPLASTIDS: N-extension

YCF 45 jtself

Fig. 1 Difference between N ending of YCF 45 among diffiéigroups of organisms bearing
YCF 45 gene.
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2. OBJECTIVE:
Create and characterize Y CF 45 knockdown cell linein procyclic stage of T. brucei.
Create HA-tagged Y CF 45 protein producing cell line.

Compare distribution of HA-tagged Y CF 45 with different N terminal peptides using
digitonin fractionation and imunolocalization.
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3. MATERIALS AND METHODS:
3.1. RNA interference
3.1.1. Preparation of p2T7-177 construct for RNAI

1) Using the annotated YCF 45 sequence franw.genedb.orgprimers for RNAI
were designed. Forward primer was artificially gJated with the Xhol
restriction site and accordingly was reverse priereiched with restriction site
for Spel (Tab. 1).

2) An amplicon was subsequently obtained by PCR intd&tegcler machine
(Eppendorf) with the genomic DNA @t brucel used as a template. Genomic
DNA was isolated with DNeaSyTissue Kit (QIAGEN).

PCR conditions: denaturing at 94°C, 60 s, anneatrsR°C, 60 s, extending at
72°C, 60 s (30 cycles)

3) PCR product of expected size (540 bp) was extrdovea a 0.75% agarose gel
with the QIAquicK Gel Extraction kit (Quiagen) following manufacttise
instructions, and than cloned into the pCR1-Topo vector (Invitrogen) (Fig. 2).

4) Ligation mixture was subsequently transformed Xitd Blue competent cells
(E. coli) and transferred on LB agarose plates treated MGi¢hpg/ml ampicilin
and 700 pg X-Gal.

5) Positive white colonies were picked up and growRQft rpm overnight at 37°C
in 3 ml liquid LB medium supplemented with 100 pgampicilin.

6) Plasmids containing the insert were isolated by @&&” Spin Miniprep Kit
(QIAGEN) or by alkaline lysis (TENS).

7) To verify if the target fragment is really presengs the product sequenced using
M13 reverse primer and Big Dye Terminator v3.1 @ysequencing Kit (Applied
Biosystems).

8) After confirmation that we really have YCF 45 fragmh was this fragment cut
out with Xhol and Spel enzymes and cloned intophi€7-177 vector using T7
ligase (Fig. 3).

9) XL1 BlueE. cali cells were transformed with the p2T7-177 vectarhg the
insert, which was once more verified with restaotanalysis.

10)Clone bearing right sized fragment was grown in d0iquid LB medium with
ampicilin.

11)DNA was isolated using MIDI prep method.

12)Approximate 10 pug of DNA was digested with Notl ahi linearized plasmid
was prepared for electroporation by precipitatimgthanol.

name Sequence 55 3' Restriction site
YCF- KD-FP | CTCGAGAGAAGTATCGGACAGAAGAA Xho |
YCF-KD-RP | CACTAGT TGGAGAGTATCAAAACACTA Spel

Tab. 1 primers used for amplification of the fragment¥€F 45 used for RNAI, in bold the
restriction site is marked.
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lacZo ATG
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Fig. 2 pCR® 2.1-Topo vector (Invitrogen) used for amplificatiand verification of our fragment
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Fig. 3p2T7-177 vector used for expression of dsRNA inTthbrucei (Wickstead et al.,
2002)
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3.1.2. Cultivation of procyclic Trypanosoma brucei

For our experiments we were using procyclic stagk brucei strain 29-13 (Wirtz et al.,
1999). For cultivation of this strain SDM-79 mediwvith addition of 15 pg/ml G418 and
50 pug/ml hygromycin is used (Brun and Schonbert@r9).T. brucei is cultivated

under 27°C and 5% carbon dioxide (£&not essential) in densities betweeft+10/
cells/ml. For selecting transformants mostly phlgoim resistance is used (2.5 pg/mi
phleomycin). Inducible synthesis is usually trigggeby 1 pug/ml tetracycline.

3.1.3. Electroporation of procyclic stage of . brucei

1) 10 ml of culture with 10cells/ml density was harvested at 1300G for 10 ain
4°C.
2) Cells were washed in 10ml of cytomix solution apdrsdown again at the same
conditions as mentioned above.
3) Pelleted cells were resuspended in 1ml of cytomix.
4) This suspension was transferred into 2mm electedfmor cuvette previously
loaded with 10 ug linearized p2T7-177 vector.
5) Cells were electroporated in ECM 630 BTX Electrator by two pulses, the
first one of 1500 V, 2% and 25 pF followed in 10 s with second of 170Q@Y,
Q and 25 pF.
6) Electroporated suspension was then transferreccmtc&sDM-79 medium
containing hygromycin and G418.
7) After 24 hours another 5ml of medium was addedttegewith 2.5 pg/mi
phleomycin to select the successfully transformadts c
8) This culture was transferred into 24 wells platéofeing this scenario:
A: The first row was loaded with 1.5 ml of our aul.
B: The second and third row were loaded with 1mnedli SDM-79.
C: The fourth row was loaded with 0.5 ml fresh SOM®I-
D: Starting at first column, 0.5 ml of the first lwevas transferred into the
second, pipetted up and down, 0.5 ml was thanfeemesl into the third well,
and so on.
9) This experiment was done in parallel with anothreug of cells which were not
added any DNA into the cuvette. Those cells seagedegative control.
10)Pseudoclones for future analysis were obtained.
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3.1.4. Searching for fenotype
3.1.4.1. Northern blot

1) Pseudoclones were divided into two flasks, oneldtiwwas induced with 1
png/ml tetracycline (tet +) to start transcriptidrtloe YCF 45 dsRNA.

