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1. INTRODUCTION

1.1. The pelota gene

The murine pelota (Pelo) gene is located on chromes13. It consists of three
exons (300, 729 and 598 bp long), but protein apdiequences are found only in two of
them - start codon (ATG) and termination codon A)Gre situated in second and third
exon, respectively. Murine Pelo cDNA in comparigonthat of Drosophila, has a 394 bp
shorter 3’'UTR (mtranslated @égion), supposedly due to deletion in mammalian ADiM
insertion in fruit fly cDNA. This fact can be of eat importance for gene functionality in
mammals (Shamsadin et al., 2002). The amino addesee (385 residues) shares 70%
homology withDrosophilaPelo and 36% with yeast Dom34 (Shamsadin et@D2R

Pelo gene has been identified Dmosophila melanogastgiCastrillon et al., 1993)
and successive studies have revealed its broadessipn in diverse species from
archaebacteria to human (Lalo et al., 1994; Budtl.e 1996; Ragan et al., 1996; Shamsadin
et al., 2000, 2002). Similarity in protein strueuretween various organisms indicates that it
is highly conserved during evolutioki¢.1). The fact that the phenotype of a null dom34
(pelota homologue) mutant in yeast has been resbyeskpression oDrosophila pelota
(Davis and Engebrecht, 1998) is additional evidefaceevolutionary conservation of the
gene.

Structural analysis of pelota protein has revedlealt it consists of three conserved
domains Fig.1B, Fig. 3. Two of them (central and C-terminal ones) atateel to domains
composing eRF1 (an eukaryotic release factor 1)¢clwis involved in termination step of
protein synthesis (Frolova et al., 1994; Eurwil#iclet al., 1999). Therefore, pelota was
originally classified to eRF family, but in the asa of time certain differences between Pelo
and eRF proteins were brought to light. In contr@rycentral domain of eRF1, Pelo lacks
universal GGQ (glycine-glycine-glutamine) sequemuetif (Lee et al., 2007) enabling
recognition of a stop codon at the A site of thmsome and stimulation of peptidyl-tRNA
bond hydrolysis (Song et al., 2000). Instead, thetral domain of Pelo contains a strictly
conserved tripeptide PGF (proline-glycine-phenylada) which strongly influences
endoribonuclease function (Passos et al., 2009)nzadbe responsible for interaction with
ribosomes (Lee et al., 2007). This sequence diaomp suggests some functional

differences between Pelo and eRF1.
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The tree (A) originates from the TreeFam datab&ee, pink and yellow boxes in panel B
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Moreover, Pelo N-terminal domain markedly differsnh eRF1 (Song et al., 2000; Lee et al.,
2007; Graille et al., 2008). It contains Sm-foldusture which serves either to recognize
MRNA stem loops or to recruit mRNA decay machin@ilusz & Wilusz, 2005; Tritschler
et al., 2007). Nonetheless, the way of RNA recagniprobably differs from one used by
Sm-fold-containing proteins, because the Sm straadfi Dom34 lacks two motifs involved
in RNA binding (Graille et al. 2008). It has beeoufd in yeast and’hermoplasma
acidophilum that Pelo N-terminal domain exhibits endonucleastvity dependent on
divalent metal ion what has unvailed a first kno®m-containing domain with catalytic
features (Lee et al., 2007). Furthermore, theeepstative leucine zipper motif in C-terminal
domain that participates in interactions with otpesteins (Busch and Sassone-Corsi, 1990).
Shamsadin et al. (2002) have disclosed putativesgitarylation sites along the whole
sequence by screening of the PROSITE protein ntibtiéry, such as motifs for protein
kinase C, casein kinase Il and tyrosine kinase.id@es they have detected two N-
glycosylation and three N-myristoylation sitesislunknown till now which of the sites play
a role in protein functionalityHig.2).

However, Pelo and eRF1 share some similaritiesli&e al. (2008) have compared
eRF1 andS. cerevisiadDom34 C-terminal domains which are suggested teract with
eRF3 (an eukaryotic release factor 3) and Hbsp 78 subfamily Buppresor_lyeast eRF3
homologue), respectively. Both interaction partnieetong to the GTPase family and are
responsible for recognition of stop codon and enimanof polypeptide chain release (Salas-
Marco and Bedwell, 2004). Their study has reveate#ting similarities of protein structural
motifs being crucial for the interaction. Moreovéney have demonstrated that Dom34
enhances GTP binding to Hbs1, what is neccessapefatidyl-tRNA hydrolysis upon GTP
hydrolysis. The feature is convergent to eRF1 imhf@caille et al., 2008).

Pelota protein is localised in the cytoplasm, buias been found to contain also a
putative nuclear localization signal (NLS) at thetédminus which is conserved from
Drosophila to human (Eberhart and Wasserman, 1995; Davis Emgebrecht, 1998;
Shamsadin et al., 2000; 2002). Nevertheless, gemeraf pelota mutant version in
Drosophila where NLS was disrupted, did not lead to losPelb function. Cytoplasmatic
distribution of the protein was observed as it whewn in controls. The finding indicates
that Pelo is located in the cytoplasm and the pgatuclear motif is meaningless for Pelota
functionality (Xi et al., 2005).
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NLS PGF Leucine
zipper

Figure 2. Scheme of PELO protein domains and putatiposttranslational modifications
N-terminal domain containing amino acid range frénto 131 (marked in blue); a putative
nuclear localization signal (NLS) was found in eahtilomain ranging from 136 to 268 aa
(marked in pink) contains a conserved PGF motif0¢212 aa); C-terminal domain from
271 to 370 aa (marked in yellow) contains leucimmper motif at the end. P in green —
protein kinase C phosphorylation sites (aa: 384845, 58-60,342-344); P in red — casein
kinase Il phosphorylation sites (aa: 176-179, 374-3380-383, 381-384, 382-385); P in
green and red — phosphorylation sites common fotgin kinase C and casein kinase Il (aa:
252-255, 335-338); P in orange — tyrosine kinasegporylation site (276-282 aa); G in
dark green — N-glycosylation sites (aa: 174-1776-239); M in grey — N-myristoylation
sites (aa: 54-59, 97-102, 357-362).

1.2. The function of pelota gene inSaccharomyces cerevisia@and Drosophila

melanogaster

Drosophilapelota null mutants exhibit spermatogenesis arfidst initial generation
of spermatogonia and four rounds of mitotic diwsi@roducing spermatocytes are
unaffected, but then the cells are arrested in pretne G2 phase and meiotic divisions never
occured. In such accumulated spermatocytes sontegses were observed to be disrupted,
such as spindle formation and nuclear envelopekbozen (Castrillon et al., 1993).
Nonetheless, germ cell development continued asdltesl in 4N spermatids possessing
head and tail structures. This indicates that Pebbein does not influence spermiogenesis,
but is required for G2/M transition during meiotivision. However, the role of Pelo is not
restricted to meiosis — it also plays a role indlye development what suggests that Pelo is
also functionally important in somatic growth (Ebart and Wasserman, 1995).

The detailed study of fruit fly ovary has shownttR&lota participates in germ stem
cell (GSC) maintenance. Drosophila, self-renewal of the germline is controlled by BMP
(bone norphogenetic_mtein) signal which represses a Bam-dependentrdiftiation
pathway. Xi et al. (2005) demonstrated that losdelo leads to rapid differentiation of
GSCs and loss of germline. Furthermore, they dedetttat BMP signal is downregulated in
mutant GSCs, but it has no influence on expressidram — the gene that is necessary and
sufficient for the progression of oogenesis (Oltstnd McKearin, 1997). To confirm the

obtained results, a bam/pelota double null mutaas generated where differentiation was
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still observed. It indicates that Pelo repressBam-independent differentiation pathway. In
accordance with these findings, overexpressioretdtp did not result in downregulation of
Bam and had no effect on GSC maintenance and giffietion (Xi et al., 2005).

Analysis of dom34, a pelota ortholog $acharomyces cerevisiagevealed that its
null mutant fails to segregate chromosomes propamty produces less amount of spores in
comparison to wild type yeast owing to lack of @fnt G1 phase progression. It was
suggested that bulk protein translation is impaisedthe key proteins for the phase of cell
cycle are not translated (Davis and Engebrecht8198urther studies have shown that
Dom34 protein indeed is involved in translation qgass. Namely, it recognizes stalled
ribosomes and cleaves mRNA in an endonucleolytiy waconjunction with Hbslp, a
member of the GTPase family. At present it is uachether it is a mMRNA-specific or
only a structure-specific process, but it is assijto so called No-Go decay pathway. This
pathway degrades mRNA, which cannot be transldtedto stalled ribosomes on it (Doma
and Parker, 2006; Lee et al., 2007).

1.3. The phenotype of Pelota knockout mice

Pelota has been also characterized in human andemthdhas been found that mouse
pelota expression starts early in embryonic devekg and is maintained in all adult tissues
including all testicular developmental stages (Séefin et al., 2000; 2002).

To examine the function of PELO in mammals, the egemas disrupted by
homologous recombination (Adham et al.,, 2003). Hetggous mice did not exhibit
apparent developmental malfunctions what provesalsangle allele of the gene is sufficient
for normal growth. However, PELO turned out to bec@l for proper embryogenesis due to
fetal lethality of Peld animals. To estimate the time point for their Heambryos of
different age were collected and genotyped. It feasd that implantation is not affected in
pelota-deficient embryos — the mean number of dieseE6.5- or E7.5-deciduae from
Peld” intercrosses was similar to those received frofd-type crosses. The critical stage
when embryos died was E7.5. The morphology of niugambryos was abnormal and the
embryos were reduced in size. Although all embryagerm layers (ectoderm, mesoderm
and endoderm) could be found, the extraembryorgmnewas substantially diminished. It
was suggested that growth impairment was owingetieal in mitotic division, but not in

development of germ layers. To prove this hypo#)esinbryos at the stage of blastocyst
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(E3.5) were isolated and culturedvitro. Peld” blastocysts were able to attach to the dish
and to hatch from zona pellucida. They began tevghut failed to expand and died within
4 days in the culture, whereas trophoblast celfsained alive and continued growing. It
was demonstrated that only the cells mitoticallyivec(i.e. ICM) are affected, but those
which do not divide - survive. This can be relatedormer findings irDrosophilaand yeast
that Pelo influences cell cycle regulation (Eberhand Wasserman, 1995; Davis and
Engebrecht, 1998). It was also shown in yeastpk#ita deficiency leads to meiosis arrest
and subsequent production of 4N spermatids, whagesis failure in chromosome
segregation. An examination of cellular DNA contesft murine Peld cells showed
significant increase of aneuploid cells what inthsathat PELO influences genomic stability.
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1.4. Aims of the study

Comparing up-to-date findings regarding Pelotacstme and function ilbrosophila
and yeasversusmammals, some questions arise.

Molecular mechanism of murine PELO function haslme#n demonstrated yet. The
best way to study it, is a system basedroritro cultures, where pelota is knocked out. It
would be possible to investigate the basis of aatpug proliferation defect of pelota-
deficient cells. It would also facilitate creatingpre comprehensive system to discover the
pathway/mechanism, in which pelota is involved.

As it was impossible to establish an embryonic stethline from Peld blastocysts,
we generated conditional knockout mouse. It enabkedo generate pelota-deficient ESC
lines, where we could study whether PELO contraésrhaintanence of pluripotency and the
differentiation processes.

Moreover, a conditional knockout mouse model can used to study the
consequences of PELO depletion in living animale Da the fact that spermatogenesis is a
process where differentiation of pluripotent cellscurs in very apparent way during the
whole life span, the conditional knockout mouseaisuitable model for studies of cell
transformation from pluripotent up to differentidtstate. Therefore, we generated testis-
specific conditional knockout mice and analyzedilatte (Buyandelger, 2006) transgenic
mice with testis-specific pelota overexpression.

Finally, to clearly demonstrate that the phenotypletained in Pel6 mice
specifically results from pelota deletion, we bréihnsgenic mice with ubiquitous
overexpression of pelota gene together with clakg&ieockout mice. The aim was to show

whether exogenous PELO protein is able to rescloggpdeficient phenotype.
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2. MATERIALS AND METHODS

2.1. MATERIALS

2.1.1. Chemicals

1 kb DNA Ladder

100 bp DNA Ladder
Acetic acid

Agar

Agarose

Ammonium acetate
Ammonium persulfate
Ampicillin

Ampuwa

Aprotinin

Aqua Poly/Mount
Bacto-tryptone
Bacto-Yeast-Extract
Blocking powder

BSA

Cell culture media
Chemiluminescent Substrate
Chloroform

Coomassie Blue G-250
Diethyl pyrocarbonate (DEPC)
Dimethyl sulfoxid (DMSO)
Dithiothreitol

dNTPs

EDTA

EGTA

Ethanol

Ethidium bromide

Eukitt-quick hardening mounting medium

Invitrogen, Karlsruhe
Invitrogen, Karlsruhe
Merck, Darmstadt
Difco, Detroit, USA
Invitrogen, Karlsruhe
Fluka, Neu Ulm
Sigma, Deisenhofen
Sigma, Deisenhofen
Fresenius, Bad Homburg
Sigma, Deisenhofen
Polysciences, Inc, USA
Difco, Detroit, USA
Difco, Detroit, USA
Boehringer, Mannheim
Biomol, Hamburg
PAN-Systems, Nurnberg
Pierce, Rockford, IL
Baker, Deventer, NL
Sigma, Deisenhofen
Sigma, Deisenhofen
Merck, Darmstadt
Sigma, Deisenhofen
Invitrogen, Karlsruhe
ICN Biomedicals, Eschwege
Applichem, Darmstadt
Baker, Deventer, NL
Sigma, Deisenhofen
Fluka, Nd¢m



MATERIALS AND METHODS

FBS

Ficoll 400
Formaldehyde
Formamide
Glutaraldehyde
Glycerol

Glycine

Goat serum

HCI

H20;

HEPES
4-Hydroxytamoxifen
Horse serum

IPTG

Isopropanol

KCI

KH,PO,

Lambda DNA
Leupeptin
Lipofectamine 2000
Methanol
2-Mercaptoethanol
MgCI2

Milk powder

NaCl

NaHPO,

NaH,PO,

NaHCG;

NaNs

NaOH

Nonidet P40
NuPAGE Novex Bis-Tris 4-12% Gel

NuPAGE MOPS/MES SDS running buffer

NuPAGE SDS sample buffer

Invitrogen, Karlsruhe
Amersham Pharmalia, Freiburg
Invitrogen, Karlsruhe
Fluka, Neu Ulm
Sigma, Deisenhofen
Invitrogen, Karlsruhe
Biomol, Hamburg
PAN-Systems, Nurnberg
Merck, Darmstadt
Merck, Darmstadt
Merck, Darmstadt
Sigma, Deisenhofen
PAN-Systems, Nirnberg
Biomol, Hamburg
Merck, Darmstadt
Merck, Darmstadt
Merck, Darmstadt
Roche, Penzberg
Sigma, Deisenhofen
TM Invitrogen, Karlsruhe
Merck, Darmstadt
Serva, Heidelberg
Merck, Darmstadt
Roth, Karlsruhe
Merck, Darmstadt
Merck, Darmstadt
Merck, Darmstadt
Merck, Darmstadt
Merck, Darmstadt
Merck, Darmstadt
Fluka, Neu Ulm
Invitrogen, Kadke
Invitrogenyiseuhe

Invitrogen, Karlsruhe
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Orange G

OptiMEM |
Paraformaldehyde
PBS
Penicillin/Streptomycin
Peptone

Phalloidin

Phenol

Phosphoric acid
Picric acid
Proteinase K
Protein marker
[*P]-dCTP
RediprimeTM I
RNase A

RNase away
RNase Inhibitor
RNA length standard
Salmon sperm DNA
SDS

SeeBlue Plus2 Pre-Stained Standard
Select Peptone
S.0.C Medium
Sodium acetate
Sodium citrate

Sun flower oil
SuperScript Il

T4 DNA ligase
Tamoxifen

TRI reagent

Tris base

Triton X-100
Trypsin

Tween-20

Sigma, Deisenhofen
Invitrogen, Karlsruhe

Merck, Darmstadt
PAN-Systems, Nurnberg
PAN-Systems, Nirnberg
Roth, Karlsruhe

Sigma, Deisenhofen
Biomol, Hamburg

Merck, Darmstadt
Fulka, Neu Ulm

Roche, Penzberg

Biorad, Sigma

Amersham Pharmalia, Braunschweig

Amersham Pharmacia, Freiburg

Qiagen, Hilden
Biomol, Hamburg
Roche, Penzberg
Invitrogen, Karlsruhe
Sigma, Deisenhofen
Serva, Heidelberg
InvitrogerisiKene

Gibco/BRL, Eggenstein
Invitrogen, Karlsruhe
Merck, Darmstadt
Merck, Darmstadt
Sigma, Deisenhofen
Invitrogen, Karlsruhe
Promega, Mannheim
Sigma, Deisenhofen
Sigma, Deisenhofen
Sigma, Deisenhofen
Serva, Heidelberg
PAN-Systems, Nurnberg

Sigma, Deisenhofen

10
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Vectashield (DAPI)
X-Gal
Xylene

Yeast extract

2.1.2 Solutions, buffers and media

Vector, Burlingame

Biomol, Hamburg
Merck, Darmstadt
Roth, Karlsruhe

All standard buffers and solutions were preparesaing to Sambrookt al.(1989).

Annealing buffer (10x)

Denaturation solution

Depurination solution

E-buffer (10x)

Bouin’s solution

Ligation buffer (10x)

Loading buffer

100 mM TrisHCI pH 7.5
1 M NacCl
10 mM EDTA

1.5 M NaCl
0.5 M NaOH

250 mM HCI

300 mM NajP O,
50 mM EDTA

15 volume of Picric acid ¢hO)
5 volumes 37% Formaldehyde

1 volume Acetic acid

600 mM Tris/HCI (pH 3.5
80 mM MgCh
100 mM DTT

15% Ficoll 400
10 mM EDTA (pH 8)
0,25% Orange G
1% Glycerol
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Lysis buffer |

Lysis buffer Il

Lysis buffer A

Neutralisation solution

SSC (20x)

TBE buffer (5x)

TE buffer

50 mM Tris/HCI (pH 8.0)
100 mM EDTA
0.5% SDS

100 mM Tris/HCI (pH 8.0)
5 mM EDTA
200 mM NacCl
0.2% SDS
100 pg/ml Proteinase K

50 mM Tris/HCI pH 7.0
100 mM NacCl
5 mM MgC}
2% Triton X-100
2% SDS
1 mM PMSF
1 mM aprotinin
1 mM leupeptin
1 Protease inhibitor cocktail
tablet/10ml buffer

1.5 M NaCl
1 M Tris/HCI (pH 7.0)

3 M NacCl
0.3 M sodium citrate (pH 7.0)

450 mM Tris base
450 mM Boric acid

20 mM EDTA (pH 8)

10 mM Tris/HCI (pH 8.0)
1 mM EDTA
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2.1.3 Laboratory materials

The laboratory materials, which are not listed hevere bought from Schuitt and

Krannich (Gottingen).

Cell culture flask Greiner, Nurtingen

Culture slides BD Falcon, Heidelberg
Disposabile filter Minisart NMI Sartorius, Gaitjen

Filter paper 0858 Schleicher and Schiill, Bass
Hybond C Amersham, Braunschweig
Hybond N Amersham, Braunschweig
HPTLC Aluminum folio Merck, Darmstadt
Microcentrifuge tubes Eppendorf, Hamburg

Petri dishes Greiner, NUrtingen

Pipette tips Eppendorf, Hamburg
RotiPlast paraffin Roth, Karlsruhe
Transfection flasks Lab-Tek/Nalge, Nunc, USA
Superfrost slides Menzel, Glaser

Whatman blotting paper Schleicher and Scibidksel
(GB 002, GB 003 and GB 004)

X-ray films Amersham, Braunschweig

2.1.4 Sterilisation of solutions and equipments

All solutions that are not heat sensitive wereilsted at 121°C, 105 Pa for 60 min in
an autoclave (Webeco, Bad Schwartau). Heat seasstblutions were filtered through a
disposable sterile filter (0.2 to 0.48n pore size). Plastic wares were autoclaved aseabov
Glasswares were sterilised overnight in an ove22atC.
2.1.5 Media, antibiotics and agar-plates
2.1.5.1 Media for bacteria

LB Medium (pH 7.5) 1% Bacto-trypton
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LB-Agar

0.5% Yeast extracts
1% NacCl

1% Bacto-trypton
0.5% Yeast extracts
1% NaCl

1.5% Agar

The LB medium was prepared with distilled watetpalaved and stored at 4°C.

2.1.5.2 Media for cell and embryo culture

M2 and M16 media were purchased from Sigma (Deism) and were used for

washing and cultivation of mouse preimplantatiorbgros.

