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Introduction

1. INTRODUCTION

Approximately 60-75 % of all cases of male infertility remain idiopathic (Wu et
al., 2010). The determination of the genes, which are involved in spermatogenesis control
might help to better understand molecular pathways driving male gamete production and,
consequently, the reasons of human infertility. My thesis consists of 2 parts concerning 2
different aspects of human infertility research. The first project concerns the analysis of
coiled coil domain containing 33 (CCDC33) protein and its role as an interaction partner
of PXT1. In the second project | have analyzed the phenotype of males from a multiple
knockout mouse line with six knockouted genes: Tnp2, Histlhlt, Theg, Acr, Creb314 and
Tex22.

1.1. Role of Ccdc33 in spermatogenesis

The transcript of mouse coiled coil domain containing 33 (Ccdc33) gene was
cloned and identified by the generation of full-length cDNA library (Carninci and
Hayashizaki, 1999). Then four different alternative splicing products of Ccdc33 were
detected by RT-PCR in various tissues (Kaczmarek at al., 2009). Two longer transcripts:
Ccdc33a contains exons 6-25 and Ccdc33c contains exons 1-3; 7-8; 10-13 and 15-25.
Ccdc33a were found mainly in testis, but weak expression was also obtained in ovary,
brain and mammary gland. Ccdc33c was observed in ovary, brain and mammary gland.
Both transcripts encode proteins containing 3 coiled coil domains, Ca**-dependent
membrane-targeting module (C2 domain), C-terminal located ER membrane retention
signal-like motif: NNQK and putative peroxisomal targeting signals type 2 (PTS2). In
addition, the CCDC33c variant contains the N-terminal ER-retention signal: GRQK. Two
shorter variants: Ccdc33b (exons 6-8a) and Ccdc33d (exons 1-5) were found only in the
testis and mammary gland, respectively (Kaczmarek at al.,, 2009). During
spermatogenesis, the expression of mouse Ccdc33 was detected first in primary
spermatocytes. No expression was detected in the testis of W/W' mutants and in Leydig
(MA-10) and Sertoli (15P-1) cell lines (Kaczmarek el at., 2009). These results indicate
that in testis Ccdc33 gene is expressed only in germ cells. By yeast-two-hybrid system the

-12 -
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interaction of CCDC33 and peroxisomal testis specific 1 (PXT1) protein was identified
and then confirmed by bimolecular fluorescence complementation assay (BiFC) and co-
localization experiments (Kaczmarek, 2009).

Pxtl gene encodes male germ cell-specific peroxisomal protein consisting of 51
amino acids (Grzmil et al., 2007). The expression of Pxtl is developmentally regulated
during spermatogenesis and it starts with the pachytene spermatocyte stage. PXT1 protein
contains a functional peroxisomal targeting signal type 1 (PTS1) at the C terminus
(tripeptide Asn-His-Leu (NHL)), and EGFP-PXT1 fusion protein co-localizes with
catalase, acyl CoA oxidase and ATP-binding cassette, sub-family D (ALD), member
(ABCD3, also known as PMP70), which are known as peroxisomal markers (Grzmil et
al., 2007). The analysis of the function of Pxt1 in mouse testis by generation of transgenic
animals with the overexpression of PXT1-cMYC fusion protein under the control of the
PGK2 promoter showed that this protein induces apoptosis in primary spermatocytes
leading to male infertility (Kaczmarek, 2009; Kaczmarek et al., 2011). In the N-terminal
part of PXT1 protein a BH3-like domain was identified. The domain known as Bcl-2
Homology 3 (BH3) was demonstrated in other proteins to be responsible for the induction
of programmed cell death (Wang et al. 1996; Sattler et al., 1997; Singh et al., 2002;
Yang, 2010; Garrison et al., 2011; Song et al., 2011). Yeast library screening showed that
PXT1 interacts with BCL2-associated athanogene 6 (BAGS6, also known as BATS3).
BAG6 is known as an apoptosis regulator, and it was confirmed that BAG6 can protect
cells from PXT1 induced apoptosis (Kaczmarek, 2009; Kaczmarek et al., 2011).

The role of peroxisomes in spermatogenesis process is poorly understood. The
patients with X-linked adrenoleukodystrophy (X-ALD) demonstrated spermatogenesis
disruption due to a mutation in peroxisomal membrane ABCD1 (ATP-binding cassette,
sub-family D (ALD), member 1) protein, which is involved in the transport of very-long-
chain fatty acids (VLCFA) into the peroxisomal matrix (Brennemann et al., 1997; Kemp
and Wanders, 2007). The dysfunction of ABCD1 results in VLCFA accumulation in the
cell cytoplasm resulting in the vacuolization of Sertoli cells and a spermatogenesis arrest
(Powers and Schaumburg, 1981; Powers, 1985). On the other hand, severe forms of
peroxisomal biogenesis disorders suggest important function of peroxisomal metabolism
in the development of the testis by regulation of the androgen balance or androgen

signalling (Foresta et al., 2008; Luers et al., 2009). Deficiency of the acyl-coenzyme A
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oxidase 1 (Acox1) gene (which encodes for peroxisomal enzyme involved in B-oxidation)
in mouse model results in the reduction in the number of Leydig cells as well as the arrest
of sperm maturation in seminiferous tubules (Fan et al., 1996). Peroxisomal biogenesis
factor 7 (Pex7) mutant mice, of which only 50 % survive to adulthood, were found to
present testicular atrophy and infertility (Brites et al., 2003). The analysis of Pex7/Abcdl
double knockout mice showed that plasmalogen synthesis and VLCFA metabolism is
important for normal spermatocyte development (Brites et al., 2008). Testicular atrophy
and male infertility were observed also in mice with the disruption of peroxisomal
glyceronephosphate O-acyltransferase gene (Gnpat) (Rodemer et al., 2003).
Homozygous male mutant mice lacking the peroxisomal protein hydroxysteroid (17-beta)
dehydrogenase 4 (HSD17B4 or multifunctional protein 2, MFP-2) exhibit strongly
reduced fertility connected with a lipid accumulation within the seminiferous tubules and
arrest of germ cells maturation (Baes et al., 1997; Baes et al., 2000; Huyghe et al., 2006).
Peroxisomes are cellular organelles surrounded by a single membrane, with the
diameter of 0.1-1 um. The most important function of these organelles includes
decomposition of hydrogen peroxide by catalase and -oxidation of very-long-chain fatty
acid as well as biosynthesis of lipids (bile acids, cholesterol, phospholipids) and glycerol
(Mannaerts and van Veldhoven, 1993; Wanders, 2000). They also play certain role in the
degradation of amino acids and purines and in glyoxylate, dicarboxylate and retinoid
metabolism (Wanders and Waterham, 2006). Despite their important role, peroxisomes
were believed for a long time to be restricted to somatic cells in the testis. They were
identified in Leydig cells (Fawcett and Burgos, 1960; Reddy and Svoboda, 1972; Zini and
Schlegel, 1996; Baumgart et al., 1997; Reisse et al., 2001) and Sertoli cells (Lester et al.,
1996). In 2000, Figureoa et al. have observed for the first time peroxisome-like structures
in rat oocytes (Figuorea et al., 2000), whereas in spermatogonial cell line peroxisomes
were first detected in 2003 by Luers et al. Three years later peroxisomes were detected in
the spermatogonia of germinal epithelium in mouse testis, but authors suggested that they
become less apparent or even disappear during spermatogenesis (Huyghe et al., 2006;
Luers et al., 2006). In 2007, peroxisomes were clearly demonstrated for the first time at
all spermatogenesis stages, except for mature spermatozoa (Nenicu et al. 2007).
Moreover, the authors observed that during spermatid maturation, peroxisomes aggregate

to large clusters - the total number of peroxisome was decreasing and the volume was
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increasing (Nenicu et al., 2007). In the same year, in our Institute peroxisomal germ cell-
specific Pxtl gene was discovered (Grzmil et al., 2007). Further characterization of
CCDC33 and its interaction partner PXT1 would help to better understand the

physiological role of peroxisomes in spermatogenesis.

1.2. Determination of infertility causes in mutant mouse line with the deletion of six

germ cells specific genes (6xKO line)

Genetic control of mammalian spermatogenesis is not completely understood.
Therefore, a generation of mouse models with targeted disruption of particular
spermatogenesis-relevant genes seems to be an attractive method to investigate this
subject. A generation of several single knockouts of following genes does not result in
male infertility: Tnp2 (Adham et al., 2001), Acr (Adham et al., 1997, Nayernia et al.,
2002b), Histlh1t (Drabent et al., 2000), Theg (Mannan et al., 2003), Creb3I4 (Adham et
al., 2005) and Tex22 (Geisler, 2004).

Transition protein 2 gene (Tnp2) participates in the replacement of histones and in
chromatin condensation in elongated spermatids. TNP2 protein is subsequently replaced
by protamine 1 and 2 (Reinhart et al., 1991). Premature translation of Tnp2 mRNA causes
abnormal sperm head morphogenesis, reduced sperm motility and male infertility in
transgenic males (Tseden et al., 2007). Nevertheless, Tnp2-/- knockout males revealed
normal fertility on the mixed C57BL/6Jx129/Sv background. However, on the inbred
129/Sv background homozygous mutant males are infertile (Adham el al., 2001). In
infertile males germ cells were capable to initiate chromatin condensation, but abnormal
focal condensation of chromatin in step 11 to 13 spermatids was observed and chromatin
condensation was still incomplete in epididymal sperms. Furthermore, in mice from the
inbred background the migration of Tnp2-/- spermatozoa from the uterus into the oviduct
was reduced (Adham et al., 2001). Since Tnp2 shows high similarity to Tnpl, it is
possible that in fertile line the disruption of Tnp2 gene can be compensated by Tnpl
(Adham et al., 2001; Zhao et al., 2001).

Histone cluster 1 (Hist1hlt) gene is a linker histone and replaces cells somatic
linker histones H1.1 and H1.2 during the meiotic prophase in male germ cells (Meistrich
et al., 1985; Drabent et al., 1993). HistLh1t mRNA is expressed only in the mid- and late-
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pachytene spermatogenesis stages and the protein appeared first in pachytene
spermatocytes and persists until later stages from round up to elongated spermatids
(Drabent et al., 1996). Mass spectrometry analysis of HISTIHLT protein showed four
different phosphorylation sites and this protein can be found as mono-, di-, and
triphosphorylated as well as the unphosphorylated form. The conclusion was that the
number of the phosphate groups is related to the regulation of chromatin decondensation
(Sarg et al., 2009). Histlhlt-deficient mice are fertile. The testicular morphology and
spermatogenesis process were not different from that observed in wild type mice.
Histlhlt-/- mice showed enhanced expression of histone genes: H1.1, H1.2 and H1.4
during spermatogenesis (Drabent et al., 2000).

Testicular haploid expressed gene (Theg) is specifically expressed in
spermatid cells. The expression of this gene is up-regulated by factors from Sertoli cells
(Nayernia et al., 1999, Mannan et al., 2000). Two mouse knockout lines for Theg were
generated. In the first line, the part of Theg gene encoding for the C-terminal region of the
THEG protein was deleted, whereas in the second line the part encoding for N-terminal
domain was replaced by the neomycin casette. Males from both knockouted lines are
fertile, and no abnormalities in testicular morphology or sperm properties were detected
(Mannan et al., 2003).

Acrosin prepropeptide (Acr) gene encodes serine protease protein, which is
located in the acrosome as a matrix protein and on the sperm membrane as a
glycosylphosphatidylinositol (GPI)-anchored protein (Kremling et al., 1991, Honda et al.,
2002a/b). This protein is involved in the proteolysis of zona pellucida of the oocyte
(Howes et al., 2001; Honda et al., 2002a). Mice lacking ACR are fertile and yield normal
litter sizes (Adham et al., 1997, Nayernia et al., 2002; Yamashita et al., 2008). The loss of
ACR resulted in delayed sperm penetration of the zona pellucida (ZP) in IVVF experiment.
It was probably due to the delay in dispersal of acrosomal proteins during the acrosome
reaction (Adham et al., 1997).

cAMP responsive element binding protein 3-like 4 (Creb3l4) gene belongs to
the CREB/ATF family of transcription factors that are involved in mediating
transcription. In the mouse testis, Creb3l4 is especially active in response to a variety of
stress conditions; in normal testis this gene is expressed exclusively in postmeiotic cells

suggesting important role in spermatid differentiation (EI-Alfy et al., 2006; Stirling and
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O'hare, 2006). Human CREB3L4 transcripts are detected exclusively in the prostate and in
breast. Overexpression of CREB3L4 in prostate cancer cells suggests that this gene
contributes to the development of prostate cancer (Qi et al., 2002). Inactivation of
Creb3l4 in mice did not influence testis development, and males lacking Creb3l4 were
fertile (Adham et al., 2005).

Testis expressed gene 22 (Tex22, also known as Tep22) is predominantly
expressed in spermatocytes and spermatids of the murine testis. In the testis of 15 days
old mouse four Tex22 transcripts were detected (Neesen et al., 2002). Specific antibodies
against TEX22 detected this protein for the first time in the testis of 18 days old animal.
TEX22 protein is localized in the acrosomal region of early elongating spermatids, but
during spermiogenesis the acrosomal TEX22 is reduced and this protein can be localized
in cytoplasm of the midpiece and in the mitochondrial sheath of mature spermatozoa
(Neesen et al., 2002). These results suggest that Tex22 is involved in the biogenesis of the
acrosome and in the function of the midpiece of murine spermatozoa (Neesen et al.,
2002).

Feature Tnp2 | Histlhlt | Theg Acr | Creb3l4 | Tex22
Gene ID 21959 107970 21830 11434 | 78284 | 75671
16B1- 10B5-
Locus 13A3.2 15E-F 3F1 12F1
B3 C1
Genomic DNA size
721 912 10660 6259 6013 14413
(bp)
Exons-introns 2-1 1-0 8-7 5-4 9-8 2-1

Table 1. Basic information about mouse Tnp2, Histlhlt, Theg, Acr, Creb3l4 and Tex22 genes
based on NCBI database.

In order to further analyse the synergistic function of these genes multiple knockout lines
were generated in the Institute of Human Genetics, University of Gottingen. It was
reported previously that generation of multiple knockout lines might provide new
phenotypic evidences for the function of analyzed genes. Homozygous double knockout
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mice with targeted disruption of Histlhlt and sperm mitochondrial-associated cystein-
rich protein (Smcp) were subfertile (Nayernia et al., 2002a/2003b); however, single
knockout males on hybrid background were fully fertile (Drabent et al., 2000, Nayernia et
al., 2002a). Double mutants Histlhlt/Smcp demonstrated spermatozoa head
abnormalities, reduced sperm motility and impaired sperm-oocyte interaction (Nayernia
et al., 2003b), thus the function of both genes could be better recognized. In contrast, the
analysis of two lines of triple knockout mice (Tnp2/Acr2/H1.12 and Tnp2/Acr2/H1t2)
showed that both lines are fertile with normal sperm parameters, which clearly
demonstrates the functional redundancy of these proteins in male mouse fertility
(Nayernia et al., 2003a). Other triple knockout lines, Acr/H1.1/Smcp, Acr/Tnp2/Smcp,
Tnp2/H1.1/Smcp, Acr/H1t/Smcp, Tnp2/H1t/Smcp, exhibit drastic reductions in fertility on
mixed genetic backgrounds as a result of impaired sperm motility. In the female tracts
reduced migration and decreased fertilization efficiency of mutant spermatozoa was
noticed (Nayernia et al., 2005). Four times knockout Acr/Tnp2/Histlh1t/Theg and
Acr/Tnp2/Histlhlt/Tex22 and five times knockout Acr/Tnp2/Histlhlt/Theg/Creb3l4
mutant males are fertile (data not published). In order to analyse whether any cumulative
effect of six male germ cell-specific genes Acr/Tnp2/Hist1h1t/Theg/Creb3l4/Tex22 can be
observed in mutant mouse with the disruption of all these genes in a single animal, the
fertility parameters of this line were analyzed in this work. | have discovered that 20 % of
males from six time knockout line (6xKO) are infertile. The analysis of the reason of
infertility was also the objective of my work.

1.3. Aims of the study

The aims of the present study can be summarised in two main aspects: further
analysis of Ccdc33 gene and protein, and determination of infertility causes in mutant
mouse line with the deletion of six germ cell-specific genes.

In the first part of my study CCDC33 protein and its interaction with PXT1 was
studied. The analysis was focused on the determination of the part of CCDC33 which is
responsible for the interaction with PXT1 and which domain of PXT1 is important for
binding with CCDC33. Previously, the transcription of Ccdc33 gene was detected in male
germ cells starting at 15 dpp. In this work the CCDC33 protein is analysed in order to
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demonstrate its translation. Pro-apoptotic function of PXT1 protein is already known, and
therefore our objective was to identify whether the interaction of PXT1 and CCDC33 has
any impact on PXT1 pro-apoptotic activity in transient transfected HelLa cells. Moreover,
in order to closer analyse the function of CCDC33 in spermatogenesis, the knockout
mouse model should be generated.

The other project involved the analysis of the phenotype of 6xKO males so that
we could answer the question of how these six genes (Tnp2, Histlhlt, Theg, Acr, Creb3l4
and Tex22) act together on male fertility, and discover the cause of male infertility. For
this task, after detailed analysis of the phenotypes, the comparison of transcriptomes of
the testes of 5xKO fertile and 6xKO infertile mice should be performed to find candidate
genes which can be involved in male fertility. | have discovered that the 4933400A11Rik
gene, which is expressed in testes of fertile mice, is not longer expressed in the testes of
infertile males. This gene is unknown and thus a closer analysis of its expression and
cellular localization has suggested bring more light to its molecular function in

spermatogenesis.
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2. MATERIALS AND METHODS

2.1. Materials

2.1.1. Antibodies

Anti-CCDC33 Sigma, Deisenhofen
Anti-CCDC33 Santa Cruz Biotech., Santa Cruz, USA
Anti-E2 Tag Rabbit Polyclonal Antibody Biozol, Eching
Anti-F-actin capping protein subunit alpha-1 Millipore, Temecula, USA

Anti-Gluthatione-S-Transferase (GST) Clone GST-2 (monoclonal, Mouse)
Sigma, Deisenhofeen

Anti-MBP Monoclonal Antibody (HRP conjugated, Mouse) New England Biolabs,

Frankfurt a/Main
Anti-Mouse IgG (whole molecule) —Alkaline Phosphatase Sigma, Deisenhofen
Anti-Mouse 19gG (whole molecule) —Cy3 Sigma, Deisenhofen
Anti-Mouse 1gG (whole molecule) —FITC Sigma, Deisenhofen
Anti-cMyc Tag, (mouse) Millipore, Temecula, USA
Anti-Rabbit IgG (whole molecule) —Alkaline Phosphatase Sigma, Deisenhofen
Anti-Rabbit IgG (whole molecule) —Cy3 Sigma, Deisenhofen
Anti-Rabbit IgG (whole molecule) —FITC Sigma, Deisenhofen
Anti-o-tubulin, mouse monoclonal Santa Cruz Biotech., Santa Cruz, USA
Anti- 4933400A11 RIK GenScript, Piscataway, USA

2.1.2. Chemicals

1 kb DNA-Ladder Invitrogen, Karlsruhe
100 bp DNA Ladder Invitrogen, Karlsruhe
5-bromo-4-chloro-3-indolylphophat (BCIP) Biosynth, Staad, Switzerland
Acetic acid Merck, Darmstadt
Agar-Agar, Kobe | Roth, Karlsruhe
Agarose Bio-Budget, Krefeld
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Albumin Fraktion Y (BSA)
Ammonium acetate

Ammonium persulfate

Ampicillin sodium salt

Ampuwa water

B-Mercaptoethanol

Bacto-Peptone

Bacto-Yeast-Extract

Boric acid

Bromophenol blue 0.02%

Chloroform

Coomassie Brilliant Blue R-250
Diethyl pyrocarbonate (DEPC)
Dimethyl formamide

Dimethyl sulfoxid (DMSO)

Direct PCR Lyse Reagent
Dithiothreitol

dNTPs

DO Supplement (-Ade/-His/-Leu/-Trp)
Dulbecco’s Modified Eagle Medium (DMEM)
EDTA

EGTA

Ethanol

Ethidium bromide

Eukitt-quick hardening mounting medium
FCS

Formaldehyde

Freund’s adjuvant, complete and incomplete
Geneticin sulphate (G418)

Gluthation

Glycerol

Glycine
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Roth, Karlsruhe
Fluka, Neu Ulm
Roth, Karlsruhe
Applichem, Darmstadt
Fresenius, Bad Homburg
Sigma, Deisenhofen
Difco, Detroit, USA
Difco, Detroit, USA
Roth, Karlsruhe
Roth, Karlsruhe
Baker, Devent
Serva Electrophoresis, Heidelberg
Roth, Karlsruhe
Merck, Darmstadt
Merck, Darmstadt
Peglab, Erlangen
Sigma, Deisenhofen
Invitrogen, Karlsruhe
Clontech, Heidelberg
PAN-Systems, Niirnberg
Applichem, Darmstadt
Applichem, Darmstadt
Baker, Deventer
Applichem, Darmstadt
Fluka, Neu Ulm
PAN-Systems, Niirnberg
Invitrogen, Karlsruhe
Sigma, Deisenhofen
Sigma, Deisenhofen
Applichem, Darmstadt
Roth, Karlsruhe

Biomol, Hamburg
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HCI

IPTG

Isopropanol

IVF Cook Medium
KCI

Lipofectamine 2000 TM
Maltose

Medium M2 and M16
Methanol

MgCl,

Milk powder

Mineral oil

NaCl

NaOH

Nitro-blue tetrazolium chloride

NuPAGE Novex Bis-Tris 12% and 4-12% Gel
NuPAGE MOPS/MES SDS running buffer

NuPAGE SDS sample buffer
OptiMEM |
Paraformaldehyde

PBS

Penicillin/Streptomycin
Peptone

Phenol

Picric acid

Proteinase K

RNA length standard
Roti®-Nanoquant

Salmon sperm DNA

SDS

SeeBlue Plus2 Pre-Stained Standard
S.0.C Medium

-22-

Merck, Darmstadt
Roth, Karlsruhe
Baker, Deventer
Cook Medical, Brisbane, Australia
Merck, Darmstadt
Invitrogen, Karlsruhe
Merck, Darmstadt
Sigma, Deisenhofen
Roth, Karlsruhe
Merck, Darmstadt
Roth, Karlsruhe
Sigma, Deisenhofen
Roth, Karlsruhe
Merck, Darmstadt
Applichem, Darmstadt
Invitrogen, Karlsruhe
Invitrogen, Karlsruhe
Invitrogen, Karlsruhe
Invitrogen, Karlsruhe
Roth, Karlsruhe
PAN-Systems, Nirnberg
PAN-Systems, Nirnberg
Roth, Karlsruhe
Biomol, Hamburg
Fulka, Neu Ulm
Roche, Penzberg
Invitrogen, Karlsruhe
Roth, Karlsruhe
Sigma, Deisenhofen
Serva, Heidelberg
Invitrogen, Karlsruhe

Invitrogen, Karlsruhe
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Sodium acetate
Sodium citrate
SuperScript I

TRI reagent

Tris base

Triton X-100
TrypleTM Express
Tween-20
Vectashield (DAPI)
X-Gal

X-a-Gal

Xylene

Yeast extract

2.1.3. Enzymes

DNAsel

Immolase DNA Polymerase

Klenow Fragment
Proteinase K

Platinum Taq polymerase

Polymerase Pfu

Restriction enzymes (with supplied buffers):

> AsiSI
BamHI

Bglll
Clal
Dpnl

Kpnl
Ndel

YV V. V V V V V V

EcoRl
HindllI
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Merck, Darmstadt
Roth, Karlsruhe
Invitrogen, Karlsruhe
Invitrogen, Karlsruhe
Applichem, Darmstadt
Serva, Heidelberg
Invitrogen, Karlsruhe
Applichem, Darmstadt
Vector, Burlingame
Biomol, Hamburg
Clontech, Heidelberg
Merck, Darmstadt
Roth, Karlsruhe

Sigma, Deisenhofen
Bioline, Luckenwalde
Invitrogen, Karlsruhe

Sigma, Deisenhofen
Invitrogen, Karlsruhe

Stratagene, Waldbronn

Invitrogen, Karlsruhe
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> Pstl
Superscript-II Invitrogen, Karlsruhe
T4 DNA ligase Promega, Mannheim
Trypsin Invitrogen, Karlsruhe

2.1.4. Radioactive substances

0-2P-dCTP Amersham, Braunschweig

2.1.5. Solutions, buffers and media
2.1.5.1. Antibiotics

Antibiotics were dissolved in required solvent, filtrated through sterile filters and
stored at — 20°C (stock solutions). When antibiotics were needed, they were added to the

autoclaved medium after cooling down to a temperature lower than 50°C.

Antibiotics Stock solution Working solution
Ampicillin 50 mg/ml (H,0) 50 pg/ml
Kanamycin 25 mg/ml (H20) 50 pg/ml
Geneticin (Neomycine) 10mg/ml (H20) 200 pg/ml
Streptomycin 0,1 mg/ml (PBS) 50 pg/ml

2.1.5.2. Buffers

All standard buffers and solutions were prepared according to Sambrook et al. (1989).

AP buffer 100 mM tris/HCI (pH 9)
100 mM NaCl
50 mM MgCl,
Bouin’s solution 15 volume of picric acid (in H,0)

5 volumes 37% formaldehyde

1 volume acetic acid
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BCiP 50 mg/ml BCiP
70 % dimethylformamide

Column buffer 20 mM tris/HCI (pH 7.4)
200 mM NacCl
1mMEDTA
1mMDTT

Denaturation solution 1.5 M NaCl
0.5 M NaOH

Depurination solution 250 mM HCI

dNTP-mix 10 mM dATP
10 mM dCTP
10 mM dGTP
10 MM dTTP

Elution buffer | 1 ml 100 mM maltose + 9 ml protein purification buffer

Elution buffer 11 1 ml 100 mM gluthation + 9 ml protein purification buffer

Lysis buffer (ES cells) 50 mM tris/HCI (pH 8.5)
5mM EDTA
0.2 % SDS
100 mM NaCl
250 ul proteinase K(10mg/ml)/25 ml

Lysis buffer | 10 mM tris/HCI (pH 7.4)
1 mM EDTA
100 mM NaCl
0.1 % SDS
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2.5 % glycerol

0.5 % deoxycholate sodium
1 mMEGTA

0.1 % tritonX

Lysis buffer Il 50 mM tris/HCI (pH 8)
0.5 % SDS
100 mM EDTA

Lysis buffer 111 250 mM tris/HCI (pH 7.4)
100 mM NaCl
100 MM EDTA
1.25 % deoxycholate sodium

1 protease inhibitor cocktail tablet/25ml

Lysis buffer IV 50 mM tris/HCI (pH 8.3)
150 mM NaCl
1% TritonX

1 protease inhibitor cocktail tablet/40ml

Lysis buffer V 50 mM tris/HCI (pH 8.3)
150 mM NaCl
ImM DTT
1 protease inhibitor cocktail tablet/40ml

Lysis buffer V1 50 mM tris/HCI (pH 8.3)
150 mM NaCl
1% TritonX
0.1% SDS
0.5% deoxycholate sodium

1 protease inhibitor cocktail tablet/40ml
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Lysis buffer V11 5 mM MOPS (pH 7.4)
250 mM sucrose
1mMEDTA
0.1% ethanol
0.2mM DTT
1 mM 6-aminocapronic acid
1 protease inhibitor cocktail tablet/40ml

MOPS 10x 41.8 g MOPS
16.6 ml 3M NaAc
20ml 0.5 M EDTA
Till 1 1 H,Opgpc
NBT 75 mg/ml NBT
70 % dimethylformamide

Neutralisation solution 1.5 M NaCl
1 M tris/HCI (pH 7.0)

P1 resuspension buffer 50 mM tris/HCI, pH 8.0
10 mM EDTA
100 pg/ ml RNase A

P2 lysis buffer 200 mM NaOH

1% SDS
P3 neutralization buffer 3 M potassium acetate, pH 5.5
PEG/LIAc buffer 1ml10x TE

1 ml 10x LiAc

8 ml 50 % PEG
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Protein purification buffer 20 mM tris/HCI (pH 7.5)
500 mM NacCl
10 % glycerol
2 protease inhibitor cocktail tablet/100ml

RNA loading buffer 40 pl 1% ethidium bromide
500 pl standard loading buffer

RNA sample buffer 45 ul 10 x MOPS buffer
75 ul 37% formaldehyde
180 pl formamide

SSC (20x) 3 M NaCl
0.3 M sodium citrate (pH 7.0)

TBE buffer (5x) 450 mM tris base
450 mM boric acid
20 mM EDTA (pH 8)

TBST 10 mM tris
150 mM NacCl
0.1 % tween20

TE buffer 10 mM tris/HCI (pH 8.0)
1 mM EDTA

1x TE/LiAc buffer 0.5 ml 10 x TE buffer
0.5 ml 10 x LiAc
4 ml dH,O

Washing buffer I 2x SSC
0.1% SDS
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Washing buffer I1

2.1.5.3. Media

2.1.5.3.1. Media for bacteria

LB Medium

LB Bacto-Medium

0.2x SSC

1 % peptone
1 % NaCl
0.5 % yeast extracts

(+ 1.5 % agar for plates)

1 % Bacto-peptone
1 % NacCl

0.5 % Bacto-yeast extracts

The LB medium was prepared with distilled water and autoclaved.