2) After 4 days induction 10 ml of each culture with' gells/ml density was
harvested at 1300 G for 10 min at 4°C (culturesF, Wt-, tet +).

3) RNA was extracted using Tri Reagent (Sigma) acogrth manufacturer’'s
instructions.

4) Approximately 10 pg of RNA was mixed 1:2 with adioreg buffer containing
62% formamide, 1% formaldehyde, 1X MOPS and 10 jigtmdium bromide
and loaded on a 1% formaldehyde-MOPS gel (Sambebak, 1989) with
standard RNA markers (Promega).

5) The gel was run at 60 V for 3 hrs.

6) RNA was transferred from the gel to a Nylon membréBiodyne B Membrane,
0.45 um, Pall Corporation) by Northern blot ovehtigy capillary elution using
5x SSC.

7) RNA was immobilized on the membrane by UV crosstgkUV Stratalinker,
Stratagene).

8) The membrane was prehybridized in NaPi (0.5 M pR(®, 0.5 M NaHPQ,, 7%
SDS, 1mM EDTA, pH 7.2) at 55°C for one hour.

9) While membrane was prehybridizating, radioactivaberwas prepared (below).
* Preparation of probe: template DNA was obtaine®6¥R or digested out of

the vector, this template was used for radioadtibeling witho-P*?dATP
(ICN) by random priming using the HexaLaB&DNA Labeling Kit (MBI
Fermentas). Probes were purified in spin columitesifivith G-25 Sephadex
beads (Amersham).

10)The probe was added to the solution and hybridirnainderwent at 60°C
overnight.

11)The membrane was washed first at 2X SSC + 0.1%f8D& min at room
temperature and subsequently with 0.2X SSC + 0.D% f&r 20 min at 55°C.

12)The exposure was done in a phosphor-screen cafdettcular Dynamics)
overnight and image was visualized in a Typhoorsphoimager (Amersham).

13)Alternatively was membrane exposed to BioMax fiko@ak) using
intensification screens at -80°C for 48 hours.

3.1.4.2. Growth curves

Cultures ofT. brucel were grown in 5ml of SDM-79 medium containing agprate
antibiotics. After tetracyclin induction of cellsswameasured growth rate and growth
fenotype and compare cultures with and withouastcline. Cell densities were
measured every 24 hours using the Beckman Coultétatticle Counter for 9 days.
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3.1.5. Spliced leader mediated 5’ rapid amplificatin of cDNA ends PCR

1)
2)

3)

4)
5)

6)
7

8)

9)

RNA from T. brucel 29-13 was isolated.

This RNA was reverse transcribed irdDNA using Superscript RNAse Reverse
Transcriptase (Invitrogen) and Oligo (dIjs (Invitrogen) accordingly to the
manufacturer.

cDNA served as template for the SL-RACE PCR. Praage shown in Tab. 2.

PCR conditions: denaturing at 94°C, 30 s, annedairis2°C, 30 s, extending at 72°C,
60 s (30 cycles).

Bands of expected size were cloned into pCR 2.Ieh&gtor (Invitrogen) (Fig. 4).
Ligation mixture was subsequently transformed Xitd Blue competent celld&
coli) and transferred on LB agarose plates treated Mithpg/ml ampicilin and 700
png X-Gal.

Positive white colonies were picked up and grow2Cdt rpm overnight at 37°C in
3ml liquid LB medium with 100 pg/ml ampicilin.

Plasmids containing target insert were isolate@bAprep Spin Miniprep Kit
(QIAGEN).

To verify if the insert is really present we diggbplasmids with EcoRI and than
sequenced those bearing our product by the comdacyogen
(www.macrogen.com).

Obtained sequences were compared in MEGA3.1 (Ketnal:, 2004).

10) SL acceptor site was defined and obtained N-teahsequence was put into the

program for prediction the target compartment oftgns. A) Mitoprot
http://ihg.gsf.de/ihg/mitoprot.htn{lClaros and Vincens, 1996), B) TargetP
http://www.cbs.dtu.dk/services/TargetflEmanuelsson et al., 2000).

name Sequence 5 3'

YCF45_SLPCR_Rv1l | GAAAGACCACAATCCTGAGA

YCF45_SLPCR_Rv2 | ACAAGACATCGAAGTGAGAG

Th SL1 AACTAACGCTATTATTAGAACAGTTTC

Tb SL2 TATTATTAGAACAGTTTCTGTACTATATTG

Tab. 2 Primers used for SL-RACE PCR
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3.2. Localization of the YCF 45 protein
3.2.1. Preparation of pJH 54 constructs containingdA-tag

The same steps as described in: Preparation of-p2T Zonstruct for RNAI, were
performed. Here | point out just major differences.

1) Different set of primers was designed to amplifg Whole geneln total one
reverse primer and three different forward primeese made (Tab. 3Reverse
primer contains Xbal restriction site while forwgydmers were elongated with
Hindlll specific site.

2) pGEM®-T Easy vector (Promega) was used instead of pZR-Topo(also
cloning steps into this vect were slightly differenprocedure was performed
following users guide.) (Fig. 4).

3) For sequencing samples were sent to the companyolfert (T7 and SP6
sequencing primers were used to obtain whole segseanf all three constructs).