Embryonic stem (ES) cell medium:

Fibroblast cell medium (MEFs):

DULBECCO’s MaoglifiEagles Media (DMEM)
1 mM Non essential amino acids
1 mM Sodium pyruvate
10 uM RR-Mercaptoethanol
2 mM L-Glutamine
20% FCS
1000 U/ml Recombinant leukaemia inhibitory
factor (LIF)

DULBECCO’s Modifieghgles Media (DMEM)
2 mM L-Glutamine
10% FCS
1% penicillin/streptomycin

For long time storage of the cells in liquid niteog the following freezing medium was

used:

Freezing medium:

KO medium:

20% FCS
10% DMSO in DMEM

Knockout DMEM optimized for ES ce{(Sibco)

20% knockout supplement
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1 mM Non essential amino acids

1 mM Sodium pyruvate

10 uM R-Mercaptoethanol

2 mM L-Glutamine

20% FCS

1000 U/ml Recombinant leukaemia inhibitory
factor (LIF)

Selective medium: Embryonic stem (ES) cell madiu
400ug/ml G418
2 uM gancyclovir

2.1.5.3 Antibiotics
Stock solutions were prepared for the antibiotidsey were filtered through sterile

disposable filters and stored at —20°C. When aotids were needed, in each case, they

were added after the autoclaved medium has coaed tb a temperature lower than 55°C.

Antibiotics Stock solution Working solution
Ampicillin 50 mg/ml 5Qug/ml
Kanamycin 25 mg/ml 50g/ml

2.1.5.4 IPTG/X-Gal plate

LB-agar with 50ug/ml ampicillin, 100uM IPTG and 0.4% X-Gal was poured into

Petri dishes. The dishes were stored at 4°C.

2.1.6 Bacterial strains

E. coliDH5a K-12 straifF- ®80dlacZAM15 endAl
recAl hsdR17 (rk-, mk+) sup E4hi-1
d- gyrA96 (lacZYA-arg)
(Invitrogen, Karlsruhe)

E. coliBL21 (DES3) B strain, F-ompl' hsdSB(rB-mB-) gal,
Dcm(Novagen, Darmstadt)
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2.1.7 Plasmids
pBluesript SK (+/-) (Stratagene, La Jolla, USA
pGEMTeasy (Promega, Wisconsin, USA)

2.1.8 Synthetic oligonucleotides

The synthetic oligonucleotide primers used in tkisdy were obtained from
OPERON and dissolved in d& (Ampuwa) to a final concentration of 100 pmdl/

Name Sequence

3'regionA_F 5" CATTATCCACTGCCCACATTC 3
3'region_R 5' TAGAACTGGCCTTCTCGCAC 3’
cKO_3’ext_F 5" GCGAATACGTCAGCAGAAG 3
cKO_3'ext_R 5 GAGTCACAAGTGGGCAATG ¥
Cre_R 5" AGTGAAACAGCATTGCTGTCA 3
Ella-CreF 5" CCAGGCTAAGTGCCTTCTCTACA 3
Ella-CreR 5 AATGCTTCTGTCCGTTTGCCGGT 3
EvaLl F 5 TCTCTTGTTCTAAGATGTGCTGTG 3
EvaLl GenomeWalk F2 5 ACCCTGGCGTTACCCAACTTAATCGC 3’
EvalLl R 5" AAAGGGGCTCGATTAGATGAACT 3
m18S _F 5" CGCAAATTACCCACTCCCG 3
m18S R 5 TTCCAATTACAGGGCCTCGAA 3
mc-Kit_F 5" GCCACGTCTCAGCCATCTG 3
mc-Kit_R 5" GTCGGGATCAATGCACGTCA 3’
mDAZL_F 5" CTCCACCTTCGAGGTTTTACC 3
mDAZL_R 5 GTGATTTCGGTTTCATCCATC 3
mPelo.RT-PCR-F2 5" ATCCAGCGCCACATAAACTT 3
mPelo.RT-PCR-R2 5" CTCTCCACCTGCTTGAGTCC 3
mPlzf_F 5" CTCCGTAAGCGTCCCCTCTGC 3’
mPlzf_ R 5" GGTGCAGGCTAGCACCGTCC 3
mSDHA_F 5 GCTTGCGAGCTGCATTTGG 3
mSDHA_R 5 CATCTCCAGTTGTTCTCTTCCA 3’
mSox3_F 5'CACATGAAGGAGTAGTACCCGGACTA 3
mSox_R 5 TGAGCAGCGTCTTGGTCTTG 3
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mStra8_F 5 CTGTTGCCGGACCTCATG 3

mStra8_ R 5 TCACTTCATGTGCAGAGATGATG 3
MVASA_F 5' GAGAAGTGGGTTTCCTTCTGG 3
MVASA_R 5' GAAAACCCTCTGCTTCGAGTC 3
Pelo_F11 5 TGAGCCCAGACTGTACGTGAC 3
Pelo_R14 5" AACGTCAAAGGAGGCGGTCAG 3
Pelota3'F2 5' GGTATCATGGCCTCTATTCAG 3’
Pelota3'R2 5" GCACAGACATGACCAATACG 3

PGK _cKO_R1 5 CCACTTGTGTAGCGCCAAGTG 3
RosaCreER-F 5" ACCAGCCAGCTATCAACTC ¥
RosaCreER-R 5TATACGCGTGCTAGCGAAGATCTCCATCTTCCAGCAG 3
Stra8_F 5" GCGCTCCTAGTGTGCCAGTTTGAT 3
Trans.pEF-F 5 CATTCTCAAGCCTCAGACAGTG 3
Trans.pUB-F 5 TCAGTGTTAGACTAGTAAATTG 3’
Trans.hPelo-R1 5" GAGGACTCTGTCTGTACCTTG 3

2.1.9 Mouse strains

Strains C57BL/6J, 129/Sv, CD-1 and NMRI were ifiyisordered from Charles
River Laboratories, Wilmington, USA, and kept inifwl Facility of Institute of Human
Genetics, Gottingen. ROSA26CreERT (Berns A, Ne#melt) and EllaCre (Lakset al.,
1996) mice were kindly provided by Prof. Dr. med. Hahn, Institute of Human Genetics,
Gottingen.

2.1.10 Antibodies

Goat anti-mouse IgG alkaline phosphatase conjugate Sigma, Deisenhofen
Goat anti-rabbit IgG alkaline phosphatase conjugate Sigma, Deisenhofen
Goat anti-rabbit GFP antiserum Sigma, Deis&srho
Rabbit anti-mouse 1gG Cy3 conjugate Sigma, &disfen
Goat anti-rabbit IgG FITC conjugate Sigma, Balsofen
Rabbit anti-mouse IgG FITC conjugate SigmasBehofen
Mouse monoclonal anfi-tubulin Sigma, Deisenhofen
Goat anti-rabbit IgG horse radish preoxidase catgig Sigma, Deisenhofen
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Rabbit anti-mouse IgG horse radish preoxidase gargu

Rabbit anti Pelota polyclonal antibody
mouse anti GCNA1 monoclonal antibody
Rabbit anti HSP110 polyclonal antibody
Rabbit anti Apgl polyclonal antibody
Rabbit anti Apg2 polyclonal antibody
Rabbit anti CyclinAl polyclonal antibody

2.1.11 Enzymes

Antarctic Phosphatase
FideliTag DNA Polymerase
Immolase DNA Polymerase
Klenow Fragment
Proteinase K

Platinum Taq polymerase
Restriction enzymes (with supplied buffers)
RNase A

RNase H

RNase inhibitor
Superscript-li
Tagpolymerase

T4 DNA ligase

Trypsin

2.1.12 Radioactive substances

a-32P-dCTP

2.1.13 Kits

AP Kit (86C-1 KT)

Endo Free Plasmid Maxi Kit

GenomeWalker Universal Kit

Sigma, Deisenhofen
Institute of Human Genetics
G. Enders, University of Kansas, USA
Sigmaji8teim
Santa Cruz Biotechnology, Heidelberg
Santa Cruz Biotechnology, Heidelberg

Santa Cruz Biotechnology, Heidelberg

(BioLabs, Frankfurt anminyle
(USB, Staufen)
(Bioline, Luckenwalde)
(Invitrogen, Karlsruhe)
(Sigma, Deisenhofen)
(Invitrogen, Karlsiuhe
(trvgen, Karlsruhe)
(Qiagen, Hilden)
(Invitrogen, Karlsruhe)
(Invitrogen, Karlsruhe)
(Invitrogen, Karlsruhe)
(Invitrogen, Karlsruhe)
(Promega, Mannheim)

(Invitrogen, Karlsruhe)

(Amersham, Braunschweig)

(Sigma, Deisenhofen)
(Qiagen, Hilden)
(Clontech)
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Labelling System

Megaprime DNA Labeling Kit
Midi Plasmid Kit

Mini Plasmid Kit

PCR Purification Kit

QIAquick Gel Extraction Kit
RNAeasy Kit

RediprimeTM Il Random Prime

2.1.14 Equipment

Autoclave

Centrifuge 5415D

Centrifuge 5417R

Biophotometer

DNA Sequencer Modell Megabace 1000
Microscope BX60

GeneAmp PCR System 9600
Histocentre 2 embedding machine
Microtiterplate-Photometer
Molecular Imager FX
Phosphoimager Screen
Semi-Dry-Blot Fast Blot
Spectrophotometer Ultraspec 3000
SpeedVac concentrator SVC 100H
Thermomixer 5436

TurboblotterT™M

UV StratalinkerTM1800

(Qiagen, Hilden)

(Amersham Pharmaéieeiburg)
(Invitrogen, Karlsruhe)
(Qiagen, Hilden)

(Qiagen, Hilden)

(Qiagen, Hilden)
(Qiagen, Hilden)

(Amersham Pharmdeiaiburg)

(Webeco, Bad Schwartau)
(Eppendorf, Hamburg)
(Eppendorf, Hamburg)
(Eppendorf, Hamburg)
(AmershamipErg)
(Olympus, Miinchen)
(Perkin Elmer, Berlin)
(Shandon, Fuerdd\V.)
(BioRad laboraterisliinchen)
(BioRad laboratories, Miian)
(BioRad laboratories,dkiéim)
(Biometra, Gottingen)
(Amershanmbirg)
(Schitt, Gating
(Eppendorf, Hamburg)
(Schleicher & Schill, Dassel)
(Leica, Nuf3loch)
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2.2 METHODS

2.2.1 Isolation of nucleic acids

2.2.1.1 Isolation of plasmid DNA (Sambroolet al.,1989)

Small-scale isolation of plasmid DNA (Birnboim andDoly, 1979)

A single bacterial colony was inoculated into 5 b medium, containing an
appropriate antibiotic, and incubated at 37°C 16 hours with a shaking speed of 160
rpm. 0.2 ml of this culture was used for glycestack and rest of it was centrifuged at 4000
x g for 10 min. The pellet was resuspended in 100of resuspension solution P1
(Invitrogen). The bacterial cells were lysed witb02ul of lysis solution P2 (Invitrogen),
incubated at RT for 5 min and then neutralised 0 pul of neutralisation solution P3
(Invitrogen). The precipitated solution was incdgsatit RT for 5 min and centrifuged at
13000 x g at RT. The supernatant was transferred dannew tube, where 1 ml of 100%
ethanol was added to precipitate the DNA. Then ais vincubated for 30 min at RT,
centrifuged at full speed for 20 min, and finalhetpellet was washed with 350 of 70%
ethanol and after air-drying dissolved in@d®f dH,O.

P1: 50 mM Tris/HCI, pH 8.0; 10 mM EDTA; 1Q@/ ml RNase A
P2: 200 MM NaOH; 1% SDS
P3: 3 M Potassium acetate, pH 5.5

Large-scale preparation of Endotoxin free plasmid INA using the
Qiagen Maxi Kit

A single clone was inoculated into 5 ml LB mediuomontaining an appropriate
antibiotic. The preculture was incubated for 12 isoat 37°C with shaking. Then it was
diluted 500 times in 100 ml of the same medium amiibated overnight at 37°C with
shaking. Next day it was centrifuged at 6000 xlfe min. The pellet was resuspended in 5
ml of solution P1 and cells were lysed with P2 &3das described above. The precipitated
solution was centrifuged at 20000 x g for 30 mil&E. Meanwhile, the column (Qiagen-
tip), that was provided with the maxi preparatiofy was equilibrated with 10 ml of QBT
solution. After centrifugation, the lysate was paliinto this equilibrated column to allow
the DNA to bind with the resin present on the bottof the column. The column was then

washed twice with 10 ml of solution QC. FinallyetibNA was eluted with 5 ml of QF
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solution. For precipitation of the DNA, 3.5 mlisbpropanol was added, mixed thoroughly
and then centrifuged at 14000 x g for 30 min at.4FRe obtained pellet was washed with
70% ethanol and dissolved in 10i0of TE buffer.

QBT: 750 mM Sodium chloride; 50 mM MOPS pH 7.0;%%thanol; 0.5 % Triton X-100
QC: 1 mM Sodium chloride; 50 mM MOPS pH 7.0; 15 %hdnol

QF: 1.25 M Sodium chloride; 50 mM Tris/HCI pH 8.5

2.2.1.2 Isolation of genomic DNA

Isolation of genomic DNA from tissue samples (Lairekt al.,1991)

1 cm of the mouse tail was incubated in {0®f lysis buffer | containing 3%
proteinase K (1Qug/ul) at 55°C overnight in Thermomixer 5436. The tesdysate was
centrifuged at 14000 x g for 15 min and the supamtavas transferred into a new e-cup.
Then, DNA was precipitated by adding an equal v@whisopropanol, mixed by inverting
several times and centrifuged at 14000 x g at RTL%omin. DNA was washed with 1 ml of
70% ethanol, dissolved in 50-1Q0of dH,O and incubated at 60°C for 10 min.

Isolation of genomic DNA from cultured cells

Cells were washed with PBS and incubated overnigh00 pul of lysis buffer Il at
37°C. Next, equal volume of isopropanol was added eahigy inverting several times and
incubated for 10 min at RT. Then, centrifuged f&rritin at maximal speed. After washing
the pellet with 70% ethanol, the DNA was dissolire80 pl of dH,O and incubated at 80
for 10 min.

2.2.1.3 Isolation of total RNA from tissue sampleand cultured cells

Total RNA isolation reagent is an improved versainthe single-step method for
total RNA isolation. The composition of reagentliges phenol and guanidine thiocyanate
in a mono-phase solution. 100-200 mg of tissue gamps homogenised in 1 ml of TRI
Reagent by using an e-cup homogeniser. The sarplene did not not exceed 10% of the
volume of reagent used for the homogenisation.sbtate total RNA from cultured cells,
350l of reagent was added to the Petri dish (6 cmls®@ere homogenised with a rubber
scraper and the lysate was transferred into a eeotoifuge tube, where it was incubated at
4°C for 5 min to permit the complete dissociatidmocleoprotein complexes. Then, 0.2 ml

of chloroform was added, mixed vigorously, and etiorat 4°C for 10 min. After
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centrifugation at 12000 xg for 15 min at 4°C, tlpper aqueous phase was transferred into a
new tube. The RNA was precipitated by adding 0.50misopropanol. Finally, the pellet
was washed twice with 75% ethanol and dissolve®D80ul of RNase free water (DEPC-
dH;0).

2.2.2 Determination of nucleic acid concentration

The concentration of nucleic acids was determinpdctsophotometrically by
measuring absorption of the samples at 260 nm. qbality of nucleic acids i.e.
contamination with salt and protein was estimatgddatio of absorbance 260nm/280 nm.
The correct value of the ratio is 1,8 for DNA an@ fbor RNA.

2.2.3 Determination of transgene integration — GemoeWalker Universal Kit

GenomeWalker Kit helps to find unknown genomic DNAquences adjacent to a
known sequence. First step was to construct pobishaconsist of adaptor-ligated genomic
DNA fragments (i.e. libraries). Thereafter, prim&@ZR was done by using outer adaptor
primer (AP1) provided in the kit and outer geneesfoe primer (EvaLl_GenomeWalk F1
for EvalLl line). Diluted primary PCR mixture wasthused as a template for nested PCR
with a nested adaptor primer (AP2) provided in kiteand nested gene-specific primer
(EvaL1l_GenomeWalk_F2). The obtained result wasjamRLCR product from at least three
of four libraries. All fragments were sequencedeTdne, which began with a known
sequence at the 5’ end of EvaL1l_GenomeWalk F2 prand extended into the unknown
adjacent genomic DNA, was further cloned, sequerarati compared to mouse genome
sequence.

The procedure was exactly followed according tonuafiacturer's protocol
(GenomeWalker Universal Kit — User Manual, cat. 628904, Clontech).

2.2.4 Gel electrophoresis
Gel electrophoresis is the technique which enabdgmration of nucleic acids and

proteins in an electrical field according to theiobility which is directly proportional to

macromolecule’s charge to mass ratio.
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2.2.4.1 Agarose gel electrophoresis of DNA

Agarose gels were used to run nucleic acid molsciutam as small as 50 bases to
more than 20 kb, depending on the concentraticihefagarose. Usually, 1 g agarose was
added to 100 ml of 0.5 x TBE buffer and boiled e tmicrowave to dissolve the agarose,
then cooled down to about 60°C before addingd 8f ethidium bromide (10 mg/ml). This

1% agarose gel was poured into a horizontal gehblea.

2.2.4.2 Agarose gel electrophoresis of RNA (HodgE994)

MRNA molecules often have complementary region$ tha form secondary structures.
Therefore, RNA was pre-treated with formaldehydd fomimamide in order to denature the
secondary structure of RNA and it was run on arraagagel containing formaldehyde.
1.25g of agarose was added to 100 ml of 1 x E budfed dissolved by heating in a
microwave. After cooling it to about 60°C, 25 mlfofmaldehyde (37%) was added, stirred
and poured into a vertical gel chamber. RNA sam(@8s- 30ug) were mixed with double
volume of sample buffer, then denatured &6fr 10 min and chilled on ice. After adding
loading buffer (equal volume to RNA sample), théwas loaded and run at 70-80V aC4
for 4 — 5 hours.

Sample buffer/ 1 sample: 2 10x E buffer; 3ul 37% formaldehyde; 8l 40% formamide;
Loading buffer: 4Qul 1% ethidium bromide in 500l standard loading buffer

2.2.4.3 SDS-PAGE gel for separation of proteins

NuPage 4-12% Bis-Tris gel is SDS-PAGE gel with 44l@ercentage gradient what
allows more efficient separation of proteins. 20.5f whole protein lysate was mixed with
7.5 ul 4 x NuPage sample buffer anduP1M DTT. Then, the samples were denatured in
95°C for 10 min and chilled in ice. The gel electromsis was run in 1 x MOPS buffer or 1
x MES buffer (Invitrogen). As a weight marker, astained molecular weight standard

(See Blue Plus2, Invitrogen) was loaded. The gal wan at 100 V for 2 — 3 hours at RT.
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2.2.5 Purification of DNA fragments from agarose de

To extract and purify DNA of 70 bp to 10 kb in léhdrom agarose gels, QIAquick
gel extraction kit (Qiagen) was used. Up to 400aggrose can be processed during single
isolation. 3 volumes of QG buffer were added taagarose gel piece and then incubated at
50°C for 10 min. After the gel slice was dissolvéte solution was applied to a QIAquick
column and centrifuged for 1 min. The flow througdas discarded and the column was
washed with 0.75 ml of PE buffer. After drying, tlkelumn was placed into a fresh
microcentrifuge tube. To elute DNA, 5@ of dH,O was applied to the centre of the

QIAquick membrane and the column was centrifuged foin.

2.2.6 Enzymatic modifications of DNA

2.2.6.1 Restriction of DNA

Restriction enzyme digestions were performed bylating double-stranded DNA
with a restriction enzyme in amount of max. 1/1écten volume in a buffer recommended
by the supplier, and at the optimal temperatureterspecific enzyme. Standard digestions
included 2-10 U enzyme pernudy DNA. Usually incubation time was 1-3 hours at@7For

genomic DNA digestion, the reaction solution wasulvated overnight at 37°C.

2.2.6.2 Ligation of DNA fragments

The cloning of an insert DNA into a vector (digestwith appropriate restriction
enzyme) was carried out in the following ligati@action mix in total volume of 1:
* 30 ng vector DNA (digested)
e 50-100 ng insert DNA (1:3, vector: insert ratio)
e 1l ligation buffer (10x)
« 1ul T4 DNA ligase (5 Udl)

The reactions were performed 8€C4overnight.
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2.2.6.3 TA-Cloning (Clark, 1988; Hu, 1993)

Tagpolymerase and other DNA polymerases have a tetinaresferase activity that
results in the non-template addition of a singleleotide to the 3' ends of PCR products. In
the presence of all 4 dNTPs, dATP is preferentiatiged. This terminal transferase activity
is the basis of the TA-cloning strategy. For clagnof PCR products, a pGEMTeasy vector
system that has 5T overhangs was used. The fallpwubstances were mixed:

e 50 ng of pGEMTeasy vector
e 150 ng PCR product
e 1ul of T4 DNA Ligase buffer (x10)
e 1ulof T4 DNA Ligase
The reactions were done in a total volume ofill@nd incubated overnight at 4°C.

2.2.6.4 Dephosphorylation

The removal of 5 phosphate groups from DNA wasealdy using of Antarctic
Phosphatase (BioLabs). Dephosphorylation mixture pvapared as follows:
1 ug DNA
2 ul 10x AP buffer
1 ul 5U Antarctic Phosphatase
The mixture of 2Qul was then incubated at %7 for either 15 (for 5’ extension) or 60 min

(for 3’ extension). Afterwards, the enzyme was tivated for 10 min in 6%C.