2.1.5.3.2. Media for yeast

YPD Medium

SD Medium

2 % peptone

1 % yeast extracts

(+ 1.5 % agar for plates)
Autoclave

0.2 % glucose

10 pg/ml adenine

50 pg/ml kanamycin

50 pg/ml streptomycin

1.7 g yeast nitrogen base
0.6 g DO supplement

5 g ammonium sulfate
Till 950 ml H,Opgpc

pH 5.8
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2.1.5.3.3. Media for cell culture

HeLa/NIH3T3 medium

GC-4 medium

ES medium

Embryonic stem (ES) cell medium:

2.1.5.4. Sterilisation of solutions

(+ 1.5 % agar for plates)
Autoclave

0.2 % glucose

50 pg/ml kanamycin

50 pg/ml streptomycin

178 ml DMEM without L-glutamin
20 ml 10 % FCS
100 pg/ml penicillin/streptomycin

200 ml Dulbecco-M-Medium
30 ml 10 % FCS
100 pg/ml penicillin/streptomycin

DULBECCO’s Modified Eagles Media
(DMEM)

1 mM Non essential amino acids

1 mM sodium pyruvate

10 uM B-mercaptoethanol

2 mM L-glutamine

20% FCS

100 pg/ml penicillin/streptomycin

All heat sensitive solutions were filtered through a sterile filter (0.2 to 0.45 pm

pore size), solutions which are not heat sensitive were sterilised for 60 min at 121°C, 105

Pa in an autoclave (Webeco, Bad Schwartau).
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2.1.6. Plasmids

pCMV-Myc

pET-41a
pEGFP-C1
pGADT7
pGBKT7
pGEM-T Easy
pPMAL-c2X

vV V.V V V V V V V¥V

2.1.7. Bacterial strains

E. coli DH5a

E. coli BL21 (DE3)

E. coli SCS110

2.1.8. Mouse strains

pDsRed-Monomer-N1

pQM-NTag/A intron vector

Clontech, Heidelberg
Clontech, Heidelberg
Novagen, Darmstadt
Clontech, Heidelberg
Clontech, Heidelberg
Clontech, Heidelberg

Promega, Wisconsin, USA
New England Biolabs, Frankfurt a/Main
Abcam, Cambridge, UK

K-12 strain,F- ®80d lacZM15 endAl recAl hsdR17 (rk-,
mk+) sup E44 thi-1 d- gyrA96 (lacZY A-arg)

Invitrogen, Karlsruhe

B strain, F- ompT hsdSB(rB-mB-) gal, Dcm

Novagen, Darmstadt

rpsL (Strr) thr leu endA thi-1 lacY galK galT ara tonA

tsx dam dcm supE44D (lac-proAB)

Stratagene, Waldbronn

Mouse strains 129/Sv, C57BL/6J, CD-1, FVB and NMRI (originated from Charles
River Laboratories, Wilmington, USA) were housed in the Animal Facility of Institute of

Human Genetics, Gottingen. Both mutant lines with 5 (Tnp2; Acr; HL1.t; Theg and
Creb3l4) and 6 (Tnp2; Acr; H1.t; Theg; Creb3l4 and Tep22) knockouted genes were

generated and housed in our Animal Facility.
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2.1.9. Yeast strain

Saccharomyces cerevisiae AH109 Clontech, Heidelberg

2.1.10. Synthetic oligonucleotides

The synthetic oligonucleotide primers used in this study were obtained from
Eurofins MWG Operon (Ebersberg) and dissolved in Ampuwa dH,O to a final

concentration of 100 pmol/pl.

Name Sequence

CCDC33_1F S’TGGTGAATTCCCCTTGTGGAACCAGTCCTTC3’
CCDC33_1R 5’ACCTATCGATCCAGTTCGTTCAGCAGTAGC3’
CCDC33_11R 5’TCCTATCGATGAGGGGGCTTCTCCATTGAT3’
CCDC33_11 ColpF 5S’CAACGAATT CCC TTG TGGAACCAGTCCTTC3’
CCDC33_11 ColpRev 5’CAACGGTACCTTACGAGGGGGCTTCTCCATTGAT3’
CCDC33_12F 5’TGGTGAATTCCCCCTGGGTGTATCGGTGTTA3’
CCDC33 _12R 5’TCCTATCGATCGCCGGTAATTGTTCATCTC3’
CCDC33_13F S’TGGTGAATTCTCCACTCAGGAAATGGAGGAA3’
CCDC33_3F 5’TAATGAATTCGCAGTGTCCATGAAGCAGAAGC3’
CCDC33 3R 5S’TAATGAATTCGCAGTGTCCATGAAGCAGAAGC3’
CCDC33 4F 5S’TAATGAATTCATTCGGACAGAGCTGGAAAAGS’
CCDC33 4R 5’CAACATCGATGCAGGGAGGTTTCCAGTTTC3’
CCDC33ex23F S’TTCCTTGGTGGTACTTCAGACAA3Z’

CCDC33ex24R 5’AGGCTGGTCTATGATGATGGAGT?3’
CCDC33dell-Fa 5’TGGTGAATTCTTCCAAGCCCGAGATG3’
CCDC33dell1-Fb 5’TGGTGAATCTTCCAAGCCCGAGATGGGGCCA3Z’
CCDC33del2-Fa 5’TCTGCCTCAATGCAAAGCAGTGAG3’
CCDC33del2-Fb 5’AGACGGAGTTACGTTTCGTCACTC3’
CCDC33del2-Ra S’TGTGTTCTCTGAGAAACTGGTGGC3’
CCDC33del2-Rb 5’ACACAAGAGACTCTTTGACCACCG3
CCDC33del3-F1 5’AAATCTCGTCTATACCACAAGATGS’
CCDC33del3-F2 S’TTTAGAGCAGATATGGTGTTCTAC3’
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CCDC33del3-R1

CCDC33del3-R2

CCDC33-E6-8dsREDFP
S’ATTAGAATTCGGCCACCATGGGACGACAGAAGACAAAGG3’

5’GGGCTGGTTGAGGGCCCATGGCTC3’
5’CCCGACCAACTCCCGGGTACCGAG3’

CCDC33-E6-8dsREDRP
CCDC33-E6-8EGFPFP
CCDC33GSTPstIRP
CCDC33MalEcoRIFP
CCDC33MalPstIRP
Gene5HINdEGFPF
Gene5HindRedF

S’ATTAGGATCCACAGAGGTCATCGCTTGAG3’
5’ATTAGAATTCGGGACGACAGAAGACAAAGG3’

5’TAATCTGCAGGTTATTCCCGTCCTGTGTCCTCT3’

S’ATTAGAATTCCCACAGGGCCGCCTGGATACS’
S’TAATCTGCAGTTATTCCCGTCCTGTGTCCTCT3’
5’CAACAAGCTTTGGCCAACCGCAAAGATAAAZ’

5’CAACAAGCTTGCCACCATGGCCAACCGCAAAGATAAAY

Gene5KpnRedR S’TAATCGGTACCGTAGCATGTTTCAACTTGAG3’
HPRT-For 5’AGCCCCAAAATGGTTAAGGTTGC3’
HPRT-Rev S’TTGCAGATTCAACTTGCGGCTCAT3’
LacInZRev 5’GTCTGTCCTAGCTTCCTCACTG3’
mGene20F S’TCTCTCTTCAAGACGCTGGC3’
mGene20R 5’GTGTCCAGGGAAGAGGTGAAZ’
mGene25F 5’CTGGTGGTGTCAAAAGGTTCTT3’
mGene25R 5’CCACAGACCACGGGAATAGT?’
mGene27F 5’CGATGGAATGAACGGTTGG3’
mGene27R 5’TCTTTGGTTCCTCCCCATGA3’
mGene28F 5’CTGAAGATCGCAGAGGTGTG3’
mGene28R 5S’TGCTGGCTGTCATTTATGGA3Z’
mGene4dF 5’GAATATTTCTCCCCCACAGG?’
mGeneS5A-F 5’CCCTCCCATCCTTGATCACTS’
mGeneSA-R 5’CCAACCCCTTCCTCCTACAT?’
mGene5SF 5’GAGGGCATCATCCTTAGCAG3’
mGene5Fsonda 5S’ACGCCACCCTTCTAACCAGY’
mGenebR 5’CTTCCTTAAACTCGCCTGGA3’
mGene5seqR 5S’CCTAGATGGCCATGCTCTGTA3’
mGenebseqF 5S’TGGAATGCTCAAGTCTCACG3’
mGene9R 5’GTGGAAGTATGGATACCTCATGA3’
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Ndufs5FP
Ndufs5RP
NeolnF
PCR-Pelo-F
PCR-Pelo-R
pGADT7F
pGADT7R
pMal-seqF
pMal-seqR
pET-41a-seqF
pET-41a-seqR
PtproFP
PtproRP
PxtlAPGGFP

5’GCAGGCGTCTGCGTCCTC3’
5S’TCGCCTCATCGTTTTGTACCG3’
S’TCATTCTCAGTATTGTTTTGCC3’
5’TGAGCCCAGACTGTACGTGAC3’
S’TCTGCACCTTAGCGTGAAGCCS’
5’TCGATGATGAAGATACCCCACCAAACCY
5’AGATGGTGCACGATGCACAGTTGAAGTG3’
5’GGTCGTCAGACTGTCGATGAAGCC3’
5’GTAAAACGACGGCCAGT3’
5’GCTAAATTCGAACGCCAGCACATGG3’
S’TATGCTAGTTATTGCTCAG3’
5’AACGGCATCCGTGAGAATAG3’
5’GAGTGGGACAGGTCAGTGGTS’

S'GAAGTCGGAGATGTGGGGGGTGGTGGTGTGGCGCTGGTGTTCS!

Pxt1APGGRP

S'GAACACCAGCGCCACACCACCACCCCCCACATCTCCGACTTCS

PXtLFGFP
PxtLFGRP
PXtLLGFP
PxtLLGRP

SD

SD-F
SDHA_F
SDHA_R

SP6
Sth-3KOMPF5
Sth-3KOMPR3
suU

SU-R

TBP_F
TBP_R

5'GAGATGTGGGGGCTCCTGGTGTGGCGCTGGTGTTCS!
5'GAACACCAGCGCCACACCAGGAGCCCCCACATCTCS
S'GAAGTCGGAGATGTGGGGGCTCCTTTTGTGGS
5'CCACAAAAGGAGCCCCCACATCTCCGACTTCS
5’ATGACTGCTGACTTGAGGTG3’
5’TGATGCAGCCAAGGTACAZ3’
5’GCTTGCGAGCTGCATTTGG3’
5S’CATCTCCAGTTGTCCTCTTCCAZ’
5’TTAGGTGACACTATAGAATACTCAAGC3’
5’AAGCCAAGTAAGCATCCAAACY
5’TGTTTCCCAAGACAGATGCTTCA3’
5’CTCCTGCTTAGCTGTCCATG3’
5S’CTTCTGTCGTCCCATCCTCT?’
5’CCCACAACTCTTCCATTCTCAAACS’
5’TCAAGTTTACAGCCAAGATTCACG3’
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TDF 5’GCAGCTCGTTCGTTGTCC3?

TDR 5’CAGTTTGGGCCTATTGGTGTATG3’

TUF 5’CTGCGTCAGGCACTGTAAC3’

TUR S’TTCTTCACCTGGGCTCATTC3’

T7 S’AATACGACTCACTATAGGGCGAATTGG3’
2.1.11. Kits

DNAsel Amplification Grade

Sigma, Deisenhofen

GeneChip Whole Transcript (WT) Sense Target Labelling Assay  Affymetrix, Freiburg

Float-A-Lyzer G2
Immunoprecipitation Kit (Protein G)
Megaprime DNA Labelling System
Midi Plasmid Kit

Spectrum Laboratories Inc., Greensboro, USA
Roche, Penzberg
Amersham, Freiburg

Invitrogen, Karlsruhe

Mini Plasmid Kit Qiagen, Hilden
MSB®Spin PCRapace Invitek, Berlin
Pure Link TM HiPure Plasmid (Midiprep Kit) Invitrogen, Karlsruhe
QuikChange Site-Directed Mutagenesis Kit Stratagene, Waldbronn
QIAquick® Gel Extraction Kit Qiagen, Hilden

2.1.12. Laboratory materials

Cell culture flasks

Centrisart 1; MWCO 20 kDa
Culture slides

Filter paper 0858

Hybond C

Hybond N

Microcentrifuge tubes

Petri dishes

Pipette tips

PVDF membranes, 0.2 um pore size

Greiner, Nirtingen

Sartorius, Gottingen

BD Falcon, Heidelberg
Schleicher and Schiill, Dassel
Amersham, Braunschweig
Amersham, Braunschweig
Eppendorf, Hamburg
Greiner, Nurtingen
Eppendorf, Hamburg

Invitrogen, Karlsruhe
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RotiPlast paraffin
Superfrost slides
Whatman blotting paper
X-ray cassette

X-ray films

2.1.13. Instruments

Autoclave
Centrifuge (1-15, 1-15K, 4K15)
DNA Sequencer Modell Megabace 1000
Microscope BX60
Mikrotom Jung RM 2035
Pipette
Photometer
Scale CP3202 S
SpeedVac concentrator SVC 100H
Synergy Mx
Thermocycler
2720

ABI Prism 7900HT PCR instrument

Primus96
Thermomixer 5436
TissueLyser
TurboblotterTM
UV StratalinkerTM1800

X-Ray Automatic Processor Curix60
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Roth, Karlsruhe

Menzel, Glaser

Schleicher and Schiill, Dassel
Siemens, Munchen

Amersham, Braunschweig

Webeco, Bad Schwartau
Sigma, Deisenhofen
Amersham, Freiburg
Olympus, Minchen

Leica, NuRloch
Eppendorf, Hamburg
Eppendorf, Hamburg
Sartorius, Gottingen

Schiitt, Gottingen
BioTek, Bad Friedrichshall

Applied Biosystem, Carlsbad, USA
Applied Biosystem, Carlsbhad, USA
Peqlab, Erlangen

Eppendorf, Hamburg

Qiagen, Hilden

Schleicher & Schull, Dassel

Leica, Nullloch

Agfa, Minchen
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2.2. Methods

2.2.1. Isolation of nucleic acids

2.2.1.1. Isolation of genomic DNA

Isolation of mouse genomic DNA for PCR reaction

Short fragment of mouse tail, 0.5 cm in length, watsand incubated overnight at
55°C in 150ul Direct Lysis buffer (Peglab) containingub proteinase K (1Qug/ul). Next
day, proteinase K was inactivated by incubatioB=(C for 50 min and the tissue lysate
was centrifuged at 12000 x g for 10 min. Superrtatantaining the DNA was directly
used for PCR.

Isolation of genomic DNA for Southern blot

Around 0.5 cm of mouse tail was incubated overngil§5°C with 70Qul of lysis
buffer Il containing 35ul of proteinase K (1Qug/ul) in a termomixer. Next day, the cell
lysate was centrifuged at 12000 x g for 10 min. Sbhpernatant was transferred into a
new e-cup and 35@l phenol and 35Qul chloroform (1:1) were added. After gently
mixing (2 min) by inverting the tube, sample wastdéuged at 6000 x g for 3 min and
the upper phase was transferred into a new tuben, T500ul chloroform was added,
mixed and again centrifuged at 6000 x g for 3 riiime upper phase was transferred into
the new e-cup and DNA was precipitated by addingub0f 3 M NaAc and 50Qul
isopropanol. The sample was mixed by invertingttii®e and after 1 h of incubation at
RT, it was centrifuged at 12000 x g for 15 min d RNA pellet was washed with 1 ml
of 70 % ethanol, dried on air for around 10 min aissolved at 60°C for 10 min in 50-
200l of dH0.

Isolation of genomic DNA from ES cells

ES cells were incubated overnight at 37°C in lysidgfer (ES cells). After
centrifugation at 10000 x g for 1 min, DNA was pp#ated from supernatant by adding
500l isopropanol. After mixing, sample was centrifugegdL3000 x g for 15 min at 4°C
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and supernatant was discarded. Pellet was washbdlwnl of 70 % ethanol, incubated
10 min at RT and centrifuged at 13000 x g for 5.niMNA was dissolved at 65°C for 10
min in 60-120ul of dH,0.

2.2.1.2. Isolation of plasmid DNA
Small-scale isolation of plasmid DNA — Mini preparéion (Birnboim and Doly, 1979)

Bacterial single colony was inoculated into 5 ml LBedium containing
appropriate antibiotic and incubated at 37°C withaking speed of 120 rpm for about 15
h. To prepare bacteria stocks, 0.7 ml of overngliture was mixed with 0.3 ml 50 %
glycerol and stored at -80°C. The rest of the caltwas centrifuged at 4000 x g for 10
min. The pellet of bacterial cells was resuspende2D0ul of resuspension buffer P1 and
then lysed with 20Qu of lysis buffer P2. After 5 min of incubation BRfT, samples were
neutralized with 20Qul of neutralization buffer P3. Samples were thecubated for 5
min on ice and centrifuged at 13000 x g at 4°C. $hpernatant was transferred into a
new tube and 420l of isopropanol was added. Next, samples werebat®d for 15 min
at RT and centrifuged at 13000 x g for 30 min. Dp&let was washed with 500 of
70% ethanol. Finally, air-dried DNA was dissolvedB0ul of dH,0.

Large-scale isolation of plasmid DNA — Midi preparaion

Bacteria from glycerol stock (3@l) were inoculated into 25 ml LB medium with
appropriate antibiotic. The culture was incubatedroight at 37°C with shaking speed of
120 rpm. Then sample was centrifuged at 4000 x rg1f® min. The pellet was
resuspended in 4 ml of resuspension buffer R3 tfloyen). After adding 4 ml of lysis
buffer L7 (Invitrogen), samples were mixed gentlyibverting the tubes and incubated
for 5 min at RT. Then, 4 ml of precipitation buffdB (Invitrogen) was added and again
mixed until the mixture was homogenous. After 10 entrifugation at 12000 x g for 10
min at RT, the supernatant was loaded through arddger onto a column (HiPure Midi
column, Midi Plasmid Kit, Invitrogen), equilibratday 10 ml equilibration buffer EQ1
(Invitrogen). The solution was drained by gravitgw. The column was washed twice

with 10 ml washing buffer W8 (Invitrogen). Aftersend washing, DNA was eluted from
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column by adding 5 ml elution buffer E4 (Invitrogeiext, DNA was precipitated with
3.5 ml isopropanol and centrifuged at 13000 x g3f@min at 4°C. The pellet was washed
in 3 ml of 70 % ethanol and finally, dissolved i251ul H,0.

2.2.1.3. Isolation of total RNA

Around 100 mg of tissue sample was homogenizedmi @f TRl Reagent for 5
min by using a TissueLyser (Qiagen). Then the g/sas incubated on ice for 5 min. To
isolate proteins from cell culture 4@0 of TRI reagent was added to a culture bottle and
cells were homogenized with a rubber scraper. ybaté was transferred into a tube and
incubated on ice for 10 min. Further procedurelentical for RNA isolation from tissue
and cell culture. After incubation, 2@0 of cold chloroform was added, mixed and again
cooled for 5 min on ice. The sample was centrifugeti2000 x g for 15 min at 4°C. The
upper, aqueous phase was carefully transferred antoew tube, where RNA was
precipitated with 50@ of isopropanol followed by centrifugation at1200@ for 10 min
at 4°C. Finally, the pellet was washed with 75%aati, dried at 37°C and dissolved in
50 pl of HoOpgpc for 10 min at 60°C.

2.2.2. Determination of nucleic acid concentration

The concentration of nucleic acids was determingectsophotometrically by
measuring absorption at 260 nm. The absorbanae magasured by 260 nm and 280 nm
gives the information about the purity of nucletids. The expected value of the ratio for

sample of good quality should be between 1.7 add 2.

2.2.3. Reverse transcription

To prepare 20l of cDNA following reagents were added:
- 2-3ug RNA

- 1ul 10 x reaction buffer

- 1ul Amplification Grade DNAsel (Sigma)

- H2O up to 8ul

-39 -



Materials and methods

After 15 min incubation at RT, DNAsel was inactedtby adding 1ul of stop solution
and heating at 70°C for 10 min. Then following rests were added:

- 1l oligo(dT)primer (10 pmoldl)

- 1w 10 mM dNTPs
Sample was denaturated for 5 min af@%nd quick chilled on ice. Next, following
reagents were added:

- 4 ul 5 x first strand buffer

- 2w of 0.1 MDTT
Sample was preincubated at 42°C for 2 min and thdrof reverse transcriptase enzyme
(Superscript 11, Invitrogen) was added. cDNA wasthgsized 50 min at 42 followed

by the inactivation of reverse transcriptase 8C7@r 15min.

2.2.4. Polymerase Chain Reaction (PCR)

To perform PCR reaction, following substances webed:
- 10 ng DNA
- 0.5ul forward primer (5 pmol)
- 0.5ul reverse primer (5 pmol)
- 0.5pl 10 mM dNTPs
- 0.75ul 50 mM MgCh
- 2.5ul 10 x PCR buffer
- 0.2ul Tag DNA Polymerase (5 yl)
- Filled up to 25ul with dH,O

Standard PCR program consists of:

» initial denaturation 95°C 5 min

» denaturation 95°C 30 sec

» annealing of primers 55-65°C 30-60 se 30-35 sycle
» extension 72°C 30-60 se

» final extension 72°C 3-7 min
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2.2.5. Quantitative Real-Time PCR
Genotyping of ES cells

ES cells with targeted disruption of tiBzdc33 gene were genotyped using the
guantitative Real-Time PCR approach to identify btogous recombinant ES cells.
DNA was isolated from recombinant ES cell cloned as a control wild type DNA was
used. To prepare gRT-PCR reaction, the followioiggonents were mixed:

- 5ul of Platinum SYBR Green qPCR SuperMix-UDG with RQHRvitrogen)

- 0.4l of each forward and reverse primers (10 ppdpl/

- 2ul of DNA

- 2.2ul of dHO
All reactions were prepared in triplicate. The riyale PCR reactions were performed in
an ABI Prism 7900HT real time PCR instrument (ApgdliBiosystems). The standard
PCR program used in this analysis was as follows:

» 2 min 50°C
2 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
> 15sec 95°C )

First, the series of the wild type DNA dilutions neeprepared to test each primers pair

YV V. V V V V

used. Then, the absolute quantification (the datetion of the number of alleles) was
calculated based on the linear interpolation frtwa lbgarithmic standard curve, the cT
values for the analysed allel€qdc33) and the reference genelota) according to the
method described by Boehehal. (2004).

Reverse transcription real-time PCR (QRT-PCR)

RNA was isolated as described in section 2.2.1@ @NA was prepared as

described in 2.2.3. Single sample contained:
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- 5ul of Platinum SYBR Green qPCR SuperMix-UDG with RQHRvitrogen)

- 0.4l of each forward and reverse primers (10 pdpl/

- 2ul of DNA

- 2.2yl of dH,O
The real-time RT-PCR reaction was performed asriestin 2.2.5. First, the standard
curve for all housekeeping genes and the gene tefest were generated and the
amplification efficiency of the gene of interestdamhe housekeeping genes were
compared. Next, the value for a particular gendyaed was normalized by the values of
the appropriate housekeeping geHer(, Sdha or ActB) (delta cT). The expression level
was demonstrated in respect to control RNA (dedltaccT method).

2.2.6. Agarose gel electrophoresis
2.2.6.1. Gel electrophoresis of RNA

To prepare 1 % gel 2 g of agarose was added tol20 b0 x MOPS and 148 ml
of H,Opepc and dissolved by heating in a microwave. Afterlicmpto about 50°C, 33.2
ml of 37 % formaldehyde was added, mixed and spiileo a horizontal gel chamber.
RNA samples (15 — 4Qqg of total RNA) were mixed with double volume ofngale
buffer, denatured at 86 for 10 min and chilled on ice for 5 min. Then,equal volume
of loading buffer was added and samples were loadetie gel. Electrophoresis was run
overnight at 35-45 V at 4°C.

2.2.6.2. Gel electrophoresis of DNA

100 bp tol5 kb molecules of DNA were separated do 8.8 % agarose gels,
respectively. In general, to prepare 1 % gel, Iggr@se was added to 100 ml of 0.5 x
TBE buffer and boiled in a microwave to dissolve tigarose. After cooling to about
50°C one drop of 0.07% ethidium bromide was added the gel was placed in a
horizontal gel chamber.
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2.2.7. Purification of DNA
2.2.7.1. Purification of DNA from agarose gel

DNA was extracted from agarose gel with QIAquickgsdraction kit (Qiagen). A
fragment of gel (but not more than 400 mg) contggrithe DNA band was excised and
incubated with three volumes of QG buffer at 508€ X0 min. When the gel slice was
dissolved, the solution was applied to a QIAquiokumn. Then 10Ql of isopropanol per
100 mg gel were added and mixed very well. Aftertigiigation at 10000 x g for 1 min
at RT, flowthrough was discarded and the column washed with 50@l of QG buffer
followed by washing with 75Ql of PE buffer. The column was placed into a fragbe
and DNA was eluted with 501 of dH,O by short centrifugation at 10000 x g for 1 min at
RT.

2.2.7.2. Purification of plasmid DNA prior to sequecing

Plasmid DNA isolated with mini Preparation methocswpurified prior to
sequencing using the MSB Spin PCRapace kit (Inyit8s0 ul of binding buffer was
added to the 3@l of sample and mixed. Then, the sample was tramsfento a spin
filter and centrifuged for 3 min at 12000 x g abmotemperature. The column was placed
into a new tube. DNA was eluted with 8Dof dH,O by centrifugation at 10000 x g for 1

min.

2.2.8. Enzymatic modifications of DNA
2.2.8.1. Restriction digestion of DNA

Double-stranded DNA was digested by appropriat&icisn enzymes in a buffer
recommended by the company. Usually, plasmid DNgeslion was done with 2-8 U of
enzyme per ug DNA and the incubation time was 2-6 h at 37°C.y20of genomic
DNA was digested with 80 U of enzyme overnight 2@
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2.2.8.2. Ligation of DNA fragments

Ligation of a DNA insert into a vector digested hwiaippropriate restriction
enzyme was performed at 4°C overnight or at RT5dr. Usually, 10ul of reaction
mixture contained: 30 ng vector DNA; 100 ng indeNA; 1 ul of ligation buffer (10x)
and 1ul T4 DNA ligase (5 Udl).

2.2.9. Transformation of bacteria

50 — 100ul of competent bacterial cells were added to theull@f ligation
reaction, sample was gently mixed and incubated.fomin on ice. After heat-shock (1
min at 37°C and chilled for 3 min on ice) 8@0of S.0.C. medium was added. The
mixture was incubated in a thermoblock at 37°C, 409, for 1 h and then plated on LB-

agar plates.

2.2.10. Northern blot

After electrophoresis, RNA was transferred overhighto the nitrocellulose
membrane Hybond C, by using turboblotterTM. The fmeme was equilibrated in 2 x
SSC and the blotting apparatus was prepared aocprth the manufacturer’s
recommendation. After transfer, the RNA was fixgddooss linking (1200 J) in UV
StratalinkerTM1800. Membrane equilibrated in 2 xCS@as pre-hybridized with 6 ml of
Rapid-hyb buffer (Amersham) and 2hDof denaturated salmon DNA for 5 h at 65°C in
hybridization oven. During this time, the Megaprimi@NA Labelling System
(Amersham) was used for radioactive probe labelllgA probe was mixed with bl of
random primer solution and the appropriate volurhevater to a total volume of 3gl
and denaturated by heating to 100°C for 10 min liwiing water bath. After chilling on
ice, 10ul of labeling buffer, 2ul of Klenow enzyme and Bl of [a-**P] dCTP (3000
Ci/mmol) were added and mixed. Then, the reactias imcubated for 1 h at 37°Gx-[
%P] dCTPs not incorporated were removed by usingb@rdQuantTM G-50
MicroCloumns (GE Healthcare). 2Q0 of salmon DNA was added to the labeled probe.
The sample was denaturated, added to 6 ml of theridization solution and

hybridization was continued overnight at 65°C. Ndzal, the membrane was washed
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shortly with 2 x SSC at room temperature, next vtk SSC containing 0.2% SDS at
65°C for 2 min and 0.2 x SSC at 65°C for 2 min. Thembrane was put into a X-ray
cassette with X-ray film and exposed at -80°C. Titra was developed in X-Ray

Automatic Processor Curix 60 (Agfa).