4) Different set of endonucleases were used — seesteh

5) pJH 54 plasmid (Fig. B)as used instead of p2T7-177.

name Sequence 55 3' Restriction
site
YCF45-RP-end| GGCCGBCTAGA ATTAAAGTTATTCAGTTCGT Xba |

YCFA45-FP-l-end] GGTCAAGCTT ATGTGCACGTCATATGCGGAAGT Hindlll

YCF- FP-ll-end | GGTCRAGCTT ATGTGCACGTCATATGCGGAAGT Hindlll

Ycf45-L-FP TAAGCTT ATGCTCTTGGGATGCCGT Hindlll

Tab. 3 primers used for amplification of the YCF 45 thifer in N terminal sequence. YCF45-
FP-l-end is for amplification of annotated gene YN¥CF- FP-ll-end is for construction N
terminal absent form (N-) and with Ycf45-L-FP wedhamplified YCF 45 containing newly
revealed part (NW). In bold the restriction siteriarked and blue start codon is artificially added
to the N- sequence.
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Fig. 4 pGEI\/I®-T Easy vector (Invitrogen) used for amplification and ¥ieation of our
fragment

\
HindIIl (2042)
L Xbal 2169
Pstl (2075) Pt (2364)

Stul (2888) Miul (2509)

Fig. 5 pJH 54 vector used for expression of HA-tagged foohYCF 45. Sequence for special

high immunogenous epitope is added before the @bojon - the hemagglutinin (HA) peptide
(YPYDVPDYA).
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3.2.2.

1)
2)
3)

4)
5)

6)
7

8)
9)

Digitonin fractionation

Pseudoclones were divided into two flasks one eifrtlivas induced with 1 pg/ml

tetracycline (tet +) to start transcription of Y@5 fragment.

After 1 days induction 5xftcells was harvested at 1300 G for 10 min at 4°C

(cultures — WT, tet-, tet +).

Pelleted cells were washed with cold SHE (250 mbtase, 25 mM HEPES pH

7.4, 1 mM EDTA) and spun down as described preWous

Pellet was diluted to 5x2@ells/ml with SHE and cells were kept on ice.

Protein concentration was determined with Bradfoethod (Bradford, 1976).

* To construct calibrating curve BSA (Bovine serutouahin) was used.

e To 2 ul of cells suspension 18 ul HBSS (136.9 mMCN&.4 mM KClI, 0.8
mM MgSQ;, 1.3 mM Cadl, 0.4 mM KHPQO,, 0.3 mM NaHPQ,, 4.2 mM
NaHCQ;, 5.5 mM glucose; adjust pH to 7,3) were added.

* 5 ul of mixture mentioned above were diluted witb 211 Mili-Q water and 1
ml of Bradford reagent and subsequently vortexed.

» After 10 min the absorbance at 595 nm wavelengthmweasured on
spectrophotometer Biphotometer (Eppendorf).

To 1 mg of proteins 200 pl HBSS and 8 pl digitofli@ mg/ml) were added,

mixed and incubated at 25°C for 5 min.

Suspension was spun down at 13000 rpm for 2 mipe®atant is a cytosolic

fraction. (all fractions were stored on ice).

Pellet was washed with HBSS and centrifuged again.

To pellet 200 pul HBSS and 2 pl of 10% Triton X-1@6re added, mixed and kept

on ice for 5 min.

10)Suspension was spun down at 13000 rpm for 2 mipe®atant is a

mitochondrial fraction.

11)To obtain the whole cell lysate, 200 ul HBSS and af 10% Triton X-100 were

added directly to 1 mg of protein suspension.

12)The mixture was incubated on ice for 5 min and rergied for 2 min at 13000

rpm.

11
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3.2.3.

1)

2)

3)

4)

5)
6)
7

8)
9)

Western blot

For standard western blot total lysate of 5 XcHls per line is used. Another
option is to use samples prepared by digitonirtivaation.

Protein samples were mixed with 2x Sample Buff@s(inM Tris-HCI, 4% SDS,
20% glycerol, 10% 2-mercaptoethanol, 0.004% bromphklue) and denatured
for 10 min at 100°C.

12% SDS-PAGE gel was used to separate samplesmsker SeeBIfePlus2
Pre-stained Standard (Invitrogen) was used.

Proteins were transferred to the Bio Trace NT Rutecellulose Membrane
(Pall Corporation Life Sciences) by electroblottomgthe Trans-Blot Semi-Dry
Transfer Cell (Bio-Rad) with semidry buffer (39 ndWcine, 48 mM Tris-HCI,
0.038% SDS, 20% methanol) for 1 hour at 20 V.

Successful blotting and equal loading was checkiéid onceau S staining.
The membrane was blocked in 5% nonfat milk in 1>6PBveen overnight.

The membrane was incubated for 1-2 hours with pyraatibody at room
temperature.

The membrane was washed 5x5 min with 1x PBS-Tween.

The membrane was incubated for 1 hour with secgralatibody conjugated to
horseradish peroxidase at room temperature.

10)The membrane was washed 5x5 min with 1x PBS-Tween.
11)The signal was visualized using the PIERCE ECL fasBlotting Substrate

(PERBIO).

12) Images were visualized in FUJIFILM Luminescent ¢rainalyzer LAS-3000

(FUJIFILM Life Science).

Remark: As primary antibodies were mostly usedoamalies against the control proteins
and commercial anti-HA-tag monoclonal antibody (8#g. We also obtained a specific
polyclonal rabbit commercial antibody from GenStforporation
(www.genscript.comgenerated against the specific peptide derivexh iy CF 45

sequence: NKIKKTILERPHSSC

12
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3.2.4. Immunolocalization

1.

9.

Fixation

* Poly-L-Lysine solution (Sigma) was applied on thienmscope slides and let
to dry.

» Slides were covered with approximately 800 ul dff cgture.

» Slides were let dry in 27°C for 35 min and the fshe medium was poured
off.

» Slides were incubated at methanol (-20°C, 5 min).

» Slides were transferred into acetone and incubateldr the same conditions
(-20°C, 5 min).

» Slides were let dry.