2.2.7 Transformation of competent bacteria (Ausubett al.,1994)

Transformation of bacteria was done by gently ngx&0 ul-aliquot of competent
bacteria (Invitrogen) with 1@l of ligation reaction. After incubation for 30 mon ice,
bacteria were heat-shocked for 45 sec at 37°C aoted down for 2 min on ice. After
adding 450-90Qul of S.O.C. medium, the mixture was incubated tC3400 rpm, for 1

hour to allow recovery of heat shocked bacteriactvitihen were plated on LB-agar plates.
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2.2.8 Polymerase Chain Reaction (PCR)

In general, the PCR reaction contained the follgnsnbstances:

« 10 ng DNA

e 1l forward primer (10 pmol)

e 1l reverse primer (10 pmol)

e 1ul10 mM dNTPs

* 5ul 10 x PCR buffer

« 1.5ul 50 mM MgCh

e 0.5ul TagDNA Polymerase (5 U/l)

e Up to 50ul dH,O
The reaction mixture was placed in a 2@0Oreaction tube and placed in a thermocycler.
Thermal cycling was carried out for 35 cycles witknaturation at 95°C for 30 sec,
annealing at 55-60°C for 30 sec and extension &€ 7@ 30 sec. -1 min (depending on the
product size).

2.2.8.1 Genotyping PCRs

Flox/-/A PCR

Ingredients: Program:
H,O 11,6ul 94°C — 5 min
buffer 1,5ul 94°C — 30 sec:
MgCl, 0,3l 65°C — 50 sec. 35x
dNTPs 0,3 72C — 30 sec.
Pelo_F11 0,3l 72C — 7 min
Pelo_R14 0,3l

PGK_cKO_R1 0,3

Taq Platinum 0,14l

DNA 0,5ul

CreElla PCR

Ingredients: Program:
H,O 6,1ul 94°C — 5 min
buffer 1ul 94°C — 30 sec:
MgCl, 0,3l 67°C — 40 sec. 30x
dNTPs 0,2 72C — 40 sec.
EllaCre_F 0,6 72C — 7 min
EllaCre_R 0,ad

Taq Platinum 0,14l

DNA 0,5ul
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Cre PCR (cKO/Stra8 line)

Ingredients:
H.O

buffer

MgC|2
dNTPs
Stra8 F
Cre_R

Taq Platinum
DNA

CreERT PCR
Ingredients:
H.O

buffer

MgC|2

dNTPs
RosaCreER_F
RosaCreER_R
Taq Platinum
DNA

EvalLl PCR
Ingredients:
H.O

buffer

MgC|2
dNTPs
EvalLl F
EvaLl R

EvaLl GenomeWalk_F2

Taq Platinum
DNA

AdamL1, AdamL9, EvalL6
The PCRs were performed according to establishetbqols for these lines (Buyandelger,

2006).

20ul
2,5ul
0,75ul
0,5
0,5l
0,5
0,14l
0,5ul

6,8ul
im
0,4ul
0,24
0

0,15l
0,5ul

18ul
2,5ul
1yl
0,5
ul
0,5
0,8
0,15l
0,5ul

2.2.8.2 Generation of Southern probes

5’external probe

Program:
94°C — 5 min
94°C — 45 sec.
57°C — 55 sec.

72C — 1 min 20 sec.

72C — 7 min

Program:
94°C — 5 min

72C - 50 sec.

j 35x

94°C — 30 sec.
56°C — 30 sec. 30x

72C — 7 min

Program:
94°C — 5 min

94°C — 30 sec-
60°C — 45 sec. 35x
72C — 30 sec.

72C — 7 min

The probe was generated by Buyandelger (2006).

Internal probe (3’'probe, 266bp)

The probe was amplified by PCR as follows:
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Ingredients: Program:

H,O 17,5ul 94°C — 5 min

buffer 2,5ul 94°C - 30 sec.

MgCl, 1l 60°C — 50 sec. j 35x
dNTPs ul 72C — 45 sec.

Pelota3’ F2 1l 72C — 7 min

Pelota3’_R2 1

Taq Platinum 0,14l

DNA 0,5ul

The PCR product was subcloned into pGEMTeasy amgieseed. The 266 bRcoRI

fragment was purified and used as a probe for Sontblot.

3’external probe (885bp)
It was amplified by PCR as follows:

Ingredients: Program:

H,O 19,8ul 94°C — 5 min

buffer 2,5ul 94°C — 30 sec.

MgCl, 0,5l 58°C — 30 sec. 35x
dNTPs 0,5 72C — 45 sec.

cKO 3'ext F 0,5l 72C — 7 min

cKO_3ext R 0,5l

Taq Platinum 0,14l

DNA 0,5ul

The PCR product was subcloned into pGEMTeasy amgieseed. The 885 bpRcoRl

fragment was purified and used as a probe for Soathiot.

2.2.8.3 Reverse transcription PCR (RT-PCR)

RT-PCR generates cDNA fragments from RNA templates helps to determine the
expression of genes in specific tissues or in gifiedevelopment stages.

1-5 pg of total RNA was mixed with l of oligo (dT)18 primer (10 pmall) in a
total volume of 12ul. For denaturation the mixture was heated to 7/BtCL0 min and then
quickly chilled on ice. After a brief centrifugatipthe following substances were added to
the mixture:

e 4 ul 5 xfirst strand buffer
« 2uW0.1MDTT

e 1w 10 mM dNTPs

* 1 pul RNasin (10 Udl)
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The reaction was incubated at 42°C for 2 min. Theml of reverse transcriptase
enzyme (Superscript I, Invitrogen) was added dednbixture was incubated at 42°C for 50
min for the first strand cDNA synthesis. Next, tleaction was inactivated by heating at

70°C for 15 min 1ul of the first strand reaction was used for the RE&tion.

2.2.8.4 Quantitive Real-Time PCR

DNA was isolated from transgenic mice tails by tmethod described above
(2.2.1.2.1). Serial dilutions of sample and staddaNA’s were made. Standard DNA (a
mixture of Founder DNA and two F1 males) was shridilluted to 20, 10, 5, 2.5, 1.25 and
0.625 ngyl for the generation of standard curve, while esample DNA (transgenic mice)
was diluted to a concentration of 10 pdgPrimers were designed to generate amplicons less
than 200 bp, thus enhancing the efficiency of P@ipldication. Real-Time quantitative
PCR was performed using QuantiTect SYBR Green PGRt& mix (Quiagen) in an ABI
Prism 7900HT sequence detection system. Each oeagtas run in triplicate and the
melting curves were analysed to ensure that onbingle product was amplified. 18S
primers were used for the normalisation of each Ddd#nple. Quantitative real-time PCR
reactions of DNA specimens and standards were a@dun a total volume of 1@ with 5
ul of 2 x QuantiTect SYBR-Green PCR-Master-Mix,ull of each forward and reverse

primer in a final concentration of M and 2.5ul of DNA.

The following cycling parameters were used:
2 min 50°C
15 min 95°C
15 sec 95°C
30 sec 60°C 40x
30 sec 72°C
15 sec 95°C
15 sec 60°C melting curve
15 sec 95°C

Standard curves of the threshold cycle number getise log number of copies of
genes were generated for transgenic integratiaes sahd were used to extrapolate the
number of integration sites of transge@eantitative Real-Time PCR results were reported
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as the number of transgenic allele in comparisamatesgenic allele in founder mouse. The
samples were normalized by reference to 18S gene.

2.2.8.5 Quantitive Real-Time RT-PCR

In general Quantitative Real-Time RT-PCR for mRN#&s performed as for DNA
(2.2.2.8.3). cDNA synthesis was done accordingeidicn 2.2.8.2 with preceding DNAse
treatment. Jul 2x QuantiTect SYBR-Green PCR-Master-MixullForward Primer (8M),

1 pl Reverse Primer (8M), 0.3ul MgCI2 (50mM) and ful of cDNA (in a 1/20 dilution)
were mixed with RNase free water to a total voluwhd0 ul. The following PCR program
was used:

2 min 50°C

15 min 95°C

15 sec 95°C

30 sec 55°Cj 40x

30 sec 72°C

15 sec 95°C

15 sec 60°C melting curve

15 sec 95°C

Primer sequences are provided in section 2.$¢hawas used as endogenous
reference. For standard curves, a mixture of NMfteds cDNA and cKO/Stra8 Cre testes
cDNA was used. Selection of the appropriate sarfgplehe standard curve was based on
preliminary experiments testing detection of expi@s of each gene by RT-PCR (2.2.8.2).
Reliability of Real-time PCR data was also asseseedonnection with the respective

dissociation curves.
2.2.9 Protein manipulation methods
2.2.9.1 Isolation of total protein lysate
Approximately 100 mg of tissue was homogenised(f 2 500ul lysis buffer A.
Then, the samples were treated with ultrasound@®r2ix 1 min, centrifuged at 8000 x g for

20 min at 4C and the supernatant was aliquoted in severabegatrifuge tubes. The tubes

were frozen in liquid nitrogen and stored at°@0
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5 x 10 cells/ml were washed with cold phosphate buffesatine (PBS) and
resuspended in 50 - 2Q0 of lysis buffer A. The cells were left on ice f80 min, treated
with ultrasound on ice 2 x 30 sec and centrifuge@4000 x g for 20 min at°€. The

supernatant with protein extract was either usadediately or stored at —80 for later use.

2.2.9.2 Determination of protein concentration (Braford, 1976)

To determine the protein concentration, Bio-Radgimassay was employed. The
BSA stock solution of 1 mg/ml was diluted in orderobtain standard dilutions in range of
10 pg/ml to 100ug/ml. The dye reagent concentrate (Bio-Rad LaboegoGmbH) was
diluted 1:5 with HO and 2ul sample were added. The absorption of the colactren was

measured at 595 nm in a spectrophotometer.

2.2.10 Blotting techniques

2.2.10.1 Southern blotting of DNA (Southern, 1975)

After electrophoresis of DNA, the gel was treatathvd.25 M HCI for depurination
for 20 — 30 min, with denaturation solution for @ and neutralisation solution for 45 min.
The transfer of the DNA to the nitrocellulose meart® was done in a Turbo-Blot apparatus
(Schleicher & Schuell, Dassel). About 25-28 Whatrfilker papers (GB 003) were layered
on a Stack Tray, followed by 4 Whatman filter pap@B 002) and 1 Whatman filter paper
(GB 002) soaked with 20 x SSC. The equilibratedbngllulose filter, that was also soaked
with 20 x SSC, was laid on the top. The agarosgetgedted as described above, was placed
on the filter and was covered with 3 Whatman fiftjapers GB 002 soaked with 20 x SSC.
The buffer tray was filled with 20 x SSC. Finallywck, which was soaked with 20 x SSC,
and the wick cover were put on top of the blot. Tiemsfer was carried out for overnight.
Finally, after disassembling of the blot, the DNAsnixed onto the filter by baking at 80°C

for at least 2 hours.
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2.2.10.2 Northern blotting of RNA

The procedure performed for the transfer of RNAocamnitrocellulose filter was the
same as described above (2.2.10.1). However, thdigi@ot need to be denaturated, but

was transferred directly onto the filter.

2.2.10.3 Western blotting of protein (Gershoni andPalade, 1982)

After electrophoresis of proteins, the SDS PAGEagel the PVDF membrane were
moistened with transfer buffer. Four pieces o€filpaper were soaked in transfer buffer and
placed on the semi dry transfer machine’s lowetepldhen, wet membrane and the gel
were put, avoiding any air bubbles. Another fouakeml Whatman papers were placed on
the pile to complete the sandwich model. The uptee was placed over this sandwich and
the transfer was carried out at 3.5 mAfdor 1 hr.

After blotting, the gel was stained with Comadsliee overnight at RT in order to

check the amount of proteins which were not transte

2.2.11 “Random Prime” method for generation of*’P labeled DNA (Denhardt, 1966;
Feinberg and Vogelstein, 1984)

RediprimeTM Il Random Prime Labeling System (AmarshPharmacia) was used
for labelling of DNA probes. The method dependedtbe random priming principle
developed by Feinberg and Vogelstein (1984). Tlaetren mix contained dATP, dGTP,
dTTP, Klenow fragment (4-8 U) and random oligodeibgnucleotides. Firstly, 25-50 ng
DNA were denaturated in a total volume of 4@t 95°C for 10 min and quickly chilled on
ice for 5 min. After pipetting the denaturated pabto RediprimeTM II Random Prime
Labelling System cup, 4l of [a-32P] dCTP (3000 Ci/mmol) were added to the reactio
mixture. The labelling reaction was carried ouBatC for 45 min. The labelled probe was
purified from uncorporatedaf32P] dCTP by using illustf{Probe Quart' G-50 Micro
Cloumns (GE Healthcare).
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2.2.12 Non-radioactive dye terminator cycle sequemy

Non-radioactive sequencing was performed with thge Drerminator Cycle
Sequencing-Kit (ABI PRISM). The reaction producterey analysed with automatic
sequencing equipment, MegaBase DNA Sequencer. l®@rséquencing reaction, four
different dye labelled dideoxy nucleotides weredug8angeret al., 1977), which, when
exposed to an argon laser, emit fluorescent ligdit tan be detected and interpreted.

The reaction was carried out in a total volume®fillcontaining 1ug plasmid DNA
or 100-200 ng purified PCR products, 10 pmol priraad 4ul reaction mix (contained
dNTPs, dideoxy dye terminators anthg DNA polymerase). Elongation and chain
termination took place during the following programa thermocycler: 4 min denaturation
followed by 25 cycles at 95°C, 30 sec; 55°C, 15 semealing; 60°C, 4 min, elongation.
After the sequencing reaction, the DNA was preatpd with 1/10 volume 3 M sodium
acetate and 2.5 volume 100% ethanol and washe@nethanol. The pellet was dissolved

in 4 ul of loading buffer, denaturated at 95°C for 3 mangd finally loaded on the sequence

gel.

2.2.13 Hybridisation of nucleic acids (Denhardt, 186)

A membrane for hybridization was equilibrated iIx2SSC and transferred to a
hybridisation bottle. After adding 12 ml of Rapiglkthbuffer (GE Healthcare) and sheared
denaturated salmon DNA, the membrane was inculfate@ hours in the hybridisation
oven at 65°C. Then, the labelled probe was denadira 95°C for 10 min, chilled on ice
for 5 min, and added to the hybridisation solutidie hybridisation was carried out
overnight in the oven. Next day, the filter was e for 10 min with 2 x SSC, then with 2
x SSC containing 0.2% SDS at 65°C for 10 — 20 rRinally, the membrane was washed
with 0.2 x SSC containing 0.1 % SDS at the hybatis temperature. After drying the
filter, it was sealed in Saran wrap and exposeautoradiography overnight at -80°C. The

film was developed in X-Ray Automatic Processorican.
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2.2.14 Histological techniques

2.2.14.1 Tissue preparation for paraffin-embedding

The freshly prepared tissues were fixed in Bouisglution or 4% (w/v)
paraformaldehyde for 6 - 24 hours to prevent ditana in the cellular structure. The
dehydration process was accomplished by passingsthee through a series of increasing
alcohol concentrations, i.e. 70%, 80%, 90%, 96%§)%Cethanol for 1 hour at RT and
isopropanol overnight. Later, the alcohol was reetbfrom the tissue by incubation in 25%,
50%, 75% and 100% xylene. Next step was incubatidhe tissues in paraffine at 60°C for
12-24 hours. Before embedding, the paraffin wasiged at least three times. Finally, the
tissue was placed in embedding mold and meltedfpaveas poured into the mold to form

a block. The block was cooled and became readsgefctioning.

2.2.14.2 Sections of the paraffin block

Paraffin blocks were clamped into the microtome @hling., Nut hole, Germany). The
thickness of the section wasuln. The sections were floated on 40°C water to akatual
spread. Then, they were put onto slides. After detepdrying at 37°C, slides were stored at

4°C for further analysis.

2.2.14.3 Immunofluorescence staining

For mouse tissues:

Tissue sections were incubated twice for 10 mixylene to remove the paraffin.
Then, they were re-hydrated in a decreasing eths@ioés (100%, 96%, 70%, 50%, and
30%) for 2 min each. For immunofluorescence stginthe sections were washed in PBS
and then incubated with a blocking solution contagrnl0% goat serum and 0.02% Tween-
20 in PBS for 2 hours at RT. Then, they were intedbavith primary antibodies for
overnight in a humidified chamber at 4°C. Subsetjyethey were rinsed three times for 5
min in PBS and an appropriate secondary antibody pud for 1 hour. Finally, the slides
were washed three times for 5 min in PBS and tleéenwere counterstained with DAPI.
Immunostaining of the sections was examined usiffilgi@escence equipped microscope
(BX60; Olympus).
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For cells:

Cells were fixed in 4% paraformaldehyde in PBS f6rmin at 4C , rinsed in PBS
and incubated in 50 mM Nl (PBS) for 10 min at RT. After washing in PBSXR the
cells were 3 x washed in 0,2% Triton X-100 (PBS)4omin. Next, the primary antibody
with appropriate dilution was applied for overnigiit4C. Cells were washed 2x in 0,2%
Triton X-100 (PBS) for 4 min and incubated with Cy®njugated 1gG for 1 hour at RT.
One drop of mounting medium with DAPI was dispengetb the slides after washing with

PBS. Fluorescent cells were visualised with OlympX8$0 microscope.

2.2.14.4 Phalloidin staining of cells

Cells were washed twice in PBS for 5 min, fixed fo6 min (4C) in 4%
paraformaldehyde and washed 3 times in PBS. Thmey, were incubated for 1 hour in
phalloidin (diluted 1:1000) conjugated with Cy3 awdshed 3 times in PBS. The slides

were mounted with DAPI-containing medium.

2.2.14.5 Alkaline phosphatase staining of cells

Cells were washed with PBS, fixed for 30 sec. viixlation solution (Sigma) and
washed with dBO for 1 min. Incubation with staining solution wagplied for 15 min in
RT. Next, the cells were washed for 2 min in waied incubated with neutral red for 10-20
sec. Afterwards, they were washed in tapped waigeft for drying.

2.2.14.6 Hematoxylin-eosin (H&E) staining of the lstological sections

Tissue sections were first incubated three timeg/lene for 3 min each, followed by
incubation in 100% for 3 min, 95% and 80% ethawolZ min each. Thereafter slides were
washed in dBO for 5 min and stained for 3 min in hematoxylimeTstaining was followed
by rinsing with deionised water and washing inuagter for 10 min. The treated slides were
dipped fast in acid ethanol (1ml concentrated HCA00 ml 70% ethanol) for 8-12 times to
destain and in amonium water (0,25%), rinsed inwager for 2 min and in deionised water
for 2 min, stained in eosin for 1 min and then imated in 70%, 80%, 90%, 95% and 100%
ethanol for 2 min each. Finally, the stained slidese incubated in xylene for 15 min and

mounted with Eukitt-quick hardening mounting medium
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2.2.14.7 Apoptosis detection

ApopTag Peroxidase Apoptosis Detection Kit was uiedanalysis of apoptotic
cells in testis sections (hm). The sections were firstly deparafinized, dehtedl and
washed 2 x 5 min in PBS. Next, the slides werebated for 15 min at RT in 20g/ml
Proteinase K and washed 2 x 2 min in,@HTo block endogenous peroxidase, tissues were
incubated in 3 % bD, for 5 min at RT. After 2 x 5 min washing in PB&ettissues were
covered for 10 sec. with equilibration buffer. NeWorking Strength TdT Enzyme (30%
enzyme in reaction buffer) was applied for 1-hawubation at 37 in darkness. To stop
the reaction, the slides were incubated for 10 shiaking at RT in Stop/Wash buffer (1:34
in dH,O) and then washed 3 x 1 min with PBS. Next steg waubation with anti-
digoxigenin for 30 min at RT in darkness and waghinx 2 min with PBS. Then the slides
were stained with Working Strength Peroxidase Satest(2% DAB Substrate in DAB
Dilution buffer) for 6 min at RT, washed 3 x 1 mand 1 x 5 min with dbD. They were
covered by AquaPolyMount liquid.

2.2.15 Eukaryotic cell culture methods

The cells were cultured at 37°C in a humidifiedubator with 5% CQ

2.2.15.1 Preparation of MEFs feeder layers

A frozen aliquot of MEFs was quickly thawed at 37&@d transferred to 10 ml MEF
medium. After centrifugation at 1000 x g for 5 mine cell pellet was gently resuspended in
10 ml MEFs medium and plated on a 50 ml culturskfleCells were incubated at 37°C in
5% CQ. When the cells formed a confluent monolayer aftmee days, they were
trypsinised, transferred to five 10 cm dishes amawg until they formed confluent
monolayer, or directly treated with mitomycin C (@ml) for 3 hours. Then, the cells were
washed twice with 10 ml PBS, resuspended with 1@nediium and centrifuged. Next, they
were resuspended in MEFs medium and plated onteeslisvhich were pretreated with
0.1% gelatine for 30 min. The feeder cells wer¢ fefattach by incubation overnight at
37°C, 5% CQ or used after 2 hours of incubation. Before addii®)cells on the feeder

layer, the medium was changed to ES cell medium.
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2.2.15.2 Trypsinisation of eukaryotic cells

Cells were washed twice with sterile PBS and intedb&n minimal amount trypsin-
EDTA (0.5 g/l trypsin, 0.2 g/l EDTA) at 37°C forrain. Trypsin was inhibited by addition
of growth medium, in which the cells were subsedjyeresuspended. The enzyme was
removed by centrifugation at 1000 x g for 3 minli€eere resuspended in an appropriate

volume of cell culture medium and transferred iatoew flask/plate with medium.

