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1. INTRODUCTION

RNA-protein interactions direct a diverse variety of cellular processes, which range from
transcriptional regulation to targeted translation of proteins. Hence, to discover new proteins with a
specific affinity to RNA molecules and find out their specific function will expand our
understanding on a wide range of cellular functions. Following this statement, a screen was
developed to search Drosophila proteome for RNA binding proteins and an unknown protein with
RNA binding property was retrieved (Udvardy et al.). In this work we aimed to characterize this
new Drosophila protein and its mammalian homologue.

The retrieved protein had well conserved homologues in different species and is represented
with many ESTs (expressed sequence tags) in databases suggesting an important role in cellular
function. In the beginning of our work none of the homologues had an identified function.
However during our investigation, other research groups revealed certain aspects of the functional
properties of this new class of proteins.

In the light of these new data, a retrospect evaluation of the work might lead an outside
observer to the confusion in understanding our strategy. However, | believe that if the thesis
developed on the path that we followed it would be easier to understand our aims and results. This
is why current knowledge about this new class of protein that is found in the literature will be

introduced in the discussion section.

1.1. Theoretical Background

Although once RNA was thought to be a passive genetic blueprint, now it is known as a key
player in a wide variety of cellular processes. An RNA molecule conforms into double helices of
base-complementary strands with a combination of deviations from plain helix such as hairpins,

stem-loops, symmetrical or asymmetric interior loops, bulge loops, purine-purine mispairs, GU or



wobble pairs and pseudoknots (1,2). The combination of helical stems separated with the above
non-helical motifs, provide RNA molecules the ability to form intricate three-dimensional
architectures comparable to the complexity of protein folds. RNA binding proteins target these
three dimensional arrangements for recognition. As a result, a great diversity in RNA and RNA
binding structural motifs is observed.
1.1.1. RNA Binding Proteins
RNA-binding proteins have a modular structure and contain RNA binding domains of 70-150
amino acids that mediate RNA recognition. There are three major classes of eukaryotic
RNA-binding domains:
1. The RNA recognition motif (RRM):
The RRM or ribonucleoprotein (RNP) domain is approximately 100 amino acids long and
found in a variety of RNA binding proteins, including various hnRNP proteins, proteins
implicated in regulation of alternative splicing, and protein components of small nuclear
ribonucleoproteins (SNRNPs). This motif also appears in a few single stranded DNA binding
proteins. Almost all RRM domains studied have a four-stranded 3 sheet packed against two o
helices. One exception to this structure is the polypyrimidine-tract-binding protein (PTB),
which contains an extra fifth strand in the  sheet (3).
2. K-homology domain (KH):
This domain was first identified in human hnRNP K protein. It is an evolutionarily conserved
sequence of around 70 amino acids that is present in a wide variety of quite diverse nucleic
acid-binding proteins. Like many other RNA-binding motifs, KH motifs are found in one or

multiple copies. KH domains have a similar a structure like RRM domains. This domain has



an invariant Gly-X-X-Gly segment (where X represents lysine, arginine or glycine), and
another, more variable region (4).

Double stranded RNA binding domain (dsRBD):

dsRBD is about 65 amino acids long and can bind dsRNA specifically. dSRBD proteins are
mainly involved in posttranscriptional gene regulation, for example by preventing the
expression of proteins or by mediating localization of RNAs. This domain is also found in
RNA editing proteins. dsSRBD binds dsRNA without sequence specificity. However, multiple
dsRBDs may be able to act in combination to recognize the secondary structure of specific
RNA:s (5).

In addition to these RNA binding domains, there are many other less common motifs and

domains to recognize RNAs. Some of them are:

Zinc fingers:

Zinc fingers are modules of approximately 30 amino acids containing an o helix and a 3 sheet
coordinated by a zinc ion, and are often found in tandem repeats in proteins. Most zinc fingers
bind to specific DNA sequences, recognizing approximately three base pairs per finger.
However, some fingers also bind RNA (6).

Arginine rich motif (ARM):

The ARM is typically less than 20 amino acids long and binds RNA in a-helical, B-hairpin and
extended conformations, depending on the peptide sequence and RNA site. The difference,
which separates the arginin-rich motif (ARM) from previous examples, is that it requires an
RNA binding to adopt a stable structure (7).

Formation of almost every RNA-protein complex involves conformational changes in the

protein, the RNA, or both. RNA-protein interaction stabilizes both components into a



metabolically active structure (8). RNA binding motifs are also combined with other conserved
domains, such as protein-interaction domains and catalytic domains.

RNA-binding proteins themselves or together with their RNA component, (ribonucleoprotein
complexes (RNPs) play a central role in a wide range of functions of living cells such as
transcriptional regulation (9,10), RNA editing (11), telomere maintenance (12), splicing (13),
nucleo-cytoplasmic transport and localization of mMRNA (14-16), translation (17), and stability
(18).

Since to cover all these functional properties even at an introductory level, is both beyond the
capacity and the scopes of this thesis, | am going to describe only some of the subjects related to my
work.

1.1.2. RNA Editing

Several phenomena are included under the title RNA editing; these include nucleotide
modifications (19-21) and post-transcriptional insertions and/or deletions (22,23), sometimes
involving the participation of a guide RNA. The phenomenon of RNA-guided nucleotide
modification is the conversion of a nucleotide in a precursor RNA to another form by an
RNA-protein complex. The ribonucleoproteins (RNPs) that mediate these reactions include a small
nucleolar RNA (snoRNA) that provides the guide function through base pairing with the substrate
and a set of proteins, one of which catalyzes the modification reaction. Two common modifications
exist, formation of 2'-O-methylated (Nm) nucleosides and conversion of uridine to pseudo
(\P) uridine. These modifications are mediated by two large, heterogeneous populations of RNPs
that are modification type-specific and site-specific (21).

The maturation process of rRNAs and small stable RNAs such as splicing sSnRNAs, tRNAs,

and snoRNAs involve both 2'-O-methylations and pseudouridylations. Blocking of these



modifications in yeast rRNA has strong negative effects on growth rate (19). The changes in RNA
structure caused by modification are believed to affect many events in rRNA folding, rRNP
assembly, or ribosome activity as well as trafficking and half-life. The same reasoning applies to
modification of the small RNAs.

The 2'-O-methylation guide snoRNAs contain sequence elements called boxes C and D
which define the C/D family of snoRNAs. The canonical C/D boxes are required for SnoRNA
stability and proper end formation. Four proteins that are common components of box C/D
snoRNPs have been characterized in yeast (and humans) are: Snul3p (15.5 kDa), Nop56p
(hNop56p), Nop58p (hNop58p), and Noplp (fibrillarin) (19). All of these proteins are essential for
the function of the particle. Noplp, Snul3p, and Nop58p are required for snoRNA stability and
accumulation. Noplp (fibrillarin) is generally accepted to be the 2'-O-methyltransferase (19).

The ¥ guide snoRNAs have hairpin-hinge-hairpin-tail structure referred to as boxes H and
ACA and are members of a larger family of H/ACA snoRNAs. Like the C/D elements, the H and
ACA boxes and neighboring duplexes are required for processing of sSnoRNA precursors, protein
binding, and localization. The four core proteins of the H/ACA snoRNPs differ from those in the
C/D snoRNPs. These are in yeast (and human) included: Cbf5p (dyskerin), Garlp (hGarlp),
Nhp2p (hNhp2p), and Nop10p (hNop10p). Cbf5p is accepted to be the pseudouridine synthase
(29).

Most H/ACA snoRNAs are guide RNAs. However, as with the C/D snoRNA family, a few
participate in rRNA processing, and one, telomerase RNA (from mammals but not yeast), guides
telomere formation (24).

1.1.3. Spliceosomes



Splicing of precursor messenger RNAs is an important and ubiquitous type of gene
regulation in metazoans. Splicing joins the coding sequences called exons by removing the
intervening noncoding sequences, introns, from primary transcripts (25).

