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II SUMMARY 

Pelota (Pelo) is an evolutionally conserved gene, which has been characterized in various 

species. In Drosophila, Pelo deficiency affects both male and female fertility. The molecular 

function of PELO has been extensively characterized in yeast, where PELO ortholog Dom34 

and its interacting partner Hbs1 participate in RNA quality control mechanism named No-Go 

decay (NGD). In mice, genetic ablation of Pelo leads to embryonic lethality at the early 

implantation stage as a result of the impaired development of extra-embryonic endoderm 

(ExEn). The in vitro culture of Pelo-null blastocysts revealed that PELO may have a role in 

the regulation of the cell cycle or the self- renewal of a pluripotent inner cell mass (ICM) or 

embryonic stem cells (ESCs).  

The overall aim of this study was to investigate the role of Pelo on male germ cell 

development. To define the consequences of Pelo deletion on male germ cells, we temporally 

deleted the gene at both embryonic and postnatal stages. Deletion of Pelo in adult mice 

resulted in a complete loss of whole germ cell lineages after 45 days of deletion. The absence 

of newly emerging spermatogenic cycles in mutants confirmed that spermatogonial stem cells 

(SSCs) were unable to maintain spermatogenesis in the absence of PELO. However, germ 

cells beyond the undifferentiated SSC stage were capable of completing spermatogenesis and 

producing spermatozoa, even in the absence of PELO. The spermatozoa lacking Pelo were 

also capable of fertilizing oocytes.  

Following the deletion of Pelo during embryonic development, we found that PELO is 

dispensable for maintaining gonocytes. However, embryonic depletion of Pelo disrupts the 

transition of gonocytes to SSCs. Immunohistological and protein analyses revealed the 

attenuation of FOXO1 transcriptional activity, which induces the expression of many SSC 

self-renewal genes. These results indicate that the role of Pelo in SSC maintenance is 

mediated through the activation of the FOXO1. The decreased transcriptional activity of 

FOXO1 in mutant testes was due to enhanced activity of the PI3K/Akt signaling pathway, 

which led to phosphorylation and cytoplasmic sequestration of FOXO1. The inactivation of 

FOXO1 in the Pelo mutants resulted in the failure of establishment of SSCs in the postnatal 

life. These results suggest that PELO negatively regulates the PI3K/Akt pathway and that the 

enhanced activity of PI3K/Akt and subsequent FOXO1 inhibition are responsible for the 

impaired development of SSCs in mutant testes. Taken together, our study has revealed the 

indispensable role of Pelo in male fertility and also identified the molecular pathway that is  
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responsible for the male infertility from Pelo deletion.  Further to identify the putative role of 

Pelo in mammals we identified the interacting proteins of PELO by yeast two-hybrid (Y2H) 

screening of ESC cDNA library. We have identified ribosomal protein, RACK1 and 

elongation factor 2 as interactional partners of PELO through direct Y2H.  

In the second part of the study, we found that Pelo is dispensable for the self- renewal of ESCs 

but is essential for the differentiation into extra embryonic endoderm (ExEn). At molecular 

level, our observations showed alterations in expression of components o f the bone 

morphogenetic protein (BMP) signaling pathway. To further verify the attenuated activity of 

BMP signaling in Pelo-null cells, we have established a BMP responsive reporter cell line 

(PeloF/- BRE-FFLuc). The relative FFLuc activity in control cells was significantly higher 

than that of mutant cells after the treatment with BMP. Collectively, the results of this study 

further confirmed that the mutant Pelo∆/- EBs produced extracellular modulators of BMP 

signaling activity. 
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III ZUSAMMENFASSUNG 

Pelota (Pelo) ist ein evolutionär konserviertes Gen, das bereits in verschiedenen Spezies 

identifiziert und charakterisiert worden ist. In Drosophila hat die Defizienz Ausfall von Pelo 

einen Effekt auf die Fertilität beider Geschlechter. Die molekulare Funktion von PELO wurde 

umfangreich in Hefen untersucht. Hier wurden das PELO-Ortholog Dom34 und sein 

Interaktionspartner Hbs1 als mitwirkende proteine des RNA-Kontrollmechanismus „No-Go 

decay“ (NGD) identifiziert. In Mäusen führt die Deletion von Pelo in der frühen 

Implantationsphase zu einer gestörten Entwicklung des extraembryonalen Endoderms (ExEn) 

und folglich zu embryonaler Letalität. Ergebnisse aus Versuchen mit in vitro Kulturen von 

Pelo-defizienten Blastozysten führen zudem zu der Annahme, dass PELO eine Rolle in der 

Regulation des Zellzyklus oder bei der Selbsterneuerung der pluripotenten inneren Zellmasse 

bzw. embryonalen Stammzellen spielen könnte.  