Slides were covered with BSA and gelatin solutibx PBS, 0,25% BSA, 0,25%

gelatin from porcine skin) and incubated for 1 hiouthe wet chamber at room

temperature.

The solution was poured off and the same solutamtaining primary antibody

(1:200 dilution) was placed atop. Slides were iratat) for 1 hour in the wet

chamber at room temperature.

* Remark: for colocalization 2 different antibodiesde used at the same
time if they are derived from different animals a&tondary antibody
against those is available.

Unbound primary antibody was washed away in PBS5(Bxn).

BSA and gelatin solution containing secondary amtjb(1:1000 dilution) was
applied on the slides and incubated in the datkenwvet chamber for 1 hour at
room temperature.

Unbound secondary antibody was washed away in BBS (in). This process
was performed also in the dark because secondtibpdy labeled with
fluorescent Alexa Fludr (Invitrogen) was used.

7. The solution was poured off but slides were nottehpletely dry.
8.

Samples were stained with DAPI and covered by ceNees degreased in
ethanol.
Varnish coat was used to seal the samples.

10. Slides were stored overnight at 4°C.
11.Photos were taken by DP71 digital camera (Olympss)g BX60 Olympus

microscope equipped with U-RFL-T fluorescent lar®byMmpus).
* Remark: for negative controls some slides wereneated with secondary
or primary antibody or both to reveal autofluoresmeand unspecific
signals.
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4. RESULTS:

All YCF 45 genes contain the AAA-type ATPase antbciirome P450 domain,while the
homologues from plants also bear the chloroplagetang sequence on their N-
terminus. Interestingly the YCF 45 open readingniea of kinetoplastids also have N-
terminal extensions, but it is not clear whethés fferves in any routing towards an
intracellular compartement (see below) (Fig. 6).T.Ibrucel the gene is localized on
chromosome 6 and its length is 1413 bp (470 AAhitedicted mass of 52.7 kDa and
in genome databases is referred as Th927.6.385® (genedb.org
http://www.ncbi.nlm.nih.goy/

ATGCCACTCGCGTACTTGCAGGGGGAGATTTTGGATATGGAGAAGTATCGGACAGAA
GAAGCTGTTTGGTCGAGAAACACAGTGCGGGAAGCATGGAATGCAATTAAGCACACACTG
CACGATACGACCCCCGGCGTTGATGCAACGAAGAAGAAGGAGATAATTGAAAAAGACCTT
GTAGGCTTGGCTCTCTGCACGTCATATGCGGAAGTGAAGCACCTTCTTTCTCTGTTGACG
COCTCROTTCGTTCACATATTATTTCTCAGCOCTCOTATAAACALAACCRAGGTGRAGGAG
TTTTTTCTCCATCTTGGACAAGACATCGAAGT GAGAGGTGCGRATTGGGTGATTCAGGTT
COGCCCCCATOGRGTGACCGATTTGCATTATACCCTTGAGCGGATGAGCCGATTTGGLGAT
GACGGCCGTGGETGTATTGGACACACGCCGCATCGAGTAGCCGTGTGGCGOGGGCGETTA
GEGGAACCGTTAGGACTCACTATTCAGTGTGGGACGTTATGTGCCGAATGTTGCCAGGGCA
TTGGETTCCTCTTGCGCGACGAGGTAGTGTTTTGATACTCTCCAAGGCGGGTATGEGAAAG
ACCACAATCCTGAGAGACCTCGCTGCTTCCCTCTCTCGTGATCCGGCGAAACCCCGLGTT
ATGGTOGTTGATACCTCGAACGAAATTGGAGGTGATAGCCCGATGCCGCTGCCTTTTCTA
GEGCGTTGETCGCCGTATCCAGRTCCCRCGTCRCGAGGAGCAACALGAAGTAATGALACAA
ATTCTTCAAAACCACTCACCGGAGTACGTAATTGTTGATGAGGTTTCCACTACCGCCGAA
GCAGAAGTAACGTGGTCCATTTCCCAACGGGGAGTTCATCTCGTTGCCACATGCCATGGE
GAAAGTTTAGCGGGGTTATTGCAAAACCAGTCACTGAACTTGTTGGTGGGAGGCACCGOG
CATGCATTTCTTAGTAACGAGGAGCGGCGGTTACGRAACAAGATCAAGAAAACTATCCTC
GAGAGGCCGCATTCATCACCGTTTAAGTTTGTTGTGGAACTCCATTCACGGAAATTCGET
CATCTTTATGTGGATGTAAACCAGGCTGTTGATTGTCTTTTGGACCAGGGGGATGCGAGA
COAAGTGCACGRATTGGGAAAACAATTGECATTGATGAGCCACTGOCAGATGAGGTGATG
GETTTAGTTATGTCTCAAGAAAAGGAAGGTTCATATGCAAGAGAGCCGTCACACGAATCG
TGGAGTGAGTGCAACGATGATGACAGTTGCGOCCTCGOCGGECGGEAGRGATGECGGCCA
AACAACCHECOCGAGAGGCAGCGAGGGACTCAGTCGCATGGATGTCGAAAAAGATCAAAT

GAG
GACGACTTGTTGBACGAACTGAATAACTTTAATTAA

Fig. 6 The red sequence is the mature form of the YCF rdfeim, black sequence is the N-
extension of YCF 45, according to the comparisoramiong the alga€yanidium caldarum,
Porphyra purpurea, the diatonfOdontella sinensis, the plantArabidopsis thaliana and the tritryps
T.brucei, T.cruz andL.major. Green sequence was added after sequencing of mMRNA
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RESULTS