2.2.15.3 Cryopreservation and thawing of eukaryoticells

Trypsinised cells were spun down (1000 x g for ®)nm 4 ml of growth medium.
The supernatant was aspirated and the cells weospended in freezing medium (DMEM,
20% FCS, 10% DMSO). Aliquots of the cells were kigpt2 days at -80°C and then stored
in liquid nitrogen. For revitalisation, frozen cellvere quickly thawed and cells were

inoculated in a suitable amount of growth mediuemtdfuged and plated.

2.2.15.4 Isolation and handling of primary mouse ebryonic fibroblasts (MEFS)

In order to isolate mouse embryonic fibroblasts fdf pregnant female mice were
sacrificed at 13-15 p.c. by cervical dislocatiotetihe horns were dissected and placed into
a Petri dish containing PBS. Then each embryo vegmrated from its placenta and
surrounding membranes. Embryo heads were takegeiootyping and the whole gastric
system was removed. Such prepared embryos wereeshgat in 10 ml of trypsin-EDTA
(1-2ml per embryo) and incubated for aprox. 5 mAm. obtained cell suspension was
transferred to 10 ml falcon tube and about 2 vokirokfresh medium was added, then
cenrifugated at 1000 x g for 5 min and plated dut @mbryo equivalent per 10 cm dish.
Medium was changed the following day.

2.2.15.5 Growth of ES cells on feeder layer

One aliquot of frozen ES cells was quickly thawe8#C and cells were transferred
to a 12 ml tube containing 6 ml ES cell medium.ehAftentrifugation, the cell pellet was
resuspended in 5 ml ES cell medium and plated am @ishes containing feeder layer. Next

day the medium was changed. The second day, celis washed with PBS, treated with 2
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ml trypsin/EDTA at 37°C, 5% COfor 5 min, resuspended with 5 ml ES medium and
centrifuged. The cell pellet was resuspended imL&S cell medium and distributed either
to 5 or 6 dishes (6 cm) or to 2 dishes (10 cm) a@iointg feeder layers. The cells were

passaged every second day as described above.

2.2.15.6 Differentiation of ES cells

Random differentiation by generation of embryoid balies (EBS)

After trypsinization,cells were transferred to sterile bacterial dishere they were
cultured in 10 ml ES medium without LIF for 10 daysfterwards, EBs were either
collected for analysis or trypsinized and plated gafatin-coated 6-well plates in 2 ml

medium without LIF.

Neuronal differentiation (Kawasaki et al., 2000)

Undifferentiated mouse ES cells were expanded tatigecoated cell culture dishes
in Glasgow minimal essential medium (GIBCO-Inviteng Karlsruhe, Germany) containing
1% fetal calf serum (FCS), 10% knockout replacem2mhM glutamine, 0.1 non essential
amino acids, 1 mM sodium pyruvate, 0.1 mM 2-mergetitanol, 2000 U/ml leukemia
inhibitory factor (GIBCO). The neuronal differeriian was induced in a culture on
mitomycin C-inactivated PA6 feeder cells. The diiatiation medium was composed of G-
MEM supplemented with 10% KSR, 2 mM glutamine, 1 nsbtium pyruvate, 0.1 mM
nonessential amino acids, and 0.1 mM 2-mercaptoeth&S cells were cultured on PA6
feeder cells in differentiation medium for 8 daysfdre it was replaced with induction
medium and cultured for an additional 6 days. Tdiction medium consisted of G-MEM
including N-2 supplement (GIBCO), 1Q0M tetrahydrobiopterin (Sigma), 2QM ascorbic
acid, 2 mM glutamine, 1 mM sodium pyruvate, 0.1 mbhessential amino acids, and 0.1
mM 2-mercaptoethanol. After 4 days of differenbati the medium was changed daily. On

day 14 of the culture cells were analyzed.
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2.2.16. Production of targeted embryonic stem ceatlones

2.2.16.1 Electroporation of ES cells

ES cells, which have grown for two days in 10 cshds, were trypsinised. The cell
pellet was washed in 20 ml PBS, centrifuged ands@snded in 1 ml PBS. The 0.8 ml of
cell suspension was mixed with 49 of linearised DNA-construct and transferred iato
electroporation cuvette. The electroporation wafopmed at 240V, 500F with the Bio-
Rad gene pulserTM apparatus. After electroporatio@,cuvette was placed on ice for 20
min. The cell suspension was transferred from ¢aveto 20 ml of ES cell medium and
plated onto two 10 cm dishes containing feederriayEhe medium was changed every next
day. Two days after the electroporation, the difiogselection were added (active G418 at
400ug/ml and gancyclovir at gM). The medium was changed every day. After abaltte
days of selection, drug resistant colonies haveeagal and were ready for screening by

Southern blot analysis.

2.2.16.2 Growing ES cells for Southern blot analysi

The drug resistant colonies that were formed afbeut eight days of selection were
picked with a drawn-out Pasteur pipette under aedithg microscope. Each colony was
transferred into a 24-well plate containing feederd ES cell medium. After 2 days, the ES
cells were trypsinised with 100l trypsin for 5 min and resuspended in 500ES cell
medium. Half of the cell suspension in each wels wansferred to a well on two different
24-well plates, one gelatinised plate, and the rottoaitaining feeder cells (master plate).

The gelatinised plate was used for preparing DNé thie master plate was kept frozen.

2.2.17 Flow cytometry (FACS) procedure for apoptosi detection and cell surface

staining (Kanwar et al. 2008)

1x1@ cells per measurement were washed in 5-ml tub#s RBS and resuspended
in 100 ul PBS before cell surface staining withud of the respective antibodies: anti-CD3
(clone CT-CD3, rat IgG2a, phycoerythrin [PE]-laltkleCaltag Laboratories, Hamburg,
Germany), anti-CD4 (clone CT-CD4, rat IgG2a, PBrmolor [TC]-labeled; Caltag), anti-
CD8a (clone CT-CD8a, rat IgG2a, fluorescein isathiemate [FITC] or PE-labeled), anti-

39



MATERIALS AND METHODS

CD8b (clone CT-CD8b, rat IlgG2a, PElabeled; Caltag)j-CD19 (clone 6D5, rat 1gG2a,
FIT C-labeled; Caltag), anti-CD25 (clone 7D4, rgMl| FITClabeled, Becton Dickinson),
anti-CD45R/B220 (clone RA3-6B2, rat 1gG2a, PE-ladel Caltag). TC-conjugated
streptavidin (SA1006, Caltag) was used as the slrgnreagent. Appropriate isotype
controls were purchased from Caltag Laboratoriég. @ells were stained for 45 min at 4°C
before being washed and resuspended inu26BS.

Exposure of phosphatidylserine as a membrane p#eanw apoptosis was
determined by staining cells for 45 min at 4°C imding buffer (10 mM HEPES/NaOH, pH
7.4, 140 mM NaCl, 2.5 mM Caglwith 5 ul annexin V-FITC (Becton Dickinson) in
combination with Jug/ml propidium iodide (Sigma) to distinguish eaalyoptotic from late
apoptotic or necrotic cells. The cells were resndpd in 200ul annexin binding buffer
before measurement. DNA histograms were obtained pfopidium iodide staining of cells
fixed in ethanol as described previously (Ormerbcle1992; Dressel et al. 2000). Flow
cytometry was performed on a FACScan flow cytometith CellQuest software (Becton

Dickinson, Heidelberg, Germany); 10,000 to 50,08sqer sample were counted.

2.2.18 Production of chimeras by injection of ES dls into blastocysts

The standard procedure is to inject 10-20 ES cklsn 129/Sv, which are
recombinant for the targeted locus, into the blasd cavity of recently cavitated
blastocysts that have been recovered by flushireg uteri of day 4 pregnant mice
(C57BL/6J). After injection, embryos are cultured & short period (2-3 hrs) to allow re-
expansion of the blastocoel cavity and then trarefieto the uterine horns of day three
pseudopregnant mice. Pseudopregnant females asnedbtby mating 6-8 weeks old
oestrous females with vasectomised males. Chinmaige have been generated in Max

Planck Institute for experimental medicine.
2.2.19 Detection of chimerism and mice breeding

Chimeric males (and sometimes females) are bredildiype mice to ascertain
contribution of the ES cells to germline. Once angme chimera has been identified, the

first priority will be to obtain and maintain thargeted allele in living animals. The
chimeras were bred with C57BL/6J.
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2.2.20 Preparation of cKO ESCs from cKO mice

Uterus was isolated from pregnant (E3.5) femak l@oth its horns were cut to open
it. Next, it was flushed with M2 medium through apéd horns to wash out the blastocysts
onto the plate. Then, the blastocysts were colieeted transferred to KO medium on
gelatine-pretreated plate. After 4 days, one callderve ESCs growing on the layer of
trophoblast cells. The clones were picked and glatéo separate wells of 24-well plate
with feeder layer, they were cultured in ES medidm.confirm their genotype, genomic

DNA was isolated and genotyping PCR was performed.
2.2.21 Tamoxifen (TAM) treatment of mice

The adult mice were injected intraperitoneally witing / day for 5 days. 10-day-old
and 15-day-old mice were injected with 0.2-0.3 rogedper day depending on the weight.

Preparation of tamoxifen

50 mg TAM were suspended in 500100% ethanol. Next, 4 ml of sunflower oll
was added and it was mixed till powder was dissbVen obtained solution (1mg/1Q0)
was aliquoted and stored in Z0max. for 4 weeks.

2.2.22 Hydroxytamoxifen (OHT) treatment of generatd cKO ESCs

Cells were treated with @M OHT for 2 days what resulted in complete silegoi

floxed pelota allele.
2.2.23 Generation of teratomas in SCID mice
SCID (Severe Combined Immuno Deficiency) mice,idast in the Institute of

Human genetics in Gottingen, were injected with B8 cells suspended in 2ADPBS. The

injection was done subcutaneously.
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2.2.24 Bone marrow transplantation

Bone marrow of TAM-treated cKO mice was isolatgdfloshing femoral bones of
TAM-treated mice. After washing in PBS, the celleres counted. 3x fOcells were

intravenously injected to immune-defficient micesident in the institute.

2.2.25 Fertility test of Stra8 mice

To check fertility of deficient mice, they wereelr with wild type mice. If female
mouse became pregnant it meant that mutant maldestés. The offsprings were counted

to estimate if subfertility appeared.

2.2.26 Preparation of adaptor oligos

Sequences of linkers were designed as follows:

Linker containing LoxP site

5 AGCTTGGTACCATAACTTCGTATAGCATACATTATACGAAGTTATGAATTCA 3’
5 AGCTTGAATTCATAACTTCGTATAATGTATGCTATACGAAGTTATGGTACCA 3
Kpnl/Tsp509I linker

5" GACTGTCGACACT 3

5 AATTAGTGTCGACAGTGGTAC 3

Spel/Xhol/Notl linker

5" CTAGTACTACTACTCTCGAGACTGC 3

5' GGCCGCAGTCTCGAGTAGTAGTA 3

Both oligonucleotides (8l 10 uM of each) of each linker were subsequently
annealed in 44l of 1x annealing buffer in following program:
94°C — 4 min; 85C — 4 min; 75C — 4 min; 70C — 4 min; 68C — 10 min; 65C — 10 min;
62°C — 10 min; 66C — 10 min; 58C — 10 min; 56C — 10 min; 53C — 4 min; 37C — 15
min Then the reaction mixture was placed on icelyea be ligated (ful) with desired

clone.
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2.27 Computer analysis

For the analysis of the nucleotide sequences, anogirlike BLAST, BLAST?2,
MEGABLAST and other programs from National Center Biotechnology Information
(NCBI) were used www.ncbi.nlm.nih.goy. For protein studies ExPASy tools
(www.expasy.ch) were used. Mouse genome sequermtethar analysis on mouse genes,

transcripts and putative proteins were done in Eselatabasenfww.ensembl.ory
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3. RESULTS
3.1. Generation and characterization of pelota coritonal knockout mouse

The lethality of pelota conventional knockout emizry(Peld) at postimplantation
stage became an essential obstacle to determinatiopelota function in different
developmental processes, such as organogenesisetaggnesis and tumorgenesis.
Furthermore, we were not able to establish Pelwiget cell lines, which can help to
describe the molecular role of Pelo in stem cdfiemewal and RNA decay. To overcome
this early lethality of Pel6 mice, we have generated a conditional knockoutsaenodel
using Cre/LoxP system to inactivate pelota in augsspecific and time-controled manner
(Lakso et al., 1992; Pichel et al., 1993).

We have constructed a pelota conditional knockokiO) allele, where the exons 2
and 3 are flanked with two LoxP elements. We exgibthat insertion of these elements in
introns 1 and 3 would not disrupt the expressioflafed Pelo allele (Pefp and thereby
Peld®/™°* (allele fanked by Lo® sites) mice would develop normally. To silerfue gene,
that is to excise the LoxP-flanked region of Peitlele, we have generated three mouse
lines by introduction of three transgenic Cre reborase alleles in the genome of Pélor
Peld” (Fig. 3).

B3 Flox

Cre

= Delta

Figure 3. Simplified scheme of conditional knocko(tKO) system
Blue squares represent pelota exons, whereas gyeeris a symbol of Neo cassette. Pink
triangles stand for LoxP sites, which are recomtinpon Cre recombinase activation.

EllaCre recombinase is expressed under the coofraldenovirus Ella promoter

(Lakso et al., 1996). It is active in oocytes ahdrily after fertilization (Dooley et al., 1989).
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Therefore, we expected that Cre-mediated recombmatould occur at one-cell stage and
effectively delete LoxP-flanked Pelo fragment (\idiths-Simons and Westphal, 1999). The
Peld EllaCre line was generated in order to determinethér obtained Petd or Peld”
embryos would die at E7.5 mimicking the classicadd¢kout mouse (Pel9 phenotype.

Second Cre recombinase helped us with functioharacterization of pelota in
spermatogenesis. The transgenic Stra8-Cre allelee(gted by Dev and Shirneshan) was
introduced into the second line. The recombinasexmessed under Stra8iifstilated by
retinoic aid gene _8) promoter. Its expression is limited to spermatego(Oulad-
Abdelghani et al., 1996; Baltus et al., 2006). Wpeeted that excision of floxed pelo allele
would occur in spermatogonia and their derivatieksc

For spatiotemporal inactivation of PEfoallele we used ubiquitously expressed
Rosa26-CreERT knock-in allele (available in thetitoge of human genetics). The Cre
recombinase is fused with the ligand-binding donadihuman estrogen receptor (ERT) that
binds tamoxifen (TAM) but not estrogen. The floyszlota allele can be excised in various
tissues and cultured cells after administrationtazhoxifen to animals. The mouse line
allows the study of the effects of pelota disruptan development of different tissues. It
also enabled us to establish P&reERT embryonic stem cells (ESCs) for identificatof

the role of PELO in proliferation and differentiai
3.1.1. Generation of a conditional knockout (cKOgonstruct

The 12.5-kb-long genomic fragment (containing tledofa gene and its flanking
regions) was used for the generation of the palta construct. To clone a 5’ region of the
construct, a 1622 bBstl/EcoRIfragment composed of third exotigne 1 in Fig. 4Awas
cloned into pBluescript vectoclpne 2 inFig. 4B). Next, clone 1 was digested wilipeland
Pstl enzymes in order to obtain 1573 bp fragment camtgipart of first exon and the whole
second exon. After cloning into pGEMTeasy vectéone 3 Fig. 40 was digested with
Hindlll, dephosphorylated and ligated with a linker comtey LoxP elementpink triangle
in Fig. 4D) and Kpnl/EcoRlrestriction sitesqlone 4, Fig. 4D. To ligate both fragments
possessing exons, Spel/Pstdigested insert of clone 4 was ligated into cl@mesulting in
clone 5 Fig.4E).
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D
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G

Kpnl Sall EcoRI* ‘

Clone 7

Spel
Xhol

Notl

Clone 8

Pst| EcoRI
Sall

Figure 4. The scheme representing cloning stratdgy generation of 5’ region of
conditional knockout construct.

A — clone 1; B — clone 2; C — clone 3; D — cloneE4+ clone 5; F — clone 6; G — clone 7,
EcoRI* - inactivated EcoRlI site; H — clone 8; | fome 9. Dotted lines stand for vector
sequences; pink triangle is a symbol of LoxP gt lines — linker sequence; detailed
description of the figures in the text.

To construct 5’ region, clone Fif. 4A) was digested withecoRI and Spel The
obtained 6052-bp-long fragment was subcloned iftugscript €lone 6 in Fig. 4. To
enable further cloning, one needed to excladeRlandXhol sites from clone 6. To reach
the goal, &Kpnl/Tsp509llinker containingKpnl, Sall andTsp509Isites was designedFi@.
4F). It was cloned into clone 6 digested wiKpnl andEcoRI Tsp509lend is compatibile
with EcoR| but such ligation leads to inactivation of teeoRlsite in clone 7Kig.4F, G).
Subsequently, another linkeBgel/Xhol/NoYl was cloned intdSpel/Notldigested clone 7
(clone 8 in Fig. 4H. Spel/Sallfragment from clone 5Hig. 4E) was isolated and cloned in
Spel/Xholdigested clone 8 to give clone Bid. 4l). Sall and Xhol restriction sites are
compatibile in an analogous way EzoRIand Tsp509] so Xhol site was eliminated from
the final clone 9Kig. 41, marked in reg

Next step was the generation of 3' homologous reg©lone 1 Fig. 4A was
digested withEcoRland a 3.3kb-long fragment was subcloned into pRidpt Fig. 5A).
To excludeSpelsite from multicloning site of clone 10, it wagydsted withBamHI and
Notl, filled-up by T4 Polymerase and blunt-end ligafEdy. 5B). To elongate the 3’ arm it
was necessary to amplify a 1.47 kb fragment whscloé¢alized 3’ downstream from 3.3kb
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region. After amplification (by using 3'regionA_Fha 3’region_R primers), the 1.47 kb
fragment was inserted into pGEMTeasy vector to gereclone 12Kig. 5C). Sequencing
of the product confirmed the lack of mutations. flmish the 3’ arm of the construct,

Spel/Xholfragment of clone 11 was ligated with clone &®ie 13 in Fig. 5.

A
Spel
BamHlI
spe| | ECORI | EcoRI
Noti SPe! /
Clone 10
B
Notl* Spel Xhol
Spel* EcoRlI
BaF)mHI* Fanh
I R R
Clone 11
C
Spel Xhol
Clone 12
D
EcoRI Spel Xhol

Clone 13
Figure 5. The scheme representing cloningtmsategy for generation of 3’ homologous

region of conditional knockout construct.
A —clone 10; B — clone 11, Notl*/Spel*/BamHI* tmeved restriction sites; C — clone 12;

D — clone 13. Dotted lines stand for vector seqgesndetailed description of the figures in
the text.
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Last step of the construct preparation was clooingpth generated regions into final
vector pPNT4Sall/Notl fragment of clone 9Hig. 3I) was inserted upstream from the LoxP
site of the vector, wheredscoRI/Xholinsert from clone 13HKig. 5D) was introduced
downstream from neomycin phosphotransferds)(gene. Downstream from 3’ arm in the
vector, Herpes simplex virus thymidine kina3&) gene was located what enabled negative
selection of embryonic stem cells (ESCs) transtkuatigh the constructHig. 6).

EcoRl Spel Kol

Figure 6. Final conditional knockout construct.

Exons 2 and 3 are flanked by LoxP elements (piakdtes). The neomycin cassette (Neo) is
flanked by FIp/FRT elements (orange ovals). Reteddines stand for homologous arms of
the construct; TK — thymidine kinase.

3.1.2. Isolation of homologous recombinant ESC cles

R1 ES cells were trypsinized, washed and suspeindeBS. Approximately 2 x 10
cells/ml were mixed with 4@g linearized construct (digested with Sall) and thigture
was electroporated at 240V and 50B using a Bio-Rad Gene Pulser apparatus. The
transfected cells were plated on G418-resistantssm@mbryonic fibroblasts (MEFs) and
cultured in nonselective medium for 36 hours. Thetective medium was applied for 10
days. Afterwards, resistant clones were picked famither cultured on 24-well plates for
DNA isolation and cell freezing.

To find a correct homologous recombinant ESC cl@ni¢A of 100 ESC clones were
screened by Southern analysis using 5 externddepfeig. 7). After DNA digestion with
EcoR| a 15 kb band was expected for the wild type elbatd a 13 kb band for the flox
allele Fig. 7). |1 found 42 clones that gave correct results.rFifuthem were selected for
further analysisBsrGI andAsetdigested DNA was hybridized with 3’ external anternal
probe, respectivelyHg.7). As shown inFig. 8, ESC clone no. 22 and 60 turned out to be
correct, bands of expected size were deteckeég. 8B, Q. To confirm the absence of
additional insertion of cKO construct in other l@iiESC genomeBsrgldigested DNA of
the clones was hybridized with the probe for Neomyassette. The expected result was

obtained — single band of 15.2 KBid. 8D). An internal probe recognized a 7kb fragment
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(Flox allele) and a 5.2kb fragment (wild-type alein Asetdigested DNA, what further

confirmed the lack of another insertion. The cléfevas chosen for blastocyst injection.