The intron is cleaved from the exons at the 5" and 3" ends, called the splice sites. These
sequence elements must be recognized by the spliceosome, a multi-unit complex of proteins and
RNA. The RNA components are small nuclear RNAs, U1, U2, U4, U5 and U6, assembled into
ribonucleoprotein particles (SnRNPs) (26).

SnNRNPs assemble onto the intron substrate in a step-wise fashion, directed by interactions
of sSnRNAs with intron consensus sequences. Correct selection of the splice sites is vital for gene
expression, and regulating the use of different possible splice sites is fundamental to alternative
splicing. As a result regulated splicing events are also mediated in part or entirely by elements of
the splicing apparatus (27,28).

1.1.4. Transcriptional Trans-activation and TAT

Less frequently RNAs are involved directly in transcription modulation as well. One
example of this is TAT, the transcriptional transactivation protein of HIV. The Tat-TAR
ribonucleoprotein (RNP) is the essential switch that controls transcription from the HIV-1 long
terminal repeats (LTR). The transactivator (Tat) binds to the trans-acting response element (TAR)
found at the 5' end of viral transcripts, as a hairpin formation (29). The minimum Tat sequence that
can mediate specific TAR binding in vitro has been mapped to a basic domain, comprising mostly
Arg and Lys residues (30). TAR is absolutely required for TAT mediated transcriptional activity.
After binding to TAR RNA, Tat stimulates a specific protein kinase called TAK (Tat-associated
kinase) (9). This results in hyperphosphorylation of the large subunit of the RNA polymerase Il

carboxyl- terminal domain (9).



Tat-induced transcriptional activation of the LTR promoter is followed by the recruitment
of the transcriptional coactivators p300 and cAMP-responsive transcription factor binding protein
(CBP) (31). These large proteins bridge the basal transcription machinery with specific
transcriptional activators for transcriptional initiation. P300/CBP are histone acetyl-transferases
capable of modulating the interaction of nucleosomes with DNA and with chromatin remodeling
complexes (32). Besides histones, Tat itself is a substrate for the enzymatic activity of p300/CBP
suggesting a regulatory role of acetylation on the protein itself (33).

Recently, it was found that Tat binds tubulin/microtubules through a four-amino-acid
subdomain of its conserved core region (34). This interaction alters the microtubule dynamics and
activates a mitochondria-dependent apoptotic pathway.

Tat—tubulin interaction domain differ from those present in the tubulin-binding domains of
general microtubule-associated proteins (MAPS), which typically contain positively charged
residues (34). The arginine-rich domain of Tat which is adjacent to the tubulin-binding subdomain
might provide the positive charge to neutralize the negatively charged tubulin C-termini in order to
promote microtubule assembly (34).

1.2. Aims of the thesis

In this work we aimed to characterize a newly identified protein with RNA binding ability.
A screen was designed to detect RNA binding proteins in Drosophila proteome by testing their
affinity against the TAR RNA of Human Immunodeficiency Virus (Udvardy et al.). A previously
unidentified protein was retrieved from this screen and named Drosophila TAT Like (DTL).
Surprisingly, proteins related to DTL can be identified in a wide range of organisms. From yeast to
human they share well-conserved boxes of amino acids characteristic for RNA methyltransferases.
The presence of large number of ESTs in databases indicates that the genes encoding these proteins

are intensively expressed as well.



The general aims of the study were:

To identify homologues of DTL by performing similarity searches against the known

sequences found in databases,

By using the data obtained from similarity searches:

1. to determine conserved regions which will point out functional regions or motifs of DTL
related proteins,

2. tofind EST (expressed sequence tags) sequences belonging to mammalian homologues of

DTL, to work in parallel with Drosophila sequences,
To test whether the conserved motifs or domains that are found are functional,

To characterize the expression pattern and the possible isoforms of DTL and its mammalian
homologues. For this purpose we raised specific polyclonal antibodies, and we analyzed
protein samples from different tissues and compartments of the cell, by Western blotting and

immunolocalization,

To find partner proteins of DTL and its mammalian homologues and determine the nature of
interacting structures, by using in vitro or in vivo techniques like yeast two hybrid screen and

immunolocalization,

To attribute a functional property for the DTL related proteins in cellular events, by siRNA

knock down in established cell lines.



2. MATERIALS AND METHODS
2.1. Cell culture techniques

Mammalian HeLa cell line was cultured in Dulbecco’s modified Eagle’s medium
(DMEM) containing 5% fetal calf serum (FCS; Gibco/BRL, Gaithesburg, MD/USA) in incubator
at 37°C with 5% CO>. Drosophila Schneider S2 cell line was cultured in Schneider’s insect

medium containing 10% fetal calf serum at 22°C. Three times per week cultures were expanded to
maintain logarithmic growth. For immunolocalization experiments, cells were grown adherent on

cover slips.

For transfection, cells were plated in 6 well plates at a density of 1.5-2.0 x 10° cells per well.
24 hours after seeding, the cells were transfected with Xgene (Fermentas) according to
manufacturer’s instructions.

For cell cycle studies, cells were seeded at a density of 1.0-1.5 x 108 cells per 30 mm plastic
petri dishes. Serum starvation for GO phase arrest, 2 mM-hydroxyurea treatment for G1/S phase
arrest or 10 uM colchicine for G2 phase arrest was employed. All treatments lasted for 24 hours.
2.2. Generation of Plasmid Constructs.

2.2.1. DTL constructs—DTL cDNA was cloned into pBLUESCRIPT vector (Udvardi et al.).
B-DTLup construct was made by inserting 681bp long Kpnl-EcoRlI cDNA fragment into
Bluescript SK vector into the same restriction sites. For expression in pET-3 vector system, Kpnl
site was polished with T4 DNA polymerase to form a blunt end and an Ndel linker was inserted to
this site. Then 699bp long Ndel-BamHI fragment was inserted into the pET-3 vector at the same

restriction sites.
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B-DTLdown construct was made by inserting 1523bp long EcoRI-BamHI cDNA fragment into the
same sites in Bluescript SK vector. Then EcoRlI site was treated with Kleenow fragment and an
Ndel linker was inserted to the blunt-ended site. To express full length cDNA in pET vector
system, 1523bp long EcoRI-BamHI fragment from B-DTLdown was inserted to the same sites of
pET-DTLup construct (Figure 1A).

2.2.2. LexA-PIMT-C Bait—The partial mMRNA sequence coding from amino acid 555 to 852 of
PIMT was purchased as an EST sequence (GenBank Accession N0.AA174934). This sequence
was cloned into BTM116 vector between EcoRI and BamHI sites. To correct the frame in order to
produce a fusion with DNA binding LexA gene, EcoRlI site was digested and filled in with DNA
polymerase Kleenow fragment (Figure 1B).

2.2.3. WAIT-1 Mutants—WAIT-1 mutant plasmid constructs for the yeast two hybrid interaction
assay were done on the original pACT-WAIT-1 clone which was isolated by a yeast two hybrid
screen. pWAIT-1dc clone was constructed by partial digestion with Ncol, pWAIT-1dn clone was
constructed by full Ncol digestion, and for pWAIT-1dwd and dwd2, pACT-WAIT-1 was
linearized with Xhol and BsaBl, respectively, then pWAIT-1dwd was shortened by BAL31
digestion. All restricted and modified constructs were filled in and re-ligated (Figure 1B).