4.1. RNA interference experiment

4.1.1. Northern analysis

Because normally used exposure method at typhaomec did not show any mRNA
transcript we decided to use classical film ancgpexposition conditions (48hrs at -
80°C). Fig. 7 shows that double stranded RNA wasated in all three chosen clones.
That means that RNAi was successful. However cldrmsd 2 exhibit a leakage. That is
why results obtained from clone 3 exhibiting nansilgof leakage are the most trustful.
No dsRNA was detected in both controls WT (proayc9-13 strain) and in
bloodstream (strain 920Bloodstream control was added after first MRNA $ipt
negative results. In spite of the wide acceptediction that all genes &t brucel are
transcribed all the time (Clayton, 2002), thersti the possibility that some genes are
transcribed just at some specific stages oflth®ucel life cycle. Long exposure using
conventional film nevertheless showed that YCF 48NA is indeed present also in
procyclic stage. Because the signal was weak, segpproach to prove transcription of
YCF 45 was performed - SL-RACE PCR.

Typhoon scaner Film - 48h exposure
w ©
[ [ N N w w o [ [ NN w w o
&21 5 5 z — =z — =z — 8 g é é z — =z - z - 8
X~ BN ?; x PN _”;
2 % 2 g kb

Fig. 7 Northern blot with samples harwested after 4 dagsiétion — two different ways of
explosure are shown. WT — procyclic 29-13 straj,3l— different clones, | — induced, N —
noninduced, Bloodstream — 920 strain. mRNA trapsenigrates at about 1.8 kb.
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RESULTS

4.1.2. Growth curves

Northern blot serves to prove RNAIi works. Growthvas are than used to reveal the
importance of silenced gene for cell survival. Uhfoately, no growth fenotype was
detected after YCF 45 was knocked down (Fig. 8).

0

2 4 6 8 10

days after induction

Fig. 8 Curves showing growth phenotype in YCF 45 knockdawn
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4.1.3. SL-RACE PCR

SL-RACE PCR was performed to proof that the YCFgéhe is indeed transcribed, and
also to identify the splice leader (SL) acceptde $if its premature mRNA. Primers
against splice leader sequence were generouslydewby Zdéka Cicova.

Every nuclear-encoded mRNA o©f brucei undergoes trans-splicing and the same splice
RNA sequence is added to its 5’ end (Siegel, 2&¢ause all mMRNAs have the SL
leader, the PCR is practically semi-specific. N@RRER was performed with two primers
against SL and two against the YCF 45 gene (Fig. 9)

Nested PCR resulted in the amplification of seveealds of size ranging from 1500 bp
to100bp (Fig. 10). The expected size of the amplicormioled with external primers
ranged from 651 bp to 1151 bp, while the next EBER with inner primers was
supposed to produce bands between 361 bp and 8@héfirst number shows the
shortest possible version - in this case mRNA wawaldsist only of SL-RNA and
transcript itself would start with the predictedrsicodon, while the second number is the
longest possibility that was deducted from the lo@sa. In other words, it is the distance
to the next gene located upstream of the YCF 4thercthromosome 6. Bands that fulfill
expected size were excised from the gel and segdefte obtained sequence was
compared with the genomic sequence (Fig. 11).

The obtained result showed that YCF 45 is indesalstribed and processed as other
MRNASs in the procyclic stage @t brucei. Moreover, we surprisingly found that our N-
terminal sequence is even longer than the predantedFig. 12). Alignment with the

T. cruzi homolog strongly points to another methionine atag codon, leading to the
prediction of a new N-terminus. Such an N-termihas a very strong prediction to be
targeted into the mitochondrion (Mitoprot prograatput was 0.9946 probability that the
new N terminus will be targeted into the mitochoody TargetP results are shown in the
Tab.4). This finding was highly relevant to theldaling part of my work — localization
using the HA-tagging strategy.

mRNA

[ ] AAAAA
plic !
¢cDNA

— e
splice
leader

PCR
SL-1 YCE-1
[s-2] YCE-2

Sequence products

Fig. 9 Simplified scheme of SL-RACE PCR
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kb

-2.0
-1.7

-1.0

Fig. 10 Output of nested PCR performed on cDNA. 1.5% agaget was used. In the first row is
marker, second shows products of PCR with outengns and in the third row inner primers
were used for the reaction.

[ TbSL2 — 1
[ TbSL1— 1
1 aactaacgctattattagaacagttictgtactatattgTACAGAAGAGEI TGATCTATAAGTTGTTGCTGCGAAAGA

81

82 GTTGTAGCACAAATGCTCTTGGGATGCCGTCGGTTTGTCACACACGCCGTCGGACAATCTTTCCCL46

147 CCACGTAACTTCTCTATTACGTGGTAAGCGGTTGCTGCGCTTGCGCCATGI GCCCTCGCGCTA
212 AACCACTGCTCTCCGCCGAAGGGGATTTGCACACAACGCCGTTGGACCGNIZCCGCCAACAGA
276 TATGCCACTCGCGTACTTGCAGGGGGAGATTTTGGATATGGAGAAGTATCGGACBAAGAAGCT
340 GTTTGGTCGAGAAACACAGTGCGGGAAGCATGGAATGCAATTAACCACACATGCACGATACGA
404 CCCCCGGCGTTGATGCAACGAAGAAGAAGGAGATAATTGAAAAAGACCTTGIAGGCTTGGCTCT
468 CTGCACGTCATATGCGGAAGTGAAGCACCTTCTTTCTCTGTTGACGCCCTRCTTCGTTCACATAT
534 TGTTTCTCAGCCCTCCTATAAACAAACCGAGGTGGAGGAGTTTTTTCTCCACTTG E':‘ACAAGACA
590 '(F_Cé(;;g?g\:GA]GGTGCGGATTGGGTGATTCAGGTTCCGCCCCCGTCGGTGACCGATTTGCGA'II'
664 ACCCTTGAGCGGGTGGGCCGATTTGGCGATGACGGCCGTGGGTGTATTGGACACGCCGCATC
728 GAGTAGCCGTGTGGCGCGGGCGGTTGGGGGAACCGTTAGGACTCACTATBEGTGGGACGTTA