2.2.11. Southern blot

After electrophoresis of genomic DNA treated witbstriction enzymes, the
agarose gel was stained with 1 % ethidium bromide,O and picture was taken. Then,
the gel was washed with depurination buffer fomii@, with denaturation solution for 30
min and neutralization buffer for 30 min. TurbolésTM was used to transfer the DNA
onto the nitrocellulose membrane. The transfer @oed hybridization procedure were
same as described for Northern blotting (2.2.10).

2.2.12. Transcriptome

The transcriptome analysis was done in the Miceyaiffacility, University of
Gottingen. Total RNA was isolated from the testé$ive fertile animals from the line
with five knockouted germ cell-specific genes arahf the testes of five infertile males
of a line with six knockouted germ cell-specifimgs with the Trizol (Invitrogen) method
according to the manufacturer's recommendationg Jdmples were treated 20 min at
37°C with DNAse | (Sigma) to remove any DNA contamioat The quantity of RNA
was analysed by Nano Drop ND-1000 Spectrophotométexr samples were diluted to
100 — 200 ng/ul. To relax secondary structures, Ridiples were heat denaturated for 2
min at 76C and immediately chilled on ice. Quality of RNA svedetermined using the
Agilent 2100 Bioanalyzer microfluidic electrophagegAgilent Technologies, Santa
Clara, CA, USA).

Transcriptome analysis was done according to @idme Whole Transcript (WT)
Sense Target Labeling Assay (AffymetriXhe synthesis of double-stranded cDMAs
done with 300 ng of total RNA. This cDNA was cledneith the Gene Chigsample
Cleanup Module (Affymetrix) and then 10 ul were dider in vitro transcriptioncRNA
was purified with the Gene Chip cRNA Sample CleaMdpdule (Affymetrix) and
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guantified using the Nano Drop ND-1000. From cRNsgle stranded cDNA was
synthesisedThen, 1ul of RNAse was added and the sample was incubated5f min at
37°C to digest the cRNA. Finally, concentration of c®Mas measured by Nano Drop
ND-1000 Spectrophotometer.

5.5 mg of single stranded cDNA was fragmented iB&-200 bases long
fragments by enzymatic processes and the fragnmemi¢gree was checked by capillary
electrophoresis using the Agilent 2100 BioanalyZAgilent Technologies). After
fragmentation, terminal labelling with biotin labe reagent was performed wi@ene
Chip WT Terminal Labeling KitThe hybridization of biotinylated fragmented ssDNA
onto the Gene Chip Mouse Gene 1.0 ST Array (Affyirptvas performed at 4& for
17 h at 1 x g in the GeneChip Hybridization Oven@4flymetrix). Washing and staining
of the array with streptavidin R-phycoerythrin (S3Rnvitrogen) was done according to
the manufacturer’'s recommendation on the Gene Elnigics Station450 (Affymetrix).

Arrays were scanned using the Gene Chip Scanr€r BG (Affymetrix). Data of
signal intensity were extracted using the AffymetAGCC Software (version 2.0)
(Affymetrix). The microarray data analysis congist# following steps: between-array
normalization, probe summary, global clustering, ARfhalysis and detection of

differential gene expression.
2.2.13. Protein analysis
2.2.13.1. Isolation of total protein
Protein isolation from tissue |

100 mg of tissue was homogenized in @00ysis buffer for 5 min by using a
Tissue Lyser (Qiagen). The samples were centrifuege8000 x g for 20 min at 4°C.
Thereafter the supernatant was centrifuged at 29009 for 45 min at 4°C. The

supernatant was then used for Western blot.
Protein isolation from tissue Il

100 mg of tissue was homogenized in @D@ppropriate lysis buffer for 5 min by

using a Tissue Lyser (Qiagen). The samples wertifteged at 13000 x g for 10 min at
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4°C. Thereafter the supernatant | was used foremedtlot. The pellet was sonicated,
centrifuged at 10000 x g for 10 min at 4°C and ghpernatant Il was used for Western
blot.

Protein isolation from tissue IlI

100 mg of tissue was homogenized in @00ysis buffer for 5 min by using a
Tissue Lyser (Qiagen). The samples were centrifiaged®00 x g for 10 min at 4°C. The
pellet was resuspended in 100lysis buffer and recentrifuge at 1900 x g for hih at
4°C. The supernatant was centrifuge at 50000 xrg2@omin at 4°C. Then pellet was
resuspended in 10@ lysis buffer and centrifuge at 50000 x g for 2thmt 4°C. The

supernatants from all steps were then used for &ieslot.
Protein isolation from cells

300 ul of Co-IP lysis buffer (Roche) or lysis bufferfbf ES cells) were added to
the 50 ml cell culture bottle with cell confluenkgher than 90 %, and left on ice for 10
min. Next, cell lysate was collected with a rubberaper and incubated on ice for 30 min
with mixing every 5 min. Then, the lysate was cémgged for 30 min at 4°C at 13000 x g,

the protein concentration in supernatant was medsur

2.2.13.2. Determination of protein concentration (Badford, 1976)

To determine the protein concentration, each sampkediluted 1:100 and 2Q0
of Roti Nanoquant was added to aBGliquot of the dilution. After 5 min of incubatio
at RT to develop the color reaction, the absorptias measured at 590 and 450 nm by
Synergy Mx spectrophotometer. Series of Roth AlbbuRraction V dilution was used for
calibration according to the manufacturer's recomadagion. Protein concentration was

determined by extrapolating to this standard curve.

2.2.13.3. Western blot

NuPage 4-12 % or 12 % Bis-Tris gel (Invitrogen) wased for protein
electrophoresis. 50 - 1QQy of protein was mixed with gl of 1M DTT and appropriate
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amount of 4 x LDS loading buffer, denaturated fOrmin at 70°C and separated on the
gel. Then, the gel and PVDF or nitrocellulose meanbrwere moistened with transfer
buffer. See Blue Plus2 molecular weight standamdiffiogen) was used to determine the
size of the protein. Four sheets of Whatman papsewgoaked in transfer buffer and
placed on the semi dry transfer machine’s lowetepl®n these papers, the membrane
and the gel were gently placed without any air besabNext four soaked papers were
placed on the gel to complete the sandwich systdrn, the upper plate was closed and
the transfer was carried out at 150 mA for 15 md @30 mA for next 45 min. After
blotting, the gel was stained with Comassie blueroight at RT to control amount of
protein remaining in the gel. The membrane waskaddn 5 % milk/TBST on the roller
for 1 h at RT and incubated overnight with primantibody at 4 °C. Next day, after three
times washing for 10 min on roller with 2 % milk/BB, the membrane was incubated
with secondary AP-conjugated antibody for 2 h. Thie® membrane was washed two
times in 2 % milk/TBST and three times in AP buffeFinally bound antibody was
visualized in 15 ml AP buffer containing @¥of NBT and 53ul BCIP at RT.

2.2.13.4. Generation of CCDC33-MBP and CCDC33-GSTusions proteins for

antibody production

Two different fusion proteins were produced for gration of anti-CCDC33
antibody. Rabbits were immunized with CCDC33-MBRalimse binding protein) fusion
protein. The same part of CCDC33 was used to gen€@&€DC33-GST (glutathione
binding protein) fusion protein, which was used parification of antibody from rabbit’s
serum. The sequence unique for mouse CCDC33 wastsel using Blast-Protein
program (Morguliset al. 2008) and cloned in frame into pMAL-c2X and pETa4
vectors. To produce both CCDCD33 fusion proteinsndOof LB-Bacto medium was
inoculated withE. coli strain Bcl21 containing the appropriate plasmiaj are-cultured
overnight at 37°C. Next day, 400 ml medium was ulaied and incubated until Qg
reached the value of 1.0. Then, bacteria were iedlwgth 1 mM IPTG to produce the
fusion protein. After 5 h incubation, samples weeatrifuged at 6000 x g for 10 min at
4°C. Pellet was resuspended in 15 ml of proteinfipation buffer, sonicated with short

pulses and then centrifuged for 20 min at 4°C &003x g. The supernatant was filtered
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through 0.45um pores size filters and then applied on maltoseglatathione column.

After washing twice with column buffer, the fusiprotein was eluted with elution buffer
| or Il and dialized with Float-A-Lyzer G2 dialysisystem (SpectraBefore dialysis

column was washed with coupling buffer and then |2omfusion protein was added.
Dialysis was done in PBS overnight at 4°C. Centtis®WCO 20000 (Sartorius)

ultrafiltration system was used to increase theceatration of protein by centrifugation
at 3850 rpm for 30 min at 8°C.

2.2.13.5. Immunization of rabbit

Adult rabbits were immunized four times, with 4 eespan between injections,
with 500 ug of native and 50Qg of denaturated CCDC33-MBP fusion protein. Proor t
each injection the fusion protein was diluted (lih) Freund’s adjuvant (first
immunization with complete form, later with incoref#). After 30 min vortexing at 4°C,

fusion proteins were injected into the rabbit.

2.2.13.6. Purification of antibodies

Purification of antibodies from rabbit's serum wdene with CCDC33-GST
fusion protein. Hi Trap column was equilibratedw® ml of ice cold 1 mM HCI. Then 2
ml of fusion protein (1 mg/ml) was loaded onto ttedumn and incubated overnight at
4°C. Then, the column was washed three times altiealy with buffer A and buffer B (2
ml each) and finally with 10 ml of PBS. 2 timesutidd (PBS) rabbit’s serum was filtered
through 0.45um pore size filters and applied very slowly on oolu After binding of
CCDC33 antibody to CCDC33-GST-fusion protein, catumas washed with PBS and
finally the antibody was eluted with 3 ml of Immynwe IgG Elution Buffer (Pierce) and
neutralized with 3.5 of 1 M tris/HCI, pH 7.5

2.2.14. Yeast-two-hybrid

Yeast-two-hybrid system was used to analyse therdntion between two
proteins. In this study, the Yeastmaker™ Yeast Ji@mation System from Clontech

was used. One protein (bait) was cloned into pGBK@&Gtor and expressed as a fusion
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protein with the Gal4 DNA-binding domain (Gal4-BOyhile the second protein (pray)
was cloned into pGADT7 vector and expressed ass#ruprotein with the Gal4
activation domain (Gal4-AD). In case that both pna$ interact, the Gal4-BD and Gal4-
AD are able to activate transcription of four indedent reporter gene8ur1-C, Ade2,
His3 andMel1. All of them are under the control of three heliggous Gal4-responsive
promoter elements - G1, G2, and M1. AH109 straiye#st is unable to grow on plates
without the three amino acids (His, Trp, Leu) adérane.Aur1l-C andHis3 are able to
produce histidineAde2 can synthesize adeniniglell encodes enzyme-galactosidase,
which turns white yeast colonies to blue in thespriee of the chromogenic substrate X-
o-Gal. As additional control of the transformatidficency, both vectors contain genes

responsible for leucine (pGADT7) and tryptophan B3 7) synthesis.

2.2.14.1. Preparation of competent yeast cells

YPDA agar plate was smeared with AH109 yeast dedls1 a frozen stock and
incubated for some days at 30°C. Small coloniegeaist were resuspended into 50 ml
YPD medium in a sterile culture tube and incubaiedrnight at 30°C with shaking at
250 rpm. Next day, 7 ml of the culture were transf@ into 300 ml YPD medium,
incubated with shaking until the Q§ reached 0.5 (4-6 h). Then, the cells were
centrifuged at 1000 x g for 10 min at RT. The sop@nt was discarded. Pellets of yeast
were washed in 25 ml of sterile gbl. After centrifugation, yeast pellets were dissdlv
in 1.5 ml of freshly prepared 1 x TE-LiAc bufferftar this step, cells were competent

and ready for transformation.

2.2.14.2. Yeasts' transformation with DNA construct

Competent yeast cells were immediately used farstoamation. 2ug of each
construct (obtained after midi preparation of plaBiRNA) were mixed with 2Qul of
denaturated (10 min at 100°C) carrier DNA @@ul). Then, 100ul of competent cells
and 600ul of freshly prepared sterile PEG-LiAc buffer weadded and gently mixed.
Samples were incubated for 30 min at 30°C.u¥@f DMSO was added and the heat

shock was done for 15 min at 42°C then, cells vpdreed for 2 min on ice. After short
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centrifugation, the pellet of cells was diluted3@0 ul of dH,O, dropped on two different
SD plates and cultured several days at 30°C. Toamsition efficiency was tested on SD
plates without leucine and tryptophan (-LT plaiejeractions were tested on SD plates
without leucine, tryptophan, histidine and adening, containing Xa-Gal (-LTHA, +X-
o-Gal plate).

2.2.15. Histological techniques
2.2.15.1. Tissue preparation for paraffin-embedding

Directly after isolation tissues were fixed ovehtigat RT in Bouin’s solution and
washed next day with 70 % of ethanol (overnightje Tehydration process consisted of
the following washings at RT in: ethanol (70% 15«rtin; 80 % 3 x 20 min; 90 % 4 x 20
min; 96 % 4 x 20 min; 100% 5 x 20 min) and isoprogaovernight at 4°C). Next day,
the alcohol was removed from the tissue by follgmvincubations at RT: isopropanol —
xylene (75 % - 25 % for 30 min; 50 % - 50 % forr@; 25 % - 75 % for 30 min) and in
xylene (100 % overnight at 4°C). Thereafter, tissues were incubated in liquid paraffin
at 60°C for 2-3 days (with 3 to 5 changes of pamaffFinally, the tissues were placed in
embedding mold and melted paraffin was poured timomold to form a block. Finally,
paraffin blocks were stabilized in the microtomed aiut in 10um thin slides. Paraffin

sections were placed on glass slides on a warra.plat

2.2.15.2. Hematoxylin-eosin staining

Tissue sections were incubated three times in ®yfen 3 min each. Next, they
were hydrated in: 100 %, 96 %, 90 %, 80 %, 70 % %&b ethanol (2 min in each) and
washed in dBDO for 5 min. Sections were stained for 10 min imh&éxylin and washed
in dH,O for 10 min. Then, tissue sections were de-stamedhortly washing five times
in HCl/ethanol (1 ml concentrated HCI in 400 ml%0ethanol) and two times for 1 min
in ammonium water (0.25 %). After two times washinglH,O, sections were stained in
eosin for 1 min and then incubated in increasingceatrations of ethanol: 50 %, 70 %,
80 %, 90 %, 95 % and 100 % for 2 min each. Finalig, stained slides were incubated in

xylene for 15 min and closed with Eukitt-quick hanthg mounting medium.
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2.2.15.3. Immunohistochemistry staining

Tissue sections were incubated three times for i imixylene to remove the
paraffin. Then, slides were re-hydrated in a destnggethanol series: 100 %, 96 %, 90 %,
80 %, 70 % and 50 % for 3 min each. After washimg®BS, slides were boiled in a
microwave two times for 5 min in 20mM sodium ciggpH6.0) and then incubated with
a blocking solution containing 2 % sheep serum @sd triton X-100 in PBS for 1 h at
RT. Then, the slides were incubated with primartibaaies overnight at 4°C in a wet
chamber. Next day, slides were rinsed three tirne$ fmin in PBS and incubated with
appropriate secondary antibody for 2 h. Finallg $hides were washed three times for 5
min in PBS, covered with vectashield mounting medigontaining DAPI (Vector,
Burlingame, Calif. USA) and examined under a flsoence microscope (BX60;

Olympus).

2.2.16. Cell culture methods

HelLa, NIH3T3 and GC-4 cells were cultured in 5 nil appropriate media
(2.1.5.3.3) in culture bottles in the incubatoB@tC and 5 % C@Cells were trypsinized
when confluence was 90 — 100 %. All proceduresetifaulture were done under sterile
hood.

2.2.16.1. Trypsinisation of eukaryotic cells

Cells were washed twice with 5 ml prewarmed, s#ePiBS and then incubated in
1.5 ml of TrypleTM Express at 37°C for 5 min. Trypsvas removed by washing cells
with 5 ml PBS. Then, cells were centrifuged at 18@9for 5 min at RT, resuspended in
3 ml of the cell culture medium and transferrecbiat new culture bottle containing
appropriate medium. To prepare cell stocks, alisjudtcells were mixed with freezing
medium containing DMEM, 20% FCS and 10% DMSO adest in liquid nitrogen. For
revitalisation, frozen cells were quickly thawedlanoculated in culture medium, washed
with PBS, centrifuged, resuspended in culture nradind transferred into a new culture
bottle.

-52 -



Materials and methods

2.2.16.2. Cell transfection

To check the capacity of the cells to express fugimteinexpression of fusion
proteins, they were transfected with appropriatedtars. Prior to transfection Hela,
NHI3T3 or GC-4 cells were cultured until the comfiice reached 70-80 %. For the
transfection in small chambers (BD Falcon Cultufieles, BD Biosciences, Bedford,
USA) 1ug of Lipofectamine 2000 TM reagent (Invitrogen) ahd) of the endonuclease
free purified (2.2.1.2) vector DNA were diluted kan 100ul OptiMEM reduced serum
medium (Invitrogen), mixed and incubated at RT %omin. For the transfection in a
culture bottle 5-1Qug of DNA and 10ug of lipofectamine in 40 of OptiMEM were
used. Next, both of the dilutions were mixed togethnd incubated for 30 min to allow
formation of DNA-lipofectamine complexes. The mediwn the cell culture was
changed with fresh medium without antibiotics ahd tmixture of DNA-lipofectamine
complexes was added drop by drop to the cells.,Nlegtcells were cultured overnight at
37°C, 5% CQ.

2.2.16.3. Co-immunoprecipitation

For co-immunoprecipitation the Immunoprecipitatidim (Protein G) (Roche) was
used. Cells were co-transfected as described algosen for 24 h at 37°C and collected
in Lysis buffer for ColP as described under 2.20113.ug of anti-E2- Tag or anti-Myc-
Tag antibodies were added to 3@0of protein lysate, placed on rolling platform and
incubated overnight at 4°C. Next day, @0 of protein G agarose was prepared by
centrifugation at 5000 x g for 20 sec at 4°C, remg@\the supernatant, washing with 500
ul of lysis buffer for ColP and centrifugation at@Dx g for 20 sec at 4°C. Then, protein
G beads were added to the protein-antibody mixtafeer at least 3 h incubation on
roller at 4°C, the sample was centrifuge at 50@Dfar 20 sec at 4°C. Pellet was washed
with 500 ul washing buffer | and 1 ml of buffer Il and Il deordingly to the
manufacturer’s instruction). Finally, beads werguspend in 5@l of 4 x loading solution
for SDS-Page electrophoresis and boiled twice &€ $6r 5 min. After adding @l of 1M
DTT Western blot analysis (2.2.13.3.) was performeésamples, which were
immunoprecipitated with anti-E2-Tag antibody, werebed in Western blot with anti-
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Myc-Tag antibody. Samples precipitated with antidvantibody were probed with anti-
E2-Tag antibody.

2.2.16.4. Immunocytochemistry staining

Cells cultured in slide chambers were washed thnees in PBS and fixed in 4%
paraformaldehyde with 0.01 % Tween-20 for 15 miR@at After three times washing in
PBS, slides were incubated in 0.01% triton X-100RBS) for 15 min at RT. Then, cells
were washed in PBS (3x) and unspecific bindingrwib@dy was blocked with 5 % BSA
(in PBS) for 1 h. Next, primary antibody was apglior 2 h. Thereafter, cells were
washed 3x in PBS and incubated with secondary @dhits (Cy3 or FITC conjugated) for
2 h at RT. After three times washing with PBS thelai were counterstained with DAPI

and the slides were analysed in Olympus BX60 flsogace microscope.

2.2.17. Production of knockout mice
Generation of theCcdc33 knockout mouse line

To analyse the function of th€cdc33 gene, recombinant C57bl ES cells
(VG13410) with targeted disruption @cdc33 gene were purchased from Velocigene
Regeneron Pharmaceuticals Inc. (http://www.velawggeom/komp/detail/13410).
According to the knockout strategy designed bycbrapany exons 6 to 11 of tkedc33
gene were replaced by the neomycin resistant géigure 1 demonstrates the knockout

strategy.
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Figure 1. Scheme o€cdc33 knockout strategy.Gray boxes represent exons of mousCcdc33
gene, green box represenif3-galactosidase coding sequence, blue box stays foedwycine
cassette. Redriangles stay for LoxP sites After homologous recombination exons 6 to 11 «
the Ccdc33 gene (25398 bp) wi be replaced by the neo cassettéhe 5’ and 3' homologou
regions derived from a BAC clone and are of undefiad size. The primers TlF, TUR, TDF
and TDR were used for gPCR t confirm homologous recombination evers in ES cells
obtained from the company. Gnotyping of chimeras was done with SU, S-R and

LacIinZRev or Neolnf, SD-F and SD primers. PCR product sizesre given

Prior to microinjection into the blastocys(2.2.17.2)ES cells were tested by gPCR
described in 2.2.5.

Generation of the4933400A11 RIKEN knockout mouse line

The knockout construct (ID79592) from International Knockout Mouse
Consortium(http://www.knockoutmouse.org/martsearch/projed@&8 was purchased to
generatel933400A11 RIKEN gene deficient lineThe strategy designed by the comp
included surrounding oéxor 3 of the4933400A11Rik gene by two LoxP sites. In tF
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exon the entire ORF is located. Figure 2 demoresrathematic representation of

construct and strategy for generatof 4933400A11Rik conditional knockot line.

10.5 kb

pr 3 externa:l

probe | Wild type allel

mGeneSA-F mIGeneSR
—

i «— .
' ]
ABgll = \ A

Knockout construct

/
K
/
/

loxP loxP  loxP\

5 homology region 3 homology region
5.7 kb 3.8 kb
233 bp
| i Recombinant allel
mGene5A-F mGene5A-R
’ ¢ loxP loxP  loxP

Bglll

> —TH=] Eh—H 1 P
Bgh

i
N

15 kb

Knockout allel

loxP loxP

. THZH e | 1

Figure 2. Scheme 0#933400A11Rik knockout's strategy. Dark gray boxes represent exon
of 4933400A11Rik, light gray boxes the exons ¢ midline 1. Green boes stay for
galactosidase coding sequenproceeded by internal ribosomal entrysite (IRES), blue boes
representneomycine cassets, pink box representsdiphtheria toxin cassettt. Red triangles
stay for LoxP sites.After homologous recombination exon 3 will be surranded by two LoxF
sites. Then, this conditional knockout line must berossed withtransgenic mouse carrying
the Cre-recombina® gene. The deletion of exon 3 is driven by the CR&nd is regulated by
the particular promoter responsible for the CRE actvity. To detect ES cel clone with
homologous reombinant allele, the Southern lot analysis with 3’ external probe was
applied. Primers: mGene5A-F, mGene5A-R andmGene5R were used to genotype mutant

Significant restriction sites, restriction fragments and PCR products sizere given.
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2.2.17.1. Electroporation of ES cells with the4933400A11 RIKEN knockout
construct

ES cells were cultured for two days in culture dsl{diameter 10 cm). After
trypsinisation, the cell pellet was washed in 20RBIS, centrifuged and resuspended in 1
ml of PBS. 50ug of linearised DNA-knockout construct was added)t® ml of cell
suspension in an electroporation cuvette. The r@jectation was performed with the
Bio-Rad gene pulserTM apparatus at 240 V and B00After electroporation, the cuvette
was cooled on ice for 20 min. The cell suspensias wansferred into 20 ml of ES cell
medium and plated onto two 10 cm dishes contaiféegler layers. The medium was
changed every day. Selection with G418 at 4l was started two days after the
electroporation. ES cells, in which random inteigiabf the knockout construct occurred,
produced diphtheria toxin and degenerated. Aftghtedays of selection, living, drug
resistant colonies were picked with a drawn-outtétaspipette under a dissecting
microscope and transferred into a 24-well platetaiomg feeders and ES cell medium.
After two days, the ES cells were trypsinised agglispended in 500 ES cell medium.
Half of the cell suspension in each well was transdd onto two different 24-well plates
(one colony to one well on each plate). One platgained gelatin and the other feeder
cells (so called master plate). Cells growing omatyge plate were used for DNA
isolation and Southern blot analysis and the magiate was kept frozen for
microinjection.

2.2.17.2. Microinjection of ES cells into blastocys

Microinjections were done in Max Planck Institute €xperimental medicine. 10-
20 recombinant ES cells from C57BL/6J were injecteftd the blastocoel cavity of
recently cavitated C57BL/6J blastocysts. Afteeation, embryos are cultured for a short
period (2-3 h) to allow re-expansion of the blastlccavity. Finally, they were

transferred to the uterine horns of day three petedjnant females.
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2.2.17.3. Detection of chimerism and mice breeding

Both, recombinant ES cells and recipl#astocysts were from mice with C57BL
background, thus a PCR reaction was applied toctdetemeras. For the genotyping of
Ccdc33 KO line two different primer sets were used. SDSB) and NeolnF (Fig. 1),
located downstream of the homologous recombinatdiien amplified a 668 bp product on
wild type allele and a 400 bp product on knockdlgl@ and SU, SU-R and LacInZRev
located upstream of the homologous recombinatitan amplified a 293 bp and a 400 bp
products on WT and KO alleles, respectively. Fa& tenotyping 0f4933400A11Rik
knockout line mGene5A-F, mGene5A-R and mGene5Regsmwere used (Fig. 2), which
amplified a 233 bp product on the KO and 575 bghrenWT allel. The chimeras were
bred with C57BL/6J to obtain heterozygous mutants.

2.2.18. Fertility test

Male mice were bred with wild type females for aipe of three months to check
the fertility. In addition, vaginal plug (VP) wasmtrolled daily to ensure that the tested
male mated with female. In case, no VP was notégthg the test period, the status of

the male was marked as “unknown fertility”.

2.2.18.1. Isolation of spermatozoa

Epididymides were dissected from adult malescivhwere not mated for at least
two weeks, and placed in 4Q0 IVF medium, perforated with a needle aspkrmatozoa
were allowed to swim out for 10 min at 37°C. Therus of VP positive females was
closed with clips and gently dissected. After clipgioving, sperm were squeezed into an

e-cup.

2.2.18.2. The analysis of sperm head morphology

20 pl of spermatozoa suspension was spread on Supesfidss, air dried and
fixed for 30 min in ethanol : acetic acid mixturgX). After air drying, slides were

stained overnight in 0.2 % eosin. Then, they weeshed in dpWO and closed with
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Eukitt-quick hardening mounting medium. About 3p@rmatozoa were counted for each

animal tested. Sperm head abnormalities were Gkedsiccording to Styrnet al. (2003).

2.2.18.3. CASA

13 pl of epididymal spermatozoa in IVF Medium (Medigulyllinge, Denmark)
were put on dual sided sperm analysis chamber.lifotvas analysed in computer
assisted semen analysis (CASA) system using Halltoone CEROS software (v. 12).
Sperm movement was recorded in 0.9 sec eitherr@@stior until 2000 spermatozoas
were captured. The following parameters were evetliaaverage path velocity (VAP),
curvilinear velocity (VCL), straight line velocitfVSL), straightness (STR), beat cross
frequency (BCF) and amplitude of the lateral heiadldcement (ALH).

2.2.18.4. Testosterone level determination

For determination of serum testosterone level lbyormmmunoassay (RIA), blood
was collected post mortem. Serum was obtained biyiftegation for 10 min at 4000 x g.
This analysis was done with the help of Prof. Janryhe Department of Clinical and
Experimental Endocrinology, Medical University obBngen using Testosterone RIA

kit (Diagnostic Systems Laboratories) accordingh®manufacturer’s instruction.

2.2.18.5. Acrosome reaction

Spermatozoa were capacitated in $0@f PBS for 1 h at 37°C, 5 % GO'hen,
spermatozoa were centrifuged for 2 min at 3000 Mext, supernatant was removed but
around 50ul remained and were resuspended. To this spernessigm 2.51 of 10mM
lonophore A23187 was added. For the negative coBtsqul of 5 mM phosphoric acid
was added instead of Inophore. After incubationifdr at 37°C, the spermatozoa were
fixed with 500 ul 2 % formaldehyde for 30 min at 37°C on warmingtpl Next,
spermatozoa were centrifuged for 2 min at 4000 xwgshed twice with 15 mM
ammonium acetate and resuspended ind@3 PBS. 20-3Qul of sperm suspension was

spread on superfrost slides and air dried. Theshdere stained with Comassie G-250 in
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3.5 % HO, for 2.5 min and washed with water. Air dried sideere closed with Eukitt-
quick hardening mounting medium and analysed byosgope. For a single animal three

times 100 sperm were counted.

2.2.18.6. Determination of spermatozoa number

Spermatozoa were diluted 10 to 50 times.pdf this dilution were put into
Neubauer counting chamber. Spermatozoa were coimfedr fields 0.0025 mfunder
the microscope Olympus BX60. Determination of tapermatozoa was calculated as
follows:

Number of sperm = average of spermatozoa numbeigberx dilution x 400 (volume of
IVF medium used for sperm isolation) x 10 (volumiesperm sample in Neubauer
counting chamber).