Das Ziel dieser Studie ist es, die Rolle von Pelo in der männlichen Keimzellentwicklung zu 

untersuchen. Um zu überprüfen, welche Konsequenzen die Deletion von Pelo auf die 

männlichen Keimzellen hat, wurde das Gen konditional auf embryonaler und postnataler 

Ebene deletiert. In adulten Mäusen führte die Deletion von Pelo nach 45 Tagen zu einem 

vollständigen Verlust der gesamten Keimzellen. Das Ausbleiben von neu entstehenden, 

spermatogonialen Zyklen in Mutanten führte zu der Annahme, dass spermatogoniale 

Stammzellen (SSCs) in Abwesenheit von PELO nicht in der Lage waren, die Spermatogenese 

aufrecht zu erhalten. Im Gegensatz dazu konnten Keimzellen außerhalb der undifferenzierten 

SSC-Ebene auch ohne PELO die Spermatogenese komplett durchlaufen und Spermatozoen 

produzieren. Darüber hinaus sind Pelo-defiziente Spermatozoen auch in der Lage, Oozyten zu 

befruchten. 

Weitere Versuche haben zu dem Ergebnis geführt, dass die Deletion von PELO während der 

embryonalen Entwicklung keinen Effekt auf die Erhaltung von Gonozyten hat, jedoch den 

Übergang von Gonozyten zu spermatogonialen Stammzellen stört. Immunhistologische und 

proteinbiochemische Analysen zeigten eine abgeschwächt transkriptionelle Aktivität des 

FOXO1, das die Expression von Genen zur Selbsterneuerung der SSCs induziert. Diese 

Ergebnisse weisen darauf hin, dass die Rolle von Pelo in der Aufrechterhaltung der SSCs 

durch die Aktivierung von FOXO1 vermittelt wird.  
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Die verminderte transkriptionelle Aktivität des FOXO1 in Hoden von Pelo-defizienten 

Mäusen lässt sich auf die gesteigerte Aktivität des PI3K/AKT-Signalweges zurückführen, der 

zur Phosphorylierung und lokalisierung des FOXO1 ins Cytoplasma führt. Die Inaktivierung 

von FOXO1 führt zu einem Defekt in der Etablierung von spermatogonialen Stammzellen auf 

postnataler Ebene in Pelo-defizienten Mäusen. Diese Ergebnisse lassen vermuten, dass PELO 

den PI3K-AKT-Signalweg negativ reguliert und die gesteigerte Aktivität von PI3K/AKT 

sowie die daraus resultierende Hemmung des FOXO1 verantwortlich für die gestörte 

Entwicklung der SSCs in Pelo-defizienten Hoden sind. Zusammenfassend hat die Studie 

gezeigt, dass PELO für die männliche Fertilität unentbehrlich ist. Darüber hinaus wurde der 

Signalweg identifiziert, der für die männliche Unfruchtbarkeit in Pelo-defizienten Mäusen 

verantwortlich ist. Um die mutmaßliche Rolle von Pelo in Säugetieren zu identifizieren, 

wurden die Interaktionspartner von PELO mittels eines „Yeast-2-Hybrid Screenings“ einer 

embryonalen Stammzell cDNA-Bibliothek ermittelt. Als Interaktionspartner von PELO 

wurden das ribosomale Protein, RACK1 und der Elongationsfaktor 2 identifiziert.  

Im zweiten Teil der Arbeit konnte gezeigt werden, dass Pelo entbehrlich für die 

Selbsterneuerung der embryonalen Stammzellen ist, jedoch eine essentielle Rolle bei der 

Differenzierung des extraembryonalen Endoderms (ExEn) spielt. Auf molekularer Ebene 

wurden Veränderungen in der Expression der Komponenten des Bone morphogenetic protein 

(BMP)-Signalweges beobachtet. Um die abgeschwächte Aktivität des BMP-Signalweges in 

Pelo-defizienten Zellen zu überprüfen, wurde eine Reporter-Zelllinie etabliert, die auf BMP 

reagiert (PeloF/- BRE-FFLuc). Die relative FFLuc-Aktivität war nach Behandlung mit BMP in 