2.2.4. Fusion Protein Constructs-- pGEX-WAIT-1 was constructed from the sequence retrieved
from yeast two hybrid screen as a fusion to GST protein in pGEX-4t vector. For this purpose
1557bp long EcoRI-Xhol fragment was inserted to the same site in pGEX-4t-2 plasmid. 1419bp
long EcoRI-Notl PIMT-C (from 555 amino acid to 853) protein was also cloned into pGEX-4t-2
plasmid as a fusion protein. For in vitro binding experiments GST protein coding sequence was
removed from the construct with BamHI-Ball digestion, then filled in and religated. This construct
carried just 80 amino acids of the GST protein, which does not have affinity for glutathione (Figure

2).
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2.3. Antibodies

DTL related antibodies were raised in rabbit by injecting bacterially expressed and PAGE
purified proteins. Synthetic peptide EIPNSPHATEVEIK was injected to rabbit to raise antibody
against PIMT. Antiserum was collected and further purified by affinity chromatography. The
truncated PIMT-C protein was bound to GST-sepharose beads (Amersham-Pharmacia). GST
fusion protein was purified and eluted according to Pharmacia manual. His-tagged DTL protein
was purified by IMAC (immobilized methal affinity chromatography) by using a Ni®* resin.
Purified proteins were bound to CnBr activated sepharose (Amersham-Pharmacia) according to
manufacturer’s instructions. Anti-sera was added to 1:20 dilution and incubated at RT for 3-4 h.
After extensive washing with PBS, bound antibodies were eluted with 100 mM glycine/HCI pH 2.5
for 5 min and immediately neutralized with the addition of 1:10 of the elution volume of 1 M Tris
pH 8.0.
2.4. Rubidium Chloride method for Transformation of Competent E. coli

1 ml from overnight culture of appropriate E. coli strain was inoculated into 100 ml LB
media. Culture was incubate at 37°C water bath while shaking to ODss0nm=0.5. Culture media was
cooled down on ice for 15 min. Cells were centrifuged at 5000 rpm for 10 min using a Sorvall
SS-34 rotor. Supernatant was discarded and 0.4 volume (i.e. of original volume) Buffer I (30mM
potassium acetate, 100 mM Rubidium Chloride, 10 mM calcium chloride, 50 mM manganese
chloride, 15 %v/v glycerol) was added, and the pellet was resuspended. Cells were incubated on ice
for 15 min and pelleted as before. Supernatant was discarded and the pellet was resuspended in
0.16 volume Buffer 11 (10 mM MOPS, 75 mM CaCl,, 10 mM RuCly, 15 %v/v glycerol). The cells
were incubated on ice for 15 min and either used immediately or aliquoted and quick frozen at

-70°C for storage. Typically 200 ul of cells were transformed with 4-5 ul of a ligation reaction.
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2.5. Yeast Techniques

2.5.1. Transformation of yeast cells--Using a single colony of S. cerevisiae strain L40, 10 ml of
YPD media (10 g yeast extract, 20 g peptone, and 20 g dextrose) were inoculated and shaken
overnight at 30°C. Overnight culture was diluted into 50 ml YPD at 30°C and incubated a further
3hrs.

The cells were pelleted by centrifuging at 10009 for 3min and gently resuspended in 1 ml
of sterile TE/LiA. For each transformation 0.5 mg plasmid DNA from bait and/or prey constructs,
10 ng sonicated salmon sperm DNA and 100 uL of yeast cell suspension were mixed in a 1.5 ml
microcentrifuge tube. 600 uL of PEG/LiAc solution was added and mixed gently. Then tubes were
placed in a 30°C incubator for 30 min. At the end of incubation, 70 uL. DMSO was added to each
transformation and heat shocked at 42°C for 6-7 min. Cells were pelletted by spinning briefly, then
resuspended in 100 uL TE and plated out onto selective plates. Selective minimal media TULLH
was composed of 1.2 g yeast nitrogen base without amino acids (DIFCO), 59 (NH4)2SO4, 10 g
succinic acid (Sigma), 6 g NaOH, 0.55 g CSM (complete supplement mixture without Trp, Ura,
Lys, Leu, His) BIO101, 0.1 g adenine (Sigma), 20% glucose in 1 liter. For solid media 20 g agar
was added per liter of media.

2.5.2. Yeast two hybrid screen-- pACT cDNA libarary (Clontech) was screened with yeast
two-hybrid method, using pBTM-PIMT-C as a bait. S. cerevisiae strain L40 was transformed with
pBTM-PIMT-C as described above. Transformed mixture was plated on TUL media (0.1 g Leu,
0.05 g His were added to TULLH media). A single positive colony was used to inoculate 5 ml of
TUL drop-out media. The culture was twice expanded in two days to reach a 300 ml volume
ODsoonm=0.6. Then cells were harvested in sterilized GSA bottles by centrifuging at 5000 rpm for

10 min . The pellet was washed with 500 ml sterile water, and resuspended in 20 ml TE/LiAc
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solution (50 mM Tris-HCI pH 7.5, 0.1 M Li-acetate, 5 mM EDTA). Cells were transferred into a
250 ml flask and 1 ml 10 mg/ml denatured salmon sperm DNA, 400 mg pACT cDNA library DNA,
and 140 ml PEG/LiAc solution (50 mM Tris-HCI pH 7.5, 0.1 M Li-acetate 40% PEG-3350, 5 mM
EDTA) was added. The transformation mixture was shaken at 30°C for 30 min. The mixture was
transferred to a 2 liter flask, then 17.6 ml dimethyl sulfoxide (DMSQ) was added and heat shocked
for 8 min while swirling the flask. Then the flask was cooled down by flushing outside with tap
water. Cells were pelleted at 5000 rpm, for 10 min, resuspended in 1 liter YPD media and were
grown for 1 hour to allow expression of genes. Cells were pelleted and resuspend in 1 liter
TULLH media (0.05 g His added to TULL media). After 4 hours of incubation at 30°C cells were
pelleted , resuspended in 10 ml TULLH media and plated out on agar plates of the same media.
Emerging colonies were transferred into replica plates, and colonies from one of the plates were
transferred onto nitrocellulose filters, and further tested for their B-galactosidase activity.

2.5.3. Recovery of positive plasmids—The positive yeast colonies, which carry both bait and
prey vectors, were grown in 5 ml liquid histidine, leucine, and tryptophan deficient minimal yeast
media overnight in 30°C heated water bath by shaking 250-300 rpm. The cells were pelletted by
centrifuging at 1000 rpm for 3min. The cells were resuspended in 1 ml sterile water, and pelleted as
before. Then cells were resuspended in 100 pl lysis buffer (50 mM Tris-HCI pH 7.5, 10 mM
EDTA, 0.3% B-mercaptaethanol, 1 mg/ml Zymolase(Sigma)). The mixture was incubated in 37°C
water bath for 1 hour. After the incubation was complete the cells were lysed by the addition of 20
ul 10% SDS. 100 ul 7M ammonium acetate was added and the lysate was placed in dry ice for 15
min. The cell debris were precipitated by centrifuging at 13000rpm for 15 min. Supernatant was
transferred to a clean 1.5 ml Eppendorf tube and the plasmid DNA was precipitated with 0.7

volume isopropanol by placing on dry ice for 15 min. Plasmid DNA was pelletted by centrifuging

15



at 13000 rpm for 15 min. DNA pellet was washed with 70% ethanol and dissolved in 20 pl
TE/Img/ml RNase. 5 ul DNA was used to transform Escherichia coli HB101 cells that were plated
on M9/amp/-leu to selectively rescue only activation domain (AD)/ library plasmids.
2.5.4. B-galactosidase assay-- The strength of the interaction between the various deletion
mutants of PIMTC and WAIT-1 was determined by measuring the expression level of the lacZ
reporter gene in liquid culture. The B-galactosidase activity was determined according to the
general methods (Maniatis et al.35). For solution assays, yeast cells that contained different sets of
plasmids were cultured overnight in yeast synthetic media that contained 2% of histidine. 1 ml of
the culture broth was aliquoted and cells were pelleted. Pellet was frozen in liquid nitrogen and
thawed for cell lysis, and then resuspended in 0.3 ml Z buffer that contained 2-3-mercapto-ethanol.
The reaction was started by adding the substrate o-nitrophenyl -D-galactopyranoside (ONPG) (8
mg/ml) (0.2 ml), incubated at 30°C until the yellow color appeared, and then stopped by adding 0.4
ml of 1 M Na2CQO3. Cell debris was removed by centrifugation. The absorbency of the supernatant
was measured at 420 nm.
2.6. In Vitro Binding Assays