2.2.18.7. Superovulation

Adult female mice were superovulated by intrapeet injections (ip) of 5 U
pregnant mare serum gonadotrophin (PMSG) followgdh 4ater by ip of 5 U of human
chorionic gonadotrophin (HCG). Oocytes from supatated females were isolated 15-
17 h after HCG administration.

2.2.18.8. Analysis of embryonic development

To analyse the embryonic development, superovulietles were mated with
males directly after HCG injection. Next day, vaiplug (VP) was controlled to ensure
that the tested male had copulated with the fentalgryos were flushed out from the
oviduct 24h, 26h, 29h, 31h, 32h, 34h, 41h and 4t ’ICG injection into M2 medium
(Sigma). Finally, embryos were fixed for 15 mindro paraformaldehyde, stained with

DAPI and analysed under a fluorescent microscope.
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2.2.18.9. In vitro fertilisation

For the in vitro fertilization (IVF) a fertilizatio dish containing four drops of IVF
Cook medium (one drop of 404, in which fertilization take place, and three Wwiasg
drops of 150ul) overlayed with mineral oil was prepared and &grated overnight at
37°C, 5% CQ Spermatozoa were isolated from epididymis, as rdest before
(2.2.18.1), into equilibrated overnight 5QDof Cook medium overlayed with mineral oil.
After isolation, 5-1Qul of the sperm suspension was transferred intopd@® fertilisation
drop and the dish was returned to the incubatoit the oocytes were harvested. The
oviducts from superovulated females were disseatetiplaced into a prewarmed {GJ
PBS. Oocytes were isolated from the ampulla, was¥igd pre-warmed PBS and moved
to the fertilisation drop containing sperm. Itnsgortant, that the time from killing female
to placing oocytes into the fertilisation drop shibnot be longer than 5 min. Next, IVF
dishes were incubated at 37°C in 5% 3 6 h. Thereafter, oocytes were washed two
times in 150ul of Cook medium and incubated overnight at 37°@ £0. Next day, 2
cell stage embryos were analysed under microsdapease of IVF with zona pellucid
(ZP) free oocytes, isolated clouds of oocytes andosnding cumulus cells were
incubated with hyaluronidase (3Q@/ul) for 10 min at 37°C on a heating plate, then acid

tyrode solution (pH 2.7) was used to remove ZPgligincubated for 10-20 sec).

2.2.19. Computer analysis

The similarity of nucleotide or protein sequencessvanalysed using BLAST
program (NCBI, Altschulet al. 1997; Morguliset al., 2008). Primers specificity was
checked with Primer Blast software from NCBI Data asB
(http://blast.ncbi.nim.nih.gov/). Primers were desed by Primer3
(http://frodo.wi.mit.edu/primer3) (Rozeand Skaletsky, 2000). The classification of the
identified transcripts according to their biolodidanctions and localization in cellular
compartments was performed using DAVID bioinforrositi  tool
(http://david.abcc.ncifcrf.gov/). Multiple sequenaiggnment was done with the ClustalW
program (http://align.genome.jp). Protein structurand domains were predicted in
PSORTIIl (http://psort.nibb.ac.jp/form.html), Mottian (http://myhits.isb-sib.ch/cgi-
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bin/motif_scan) and SMART (http://smart.embl-hemb¥y.de) programs. Statistical

analysis was performed using Statistica softwa@g StatSoft Inc, Tulusa, USA).
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3. RESULTS

3.1. The analysis of th€CDC33 protein

3.1.1. Determination of the CCDC33 domain responsié for the interaction with
PXT1

The interaction of CCDC33 and PXT1 was identifieth yeast-two-hybrid
experiment using thiestic cONA library and further confirmely cc-localization, direct
yeast-two-hybrid and Hiluorescent complementation assBiFC) (Kaczmarek, 2009;
Kaczmareket al., 2009. The aim of this stuc wasto identify the CCDC33 domain
responsible for thateractionwith PXTL1.

The predicted domain composition of the CCDC33 wablished previousl
(Kaczmareket al., 2009). Thi protein contains, besides other,earcoiled coil domail
(CCDs) (Fig. 3. It is known thatCCDs mightbe responsible foprotein — protein

interactionor heterodimerizatio(for review see Mason & Arndt, 20).

1 37 140 4%3 451 473 560 630 668 731

2 [ ccoi CCD2 ccp3

Twsj
644 653

Figure 3. Schematic representation of the CCDC33 ptein. CCDC33 protein contains three

coiled coil domains (CCD -3), a C&*-dependent membranetargeting module (C2 domain)
and a peroxisomal targeting signal type 2 (PTS2) (&zmarek et al., 2009, modified).
Significant amino acid positions are shown accordmto the NCBI Ref. SeqNP_083488.

To analysewhich part of the CCDC33 protein is involved in tinéeraction witr
PXT1 three constructspGADT7-CCDC33-1, pGADTLZCDC3-2 and pGADT7-
CCDC33-3were generated (Fig. 4). TpGADT7-CCDC33-1construct encodes the p
of mouse CCDC33 from the amino acid) 261 to 481,pGADT7-CCDC33-2 and
pPpGADT7-CCDC33-3the parts from aa 468 to 595 and 602 to 708, réispdc First,
usingCCDC33_1F and CCDC33_1R; CCDC:3F and CCDC33 B and CCDC334F
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and CCDC33_4Rprimers and mouse testis cDNAppropriate fragments ¢Ccdc33
cDNA were amplified in PCR reaction. Next, purifie€R produci were cloned into th
pPGEM-T Easy vector and sequenced. Then, appropriate ingents isolated and s-
cloned in framanto pGADT7 vectac using EcoRI andClal restrictionsites. Finally, all
constructs wereverified by sequencing. In addition, pGADTZEDC33 complet:
(containing the nucleotides 1(-2958 of theCcdc33 gene) and the pGBK™-PXT1
(containing the full ORF of thPxtl gene) constructs, kindly provided by Kaczma
(Kaczmarek, 2009), were used. The control construct called “pP3A-CCDC33
complete” does not contain the entire ORF of Ccdc33 gene, but it has bes
demonstrated that the part of CCDC33 protein emtdmethis construct interacts wi

PXT1 (Kaczmarek, 2009). Theore this construct was used as a positive cor

1402 1784
320 782 1442 1803 2125 2196
2 | cco1 | [ ccp2 | | ccp3
CCDC33complete
CCDC33-1 CCDC33-3
——
— — — P —
CCDC33_1F CCDC33_IR CCDC33_4F  CCDC33_4R
CCDC33-2

—> <«
CCDC33_3F  CCDC33_3R

Figure 4. Schematic representation of different pas of Ccdc33 cDNA cloned into pGADT7
vector. These parts were used to determine the CCDC33 donmairesponsible for the
interaction with PXT1. C2 - Ca**-dependent membranetargeting module; CCD - coiled coil
domain. Arrows represent primers used in the genergon of constructs. Significant

nucleotide positions are given according to the NABRef. Seq. NM_029212..

Next, all constructs were used ieast-two-hybrid systentirst, to rule out the
autoactivation, all constructs were -transfected withthe “empty” pGBKT7 vector
(containing no inserinto AH109 yeast cell Plates without leucine and trygphan (-LT)
served to testhe efficiency ofco-transfection (Fig. 5 A)No colonies were growing
medium without leucine, tryptophan, histidine amter@ne and with X-a-gal (-LTHA,

+X-a-gal), confirming that none of the tested clones undengoactivatio (Fig. 5 B).
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ﬂG BKT7-empty \
-LTHA

A B + X-a-gal
|  pGADT?
CCDC33-2
pGADT7 pGADT7
CCDC33-1 CCDC33-1

pGADT7 pGADT7 pGADT?7 pGADT7
\ CCDC33 complete CCDC33-3 CCDC33 complete CCDC33-3 /

ﬂe BKT7-PXT1
-1THA
pGADT7 f " pGADT7
SGADT? CCDC33-2 pGapT7 | - CCDC33-2
CCDC33-1 CCDC33-1
pGADT7 pGADT7 pGADT7 pGADT7
\ CCDC33 complete CCDC33-3 CCDC33 complete CCDC33-3

Figure 5. The analysis ofCCDC33-PXT1 interaction. (A-B) Yeast cells were c-transfected
with pGBKT7-empty vector and one of: pGADT-CCDC33-1, pGADT7-CCDC33-2,
pPGADT7-CCDC33-3 and pGADT7-CCDC33 complete constructs. (A) White colonies o—
LT plates indicate successful c-transfection. (B) In contrast, no blue colonies are found o—
LTHA, +X-a-gal plates, demonstrating that none of the testedoastructs undergoes
autoactivation. (C-D) To check which part of CCDC33 protein is involvd in the interaction
with PXT1 yeast were cc-transfected with one of the pGADT7€CDC33-1, pGADT7-
CCDC33-2, pGADT7-CCDC33-3 or pGADT7-CCDC33 complete and the pGBKT-PXT1
constructs. (C) White colonies growing on-LT plates demonstrate successful «
transfection. (D) Blue colonies growing oi-LTHA, +X- a-gal plates indicate, that the part 1
of CCDC33 protein interacts with PXT1

Then, yeasivere c«transfected with pGBKTRXT1 and one opGADT7-
CCDC33-1, pGADT72CDC3:-2, pGADT7-CCDC33-3 or pGADTCCDC33 complete
constructs encoding different parts of CCDCprotein (Fig. 5 CB). White colonies
growing on the control LT plates, demonstrated that the-transfection was success

(Fig. 5 C). The interaction was testeon —LTHA, +X-a-gal plate. Only yeast co-
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transfected with pGBKT-PXT1 and pGADT7-CCDC33-1 waable to grow and tur
blue (Fig. 5D), thus fragment 1 of the CCDCS33 protein was destraited to interact wit
PXTL1. This part spans the amino acids 261 to 4&d cantains one coil-coil domain.

To further investigate the minimal region of thCDC33 required for th
association with PXT1, the CCDC-1 fragment was divided into three smaller p
(Fig. 6). The following constructs were generaipGADT7-CCDC3:-1.1; pGADT7-
CCDC33-12 and pGADT-CCDC334.3 encoding for mouse CCDC33 protein p
from amino acid position 261 to 350, 305 to 421 408 to 481, respectively (Fig.

914 1262
782 1052 1205 1442

CCD1

CCDC33-1

CCDC33-1.3

CCDC33-1.1

—

P —
CCDC33_1F CCDC33_11R CCDC33_13F CCDC33_1R

CCDC33-1.2

J— P —
CCDC33_12F CCDC33_12R

Figure 6. Schematic representation of constructs eoding parts of CCDC3:-1 fragment of
mouse CCDC33 protein.CCD - coiled coil domain.Arrows represent primers used in the
generation of constructs. Significant nucleotide p&itions are given according to the mous
sequence NCBI Ref. Seq. NM_029212

Appropriatefragments (Fi¢c 6) wereamplified from mousetestis cDNA using
CCDC33_1F andCCDC33_1R; CCDC33_12F and CCDC32R and CCDC3:13F
and CCDC33_1BRrimers,cloned into the pGEM-Easy vector, purified and sequenc
Next, insertswere isolatecfrom pGEM-T Easy vector witliecoRI and Clal restriction
enzymes and sutloned intc EcoRI/Clal digested pGADT7 vecto. To avoid the
methylation ofClal restriction site SCS110 bacteria cells lacking tANA adenine
methylation (Dam) activity were used for constrgeneration. After st-cloning into
pPpGADT?7 all inserts were verified by restron digestion and finally sequenced. Th

constructs were tested for autoactivation ( 7 A-B). pGBKT7-empty vector was co-
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transfected with pGADT-CCDC33-1.1, pGADT7-CCDC33:2 or pGADT-CCDC33-
1.3. White colonies could grow ¢-LT plate (Fig. 7 A), whegas no colony growth we
observed on —LTHA, +>-gal plates (Fig. 7 B)indicating no autoactivation activity
tested constructs. Next, ye cells were co-transfected withGADT7-CCDC33-1.1,
pGADT7-CCDC331.2 or pGADT-CCDC331.3 and pGBKT-PXT1 and the
interaction studz was performed (Fi¢ C, D). Blue yeast colonies —LTHA, +X-a-gal
indicated that the minimal region necessary forittieraction with PXT1 is located
part CCDC33-1.1 (Fig. D).

ﬂe BKT7-empty

\

- LTHA
A -Lr B + X-o-gal
pGADT7 pGADT7
CCDC33-1.2 - CCDC33-1.2
pGADT7 CCDC33-1.1 |
CCDC33-1.1
PGADT7 pGADT7 pGADT7 pGADT7
\ CCDC33 complete CCDC33-1.3 CCDC33 complete CCDC33-1.3 /
ﬂe BKT7-PXT1 \
T - LTHA
pGADT7 pGADT7
pGADT? CCDC33-1.2 pGapT7 CCDC33-1.2
CCD(C33-1.1 CCD(C33-1.1
(%
pGADT7 pGADT7 pGADT7 pGADT7
CCDC33 complete CCDC33-1.3 CCDC33 complete

K €CDC33-1.3 /

Figure 7. The analysis of the minimal region of theCCDC33 protein required for the
interaction with PXT1. (A-B) Yeast competent cells were ctansfected with pGBKT7-
empty and one of: pPGADT*-CCDC33-1.1, pPGADT7-CCDC33-1.2pGADT7-CCDC33-1.3 or
pGADT7-CCDC33 complete (A) The control of cotransfection was performed on plate:
lacking leucine and tryptophan ~-LT). (B) The autoactivation was tested on plates tking
leucine, tryptophan, histidine and adenine (-LTHA), but containing X-u-gal (+X-a-gal). No
blue colonies could be observed indicating no autoivation. (C-D) To check which part of
the CCDC33 protein is required for the interactionwith PXT1 yeast were c-transfected
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with one of the pGADT7-CCDC33-1.1, pGADT7-CCDC33-2, pGADT7-CCDC33-1.3 or
pGADT7-CCDC33 complete and the pGBKT7-PXT1 construts. (C) White colonies
growing on —LT plates demonstrated successful codnsfection. (D) Blue colonies growing
on -LTHA, +X-a-gal plates indicate interaction of part CCDC33-1.with PXT1.

In the part CCDC33-1.1 the coiled coil domain was located. Moreover, no
other known domain could be identified using compudomain prediction programs
PSORTII, Motifscan and SMART. It is well known, tharotein sequences responsible
for important biological functions are highly congsd during evolution, therefore a
comparison of mouse CCDC33 protein with homologougeins from different species
was performed to identify conserved regions witthe CCDC33-1.1 fragment. First,
NCBI data base was searched with mouse CCDC33 segund all similar sequences
were downloaded. As demonstrated in figure 8 A rroGCDC33 demonstrates the
highest similarity to rat protein, but significasimilarities were also observed with
proteins of primates (marmoset, macaque and hunwarpivora (panda and dog),
perissodactyla (horse), didelphimorphia (gray shaihtd opossum), monotremata
(platypus), amphioxiformes (lancelet), enterogasea(squirt) and echinoida (sea urchin).
Next, the alignment of CCDC33-1.1 fragment fromthttse species was generated with
ClustalW program. Three highly conserved regionghiwi the CCDC33-1.1 were
identified after sequence alignment (Fig. 8 B).
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A —E Reference Ane museitlng
Ratiiis nomvegiciis

4

Macaca mitiafia

Macace jfoscicutaiis

Homao sapiens

Callithrix: jacchiis

Ailuropoda melanclaica

Canis lupits famiiiaris

Equis eaballis

Monadelpins domestica

Orpithorinmehus anatiniis

Branchiostoma jiovidae

Ciono mrestinalis

Strongviacentroties purptrariis

CCDC33-1.1

Reference Mus musculus
Rattus norvegicus
caca mulatta

caca fascicularis
Homo sapiens
Callithrix jacchus
iluropede melanoleuca
Canis lupus familiaris
Equus cabzllus
Ornithorhynchus anatinus
onodelphis domestica

GE
GE
GLHVERLPIMDTSLETINDEAP
GLNGLRVECLPIMDTSLKTISGEAP
NGLRVERLPVTIDTRLRTINGEAP
SGLRVERLPITDTRLRTINGEAP
LRVERLPITDTSLKIMSGEA
LQVEGLPILGTRLETRSDCV
{VERKLPIRRTRLRTISGCT!

m o

FIFCGRDGATLETEDTRLY.
FIECGRNGCTCENDNMA

*

Clustal Consensus AR -t IR T
Conserved region: 1 2 3
c CCDC33-1.1
261 268 283 290 306 3]I'3 350
PLWNQSF ALVLEYYP LGVSVLPL
CCDC33del1
CCDC33del2
CCDC33del3

Figure 8. The analysis of evolutionary conserveon of the CCDC334.1 protein fragment
(A) The homology tree of CCDC33 protein sequence dflifferent animal species wa:
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generated with ClustalW program. (B) The sequencelignment of the CCDC33-1.1 revealed
three highly conserved amino acids sequences, whickpresent candidates for the minimal
region required for the interaction with PXT1. (C) These parts were deleted to determine
the CCDC33 domain responsible for the interaction wh PXT1. Significant amino acid
positions are given according to the NCBI Ref. SedNP_083488.

To determine whether any of the conserved regisnsviolved in the interaction
with PXT1, three constructs (pGADT7-CCDC33dell; dA-CCDC33del2 and
pPGADT7-CCDC33del3) were generated in which the eored region 1, 2 or 3 was
deleted (Fig. 8 C). To delete homology region 1mgris Ccdc33dell-Fa and
Ccdc33 11R, amplifying a shorter fragment of CCDQ3B without the N-terminal
conserved region, were used. After amplificatioBRPproduct was digested witcoRl
andClal and cloned in frame into pGADT7. To delete comsdrsequences 2 and 3 (Fig.
8 B-C) a primers: Ccdc33del2-Fa, Ccdc33del2-Fb,c38del2-Ra and Ccdc33del2-Rb
(to delete the region 2) and Ccdc33del3-F1, Ccdel®3H2, Ccdc33del3-R1 and
Ccdc33del3-R2 (to delete the region 3) were appiedsite-directed mutagenesis
reaction. After PCR amplification and digestion lwiDpnl, mutated vectors were
transformed into SCS110 competent cells accordingrotocol Quick Change Site-
Directed Mutagenesis kit (Stratagene, La Jolla, AQfSA). Finally, all generated
constructs harboring the deletions were sequenced.

Yeast AH109 competent cells were co-transfectett WEBKT7-PXT1 and one
of pGADT7-CCDC33dell; pGADT7-CCDC33del2, pGADT7-CCBBdel3, pGADT7-
CCDC33complete or pGADT7-CCDC33-1.1. No colony giown —LTHA, + X«a-gal
plate was observed for yeast cells co-transfectgd pGBKT7-PXT1 and pGADT7-
CCDC33del3 indicating that the conserved sequenda &CDC33 is required for

interaction with PXT1. Efficient co-transfection svproven on —LT plate (Fig. 9).
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ﬁ BKT7-PXT1 \

A -1 B - LTHA
+ X-a-gal
pGADT7 88 LGADT?
DGADT? CCDC33del3 DGADT? CCDC33del3
CCDC33-1.1 CCDC33-1.1 .
pGADT7 . . pGADT7
0GADT7 F 3 CCDC33del2  yGApT7 CCDC33del2
ccpess3 ' ' ccpess3 .
complete| 4 i | complete
p 7 pGADT7
CCDC33dell CCDC33dell /

Figure 9. The analysis of conserved regions of tt@CDC33-1.1 fragment (A-B) pGBKT7-
PXT1 and one of pGADT7-CCDC33dell, pGADT7LCDC33del2 or pGADT7/-
CCDC33del3, each harbouring a deletion of one of elutionary conserved regions identifiec
in the CCDC33-1.1 fragment, were used in direct yea-two-hybrid assay to analyse th
interaction with PXT1. As a postive control pGADT7-CCDC33complete and pGADT -
CCDC33-1.1 were used. (AWhite yeast colonies growing onLT plates showed the efficien
transformation whereas blue yeast colonies (B) gramg on -LTHA, +X-a-gal plate
indicated interaction. The deletion of onserved region 3 (aa: 30813) completely disturbec

the interaction clearly indicating that this sequeme is necessary for binding with PXT:

3.1.2. Coimmunopreciptatior of CCDC33-1.1 with PXT1

To analyse the physical bindi between CCDC33 and PXT1 prots
coimmunoprecipitation technique was applied. Fois thnalysis thepQM-Ntag/A-
PXT1delBH3(encoding for nucleotides -156 of the mouse PXT]Kaczmareket al.,
2011) was usedrhis vector encoding a part of PXT1 proteirthout the pr-apoptotic
BH3 domain was taken intentionally to avoid potahntiegeneration of transfected He
cells. In the first attempt the construct pCMVr-CCDC33containingexons 9-20 of the
Ccdc33 cDNA generated by Kaczmarek was -transfected with pQM-Ntag/A-
PXT1delBH3 (Kaczmarek, 2009) into HeLa ce Unfortunately,the amount of bo
isolated, E2-PXTIBH3del and cMY(-CCDC33proteins in supernatant (soluble) fract
was notenough for successful Cc experiment(Kaczmarek, 2009). Therefore, a
determining that shorter part of CCDC33 proteimmaly CCDC3-1.1 (demonstrated |
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yeast-twohybrid experiment to be sufficient for the interantwith PXT1), was used i
ColP attempt. This part encoding amino acids-350 wasamplified from testis cDA
using Ccdc33_11 ColpBnd Ccdc33 11 ColpReprimers, cloned into pGE-T Easy
and sequenced. Then, insert was isolated EcoRI and Kpnl and sul-cloned into a
pCMVmyc vector. HelLa cells we co-transfected with pQMitag/A-PXT1delBH3 and
pCMVmyc-CCDC33-1.1 vectors Initially both vectors were tested
immunocytochemistry. After «trasfection HeLa cells were fixed and stained wathbit
anti-£2 (1:1000) and mouse &-cMyc (1:1000) antibodies, followed by hybridizati
with anti-rabbitCy3 conjugated (1:500) and emouseFITC conjugated (1:50(C
secondary antibodies. Cell nuclei were countersthimith DAPI. Both, E-PXT1delBH3
and CCDC33-1.xMyc fusion proteins could be detected ir-transfected HelLa cel
(Fig. 10). It is worthto notice, that both fusion proteins-localized in punctu-like
pattern.

pQM-Ntag/A-PXT1delBH3 pCMVmyc-CCDC33-1.1

Overlay
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Not transfected Not transfected

Overlay

Figure 10. Co-transfectons of HelLa cells with pCMVmy-CCDC33-11 and pQM-Ntag/A-
PXT1 constructs. (A) Red signals represent theE2-PXT1delBH3 fusion protein were
detected by antiE2 rabbit and anti-rabbit- Cy3 conjugated antibodies, whereas (B) gree
spots represent CCDC33t.1-cMYC fusion protein stained by anticMyc mouse and ani-
mouseFITC conjugated antibodies. (D, G) Cell nuclei werecounterstained with DAPI. (D)
Co-ocalization of both proteins was observe. (E-H) Not transfected HelLa cells stained witt

the same concentration of antibodies were used aegative control.

Next, proteinsof HeLa cellswere isolated 24 h after dcansfectin with pQM-
Ntag/A-PXT1delBH3 and pCMVmyc-CCDC33-1.1  constructs. Fo
coimmunoprecipitatiorexperiment protein lyse was incubatedavith protein € and anti-
cMyc antibody. After several incubation and wasl steps, immunoprecipitated fus
proteins were analysed Western blot incubated overnight &C4Awith ant-E2 antibody
(1:1000) followed next day by incubation witrecondary, alkaline phosphase
conjugated anti-mouseantibody (1:5000). As demonstrated in figure 1lleetiive
immunopreipitation of E:-PXT1delBH3fusion protein was observed using -cMyc

antibody. No unspecific immunoprecipitation of tB8-PXT1delBH3 fusion protein i
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HelLa cells transfected only with thpQM-Ntag/APXT1delBH: vector could be
observed (Fig. 11). Thisesult clearly indicates that there is a physicaddlig of
CCDC33 and PXT1 proteir

~6kDa E2-PXT1delBH3

i !
without ColP ColP

Figure 11 Coimmunoprecipitation of E2-PXT1delBH3 protein with anti-cMyc antibody.
Hela cells were transfected with either the pQMNtag/A-PXT1delBH3 (singletransfection)
or both pQM-Ntag/A-PXT1delBH3 and pCMVmyc-CCDC33-1.1 (cc-transfection)
constructs. Effective transfection was demonstrateghrior to immunoprecipitation, the E2-
PXT1delBH3 fusion protein could be detected in pragin lysate of single and c-transfected
HelLa cells (the panel “without ColP”). After coimmunoprecipitation with anti-cMyc
antibody a single band was detected onhin protein lysate of cotransfected cell: (panel
“ColP”).

Unfortunately, until the end of this worlt was not possible establish the
coimmunoprecipitatiomssay in the opposite direction, namely immunopr&tion with

anti-E2 and the detection with a-cMyc antibodies.

3.1.3. Functionalanalysis ofthe PXT1 sequence responsible for the interaction wit
the CCDC33

It has been demonstrated that sequence of mouse PXTddispensabl for the
interaction with CCDC33 consists of four amino ac leucine-alanine-proline-

phenylalanine (LAPFn position 2-30 (Kaczmarek, 2009Kaczmarek has use: yeast-
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two-hybrid system and demonstrated that after deletion of LARFEf the interactior
with CCDC33 is abolished (Fig. 12 A, B). Next, tbePF motif was mutated into GAP
sequence and this mutation also resulted in dignupif the interaction (Fig. 12 C, [
(Kaczmarek, 2009).

A PXT1
2 20 24 36 30 51 C
EZEN | [LAPF PTS1
]
la -] BH3 LAPF PAT1-1a
] 2a
1b A
2b BH3 GAPA | PxT1-lakiut
B
-LT “LThA D ) -LTHA
+ X-a-zal X-g-gal

PXTL complete
N 7

PETL complets PETL complete
|

=

i 1a
L 8 XT1-1a

wut

24 1h PRT1-Za PXT1-1a

Figure 12.The analysis of the sequence of PXT1 inlved in interaction with CCDC33. (A)
PXT1 was divided into 4 parts and each was clonedto pGBKT7 vector. (B) Only the parts
of PXT1 protein containing LAPF motif interacted with CCDC33. (C-D) The mutation of
LAPF motif into GAPA abolished the PXT1-CCDC33 interaction (Kaczmarek, 2009
modified). The position of significant amino acidss given according tcNCBI NP_700439.

It should be pointed out that Kaczmarek experimevidse done usg parts of
PXT1 protein. Therefore, the aim of my wwwas the confirmationf the previous resuli
using the entire proteinthe pGBKT7-PXT1completeconstruct was used to mutate
LAPF motif into GAPG by site directed mutagenesis wifPxtlFGFI, Pxt1FGRP,
PxtlILGFP and PxtlLGRFprimers (Fig. 13 A).After PCR, bacterial cells we
transformed and the constripGBKT7-PXT1 mutatedavas verified by sequencing. Ne
the analysis whetheéhe mutatiorof LAPF motif influences thénteraction of PXT1 an
CCDC33 was performely direct yeast-two-hybrid technique. Yeastre c-transfected
with pGADT7-CCDC33 complet and either pGBKTRXT1 complete or pGBKT-
PXT1 mutated. fansfectionefficiency was monitored orlL.T plates (Fig. 13 E, while
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the interaction was tested LTHA, +X-a-gal plate (Fig. 13 C)Surprisingly, blue
colonies of yeast ctransfected withpGADT7-CCDC33 complet and pGBKT7-
PXT1mutated GAPG constructs were growing—LTHA, +X-a-gal plate indicating tha
PXT1-GAPG mutant mtein can still interact with CCDC:

A
m LAPF PTS1 PXT1 complete
-
m GAPG PXTL mutated GAPG

@ADT7-CCDC33 \

- LTHA
B - C + X-a-gal
pGBKT7 PGBKT7
pGBKT7 PXT1 PGBKT7 PXT1
PXT1 mutated PXT1 mutated
complete [ GAPG complete GAPG

_/

Figure 13. The analysis of the function of LAPF mot of the PXT1 for the interaction with
CCDC33. (A) The pGBKT7-PXT1lcomplete construct was used to mutatdeucine and
phenyloalanine into glicyne. (B) White colony growig on —LT plate confirmed the
cotransfection of yeast with pGBKT-PXT1 complete or pGBKT7PXT1lmutated GAPG
with pGADT7- CCDC33. (C) Blue colonies growing o—LTHA, +X- a-gal plates indicate that
both, wild type and mutated PXT1 proteins interactwith CCDC33.