Asel EcoRI
EeoRl Bsrgl Spel EcoR| sel Bsrgl
c‘o BamHI | | EcoRV
5'external 255 bp 13.5 kb Pmbe
robe
15 kb p o
Flox EcoRI
EcoRI
Asel
ECoRI Bsrgl EcoRI ECORl Bsrgl EcoRV
rmHI ‘ | |
I ' o ‘D 3" probe ext“ —
5 external 266 bp probe
13 kb probe 152 kb
F1 m R2
Kpnl
Bsral ASEl hee EcoRl Asel EcoR
EcoRl 19 spel |
BamHI |
™ >
I e g
5'external 3' probe
probe 266 bp
83 kb
“_n Asel
EcoRI A5l EcoRI
EcoRlI BamHI Spel Kpnl

I e R - = _
3’ probe
5'external 25?5 bp

probe
8 kb

Figure 7. A schematic diagram of conditional knoclb(cKO) allele

WT — wild type alleleflox — conditional knockout alleldelta— cKO allele after deletion
of floxed region between LoxP sites (pink trianglés’ — classical knockout allele. The
hybridization of EcoRI-digested genomic DNA wita &external probe results in a 15-kb
band for WT and a 13-kb band for the Flox allelénkpcolor); BsrGl-digested DNA
hybridized with 3’ext probe results in 13.5-kb bdadWT and 15.2-kb band for Flox allele
(black color);bands obtained by hybridization oehdigested DNA with the internal probe
(3’ probe, 266bp) are marked in green color. Prisieised in genotyping: F1 = Pelo_F11,
R1 = Pelo_R14 and R2 = PGK_cKO_R1 are marked bgkutarow heads.
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15 kb :

e
13 kb : H 5.2 kb

WT 22 60

15.2 kb
13.5kb

Figure 8. Southern analysis of ESC clones transfedt with conditional knockout
construct.

A — DNA digested with EcoRI and hybridized witleXternal probe; B — DNA digested with
Asel and hybridized with internal probe (3’ prob@Gbp); C — DNA digested with BsrGl
and hybridized with 3’ external probe; D — DNA dited with Bsrgl and hybridized with
Neo probe. Red colour — size of mutant band.

In summary, hybridization of external probes showedrrect homologous
recombination of the 5’ and 3’ arms of the condiruthereas results obtained from internal

and Neo probes confirmed that there was only otegiation site of the cKO construct.

3.1.3. Generation of chimeric mice

Recombinant ES cells were injected into blastocgstsved from C57BI/6J mouse
strain in Max Planck Institute for experimental nogtk in Gottingen. The blastocysts were
then transferred into pseudopregnant CD1 femalebtdined 7 chimeric males from clone
no. 60, chimerism of which ranged from 20 to 10@#d 4 chimeric males from clone no.
22 with chimerism between 10 and 80%. Two chimégf@s100%) from each line were
bred with C57BI/6J females. All of them transmittb@ cKO allele to their offsprings. For
determination of the genotypes in F1 generatioseteof PCR primers were designétg(

7), which amplify 376 bp-long band for flox allelec 330 bp-long fragment for wild type
allele Fig. 9).
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0 ++ FM+ ++ ++ ++ FI+ Fi+

Figure 9. Genotyping PCR for F1 generation of PedotKO mice.
376bp — flox allele; 330bp - wild-type allele. P@Rnditions are presented in chapter
2.2.8.1.

Mice of F1 generation (P€id) displayed no abnormalities — they were healthy an
fertile. When bred togethegPeld’" x QPeld™), they yielded Pefd offspring which were
viable and fertile as well. These results revedhad the introduction of neomycin cassette

and LoxP elements into introns of pelota gene diddmsrupt its expression.

3.1.4. Generation of an ESC line

For more comprehensive studies of pelota influemtéifferentiation and cell cycle
progression, we generated a P&RyeERT embryonic stem cell line. To establish tIBCE
line, blastocysts (E3.5) were isolated from PalweERT females mated with PElo
CreERTmales. After 4 days of blastocyst culture, when phaiferating inner cell mass
(ICM) caused a break of zona pellucida, one coblskove trophoblast cells attached to the
bottom and ICM growing on them. Such generated E8€s genotyped - clone 9 (PElo
CreERT) and 1 (Pef§) were chosen for further experiments. To induce-@ediated
silencing of pelota gene, both clones were treatgd 1 uM hydroxytamoxifen (OHT)
which is more suitable for cultured cells than taifem applied for mice treatment. A
genotyping PCR showed that one-day presence of @Hifedium was sufficient to excise
the floxed region from the allele of mutant celigg( 10). OHT did not influence viability
and differentiation ability of control cells (P&f9. It proved that applied OHT concentration
was not toxic to the cell.

Pelota deletion was also demonstrated by Northeatysis Fig. 11). Pelota RNA is
clearly visible in control and mutant ESCs whichrevaot treated with OHT. After addition
of OHT into the medium, pelota expression is stappethe mutant cells while in control
cells lacking recombinase it is not affected.
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+f+ +f- Fi+ Di+ 1 9 24 NEG

455
376
330

—172

Figure 10. Genotyping PCR for OHT-treated ESCs.

1 — ESC control clone 1; 9 — ESC mutant clone 9—2BSC control clone F/- without

CreERT; NEG - negative control for PCR. Wild tyadb visible in ESC lanes comes from
feeder layer (mouse embryonic fibroblasts), on cWhESCs are cultured. Size of
products: "-* band — 172bp; “+” band — 330bp; floband (F) — 376bp; delta band (D) —

455bp

Pelota

- 28S

Tam

Figure 11. Northern analysis of pelota expressian®HT-treated and untreated ESCs.

F/- are control cells because they do not posses&RT recombinase. First 2 samples are
not treated and 2 last are OHT-treated ESCs. Thedgguality of RNA is demonstrated in
the picture of the gel by RNA of 28S subunit.

Pelota-deficient cells did not exhibit any gromthpairment — their morphology did
not differ from control ESCs. They were succesgfpleserved in the culture.

3.1.5. Conditional knockout system-— verification ofrecombination efficiency by

generation of cKO/EllaCre mouse line
To examine the recombination efficiency of floxeelgta allele and to determine

whether the deletion of Pelota during early embeyasis results in a phenotype similar to

that of classical knockout mice, we have introduaedon-inducible EllaCre recombinase
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allele into the genome of cKO mice (Lakso et a@9@). The Cre recombinase allele is
controlled by adenovirus Ella promoter which isiaded in one-cell stage embryo.
Therefore, we expected that floxed pelota alleleldde recombinated at zygote stage.
The breeding strategy was as follows: we bred beygous Peld” mice with Peld™
EllaCre” transgenic animals to obtain P&loEllaCre which were further bred with
Peld'™*. The mice were genotyped by using two PCRg.(12) to determine the genotype

of pelota locus and the presence of transgenicEdallele.

A 1 2 3 4 5 4. Ff+ Di+ ++ 0

450

Figure 12. Genotyping PCRs for cKO/Ella mice

A — flox/-I4 PCR for determination of the genotype of pelotau$p B — Ella PCR
demonstrating the presence of EllaCre allele. 1oPECreElla mouse, 2-4:Pel6CreElla,

5: Peld”". Size of products of floxi 4/ PCR: 455bp — deleted allele; 376bp — flox (Fpk|
330bp — wild-type allele; 172bp — classical KO HleSize of transgene band: 450bp.
Primers were designed in transgene sequence wipddieg lack of the band in wild-type
animal (+/+). PCR conditions are presented in cleaa®2.2.8.1.

We predicted that PeloCreElla offsprings would die at early embryonicgsta
There were no Pel6EllaCre animals out of 219 genotyped mice of F1 egation.
According to Mendelian ratio, PEIEllaCre should constitute 12.5% of all offspringdlie
breeding of PelyCre”" and Pel§* (Table 3. Moreover, this genotype was also not found

in further generations (180 mice tested).

Table 1. Statistics of genotypes obtained in F1 gextion from cKO/EllaCre mouse line

Pelo”Cre'’™ x Pel6™
F1 generation +/4 +/4 F+ Flt  +H+T|+/-T/-| AI+T/-| Al-T/-
Mendelian ratio 1 1 1 1 1 1 1 1
Mice number (out of 219) 33 | 29 | 25| 41 36 29 26 0
Percentage (%) 15/113.2| 11.4| 18.7| 16.4 13.2 11.9 0
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The results clearly demonstrated that Cre-medisgedmbination efficiently excises
pelota-flanked region in one-cell stage of mouseettmment, i.e. Pefs EllaCre died
during prenatal stages (like P&)o To obtain more evidence, embryos (E8.5) fronedireg
of Peld'*CreElla mice were genotyped. None out of 7 isola@tbryos was Petd EllaCre.
Three deciduas were found empty and degeneratedlitated that the absorption of dead
embryos had occured. These results suggest thaf/EaeElla have a phenotype similar

with classical pelota knockout mice (Adham et 2003).

3.1.6. The role of Pelota in germ cell development testis-specific cKO/Stra8-Cre

mouse line

To analyze Pelota impact on spermatogenesis, wedinted a Stra8-Cre
recombinase allele to the genome of PEIoKO mice. Expression of Stra8 is germ-cell-
specific and has been reported in spermatogonida@@bdelghani et al., 1996) and
premeiotic germ cells of embryonic ovary (Baltus at, 2006). According to Stra8
expression, we expected that pelota would be exellysdeleted in spermatogonia and we

would be able to verify pelota involvement in selfiewal of germ stem cells.
3.1.6.1 Generation of Pefd'Stra8-Cre mouse

Heterozygous Pelb mice were bred with transgenic Péi6tra8-Cré” to obtain
Peld’Stra8-Cre mice, which were further bred with PElanice. We genotyped the
offsprings using flox/4A PCR amplifying all alternatives of Pelo allele amCR
demonstrating presence/lack of Stra8-Cre in moes®me Fig.13). In F2 generation we
detected all expected genotypdalfle 3. Peld® Stra8-Cre mice, which are the actual
model for study of spermatogenesis in pelo-deficmeite, were also found. It indicates that

Peld allele is not recombined in somatic cells.
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V: +/- T/-; M. FLOX/FLOX

CONTROL :

I
F/- |+/+ +/- D/+ F/+ D

F/+ F/- F/+ F/+ F/+ D7+ D/+ F/-

455pp

B e —_—— " 376b
1 p— - 330bB
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= T/= T/= T/= T/= T/= T/- T/~ T/~

Figure 13. Genotyping PCRs for cKO/Stra8-Cre line.

The figure shows pictures of PCR products loadedednPCR flox/A products are Peld
(455bp), PeloF (376bp), Pelo+ (330bp), Pelo- (172@pansgene-specific band is 1100bp
long. Primers were designed in transgene sequehe @xplains lack of the band in wild-
type animal. PCR conditions are presented in chap@38.1.

Table 2. Statistics of male genotypes obtainedFi& generation from cKO/Stra8-Cre
mouse line

Peld”Stra8-Cré” x Peld™
F2 generation F/+ F/- F/+Cre F/-Cre
Mendelian ratio 1 1 1 1
4 Number (out of 66) 14 17 19 16
Percentage (%) 21.2 258 28.§ 24.2

However, by genotyping the mice of this line werfdl® males and 5 females which
were Peld/*Cre. It suggests that Stra8-Cre-mediated reconibmatcurs in some somatic
cells. Intrestingly, no chimeric Pef§”Stra8-Cre offspring was detected. To examine the
Cre recombination range resulting in pelota detgtibNA from various tissues of two
Peld"*Stra8-Cre animals was isolated and genotyped. To®ain genotype was found in all
studied organsHig. 14). The result suggests that Cre recombinase udiia8 promoter is
activated during early embryogenesis of some asinaald then contributes to pelota
excision by Cre-mediated recombination of floxelélal The absence of P& Stra8-Cre

animals may be caused by early embryonic lethafithis genotype.
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Figure 14. Genotyping of different organs deriverbf Peld”*Stra8-Cre animal
DNA from different organs was isolated by the sanshod as from tail DNA (chapter
2.2.1.2.) and it was genotyped with PCR flak/-/

3.1.6.2. Histological analysis of testes during pimsital development

In order to check if Stra8-Cre-mediated pelota titsheinfluences spermatogenesis,
we isolated testes of 6-week-old males for histcligstudy Fig. 15. Hematoxilin and
eosin (H&E) staining revealed that spermatogenissisnpaired in 70% of seminiferous
tubules of PeldStra8-Cre. The diameter of the tubules is signifiiiasmaller than in wild
type and Leydig cells are hyperproliferated. Gerell differentiation is arrested at
premeiotic stage in most affected tubules where fiesnber of pachytene spermatocytes
and round spermatids were observed. Additionaltyg ocould notice numerous vacuoles. In
normal tubules of mutant testes, spermatogenesssfauand to progress fairly normal to

elongated spermatids.

57



RESULTS

Pelo"/-Stra8-Cre

Figure 15. H&E staining of testis sections from wlitype and Peld Stra8-Cre mice.
Testes were isolated from 6-week-old animals of/&t@8-Cre line. A, C — wild-type testis;
B, D — Pel6"Stra8-Cre testis. Sp — spermatogonia; Ps — packeytmermatocytes; Rs —
round spermatids; Es — elongates spermatids; Vceuei@s. A,B — 10 x magnification; C, D
— 20 x magnification.

To define the onset of pelota influence on speogetesis in Pef6Stras-Cre, we
characterized the first wave of germ cell differatmdbn in testes of wild-type and mutant
mice. We isolated testes from 5-, 10-, 15-, 20- a&elay-old animals, fixed and stained
them with hematoxilin and eosin.

Analysis of cross sections of 5- and 10-day-oild\type and mutant testes revealed
no striking differencesHig.16A-D). At day 10 of spermatogenesis, primary spermagscy
appear. The number of germ cells seems to be Isliggduced compared to the wild type.
At day 15, the differentiation reaches the stag@aifhytene spermatocytdsiq. 16E). In
mutant testes, we observed a drastic reductiohemumber of pachytene spermatocytes in
some tubules, while the other tubules displayedigqgetion of all meiotic germ cell&i.
16F). Germ cell development results in round sperrsagidthe day 20R{g17A). However,
in mutant testes the germ cells were developmerdalested at the stage of pachytene
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Figure 16. H&E staining of 5-, 10- and 15-day-olcestis sections from wild-type and
Peld” Stra8-Cre mice.

A, C, E — wild-type testis; B, D, F — PEi6tra8-Cre testis. G — gonocytes; Sp —
spermatogonia; Ps — pachytene spermatocytes; Vcuolas. Photos were taken in 20 x
magnification).

spermatocytesHg. 17B. At day 25 the first round of spermiogenesis proseadd
elongated spermatids appekig( 170Q. While mutant testes displayed severe depletfon o
germ cells, pachytene spermatocytes and round sgiegwere strongly reduced in number,
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and vacuolization of Sertoli cells was more proraathEig. 17D). These results suggest
that spermatogenesis is disrupted at premeiotitoardrly meiotic stages.

WT Pelo""Stra8-Cre

%

o

Figure 17. H&E staining of 20- and 25-day-old testsections from wild-type and Pélo
Cre mice.

20-day-old testes are presented in picture A ang®Bday-old testes are shown in picture C
and D. A, C — wild-type testis; B, D — PElBre testis. Sp — spermatogonia; Ps — pachytene
spermatocytes; Rs — round spermatids; V — vacudbes— monster cells. Photos were
taken in 20 x magnification.

Due to severe impairment of spermatogenesis arsddbsells in particular tubules,
we performed a TUNEL-assay (the terminal deoxyratadgtransferase-mediated dB-
Biotin nick end labeling) in order to verify if enhanced apoptosishe reason of germ cell
depletion. We examined the apoptosis levels iregest 5-, 10-, 15-, 20 and 25-day-old mice
(Fig. 18). In comparison to control mice (wild-type), Péitra8-Cre did not show any
difference in apoptosis level until postnatal d@y However, starting with day 15 we could
observe a significant increase in number of apaptalls, most of which seemed to be in
the meiotic prophase. Hence, enhanced level oftapispmay be the cause of germ cell
depletion in mutant testes.
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elo™-Stra8-Cre
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Figure 18. Apoptosis analysis of testis sectionsnfr wild-type and and Pef6Stra8-Cre

mice.
Testes were isolated from 5-, 10-, 15-, 20- andi@p-old mice. Left panel — wild-type

testes; right panel — P€loStra8-Cre testes. The arrows indicate apoptotidscé?hotos
were taken in 20 x magnification.
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3.1.6.3. Spermatogenesis of P&f&tra8-Cre mice is affected at premeiotic stages

To determine the developmental stage, at whichnsggenesis is arrested in
mutant testis, we performed immunohistochemicallysig using premeiotic (Hsp-110,
GCNA1) and meiotic (HSPA4L) markers.

HSP110 protein is expressed ubiquitously, but itghdst level is observed in
gonocytes. Immunohistochemical analysis of 5- afeddy-old testes with antiHSP110

antibody revealed that the number of HSP110-p@&sitells exhibits a twofold reduction in
tubules of 5-day-old P€lStrag8-Cre mice in comparison to the contfig(19A,B.

WT Pelof/- Stra8-Cre

. e P s O STIPR A 1 T
Figure 19. Immunohistochemical analysis of Hsp110Q iestis sections from wild-type and
Peld” Stra8-Cre mice at day 5 and 10 of spermatogenesis
Testes were isolated from 5- and 10-day-old mice wild-type testis; B — PeloStrag-Cre
testis. The arrows show spermatogonia. Photose taen in 20 x magnification.

Reduction of germ cells was also visible at day d@ exact estimation of cell
number was impossible at that stage due to staguadjty ig.19C,D.
The second premeiotic marker that we used, wasAdQerm &Il nuclear_atigen).

It is highly expressed in spermatogonia and prinspgrmatocytes (Enders and May, 1994).
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We performed GCNAL staining on 5-, 10- and 15-dalytestis sections of mutant and
control mice Fig. 20, 23 to further confirm the premeiotic impairment @esmatogenesis.
In 5-day-old testes we could see no significantedéhce in number of GCNAL1-positive
cells between the mutant and the conltieig( 20A-D. Staining was specific for cells
localized as spermatogonia in the tubules. Howeatehe age of 10 day we found app. 24%
of germ cell-depleted tubules in testes of P@tra8-Cre miceRig. 20F, H, where no
GCNAL1-positive cells could be detected. In the oanall seminiferous tubules contained
spermatogonia and primary spermatocytes staindd®@NA1 Fig. 20E, Q.

In testes of 15-day-old control mice, GCNAl-pasti cells, i.e.
spermatogonia and spermatocytes, constituted pepmulti-cell layer in each tubul&i.
21A, Q. Mutant testes were composed of reduced numb&QXlAl-stained cells. We
found a significant increase of seminiferous tubule@hich lacked GCNA1-positive germ
cells in mutant teste§ig. 21B, D.
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Figure 20. Immunohistochemical analysis of GCNAL testis sections from wild-type and

Peld” Cre mice at day 5 and 10 of spermatogenesis.

Testes were isolated from 5- (A-D) and 10-day-didH) mice. Wild-type testes are
presented in the left panel (A, C, E, G), wherealsPStra8-Cre testes are demonstrated in
the right panel (B, D, F, H). Stars stand for tubdévoid of spermatogonia. Photos were

taken in 10 and 20 x magnification.
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Figure 21. Immunohistochemical analysis of GCNAL1 testis sections from wild-type and

Peld”Cre mice at day 15 of spermatogenesis.
Testes were isolated from 15-day-old mice. A, Qle-type testis; B, D — Pef6Stras-Cre

testis. Star stands for degraded tubuli. Photosawaken in 10 and 20 x magnification.

We used a specific antibody against HSPA4L (heatclsh7OkDa protein 4-like
/Apgl) for immunohistochemical analysis of tesest®ons from 15-day-old mice. HSPA4L
is expressed from late pachytene spermatocyteslageérm cell stages thereafter (Held et
al., 2006). We detected the number of tubules contp HSPA4L-positive cells in mutant

testes as compared to wild type is redudagd. (22A,B
On the basis of these immunohistochemical reswts,can assume that PELO

depletion results in the arrest of spermatogeriesise premeiotic stage.

65



RESULTS

Figure 22. Immunohistochemical analysis of APG1 testis sections from wild-type and

Peld” Cre mice at day 15 of spermatogenesis.
3.1.6.4. Quantitative expresion analysis of premeic markers in Peld” Strag8-Cre mice

For further verification of the germ cell developme stage disrupted in mutant
testes, we examined the expression of various pogimenolecular markers by quantitative
RT PCR (qRT-PCR). We prepared testis cDNA from1B-, 15- and 20-day-old mice and
used it in real time PCR analysis by means of pmsnspecific for genes expressed in
undifferentiated spermatogonia (Plzf and Sox3)fed#ntiated spermatogonia (c-Kit) and
early meiotic stages (Stra8). The results wenedstazed to relative expression in reference
to expression of housekeeping gene - SDH&mate eéhydrogenase complex subunij.A
The analysis of the marker expression was perfounsedy 2-3 testes of each stage and each
genotype.