WAIT-1 protein was bacterially over expressed in Escherichia coli BL21 cell line as
glutathione S-transferase (GST) fusion proteins, using the pGEX-4t plasmid (Amersham
Pharmacia Biotech). WAIT-1-GST fusion protein was purified by affinity chromatography on
glutathione-Sepharose gel (Amersham Pharmacia Biotech). For in vitro interactions, 250 pl
aliquots of glutathione-Sepharose bead suspension were mixed with 5 ml aliquots of sonicated
bacterial cell lysate (corresponding to 250 ml of E. coli culture) in binding buffer (BB:
phosphate-buffered saline, containing 1% TritonX100 and 1mM PMSF) and incubated for 1 h at

RT. After extensive washing in BB, 20 ul aliquots of the affinity beads were mixed with 1000 pl of
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sonicated bacterial lysate of PIMT-C expression (corresponding to 50 ml of E. coli culture) and
incubated for 2 h at room temperature. The beads were then washed three times with 1000 pl of
BB, resuspended, and boiled in 50 pl of SDS sample buffer. GST protein alone was processed
parallel as a negative control. Eluted proteins were analyzed by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) and immunoblotting.

2.7. Preparation of protein samples

2.7.1. Bacterial expressions: Bacteria which express recombinant protein were pelleted and
resuspended in lysis buffer. After freezing in -70°C for one hour, cells were allowed to thaw on ice
slowly. Then the cell suspension was sonicated and protein concentration was quantified either by
SDS-PAGE or Bradford protein assay. Lysates were kept frozen at -80°C till further use.

2.7.2. Preparation of Animal Tissue Samples: Indicated organs were frozen immediately in
liquid nitrogen upon removal from animals and they were stored at -70°C until protein extraction.
Tissues were washed twice in ice cold PBS and extracts were homogenized in Extraction Buffer
(10 mM HEPES (pH 7.9), 10 mM KCI, 0.1 mM EDTA, 0.5 mM DTT, 0.5 mM PMSF). Tissue
extracts were immediately aliquoted and frozen in liquid nitrogen and kept at -80°C till further use.
2.7.3. Nuclear and Cytoplasmic Protein Fractionation of the Cells: Mammalian HeLa and
Drosophila S2 cells were cultured in 25 cm? flasks, were washed twice with PBS and harvested in
3 ml of PBS per flask. Cells were pelleted and resuspended in 5 times pellet volume of ice cold
Buffer A (10 mM HEPES pH 7.9, 10 mM KCI, 0.5 mM DTT, 0.5 mM PMSF) and incubated on ice
for 15 min. 25 ul 10% NP40 was added and vortexed for 10 sec. Nuclear fraction was pelletted by
centrifugation at 3000 rpm for 5 min and supernatant was kept as cytoplasmic fraction. Pellet was

resuspended in 5 times pellet volume of Buffer B (0.42 M KCI, 20 mM Tris pH 7.8, 1.5 mM
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MgCl2, 10% sucrose, 2 mM DTT, 0.5 mM PMSF) and incubated on ice for 30 min. Nuclei were
sonicated for 15 sec.

2.7.4. Gel Electrophoresis and Immunological Procedures: The SDS-denaturing
polyacrylamide gel electrophoresis for size fractionation of the total proteins was performed
according to standard protocols (35).

Equal amounts of protein samples in SDS loading buffer were resolved by SDS-PAGE and
analyzed by immunoblotting. A wide range prestained molecular weight marker was also run with
the samples. For SDS-PAGE 120V of constant current was applied until the dye reached the
bottom edge, typically within 1.5 hr. Before transfering the proteins onto nitrocellulose filters, the
stacking gel was removed. Transfer of proteins onto nitrocellulose filters was done using an
electroblotting apparatus (Bio-Rad, USA) in transfer buffer (39 mM glycine, 48 mM tris base pH
8.0).

Immunoblots were incubated with antibody against PIMT (1:7000), or against DTLup and
DTLdown (1:6000) overnight at 4°C. Secondary antibody was diluted 10000 fold and incubated
for 1 hour at room temperature. The immunocomplexes were visualized by the
chemiluminescence. For the control blots, the preimmune sera was diluted at the same ratio like the
immune sera. For competition assay purified GST-PIMT-C protein bound to glutathione

sepharose was added to the anti-PIMT TBST solution (equivalent to 150 ul liquid media per 1 ml)

2.8. Immunolocalization
HeLa cells were fixed on coverslips with 4% paraformaldehyde in PBS for 20min at RT.
After washing, cells were permeabilized with 0.3% Triton-X-100 in PBS for 20 min. Schneider S2

cells were fixed on cover slips with 2% paraformaldehyde in PBS for 30 min at room temperature.
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After washing cells were permeabilized with 0.1% Triton-X-100 in PBS for 10 min. Unspecific
sites were blocked with 5% BSA in in PBS for 1 hour. Cells were incubated with rat polyclonal
anti-tubulin (YOL1/34, Sera Labs, Sussex, UK), and rabbit polyclonal anti-PIMT antibodies in
1:200 dilution for 2h at 23°C. TRITC (tetramethyl rhodamine isothiocyanate) or FITC (fluorescein
isothiocyanate)-labelled secondary antibodies (Sigma) were used. Nuclei were stained with DAPI
(4°, 6-diamidino-2-phenylindole HCI) (100ng/ml) and cells were mounted with Citifluor (Ted
Pella Inc. CA, USA).

Control experiments excluding the fluorescent primary antibody or replacing the primary
antibody with non-immunized serum were performed for all the immunolocalization experiments.
2.8.1. Immunofluorescence Microscopy: Cytological analyses were done using a Nikon
Eclipse TE300 fluorescence microscope equipped with SPOT RT CCD camera (Diagnostic
Instruments Inc. M1, USA). To reach the maximum possible magnification and resolution, majority
of the observations has been captured using oil-immersion Plan Apo 60x /1.40 objective. Saved
pictures were colored in RGB format.

2.9. Flow cytometry

HeLa cells were trypsinized and washed twice. After the last wash, the cells were fixed and
permeabilized with ice cold 70% ethanol on ice for 20 min. Cells were centrifuged at 3000 rpm for
5 min and resuspended in staining buffer ( 0.1% sodium citrate, 0.1% TritonX100, 10ug/ml
Propidium lodide (PI) and 10ug/ml RNase) for 30 min. Pl is a double stranded nucleic acid binding
fluorochrome that intercalates in the double-helix. Ribonuclease-A was used to eliminate the
staining of double-stranded RNA. Measurements were evaluated by WinMDI and Cylcred
software and represented as the percentage of the cells in G1, S and G2 phases.

2.10. Synthesis of sSiRNAs
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SiRNAs were designed and synthesized according to the criteria and procedure published
by Donz¢ et al. (36). The following oligo nucleotides were used for the synthesis of siRNAs
specific to PIMT mRNA:

T7  promoter complementary oligonucleotide 5-TAATACGACTCACTATAG-3'; PIMT
nucleotides 626-630 relative to the initial methionine: sense,

S-TGGTGAACTTGAAACAGAAAACTATAGTGAGTCGTATTA-3' antisense,

S-ATGTTTTCTGTTTCAAGTTCACTATAGTGAGTCGTATTA-3".
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3. RESULTS
3.1. Drosophila TAT Like protein (DTL)
3.1.1. dtl gene encodes an RNA binding protein with a methyltransfearse domain

In a screen cDNA fragments of a protein with RNA binding specificity similar to those of
Human Immunodeficiency Virus (HIV) TAT transactivator protein are isolated by Udvardy et.al.
(personal communication)

Since in this screen, TAR (Transactivation Response RNA element) RNA of HIV was used
as a bait the cDNA fragment representing a so far unknown gene designated as dtl (Drosophila Tat
Like) gene was isolated. The transcript of dtl had an interesting structure having two open reading
frames (ORFs). The stop codon of the first ORF with one base shift towards 5°-end is the start
codon of a second longer ORF which codes the RNA binding protein recovered from the screen.
The first ORF (DTLup) is 184 amino acids and the down stream ORF (DTLdown) is 491 amino
acids long.