Next, the function of LAPF motif for the FT1-CCDC33 interaction was anaed
in mammalian cellsFor this analysis the PXT1pEGFP fusion proteis empressed frot
the PXT1pEGFP constructhis construct contains the entikxtl open reading fram
cloned in frame into the pEG-CL1 vector as described previously (Grzet al., 2007).
To fuse the CCDC33 with dsRED marker protein-terminal part of the coding regic
of Ccdc33 gene (encoding mino acids 264 to 723) was amplified and clonea
pDsRed-MonadN1 vector (Kaczmareket al., 2009). The resulting CCDC33dsRlI
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construct was used for the interaction study. TRELBEGFP construct was used in ¢
directed mutagenesis to introduce mutes into the sequence encoding the LAPF ir
of the PXT1 protein. UsinPxt1FGFP, PxtlIFGRMPxt1LGFP and Pxt1LGRprimers the
sequence CTGGCTCCTTT! encoding LAPF motif was mutated ir
GGGGCTCCTGGT encoding for GAF. Subsequently, HelLa cells wetransiently co-
transfected with PXTImGAPGpPEGFP or PXT1pEGFP a@CDC33dsRELconstructs.
As expected, in HeLa cells expressing PXT1pEGFP@GBDHC33dsRED fusion protei
a colocalization of both proteins was observed, in asit no c-localization was
observed in the majority of cells expressing PXT1nARGpEGFP and CCDC33dsRE
fusion proteins (Fig. 14). Quantification reveathdt 95 % (5 %) of cells -transfected
with PXT1pEGFP andCCDC33dsRELCconstructs demonstrated taealization of bott
fusion poteins, while in only 35 % (x7 %) of ce cc-transfected with
PXT1mutGAPGpEGFRNdCCDC33dsRED constructs the lmzalization was observe
(Fig. 14 F).Quantification of c-localization events and Manihitney L-test analysis of
variations demonstrated at cells co-transfected withCCDC33dsREI and
PXT1mutGAPGpEGFP developed significantly weake-localization as compared
cells co-transfected wittCDC33dsREI and PXT1EGFP fusion proteins only (Fig. 1-
p<0.05).

CCDC33dsRED PXT1pEGFP

C

Overlay
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CCDC33dsRED PXT1mutGAPGpEGFP

G

Overlay

p<0.05

% of co-localization

20 -+

Pxt1-WT Pxt1-GAPG

Figure 14. The analysis ofLAPF motif of PXT1 and its role for the interaction with
CCDC33 in HelLa cells. HelLa cells were transientlyransfected with the CCDC33dsREL
and either PXT1pEGFP or PXT1ImutGAPGpEGFP. (A-D) Clear colocalization (yellow
signal) of PXT1pEGFP (green signal) nd CCDC33dsRED (red signal) fusion proteins ca
be observed, while the mutation of the LAPF motifinto GAPG significantly disturbed the
interaction of both proteins (E-H). Nuclei were counterstained with DAPI (blue sigal). (1)
Quantification of transiently transfected HelLa cells revealed that the mutatioof the LAPF
motif significantly reduced the interaction of PXTIMutGAPGpEGFP with CCDC33dsRED
fusion proteins (36 % cells demonstrated interactio of CCDC33dsRED with mutated PXT1
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and 92 % cells demonstreed the interaction of wild type proteins). Bars repesent the mear

value for the percentage of cells with c-localization, whiskers represent standard deviatiol

Since the mutation of LAPF motif into the GAPG didt completely abolish tF
PXT1-CCDC33 ing¢raction, the next mutation was introduced. In gesond round c
sitedirected mutagene: with Pxtl1APGGFP and Pxt1APGG primers and
PXT1mutGAPGpEGFP constri as a template, the sequer@&GGCTCCTGG  was
changed into GGGGGTGGTGGT sequence encoding GGGH. mben, HelLa cell
were cotransfected with PXT1ImMGGGGpEGFP an@CDC33dsREI constructs and the
codocalization of both fusion proteins was analysedar the fluorescence microsco
The mutation ofadditional tw« amino acids from th& APF motif didn’t significantly
decreased the PXTAEDC33 interaction as compared to the mutationndf two amino
acids. As demonstrated in figure 34 % (£6 %) of caransfected cells still demonstr:
the co-localization ofPXTImutGGGGpEGFP and CCDC33dsRED fusion prot
Mann-Whitney Utest analysis demonstrated that cells -transfected with
CCDC33dsRED and XT1mutGGGGpEGFP presented significantly reductidncc-
localization as compared to cells-transfected withCCDC33dsREI and PXT1EGFP
fusion protein only (Fig. 15 F, p<0.0

A
Em LAPF PTS1 PXT1 complete
E}B GAPG PTS1 PXTL mutated GAPG
E}B GGGG PTS1 PXT1 mutated GGHG
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CCDC33dsRED PXTImutGGGGpEGFP

D

Overlay

p<0.05

% of co-localization

Pxt1-WT Pxt1-GGGG

Figure 15. The analysis whether the mutation of LAF motif into GGGG sequence
completely abolish the PXT-CCDC33 interaction in HeLa cells. (A)The sequence encodin
the LAPF motif of the PXT1 protein was mutated intosequence encoding for GGGG motif
(B) The majority of cells expressing CCDC33dsRED &d signal) and (C)
PXT1ImutGGGGpEGFP (green signal) did not demonstratethe cc-localization of boih
fusion proteins (E). (D) Nuclei were counterstainedvith DAPI. (F) Only 34 % of cells cc-
transfected with PxtImutGGGGpEGFP and CCDC33dsRED enstructs demonstrated the
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co-localization of both fusion proteins. Bars repreent the mean value for the percentage of

cells with co-localization, whiskers represent stadard deviation.

3.1.4. The analysis of the consequences of CCDC3%IR interaction for PXT1

induced apoptosis

To analyse whether the simultaneous overexpresgio6CDC33 and PXT1 has
any influence on apoptosis, HelLa cells were cosfiested with CCDC33dsRED
construct (Kaczmarek, 2009) and one of the follgmonstructs: PXT1pEGFP (Grzmil
et al., 2007) or PXT1delBH3pEGFP (Kaczmarekt al., 2011). The last,
PXT1delBH3pEGFP construct encodes the amino ackdd$0152 of the mouse PXT1
protein (without the BH3 domain) fused with EGFRor Fcontrol HelLa cells were
transfected with  single constructs: CCDC33dsRED, TRX¥GFP and
PXT1delBH3pEGFP. After 24 h cells were fixed andum@d with medium containing
DAPI and cell's cytomorphology was analysed. Celise determined according to the
characteristics of apoptosis: cell rounding, shagé plasma membrane blebbing,
apoptotic body formation and nuclear fragmentatidiberts et al., 2008). This analysis
demonstrated that the majority of cells, which expressed both, CCDC33dsRED and
PXT1EGFP fusion proteins, did not demonstrate aigyss of apoptosis (Fig. 16).
Quantification of apoptotic events and ANOVA anaysf variation demonstrated that
cells co-transfected with CCDC33dsRED and PXT1pEGHReloped significantly
weaker apoptosis as compared to cells overexpe$SHT1EGFP fusion protein only
(Fig. 17, p<0.0005). Noticeably, the apoptosis irllsc co-transfected with
CCDC33dsRED and PXT1pEGFP was not significantlfed#nt from the apoptosis

observed in other controls.
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CCDC33dsRED

Overlay

Figure 16. Transfections of HelLa cells with CCDC33dsRED, PXT1delBH3pEGFP anc
PXT1pEGFP constructs. The majority of cells with CADCdsSRED fusion protein (A-C, red
fluorescence) and PXT1delBH3EGFP fusion protein (Whout the BH3 domain) (C-F, green
fluorescence) demonstrated normal morphology. In attrast, cells overexpressing
PXT1EGFP fusion protein (G-1) undergo apoptosis. Normal morphology was obsergein
cells cotransfected with CCDC33dsRED, PXT1delBH3pEGFP (-M) and CCDC33dsRED,
PXT1pEGFP(N-R). Nuclei were counterstained with DAPI (blue). This finding
demonstrates that CCDC33 can suppress the g-apoptotic activity of PXTL1.
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Figure 17. Quantification of apoptosis inHelLa cells transfected with CCDC33dsRED,
PXT1delBH3pEGFP and PXT1pEGFP constructsFor each analysis3 biological replicates
were used. HelLa cells transfected with PXT1pEGFP constat only demonstrated
significantly higher apoptosis as compared to contl transfections. Apoptotic events ir
HelLa cells cotransfected with PXT1pEGFP and CCDC33dsRED (gray bg were not
different from th e control transfections. Bars represent the mean e for the percentage o

cells undergoing apoptosis, whiskers represent stdard deviation.

3.1.5. Generation of aniCCDC33 antibody

In order to analysthe expression of CCDC38otein an attempt to generate -
CCDC33 antibody was undertaken. First, using thaei-BLAST program the cDN/
sequence was selected, which encodes part of dbheirphighly specific for the CCDC3
The chosen part of th€cdc33 cDNA sequence consists oficleotides 3-318 and is
present in 3 differenalternative splicing productThe selectedequenc was amplified
with Ccdc33MalEcoRIFP anCcdc33MalPstIRP primersn the testicular cDNA as
template. In this RRCR reactiorEcoRI and Pstl restriction sitesvere introduced o

both ends of the produdnitially, the PCR product was cloned into pGI-T Easy vector

-84 -



Results

and verified by sequencing. Then, insert was isdlatith EcoRI/Pstl digestion and sub-
cloned in frame into pMAL-c2x vector linearized tithe same restriction enzymes. The
CCDC33-pMAL vector encoding a CCDC33 protein fusath maltose binding protein
(MBP) was introduced int&. coli strain BL21, then bacteria were induced by IPTG fo
the synthesis of the CCDC33MBP fusion protein.tFirsa pilot experiment the time and
temperature of the induction were checked. It cdodd determined that the optimal
condition for protein production was 5 h inductiby IPTG at 37C. Next, bacteria
culture (50ml) was induced and after 5 h proteimsenisolated. To control the protein
production, isolated bacterial lysate was analysedNestern blot using anti-MBP
Monoclonal HRP-conjugated antibody (1:40000). Bh@s incubated in fresh prepared
mixture of two substrates from Super Signal WestoRChemiluminescent Substrate
(Thermo Fisher Scientific) kit according to the mtatturer’s instruction and exposed for
5-30 sec on X-ray films in X-ray cassette. The fivas developed in X-Ray Automatic
Processor Curix 60 (Agfa). Signal, 52 kDa in siepresenting the CCDC33MBP fusion
protein was observed in protein extract of bactérasformed with CCDC33pMAL
construct while in control protein extract (fromcberia transformed with empty pMAL
vector) a band of 42 kDa was observed (Fig. 18TAg CCDC33MBP fusion protein was
then purified from bacteria lysat using 0.4B pores size filters and maltose column.
After washing twice with column buffer, fusion peat was eluted with elution buffer | or
Il and dialysed in PBS overnight at 4°C with Fldat-yzer G2 dialysis system (Spectra).
After purification, the protein fraction was cont@ted by centrifugation using
Centrisartt MWCO 20000 (Sartorius) ultrafiltratiorsystem and controlled in
polyacrylamid gel (Fig. 18 B). 50Qg of protein was vigorously mixed with 5Q0 of
Freud’s Adjuvant. Two rabbits were then injectede avith denaturated and another with
native CCDC33MBP fusion protein.
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B
52 kDa CCDC33MBP ‘
42 kDa MBP 52 kDa CCDC33MBP
42 kDa | MBP

Figure 18. Western blot analysis of total protein samples isated from IPTG induced
cultures of E. coli BL21 strain used for CCDC33MBP fusion protein prodiction. (A) Anti-
MBP antibody recognized the CCDC33MBP fusion protai of expected size 52 kDa in th

protein extract of induced bacterial cells transfomed with CCDC33pMAL construct, while

42 kDa signal representing the MBP was detected protein extract of bacteria transformed
with empty pMAL vector and CCDC33pMAL construct. (B) CCDC33MBP fusion protein

was purified by maltose column, dialysed, concenttad and tested on SD-gel. Both, MBP

and CCDC33MBP are presented on gel, however CCDC33P fusion protein is much

more abundant than MBP

For purifciation ofanti-CCDC33 antibodyrom rabbit's serunrthe CCDC33GST

fusion protein wagjenerate« The same part ofcdc33 cDNA (nucleotides 3-318) as
used for generation of CCDC33MBP constriwas amplified wh CcdE3MalEcoRIFP
and Ccdc33GSTPstIRprimers on testis cDNA. PCR produets cloned into pGE-T

Easy vectorand sequenct. Then, insert was isolated witoR| andPstl enzymes and

sub<loned in frame int linearized pET-41a vectoto generate the CCDC33G!
constructE. coli strain BL21 was transformed with the CCDC33GST troies. In apilot

experimentwve have determined tt the effective proteiproduction can bobtained after

5 h of IPTG inductiorat 37°°C. To control the prote production, isolated bacterial lys:

was analysed in Western blot usinnti-Gluthatione-S-Transferagd:1000) and anti-
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mouse HRP conjugated (1:5000) antibodies (Fig. B®k was incubated in a mixture
two substrates from Super Signal West Pihemiluminescent SubstraiThermo Fisher
Scientifig kit according to the manufacturer’s instructiordaxposed for-30 sec on X-
ray films in X+ay casset. The film was developed in Ray Automatic Processor Cul
60 (Agfa). Single signal, 46 kDa in size, representing the CBBGST fusion protei
was observed in protein extract of bacteria tramséal with CCDC33pE-41a construct
(Fig. 19). After producing the CCDC33GSusion protein in thenain cultur,, the fusion
protein fom the bacteria lysate was purified using sephacokann,dialysec with Float-
A-Lyzer G2 dialysis system (Spectra) and concentratigiil Centrisatlt MWCO 20000
(Sartorius) ultrafiltrationsystem. For antcCDC33 antibody purification, the purifie
CCDC335ST fusion protein was applied on tHi-Trap column.Then, 10 ml of the
rabbit serum (2 times diluted in PBS), obtainedrreabbit after immunisation wit
CCDC33MBP fusion protein, was loaded onto this ooluwashed with PBS and final
antibody was eluted ®h 3 ml of Immunopure IgG Elution Buffer (Piercgnd
neutralized with 3.5ul of 1 M Tris/HCI pF 7.5. After elution, purified an-CCDC33

antibody was used in further analy:

46 kDa M CCDC33GST

Figure 19. Western blot analysis of total protein sample fromlPTG induced cultures of E.
coli BL21 strain transformed with CCDC33GST construc. Anti-GST antibody detected the

fusion protein, 46 kDa in size, in the protein lysiaof induced bacteria.
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3.1.6. The analysis othe specificity of ant-CCDC33 antibody

During the generation of the e-CCDC33 antibody two commercial antibod
appeared available and have been purch Thus all together four different a-
CCDC33 antibodies were testegeneratedagainst the native CCDC33MBP fusi
protein, against the denaturated CCDC33MBP fusiartep (both proteins containir
amino acids 12-:06), an-mouse CCDC33rom Santa Cruz Biotec (Kat. Number sc-
134633) @gainst amino acids: 4-637) and anti-human CCDC38om Sigma (Kat.
Number HPA038628Jagainst amino acids: 6-689) (Fig. 20) It should be noted th
the region of amino acids 5-666 (NCBI ref.seq. AAH31684.19f human CCDC3:
demonstrates high similarity with amino acids -689 of the mouse CCDC (NCBI
Ref. Seq. NP_083488thus the one could expect the reactivity of lasdy generate

against human protein with mouse prof

112 106 408 626 6|37 689 731

|

AB generated AB Sigma

from fusion protein
AB Santa Cruz Biotech.

Figure 20. Scheme ofCCDC33 and localisation of epitopes for different ani-CCDC33
antibodies. Significant amino acids positions are given accordg to the NCBI Ref. Seq
NP_083488. AB -antibody.

To analysewhether the antibodies generated against the CCBIBB3fusion
protein can recognize CCDC33 protein, CCDC3:-8dsRED construct encoding ami
acids 180 of mouse CCDC33 was generated. FragmeCcdc33 cDNA was amplifiec
in PCR reaction withCCDC33-E6-8dsREDFP and CCDC33-B8sREDRI primers.
Next, purified PCR produc were cloned into the pGEM-Ta8y vector and sequenct
Then, appropriate inserts were isolated anc-cloned in framanto pDsRed-Monomer-
N1 vector using=coRI andBamHI restriction sitesFinally, constructs we verified by

sequencingTo analyse antibodies purchased from Santa Crute@ioology and fror
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Sigma, CCDC33dsRED construct prepared by Kaczméfglkczmareket al., 2009),
which encodes amino acids 264 to, was used.

To check tle reactivity and specifici of all the antiCCDC33 antibodies Hel
cells were transfected witrCCDC33ex6-8dsRED orCCDC33dsRED construc
Specificity was controlled in comparison to cellanisfected with emptypDsRed-
Monomer-N1 @sRED) vector. Afteffixation in 4% paraformaldehyde with Tween
cells were probed with a-CCDC33 antibody (for denaturated, native and S&rta
Biotech. antibody the dilution was 1:500 and fogr8a 1:50) and secondary erabbit-
FITC conjugated antibody (1:500 or Sigma 1:300). Nuclei were counterstained v
DAPI. In figure 21 red signals represent both CCB@&RED fusion proteins or dsRE
fusion protein and green signals recognizes théeprcstained by particular antibor
tested. As visualised in C, I, O and all antibodies recognized the appropri
CCDC33dsRED fusion proteins (F 21 C, I, O, U; overlay with DAPI) while no sign
was observed in cells expressed the dsRED prokeq 21 F, L, R, Y; overlay witl
DAPI).

Anti-CCDC33 (native)

CCDC33exb6-8dsRED Anti-CCDC33 Ab

Overlay

Anti-CCDC33 Ab
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Anti-CCDC33 (denaturated)

CCDC33ex6-8dsRED Anti-CCDC33 Ab Overlay

Anti-CCDC33 Ab Overlay

Anti-CCDC33 (Santa Cruz Biotech.)

CCDC33dsRED Anti-CCDC33 Ab Overlay

P

Anti-CCDC33 Ab Overlay
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Anti-human CCDC33 (Sigma)

CCDC33dsRED Anti-hCCDC33 Ab Overlay

Vv

Anti-hCCDC33 Ab

Figure 21. Analysis ofdifferent anti-CCDC33 antibodies.HelLa cells were transfected witt
CCDC33ex68dsRED to analyse the antibody generated against @C33-MBP fusion
protein (A-C and G-I) and CCDC33dsRED (containing exons 1-24 of mouseCcdc33 gene)
to analyse both commercial antibodies. As a spedfiy control HelLa cells were transfectec
with empty pDsRedMonomer-N1 vector (dsRED). After fixation cells were probedwith
rabbit anti- CCDC33 antibody and secondary an-rabbit- FITC conjugated antibody. Red
signals represent the CCDC33dsRED fusion protein,rgen signals the protein stained witl
antibody. Nuclei were counterstained with DAPI. Asvisualised in C, I, O and U all
antibodies specifically recognize the CCDC33dsREDusion protein while no signal is

observed in cells expressing the dsRED protein (E, R, Y).

To analyse translation (Ccdc33 RNA, proteins were isotad from nurine tissues
with lysis buffer | -VII according to differenprotocolgprotein isolation from ticue I, Il
and Ill described in part 2.2.13and all anticCDC33 antibodies were tested by Wes
blot. Western blots incubated with antibodies generatginat fusion protein show,
among othershand with size about 65 kDa, which could repreSS@DC3: (Fig. 22 A

and B).But, every time, in different conditions of protesolation (different buffers
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centrifugation speed, sonication) and blotting fedént types of membrane (PVDF
nitrocellulose), blocking solutions (BSA or Milk wadler), different ntibodies
concentration or developing time, a lot of unspecibands were also observ
Unfortunately, also for antibody from Santa CruntBchnology (Fig. 22 C), it was n
possible to optimize the Western blot conditiongti specific signal. Therere, these

antibodies were not used for further analy

A Anti-CCDC33 B Anti-CCDC33 C Anti-CCDC33 S
native denaturated Santa Cruz Biotech. &
IS
s Testi Liver & Testis Liver g & 3
@
%% 5 Y . \ '%k! : Y ) ) $ff-§.§'§§§
S | V.V VLIV VoV S LV V VL IVVV ST LIS a0
L a_. e s, ~ u e - "{ i
i 3 } 881 i e
== = . - ) ’ ¥ '1
- o L]
— T — — -
65kDa """ - — . b  ———
P — i e e
o
e — e a ‘|

——
Ed
i & -
.~ P = 4
— = e ol

Figure 22. Examples of CCDC33 protein analysis witldifferent anti-CCDC33 antibodies.
Total proteins were isolated in different conditiors: figures A and B: lysis buffer [; IV; V
and VI, procedure Il for protein isolation (2.2.13.1); figure C: lysis buffer | and procedure |
for protein isolation. Then Western blots was incubted with anti-CCDC33 antibody
produced from native (A) and denaturated (B) CCDC3®&1BP fusion protein and (C) with
anti-CCDC33 obtained from Santa Cruz Biotechnology. In figure Aand B, 65 kDa banc
could represents CCDC33. Since it was not possilie optimize the Western blot condition

these antibodies were not used for further analyse

Positive results were obtained only from proteoiatedwith buffer I/procedure I,
subjected to SD$age electrophoresis, blotted on nitrlulose membrane and incuba
with rabbit antibodes against human CCDC33 protein (Sigma, 1:1000)aem-rabbit
alkaline phosphatase conjugated secondary antibddi®000. Single ban: around 65
kDa, which represent€CDC3:, was observed only in testis (Fig3 A). In proteins
isolated from testis, brain, spleen and Iusmaller band wabtaine. This signal

partially correlates witlihe expression pattern analysec PCR with primers for xons
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23-24 (Fig. 23 B).This might suggest that this shorter form representproduct o
alternative splicing, however further analysesreeded to confirm this hypothesishen
human anti-CCD@3 antibody was used fanalyse the expression of mouse CCD:
protein duringspermatogenes. Proteins were isolated from testmales al10, 15, 16,
17, 18, 19, 2@pp and adult mice and testin Western blot. Very weak expressiof
CCDC33 protein wadetecte at 16 dpp,in testes of older animals the CCDC
expression wastronger (Fi¢ 23 C).The expression dfcdc33 exons 2-24 was analysed
by RTPCR with primer CCDC33ex23F and CCDC33ex24fd RNA isolated fror
testes of animal at different ages post partum. Correspondindnéoprrotein expressic
results, strong transcription Ccdc33 was detected from 16 dpip should be noted that
very weak almost undetectak expression was also obseniedearlier stages (Fig. 2
D).

o
o N < g
A oL &8s s & F g & ¢
o 7 F o ¥ 3 (3] I K; o
S & 50 g F L T & I S
65 kDa CCDC33
et -
55 kDa a-tubulin

Ccdc33 ex.23-24
198bp

222 by e Rk X T T TS iyt
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C testis
QU 2R Q Q2 9 &L &
SIS E 8T
$ LN TR B
~— = \ma/ CCDC33
. o-tubulin
S~
8
D g
5
&
198bp Ccdc33 ex.23-24

2200 M S G L] L ] TR Hprt

Figure 23. CCDC33 protein and mRNA analysis. (A) Thelong form of CCDC33 protein (65
kDa) was detected only in testis. Smaller band was detected in testis, brain, spleen and lung.
The Ccdc33 transcript was also detected in these organs (B). (C) Mouse CCDC33 protein
was detected in testis from 16 dpp. (D) Strong transcript of Ccdc33 (exons 23-24) was
observed in testisisolated from mice at 16dpp and older. Protein quality was verified using
anti-a-tubulin antibody, cDNA quality was demonstrated by PCR reaction using Hprt
specific primers. Testicular sample without the use of reverse transcriptase (-RT) was used

to check Ccdc33 primer specificity.

Next, theimmunohistochemistry with ai-CCDC33 antibody from Sign was
applied to analyse in which testicular cells of theuse CCDC33 is pres. Testes were
isolated from males at 10 and 15 dpp and from aaluilinals. Paraffin sections we
immunostained as described in 2.2... After re-hydrationn a decreasing eanol series
and washingn PBS, slides werboiled in a microwavdéwo times for 5 min irlOmMm
sodium citratepH6.0 and then incubated with a blocking solutiontaining2 % sheep
serum and 5 % triton X00 in PBS for h at RT. Then, slidewere incubate with anti-
CCDC33 Sigma antibody (1:10( overnight at 4°C and next dagfter washing, slide
were inclpated with an-rabbitCy3-conjugated antibody (1:100@phd mounted with
DAPI.
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In adult testis a punctual pattern of red signals was observed in cytoplasm of
spermatocytes whereas no staining was detected in testis of amale at 10 dpp (Fig. 24). In
the testis of 15 dpp male early spermatocytes were stained (Fig. 24), however these
signals seems to be not specific, because in Western blot experiment no positive signal

was observed in proteins isolated from testis at 15 dpp (Fig. 23 C).

C
DAPI Overlay
F
DAPI Overlay
l -

Ab CCDC33

15 dpp

AbCCDC33

adult

AbCCDC33 Overlay

Figure 24. Immunohistochemistry of 10 dpp (~C), 15 dpp (DF) and adult (G-1) testis with
anti-CCDC33 antibody. Red signals representing the CCD@@3protein were observed in late

spermatocytes in adult testis (arrows), but no spéi signals were observed in testis at 1

and 15 dpp.

3.1.7. Generation ofCcdc33 — deficient mice

To further anayse the function of mouse Ccdc33 gene, the knockout strategy was
used to generate Ccdc33 deficient mouse using homologous recombined ES cells (C57hbl)
from Velocigene Regeneron Pharmaceuticals Inc. (2.2.17). In this recombinant ES-cell
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line exons 6 to 11 of mou«Ccdc33(25398bp) are replaced by the neo cassette.
exons are present in three alternative splicingpgoofCcdc33(Kaczmare et al.,2009).

Before microinjectionthe deletion inCcdc33gene was verified IIES cells by
gPCR as described 2.2.17 u¢ TDF; TDR and TUF, TURprimers.These primers are
located upstream (TUF, TUR) and downstream (TDBRY of the deleted genom
region. To determim the number of copies of exon-11 of theCcdc3! gene present in
the recombinant E8ells the cT value of thCcdc33product was compared with the
value for the mouse pelota homolog gePelo) product amplified with PC-Pelo-F and
PCR-Pelo-R primersThe Pelo gene is present as a single capymouse genom (
alleles) (Shamsadiet al, 2002), thus the ratio of cT value 1Ccdc3! and cT value for
Pelo should be 1 by wild type DNA and 0.5 in DNA withetldeletion of one copy ¢
Ccdc33gene after homologous recombinati

DNA was isolated from ES cells as descritin 2.2.1.1.qPCR confirmed that
obtained ES cells containdeed only one copy of the genomic region spanexans -
11 of theCcdc33gene as a result homologous recombation (Fig. 25 These ES cells
were injected into blastocysts derived from C57BlMouse strain in Max Plan
Institute for ExperimentalMedicine in Gottingen. The blastocysts were thensfiexred

into pseudopregnant CD1 feme.

Ratio

1,2

0,5

0.€

0,4

0,2

S'end

WT

ES cells

Lz

0,8
20,6

U/—

3’end

I T
WT

ES cells

Figure 25. gPCR resits of genotyping of homologous recombinant ES csllwith the deletion
within the Ccdc33 gene.While in wild type (WT) control the ratio of cT-Ccdc33 to cT-Pelo is
close to 1, in recombinant E-cells the ratio is close to 0.5, indicating that dyp one copy of

Ccdc33 is present in the genome of these cells. (A) Genamiegion located at the 5’enc
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(primers TUF and TUR) and (B) 3'end (TDF and TDR) d the deleted seuence was
analysed. Bars represent the mean value for the rat whiskers represent standarc

deviation.

The microinjection of recombinant -cells into blastocysts was performec
times.Together, | obtained 46 animals, which were gered by PCR withprimers SD-
F, SD, NeolnF ampliyng a 668 bp PCR product on wild (WT) type alletela 400 by
product on recombinant (KO) allele at the 5’ regadrthe recombinant site and SU, -
R, LacIinZRev primersamplifying a 293 bp product on WT and 400 bp piidn KO
allele at the 3’ end (Fidl). 4 male chimeras and 5 female chimeras were idedt{frig
26).