792 TGTGCCGAATGTTGCCAGGGCATTGGTTCCTCTTGCGCGACGAGGTAGTGTTGATACTCTCCA
«— YCF45_Rv1 ]

211

275

339

403

467

533

589

663

727

791

856

[
857 AGGCGGGTATGGSAAAGACCACAATCCTGAGACCTCGCTGCTTCCCTCTCTCGTGATCCGGCGAAACCCC 926

Fig. 11 — The partial sequence of cDNA for YCF 45 mRNAnfr®. brucel. Positions and
orientations of amplification primers are given abohe sequence. SL RNA is given in small
letters and both potential start codons are in baldl unederlined.
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Synechocystis spp.
Arabidopsisthaliana
Odontella sinensis
Porphyra purpurea
Cyanidium caldarium
Trypanosoma cruz
Trypanosoma brucei
Leishmania major

Synechocystis spp.
Arabidopsis thaliana
Odontella sinensis
Porphyra purpurea
Cyanidium caldarium
Trypanosoma cruz
Trypanosoma brucei
Leishmania major
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RESULTS

Snechocystisspp. 239 IS B il SR oA fTilorEEa RS -GocNIER - PeTESHAREN 257
Avabidopsisthaliana 271 [SEECEoBONEEKEP TS CENSET ETrcoEEARA-RoCRENERRI P THVELEEN 320
Odontellasinenss 230 [EETEGNCEENEEPris CEiSET 0= feroEARE - oo RSNNER v P OfAEN 225
Porphyrapurpurea 220 S HeNY e S eTEACHISE 10 vTeoDEARE oo RENNER AP Of AN 225
Cyanidium caldarium 220 EESrEssOEFUEErTECHEISE 1 EcgrBs0ToAT LE - FTHEREEERT oo ENETEER 222
Trypanosomacruzi 355 EEECHcENEHGEEC S SB L EEE - @rEcvEER R LN HETRER PHLSERREVEEE 414
Trypanosoma brucel 255 [EBcHcEsErcElCEC SE BISE T~ HErEcNEER LB KT HERINER rHe o R EVEEE 414
Leishmaniamajor 340 [EEBcHcEHEECEECER RN EIEE~oNFEcNEER RUENKMKEIIEERE o cEEcEVEEN o0

Synechocystisspp. 298 LERQKWTH:CVALTIENEERCRPEVEQLR YMNEQGELQI ETVEAQPCGERTPQPPEYFEL 357
Arabidopsisthaliana 220 RERDYWIEH-QTEKSHEMEERGRNEMVEVRRRDEEYKVVIERWEAYDGOGT 379
Odontellasinensis 289 NTENSWTHED IKS SEBLBERKSFTGTOVRELFLDERTFIKYKKLOIDTFTLLE-- - —- - 342
Porphyrapurpurea 289 HDRKAWIHEKVEETB B GHOPFVQKRQIODNGRILIKCYPSQSTEVLSTH----- - 342

Cyanidium caldarium zgs NKFRTVHYTSVECSEBAEEECRVINSQIRSMKLNGET TISLNY GDE 335
Trypanosomacruzi 415 NSRNKAHETTDVNTARELEED - DO DAKONASVEOTVVLDRHPSDELMGE ITAK- - - - - - - 466
Trypanosoma brucei 415 HSRKFAHEYVDVNCQARECHEED - CGDARRSARIGKTIAI DEPLPDEVMGLVMEQ- -- - -- - 466
Leishmaniamajor 400 HARNLGHEVVDVNKARBLIED - EQPAQLNGAVGAAVELSALLPSRVEKLLELHD - - - -- - 452

Synechocystis spp. 358 GLVDDROLRPRPTGLRSTGEMEPOAPTLHANADOVRDFERLLEQSWOOUWEGDDEPEIRVEG 417

Arabidopsisthaliana zag 378
Odontella sinensis 342 D--8---NSLEIQTINESNNWFTRS----- OESLFYPONS - - -~ —— === —————— - —— - 37z
Porphyrapurpurea 3431 g--g---8LOKMSSLEQKTHFLOOREVENKTFDLNKLENRDTSLLSTTI -NTEVNINNHS 396
Cyanidium caldarium 315 3135
Trypanosomacruzi 467 --------- EKIVPLEKSC-NPGIHGRLEPNDD - - -~ ~= == == — = - mmmmmmm o o - 489
Trypanosoma brucei 457 —-—-_____ EKEGSYAR- - - EPSHESWSECND - - - ~- - - === == === === === == === - 486
Leishmania major 453 - - ERFRKLKYVAGTGTNDAEVGEEDDETATFSS-- - - - - - - == —=——-- 483

Synechocystisspp. 418 ENGEDLEVYVYEYGVERSQLDGVIDI LOLEVAVTKDVHQADAVLALRSHVEGNOKLROMA 477
Arabidopsisthaliana 3g0 379

Odontellasinensis 373 ---KAKKCFIFIVSLPSNLISEILNKLKFOYVLTKELOKSSLIVASKVSINONFELKKLA 429
Porphyrapurpurea  3g7 POVEASIQVLYAYSLEWOHITSVISALDLPIILTKEIEKSDATLALRSOVEQNTELRQIA 456