Plzf and Sox3 genes are expressed in undifferedtisppermatogonia (Raverot et al.,
2005). The relative expression of both markers vealsiced in 5- and 10-day-old mutant
testes compared to the control. Except for decteagpression of Plzf gene in 15-day-old
mutant testes, there were no significant differenicethe transcript level of both markers
between mutant and control testes at 15- and 2@ itbiestesKig. 23).

Analysis of c-Kit, exclusively expressed in diffateted spermatogonia (Schrans-
Stassen et al., 1999), revealed no difference lative expression between mutant and
control testes of all studied developmental std@)@s 15-, 20-day-old) apart from mutant 5-

day-old testes, where it was reducEdy( 24).
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Figure 23. Relative levels of Plzf (A) and Sox3 (BJRNA expression in testes of
Pelo/Stra8-Cre mice during first wave of spermatogsis.

Values represent relative level of Plzf and Sox3estes of 5-, 10-, 15- and 20-day-old
animals (5d, 10d, 15d, 20d). Expression levels wawemalised to the expression of
endogenous control (Sdha). 2-3 biological replicateere used for each stage and genotype.
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Figure 24. Relative levels of c-Kit mMRNA expressimntestes of Pelo/Stra8-Cre mice

during first wave of spermatogenesis.

Values represent relative levels of c-Kit in tesie§-, 10-, 15- and 20-day-old animals (5d,
10d, 15d, 20d). Expression levels were normalisetth¢ expression of endogenous control
(Sdha). 2-3 biological replicates were used forleatage and genotype.

Dazl, Ddx4 and Stra8 genes are specifically expobss spermatogonia and early
primary spermatocytes (Ruggiu et al., 1997; Toyoekaal., 2000; Zhou et al., 2008).
Analysis of the expression profile during postnatavelopment showed that expression of
these genes was relatively low in 5-day-old wildeyand mutant testes. In day 10, when the
first wave of spermatogenesis progresses to lepgospermatocytes in wild-type testes, a
drastic increase in mMRNA levels of all three gemas observed in mutant as well as in
wild-type testes. However, in mutants it was siigaifitly lower. At days 15 and 20 the
expression level is sharply decreased in both gpestfFig. 25. The evident reduction in
MRNA level of Dazl, Ddx4 and Stra8 led us to asstiompthat leptotene is a first stage that
is affected during the first wave of spermatogeniesPeld Stra8-Cre mice.

68



RESULTS

A Dazl
= 2000
°
» 1500 -
Q
>3
& 1000
(]
; 500 [ 1 -
]
J9)
n: O T T
control F-T- control F-T- control FT- control F-T-
5d 10d 15d 20d
Ddx4
B
< 2500
o
g 2000
g
a 1500
ai
o 1000
=
8 500
g == N
control F-T- control FT- control F-T- control F-T-
5d 10d 15d 20d
C Stra8
60
C
2 50
7]
® 40
o
2 30 -
2 20 -
< 10 -
“ o B ‘
control FT- control F-T- control F-T- control FT-
5d 10d 15d 20d

Figure 25. Relative levels of Dazl (A), Ddx4 (B) @istra8 (C) mRNA expression in testes
of Pelo/Stra8-Cre mice during first wave of sperrogenesis.
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Values represent relative level of Dazl and Ddx4estes of 5-, 10-, 15- and 20-day-old
animals (5d, 10d, 15d, 20d). Expression levels wasemalised to the expression of
endogenous control (Sdha). 2-3 biological replisatere used for each stage and genotype.

3.1.6.5. Analysis of Pef¢d'Stra8-Cre fertility

The histological and molecular analysis of mut@stes suggests spermatogenesis
impairment at early stages (premeiotic germ celf)wever, germ cell differentiation
progresses normally in some seminiferous tubulesmoftant testes. To study the
consequences of the impairment on fertility of muteice, at the age of 8 weeks three
males and three females PéRtras-Cre were bred with wild-type animals. The bemof
offsprings was counted and is presented beltable 3.

Table 3. Results of fertility test for PeloStra8-Cre mice

Peld’"Strag8-Cre Litter size Litter number General number of
(mean) offsprings
3 9.2 9 83
Q 12.4 8 99

The fertility test showed that examined animalsrenvéertile and there was no
decrease in amount of offsprings in single litidre mean litter size of mutant females was
comparable with wild-type mice which deliver 14 giffing on average.Whereas mutant

males produced a slightly reduced number of offgwi

3.1.7. Tamoxifen-dependent pelota deletion in cKOMERT mouse line

To study pelota function in postnatal develpmentmaimmals, we have generated a
system for spatiotemporal inactivation of floxedgpe allele. We introduced ubiquitously
expressed Rosa26_CreERT knock-in allele to the menof Pel6™ and Pelf™ mice. The
CreERT recombinase is also ubiquitously expredsedis not translocated to nucleus. The
migration occurs upon application of tamoxifen (TAMvhich binds to mutated estrogen

receptor (ERT) binding site, fused with Cre recamalse. The system allows for excision of
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the floxed pelota allele in various tissues anducatl cells after administration of tamoxifen
to animals or hydroxytamoxifen (OHT) to the cells. absence of the substance, the
recombinase is not able to be transported intontl@eus what disables its function. This
mouse model allows us to study pelota’s role inlifgm@tion and differentiation events
during mouse development.

To generate the cKO/CreERT line, we mated hetgmzy Peld™ mice with
transgenic Pel§'CreERT mice to obtain P€laCreERT. Such mice were further bred either
with Peld” or with Pelé’". From those crossings we achieved the actual geepoti.e.
Peld"CreERT, which after tamoxifen application will yiePeld" CreERT. Two types of
PCR were used for determination of the genotydes/-fA PCR which amplify wild-type
(+), knockout (-), flox (F) and recombined)(alleles Fig. 12A and CreERT PCR for Cre

recombinase alleld~(g. 26).

0 1 2 3 +i+ CRE

290

Figure 26. Genotyping PCR for CreERT recombinase.

The figure presents the genotyping of 3 CreERTtpesnice (1-3) where transgenic allele
(290bp) was detected. Primers are designed in ans sequence what explains lack of the
band in wild-type animal. PCR conditions are prdedrin chapter 2.2.8.1.

Peld’"CreERT and Pef6CreERT after TAM-treatment will be mentioned as amit
mice (Pel6*CreERT and PefSCreERT, respectively). For the control we used neitieer
with Pelo wild-type allele (Pef6CreERT or PeldCreERT) or without CreERT
recombinase (P€l6, Peld” and Peld).

3.1.7.1. TAM treatment of Pel6"CreERT mice

Originally, TAM treatment was applied (0.5mg/30g) &adult mutant males (n=8),
adult mutant females (3) and control mice (n=5) ibyraperitoneal injections for 5
subsequent days. After two weeks from last TAM mapilon, one male was taken for
histological analysis. However, all analyzed tisswmeere morphologically similar to the
control. The Cre-mediated Pelo deletion had appedng was incomplete (data not shown).

The mice did not exhibit any apparent disorder.
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Due to the fact that Pelota was shown to be ireain cell division (Castrillon et al.,
1993; Ebenhart and Wasserman, 1995; Xi et al., R0@5 have decided to treat young

animals which still are in the phase of somaticwgho Therefore, 15-day-old mice were

injected with TAM for 5 days. 2 days after last bggtion of tamoxifen, we weighed the
mice for next 9 daysFg. 27A. The data indicate shown that P&l€reERT animals

exhibit growth impairment what might be correlateith mitotic cell division disorder.

A

Day

of birth

Day

0

._E—H_—H 1 # % —— mutant

TAM )
treatment | Weight |
>
I measurement I
Day Day Day Day
15 19 21 29
Weight of TAM-treated mice
== control

4d 5d 6d 7d 8d 9d 1od

Days after last injection

Figure 27. Weight gaining of mice treated with TAkL the age of 15 days.

The mice were treated for 5 days and the weightsoreanent was started 2 days after last
injection and lasted for 9 days (A). The data westlected from 6 mutant (Pel6CreERT

or Peld”"CreERT) and 11 control animals (B).

To verify whether the observed phenotype resultsnfrecombination of floxed

pelota allele, DNA from various organs of mutantenivas isolated and genotypédag(

28). It turned out that TAM-induced pelota deletioccurs in all examined tissues at high

extent. Partial deletion was detected in heargy,Jstomach and kidney. Only brain is hardly

affected what can be caused by blood-brain bastaking tamoxifen transport.
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Figure 28. Genotyping PCR of organs from Péfc€reERT mouse
Size of products: delta — 455bp; flox — 376bp. P&iRditions are presented in chapter
2.2.8.1.

Approximately 50% of mutant animals died withirn@eks after the treatment. It
suggests that effective pelota ablation is a sewksturbance in mouse physiology.
Nonetheless, 50% of P&f&€reERT mice were able to survive, so that we cstidy their

phenotype in detail.
3.1.7.2. Effects of pelota deletion in P{6CreERT animals

One month after TAM-application, some symptomsew&rund in mutant mice.
Apart from their reduced weight, P&i€reERT mice have begun to loose hair in the neck
area and nose, their eyes have becomeRgy 9. Additionally, their tails have looked
raspy with peeling skin. In the course of the tithe, bare skin developed erosive lesions in
the neck, nose and around the mouth. In contrastra mice remain healthy although they
have been kept together with mutants in the sarmgescdt ruled out the possibility that

tamoxifen is toxic as well as any contagious faaesponsible for the phenotype.
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Figure 29. Apparent symptoms of pelota deletionfelo” CreERT mouse.
1 —loss of hair in neck area; 2 — dry eyes; 3 #lhas and swollen nose.

Dissection of mutant mice 2-3 months after TAM-tneent revealed that their
thymus and testes are extremely reduced. Histabgicalysis of diverse tissues of Pélo
CreERT has disclosed some abnormalities. H&E stgiof skeletal muscle has shown that
diameter of skeletal cells is decreased in mutanenm comparison to the control, but the
number of cells seems to be unaffect&dg( 30. This reduction in size is probably
associated with growth retardation of mutant angmal
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Figure 30. H&E staining of skeletal muscles isolatdrom Peld’ CreERT
A — wild-type muscles; B — mutant muscles. Photre vaken under 10 x magnification.

Histological analysis of testes revealed a sevéecteof pelota depletion. In 2-
month-old wild-type testes we could observe allgeta of spermatogenesis, i.e.
spermatogonia, primary spermatocytes, round spéatspakelongated spermatids and
spermatozoa (Fig. 31A). However, in mutant testesn@nths after TAM treatment
spermatogenesis was completely arrested. In sesron$ tubules, one could find only
Sertoli cells which fill out the whole lumen. Tulesl were reduced in size, so it caused
increase of Leydig cells numbdtig. 31B).

This phenotype appears already in mutant testeseRsvafter TAM treatment (at the
age of 30 days) what suggests that pelota playsiteat role in a first round of

spermatogenesis.
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Figure 31. H&E staining of testes isolated from RA{'CreERT and wild- type mice.

A — wild type; B — mutant. Abbreviations: L — Leydells; S — spermatogonia; Ps — primary
spermatocytes; Rs — round spermatids; Es — elodgspermatids; Z — spermatozoa; Se —
Sertoli cells. Photos were taken under 20 x macgtifon.

A piece of bare skin from neck area was isolatetistained with H&E. In wild type,
the epidermis is relatively thin in comparison trmdis Eig. 32A). Epidermis consists of
keratinocytes — cells which are arranged in 5 lay&€he most outer layers are composed of
flattened cells which have no nuclei. However,he skin of the mutant we could observe
hypertrophia of keratinocytes (hyperkeratosis) Whidiltrate the dermis. The keratinocytes
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Figure 32. Disorders observed in PéfCreERT skin structure

Skin was isolated from control (A) and PéBreERT mouse (B). Hf — hair follicle (A); E —
epidermis; D — dermis; A — adipocytes(A); In — amfimatory region(B); P —
parakeratosis(B); H — hyperkeratosis(B).

from outer layer were found to possess nuclei {medosis) — this process is

common for diseases related to excessive proliéerapf epithelium. Additionally,
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symptoms of a chronic inflammatory response appeadeeper layers of the skin.
Histological studies of kidney also revealed lymgyie-rich inflammatory cell infiltration
(data not shown).

Other tissues of the mutant mice (such as spleesr, Istomach, heart, intestine,
ovary) were also studied, but they did not disagh a pronounced phenotype. The effect
of pelota deletion on different organs still regsirthorough studies. The impaired
development of thymus beside these histologicatentations implies putative defects in
the immune system of P&{ mice.

The thymus is an organ where thymocytes mature Tntells, whichrespond to
foreign antigens, but do not recognize self-ansg&oldrath and Bevan, 1999; Miller, 2002;
Starr et al.,, 2003). We suspected that pelota teplaffects the maturation of T cells.
Therefore, we have analyzed cell surface markar®&fand T cells isolated from thymus
(Table 4) and spleenTable 5) of mutants (n=4) and controls (n=4) using flowtayetry.
The thymus and spleen cells were prepared andestawith fluorescence-conjugated
monoclonal antibodies, which recognize differentl urface markers Materials &
methods, 2.2.1Y.The analyzed cell number was 11+4 X i@ control thymus and 11+5 x
10’ for control spleen. The amount of mutant cells weakiced to 0.8+0.7 x 16n thymus,
and 5.5+2.5 x 10in spleen.

We have found a strongly reduced level of COB8" double positive, CDLDS,
CD8'CD4 single positive and CD3-positive cells (T lymphas)t The number of double-
negative (CDZCDS8) cells, i.e. thymocyte progenitors derived fronmiagopoietic stem cells,
was 6-fold increased in all mutants. It is extrgymadticeable in mutant 2T@ble 4), where
these cells constituted a vast majority of testedl @opulation. The decrease of
differentiating and mature stages of T cells intidhat after Pelota protein is deleted, the
further differentiation of thymocytes is disruptadd the stage of double negative cells is

accumulated. It explains high susceptibility teeictions of all mutant mice.
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Table 4. The number of T cells (various developredrdtages) in thymus of TAM-treated
animals (Peld CreERT and Peld” CreERT)

The animals treated with TAM at the age of 6 week® analysed 1 month after treatment.
The mice which were injected at the age of 15 dagse examined 2 weeks after treatment.
The thymus of mutant 3' was strongly reduced arel amount of isolated cells was
insufficient for FACS analysis.

Organ THYMUS
Age of treated mice 6 weeks 15 dalil/lsutant
Cell surface marker Control Mutant Control 1 o

DN (double-negative CDZDS cells) 478 3059 11.1+0.6 15.46 98.83
CD4'CD8’ (differentiating thymocytes) 76.71 34.86 60.5+1.6 77.67 0.64

CD4'CD8 SP 11.91 28.11 16.94+0.06 2.75 0.18
(differentiating thymocytes)
CD8'CDh4 SP 541 339 11.3+1 406 O
(differentiating thymocytes)
CD3' (T cells) 18.08 11.19 31.81+6.2 7.19 0.56

Examination of B cells derived from spleen dematistt that CD19- and B220-
positive cells (B lymphocytes) in P&f€CreERT animals are also reduced in numBeble
5.) as compared to the controls. CD19 and B220 (CR#&xell surface markers specific for
mature B cells. In some mutant mice we have foundlight increase in number of
CD4'CD25 cells, which recognize autoantigens. This mightgssgy that mice exhibit
autoimmune disorder, but it requires further stadwe detected higher number of CD25
cells, which are indicators of inflammatory stafehe organism as well as NK cells (DX
positive), which were increased. The amount of Tlsceletected in spleen, was variable

depending on the individuals.
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Table 5. The number of B and T cells in spleen cANI-treated animals

The animals treated with TAM at the age of 6 week® analysed 1 month after treatment.
The mice which were injected at the age of 15 dagse examined 2 weeks after treatment.
NK cells - natural killer cells.

Organ SPLEEN
Age of treated mige 6 weeks 15 days

Cell surface mar Control | - Mutant Control Mutant

1 2 3 T 2’ 3
CD19' (B cells) 39.09 11.7 30.1+14.1 5.03 | 7.72| 12.35
B220" (B cells) 447 22.85 3315 11.61| 9.05| 18.67
MHCII™ (B cells) 0.12 0.26 2.4+2.2 168 | 1.3 0.3
CD25' (activated B and T cells)] 0.72 1.46 1.5+0.3 0.87 | 1.45 1.2
CD4'CD25 0.69 1.51 1.3+0.6 0.91 | 1.37] 0.88
DX5" (NK cells) 2.79 6.68 3.1+0.9 3.18 1 2.39
CD3'(T cells) 3229 | 9.99 17.3+18 5.71 | 6.99] 20.74
CD4" (T cells) 35.07 | 49.53 22.8+16 12.6 | 11.9] 18.45
CD8' (T cells) 14.77 | 13.43 13.7+10.2 3.51 | 4.61 6.68

3.1.8. Pelota-deficient ESC line — functional chacierization

To study pelota function on a molecular level, vemerated a ESC line with flox
allele and tamoxifen-activated CreERT recombin&se.all experiments described we used
Peld’ cells treated with OHT as a control.

To study if pelota deficiency enhances directiorcelts to programmed cell death,
we performed the annexin-7AAD assay. For contrel,used Pef6 cells either untreated or
treated with OHT and untreated mutant cells (P€eERT). Using FACS analysis, we
examined early (annexin V staining) and late (7-AAfining) apoptosis levels in the
culture Fig. 33. The percentage of viable celS@T STAINED, Fig. 33was predominant
in comparison to apoptotic cells. The experimemivstd that the number of either dead or
apoptotic cells was not increased upon pelotaigelelt demonstrates that pelota deficiency
does not influence the proliferation and viabibfyES cells.
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Figure 33. Flow cytometric analysis of apoptosisvéd in mutant cells treated with OHT
and untreated

FITC-Annexin V/7AAD flow cytometry of an untreatashtrol (A) and mutant ¢). OHT-
treated cells are presented B (control) andD (mutant). The lower left quadrant shows
viable cells, which exclude 7AAD and are negatoreFITC-Annexin V binding. The upper
right quadrant contains the nonviable necrotic sqibsitive for 7AAD and annexin binding.
The lower right quadrant represents the apoptoélts; FITC-Annexin V positive and 7AAD
negative, demonstrating cytoplasmic membrane iittegrThe graph ) indicates
percentage of all kinds of cells. NOT STAINED bigacells; 7AAD - single-stained with
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7AAD (necrotic cells); ANN — single-stained witmarin (apoptotic cells); ANN+7AAD -
double-stained with annexin and 7AAD.

Lack of prominent effect of pelota ablation on geshtion and viability of ESCs led
us to check the role of pelota protein in differaton. Therefore, the cells were cultured in
conditions that induce the differentiation procdsSCs were trypsinized, plated on bacteria
dishes and left in suspension in the absence ofdiA0 days. Under these conditions ES
cells aggregated and formed embryoid bodies (EBsyhich cells differentiated into the
three germ layers — endoderm, mesoderm and ectodléendid not observe any differences
in morphology between mutant and control cells. EBse thereafter trypsinized, plated on
gelatin-coated dishes and cultured in ESC mediutiout LIF. We could observe a striking
difference in morphology between mutant and conwells. The control cells were
differentiated, whereas pelota-deficient cells fedriwo types of cells spread on the plate:
differentiated ones attached to the bottom and E&Ceolonies growing over them. To
confirm pluripotent character of the mutant celig, stained them with alkaline phosphatase
(AP), which is an enzyme specific for pluripoteetls. Pelé"CreERT colonies were AP-
positive Fig. 34B).

A

Figure 34. Alkaline phosphatase staining of replateEB-like structures from Pel§
CreERT and wild-type cells.

EBs after 10 days of differentiation were trypsedizand plated on gelatine. A — wild type; B
— mutant cells.

Further confirmation of pluripotent nature of mmitaEBs was determined by
expression analysis of essential molecular mar&epluripotency — Oct4 gene, which is
downregulated as soon as the cell begins to diffete. Western blot analysis showed that
Oct4 protein is normally expressed in undiffereetiacells (ES1 and ES9), but it was also

present in Pelty EBs in contrary to control EB§ig. 35).
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Figure 35. Western blot analysis of Oct4 expressiardifferentiated and undifferentiated
cKO/CreERT cells.

Picture shows Oct4 protein in undifferentiated nmitdES9) and control (ES1) cells;
differentiated mutant (EB9) and control (EB1) cells

For further demonstration of Oct4 expression ifofe EBs, we performed
immunohistochemical staining of EBs, which weretandd for 18 days in medium without
LIF. The experiment proved that Oct4 protein wal$ estpressed in the mutant cellBig.

36). Nonetheless, we could find few positive cellsoain the control able §. There were
21.2% of positive and partially positive cells iretcontrol type, whereas in the mutant such
colonies constituted 45.9% of all counted coloni@bese data show that P¥l@ells failed

to differentiate at higher extent than the control.
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Figure 36. Immunohistochemical analysis of Oct4 exssion in differentiated mutant
cells

The cells were cultured for 18 days without LIF @hnen stained with antiOct4 antibody and
mounted in medium containing DAPI. A, C, E —contells; B, D, F — mutant cells. The
photos were taken in green fluorescence for vigatibn of Oct4 and blue- for DAPI.
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Table 6. Statistcs for Oct4-positive cells afteffelientiation.