Ve

Newborn mice obtained from microinjecton

C@//S
E’ga 4
f)f,O Y

Wy

&s
A,
Co,

KO allel
WT allel

400bp
293bp

Figure 26. Sample of genotyping PCR Ccdc33 chimeras.DNA isolated from mice obtained
after microinjection was subjected to PCR genotypig. As anegative control DNA isolatec
from wild type mouse and as a positive control DNAof recombinant ES-cells was used. 9

chimeras were detected by PCR analys

First male chimera died with the age of 8 weekd,tbtee other male chimer
could beintercrossed with C57BI females for a period oBthmonths. During this tin
14 pups were obtained from chimera nr 1 and 26 ugos chimera nr 2. All newbor
animals were genotyped by PCR with the same primgnssed for chimera genotypir
but none of themvas heterozygor (sample of genotyping presented igure 27 A-D).
To further analyse whether the male chimeras camdyme any sperm caryir
recombinant allele, both fertile male chimeras wen@ssed with wild type females a

vaginal plug (VP) was daily checked. VP positivenédes were killed and spermzoa
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were washed from the vagina and ut. Sperm was stained with DAPI. DNA isolat
from these spermwas subjected to genotyping PCR reaction. Inrspef both male
chimeras only the wild type PCR product was detke(Fig. 27 E-H) Thus we conclude
that they do not transntihe recombinant allel.

Newborn mice from chimera 1

WT allel

KO allel

@
s i i S
1& Newborn mice from chimera 1 § é§,§
o © M (N
B & e £ &6
400bp KO allel
293bp WT allel
. . <
Newborn mice from chimera 2 © S~
g g8
NS
c ! 1 =~ <9
668bp
WT allel
400bp
KO allel
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@
Newborn mice from chimera 2 ;;5'\}

Ca //S

400bp
293bp

KO allel
WT allel

G
668bp WT allel
400bp KOallel  400bp KO allel

Figure 27. Offspring and spermatozoa analysis of taw male chimeras.(A-D) Example of
genotyping PCR results of pups obtained after bregdg the male chimeras number 1 and .
with wild type C57BI female. (E-H) Spermatozoa isolated from vagina and uterus of &P
positive female mated with chimera 1 (E) or chimer& (F) were genotyped by PCR at the !
and 3’ end of the recombination site. Only the PCRroduct representig wild type allele was
detected. As a positive control DNA isolated from recomabinah ES-cells was used. For
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negative control DNA from wild type mouse was anaked. Sperm 1, sperm — spermatozoa
isolated from the vagina and uterus of VP positivéemale mated with male chimera numbe!

1 or number 2, respectively.

Thereafter, two ma chimeras (number 1 and ®R)ere killed andDNA isolated
from different organs ancfrom epididymal spermatozoa was genotyped by F.
Genomic DNAswere isolated from testis, bre liver, kidney, spleen and Ilu as
described in2.2.1.1. Speri were isolated from epididyrseas describ¢ in 2.2.18.1.
Genotyping PCR waperformed usin(SD-F; SD, NeolnHFig. 28 A)and SU, SU-R,
LacIinZRev (Fig. 28 Bprimers. In all orgar analysed, PCRroducts representing bor
the wild type and the recombinant alle were observed.Also in epididymal
spermatozoa a wedkand, representing the recombinant allele was ttgEig. 28 (-
D). This finding suggests, that CCDC(-deficient spermatozoa areot able to reach

uterus or the percentagérecombinant spermatozoa is very lc

~
CCDC33 chimera 1 CCDC33 chimera 2 g"
male male &
o PN~ 'éz’
. (7] &
A s 8§88 S ]
& B S K I <

668 bp WT allel

KO allel
400 bp

KO allel
WT allel

400 bp

293 bp
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C & D &
= <
668 bp WT ellel
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KO allcl 400 bp
400 b2
293 b WT allel

Figure 28. The analysis of chimerism in different myans and in spermatozoa isolated fron
epididymesof two male chimeras. (A) 3’ and (B) 5’ end genoping PCR of organs isolatec
from male chimeras demonstrated that the recombinanallele could be detected in al
organs analysed. (C) 3’ and (D) and 5’ end genotymij PCR of spermatozoa isolated fron
epididymis of both male chimeras revealed a weak produicepresenting the knockout allel.

The third male chimera was infertile unthe end of this wol. Moreover, no
vaginal plug was noticed after mating with wild ¢yfemales. One possible explanat
for its infertility is that this male has a high chinsen level in the testis, especial in ge
cells and therefore is infertil

Female chimeras were also mated with wild type sblé no heterozygous pu
were obtained. To check the chimerism of the e chimeras, gnotyping PCkwas
applied onDNA isolated fromskin, ovary, uterus, brain, musclkidney, liver and hea

(Fig. 29 A-B).The chimerism was detected in all organs anal
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Figure 29. The analysis of chimerist in different organs of female chimera The
example of the genotyping PCR results at (A) 3' an@B) 5’ end of the recombinant
site in different organs.

3.2. The analysis oknockout mouse line with the disruption of 6 germ ell-specific
genes

Genetic knockouis a common strategy to anee gene functionHowever, it has
been found that turning off a single gene not abMaads to significant spermatogent
disruption. Homozygous mutant males for following germ -specific gene: Tnp2
(Adhamet al,, 2001) Acr (Adhamet al, 1997, Nayerniat al, 2002, Hist1h1t(Drabent
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et al, 2000) Theg (Mannanet al, 2003) Creb3l4 (Adhamet al, 2005) andTex 22
(Geisler, 2004) demonstrate normal fertility. Tréina protein 2 geneTnp? is located
on mouse chromosome 16 and participates in repkacef histones and chromatin
condensation in elongated spermatids. SubsequEN? is replaced by protamine 1 and
2 (Reinhartet al, 1991; Engeét al, 1992). Histone cluster H{stlh1l) gene, located on
chromosome 13 is a linker histone, which replabessomatic linker histones H1.1 and
H1.2 in male germ cells during the meiotic proph@deistrichet al, 1985; Drabenet
al., 1993). Testicular haploid expressed gembe(), located on chromosome 10, is
expressed in spermatids and the expression ofgdmne is upregulated by factors from
Sertoli cells (Nayerniat al, 1999; Mannaret al, 2003). Acrosin prepropeptidégr)
gene is located on mouse chromosome 15 and the gkG#ein was found in acrosome
(Kremling et al, 1991). This protein is thought to be responsiblethe proteolysis of
zona pellucida of the oocyte (Howesal, 2001; Hondat al, 2002). cAMP responsive
element binding protein 3-like 4C¢eb3l4 gene, located on chromosome 3, encodes a
protein which is a member of the CREB/ATF famifyt@nscription factors (Stelzer and
Don, 2002). This protein is especially active ispense to a variety of stress conditions
(Stirling and O'hare, 2006). Testis expressed ggheTex23, which is located on
chromosome 12, encodes a protein believed iova#ved in the biogenesis of acrosome
and midpiece of mouse sperm (Neeseal., 2002).

To analyse the function of these genes followindtiple knockout lines were
generated in the Institute of Human Genetics, Usityeof Gottingen:

Line name  Knockouted gene(s) Male fertiitgtus
1xKO Acr fertile

2xKO Acr/Tnp2 fertile

3xKO Acr/Tnp2/Histlhlt fertile

4xKO Acr/Tnp2/Hist1lh1t/Theg fertile

5xKO Acr/Tnp2/Histlh1t/Theg/Creb3l4 ) fertile

6xKO Acr/Tnp2/Histlh1t/Theg/Creb3l4/Tex22 fertile/infertile

At the beginning of this work all lines were alrgaalailable. A series of these multiple

knockout lines was designed so, that in each Ime additional male germ cell-specific
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gene is disrupted, from a line with single genedkowited till a line with a disruption of 6
genes in a single animal. The fertility analysisrfprmed by breeding of homozygous
males with wild type and homozygous females, reacdhat males of 1xKO, 2xKO,
3xKO, 4xKO and 5xKO demonstrated normal fertility.the 6xKO line 24 males out of
107 were infertile. The fertility of fertile malesf the line 6xKO was normal, no
significant reduction of the litter size in breeglihomozygous males and females could
be observed (Tab. 2). To determine whether the kouicof the sixth genelTex23 is a
reason for male infertility, an additional multipkeockout line (generated before this
work started) was analysed. In this line, called@=a, four male germ cell-specific genes
were disrupted Acr/Tnp2/Histlhlt/Texd2 Homozygous males and females were
intercrossed and the normal fertility of mutant esalvas demonstrated (Tab. 2), thus we
concluded, that male infertility of the 6xKO lins inot direct consequence of the
disruption ofTex22gene, but rather cumulative effect of the disuptf six male germ

cell-specific genes.

litter size
wild type 6.1+/-2.1
6xKO fertile 5.86 +/- 1.9
4xKOa 54+/-25

Table 2. Litter size analysis. Nine breeding pairef fertile 6xKO males with females gave

similar number of litters in comparison to wild type control. Data is given as mean +/- SD.

3.2.1. The analysis of fertile and infertile malefrom 6xKO line

To further investigate the reason of the infaxtilof some homozygous males
from 6xKO line, different fertility-relevant parariees were analysed. Because males
from 1xKO, 2xKO, 3xKO, 4xKO and 5xKO lines demordad normal fertility, we
compared the parameters of infertile males from @xie to the parameters of fertile
litter mates and to parameters of males from 5xK@.|As a control, wild type males
from strains 129Sv, CD1 and C57BIl were used, becanise from multiple knockout

lines have the hybrid background of these threesohitrains.
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3.2.1.1. Testosterone level in peripheral blood

Fertility may be affected by hormonal insufficienctherefore the serum
testosterone level of males from 6xKO infertile §)=6xKO fertile (7), 5xKO (4) and
wild type (6) was measured by radioimmunoassayeasribed in 2.2.18.4. The obtained
results were very scattered in different groups. réduce the data scatter, natural
logarithm was calculated from testosterone cona#iotr data and Kruskal-Wallis-
ANOVA analysis was performed. No significant ditfece between all tested animals

was observed (Fig. 30).

Serum testosterone levels
3.0 . ' '

25 |

20t

LnConc: =Log(vE)
o -
[4] (=]

WT 5xKO BxKO fertile BxKO infertile

Figure 30. Serum testosterone levels from wild typebxKO, 6xKO fertile and infertile.
Points indicate mean in each group, whiskers — stdard deviation. Kruskal-Wallis-ANOVA
analysis demonstrated that there is no significantdifference in the concentration of

testosterone between all groups analysed.

3.2.1.2. Histological analysis of the testis frorx&O infertile males

Testes of 6xKO infertile mice were isolated, fixaad stained with haematoxylin
and eosin as described in 2.2.14.3. As a conestes of 6xKO fertile, 5xKO and wild
type males were analysed (not shown). As demoestiat figure 31 histological analysis

demonstrated that all stages of spermatogenesigprasent in testis of infertile 6xKO
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male, no obvious abnormalities can be noticed. Tdnalysis was performed with
cooperation with Prof. A. Meinhardt (Justus-Liehigiversity of Giessen).

Figure 31. Section of testis of 6xKO infertile mous stained by haematoxylin — eosin. The
histological analysis revealed that all stages opsrmatogenesis are present, no degeneration

in germ cell epithelium was observed.

3.2.1.3. The analysis of spermatozoa of 6xKO infeld mice

To further investigate the underlying cause of niadertility, different parameters
of sperm from infertile males of 6xKO line were brs&d. The number of spermatozoa
from cauda epididymis was determined as descrined.2.18.3. For this analysis 3 -
6xKO infertile, 3 — 6xKO fertile and 3 - wild typmales were used. ANOVA test was
applied to analyse the data and no significantedsfice in the number of epididymal
sperm could be observed between infertile andldentiales (Tab. 3). Next, 3 infertile
males and 5 fertile males from 6xKO line and 4 viyde males were crossed with wild
type females. After noticing of vaginal plug, femslwere sacrificed and the number of
spermatozoa in uteri and oviducts was scored. Beaphigh variation of the spermatozoa
number between single animals of particular line, significant difference could be
observed between 6xKO infertile, 6xKO fertile anddvwype males (Tab. 3).
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No. of sperm in:
Goefnr?lgge Cauda epididymis Uteprus Oviduct
(x10") (x10%)
Wild type 2.146 +/- 0.9 (N=3) 0.3 +/- 0.1 (N=4) 605 +/- 300=4)
6xKO fertile 1.917 +/- 0.41 (N=3) 1.6 +/- 2.8 (N=5) 1014 +/-7BgN=5)
6xKO infertile 1.174 +/- 0.2 (N=3)| 0.43 +/-0.44 (N=3) 159 +/- INE3)

Table 3. Sperm analysis of mutant and control male$Spermatozoa number is given as mean

+/- standard deviation

Then, the motility of spermatozoa of wild type, 33K6xKO fertile and 6xKO

infertile was measured using the computer assistaden analysis (CASA) system
(Hailton Throne CEROS software), as described2118.3. Three animals from each line

were analysed. Following parameters were evaluatestage path velocity (VARIM/S),

curvilinear velocity (VCL,um/s), straight line velocity (VSLIm/s), straightness (STR,

calculated as a ratio of VSL to VAP), beat crogsjfrency (BCF, Hz) and amplitude of
the lateral head displacement (ALfN) (Fig. 32). Sperm were isolated in IVF medium

and motility was analysed after 1.5 h capacitalioB7°C, 5 % CQ. Obtained results do

not followed normal distribution, thus the non-pamric Kruskal-Wallis-ANOVA

analysis was performed. The statistical analysieaked that all velocities parameters

(VAP, VCL, VSL) of sperm from 6xKO infertile weragnificantly reduced as compared

to 6xKO fertile, 5xKO and wild type males and ALH mfertile 6xKO sperm was

significant reduced as compared to fertile 6xKO wiild type, but was not significantly

different from 5xKO. No significant differences weobserved in BCF and STR (Fig.

32).
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Figure 32. The analysis of sperm motility Sperm of wild type, 5xKO, 6xKO fertile and
6xKO infertile were analysed with CASA system. For the average path velocityVAP),
curvilinear velocity (VCL) and straight line velocity (VSL), significant reductions were
found in 6xKO infertile animals as compared to WT,5xKO and 6xKO fertile. Amplitude of
the lateral head displacement (ALH) of infertile 6O sperm was significantly reduced a:
compared to fertile 6xKO and wild type, but was notdifferent from 5xKO. There were no

significant differences in beat cross frequency (BE) and straightnes: (STR) between
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analysed animals. Asterix - p<0.001, points indicatl median, bars — 25-75 % percentile,

whiskers — 5-95 % percentile.

Next, the analysis of sperm head abnormalities pexformed as described in
2.2.18.2. Sperm were isolated from 2 - wild type,6XKO fertile and 3 - 6xKO infertile
males and stained with 0.2 % eosine Y. ANOVA anialg$ variance was applied for data
analyse. As compared to wild type, significantlycreased number of abnormal
spermatozoa from 6xKO fertile and 6xKO infertile lssawas observed (10 +/- 2 vs 47.2
+/- 5.2 and 57.2 +/- 6.1, respectively, p<0.00lig(B3 A), but the difference between
fertile and infertile 6xKO animals was not sign#it (p>0.05). Among abnormal
spermatozoa different types of sperm head defoomstivere identified according to
Styrnaet al. 2003 (Fig. 33 B - G). Then, the morphology of repdails was analysed.
After quantification it has been found, that 47 #sperm from 6xKO infertile, 31 % of
6xKO fertile and 10 % of wild type animal demonstra hairpin-like tail structure (Fig.
33 H). The ANOVA analysis revealed that 6xKO inilert sperm demonstrate
significantly more abnormal sperm tails as compdcedperm of fertile 6xKO (p<0.05)

and wild type sperm (p<0.001).

A *p<0.001
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Figure 33. The analysis of sperm morphology. (A) Téa number of sperm with abnormal
head was higher in 6xKO fertile and 6xKO infertilemales as compared to wild type control.
Asterix indicates p<0.001, bars represent means, vwgkers — standard deviation. (B-F)
Examples of different abnormality classes from 6xKQinfertile are given: B — class 1a; C —
class 1b, D — class 2, E — class 3, F — class 4oating to the classification of Styrnaet al.
2003. (G) All classes could be observed in fertilend infertile males. (H) Typical view of
spermatozoa from 6xKO infertile animal, arrows indicate the hairpin-like structures of the

tail.

Next, the acrosome reaction was analysed in spemoatfrom 6xKO infertile

animals. Sperm were treated with calcium ionoph®28187 and then, the number of
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acrosome reacted cells was scored (2.2.18.5). lgranalysis sperm from 3 - 6xKO
infertile, 3 — 6xKO fertile and 3 wild type malexre isolated. Data was analysed using
ANOVA. The ability of spermatozoa of 6xKO infertilmale to undergoes acrosome
reaction was significantly reduced as comparedxi€@ fertile and wild type controls
(p<0.001) (Fig. 34).

*p<0.001
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Figure 34. The analysis of acrosome reaction of gpeatozoa from wild type, 6xKO fertile
und 6xKO infertile animals. Acrosome reaction was ignificantly reduced in 6xKO infertile
males as compared to 6xKO fertile and wild type mais. Asterix indicates p<0.001, column —

mean, whiskers — standard deviation.

3.2.2. Transcriptome analysis of the testes of micd 6xKO infertile and 5xKO fertile

lines, respectively

Normal fertility was observed in males from mulégtnockout lines with one to
five disrupted genes, but 22 % of males with siodiouted genes are infertile.
Therefore, one could assume, that some genes eodlv male fertility control are
differentially expressed in the testis of 5xKO ilertand 6xKO infertile animals.
Therefore a single-channel transcriptome microausing the Gene Chip Mouse Gene
1.0 ST Array (Affymetrix) technology was performedhis analysis was done in

Microarray Facility, University of Goéttingen accandly to the manual of Gene Chip
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Whole Transcript (WT) Sense Target Labeling Assaffyetrix) (see 2.2.12). Two
separate single-dye hybridizations were perfornoeceéich sample pair. To elucidate the
total genes expression one sample from 5xKO fedild second from 6xKO infertile
male were compared. In each array control genes imeluded and used to estimate the
relative expression levels and to correct the pugadifferences in RNA concentration.
RNA was isolated from testes of five 5xKO fertiledafour 6xKO infertile mice. 20986
genes were analysed on a single chip. After thieement 55 genes were found to be
down- or up-regulated in 6xKO infertile males asnpared to 5xKO fertile (Tab. 4). For
41 genes the expression in testis was already kndha expressions of 10 genes were

never tested in the testis and 4 genes were unknown

20986 tested genes

<

55 genes
Down-regulation Up-regulation
Symbol NCBI Ref.Seq. Fold Symbol NCBI Ref.Seq. Fald
4933400A11Rik NR_003635 -17.7 Ptpro NM_011216 4,5
EG665933 XR_ 031751 -14,6 H2afz NM_016750 4|3
Tex22 NM_029381 -5,8 Cpnl NM_030703 3,8
Slc26a10 NM_177615.3 -3,5 A530064D06RI NM_0011¥5p6 2,5
EG547091 ID-547091 -2,6 LOC669780 XM_001474651 2,3
Sultlel NM_023135 -2,1 9230113P08RIik XM_0014779B6 ,2 2
Ndufs5 NM_001030274| -2,1 Zfp354b NM_013744 2,0
Stat2 NM_019963 -2,1 D10Bwg1379e NM_001033258 2,0
Adhl NM_007409 -1,9 Serpina3n NM_009252 19
Asahl NM_019734 -1,8 Pftk1 NM_ 011074 1,8
EG632802 XM_907438 -1,8 Klb NM_031180 1,8
Ktnl NM_008477 -1,7 9330182L06RIk NM_172706 1,6
Hsd3b1 NM_008293 -1,6 BC030867 NM_153544 16
Kcnk2 NM_010607 -1,6 Adam22 NM_001007220 15
Slc7a2 NM_001044740 -1,§ Ccdcl144b NM_17841§ 1,5
BC049715 NM_178776 -1,6 Gm920 XM_354882 1,56
Star NM_011485 -1,6 Leng8 NM_172736 1,5
Aldhla7 NM_ 011921 -1,6 EG625046 XM_889589 14
AU021092 NM_001033220 -1,5 Kif21b NM_00103947]2 14
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Ly6e NM_008529 -1,5 Cyp2c44 NM_001001446 14

Cyplilal NM_019779 -1,5 Antxrl NM_172808 1,4
1700073E17Rik NR_003625 -1,5
Gstkl NM_029555 -1,5
9530002B09Rik NM_023865 -1,5
Rwdd4a NM_203507 1,5
Folhl NM_016770 1,5
Tmem176b NM_023056 -1,4
4930427A07Rik NM_134041 -1,4
Foxo3 NM_001128634] -1,4
Gpt2 NM_173866 1,4
Kcnabl NM_010597 -1,4
Slc30a2 NM_001039677 -1,
Mapkapk2 NM_008551 1,4
Als2 NM_028717 1,4

Table 4. Comparison of transcriptome of fertile 5xKO and infertile 6xKO mice. 55 genes
were found to be down- or up-regulated in 6xKO infetile males as compared to 5xKO.
Symbols of genes, their NCBI Ref. Seq and changeis fold) between fertile 5xKO and

infertile 6xKO are presented.

First, genes for which the expression in testis matsknown, were selected and
analysed with specific primers by RT-PCR. Unfortighg it was not possible to design
specific primers for all of the chosen 14 genes.eXolude any unspecific amplification
through a genomic contamination, both primers vi@cated in two different exons (Tab.
5). I have confirmed the testicular expressionlbfenes analysed, but only f&@m7853
gene exclusive testis expression was found (Fig. 3bBe quality of cDNAs was

demonstrated witRprt specific primers (Fig. 35).
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Symbol Name Primers Exons
A530064D06Rik RIKEN cDNA mGene25F 2-4
A530064D06 mGene25R
D10Bwg1379e DNA segment, Chr 10, mGene28F 5-9
Brigham & Women's mGene28R
Genetics 1379
9330182L06Rik | RIKENCDNA 9330182L06 mGene27F 10-13
mGene27R
Slc26a10 solute carrier family 26, mGene20F 4-6
member 10 mGene20R
Gm7853 predicted gene 7853 mGene4F 1-2
mGene9R

Table 5. Analysis of expression of unknown genesahe of primers and its localisation ir

exons are presented.

23300 [ /53006200685 125
2720p [t B o:051379¢ 120
26100 [T o5:0:s2006ri 16
207 o0 | - s53 | 14.6
2210 [ ————— I 1>

Figure 35. RTPCR analysis of genes from transcriptome with unknan expression in the
testis. RT-PCR denonstrates that all genes analhed are expressed in the testis, but exce
for the Gm7853 genethe expression was not restricted to the testis. Asws and numbers

next to gene’s names indicate the fold of - or down-regulation.

Next, the quantitativReal time RT-PCR (QRPCR) technique (2.2.5) was us

to confirm transcriptom results. The expression levels of tf@lowing genes wa
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analysed using specific primerRIKEN cDNA 4933400Al1bene (4933400A11Rik
RIKEN cDNA 1700073E1@ene(1700073E17Rik NADH dehydrogenase (ubiquinone)
Fe-S protein 5gene Ndufs§, sulfotransferase family 1E, membegéne Sultle) and
protein tyrosine phosphatase, receptor typegénhe Ptpro) (Tab. 6). In this analysis
testis of two 5xKO fertile and two 6xKO infertileales were used. After normalization
with cT value forHprt expression level, the expression of all genesyagdl was
compared between 5xKO and 6xKO infertile animalks.deémonstrated in figure 36 A the
gRT-PCR analysis confirmed the transcriptome resialt 4933400A11Rik, Ndufsénd
Ptpro. Expression level 01700073E17Riland Sultlelgenes was not significantly lower
in 6xKO infertile as compared to 5xKO (Mann-Whitngytest).

Symbol Name Primers Exons
4933400A11Rik RIKEN cDNA 4933400A11 mGene5F 2-3
mGene5R

1700073E17Rik RIKEN cDNA 1700073E17 mGenel7F 1-2
mGenel7R

Ndufs5 NADH dehydrogenase Ndufs5FP 1-2
(ubiquinone) Fe-S protein 5 Ndufs5RF

Sultlel sulfotransferase family 1E, SultlelF 2-4
member 1 SultlelR

Ptpro protein tyrosine phosphatase,  PtproFP 9-11
receptor type, O PtproRP

Table 6. Confirmation of transcriptome by gRT-PCR. Name of primers and their

localisations in exons are given.

The expression of thd933400A11Rikgene demonstrated the strongest down-
regulation in the testis of 6xKO infertile mice. & bxpression of this gene was almost not
detectable in qRT-PCR array in the testis of 6xK@ritile male while similar expression
level was observed in wild type, 5xKO and 6xKOifertestes (Fig. 36 BNext, the RT-
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PCR withmGene5F and mGene primers was used to verify the hypothesis that
gene is not gxressed in the testis of 6xKO infertile males. Asndnstratedn figure 36
C no PCR product was observed in the testes of 6xH&tile animals. cDNA qualit
was tested witlHprt, Sdheaand Thpspecific primers.

A
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Transcriptome: \L—l7.7 J,—z.l +4.5T
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Figure 36. Confirmation of transcriptome array by gPCR. (A) Expression levels o
4933400A11Rik, Ndufss and Ptpro were tested in the testis of 5xKO and 6xKO inferté mice
and transcriptome results could be confirmed in thé analysis. Arrows and numbers net to

gene’s names indicate the fold of .- or down-regulation. (B) The analysis of expressio
level of the strongest dow-regulated gene,4933400A11Rik in testis of wild type, 5xKO,
6xKO fertile and 6xKO infertile males revealed, tha this gene is no longr expressed in the
testis of 6xKO infertile males. (C RT-PCR product was not observed in the testes of 6xK
infertile animals. cDNA quality was tested withHprt, Sdha and Thp specific primers
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3.2.3. Analysis 0#933400A11Rik expression

The 4933400A11Rikjene is expressed in the testis of 5xKO fertiléesyabut not
in testis of 6xKO infertile males. Therefore thieng was selected for further
characterizationBesides the sequence in NCBI data base there evadarmation about
this gene. To analyse the expressiod@33400A11Rikgene in different tissues, the RT-
PCR technique with mGene5F and mGene5R primers apatied. To exclude any
unspecific amplification resulting from genomic tamination, both primers were
located in two different exons, namely exon 2 andit®e RT-PCR product 165 bp in size
could became amplified on cDNA obtained from wigé testis and epididymis, but not
from ovary, liver, kidney, spleen, lung, brain acdrebellum. cDNA quality was
controlled by RT-PCR witlprt specific primers (Fig. 37 A). Then, the RT-PCRdrct
was isolated from gel, cloned into pGEM-T easy oe@nd sequenced to confirm its
specificity. Next, gRT-PCR reaction with the saminers as for RT-PCR, was used to
analyse the expression level of this gene in tesid epididymis. For control cDNA of
ovary, brain, cerebellum and kidney was used. Tamalysis demonstrated that
4933400A11Rilgene is highly expressed in testis, while the esgion in epididymis is
on a very low level. No expression could be detkdteother organs (Fig. 37 B). To
confirm the gqRT-PCR result a Northern blot was Fdieed with *P-labelled 332 bp
4933400A11RilcDNA probe. The cDNA probe was generated by PCRliéication of
testis cDNA with mGene5Fsonda and mGene5R (nudestl7-358) primers, PCR
product was then cloned into pGEM-T Easy, sequenaed isolated withEcoRlI
restriction enzyme. RNA quality was controlled lgybridization of the membrane with
[-actin cDNA probe. The 1.7 kb transcript 4933400A11Rikjene was detected only in
testis (Fig. 37 C). Taken together, this gene ghllyi expressed in testis, low amount of

transcript is also detectable in epididymis, butinather organs.
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C
1.7 kb 4933400A11Rik
150 N ct

Figure 37. Expression analysis of the4933400A11Rik gene (A) RT-PCR analysis of
4933400A11Rik expression in different organs of adult wild type nouse with mGene5F anc
mGene5R primers. RTPCR product was detected only in testis and epidiahgis. (B) gRT-
PCR and (C) Notthern blot analyses demonstrated tha4933400A11Rik gene is expressed in
testis. Only low amount of transcript was detectatd in epididymis in qRT-PCR. RNA
quality was tested by RTPCR with Hprt primers (A) or by re-hybridization with mouse S
actin probe (C).

Next, the &pression 0i4933400A11Rilgene in different germatogenesis stag
was analysed by RIPCR. The 165 bp product represent4933400A1Rik transcript
was detected from th&€th dpp (Fig. 38 A). Next4933400A1Rik expression was
analysed in testes of mutants with spermatogerssest at different stages. For t
analysis following mutants were useW/W without any germ cells in the testTfm/y
with spermatogenesis arr at the primary spermatocyte stages|3” - spermatogenesis
is arrested at the stage of pachytene spermatocolt/olt andgk/gk- spermatogenesis is
arrested at spermatatage After RT-PCR, the 165 bp band was observed in all mu
analysed but not inv/W (Fig. 38 B) Thus it can be concluded that the expressio
4933400A11Riks restricted to germ cells. To further prove thigothesis cDNA o
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Leydig (MA-10) and Sertoli cell lines (1-1 and Scll) were used for -PCR
amplification with4933400A1Rik primers. No &pression was detected in either of
lines tested confirming the germ «specific expression egf933400A1Rik gene (Fig. 38
B).