Cyanidium caldarium 53¢ 335
Trypanosomacruz  g4gp —-oooooooo oo GDDNG1LDDVNDSCISRRFQKPWTGGRGKKYPGOR-—- - - - -— - - K 525
Trypanosomabrucel  4g7 ______________ DDSCALAGR - - - - EGWRPNNRPERQRGTRSHGCR - - - - - ——— - —- K 517

Leishmania major 484 -——-—- AARGTVDEDGYTLLADDGGD PESKRS T APSTY ARPNHASGRR PHHOAEKCRRHE 537

Synechocystis spp. 478 KIIQVPITGVESNTIPQISEALFRI 502

Arabidopsisthaliana 3gq 3179
Odontellasinensis 43 gOCSIPVYSVNKENI YOI 447
Porphyrapurpuréa. 457 geRQITIYTIQNSTVEQITRALRKI 481
Cyanidium caldarium 344 315
Trypanosomacruz ¢, ¢ prpEELLEDLOGFT 519
Trypanosoma brucel ¢, ¢ paynprpELImFN 511
Leishmania major 538 KTDDELYGELKGSF 551

Fig. 12 Alignment of YCF 45 homologs froynechocystis spp., Arabidopsis thaliana,

Odontella sinensis, Porphyra purpurea, Cyanidium caldarium, Trypanosoma cruz, Trypanosoma
brucel andLeishmania major. Red arrow points at second potential start codua ¢tiginal one).
In blue the same aminoacids are shown, in vioketlae conserved ones.
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RESULTS

cTP mTP SP other
probability 0,145 0.974 0,014 0,022

Tab. 4 Results from TargetP prediction program. For prtaticof targeting of the new N-
extension to the cell compartements, to includerdlast compartement prediction for plant like
organisms was used. cTP — chloroplast targetingdeepnTP — mitochondrial targeting peptide,
SP — secretory pathway signal peptide

4.1.4. Y CF 45 specific antibody

The purpose of RNAI is to silence functional prodoicthe gene — the protein. To show
that the target protein is really downregulatedampletely eliminated, a specific
antibody is needed. Unfortunately the commercitibady from GeneScript Corporation
seems not to work as shown in Fig. 13.

WT N 21 41 o6l 38l kD

- 250
- 150
- 100

-50
- 37

-25
-20

ewWwie -

Fig. 13 Western blot prepared for testing the YCF antibdayver panel shows control marked
by anti-enolase antibody (dilution 1:150 000). Uppanel was incubated with anti-YCF45
antibody (dilution 1:25). Each lane was loaded wipproximately 1x10cells. WT — strain 29-

13, in other lanes are cells bearing p2T7-177 vesiih fragment for knockdown YCF 45, N —
noninduced cells, | — induced (Number says how ntkayg after induction cells were harvested.)
YCF 45 specific signal should appear at about 50 kD
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4.2. Localization of the YCF 45 protein

For localization of the YCF 45 protein fusion whiA-tag was chosen. This approach
was selected because no specific antibody agai@bt4b itself is available. This method
also could reveal whether the N-extension servds lonucei as a specific targeting
sequence of some kind, in case they would haverdiit distribution in the cell - that
was the scenario at the beginning of the experiniemd different constructs were made
- one with whole annotated gene (N+) and seconldowttthe N-extension (N-). After
new potential beginning of YCF 45 was identifiedvgrolonged construct was added
(NW).

Both first constructs were prepared by ShaoJun laongl started working on them at
the stage N- before electroporation to Thérucel and construct N+ | already get as
clones of cells. Third construct was prepared cetepf by myself.

Localization was done by two different approachesgitonin fractionation and
immunolocalization.

4.2.1. Digitonin fractionation

Digitonin is a plant glycoside used as detergehictvinteract with cholesterol in
membranes. In lower concentrations it corrupt pritpaholesterol-rich membranes such
as cytoplasmatic membrane and gives rise to biggpam high concentrations digitonin
destroys all cell membranes like a typical non-caetergent (Schultz, 1990).

At the procyclic stag@&. brucei has one big mitochondrion, which makes it reldyive
easy to separate it from the cytosol. On westemslzown the results. So far | got result
only for the first two constructs that both seenbéatargeted into the cytosol (Fig. 14).

Anti-enolase antibody

Anti-HA tag antibody (Cytosolic control)
N+ N-1) N-2) N-3) N+ N-1) N-2) N-3)
wrM C M C M C M C wrmMmcCc M C M C M C
kD kD
- Ve
s0- . » ' o ' 50
— .

Fig. 14 western showing results of digitonin fractionati@l — procyclic 29-13, M —
mitochondrial fraction, C — cytosolic fraction, N€onstruct containing annotated N-extension,
N- - different clones bearing construct without Mextension.
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4.2.2. Immunolocalization

Immunolocalization took place directly in the whaiéact cells. So far only results for
clone N+ are available (Fig. 14). Immunolocalizataonfirmed result from digitonin
fractionation that N+ version of YCF 45 is targetetdb the cytosol. With further
experiments | was waiting for the third clone torbady to use. Immunolocalization of
all three constructs is under way.