Cells were plated on 4-chamber slides. The caleuiatare done for each chamber of the

slides with control and mutant cells.

Sort of cell Control Peld"CreERT
aggregate Oct4- Oct4- Partially Oct4- Oct4- Partially
positive| negative positive positive | negative positive
No. of aggregates in 0 21 2 3 21 8
first chamber 0% 11.7% 1.1% 1.5% | 10.8% | 4.1%
% of aggregates
No. of aggregates in 3 12 3 1 29 14
second chamber | 7 794 | 6.79% 1.7% 05% | 14.9% | 7.2%
% of aggregates
No. of aggregates in 1 69 19 5 40 28
third chamber | 0,696 | 38.5% 10.6% 2.6% | 20.6% | 14.4%
% of aggregates
No. of aggregates in 0 39 10 8 15 22
forth chamber 0% 21.8% 5.6% 41% | 7.7% 11.3%
% of aggregates
No. of aggregatesin| 4 141 34 17 105 72
general 2.2% 78.8% 19% 8.8% | 54.1% 37.1%
% of aggregates
in general

We have then examined the expression of miR-286te&l — set of microRNAs
specifically expressed in pluripotent cells. Indxil/pe cells, miR-290 was downregulated
upon differentiation and loss of pluripotency. Hewe in pelota-deficient EBs the amount
of those small regulative RNAs was upregulated.(37).

1,4
1,2
1 T I B mir-290
L '|' W mir-291
0.8 :
O mir-292
0,6 O mir-293
W mir-294
0.4 1 I mir-295
0,2
0

EB9 ES9 EB1 ES1

Figure 37. Relative levels of miR-290 cluster exgs®n inPeld"” ES cells and embryoid
bodies.
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Values represent relative levels of microRNAs oR-200 cluster in undifferentiated
control (ES1) and mutant (ES9) ES cell and diffeated cells: the control (EB1) and the
mutant (EB9). Expression levels were normalisethéoexpression of endogenous control
(Sdha). 2 technical replicates were done for eaghroRNA and each cell type. The
different colours of bars stand for different miBfdAs of miR-290 cluster — explained in the

right table.

Results presented above, indicate that the miE&st are indeed pluripotent and
their differentiation is somehow disrupted. To shewbre light on differentiation process in
Peld"CreERT cells, we determined the potential of mut&SCs for neuronal
differentiation Fig. 38). The experiment did not show any difference betweutant and
control cells in their ability to form neurons. bhoth cases one could observe neuronal cells
which were confirmed by immunohistochemical stagnivith neuron-specific markersp3-
tubulin (TUJ) and tyrosine hydroxylase (TH). As simoin Figure 38 TUJ- and TH-positive
cells were found in both cell lines. However, thamber of mutant cells, which formed

neurons seems to be decreased in comparison twkont

control i , control

Pelo®"CreERT Pelo®"CreERT

Figure 38. Neural differentiation of mutant and corirol cells.

The control (A,B) and mutant (C,D) cells were stdinvith two neuron-specific antibodies:
S3-tubulin (TUJ) and tyrosine hydroxylase (TH) andualized by green fluorescence
(FITC).
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For investigation of endodermal and mesodermdemihtiation ability of mutant
cells, we determined the expression level of eanly late molecular markers for mesoderm
and endoderm development. Eomesodermin is expressely during mesodermal
differentiation (Izumi et al. 2007), whereas vimants suggested to be neccesary in
advanced stages of mesoderm formation (Rius aner,Al992). The expression level of
eomesodermin was higher in 10-day-old PalyeERT EBs than in control EBEi(j. 39A),
whereas the vimentin was expressed in mutant EBa wery low level in contrast to the
control Fig. 39B. The data suggest that mesoderm formation istadeat early stages in
Peld"CreERT cells. The high expression of vimentin imtcol EBs suggests that the cells
have reached the late stage of mesodermal diffatemt, while in the mutant cells the
expression of vimentin has not yet been activaiesl o early-stage arrest. To verify this
assumption, the expression level of both markerstinet examined in 3-, 5- and 10-day-old
EBs.
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Figure 39. Eexpression profiles of early (A) andtéa(B) mesodermal markers.
Values represent relative level of eomesodermin\amentin in 10-day-old mutant (EB9)
and control (EB1) EBs and was compared to the esgioa in undifferentiated mutant (EB9)
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and control (EB1) ES cells. Expression levels weoemalised to the expression of
endogenous control (Sdha). 2 biological replicatese done for each cell type.

Sox7 and Hnf4 are expressed at early and late stagendodermal differentiation,
respectively (Futaki et al., 2004; Duncan et a@97). The expression analysis of these
markers in 10-day-old EBs revealed that Sox7 esadevel does not differ significantly
between PefCreERT and control EBs and is similar to the ldmelindifferentiated cells
(Fig. 40A. Late endodermal marker (Hnf4) exhibits high egsion level in 10-day-old

control EBs, whereas in undifferentiated cellsitlownregulated. In mutant EBs the amount
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Figure 40. Eexpression profiles of early (A) andtéa(B) endodermal markers.

Values represent relative level of Sox7 and Hnf4Grday-old mutant (EB9) and control
(EB1) EBs and was compared to the expression inffarehtiated mutant (EB9) and
control (EB1) ES cells. Expression levels were radisad to the expression of endogenous
control (Sdha). 2 biological replicates were donedach cell type.

of Hnf4 transcript is reduced to the level detddte undifferentiated cells. The data

suggest that mutant cells fail to form endodermchémged Sox7 expression may result
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from progression to later stages of differentiatimereas downregulation of Hnf4 may be
due to arrest in middle stages of endoderm formatio evaluate this hypothesis, the

expression level of both markers must be done,ib-3and 10-day-old embryoid bodies.
3.2. Transgenic mice overexpressing Pelota

An alternaltive way for demonstration of pelotadtion in germ cells is a transgenic
mouse model. In reference to pelota studie®rasophilaovary (Xi et al., 2005), where
depletion of pelota was found to cause loss ofresléwal of germ cells, we suspected that
spermatogenesis in mouse testis could be affestedtih

To examine this hypothesis, we studied the phemobtfppelota transgenic animals
which had been generated in the institute (BuyayeteP006). We analyzed four transgenic
lines - two Adam lines (1 and 9) and two Eva lifeand 6).

A pelota transgenic allele in Adam lines containgnhn pelota cDNA under
ubiquitin C promoter. The transgene (Pglis specifically expressed in testes (Buyandelger,
2006).

Eva lines possess a transgenic allele composedirofih pelota cDNA under the
control of the elongation factonJromoter. EvalLl line was shown to exhibit tespeefic
Peld, whereas the expression of Pelm Eval6 was detected in all studied tissues
(Buyandelger, 2006). It was impossible to analymedxpression pattern of the transgene on
protein level, because transgenic PELO proteimdidpossess any epitope tag (e.g. c-myc)
and was therefore undistinguishable from endogeRalsta protein. Therefore, the studies

concerning expression were done on the level of RNA
3.2.1. Testis-specific transgenic lines

Despite different promoters in Adam and Eva ling® mice of lines AdamL1,
AdamL9 and Evall showed transgene expression atestrio testes. Fertility of males in
all lines was not affected, i.e. the mice gave Mgalffsprings and avarage litter size was
comparable to wild type FVB strain: 9+2 animals. Wecided to generate lines of
homozygous Pelomice. To establish homozygous lines (P&)p we mated Pefomice
from F1 generation together. Subsequently, F2 mieee bred with wild type in order to
distinguish between Péland Peld™ mice €ig. 41).
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Option I:
Pelo® X Pelo™
F1: Pelo' only
&> Pelo”® = Pelo™
Option II:
PeloP® X Pelo™

F1: Pelo' : Pelo™

&> Pelo”®® = Pelo’

Figure 41. Scheme of test breedings to identify tlhe®mozygous and hemizygous
transgenic mice.

Peld® stands for mouse that is positive for transgenbereas Peld” is a wild type
without transgene. Such genotype estimation wag donthe basis of at least 2 litters for
each positive mouse.

We were able to establish homozygous lines for Adaend AdamL9, whereas test
breedings did not reveal any PElomouse of line EvaLl. Histological analysis of ésst
isolated from F2 animals of all those three linemdnstrated that pelota overexpression did
not influence spermatogenesis in any of the lika@g. (42. We detected all spermatogenic

stages in seminiferous tubules of AdamL1, AdamL® Bwal.1 animals.
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Figure 42. H&E staining of adult testes isolateddm AdamL1, AdamL9 and EvalLl.
Sp — spermatogonia; Ps — pachytene spermatocytes;—Round spermatids; Z —
Spermatozoa; L — Leydig cells. The photos were do88x magnification.
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The absence of P&l mice in F2 generation of EvalLl line led us to assthat the
insertion of transgenic allele in the genome migave disrupted a gene, which plays a
crucial role during embryogenesis. To determine ititegration site of the transgene in
EvalLl genome, we used GenomeWalker Kiaferials & methods, 2.2)3which allowed
us to identify the genomic sequence adjacent tad3@ transgenic pelota allele. It turned
out that pelota construct was recombined into tiemnic region of Rorl (receptor tyrosine
kinase-like orphan receptor 1) gene located onrobsmme 4. We were able to define the
exact integration site of 3’ end of the constrda.confirm the integration site, three primers
were designedHig. 43. Two of them were located around the integratide and one was
located on 3’end of transgenic construct. The $é¢hese primers was used for genotyping

of EvaL1 animals.

F2

EF1 pelota

Rorl, intron 3

_’ 4_
F1 R
Figure 43. Scheme of pelota construct integratioites
The figure presents integration of pelota transgeadlele (EF1_pelota) in the sequence of

Rorl gene, in the intron 3. The arrows show primetgch are used for genotyping of
EvalLl animals: F1 — EvalLl_F; F2 — EvaLl GenomeWs2k R — EvaLl R

The PCR assay performed by means of designed pwingenfirmed that
determination of integration site was correct. Wetamed the expected bands either for
wild-type allele or for introduced transgenic adlefFig. 44). It demonstrates that all
offsprings obtained from breedings between transgemice, were wild-type or
heterozygous. Neither of them was P&lo
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Figure 44. Genotyping PCR for integration site inaL1 line

Wild-type band stands for intron 3 frogment of Rayéne without pelota construct
integration amplified by F1 and R primers (Fig. 4@hile transgenic allele is amplified by
F2 and R..

To determine whether the PEfomice die during embryogenesis, we genotyped ensbayo
E15.5 and E17.5 stages. We found P&lenice in both stages. Analysis of neonatal
offsprings derived from crosses of heterozygous'Palice revealed that P&[b newborns
died within 24 hour after birthT@ble 7).

Table 7. Genotype statistics of newborns which diathin 24 hours after birth.

Parents genotype Pélo X Pelo
Newborns genotype Pélo Peld Peld”"
No. of newborns 17 28 14
No. of newborns 1 5 14
which died within
24h

It could be possible that during recombinationcess a part of intron/exon sequence
was deleted and Rorl was disrupted. To prove ypsthesis, Western analysis of proteins
isolated from kidneys of Peld, Peld and Peld embryos was performed using polyclonal
anti-ROR1 antibody. As shown ikigure 45, the ROR1-specific 105 kDa band was
detected. The protein was present either in wiftbtgr in Peld kidney-protein extracts,
iI'T

whereas in Pel0 embryos it was undetectable.
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ROR1
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Figure 45. Western analysis for RORL1 protein in BvAmice.

The upper photo presents staining with anti-RORtibady which detects the ROR1 protein
in size of 105 kDa. Antibody staining with antilib (lower photo) demonstrates tubulin
protein of 51 kDa which characterizes the qualitypmteins used for ROR1 staining.

Lack of ROR1 protein confirmed accidental disraptof this gene by recombination
of pelota transgene into Rorl locus. Rorl knockihénotype was published (Nomi et al.,
2001). It was reported that Rdtlnewborns had respiratory problems and died wigin

hours after birth. After observation of EvaL1l newis) we obtained convergent results.
3.2.2. Eval6 as a rescue for pelota knockout mice

To study the consequence of Pelo-overexpressiorerobryonic and germ cell
development, our group generated a transgenic mmesé¢hat ubiquitously overexpressed
Pelota protein. EvalL6 line was generated by thedhiction of the transgenic pelota under
EF1 promoter into the wild-type mouse genome (Bdgéger, 2006). The ubiquitous
expression of Peloin EvalL6 mice did not influence mouse viabilitydafertilty. We
generated a homozygous Evalb6 line like describedalf-ig. 41). The line did not exhibit
any apparent phenotype.

These transgenic animals were used to solve thstignewhether the embryonic
lethality of Pelo-deficient mice is due to inactioa of pelota gene or because of position
effect resulting from manipulation of pelota locusd consequent change in expression of
neighbouring genes.

To verify these possibilities, we introduced thenggenic Pelo allele into the genome
of Peld” mice (ig. 46) and proved the ability of P€éldo rescue the embryonic lethality of

Peld” mice.
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Pelo™ X Pelo'”

F1: Pelo”™  x Pelo™"
F2: Pelo”’
Figure 46. Strategy of breeding for generation afscue mouse
Generated PeldPeld rescue mice are healthiig. 47) what provides evidence that
pelota transgenic allele is properly constructedorédver, its expression under EF1

promoter is efficient to substitute endogenous fagbootein and mimic its function in living
animal. It confirmed close evolutionary relatiortieeen human and murine Pelota protein.

Figure 47. Rescue mouse: Péigelo’ male

Table 8demonstrates the genotype statistics of breediegaeen Peld™ mice,
which yielded Pel6™ mice. All rescue mice were viable. Their fertilityas studied in test
breedings. One Peld female has already delivered 8 offsprings, whilepnogeny was
obtained from any Peld male within 2-month breedings. It indicates thhahsgenic Pelota
protein is also capable of retaining germ cell etéhtiation and functionality at least in

ovaries.
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Table 8. Statistical frequency of expected genos/plerived from breedings producing
rescue mice

Pelo”™™ x Peld™’
F1 generation ++ 4| -l | HAT | +H-T | --T
Mendelian ratio 1] 1) 1 1 1 1
Mice number (outof52) 8 | 14| O 5 19 6
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4.1. Brief overview of the results

In 2003 pelota function was analyzed in pelota koot mouse (Adham et al., 2003).
The phenotype of homozygous mutants (Pglds lethal during early stages of
embryogenesis (E7.5). Pélblastocysts fail to expand in growth after 4-dajtuwe. It was
hypothesized that inner cell mass displays theatlafgher in cell proliferation than in
differentiation. The putative role of pelota infdifentiation was demonstratedDmosophila
ovary, where it is involved in self-renewal of gestem cells (Xi et al., 2005).

To investigate the function of murine PELO in celcle/differentiation, we
generated a conditional knockout mouse. On thel leVeRNA, we demonstrated that
tamoxifen-induced recombination of floxed Pelo lalleras complete in generated Pé&lo
CreERT ESC lineKig. 11). The procedure was also very efficient in the sswmodel,
where we detected almost complete deletion oflthedl allele Fig. 29).

The histological analysis showed that spermatogeness completely disrupted - all
stages of germ cells were absent, only Sertols agluld be foundHig. 31). For evaluation
of PELO effect on spermatogenesis progression,energted testis-specific knockout mice
(Peld"Stra8-Cre), where deletion of floxed Pelo regiomuss in accordance with Stra8
promoter-derived Cre recombinase expressaaifter 3.1.6. The immunohistochemical
analysis of mutant testes unveiled lack of sperget@ progression since day 15, when
meiotic division starts. The quantitative analysit premeiotic markers revealed that
expression of Stra8, Dazl and Ddx4 in 10-day-olstee was alike — all three markers
exhibited a drastic increase of transcript levahat time in the control, but in mutant testes
we observed twofold reductiofiy. 25, 26, chapter 3.1.64.In case of Plzf, Sox3 and c-
Kit, there was no dramatic discrepancy betweenrobrand mutant, despite the slight
reduction at day 5. It indicates that there waglear effect of PELO depletion at the stage
of either undifferentiated (Plzf and Sox3) or diffetiated (c-Kit) spermatogonia. It suggests
that the phenotype appeared with onset of sperroaiaigdifferentiation, that is with entry
to meiotic division. In addition, we found mosaiécen (Pel&™ Stra8-Cre), which displayed
incomplete Pelo allele recombination in various atentissues, including kidney, liver,
heart, spleen, lungs. It indicates that Stra8 esgio@ is transactivated early in
embryogenesis. However, we did not find PeRira8-Cre mice, what means that this

genotype is lethal during embryogenesis, similgrdiota classical knockout.
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Handling the well-functioning conditional knockoniouse model, we were able to

verify why Pelo null blastocysts were unable toduree the ESC line. We generated Pelo
CreERT ESC line, where we successfully deleted e cell genotype become P¥lo
CreERT) by CreERT recombinatioRig. 10). The null cells did not show any proliferative
disorder and were well preserved in culture. Theg did not exhibit an increased level of
programmed cell death. Therefore, we analyzed tffierehtiation capability of mutant ES
cells. The PelfCreERT ES cells turned out to be defective in gty embryoid body
structures. The cells showed sustained Oct4 expreasd upregulated expression of miR-
290 cluster — family of microRNA which is charaeséic for pluripotent ES cells (Houbaviy
et al., 2003, 2005). To investigate in which geayel the differentiation failure occurs, we
used the mutant cells for neuronal differentiatibhe experiment resulted in differentiation
of neuronal cellsin vitro. This indicates that the process of generatingpderin is
unaffected Fig. 38. For analysis of mesoderm and endoderm lineagesperformed
quantitative RT PCR by means of early and late erarfor both germ layers. In mutant
cells subjected to EB formation, the level of earlgsodermal marker (eomesoderin, Fig.
39A) was significantly higher that in control EBs)d expression of a late marker (vimentin,
Fig. 39B) was strongly reduced. Whereas the eadyker for endodermal development
(Sox7) did not show any difference between mutadt@ontrol, the late marker (Hnf4) was
drastically downregulated in mutant cells. Fromsthaesults we assume that pelota-
deficient cells are defective in mesoderm and eadudormation. To prove our hypothesis
we studied differentiation of adult stem cells,. i.hematopoietic stem cells and
spermatogonial stem cells, which are convenienteaisoth the mouse due to continuous
differentiation process along the life span ofdnénal and due to their mesodermal origin.

The analysis of B and T cells isolated from spleed thymus demonstrated the
reduction in number of both kinds of cells. Additaly, in case of T cells we detected a
strong increase of double negative cells (TI@B), which are developmental precursors of
mature T cells. However, the following developmérdtages, that are double positive
(CD4'CD8"), single positive (CD4CD8 or CD8CD4) and mature T cells (CDBwere
reduced in numberT@ble 4). This clearly shows the developmental arrest o€e€lls.
However, proliferation of precursor cells was nib¢eted.

To show that mortality of classical knockout miesults from pelota inactivation,
we crossed Pelb mice with transgenic Pelanice chapter 3.2.2 which rescued the lethal
phenotype. It clearly demonstrates that the lethaliiginated from pelota inactivation, and

it was not the position effect after introductidrtiee allele into the genome.
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In addition, we analyzed transgenic mice which express PELO in testis-specific

manner. However, we did not detect any disordepermatogenesis. The mice were fertile.
This can suggest that PELO protein is subjecteaicturate posttranslational regulation in

the cell and the excessive amounts of the proteimeanoved.

4.2. Embryonic stem cell fate shift from pluripoten to differentiated state

Embryonic stem cells are derived from the innel mwelss of the blastocyst (E3.5 in
murine embryogenesis) and are capable of giving tes all three germ layers, what
constitutes their pluripotency. The important teatof ES cells is their ability to self-renew,
which requires a complex transcriptional profileh@d et al.,, 2006). Some factors were
identified to contribute to the pluripotency mainance, including Oct4, Sox2 and Nanog.
The shift of the cell fate to differentiation cass®wnregulation of the pluripotent markers.
For instance, in the cells induced to mesoderm &bion, Oct4 is not expressed (Yeom et al.,
1996; Yoshimizu et al., 1999).Depletion of the mplaripotent markers stands for the loss
of pluripotency. Oct-4-deficient embryos die atdimyst stage due to loss of pluripotent
cells composing inner cell mass (Nichols et al.989Niwa et al. 2000). Sox2-targeted
deletion causes a lethal phenotype at peri-impl@amtatage of embryogenesis. In contrast
to Oct4-null mutants, SoX2embryos develop the inner cell mass, but theytéaihaintain
epiblast cells which are essential for further afightiation of extraembryonic tissues
(Avilion et al., 2003). Nanog-deficient ES celldfdrentiate into extraembryonic endoderm
lineage, losing pluripotency (Mitsui et al., 200Byeservation of pluripotency requires also
silencing of genes which are responsible for déifdiation initiation. Such inactivation is
implemented by means of epigenetic regulation, ckromatin remodeling, histone
modifications and DNA methylation (Boyer et al.,08) Lee et al., 2006). However, the
genes of pluripotent markers are also subjectepigenetic regulation. Such regulation by
methylation was reported for Oct4 (Hattori et 2004) and Nanog promoters (Deb-Rinker
et al.,, 2005). It was unveiled that 8leosome_lBmodeling and histone dacetylation
(NuURD) complex (Xue et al., 1998) is recruited abrpoter sequences of the pluripotent
markers and is responsible for epigenetic modibcat and silencing of the gene expression
(Wade et al., 1999; Lan et al., 2002; Crook et24lQ6; Kaji et al., 2006).