~
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$§§§§,\§§§§§q§ég
T g o en &9 & 3 4
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165 bp

222 bp m‘Mm D_ Hprt

Figure 38. Analysis of expression t4933400A11Rik in testis from males at different agepost

partum (A) and from different mutant males (B). Theexpression 0f4933400A11Rik starts at
16 dpp. The expression is not detected W/W' mutants and also not in somatic cell line
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(MA-10, 15P-1 and Sc11). The expression was obsaivia olt/olt; gk/gk; Tfm/y and Insl3”

mutant mice. cDNA quality was proven by RT-PCR withHprt specific primers.

In 2007 about 70 putative iIRNAs were known in hunsperm and 15 of them
specifically inhibit genes that are only active idgr early embryonic development
(Boerkeet al., 2007). Because it is known that sperm RNAs ct@dmportant in sperm
motility, fertilisation or early zygotic and embnye development (Atlas-Whitet al.,
2000; Ibrahimet al., 2000; Pooret al., 2000; Pooret al., 2002; Ostermeiest al., 2004;
deMateoet al.,, 2011), we checked whethd®33400A11Rik transcript is present in
spermatozoa. To avoid any contamination of epidalycells spermatozoa were isolated
from the uterus of plugged females. In addition MRMas isolated from epididymis of
20 dpp old male, which has no spermatozoa in tigidgmnis. A 165 bpd933400A11Rik
PCR product was observed in spermatozoa isolabed @iterus, but not in the epididymis
of 20 dpp old male. For control uterus cDNA wasoalsed (Fig. 39 A). This result
indicates thatl933400A11Rik transcript is present in spermatozoa and thaticypids
does not express this gene. To exclude the passithibt the epididymal expression is
initiated by the spermatozoa migration, adult maes castrated and epididymes were
isolated three weeks after castration. After priegalRNA and cDNA synthesis, RT-PCR
with 4933400A11Rik specific primers was performed (Fig. 39 B). Thigp&iment
demonstrated that also in epididymis of adult malghout any spermatozoa, the
4933400A11Rik gene is not expressed.
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4933400A11Rik

N ' I o B
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Figure 39. Analysis whether the4933400A11Rik is present in spermatozoa or is expressed
epididymis. (A) After RT-PCR with 4933400A11Rik specific primers a 165 b| product was
observed in spermatozoa isolated from the uterus,ub not in epididymis of 20 days old male
(B) No expression 0#933400A11Rik was observed in epididymis of adult male three wesl
after castration. cDNA quality was demonstrated byRT-PCR with Hprt primers.

3.2.4.Analysis whether sperm of 6xKO infertile males areable to fertilize oocyte

To check this hypothesis, first eaiembryonic development was aneed. Five
6xKO infertile andfive 6xKO fertile males were mated withuperovulatecwild type
femalesand vaginal plug (VP) was noticed to check whethercopulation had occurr.
48 h after mating, oocyteembryoswere isolated from VP positive females and fixed
% paraformaldehyde. lthe breedingof 6xKO fertile males with wildype females 35 %
embryos were at 2ell stage Fig. 40 A).In contrast, in the breeding of 6xt infertile

males with wild type females-cell stageembryos were not observed (Fig. 40
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Figure 40. Analysis of oocytes 48h after mating. $erovulated wild type females were
mated with 6xKO fertile and 6xKO infertle males. About 48 h after mating,
oocytes/embryos were isolated and fixed in 4 % pafarmaldehyde. (A) From breeding of
fertile 6xKO 35 % of embryos were at 2-cell stagewhile from breeding of 6xKO infertile

(B) 2-cell stage were not observed.

To further determine whether sperm of 6xKO infertihales are able to penetrate
the oocyte, males were mated with superovulated tyie females and oocytes were
examined for the presence of 2 pronuclei. But firstas necessary to determine the right
time for oocyte isolation. 5 wild type males werated with superovulated females and
24 h after hCG administration oocytes were isolatiedd in 4 % paraformaldehyde and
stained with DAPI as described 2.2.18.8. The exatian for the presence of 2 pronuclei
was done under fluorescence microscope. 9 from at3tes (21 %) demonstrated
pronuclei (Fig. 41 A). Next, five 6xKO fertile malevere mated with superovulated
females and oocytes were isolated from VP posfeveales at different times after hCG
administration: 24, 26, 29, 31, 32, 34, 41 and 4%$1 demonstrated in table 7, it was
impossible to determine any time point in which nfigant number of oocyte
demonstrated 2 pronuclei. At each time point amalyshe proportion of oocyte
demonstrating 2 pronuclei was under 8 % whiclmas enough to perform statistical
significant analysis (Fig. 41 B). We concluded thée fertilization process of
spermatozoa of 6xKO fertile male is prolonged mej therefore it will not be possible to
determine a single time point optimal for oocytegaration. We assume that also for
6xKO infertile males it will not be possible to denine the right time for oocyte

isolation. Therefore we have stopped this analysis.
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Figure 41. Analysis of oocytes 24h after fertilizabn. Superovulated wild type females were
mated with wild type (A) and 6xKO fertile (B) males 24 h after mating, oocytes/embryos
were isolated, fixed in 4 % paraformaldehyde and stined with DAPI. From breeding of
wild type mice 21 % of oocytes with 2 pronuclei (A)while from breeding of 6xKO fertile

males about 3 % were observed

Isolation time
after hCG
administration | 24h | 26h | 29h | 31h | 32h | 34h | 41h | 45h

2-cell stage 1 0 3 1 4 4 6 37

1-cell stage 69 | 132 | 33 | 45 | 21 | 25 | 41 | 73

2 pronuclei 2 0 3 1 2 0 1 2

degenerated 4 18 5 3 na | na 7 20

total 76 | 150 | 44 | 50 | 27 | 29 | 55 | 132

Table 7. Analysis of 2 pronuclei stage oocytes isdéd from females mated with 6xKO fertile
males. Oocytes were isolated at different time padis after hCG administration, and stained
with DAPI and examined under fluorescence microscap Four different stages were
determined: degenerated oocytes, 1l-cell, 2 pronuclstage and 2-cell stage. na — not

analysed.
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3.2.5. In vitro fertilization

It was not possible to analyse in vivo whether s@#0zoa of 6xKO infertile
males have the ability to penetrate the oocyteetbee an in vitro approach was applied.
First, to optimize the IVF conditions, sperm weselated from wild type and fertile
6xKO males and incubated for 6 h with zona pelladidP) intact oocytes isolated from
superovulated wild type females. After incubatiaycytes were washed two times and
incubated overnight at 3Z in 5 % CQ. Next day fertilization ratio was analysed under
the microscope. | have found that while 50 % of ybes incubated with wild type
spermatozoa developed to 2-cell stage embryos, &8I\26 of oocytes incubated with

sperm from 6xKO fertile male reached the 2-celystérab. 8).

IVF - oocyte with zona pellucida

1-cell stage | % |2-cellstage | % |degenerated| % |total
WT 14 17.3 41 50.6 26 32.1| 81
6xKO fertile 102 65.0 14 8.9 41 26.1| 157

Table 8. IVF with sperm of wild type and 6xKO fertile mice. The number of oocytes
fertilized with sperm of 6xKO fertile male, which developed to the 2-cell stage, is strongly

reduced as compared to oocytes incubated with speraif wild type control.

Because the fertilization success of 6xKO fertileles in IVF assay was very low,
this experiment was not continued for 6xKO infertdnimals. Instead IVF approach
using oocytes without ZP was undertaken. Spermatozere isolated from 6xKO
infertile, 6xKO fertile and wild type animals. ZPas/removed from oocytes with thyroid
acid and 7 h after IVF oocytes were examined fergtesence of 2 pronuclei (Fig. 42 A).
As demonstrated in table 9, sperm of 6xKO infentilale were able to penetrate ZP-free
oocyte and the number of oocytes demonstratingp@umlei was similar for 6xKO fertile
and wild type males. From all the fertilization eximents we can conclude that the
sperm of 6xKO infertile male can enter oocyte aftenoving of ZP. However, according
to the phenotype it seems probable that sperm KfO6infertile males are not able to

penetrate ZP intact oocytes.
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Figure 42. IVF analysis using oocytes without zongellucida. (A) After incubation with
sperm of 6xKO infertile male, the number of oocyteslemonstrating 2 pronuclei was similar
to that of oocytes incubated with sperm of (B) 6xKQertile and (C) wild type males.

IVF — oocyte zona pellucida free

2 pronuclei | % | 1-cell stage | % |degenerated| % |total
WT 60 66.7 10 11.1 20 22.2| 90
6xKO fertile 27 56.3 18 37.5 3 6.3 | 48
6xKO infertile 15 65.2 4 17.4 4 17.4| 23

Table 9. IVF analysis using oocytes without zona pacida. After 7 h of incubation with
sperm of 6xKO infertile, 6xKO fertile and wild type control males, oocytes were examined
microscopically for the presence of 2 pronuclei. Ndalifference in number of 2 pronuclei
between oocytes incubated with sperm of all testedales could be found.

3.2.6. Generation 0#4933400A11 Rik knockout mouse

4933400A11Rik belongs to a capping protein alpha subunit fan@gnes from
this family encode the alpha subunit of the barbed-actin binding protein, which
regulates growing of actin filaments. To analyserbie 0f4933400A11Rik, we started to
generate a knockout mouse line using a commeraatylable vector (2.2.17).

4933400A11Rik gene is localized in intron ofidlinel gene Midl) on the mouse
chromosome X (Fig. 43). Complete open reading fraf$933400A11Rik is located in
3th exon. Our strategy was to delete only exon 3988400A11Rik gene to avoid any
disturbance oMidl gene.
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Figure 43. Scheme 0fl933400A11 Rik gene structure and localization in first intron of Midl
gene. Arrows indicate direction of transcription, geen/orange boxes represent exons
Mid1/4933400A11 Rik genes, respectively

Knokcout vectorihearized wittAsiSI enzyme (5Qug) waselectroporated bProf.
Adham into embryonic stem cells (C57k2.2.17.1). Electroporatecklls were plated o
fibroblast layer and after 10 days of selectiorhwieomycin, drugfesistant clones wel
picked into two 24wells plate. Genomic DNA was isolated from cdfrom one 24-well
plate (2.2.1.1 and tested with PCR and Southern bl2.2.17) for homologous
recombinantionFirst, by PCR with primers mGene5A-F, mGenB5and mGene5-R,
amplifying a 575 bp producof WT-allel and 233 bp product of k-allele clones were
selected, that containgde knockoutvector (Fig. 44 A)For control, WT and KO PC
products were sequenced.

Next, to controla ES-cell clone after homologougcombinatio, a Southern blot
was performed with 3externa probe (Fig. 2).DNA isolated from electroporated E
cells, that contained a k-vector DNA, was digested witBglll restriction enzyme
Southern blotmembrane was hybridized wit*’P-labelled 870 bp external probe
generated by PCRvith Sth-BKOMPF5 and Sth-3KOMPRprimers. This probe we
cloned into pGEM-T Bs) vector, sequenced and isolated vitioRI restriction enzyme
As demonstrated in figure 44 B, this prcdetects a 15 kband representirecombinant
allel and 10.5 kiband corresponding wild type allel After Southern blot analysis o
homologous recombinant -clone was identified (Fig. 44 B). E&lls of thisclone were
used formicroinjection into blastocys derived from C57bl/6dice in the Max Planc
Institute for Experimental medicine in Goettingen (2.2.17.2pfter 2 attempts o
microinjection 23 micavere bori and the chimerism wassted by PCR as described

2.2.17.3. Unfortunately all of the tested animdismonstrated only WT allel (example
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genotypig PCR results is given in figure 44 C). Till thedeof this work it was nc

possible to get any chime

Y
A ES cells 5
* &
<

Allel WT
Allel KO

B
15 kb
10.5 kb C
Mice obtained S o
R s N
after microinjection s <
Al S &
o &
575 bp -----.‘— Allel WT
233bp | LB Allel KO

Figure 44. Analysis of ES cells electroporated wit4933400A11Rik KO vector. (A) PCR test
of ES cells after electroporation to detect whichfothem incorporated the KO vector in the
genome. (B) Southern blot analysis to detect homa@ous recombinant E!-cells. 3'external
probe recognized a 15 kb band of recombinant all and a 10.5 kb band of WT llel. (C)
Genotyping PCR of nevborn mice obtained after microinjection. No chimera could be

detected.
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3.2.7. Analysis of 4933400A11RIK protein

In order to analyse 4933400A11RIK protein an attetopgenerate antibodies
against this protein was undertaken. First, usilagtBProtein program a sequence unique
for 4933400A11Rik gene was selected. The 4933400A11RIK belongs @ocHpping
protein alpha subunit family and only short peptidd 14 amino acids:
MANRKDKASDEKKI (aa 1-14) was found to be specifiorfthis protein. This peptide
was used to generate antibody by the Gene Scripip@ny.

To test the specificity of generated antibody, asW&kn blot with proteins isolated
from testis, epididymis and liver was performed.eTimembrane was incubated with
rabbit anti-4933400A11RIK (1:1000) and with antob# alkaline phosphatase
conjugated (1:5000) antibodies. Two bands werergbden testis and epididymis (Fig.
45 A). The 45 kDa band is unspecific because thiglhs also detected in liver while RT-
PCR analysis demonstrated that there is no expresdi4933400A11Rik gene in this
organ (Fig. 45 A). The 27 kDa band observed in idgidis correspond to the predicted
size of 4933400A11RIK protein. The 55 kDa band olesg in testis is two times bigger
that the predicted size of 4933400A11RIK, thusoitld represent a dimer of this protein.
For control Western blot was incubated with ralsieitum collected before immunization
(serum “0”) and with antibody pre-absorbed with i used for production of this
antibody. In all Western blots the same proteinsewesed. No signals were observed in
both control hybridizations indicating the spedtfiof produced antibody (Fig. 45 A).

As demonstrated before (Fig. 36), the expressict988400A11Rik gene was not
detectable by RT-PCR in testis of 6xKO infertile use. Therefore, Western blot with
protein isolated from testis of 6xKO fertile andk&X infertile males was performed to
check whether the 55 kDa band observed in wild tigstis indeed represents the
4933400A11RIK protein. Protein electorophoresis wedormed longer than earlier, so
proteins became better separated. While RT-PCRirowed that in all 6xKO infertile
animals tested th4933400A11Rik gene is not expressed (Fig. 45 C) antibody reaeghi
the same 55 kDa band in testes of all males (FAgB¥ This clearly indicates that this
band does not represent the 4933400A11RIK profgins we concluded that generated

antibody cannot be used in Western blot.
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Figure 45. Analysis of ant-4933400A11RIK antibody. (A) Western blot analysis foprotein
isolated from wild type testis, epididymis and live Rabbit anti-4933400A11Ril and
secondary anti-rabbit alkaline phosphatase conjugated antibodies recogmid a 55kDa banc
in testis and a 27 kDa band in epididymis. The epidymal 27kDa band correspond to the
predicted size of 4933400A11RIK protein while 55kDaband observed in testis migh
represent a dimer.As a control Western blot incubated with serum “0”and with antibody
pre-absorbed with peptide used for rabbit immunizationwas performed. (B) Western blof
analysis of testis of 6xKO fertile and infertile mce revealed that the 55 kDa band is nc
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specific for the 4933400A11RIK protein since this band is detected in the testis of 6xK
infertile males while RT-PCR (C) demonstrated no expression of this gene ihis organ.

RNA quality was demonstrated by PCR withH prt-specific primers.

3.2.8. Anti-4933400A1RIK antibody test in immunostaining of transiently

tranfected cells

To determinewhether th anti-4933400A11RIKantibody generated by the Ge
Script company can be used for detection4933400A11RIK protei in the cell,
4933400A11RikdsRED fusion protein was generatedEntire (oding region of
4933400A11Rik gene was amplified witGene5HindRedF an@ene5KpnRed primers,
cloned into pGEMF Easy vectc and verifiedby sequencing. PCR prodwwithout any
mutation was digested witHindlll and Kpnl restriction enzymes and s-cloned into
Hindlll/Kpnl linearized pDsRED-monomer-N1 vector.In this construct th
4933400A11RIKISRED fusion protein is expressed under the comdfolCMV IE
promoter (human cytomegalovirus immediate earlyrmier, kanamycin resistance ge

was used to screen for a positive bacteria cloige k).

e D -+ = [55]  =2

Figure 46. Schematic representation 04933400A11RikISRED fusion construct CMV -

CMV IE promoter (human cytomegalovirus immediate eay promoter),
4933400A11RIKEN -complete ORF of tested gene, dSRE- dsRedmonomer domain, p(A)

— polyadenylation signal, SV4(— SV40 early promoter, Kan kanamycin resistant cassett

After purification with Midi Plasmid Kit (Invitrogen) onstruct DNA was
transiently transfectednto cultured HLa and GC4 cells using lipofetamine as
described in sectiol.2.16.2 For a control transfectiodsRED vectowithout any insert
was used. After 24 cells were fixed and immunostained witrabbit anti-
4933400A11RIK(1:5000) and seconcy anti-rabbit—FITC(1:500) antibodie. Nuclei
were counterstained with DAPI. Red signals reprisgrnthe 4933400A11RidsRED

fusion protein was observed mainly in the nuclelitgransfected HeLa and (-4 cells
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(Fig. 47 A, G) but no green fluorescence capping with red signals could be obser
(Fig. 47 C, ).

Hela cells

4933400A11RikdsRED Anti-4933400A11Rik Ab

Anti-4933400A11Rik Ab Overlay

GC-4 cells

4933400A11RikdsRED Anti-4933400A11Rik Ab | Overlay

Anti-4933400A11Rik Ab Overlay

Figure 47. Immunostaining of HelLa (A-F) and GC-4 (GL1) cells transiently transfected with
4933400A11RikIsRED construct with ant-4933400A11RIKantibody. HeLa and GC-4 cells
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were transfected with 4933400A11RikdsRED construct (-C and G-) and with empty
dsRED vector for control (C-F and J1). Immunostaining was performed with anti-
4933400A11Rik and antirabbit—FITC antibodies. Nuclei were counterstained with DAI.
No green fluorescence oveapping with red signals was observed, indicating #t anti-
4933400A11RIK antibody did not react with 4933400A1RIKdsRED fusion protein.

As demonstrated in figure 47 the -cellular localization o
4933400A11RIKdsREDprotein and used for control dsRED tein, wassimilar. Thus
we concluded thavhen dsRED was fused to th-terminal end of the 4933400A11Fk
protein the sulzellular localization of 4933400A11RIK was distudb& herefore anoth
construct, encoding a 4933400A11RIK with EGFP profieised ti the N-terminal end,
was generated. Entire ORF 04933400A11Rik was amplified with primer
Gene5HINdEGFPF an@GeneS5KpnRed introducingHindlll and Kpnl restrictior sites to
the PCR producand cloned into pGE-T Easy vector. Next, theequenc was analysed
for mutations andinally the insert wasub-cloned into pEGFE-vecto linearized with
Hindlll and Kpnl enzymes. This fusion protein was aexpressedinder the control ¢
CMV IE promoter (human cytomegalovs immediate early promoter) g. 48).

v CMV | EGFP - p(A) T SV40 " Kan | p(A) A

Figure 48. Schematic representation 04933400A11RilEGFP fusion construct. CMV -
CMV IE promoter (human cytomegalovirus immediate ealy promoter), 4933400A11RIK -

complete ORF of tested gene, EGFF- green fluorescent protein domain, p(A)-—

polyadenylation signal, SV4(— SV40 early promoter, Kan —kanamycin resistant cassett

HelLa cells werdransfected witt4933400A11RikpEGFRr with empty pEGFI
using lipofectamine. Cells cultured for 24 h wepeedl andimmunostained wittrabbit
anti-4933400A11RIK1:10000) and ar-rabbit-Cy3 (1:500) antibads and mounted wit
DAPI. Green fluorescence 4933400A11RikpEGFRusion protein was observed
cytoplasm (Fig. 49 A). Clear overlapping of greewd aed signals, representing
4933400A11RIK anbody was observed (Fig. 49 B, C). In cells traosfd with pEGFF
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vector no co-localization of green and red fluoees® was observed (Fig. 49 D-F)
indicating that the antibody staining of 4933400RIKpEGFP fusion protein is specific.

Hela cells

Anti-4933400A11Rik Ab

4933400A11RikpEGFP

Overlay

Anti-4933400A11Rik Ab j Overlay

Figure 49. Immunostaining of HelLa cells (A-F) tranfected with 4933400A11RikpEGFP
construct with anti-4933400A11Rik antibody. HelLa ckBs were transfected with
4933400A11RikpEGFP (A-C) and with empty pEGFP (D-F)ectors. Immunostaining was
performed with rabbit anti-4933400A11RIK and anti-rabbit-Cy3 antibodies. Co-localization
of green and red fluorescence (C) indicates that #mM933400A11RIK antibody react with
4933400A11RikpEGFP fusion protein.

3.2.9. Sub-cellular localization of mouse 4933400ARIK protein

As demonstrated in figure 49 A-C the 4933400A11R&EP fusion protein is
localized in cytoplasm and the signal pattern rddemthe cytoskeleton. As mentioned
before, 4933400A11RIK protein belongs to the actpping protein family. To verify
whether this protein is a member of this family, eo-localization of
4933400A11RIKpEGFP fusion protein with F-actapping protein subunit alpha-1
(CAPZA1l) was analysed. HelLa cells were transfecteth 4933400A11RikpEGFP
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construct and for control with empty pEGFP vectsing lipofectamine. After fixatior
cells were immunostained w rabbit anti-CAPZA1(1:10000) and secondary &rabbit-
Cy3 (1:500) antiboes. Nuclei were counterstained with DA Partial c«-localization of
4933400A11RIKpEGFP a CAPZA1l was detected (Fig. 50 @) in the cytoplasm c
transfected cells. In contrast, no-localization of pEGFP protein witF-actin capping
protein subunit alpha-could be detected (Fig. 5C-F). This result indicates that mou
4933400A11Rik gene encodes a protein from the actin capping iprédenily.

Hela cells

Overlay

4933400A11RikpEGFP Anti-actin capping p. Ab

Overlay

Anti-actin capping p. Ab

Figure 50. Immunostaining of HelLa cells (~F) transfected with 4933400A11RikpEGFF
construct with anti-F-actin capping protein subunit alphe-1 antibody. Hela cells were
transfected with 4933400A11RikpEGFP (A) and with empty pEGFP (D). Irmunostaining
was performed with rabbit anti-F-actin capping protein subunit alphe-1 and anti-rabbit-
Cy3 antibodies (B, E). Partial c-localization of 4933400A11RikpEFP protein with F-actin
capping protein subunit alphe-1 was observed (C) while no ctacalization was detected ir

control transfection (F).
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4. DISCUSSION

4.1. Analysis of the CCDC33rotein

4.1.1. Identification of domains in CCDC33 and PXT1lresponsible for protein-

protein interaction

Coiled coil domain containing 33 (CCDC33) proteiontains three coiled coil
domains, which are known as important elementsratem-protein interactions (Talbot
and Hodges, 1982; Nadk al., 2001; Franlet al., 2002; Singh and Hitchcock-DeGregori,
2003; Mason and Arndt, 2004; Iwaei al., 2008; Mason, 2009). Therefore, one could
expect that at least one of them is involved iernaction with PXT1. However, using the
yeast-two-hybrid technique we could demonstrate ©@DC33 interacts with PXT1
through another domain. The deletion of even alkedocoil domains did not influence
the interaction with PXT1. The analysis of evolaioy conserved amino acids sequence
and the deletion of the part containing leucinezgig-valine-serine-leucine-proline-
leucine (LGVSLPL) was found to disturb CCDC33-PXihferaction, suggesting that this
motif plays an important role in this interacti@dll these amino acids are often present in
domains involved in protein-protein interactionsadfhanabhan and Baldwin, 1994;
Kobe, 1996; Williamson, 1994; Doylet al., 1996; Kajava, 1998; Linet al., 2002;
Neduraet al., 2007; Rotenet al., 2008; Pelisket al., 2010). LGVSLPL motif, together
with some surrounding amino acids, is similar toclaee rich repeat domain (LR). LR
structure is responsible for the interactions betwsuch proteins as flagellar outer dynein
arm light chain (LC1) and the dynein motor domanu(et al., 2000); two U2 small
nuclear ribonucleoproteins A' and B’ (Schery al., 1990); RNase inhibitor with
angiogenin and RNase A (Chen al., 1997) or fibroblast growth factor (FGF) with
fibronectin-leucine-rich transmembrane (FLRT) pmotamily (Karaulanowt al., 2006).
The leucine rich domains are generally 20-29 residang and contain a conserved 11-
residue segment with the consensus sequence dogtéencines, valines, isoleucines or
phenylalanines separated by 1-3 other amino a8idshianaret al. 1997; Kajava, 1998;
Kobe and Kajava, 2001). In the detected region GDC33 protein, 5 leucines and 2

valines are similar as in LR domain. Isoleucinepbenylalanine are not present, but
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additional proline and glycine, which are also eateristic for some other domains of
LR family, such as RL-like or bacterial LR (KobedaBbeisenhofer, 1994 and 1995a/b;
Kajava, 1998; Kobe and Kajava, 2001), have sinatder in CCDC33.

In the PXT1 protein LAPF amino acid motif was fiathietected as important part
for binding with the BAG6 (BCL2-associated athanugé also known as BAT3) protein
(Kaczmareket al., 2011). In the direct yeast two-hybrid systerwds demonstrated that
the mutation of L into G and F into A in a constraontaining amino acids 2-30 of PXT1
completely abolishes the PXT1-BAG6 interaction,gesgjing that the LAPF motif is the
core of the PXT1 domain which interacts with BAG&¢zmarek, 2009; Kaczmarek et
al. 2011). The same LAPF motif was demonstrateletoesponsible for the interaction
with CCDC33, however only a part of PXT1 protein swased in this analysis
(Kaczmarek, 2009). In order to verify this findingse used a construct containing
complete open reading frame Bktl gene. Deletion of the LAPF motif or substitution
into GGGG sequence strongly, but not completelgiuced the interaction of CCDC33
and PXT1, confirming that this motif also takestgarthe CCDC33-PXT1 interaction.
Since PXT1 interacts with BAG6 and CCDC33 using same motif, we can speculate
that both interacting proteins might compete talbaith PXT1. Further understanding of
this mechanism can bring more information about ¢betrol of PXT1 pro-apoptotic
activity.

4.1.2. CCDC33 can inhibit pro-apoptotic activity ofPXT1 in spermatocytes

PXT1 is a first peroxisomal protein containing andtional BH3-like domain
(Kaczmareket al., 2011): this domain is known to trigger apoptdsiemonosova and
Chinnadurai, 2008). The exclusive expressiofPxifi gene in the male germ cells is an
evidence that this gene is involved in apoptosigrob during spermatogenesis (Grzil
al., 2007). Transgenic males overexpressing PXT1 stastrongly enhanced germ cells
apoptosis (Kaczmaredt al., 2011). Overexpression of PXT1 initiates cytonmmipgical
alterations typical for apoptosis: nuclear fragnaéioh, plasma membrane blebbing, cell
rounding and shrinkage (Murd al., 2003; Albertset al., 2008; Nozawaet al., 2009).
Interaction of BAG6 and PXT1 regulates the PXT luiced apoptosis (Kaczmarek, 2009;
Kaczmarelet al., 2011).
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The expression afcdc33 andPxtl starts from 15 dpp in postnatal mouse testis -
the stage when primary spermatocytes are preseniflzt al., 2007; Kaczmarekt al.,
2009). | have demonstrated that the CCDC33 pratam be detected from 16 dpp in
spermatocytes and germ cells at later stages ofmspegenesis. HelLa cells co-
transfected with constructs express{dged33 andPxtl demonstrated co-localization of
CCDC33 and PXT1 in cytoplasm and reduced apoptasiscompared to the cells
transfected witlPxtl construct alone. This finding may suggest thatsptal binding of
both proteins inhibits PXT1-induced apoptosis. Heeve it remains unclear whether
BAG6 and CCDC33 protect cells from PXT1 induced @psis by the same or two
different pathways.

The interaction of CCDC33 and PXT1 as well as ttigession pattern dfcdc33
implicate that this gene might be involved in thenttol of male gametes production.
Spermatogenesis is a precisely controlled bioldgicacess in which germ stem cells
differentiate into spermatozoa. Programmed celltldés a normal and very important
event in this processAbout 75 % of developing germ cells undergo apaptas
mammalian testis. This process is regulated bywuarfactors (Fig. 51). An early wave of
germ cell apoptosis keeps proper balance betwemn ¢glls and supporting Sertoli cells
(Blanco-Rodriguez, 199&rint and Loveland, 200@armell et al., 2002;Shahaet al.,
2010).
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Spermatogonia stem Cels - BMP4; SCF;IL-4; LIF; GAS6; bFGF
é+ TGFB; ATM

Spermatogonia Apoptosis

- BCL-xL; SCF; testosterone

\

+ BAX; APAF1
Spermatocytes Apoptosis
- BCL-xL; SCF; testosterone
1 + BAX; MLH1; A-MYB; BRCA1; CKS2
. Apoptosis
t
Spermatids - BCLxl; PPPCC
l (4+ CREM; CYP19; TSLC1; MIWI
Spermatozoa Apoptosis

Figure 51 Regulation of apoptosis during spermatogenes Samples of proteins, whict
promotes “+” and inhibits “ -” apoptosis are presented (Blancdrodriguez, 1998; Print and
Loveland, 2000; Shahat al., 2010; modified).