To identify functional domains through conserved domains of homologous proteins,
database search was performed. This search revealed that DTLdown had several homologues in
different species extending from yeast to human. These proteins shared a well conserved
C-terminal domain, which was similar to methyltransferases (Figure 2A). The most conserved
motifs found in similar methylase domains were a 9-amino acids methyltransferase Motif |
(VVDAFCGVG), a 7-amino acids Motif Il (KADVVFL), and an S-adenosyl-L-methionine
interacting region (Figure 2B). Conserved domains were not found in the upstream ORF. However,
in the upstream ORF a leucine rich domain was shown to be a potential leucine zipper motif by

several search engines.
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3.1.2. Preparation of DTL specific polyclonal antibodies

In order to perform in vitro studies, polyclonal antibodies were raised against the
recombinant proteins expressed from the two ORFs of DTL. For this purpose, each of the two open
reading frames were cloned into pET vector separately for bacterial expression (Figure 3A).
pET-DTLup construct could express entire 184 amino acids of DTL upstream ORF.
pET-DTLdown construct could express only N-terminal truncated 423 amino acids long partial
DTL down stream ORF.

These recombinant proteins were expressed in DE3 E. coli strain and the cell extracts were
examined on SDS-PAGE. As expected from theoretical calculations of amino acid composition,
pET-DTLup construct expressed an approximately 20 kDa protein and pET-DTLdown construct
expressed an approximately 50 kDa protein in bacteria.

The bands belonging to the recombinant proteins were excised from preparative
SDS-PAGE, and used to raise polyclonal antibodies in rabbit (Figure 3B). The specificity of the
immune sera was tested against DTLup or DTLdown bacterial expressions. The polyclonal
antibodies recognized specifically their target proteins expressed in bacteria (Figure 3C).

3.1.3. Only down stream ORF of dtl gene was translated in Schneider S2 cell line

As it is mentioned earlier, the cDNA of dtl gene coded two open reading frames. Since
DTLdown had RNA binding property and also conserved methylase domains, it was thought to be
a translated unit. However, DTLup had no conserved regions except a potential leucine zipper
motif identified by several databases. Therefore, we decided to determine if the leucine zipper

motif was functional in the translated protein.
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Bacterially expressed DTLup proteins were resolved on denaturing and non-denaturing
PAGE and blotted by DTLup polyclonal antibodies. Under non-denaturing conditions 20, 40, and
80 kDa bands could be recognized. However under denaturing conditions 40 and 80 kDa bands
were not observed. That showed that 40 and 80 kDa proteins observed under denaturing conditions
are homodimers, and tetramers of DTLup respectively. That prooved that leucine zipper motif is a
real functional structure for the upstream ORF (Figure 4). The existence of a functional domain in
DTLup strenghtened the possibility that DTL upstream ORF also was a translated unit. Therefore it
could be thought that two open reading frames of dtl gene were actually translated as a single
protein with a ribosomal shift during protein translation. Moreover, this protein might
homodimerize through DTLup, bind RNA and possibly methylate RNA through DTLdown.

It is known that some eukaryotic ribosomal shift signals can be recognized by the bacterial
ribosome (37). Therefore, to test the idea that ribosome may shift from upstream to downstream
ORF keeping the continuity of the translated protein whole cDNA fragment was inserted into a
pET vector system. The missing 3"-end of the DTL transcript was added to pET-DTLup construct
and expressed in DE3 E. coli strain (Figure 5A). Cell extracts were blotted with either up-, or
down-stream specific polyclonal antibodies raised and tested previously. It was observed that two

ORFs were translated simultaneously as two separate proteins (Figure 5B).
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Although translations of polycistronic messages in bacterial systems are common,
recognition of initiation codon of DTLdown ORF suggested an internal ribosomal entry site in
eukaryotic translation machinary. It was also seen that the translated protein from this internal
methionine was more stable than the amino terminal truncated version of the same protein (Figure
5B).

To identify DTL proteins translated in Drosophila, Schneider S2 cell line extracts were
blotted by polyclonal antibodies raised against the DTLup and DTLdown proteins. Antisera of two
rabbits, which were immunized against the recombinant DTLdown protein were purified for their
affinity to DTLdown protein to enhance their specificity. Total protein extracts of the S2 cells were
blotted by these polyclonal antibodies and two specific bands with molecular weight of ~60 kDa
and ~120 kDa were observed by both anti-DTLdown antibodies (Figure 6A). On the other hand,
DTLup polyclonal antibodies exhibitted a lower specifity on blots of S2 cell extracts and did not
recognize any band on the 60 and 120 kDa range. That showed that DTL was translated from an
internal ribosomal entry site using only donwn stream ORF (DTLdown) in Schneider S2 cells.
3.1.4. DTL localizes in the cytoplasm in the Schneider S2 cell line

Affinity purified polyclonal antibodies specific to DTLdown were used to determine the
localization of the DTL protein in Drosophila S2 cell line. S2 cells were fractionated into their
cytoplasmic and nuclear components and blotted. Western blots showed that both isoforms of DTL

were cytoplasmic proteins (Figure 6B).
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The same antibodies were used to immunolocalize DTL in S2 cells. To simplify perception
mouse anti-tubulin antibody was used together with rabbit anti-DTL antibodies. Double
immunolocalization revealed that DTL was co-localized with microtubule cytoskeleton (Figure 7).
The co-localization can be deduced by tubulin (red) and DTL (green) signals merged to produce
yellow color in composite pictures. These pictures also showed that expression level DTL was not
constant during cell cycle and was in its lowest during mitosis. However, its existence in cytoplasm
co-localized together with the microtubule cytoskeleton was constant in all phases of cell cycle.
3.2. Mammalian homologue of DTL
3.2.1. Different isoforms of mammalian DTL exist

DTL was recovered through its interaction with a mammalian virus RNA. This is why to
characterize mammalian homologue of DTL might support and clarify certain aspects of DTL.
Since the amino acid similarities shared by DTL and its relatives were located in the C-terminal
half of the homologues, a murine EST sequence with a high similarity to the C-terminal of DTL
was purchased.

To facilitate in vitro studies polyclonal antibodies were raised against the 14 AA peptide:
EIPNSPHATEVEIK , which corresponds to the amino acids 44 to 57 of the purchased EST
sequence. Recently, mammalian homologues have been identified as PIMT (PRIP interacting
protein with methyl transferase domain) (38). To prevent confusion of terminology, mammalian
homologue of DTL will be named as PIMT and the EST sequence PIMT-C, because it also codes
the whole C-terminal of PIMT protein (amino acids 555-852). The specificity of the raised
antibody was tested on bacterially expressed PIMT-C and GST-PIMT-C fusion proteins by

Western blots.
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Through antibody titration and competition experiments, we established that the raised
antibody specifically recognized the C-terminal part of PIMT (Figure 8A).

To determine the tissue distribution of PIMT (mammalian DTL) protein, rat tissues were
screened by Western blot analysis. Tissue homogenates were prepared from different rat tissues.
Equal amounts of protein samples were resolved on SDS-PAGE and analyzed on Western blots.
Immunoblots developed by anti-PIMT antibody showed three specific bands. A 55kDa protein was
detected in all tissue samples examined, a 90-kDa protein was observed only in brain and testicular
homogenates, whereas a much smaller, 30kDa protein was observed only in kidney homogenate.
Probing the filter with pre-immune sera collected from the same rabbit before immunization did
not reveal any protein interacting non-specifically (Figure 8B).