The NuRD complex is composed of methyl-binding-domralated protein 2 and 3
(MBD2/3), histone-binding proteins, chromatin reralinlg ATPases, zinc-fingers proteins

and histone deacetylases, which form together eotcited apparatus for epigenetic
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modifications (Crook et al., 2006). MBD2 and 3 wedentified as core components of

NuRD complex (Ng et al., 1999; Zhang et al., 199®wever, it was found that they are
mutually exclusive. They reside in two NuRD compggxwith distinct core-subunit
compositions: MBD2/NURD and MBD3/NuRD (Le Guezenm¢@l., 2006). The results of
knockout studies for MBD2 and MBD3 indicate thaeyhplay nonoverlapping roles in
mouse development. Deletion of MBD2 results intreddy mild defects in transcriptional
silencing of methylated promoters. The MBD2-knodkmice are viable — this demonstrates
that MBD2 is not crucial for mouse developmentlikinMBD2, the deletion of MBD3
causes embryonic lethality (Hendrich et al., 2001).

Due to the fact that it was impossible to estabbshES cell line from Mbd3
blastocysts, Kaji et al. (2006) generated an ESEWith floxed Mbd3" allele. After MBD3
deletion, the mutant ES cells were unable to repi@mscription of Pramel6 and Pramel7 —
genes highly expressed in preimplantation stages,ppa3 which is an early marker of
primordial germ cells. When the MbU3ES cells were subjected to differentiation
conditions, they displayed persistent expressignwipotent markers (Oct4, Nanog, Rex1).
In addition, they failed to express differentiatiorarkers for all developmental lineages
(endoderm, mesoderm and ectoderm), except for fprarectoderm marker Fgf5 at day 3 of
differentiation. However, the cells were unableltwnregulate the Fgf5 expression at later
stages of differentiation as compared with contrells. This suggests that ectodermal
differentiation can start, but is arrested at eaigge (Kaji et al., 2006). Our results
demonstrate that PELO protein inactivation leadsnaogous phenotype.

Similarly to Mbd3", Peld” ES cells stay pluripotent in differentiation cotimtis,
what was confirmed by alkaline phosphatase stairang sustained Oct4 expression.
Analysis of differentiation markers shows that Péland Mbd3 ES cells subjected to
embryoid body formation exhibit a differentiatiornrest in either all developmental lineages
(Mbd3") or mesoderm and endoderm (P&Jointerestingly, both mutant cell lines seem to
display primitive cell fate shift to differentiatiointo one germ layer: ectoderm (MBg3or
mesoderm (Pef$). However, the increased mRNA levels of earlyafiéhtiation markers
and decreased transcript levels of late differéiotiamarkers lead us to the assumption that
further formation of ectoderm (Mbd3 and mesoderm (P€Y9 is arrested at an early stage
of differentiation. This convergent phenotypes smsjgthat the defect of differentiation
capacities of Pefd ES cells may result from malfunction of NuRD compin methylation

of Oct4 promoter, which in these cells is constaattive under differentiation conditions.
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This hypothesis is supported by the fact, thabteewas found to interact with

CDK2AP1 protein (unpublished data), which is alequired for epigenetic silencing of the
Oct4 gene during ESC differentiation (Deshpandal.e2008). In addition, the protein was
identified as a core component of MBD2/NuRD and MBRBURD complexes (Le
Guezennec et al.,, 2006). Deletion of Cdk2AP1 resint early embryonic lethality and
sustained expression of Nanog and Oct4. As thesknfis are convergent with the Mbd3-
deficiency phenotype, it was assumed that CDK2ARRIDA/NURD complex is responsible
for silencing of genes of pluripotent markers dgrthe differentiation process (Deshpande
et al., 2008). Due to the fact that PELO proteifotalized in the cytoplasm and not in the
nucleus, the interaction between CDK2AP1 and PEL&Y mmave a regulatory impact on
signalling pathways related to promotion of diffeiation, like the transforming growth
factorp (TGFJ) pathway.

4.3. Signal transduction in differentiation and pluipotency

The development and homeostasis of most mouseetisge controlled by the TGF
signal transduction network, which involves distireceptor families and mediator proteins
activating target gene transcription in associatoth DNA-binding proteins (Massague,
1998). The TGH family consists of polypeptide growth factors, whiregulate various
developmental processes, such as cell proliferatineage determination, differentiation
and cell death. The TG[F4s also an important antiproliferative factor chgiearly stages of
oncogenesis (Hill et al., 2009).

The TGFB1 is a member of the TGF-family. It is a cytokine, which exerts
suppressive effects on epithelial, endothelial lagthatopoietic cells by promoting synthesis
of cyclin-dependent kinase inhibitory proteins (lgague, 1990; Hannon and Beach, 1994;
Alexandrow and Moses, 1995; Polyak, 1996). Hu et24104) demonstrated that this growth
factor leads to induction of CDK2APL1 transcriptiamd in consequence to increased
CDK2AP1 association with CDK2. The interaction f&sun negative regulation of CDK2
activity, i.e. proliferation inhibition. This TGB-mediated growth suppression is affected by
CDK2AP1 depletion. From these data we can assurat GDK2AP1 protein, a core
component of MBD3/NuRD complex, is activated by F&FAs it is doubtful that PELO
participates directly in the NURD complex formatiome suppose that disruption of Oct4
promoter methylation in Pelo-deficient ES cellsais effect of upstream deregulation of

TGF{ signalling pathway, which controls pluripotent geexpression by epigenetic
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silencing and hence differentiation of mouse E3scél is probable that PELO/CDK2AP1

interaction plays a role in TGEpromotion Fig.49).

An alternative pathway, which may be deregulategélota-deleted PeloCreERT
ES cells is the LIF signalling pathway. LIF sigmadl inhibits mesoderm and endoderm
formation, whereas ectoderm formation in ESCs aslked by bone morphogenetic protein
4 (BMP4) signalling (Ying et al., 2003). Due to tfaet that ectoderm differentiation upon
pelota inactivation is unaffected, we assume tiMPB pathway is not influenced by PELO
protein. In normal ES cells, LIF application leadsphosphorylation of distinct factors,
including STAT3, a signal transducer and activatbtranscription 3 (Boeuf et al., 1997),
what leads to maintenance of pluripotent statectimation of STAT3 was reported to
induce spontanous differentiation (Paling et aDp4). The studies concerning STAT3
expression revealed that this factor, activateceunlifferentiation conditions, is capable of
sustaining self-renewal of ESCs without additiodh. ¥ (Matsuda et al., 1999). The STATS3-
dependent pathway is poorly understood, but itnewn that c-myc and Eed genes (cell
proliferation propagators) are direct targets oA$3 (Cartwright et al., 2005; Ura et al.,
2008). Recently, 58 genes were identified as taggees of STAT3 (Bourillot et al., 2009).
Some of them, like Smad7 or c-myc, are negativaleggrs of TGF signalling (Hayashi et
al., 1997; Imamura et al., 1997; Nakao et al., 19@ng et al., 2002).

STATS3 pathway sustains pluripotent character ofcE& by inhibiting mesodermal
and endodermal differentiation processes activale@GF- signals. Pelota function may
be associated with downregulation of STAT3 signalliin Pel6 CreERT cells subjected to
differentiation conditions, mesoderm and endoderenret formed, as it is shown on the
transcript levels of lineage-specific markefsg( 39, 40. It might be connected with
uncontrolled upregulation of STAT3, which is abdenbaintain pluripotency in the absence
of LIF. However, the studies idenopusembryos have shown that STAT3 can also promote
mesoderm formation (Ohkawara et al., 2004). Ineddht conditions, namely various sorts
and doses of signals, STAT3 can become also ugloenregulated by BMP2, a TGF-
family member, what in consequence leads to apgptodifferentiation (Kawamura et al.,
2000; Rajasingh et al., 2007). T@FRand STATS3 signalling pathways form a dynamically
balanced network which decides about the fate @t#il depending from incoming signals.
Therefore, a putative function of PELO in negatregulation of STAT3 must be well
adjusted to the signal influx.

The TGF$ is also a regulator of immune response. It wasrted to induce CD8

expression in CDLDY double negative thymocyte precursors during T déiérentiation
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process (Suda and Zlotnik, 1991; 1992; Inge etl8B2; Plum et al., 1995). The maturation
of B cells is also controlled by TGE- which positively and negatively regulates the

expression of cell surface markers in B cell preots and mature B cells (Stavnezer, 1996).
In activated B cells, TGB-inhibits cell proliferation and may induce apopgg$é.omo et al.,
1995). However, in epithelial malignancies the sethay become insensitive to T@GF-
inhibitory effects what leads to an increase of¢ak number and tumor progression (Berg
and Lynch, 1991; Tada et al., 1991; Kadin et 894t DeCoteau et al, 1997). Among its
numerous functions, the T@Fblocks also activated lymphocyte proliferation dnad been
thus suggested to serve as a negative feedbackamschto reverse the inflammatory
response (Wahl et al., 1988). It was also dematestrthat the TGB1 deletion leads to
autoimmune disease. It indicates a substantialalesF{} in self-tolerance of the immune
system. It is likely to contribute in negative sien of T cells in thymus. Deletion of TGF-
B leads to imbalanced production of C48" double positive cells due to defective
apoptosis of differentiating T cells (Letterio aRdberts, 1998).

Lymphocytes composing the immune system developm franesodermal
hematopoietic cells. Our preliminary data demonstthat Peld CreERT ES cells fail to
differentiate into mesoderm. In parallel, the phgpe of Peld CreERT mice indicates an
immune system disorder, in which the number of maBiand T cells is highly diminished
due to arrest in T cell differentiation in the thysyp and immature thymocytes are increased
in number. In case of B cells, it is neccessargualuate the number of B cell precursors in
a cell population of bone marrow, where the difftition starts, to confirm that
proliferation is not affected. However, the immusystem functionality is impaired and
inflammation observed in different organs of thetami mice seems to be the consequence
of the immune system malfunction. In accordancehvatir hypothesis, that pelota is
functionally correlated with TGB- signalling and mesoderm formation. The mouse
phenotype, observed upon Pelo inactivation, is prent in the immune system due to the
constant differentiation process occuring in herpaietic cells. However, the bone marrow
is not the only source of pluripotent cells in théult mouse. The cell fate shift from

pluripotency to differentiation happens also in gads.

103



DISSCUSSION

e ACTIVATION

=] INHIBITION

= === PUTATIVE ACTIVATION

Oct4

Figure 48. The scheme presenting putative PELO itwoent in TGF# signalling during
differentiation process.

TGF beta 1 activates CDK2AP1 expression. CDK2ARisjthe NURD complex, which is
responsible for Oct4 promoter methylation and imsEguence its inactivation. BMP2, a
TGF family member, inhibits STAT3 pathway, which pgsttes in pluripotency
maintenance. In undifferentiated ES cells STAT®aiets c-myc, a proliferation propagator,
which inhibits TGFS pathway. PELO/CDK2AP1 may play as a positive faekliegulator

in TGF4 signalling. According to an alternative hypothed®ELO positively regulates
BMP2- mediated STATS3 inhibition.
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4.4. Pelota in germ cell differentiation

The testis-specific Pelota knockout mouse (cha@@dr.6.) demonstrated that
spermatogenesis is arrested at the spermatocyde diaing its first wave. Deletion of
floxed Pelo region occurs in accordance with Smanoter which derives Cre recombinase
expression. As it was reported (Menke et al., 2@¥tus et al., 2006; Zhou et al., 2008),
Stra8 gene is active in premeiotic stages of geslis either in male or female. However,

the highest protein level is present with onsenefosis in gonadg$-(g. 49).
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Figure 49. Stra8 expression in developing ovariesdatestes (adopted from Zhou et al,

2008)

Constant line represents ovaries and doted lineestes mMRNA expression during
embryogenesis (A). Raw signal values are showrery taxis, days postcoitum — on the x
axis (A); postnatal Stra8 mRNA expression is preskm B. Raw signal values are shown
on the y axis, days postpartum — on the x axis (B).

In ovaries, meiosis commences at prenatal stagebEddhereas in males it occurs at
day 10 of postnatal development. The highest le¥&3tra8 expression coincides with the
onset of meiosis. The Stra8 expression is thereafidetectable in ovary, and in testis it
decreases to a low level, which is comparable éostiate of postnatal day 5, when only
premeiotic germ cells are present in the testio(@Zét al., 2008). It is worth noting that this
extreme increase of Stra8 protein happens onlyngutie first wave of spermatogenesis
(Fig. 49. It indicates that a Stra8-Cre is expressed enstime pattern and the most efficient
pelota recombination coincides with this event ay dO only in the first wave of sperm
differentiation. It would explain the phenomenonfeitile Peld Stra8-Cre mice. Namely,
Stra8 protein was demonstrated in different typésgerm cells — type A and B

spermatogonia, preleptotene and early leptotenansppecytes (Zhou et al., 2008), what
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suggests that the Stra8 promoter is activated g in germ stem cells (GSCs). It means

that in all next generations of spermatogonia,rde®mbination of floxed region will occur
de novoand due to low expression of Stra8-Cre recombin&sdo is excised less
sufficiently. Therefore, some amount of sperm iscessfully produced and mice stay fertile
(Table 3., chapter 3.1.6)5.Moreover, Zhou et al. (2008) demonstrated tle&ihoic acid
(RA) is critical for Stra8 expression (Koubova &t 2006) what let us speculate that Stra8-
Cre recombination is variable and RA-dependent.atlugless, one can conclude that PELO
plays a role in meiosis progression, what is cogeet with experiments performed in yeast
andDrosophila(Eberhart and Wasserman, 1995; Davis and Engebe298).

The quantitative analysis of premeiotic markerseed®d that expression of Stra8,
Dazl and Ddx4 in 10-day-old testes is similar -tlalee markers exhibit a drastic increase of
transcript level at that time in the control, bntmutant testes we could observe twofold
reduction Fig. 25, 26, chapter 3.1.6 ¥ In case of Plzf, Sox3 and c-Kit, there is nonaasic
discrepancy between the control and the mutanpidethe slight reduction at day 5. It
indicates that there is no clear effect of Peloletegn at the stage of either undifferentiated
(Plzf and Sox3) or differentiated (c-Kit) spermato@. It suggests that the phenotype
appears with the onset of spermatogonial diffeagiot, that is with entry into meiotic
division.

However, the question arises whether pelota hasmapact on mitotic divisions, i.e.
GSC self-renewal, as it was reportedDrosophila(Xi et al., 2005). The Stra8-Cre line is
insufficient model to shed light on this issue. f@fere, we used CreERT-mediated Pelota
deletion. Tamoxifen-induced recombination occudependently from developmental stage
of cells, what makes possible to affect GSCs ahdhalr derivatives during ever-lasting
spermatogenesis — not only its first wave.

15-day-old males were treated with tamoxifen. Hagal analysis of their testes
was performed 2 months later. During this periadf fvave of spermatogenesis is finished
and following waves take place. We found completk lof germ cells, only Sertoli cells
could be observed in seminiferous tubules of mutastes Fig. 33, chapter 3.1.7.2.The
phenotype resembles WHMmutant testes, where no germ cells are presentsame
spermatogonia could be found. The fact worth meimip is that W/W mutant
spermatogonia are capable of proliferating, butrtbdéferentiation abilities are defective
(Ohta et al.,, 2003). Our findings suggests thatot@ehas also an impact on GSC
differentiation and mitotic division is not affedte The phenotype of mutant testis confirms

our hypothesis concerning an involvment of pelatéhe cell fate shift. As far as TGF-
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pathway is concerned, it was demonstrated that $wadins, which are mediators in TGF-

B signalling, are upregulated in meiotic germ celishe rat testis. It was suggested that
TGF{3 may play a putative role in maturation of thetfilmve of spermatogenesis (Xu et al.,
2003).

4.5. miRNA in pluripotent stem cells during differentiation

MicroRNA is a family of small (~22 nucleotides) nonding RNAs, which are
involved in regulation of gene expression by eittiegradation of target mRNA transcripts
or by disruption of mRNA translation (Kloostermah Rlasterk, 2006). However, it is
known that there is a group of miRNAs, the membaramiR-290 cluster, which are
abundant in embryonic stem cells, but they becorenced upon the onset of
differentiation (Houbaviy et al., 2003, 2005). Zdiget al. (2009) showed that miR-290
cluster inhibits ES cell differentiation processwé&ds mesoderm through negative
regulation of Wnt pathway. In PélcCreERT cells, which fail to form mesoderm, we
observed upregulation of the miR-290 cluster, whatonsistent with the results published
by Zovoilis et al. (2009). However, after repeatthg experiment, we did not obtain any
increase in MiR-290 expression (data not shown}.data require further investigation to
evaluate the putative miR-290 upregulation in orstesm. The question arises, whether this
upregulation effect is directly related to PELO dtian or it is rather convergent result of
balance impairment in the complex signalling nekuasponsible for mesoderm formation
in the cell.

4.6. Future perspectives

The aim of this work was to analyze pelota functio self-renewal/differentiation
processes. The generated conditional knockout mysieowed us to reach the goal. We
demonstrated that pelota is involved in cell fateftsto mesoderm formation from
pluripotent cells. However, the collected data db give detailed answers about molecular
function of PELO protein. Therefore, it would begreat value to analyze mutant ES cells,
which are subjected to mesoderm formation conditemd to study the STAT3 level as well
as TGFp signalling in NuRD complex activation. To estimahe approximal stage in
mesodermal pathway which is disrupted upon PELQetiep, it is important to analyze the

MRNA levels of lineage-specific markers in embrydaddies of different age. Further
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investigation is also neccessary for analysis omdtepoietic cells to confirm the

differentiation failure and unaffected proliferation pelota mutant mice.

To further investigate the differentiation potehtié these cells, control and mutant
ES cell lines were injected into blastocysts arahdferred to pseudopregnant mice. The
generated chimeras will help us to verify the abmtron of mutant ES cells in embryonic
development. Tissues of chimeras, derived frorthadle germ layers, will be genotyped.

An alternative way to confirm the potential of P&IBreERT ES cells to differentiate,
is generation of teratoma in immune-deficient (SCIlRice. Histological analysis of
teratoma will help us to determine abilities of amit cells to differentiate into different

germ layers in advanced teratomas.
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SUMMARY

In this work we analyzed the role of pelota in #@nditional knockout mouse
model. We shed light on its function during devetgmt and report the defects resulting
from Pelota depletion. We demonstrated that recoatizin of floxed Pelo allele was
complete in ESC system and sufficiently efficiemstudy PELO depletion in mouse.

We successfully generated a P&reERT ES cell line. It did not exhibit any
proliferation disorder, but the cells were defeetin differentiation capacities. They
sustained Oct4 expression, and miR-290 clusternfspéar pluripotent cells seemed to be
upregulated under differentiation conditions. Thoderm formation was not affected, but
analysis of early and late markers, specific fososerm and endoderm revealed that both
lineages are not formed in the mutant cells. Tofioonthe hypothesis, we studied
differentiation capacities of adult stem cells,. i.aematopoietic stem cells and
spermatogonial stem cells.

Analysis of spermatogenesis revealed that all dgweéental stages of germ cells
are absent. For more comprehensive studies, waaedeestis-specific PéYiStrag-Cre
mice, which let us follow the effect of PELO detgtion spermatogenesis progression. The
analysis of the testes showed arrest in spermatg®ogression during the onset of
meiotic division (day 15). In 10-day-old testes detected a decrease in expression of
Stra8, Dazl and Ddx4, which are markers for pretiegiages of germ cells. However, we
could not find any PELO deletion effect on the leskeither undifferentiated (Plzf and
Sox3 markers) or differentiated (c-Kit marker) spatogonia. This suggests that pelota
exerts the effect on entry into meiosis, that s ieginning of germ cell differentiation.
Unexpectedly, we also found mosaic mice with pliytideleted Pelo allele (Pl Stras-
Cre) in different somatic tissues, including kidndier, heart, spleen, lungs, what
indicates Stra8 expression in early embryogenesis.

The studies of mature B and T cells isolated frgpteen and thymus of mutant
mice revealed the reduction in cell number. Addidily, we detected strong increase of
double negative cells (CD@D8), which are developmental precursors of T cells.
Simultanously, we observed a dramatic decreaséanevel of all later developmental
stages of T cells. All these data confirm the fa&lin differentiation abilities of mutant
cells.

Adham et al. (2003) studied pelota function in #elo knockout mouse. The

phenotype of homozygous mutants (Pglowas lethal during early stages of
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embryogenesislo confirm that this phenotype results from pelatctivation, we crossed
Peld” mice with transgenic Pelanice, which rescued the lethal phenotype. Thiarbe
demonstrates the direct relation between lethality Pelo depletion.

The transgenic mice overexpressiong PELO in tegtsific manner did not show
any phenotype. The mice were fertile and histolalgianalysis demonstrated that

spermatogenesis is not disrupted.
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