Fig. 14 Immunolocalization of HA-tagged annotated YCF B&ch row shows one cell. In blue is
Dapi stained DNA of nucleus and kinetoplast. Rembadary antibody reveals distribution of
cytosilic enolase and in green N+ HA-tagged Y CHRtdélf is shown. 100x magnification was
used.
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4.3. Phylogeny of the Y CF 45 gene

The purpose was to find out whether the kinetolasCF 45 genes are associated with
some other particular group of organisms. That ttiglhus where thd@. brucel YCF 45
comes from — which group was the donor of this dvehiloroplast gene (Fig. 16).
Phylogenetic tree was inferred from YCF 45 aminid aequences. Homologues of YCF
45 were aligned using Kalign program at http://we.ac.uk/kalign/. Ambiguously
aligned regions as well as gaps were excluded fusther analysis. Tree was computed
using Neighbor-joining (weighted) as implemented\gaturA program (Van de Peer et
al., 2002), with cutoff value = 1.163. Appropri&tid tree (loglk =-9477.97519) was
computed by WAG model with discrete gamma distrdoutn 4+1 categories as
implemented in PhyML. Particular substitutional rabdias chosen by PROTTEST
according to AIC. ML bootstraps were computed fr2d@ replicates, NJ bootstraps from
1000 replicates. Numbers above branches indicateolitstrap support/ maximum
likelihood bootstraps.

Since so far no euglenid genome was sequencediasleanother technique to find out
whether euglenoids do have YCF 45 homologue anddbase it is to those in
trypanosomatids. We have run PCREuglena gracilis genomic DNA with primers
used againsI. brucei. However, no positive results were obtained. Tharobably
because of low similarity between the genes fromgl&ha and used primers (data not
shown).
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Fig. 16 Phylogeny tree of YCF 45 homologues.
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5. DISCUSSION

In thiswork | performed functional analysis of the weird Trypanosoma brucel gene Y CF
45 that seems to be of chloroplast origin (Opperdoes and Michels, 2007).

Two main lines of experiments have been performed in the procyclic stage of T. brucei.
First one was knockdown of this gene, whereas in the second, intracellular localization of
the protein was established.

For knockdown Y CF 45, RNA interference was used. Northern analysis showed
successful inducible expression of dsSRNA. Some |eakage was detected in the non-
induced cells aswell, but at least one clone exhibited no detectable dsRNA at non-
induced conditions. Therefore results obtained from this clone can be considered as valid.
Unfortunately, no growth phenotype was detected in any of the clones after the gene was
silenced.

Because of the lack of Y CF 45 specific antibody, we cannot directly show that the protein
was downregulated. Therefore, polyclonal antibodies were generated against stretch of
aminoacid of the protein. Preliminary Westerns blots with commercia antibodies,
delivered only recently, failed to detect a bend of expected size, so different conditions
have to be used. Moreover, Western analysis with bloodstream stagesis yet to be
performed.

Since from Northern analysis indicates that Y CF 45 is arare transcript, SL-RACE PCR
was performed. This approach not only proved that Y CF 45 isreadlly transcribed in the
procyclic stage of T. brucei, but also the splice leader acceptor site was identified.
However, the most intriguing fact with a major impact on the whole project was the
identification by SL-RACE PCR of a new potential start codon found downstream of the
one predicted in databases (Fig. 11). For several reasons we consider this new methionine
asthetrue start of the protein. The alignment showed that in T. cruzi homologue, the
annotation program prioritizes this start codon aswell. Originally atargeting function of
some kind of the N-extensions was considered. Importantly homol ogues from plants and
algado not have any extensions or they are equipped with chloroplast signal peptide,
accordingly to Y CFs connection with chloroplast (Hallick and Bairoch, 1994). No
convincing results were detected by prediction programs for any targeting signal, whereas
the long N-extension has really strong prediction to be targeted into the mitochondrion.
Ultimate proveis, however, localization of the Y CF 45 protein in the cell.

Since the antibody is so far not available, we have decided to add an HA-tag to the
protein in question, against which a monoclonal antibody is commercially available.
(Long et a., 2008)

After sequencing the third construct, we have found two aminoacids differences from the
genomic sequence. Because they were close to the C terminus, while our attention is
focused on the targeting peptide, we found them as acceptable risk to our project. At their
position they should not interfere with the targeting mechanism.
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The HA- tagging strategy has also the advantage that it should be possible to distinguish
between distribution of the N-extension-containing and the N-extension-lacking proteins.
This specific approach shall reveal whether the weird N-extension serves as atargeting
sequence to a cellular compartment. For that purpose, two survey techniques were used -
digitonin fractionation and imunolocalization. Since the results for the third constructs are
still in the process, only preliminary data are available.

Digitonin fractionation showed that the two tested constructs (N+, N-) are localized in the
cytosolic fraction. (This observation strengthens the argument supporting first methionine
as the genuine start codon of the protein, because if the N-terminal sequenceisnot a
targeting peptide, what would be its function, asit is absent from all the other Y CF 45
homologues?) Experiments performed with the third construct shall be the key for

solving thisissue.

Phylogenetic analysis was performed in order to get some clue asto the origin of Y CF 45
and identification of its closest relatives. Indeed kinetoplastid Y CF 45 homologues are
related to each other but do not cluster with any other group of organisms. Therefore, it is
not possible to establish where did the kinetoplastids obtain their chloroplast gene.
Moreover its proximity to oomycetes and metazoa raises the possibility that Y CF 45 may
be originally eukaryotic and its chloroplast function is secondary and therefore derived.
Thisfact isin variance with the currently published data (Opperdoes and Michels, 2007).
These authors were working only with genes from cyanobacteria, diatoms, algae, plants
and trypanosomatids without any proper outgroup. That may lead to early migudgement
in marking the Y CF 45 as the chloroplast gene.
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6. CONCLUSIONS

YCF 45 was successfully knocked down. The proteesdchot seem to be essential in the
procyclic stage oTrypanosoma brucel according to the growth phenotype.

Three clones bearing different HA-tagged versidng©F 45 were successfully
obtained. So far original N-extension containingne and N-extension lacking clone are
targeted into the cytosol. To finish this experimerhird clone has to be added and
immunolocalization of all three clones is a necesstep to settle the issue of origin and
intracellular localization of YCF 45.
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