Kontrollzellen signifikant höher als in Pelo-defizienten Zellen. Alles in allem bestätigen die 

Ergebnisse dieser Studie, dass die mutierten Pelo∆/- Embryoidkörper extrazelluläre 

Modulatoren des BMP-Signalweges produzieren. 
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1 INTRODUCTION 

1.1 PELO protein: structure, localization and expression 

Pelota (PELO) is an evolutionarily conserved protein, which was identified during a screening 

for mutations in genes causing male infertility in Drosophila melanogaster (Castrillon et al., 

1993). The Pelo homologous gene was cloned and sequenced in several species including 

archaebacteria, Arabidopsis thaliana, Saccharomyces cerevisiae, Drosophila melanogaster, 

Caenorhabditis elegans, mouse and human (Bult et al., 1996; Davis and Engebrecht, 1998; 

Lalo et al., 1994; Ragan et al., 1996; Shamsadin et al., 2002; Shamsadin et al., 2000).  

Alignment of PELO protein sequences of Archaebacteria, yeast, Drosophila, A. thaliana, C. 

elegans and human, showed that the proteins are 23, 36, 70, 51, 57 and 95% identical to 

murine PELO, respectively. PELO contains a conserved nuclear localization signal and has 

the eEF1α- like domain at the carboxyl end. The presence of eEF1α- like domain in the 

primary structure of PELO suggests that PELO is involved in the translation machinery. 

Expression analyses demonstrated that PELO is widely expressed in human and murine 

tissues as well as during embryonic development (Shamsadin et al., 2002; Shamsadin et al., 

2000). Further studies by Burnika-Turek et al. (2010) showed that PELO is sub-cellularly 

localized at the actin cytoskeleton and is interacting with several cytoskeleton-associated 

proteins such as HAX1 and SRPX and translation regulating proteins such as EIF3G. Using 

bimolecular fluorescence complementation (BiFC) assay, it has been demonstrated that the 

interaction between Pelo either with HAX1, EIF3G or SRPX occurs in cytoskeletal filaments.  

1.2 The biological role of Pelo and its homolog in yeast, Dom34 

The biological role of PELO has been investigated in various species, revealing the possible 

role of PELO in cell division, male and female infertility, early embryogenesis, RNA decay 

machinery, ribosomal recycling and protein translation.  

1.2.1 Dom34/Pelo is indispensable for the cell division in yeast  

Dom34 is a Pelo homolog in S. cerevisiae, which was isolated in a screen for mutant strains 

with meiotic failure. Dom34 mutants fail to undergo sporulation properly, exhibit a G1 delay 

as well as fail to correctly execute pseudohyphal development (Davis and Engebrecht, 1998). 

Analysis of mitotic and meiotic divisions in the Dom34 mutants revealed that the mitotic 



  Introduction 

        7 

 

division in Dom34 mutants exhibits a G
1 

delay, while the meiotic division occurs too rapid 

and produces fewer spores compared to wild type. The yeast mutants also fail to segregate 

chromosomes properly (Davis and Engebrecht, 1998). Introduction of Pelo gene of 

Drosophila into yeast strain with Dom34 mutant provides substantial rescue of the Dom34 

growth defects indicating a conserved function of PELO (Eberhart and Wasserman, 1995).  

1.2.2 Pelo deletion impairs meiotic cell division causing male infertility in 

Drosophila 

In Drosophila, mutations in Pelo gene disrupt spermatogenesis. Cytological analysis of 

spermatogenesis in homozygous mutant males revealed normal mitotic division, but the cell 

cycle of meiotic division is arrested at G2/M transition phase of first meiotic division 

(Eberhart and Wassermann, 1995). Nevertheless, the other aspects of spermatogenesis 

continue, resulting in 4N like spermatozoa. In arrested spermatocytes, it was found that the 

chromosomes partially condense but never move away from the nuclear periphery. There is 

also a failure in nuclear envelope breakdown. Apart from these two defects, the spindle 

formation that is essential for centrosome separation and moving towards the pole was absent. 

Thus, Pelota is required in meiosis for spindle formation and nuclear envelope breakdown but 

not for chromosome condensation. The continued differentiation of the 4N spermatocytes to 

sperm-like structure suggests that Pelota is required only for the meiotic cell division, but is 

dispensable for the other aspects of spermatogenesis.  