3.2.2. 55-kDa isoform of PIMT is a cytoplasmic protein that co-localizes with microtubule
cytoskeleton

In HelLa cells, the anti-PIMT antibody recognized a single 55-kDa form of PIMT (Figure
9A). This shorter isoform was named as PIMT55. To determine the cellular localization of
PIMT55, HeLa cells were fractionated into cytoplasmic and nuclear fractions and analyzed by
Western blots. It was seen that the PIMT55 was a cytoplasmic protein as its Drosophila homologue
DTL (Figure 9A).

To investigate the nature of the cytoplasmic localization of PIMT55, immunolocalization
with anti-PIMT antibody was performed. The antiserum used in these experiments was affinity
purified against bacterially expressed GST-PIMTC fusion protein. In fixed HeLa cells PIMT was
detected in the cytoplasm showing a distribution similar to that of the microtubule cytoskeleton as

in case of DTL (Figure 9B).
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As expected, double immunolocalization experiments with anti-tubulin and anti-PIMT
antibodies showed overlapping patterns (Figure 10A). To further prove that this pattern was
identical with the one shown by the microtubule cytoskeleton, cells were treated with the
microtubule association inhibitor colchicine for 17 hours before immunolocalization. Addition of
colchicine resulted in the diffusion of PIMT55 in the cytoplasm (Figure 10B). From these
experiments it was concluded that the 55-kDa isoform of PIMT colocalizes with the microtubule
cytoskeleton.

3.2.3. C-terminal region of PIMT interacts with WAIT-1

In order to identify interacting partners of PIMT, a yeast two hybrid screen was carried out
using the PIMT-C as a bait against a human hematopoietic cDNA library. Since mouse PIMT and
human PIMT have 83% identity and 87% similarity in this region, there were no obstacles to test
this type of interaction using a rat homologue agaist a human cDNA library. The strongest
interactions were detected with cDNA clones encoding WAIT-1, which was recovered in several
independent clones. WAIT-1 is a mammalian homologue of mouse Eed and Drosophila Extra Sex
Combs (ESC) proteins (39). Negative controls with unrelated cDNA clones indicated that the

PIMT-WAIT-1 interaction was specific (Figure 11).
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To identify interacting region(s) of WAIT-1 and PIMT, a series of mutations were created
in the WAIT-1 and PIMT-C cDNA. The tested WAIT-1 constructs included WAIT1DC, a
carboxyl terminal deletion, which removed all WD40 domain; WAIT1DN, an amino terminal
deletion that partially removed the 1t WD40 domain, WAIT1IDWD2 a deletion that partially
removed the 1% and 4™ WD40 domains including full removal of 3@ WD40 domain; and
WAIT1DWD construct that partially deleted the 5" WD40 domain (Figure 12A).

All mutations generated in WAIT-1 gave negative results in beta-galactosidase assay
carried out on agar plates (Figure 12B). These interactions were also quantified in liquid assays
(Figure 12A). From these results it was concluded that any mutation disturbing the propeller beta
shape of WAIT-1 also abolished its interaction with PIMT. On the other hand, from the
experiments with the constructed deletions in PIMT it could be concluded that the WAIT-1
interacting region of PIMT lies within a 91 amino acid long region between amino acids 555-641.

To obtain further experimental support for PIMT-WAIT-1 interaction GST pull-down
experiments were carried out. For this WAIT-1 was expressed as a GST fusion protein and mixed
with bacterial extract prepared from cells expressing the C-terminal region of PIMT (amino acids
555-852). The resulting complexes were bound to glutathione-sepharose, washed extensively,
eluted and analyzed on Western blots. As shown in Figure 13, a significant amount of PIMT was
retained on GST-WAIT-1 containing matrixes, while on the controls (matrix alone and GST-bound

matrix) no significant amount of PIMT was bound.
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Consequently, the GST-pull-down experiment confirmed the observed interaction between
WAIT-1 and the C-terminal of PIMT as detected in yeast two hybrid assays.

3.2.4. SIRNA knock down of PIMT in HeLa cells delays cell proliferation

To have more insights about the function of PIMT, PIMT protein was transiently knocked
down by using siRNAs specific to PIMT mRNA. siRNAs specific to PIMT and specific to GFP
sequences were selected and synthesized according to the criteria and procedure of Donze et al.
(36).

Initial experiments were performed to determine the optimum conditions for inducing
RNAI with siRNAs in HeLa cells. For this purpose GFP expressing plasmids were co-transfected
together with siRNAs specific to GFP. It was found that addition of siRNA specific to GFP
specifically reduced the levels of GFP as it was seen from flow cytometer measurements (data not
shown) and Western blots (Figure 14). It was concluded that specific RNAI directed to GFP
transcript could be induced using our protocol.

For PIMT knock down assay the following controls were used: untreated HelLa cells,
unspecific sSIRNA (siRNA specific to GFP) added, and PIMT specific SiRNA added HeLa cells.
Western blots of siRNA treated samples showed that PIMT levels specifically decreased (Figure
15A). The DNA was quantified by propidium iodide staining by flowcytometry at 24hrs, 40hrs,
and 48hrs after siRNA transfection. The results were analyzed with WinMDI and Cyclhred

software.
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This analysis showed that in SIRNA treated samples the transition to the next phase of cell
cycle was delayed in comparison to the controls. According to the results at 24-hrs the number cells
in G1 phase were higher than control. At 40 hrs, S phase cells, and at 48hrs G2/M phase was higher
(Figure 15B).

3.2.5. PIMTH55 expression increases before S phase

Since the absence of PIMT55 altered cell cycle progressing, it would be that at different stages
of cell cycle PIMT55 levels might also change. Although in the previous immunolocalization
experiment the level of PIMT expression didn’t seem to be changed it is possible that
immunolocalization was not sensitive enough in detecting the relative changes in the levels of
expression of PIMT55 at different phases of the cell cycle. To check this idea HeLa cells were
treated in different ways to arrest the cell cycle at different stages . Cells were serum starved to
block in early G1, hydroxyurea treated to block in G1/S phase boundary, and finally colchicine
treated to block in G2 phase. Equal amount of protein from each sample was resolved with
SDS-PAGE and blotted with PIMT specific antibodies. The results revealed that there was an

increase in the PIMT levels in S phase in comparison to other phases (Figure 16).
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4. DISCUSSION
4.1. DTL is the product of down stream ORF

DTL is encoded by an interesting transcript containing two ORFs. With one base shift
towards the 5"-end of the first stop codon the second frame encodes a highly conserved protein
among many different species. This structure may code for a single protein by a ribosomal shift
during translation. There are examples when both bacterial and eukaryotic ribosomes may perform
+1 or —1 frameshifts during translation (37). Since the necessary —1 frameshift could be performed
in bacterial system, full length DTL cDNA was cloned and expressed in bacteria. Although in this
experiment DTL cDNA was translated in a polycistronic fashion, which is common in bacteria, it
showed the possibility that second ORF could be recognized separately by an alternative ribosome
binding site.

Therefore, it could be speculated that DTL was translated only from downstream ORF by
an internal ribosomal entry site in eukaryotic cell. The specific polyclonal antibodies that were
raised against the down stream ORF were affinity purified to improve their specificity and DTL
presence was checked in Schneider S2 cells by Western blotting. There were two specific bands
recognized by DTLdown antibodies, one with the size of ~60 kDa, and a second with the size of
~120 kDa. However, upstream ORF specific antibodies could not recognize neither of these two
bands.

60-kDa protein that we detected in immunoblots, fits to the theoretical molecular weight of
a protein translated from the down stream ORF. However, the heavier 120-kDa protein was much
heavier than the sum of both ORFs coded by DTL cDNA and was not recognized by DTLup
specific antibodies. Therefore, the 60-kDa protein should be a translation product from an internal
ribosomal entry site, and the 120-kDa protein is a posttranslational modification of this 60-kDa

protein. In the light of these results, the existence of a functional leucine zipper motif seems to be a
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relic of evolution. However, antibody specificity for the up stream ORF should be improved for a
better understanding judgement of the case.
4.2. Homologues of DTL

Our data base search revealed several homologues of DTL in different species. In the
beginning of our investigation, there was not any identified DTL related protein. Mammalian
homologues were represented only by EST sequences, which have similarity to the conserved
C-terminal of DTL.