Development of spermatocytes is regulated by prsteihich belong tthe Bcl-2
family (BAX, BCL-xL, BIK, BIM) (Sattleret al., 1997; Garrisoret al., 2011). BAX and
BCL-xL belong to one signding pathway, which isessential for male germ c
homeostasis. BCL-xLpromotes cell survival and BAX promotes apoptosiof
spermatocytes (Ruckest al., 2000; Shahat al., 2010). BAXdeficient mice exhib
reduced gerncell death during spermatogen, leadingto an increase in the number
atypical premeiotic germ cel abnormalities in structure afeminiferous tubul¢ and
infertility (Knudsonet al., 199%). Mice deficient in BCL-xL preseribhcreased apoptos
of germ cellsand a complete lack of spermatozSertoli-cell-anly phenotype (Print et
al., 1998; Ros# al., 199¢ Songet al., 2011). Mice lackingther proteins from B-2
family, namelyBIK and BIM, are also infertile withreduced testicular ¢ content. The
testes of bik-/-bim-/- males exhibit increased numbers opermatogonia and
spermatocytes and no spermatozoa, wisuggests that spermatogenesis fails bec

supporting Sertolcells arecrowded (Coulta®t al., 2005). Thedysregulationof genes
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from both pro- and anti-apoptotic groups leadsettility problems clearly demonstrating
how important the balance of apoptotic regulatarssipermatogenesis is (Shadtaal .,
2010; Vergaraet al., 2011). The strongest expressionQufdc33 was found in round
spermatids (Dastigt al., 2011), which suggests that CCDC33 can be an ritapio
regulator of apoptosis in post-meiotic cells; hoemrwvhis protein might also play a
certain role in pre-meiotic spermatocytes. In otddvetter understand the function of this
gene, it is important to prepa@edc33 knockout mice. One can expect a higher apoptosis
rate inCcdc33” mice.

In my work | have generated 4 maledc33 chimeras. In spermatozoa isolated
from epididymides of 2 chimeric males, recombinaltl could be detected, but when
spermatozoa of the same 2 males were washed frem aft plugged females | was
unable to detect the recombinant allele. Moreoakroffspring were genotyped as wild
type. This observation suggests that the viaboitysperm harbouring the recombinant
allele is reduced and the allele do not overcome ghllection mechanisms during
transport. More chimeras should be analysed tosass®ether recombinant sperm are

present in Vas deferens.

4.2. Analysis of knockout mouse line with the disnption of 6 germ cell-specific genes
4.2.1.Males from 6xKO line are infertile

Gene knockout technology is a powerful tool forlgsiag the function of genes.
Using this technique, the function of many genesolved in spermatogenesis was
identified and the genes were acknowledged as &sistar male fertility. Mutations in
theKit gene kit oncogene and the mutations are known\aisite spotting - W) affect the
proliferation and differentiation of spermatogorséém cells, an&V/W' mutant mice are
lacking germ cells (de Rooij and de Boer, 2003)e Teletion ofDmcl (DMC1 dosage
suppressor of mckl homolog, meiosis-specific homologous recombination) or Syce3
(synaptonemal complex central element protein 3) blocks synapses initiation and results
in the arrest of the first meiotic division (Pittnraet al., 1998; Schramnet al., 2011).
Mice with the disruption ofolt (oligotriche) and gk (quaking) genes demonstrated
spermatogenesis arrest at the spermatid stage éBehal., 1971; Moutier, 1976).
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However, it has been found that null mutations sirgle germ cell specific gene
does not always lead to significant spermatogengisisiption; therefore, such genes
were referred to as “non-essential” (McMillanal., 2002; Kaneket al., 2010). In order
to examine the synergistic function of these nasersal proteins in spermatogenesis and
during fertilization, multiple knockout mice werestablished. Double-knockout mice
lacking two sperm serine proteases, ACR and PR§8afiease serine 21), are subfertile.
The mutant epididymal sperm exhibited the inabildyundergo acrosomal exocytosis on
the zona pellucida (ZP) surface and to penetrateitiin the ZP. They were also defective
in penetration through the cumulus matrix to redoh ZP (Kawancet al., 2010). In
Prnp/Prnd (prion protein/prion protein dublet) double mutant mice spermatozoa
developed normally, but fertilization ratio was teased. Most of the mutant sperm were
unable to undergo acrosomal reaction and when sme®tspermatozoon was able to
fertilize oocyte, the embryonic development failatl an early stage as a result of
oxidative DNA damage (Paisley et al., 2004).

Non-essential genegicr, Tnp2, Histlhlt, Theg, Creb3l4, Tex22 and Smcp were
analysed in the Institute of Human Genetldsterozygous/homozygous double knockout
mice Histlhla/Smcp, Histlhlt/Smcp, Tnp2/Smcp and Acr/Smcp are subfertile, while
double homozygous mutants are nearly infertileHist1hla-/-/Smcp-/- the migration of
spermatozoa is disturbed in female genital tradyist1hlt-/-/Smcp-/- spermatozoa show
head abnormalities; imnp2-/-/Smcp-/- the motility of spermatozoa’s is affected; and in
Acr-/-/Smcp-/- the sperm-oocyte interaction is impair@tayerniaet al., 20030. Triple
knockout mice ofAcr/H1.1/Smcp, Acr/Tnp2/Smcp, Tnp2/H1.1/Smcp, Acr/Histlhlt/Smcp
and Tnp2/Hist1h1t/Smcp (Smcp, sperm mitochondria-associated cysteine-rich prpte
exhibit drastic reductions in fertility on mixed rggtic backgrounds due to defects in
sperm motility correlated with reduced migrationtive female reproductive tract. They
also show decreased fertilization due to defecttheradhesion of sperm to the zona
pellucida (Nayernieget al., 2005). Double knockout mice for onBcr, Tnp2, Histlhit,
Theg, Creb3l4 or Tex22 genes were found to be viable and fertile. Theggfthe question
arises: how many of these six non-essential malengeell expressed genes are
dispensable for sperm differentiation and functidm. answer this question, several
knockout lines deficient for 1, 2, 3, 4, 5 and 6tleése genes in a single animal were
generated on the mixed CD-1 x C57BIl/6J x 129/Skdpanind. Males with mutated 1, 2,
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3, 4 and 5 genes are fertile and they exhibit nbrs@erm parameters, clearly
demonstrating the functional redundancy of thesgepts in male mouse fertility (Adham
et al., 2001; Adhanet al., 1997; Adhanet al., 2005; Drabengt al., 2000; Geisler, 2004;
Mannanet al., 2003; Nayerniat al., 2002a; Nayerniat al., 2003b; data not published).
20 % of males from the line with all six genger, Tnp2, Histlhlt, Theg, Creb3l4 and
Tex22 mutated are infertile. These findings demonstrase multiple knockout lines can
be a very good tool to investigate cumulative dffeof non-essential genes in
spermatogenesis, they also suggest that maletfemivolves synergistic interactions of
genes controlling male fertility.

In order to further study the underlying causetfer male infertility in the 6xKO
line, various fertility-relevant parameters were algged. Increased number of
spermatozoa with abnormal head and reduction aofrspeotility was observed in 6xKO
males. After mating with wild type female 6xKO speneeded noticeably longer to
fertilize oocyte as compared to wild type spermwdeer, in the case of fertile 6xKO
males these changes in sperm quality did not sogmfly influence the litter size. It
should be noted that sperm motility and morpholagght not be very important for
fertility under laboratory conditions, but they mhgve a significant function in nature
(Gomendio and Roldan, 2008); therefore, we canmrolude that in competition with
wild type males, reproduction success of 6xKO mistamay be reduced.

The competition of sperm from various individuadsai well known phenomenon
(Clark, 2002; Stockley, 2004; Deast al., 2006). The sperm competition in knockout
mice was also analysed to discover gene function.eixample, polycystin-1 knockout
mice are fertile in unrestricted mating trials, iy exhibit lower reproductive success
when competing with wild-type males in sequentiahtimg trials and in artificial
insemination of mixed-sperm populations (Sutébal. 2008).Sperm from triple mutant
mice Tnp-22-/-/Acr-/-/H1.1-/- exhibit selective divantages in the presence of Acr-
deficient sperm and authors suggested that somenspeoteins are essential for
competition (Nayernia et al., 2003). Moreover, itaswvobserved that abnormal
spermatozoa are eliminated by passing the utengdaulunction, suggesting that female
reproductive tracts play also an important rol¢him selection of male gametes migrating
towards eggs (Kotarska and Lenartowicz, 2011). \BAeelobserved that in the infertile
males from 6xKO line sperm parameters were sigmifiy worse as compared to the
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fertile animals or wild type animals. We believatthhis is an effect of both genetic

background and the inactivation of six germ cefisesfic genes.

4.2.2. 4933400A11RIK protein may be responsible fahe infertility of 6xKO mice

males

In order to examine more thoroughly which geneshmige involved in the
infertility of 6xKO males, we performed transcripte assay and compared the
expression of genes in the testes of 5xKO fertile @xKO infertile animals.

The transcriptomes of mouse type A spermatogomiehyiene spermatocytes and
round spermatids determined by sequencing of thgetive SAGE (Serial Analysis of
Gene Expression) libraries showed that cell-spedtiinscripts constitute 12-19.5 % of
the transcriptome. The components of the proteosymithetic machinery are highly
expressed in spermatogonia, transcription factarspgermatocytes, whereas proteins
involved in chromosome remodelling are prominenspermatids (Wt al., 2004). In
2006, over 2700 of novel transcripts were iderdifrepurified mouse germ cells (Chan
al., 2006). By means of computational analyses it p@ssible to identify the clusters of
co-regulated genes, cell-specific promoter modulel;specific biological processes and
"preferential” biological networks in various gercell types in testis. In these
transcriptome analyses the new role of cytochrororidase in germ cells apoptosis was
discovered (Chast al., 2006). NF-kappaB (nuclear factor kappaBetta)l, @Rins-acting
transcription factorl), AP-1 (activator protein 43d EGR (nerve growth factor) were
identified as transcription regulators in spermatagsis by transcriptome analysis. Novel
promoter elements such as the EBOX (E-box bindatgof) in spermatogonia-specific
genes were detected, whereas GATA (GATA bindindofacn spermatocyte-specific
genes and GKLF (gut-enrichted Krueppel-like bindiiagtor) in spermatides-specific
genes were observed (Lekeal., 2006; Leeet al., 2009). Classifications and clustering
according to developmental transcriptional pattelmsng spermatogenesis (7, 10, 12, 14
and 17 day post partum, representing distinct neegibges) showed that on postnatal
day 14 (representing the early pachytene stageedrtocytes) about 40 % of genes
have the highest expression and the activity ouaB0 % was found to be specifically
suppressed at this stage (Waldman Ben-Ashal, 2010).cDNA microarray from testes
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at 6 to 10 dpp identified thousands of differentgxbressed genes, which expression
patterns have critical period for spermatogendsisdt al., 2011)

From 55 genes differentially expressed in 6xKO ritilfee males as compared to
5xKO, we selected the strongest down-regulated ,gm@ed933400A11Rik, for further
analysis. In wild type mice,4933400A11Rik is expressed in germ cells. The
4933400A11Rik mRNA was detected from 16 dpp, when primary spevoydes are
produced, until mature spermatozoa. However,ribisclear whether mRNAs detected in
spermatozoa are a result of the expression of gemase residual molecules which were
not degraded during spermatogenesis. In humarstaate spermatozoa, a set of common
transcripts was identified in microarray experinsenthe authors implicated that these
MRNAs might play certain roles in fertilization aethbryonic development (Ostermeier
et al., 2002). 70 putative RNAs were identified in hunsgerm, and it was demonstrated
that 15 of them specifically inhibit genes whiche aactive exclusively during early
embryonic development (Boerleeal., 2007). The comparison microarray experiment of
spermatozoal mRNAs with oocyte mRNAs revealed nerlaps, suggesting that
spermatozoa provide novel transcripts distinct frihimse of the oocyte. Moreover, the
series of transcripts from spermatozoa are alsmdian zygotes, which indicate that
spermatozoal MRNAs may be necessary for sustamyggtic or embryonic viability
before or after the activation of the embryonicajee (Ostermeieat al., 2002).

In murine and porcine spermatozoa, mMRNAs of tlku (Clusterin),
Prml(Protaminel) and Prm2 (Protamine2) genes were identified, which may be
delivered to the oocyte during fertilization; theyay also contribute to zygotic and early
embryonic development (Ibrahigbal., 2000; Pooret al., 2000; Poort al., 2002; Chcet
al., 2003; Ostermeieet al., 2004; Kempistyet al., 2008; deMateaet al., 2011). The
nuclei of sperm without these mRNAs were found ® lbss resistant to chemical
disruption than the nuclei of wild type sperm. Muwvrer, failure of development of
embryos after ICSI with sperm without protamine \gesater than when wild type sperm
was used. The deficiency Bfm2 also correlates with infertility in men (Oliva, @8).

Transforming growth factop (TGH3), which is expressed in chicken sperm, is
one of the factors involved in fertility, probalddy maintaining the sperm survivability in
the hen oviduct (Dast al., 2006; Daset al., 2007). However, T@F could be

synthesized by sperm until ejaculation. The quastibether it is still synthesized, even
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during travelling in oviduct has not been answaretilll now. It is known that sperm may
influence some gene expressions and secretorygpnateprofiles in the reproductive
tract that may be related to sperm transport aletsen (Fazeliet al., 2004; Georgitet
al., 2005). All genes which are expressed in sperifa bat not in oocytes are suggested
to be required in the early zygote for the orgamiraof DNA, pronuclear formation,
oocyte activation or the establishment of imprigtin early embryos (Ostermeiet al.,
2004; Boerkeet al., 2007). Transcripts that are specific for malemgeells may also play
certain role in the differentiation of embryoni@st cells (Geijsergt al., 2004; Surani,
2004).

In order to answer the question whetd883400A11Rik gene influence fertility,
4933400A11Rik knockout mice should be generated. In my work lduaeready-made
construct for4933400A11Rik gene knockout to delete only exon 34933400A11Rik
(contains complete open reading frame). It is resmgsto limit the size of deletion,
because1933400A11Rik gene is located in the first intron widlinel gene Midl). The
deletion of the exon 3 0f933400A11Rik gene only should not influence thadlinel
expression, as the codon startMifdl is located in its exon 2 (compare Figure 2). The
knockout ofMidl (deletion of exon 2 only) showed brain anatomubefect, similar to
that observed in patients with Opitz G/BBB Syndroifieis defect correlates with motor
coordination and procedural learning impairmentse Tertility of Mid1l mutant mice is
normal. TheMid1”Y mice are fertile and born at the expected Mende#gio (Fontanella
et al., 2008; Lanciongt al., 2010).Phosporylated MID1 (by Plo-1 kinase) influences the
timing of myosin Il recruitment and in this way rtggtes mitosis and cytokinesis
(McCollum, 2010; Almonacicet al., 2011).MID1 is associated with the microtubules
(MTs) and regulatethe level of MT-associated phosphatase 2A (PP2Aarida-Orgillés
et al., 2008; Aranda-Orgillést al., 2011). Unfortunately, until the end of my wotknias
impossible to obtaid933400A11Rik chimeras.

4.2.3. 4933400A11Rik protein might regulate germ te cytoskeleton

4933400A11RIK protein has similar sequence as pretinat belong to the actin
filament capping protein family. Furthermore, th@33400A11RIK co-localises with F-
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actin capping protein subunit alp-1. Proteins from this family are known to control 1
process of cytoskeleton growth by the regulatioaatin filaments reorganizatic

Actin is a 45 kDi ATP-binding proteinpresent in the cell in two forms:
monomeric Gactin and polymeric -actin. G-adn can polymerize into filaments ol
actin, 7 nm in diameter, which form the cell cytelgton (Albertset al., 2008; Carlsson,
2010).Each actin molecule can bind cATP molecule After binding to actin filamen
ATP is hydrolyzedo ADP + P. Additiond energy is not necessary for this incorpora
of monomers into the filamer, however, ATP connection to monomeric actin mole:
can increase the rate of polymeriza (Pollard and Cooper, 1986)ypical actin filamen
has two ends: the fagtowingbarbed end (+ end) capped with A&Btn and the slow-
growing pointing end (end) capped with AC-actin.Due to the fact theéADP-actin has
lower affinity to the filament the ATP-actin, on the barbed end AHetir monomers are
addedfaster and the filannt is growing, whereas on the pointing end of tif@nrfent
ADP-actinmonomers are lc. This process is known as treadmilling and itresspnted it
Figure 52 (Albertst al., 2008)

Capping
Protein

Barbed ,+” end

l Polymierization
ATP-actin ‘

Pointed ,-” end

' \/ Depolymerization
—
ADP-actin ‘

Figure 52 Growing of actin filaments. ATP-actin subunits preferentially bind to the fast
growing barbed “+“end of an actin filament, although they can also bind to the pointed -”
end. Upon binding to the end of a filament, an aati subunit hydrolyzes its bound ATP into
ADP and phosphate (Pi) Active Arp2/3 (actin related protein2/3 homolog)}complex binds to
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the side of an existing filament and nucleates newilament growth towards the cell
membrane. Actin capping protein regulates the elorggion of actin filaments by blocking
barbed ends (Schafer, 2004; Nicholson-Dykstret al., 2005; Lowery and van Vactor, 2009;
Kim et al., 2010; modified).

The rearrangements of actin cytoskeleton are mgcisegulated by a large
number of proteins known as actin binding protéDNubile et al., 1995; Rohriget al.,
1995; Sunet al., 1999; Beart al., 2002; Nyakern-Meazzet al., 2002; Pollarcet al.,
2000; Pollard and Beltzner, 2002; Prietgal., 2003; Taokat al., 2003; Zigmonckt al.,
2003; Disanzeet al., 2004; Harriset al., 2004; Yanget al., 2005; Cantoret al., 2005;
Bhattacharyat al., 2006; Cantomt al., 2006; Dakt al., 2006; Romeret al., 2007; Benz
et al., 2009; Pottiezt al., 2009; Cheng and Mruk, 2011; Gallgnal., 2011; Thomsoset
al., 2011; Tenget al., 2012) and by other proteins, such as cofilinfll)}Cdestrin (ADF),
gelsolin (GSN), ARP 2/3 (Suat al., 1999; Pollardet al., 2000; Pollard and Beltzner,
2002; Pottiezet al., 2009; Galkinet al., 2011; Tenget al., 2012). There are three
mechanisms of action: by binding to the filamend @notecting it from capping protein,
by binding to capping protein (CP) and inhibiting capping activity, or by uncapping.
When proteins from barbed-end actin capping fararly located at the barbed end of
actin filaments, their growing of these filamemngsstopped and they remain short (Fig.
52) (DiNubileet al., 1995; Yanget al., 2005; Bhattacharyet al., 2006). Capping proteins
are inhibited for example by CARMIL (Yargj al., 2005), myotrophin/V-1 (Taoket al.,
2003; Bhattacharyat al., 2006), PLEKHO1 (Cantost al., 2005; Cantoret al., 2006)
and phosphoinositides molecules (Kanal., 2007; Shewamt al., 2011; Uenoet al.,
2011), whereas Formins interact with fast growisgnafilaments and protect the new
filament’s barbed ends from capping (Pretcal., 2003; Zigmondet al., 2003; Harriset
al., 2004; Romercet al., 2007). Due to the fact that the network of pregewhich
regulates the growth of actins cytoskeleton is daraped, one may suggest that this
cellular structure is very dynamic during cell lit®33400A11RIK may be a new protein,

which regulate the reorganisation of germ cellganftoskeleton.
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4.2.4. Disregulation of germ cells actin cytoskeleh reorganisation may be the

underlying cause of male infertility in 6xKO mice

Actin cytoskeleton is important in the developmentgerm cell and in mature
spermatozoa (Brenet al., 2003; Voglet al., 2008; Koperat al., 2010; Rotkopkt al.,
2011). In spermatids, actin exists mainly in itarhentous form (Vogl, 1989). In the final
stages of spermiogenesis and in spermatozoa tludydegrization process dominates and
mainly G-actin monomolecules are present (Hoetes., 2001). During the capacitation
of sperm, second increase in actin polymerizati@s wbserved till acrosome reaction;
when F-actin have to be again depolymerised towallbe activation of the outer
acrosomal membrane. The disregulation of polymeaaalepolymerization of actin
filaments influences reduction fertility. The inkibn of actin polymerization by
cytochalasin B or D or by actin antibodies blockersn capacitation and reduces the in
vitro fertilization rate by the disorder of acrosemeaction and through preventing the
sperm from incorporation into ooctes cytoplasmwasd as by the inhibition of DNA
decondensation during fertilization (Tilney al., 1983; Castellani-Ceresa al., 1993;
Forer and Pickett-Heaps, 1998; laual., 2002; Kumakiriet al., 2003). Latrunculin A or
B inhibits post-testicular sperm maturation andckéosperm motility in the epididymal
spermatozoa of tammar wallabies, which suggestsolbeof actin in the development of
the sperm tail (Forer and Pickett-Heaps, 1998; ldmal., 2002; Linet al., 2002).
CAPZA3 plays certain role in maintaining polymedzactin during spermiogenesis
(Geyeret al., 2009).The dispersion of actin is necessary for the acngsceaction. The
inhibition of actin depolymerization in spermatozbg calcium ionophore influences
fertility reduction (Spungiret al., 1995). Gelsolin, which is presented in the spgoroa
head from some mammalian species, is responsiblthéodepolymerization of F-actin
prior to acrosome reaction (Cabello-Agueebal., 2003). Mice lacking the testis-specific
serine kinase 6 (TSSK6) similar to mice with dibed IZUMOL1 (izumo sperm-egg
fusion 1) are incapable to fuse with the egg (Ineual., 2005; Sosniket al., 2009).
Moreover, the cooperation of actin polymerizatioml &hanging localisation of IZUMO1
seems to be necessary during acrosome processn(iien al., 2009; Sosniket al.,
2010). All studies mentioned above evidence thatinacytoskeleton and its

reorganization are very important during spermateges and fertilization. We suggest
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that the absence of th#933400A11Rik gene, which belongs to actin capping protein
family, can disregulate sperm cytoskeleton and lmanmesponsible for the infertility of
6xKO male mice.

4.3. Future perspective

In the present study the first insights into theygablogical role of CCDC33
protein as an anti-apoptotic regulator of spermategis is presented. In order to confirm
this thesis, it is necessary to prod@oelc33 knockout mice. If this mutant male mice will
be fertile, it is possible to generate double kmatkmiceCcdc33-/-Pxt1-/-. In the present
thesis it was discovered that CCDC33protect celtsnf PXT1 induced apoptosis.
Consequently, the analysis of pathways which pkyai role in this process is the next
step in analysing this issue.

An alternative way to analyse the role of CCDC3@n might be the analysis of
the function of its coiled coil domains. In this tkd have demonstrated that coiled coll
domains of CCDC33 are not involved in the inteattivith PXT1. However, coiled coils
build specific three-dimensional structures whiale aery well known from protein-
protein interactions. They have been found in pnstevhich regulate the activity of
transcription factors and which are involved inl ggbwth and proliferation, as well as in
the development of cartilage and bone (Talbot anddgds, 1982; Frankt al., 2002;
Singh and Hitchcock-DeGregori, 2003; Mason and Arg2604; Masoret al., 2006; Iwai
et al., 2008; Mason, 2009; Worradt al., 2011). The analysis of coiled coil domains in
CCDC33 protein can help to identify new interactjpertners of this protein and then
new functions of CCDC33 protein during spermatogene

In orderto study the role of thd933400A11Rik gene, we started to generate
conditional knockout mice. Until now, no knockout actin capping protein has been
analysed. Unfortunately, till the end of my work 4@83400A11Rik chimeras have been
obtained; therefore, in the future the generatibA983400A11Rik knockout mice should
be continued.

The rescue experiment may also confirm the rolihisfgene in male fertility. It is
known that sperm cells incubated with particularARMolecules can transfer this RNA
to the oocyte during IVF procedure (Zini and Aganw®11). The question whether the
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4933400A11Rik mRNA is necessary for the early embryo, an attecap be made in
which sperm from infertile 6xKO mice (withodB33400A11Rik mRNA) are incubated
with 4933400A11Rik transcripts and then used in IVF assay. The detation of the

early embryonic development (2 pronuclei and 2-stfe) would give more information

on the role of this gene after sperm penetratitmtime oocyte.
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5. SUMMARY

Since most cases of male infertility remain idiopathic, analysis of the mechanism
in which genes are involved in spermatogenesis control might help to better understand
the reasons. This thesis consists of 2 parts concerning 2 different aspects of human
fertility research. The first project concerns the analysis of coiled coil domain containing
33 (CCDC33) protein and its role as an interaction partner of peroxisomal testis specific 1
(PXT1). In the second project we have analyzed the phenotype and determined the cause
of males infertility from a multiple knockout mouse line with six knockouted genes:
Tnp2, Histlh1t, Theg, Acr, Creb314 and Tex22.

In the first part of the thesis, domains in CCDC33 and PXT1, which take part in
mutual interaction were identified. Interaction between these proteins was detected by
Kaczmarek (Kaczmarek, 2009). We showed that not coiled coil domains are important in
CCDCa33 interaction with PXT1, but an amino acid sequence which is similar to sequence
presented in leucine rich domain. By mutagenesis of sequence in PXT1 we detected
amino acids important for interaction of PXT1 and CCDC33. PXT1 is a first peroxisomal
protein containing a functional BH3-like domain, which is known to trigger apoptosis.
Based on co-transfections of HelLa cell experiments, we demonstrated co-localization of
CCDC33 and PXT1 in cytoplasm. Moreover, cells with co-localization of both proteins
presented reduction of apoptosis level as compared to the cells transfected with PXT1
construct only. This finding may suggest that physical binding of both proteins inhibits
PXT1-induced apoptosis. By Western blot and immunohistochemistry, we showed that
CCDC33 protein is localized in testes and during spermatogenesis since the stage of
spermatocytes. The interaction of CCDC33 and PXT1 as well as the expression pattern of
both genes implicate that Ccdc33 might be involved in the control of spermatogenesis.
We suggest that CCDC33 might be new peroxisomal protein, which regulate apoptosis
during spermatogenesis. However, further studies, including analysis of CCDC33
knockout mouse models, will be necessary to determine whether Ccdc33 is essential for
male fertility.

In the second part of the thesis, analysis of knockout mouse line with the
disruption of 6 germ cell-specific genes are described. In about 20 % of mice infertility
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was observed. In both, fertile and infertile 6xKO males, increased number of spermatozoa
with abnormal head and reduction of sperm motility were found. After mating with wild
type female 6xKO, sperm needed noticeably longer to fertilize oocyte as compared to
wild type sperm. Differences in phenotype of 6xKO mutant mice are an effect of both
genetic background and the inactivation of six germ cells-specific genes. In order to
examine more thoroughly which genes might be involved in the infertility of 6xKO
males, we performed transcriptome assay and compared the expression of genes in the
testes of 5xKO fertile and 6xKO infertile animals. We identified and characterised a new
gene 4933400A11Rik, which may be responsible for the infertility of 6xKO mice males.
In wild type mice, 4933400A11Rik is expressed in germ cells. The 4933400A11Rik
MRNA was detected from 16 dpp, when primary spermatocytes are produced, until
mature spermatozoa. However, it is not clear whether mRNAS detected in spermatozoa
are a result of the expression of genes or are residual molecules which were not degraded
during spermatogenesis. 4933400A11RIK has sequence similar to the actin filament
capping protein family. We demonstrated that the 4933400A11RIK co-localises with F-
actin capping protein subunit alpha-1. Proteins from this family are known to control the
process of cytoskeleton growth by the regulation of actin filaments reorganization.
Disregulation of germ cells actin cytoskeleton reorganization may be the underlying cause
of male infertility in 6xKO mice, because 4933400A11Rik gene is expressed in testis of
fertile 6xKO, but not presented in infertile 6xKO males. In order to answer the question
whether 4933400A11Rik gene influences fertility, 4933400A11Rik knockout mice should
be generated. The rescue experiment may also confirm the role of this gene in male
fertility.

In conclusion, the data presented in this thesis provide interesting insights into the
potential function of CCDC33 in regulation of spermatogenesis. We present also
cumulative effects of 6 germ cell-specific genes and of new gene, 4933400A11Rik, which

might be important in fertility research.
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