Zhu et al. (2001) isolated a nuclear receptor co-activator-interacting protein, designated
PIMT, from a human liver cDNA library by using the co-activator peroxisome
proliferator-activated receptor-interacting protein (PRIP) as bait in a yeast two-hybrid screen.
PIMT (PRIP-interacting protein with methyltransferase domain) cDNA encodes an 852-amino
acid protein containing a 9-amino acid methyltransferase motif I (VVDAFCGVG) and an invariant
segment (GXXGXXI) found in K-homology motifs of many RNA-binding proteins (38). Northern
blot analysis demonstrated ubiquitous expression of a 3.2-kb PIMT transcript, with highest
expression in heart, skeletal muscle, kidney, liver, and placenta. It is known that nuclear receptor
co-activators participate in the transcriptional activation of specific genes by nuclear receptors
(38).

Immunofluorescence studies showed that the 92 kDa PIMT protein and PRIP proteins are
colocalized in the nucleus. PIMT binds S-adenosyl-L-methionine, the methyl donor for the
methyltransfer reaction, and it also binds RNA, suggesting that it is an RNA methyltransferase
(38). Overexpression of PIMT enhances the transcriptional activity of PPARy and RXR, and this
enhancement is further stimulated by overexpression of PRIP, suggesting that PIMT is a

component of nuclear receptor signal transduction that acts through PRIP (38).
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PIMT has been shown also to interact with a variety of other nuclear receptor co-activators
such as CBP, p300, and PBP. PIMT enhanced PBP-mediated transcriptional activity of the PPARYy,
as it did for PRIP. On the other hand, PIMT functioned as a repressor of CBP/p300-mediated
transactivation of PPARY (40).

Furthermore in 2002 Mouaikel et. al. identified the yeast homologue of DTL as TGS1p.
TGS 1p was found to hypermethylate the 5’ cap structures of a subset of snoRNAs and localizes to
the Cajal bodies in the nucleus as well as in the cytoplasm though the nature of this cytoplasmic
localization was not precise (41). Human TGS1 protein (nTGS1), or as it was named earlier PIMT,
was also shown to share the same characteristics as the yeast homologue (42). Maturation of most
types of RNA requires many complex biochemical reactions, which often occur in an ordered
manner that can be described as a processing pathway. RNA maturation can also be associated with
a series of specific localizations taken by the RNA (24). In vertebrates SnoRNP assembly, 3' end
formation and cap tri-methylation are likely to occur in Cajal bodies (19, 41,42).

4.3. Three different isoforms of PIMT exist in different tissues

According to our results from western blots performed on different rat tissues samples,
different isoforms PIMT/hTGS1 could be detected. A 55 kDa protein was ubiquitously expressed
in all the samples, a 90 kDa protein as described in Zhu et. al. work could be found only in brain
and testicular samples, and a 30 kDa protein was only in kidney sample. Furthermore, in HeLa cell
line, which was used in the majority of experiments, the 55-kDa isoform was the only detected
isoform. However, the sole presence of the 55 kDa isoform can be due to the low levels of the other
isoforms, which may be exceeding the sensitivity of western blot analysis. Therefore, 55kDa
isoform being the most commonly expressed product, was easily detected in the samples

examined.
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PIMT gene contains more than 13 exons according to Zhu et. al. (38). This suggests that
alternatively spliced variations of PIMT mRNA may result in different isoforms of PIMT protein.
The presence of shorter cDNA sequences related to PIMT in database also supports the idea that
the alternatively spliced versions of PIMT/hTGS1 gene exist.

4.4. DTL and 55-kDa isoform of PIMT are cytoplasmic, microtubule cytoskeleton associated
proteins

Western blots of cytoplasmic and nuclear fractions of insect and mammalian cell lines
showed that DTL and PIMT55, the 55-kDa isoform of PIMT localize in the cytoplasm.
Immunolocalization experiments added to this fact the coexistence of DTL and PIMT together
with microtubule cytoskeleton. In the light of our results, we can speculate that the nuclear
localization of PIMT/hTGS1 may be restricted to the 90-kDa isoform, while 55-kDa isoform is a
cytoplasmic protein. However it is obvious that a major property of this family that is the
cytoskelatal localization, was omitted in the publications mentioned above.

4.5. Human DTL interacts with WAIT-1

BLAST searches and amino acid sequence multi-alignments showed that DTL related
proteins are highly conserved through their C-terminal end. Therefore, we focused our attention to
this region for further analyses. We performed a yeast two-hybrid screen using C-terminal of
PIMT/hTGSL as bait against a human hematopoietic cDNA library. This screen demonstrated the
interaction between PIMT/hTGS1 and WAIT-1 (NP_003788) proteins. Using deleted versions of
the bait/prey constructs or non-specific constructs further supported this interaction. With GST pull
down assays we proved the interaction between human DTL and WAIT-1 proteins in vitro.

WAIT-1 is a mammalian homologue of mouse Eed (Embryonic Ectoderm Development)

and Drosophila ESC (Extra Sex Combs) proteins (39). These two proteins belong to the polycomb
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group of proteins, that act by altering the accessibility of DNA to factors required for gene
transcription (43).

In mice, the PcG protein Eed is present in a distinct complex that interacts with histone
deacetylase (HDAC) and the PcG member Ezh2 (Enhancer of zeste homolog 2) (43). Recent
findings showed that histone (H3-K27) methylation colocalizes with, and is dependent on binding
of an EED-EZH2 complex to an Ultrabithorax (Ubx) Polycomb response element (PRE).

On the other hand WAIT-1 specifically interacts with the cytoplasmic domains of integrin
B7, a4, and oE subunits localizing to very different compartments than its homologues (39). That
shows that human EED by itself may localize to nucleus, but certain isoforms of EED may be
restricted to cytoplasm.

The B-subunits of integrins are considered important for regulation of stimulated cell
adhesion and adhesion-dependent signal transduction (45). The cytoplasmic tails of the 37 subunit
are critical for integrin function because they regulate receptor avidity and signaling (45). It may be
that WAIT-1 shuttles between membrane-associated 37-integrins and the nucleus, thereby linking
cell adhesion and signal transduction or it is involved in regulation of gene expression (39).

WAIT-1 is a WD40 repeat protein. WD or WD40 domain, are found in a number of
eukaryotic proteins that cover a wide variety of functions including adaptor/regulatory modules in
signal transduction, pre-mRNA processing and cytoskeleton assembly (46). The consensus
sequence typically contains a GH dipeptide 11-24 residue from its N-terminus and the WD
dipeptide at its C-terminus and is 40 residues long. This gives the name WDA40 to the domain (46).
WDA40 repeats create a closed ring propeller-structure, which is a platform for proteins to bind
either stably or reversibly (46). Residues on the top and bottom surface of the propeller are

proposed to coordinate interactions with other proteins and/or small ligands (46).
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4.6 Function of DTL

SiRNA knock down of PIMT55 in HeLa cells revealed that absence of PIMT55 interfered
with cell cycle progression. Moreover, protein samples enriched in different cell cycle stages
showed that PIMT55 levels increase in S phase. This observation is another proof of the relation
between PIMT55 and cell cycle. Previously it was shown that knock down of C. elegans
homologue of PIMT (T08G11.4) resulted in abnormal spindle orientation, slow growth and larval
lethality (47).

There are eukaryotic proteins that have been identified as splicing factors and
independently as essential for cell cycle progression (48). Previously it was shown that in yeast,
tubulin pre-mRNA splicing and cell cycle control is linked to each other (49,50).

Therefore delayed cell cycle progression can be explained by the fact that reduction of the
PIMT/hTGS1 levels should also reduce the rate of sn(0)RNA maturation, and this in its turn should
disable the proper splicing of mMRNAs and editing of rRNA.

However, abnormal spindle orientation that is observed in C. elegans, can be indicator of a
more elaborate function of PIMT/hTGS1 than just efficient splicing of mMRNAs (including tubulin
mRNA) or ribosomal RNA maturation. PIMT55 colocalization with microtubules and its
interaction with WAIT-1 suggest a potential pathway for signals from cell-cell contact and
cell-matrix interaction to influence cytoskeletal structure in higher eukaryotes. There is evidence
that spindle orientation correction is related with cortex interactions (namely with actin structures)
of the very short astral microtubules (51). Probably, through astral microtubule-mediated delivery
of a signal from the periphery i.e. integrin or actin cytoskeleton, has a role on this function.

On the other hand evidence suggests that the bulk of the mRNAs in the cytoplasm, are
cytoskeleton-bound (52). This indicates that there are probably a number of so-called “general”

RNA-binding proteins within eukaryotic cells that mediate the interaction between a broad range
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of mMRNAs and the cytoskeleton. 55-kDa version of PIMT/hTGS1 may be one of these general
RNA-binding cytoskeleton-associated proteins. Its uniform distribution throughout of microtubule

cytoskleton rather supports this possibility.
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CONCLUSIONS

DTL is translated as a 60 kDa protein from an internal ribosomal entry site in Drosophila
Schneider S2 cells. DTL has also a higher molecular weight isoform which is 120 kDa and

probably is the result of a post-translationally modified version of 60 kDa isoform.

Both isoforms of DTL are cytoplasmic proteins and are colocalized with microtubule

cytoskeleton.

Mammalian homologue of DTL has three isoforms: 90 kDa isofrom is translated in brain and
heart tissues in mouse; 55 kDa isoform is ubiquitously translated in all tissues examined; 30

kDa isoform is only found in kidney tissue samples.

In human HelLa cells 55 kDa isoform of the mammalian DTL is the major product. 55 kDa

protein is a cytoplasmic protein and colocolizes with microtubule cytoskeleton as DTL.
Mammalian DTL interacts with WAIT-1 protein through its carboxyl-terminal.

SIRNA inhibition of mammalian DTL interferes with proper cell cycle progression in HeLa

cells.
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6. SUMMARY

RNA-protein interactions direct a diverse variety of cellular processes, which range from
transcriptional regulation to targeted translation of proteins. Hence, to discover new proteins with a
specific affinity to RNA molecules and find out their specific function will expand our
understanding on a wide range of cellular functions. Following this statement, a screen was
developed to search Drosophila proteome for RNA binding proteins and an unknown protein with
RNA binding property was retrieved (Udvardy et al.). Since in the screen, TAR (Transactivation
Response RNA element) RNA of HIV was used as a bait the cDNA fragment representing a so far
unknown gene designated as dtl (Drosophila Tat Like) gene was isolated. In this work we aimed to
characterize this new Drosophila protein and its mammalian homologue.

The retrieved protein had well conserved homologues in different species and is represented
with many ESTs (expressed sequence tags) in databases suggesting an important role in cellular
function. In the beginning of our work none of the homologues had an identified function.
However during our investigation, other research groups revealed certain aspects of the functional
properties of this new class of proteins.

To identify functional domains through conserved domains of homologous proteins,
database search was performed. This search revealed that DTLdown had several homologues in
different species extending from yeast to human. The most conserved motifs found in similar
methylase domains were a 9-amino acids methyltransferase Motif | (VVDAFCGVG), a 7-amino
acids Motif 11 (KADVVFL), and an S-adenosyl-L-methionine interacting region.

Our other conclusions about the work are:

e In Drosophila Schneider S2 cells two isoforms of DTL exists. 60 kDa isoform is translated

from an internal ribosomal entry site, and 120 kDa protein is a post-translational modified
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version of the 60 kDa protein. Both isoforms of DTL are cytoplasmic proteins and are

colocalized with microtubule cytoskeleton.

Mammalian homologue of DTL has three isoforms translated in rat tissues: 90 kDa isofrom is
translated in brain and heart tissues; 55 kDa isoform is ubiquitously translated in all tissues

examined; 30 kDa isoform is only found in kidney tissue samples.

55 kDa isoform of the mammalian DTL is the major product in human HeLa cells. 55 kDa

protein is a cytoplasmic protein and colocolizes with microtubule cytoskeleton as DTL.

Mammalian DTL interacts with WAIT-1 protein through its carboxyl-terminal. B-propellar

structure of WAIT-1 formed by the WD repeats is essential for this interaction.

SIRNA inhibition of mammalian DTL interferes with proper cell cycle progression in HeLa

cells.
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7. OSSZEFOGLALO

RNS-fehérje kolcsonhatasok szamos sejtszintli folyamatban vesznek részt, a transzkripcio
szabalyozastol a fehérjék kifejezddéséig. Sokrétii szerepiik révén 01j RNS-koto fehérjék azonositasa
hozzéjarulhat a sejtekben lejatsz6do folyamatok alaposabb megértéséhez. Ezen gondolat mentén
RNS-koto fehérjéket kerestiink Drosophila melanogasterben, és egy addig még funkcionalisan
nem ismert génterméket azonositottunk (Udvardy és mtsai). Mivel a screen-ben a HIV virus TAR
RNS-ét hasznaltuk, az igy azonositott fehérjét DTL-nek (Drosophila TAT Like) neveztik el.
Ebben a munkaban célul tiiztiik ki az ecetmuslica fehérje és emlés homologjanak karakterizalasat.

A DTL fehérje homologjai szamos mas organizmusban is fellelhetdk, az adatbazisokban tobb
EST is reprezentalja, ami arra utal, hogy fontos szerepet jatszhat a sejt ¢letében. A munkank
kezdetekor egyik DTL homoldgnak sem azonositottak a funcidjat, bar kutatdsaink kozben mas
csoportok leirtdk bizonyos tulajdonsagait ennek az 0j fehérje csaladnak.

A fehérje funkciondlis doménjeinek azonositdsa érdekében adatbdzisokban szekvencia
Osszehasonlitasokat végeztiink. Szekvencia hasonlosdgok alapjan tobb homoldg fehérjét
azonositottunk szadmos organizmusban, az €leszt6tdl az emberig. Harom erdsen konzervalt régiot
azonositottunk: a kilenc aminosavbol all6 metiltranszferdz motivum I-et (VVDAFCGVQG), a hét
aminosavas metiltranszferaz motivum II-6t (KADVVFL) és egy S-adenozil-L-metionin koté
régiot.

A munkank tovabbi konkluzioi:

e Drosophila melanogaster Schneider S2 sejtekben két DTL izoforma 1étezik. Egy 60 kDa-0s

fehérje belsd transzlacios startpontrol képzoédik, mig egy 120 kDa-os valtozat
posztranszlaciés modifikacié kovetkeztében keletkezik. Mindkét DTL izoforma a

citoplazmaban helyezkedik el, és a mikrotubulusokhoz asszocialodik.
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DTL emlds homolégjanak hirom izoforméja létezik patkdny szovetekben: a 90 kDa
izoforma agy ¢és sziv preparatumokban fejezddik ki, 55 kDa-0s izoforma minden vizsgalt
szovetben jelen volt, és egy 30 kDa-os izoforma kizarolag vesébdl szarmazé mintakban volt
detektalhato.

Az emlds DTL 55 kDa-os valtozata az abundans izoforma huméan HelLa sejtekben. Ez a
fehérje a citoplazmaban talalhat6, és mint a DTL, a citoszkeletonhoz kapcsolodik.

Az eml6s DTL a C-terminalis részén keresztiil kolcsonhatasba 1ép a WAIT-1 fehérjével. A
WAIT-1 B-propeller strukturdja, amit WD ismétlések alkotnak, esszencialis a DTL-lel valo

kolcsonhatashoz.

Az emlds DTL siRNS-ekkel valo gatlasa zavarja a normalis sejtciklust HeLa sejtekben.
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