1.2.3 Pelo deletion impairs the self-renewal of germ line stem cells (GSCs) in 

female Drosophila 

Homozygous mutant females of Drosophila are sub-fertile and exhibit small ovary. The study 

of Xi et al. (2005) has shown that Pelo regulates self- renewal of GSC in ovary of Drosophila. 

In D. melanogaster, there are 16 ovarioles per ovary. The most anterior portion of the ovariole 

contains the germarium, the location of GSCs, terminal filaments and cap cells (Fig. 1.1). The 

somatic cells (cap cells) in the anterior tip of germarium regulate the self-renewal of GSC by 

secreting different growth factors. The cap cells secrete the BMP signals that could only act 

on the two GSCs located adjacent to them and maintain their self- renewal. But as the GSC 

gives rise to daughter cells, they migrate further away from the influence of BMP and thereby 

result in their differentiation. Song et al. (2004) established transgenic flies over-expressing 
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dpp which in turn over-expresses dpp/BMP activity in ovary.  In transgenic flies over-

expressing BMP signal in cap cells, BMP reaches to all resident GSCs in the germarium. 

Therefore, these cells sustain the self-renewal potential and form GSC-like tumours in the 

germarium. In a search for mutations that rescue the tumor development in the BMP 

transgenic flies, it was found that the mutation in Pelo gene overcomes the development of 

germ-line tumor in the transgenic flies that over-express BMP signal in cap cells (Xie and 

Spradling, 1998; Song et al., 2004). These findings indicate that Pelo is involved in 

modulating BMP signaling in GSCs of Drosophila.  

 

Fig. 1.1 Sagittal section of a Drosophila germarium.  Each ovary contains more than a dozen 

germaria. At the anterior part of germarium there are two germ line stem cells (GSC in red) adjacent to 

cap cells (green). Each GSC divides to form a cystoblast and another stem cell; the cystoblast 

undergoes four synchronized divisions with incomplete cytokinesis to form a cyst of 16 interconnected 

cells. Cysts move down the germarium at the posterior end of the germarium forming the follicle with 

the oocyte (Adopted from Spradling et al., 2004).    

1.2.4 Pelo is essential for early embryonic development in mouse 

Adham et al. (2003) studied the consequences of Pelo deletion in conventional Pelo knockout 

mice. Upon deletion of Pelo, heterozygous males and females display no overt phenotype and 

are fertile, but homozygous animals die at early embryonic development.  
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Further analysis revealed that the embryonic development progresses normally in mutant 

embryos till gastrulation stage, but then embryos die between E6.5 and E7.5. At E7.5, Pelo 

mutant embryos were abnormally small or entirely resorbed. The differentiation of the three 

germ layers was initiated in Pelo-/- embryos, which suggests that the developmental failure 

might be due to proliferation defect. In vitro culture of blastocysts, showed that the inner cell 

mass (ICM) proliferates normally, hatches from blastocyst and attaches to the culture dish. 

However, the ICM fails to expand further in culture. The impaired growth of mitotically 

active ICM and the survival of the trophoblast that is mitotically inactive, suggests that PELO 

is essential for the normal mitotic division. This was also supported by the higher percentage 

of aneuploid and polyploid cells in developmentally impaired Pelo null embryos than in the 

normal littermates. On other hand, it was hypothesized that Pelo-deficient ICM loses its 

pluripotency and differentiates (Adham et al., 2003). 

1.2.5 Dom34 and its interacting proteins are involved in RNA quality 

control mechanism and protein translation 

The molecular role of PELO has been studied extensively in yeast. These experiments reveal 

that PELO participates in RNA quality control mechanisms and ribosomal recycling. Cells 

have multiple quality control mechanisms that recognize and eliminate defective mRNA 

during the process of translation. These mechanisms include: 1) No-Go Decay (NGD), that 

degradates mRNAs containing stalled ribosomes; 2) Non-Stop Decay (NSD), which clears 

mRNAs lacking a termination codon (Doma and Parker, 2006; Gandhi et al., 2008) and 3) 

Nonsense-Mediated Decay (NMD), where an mRNA contains an aberrant stop codon inside 

the open reading frame (Kobayashi et al., 2010). Recent reports showed that Dom34/Pelo are 

involved in the recycling of ribosomes which are stalled during translation (Doma and Parker, 

2006; Passos et al., 2009). Apart from yeast, conserved functions of PELO in quality control 

mechanisms have been observed in diverse species, such as archaebacteria and Drosophila 

(Kobayashi et al., 2010; Lee et al., 2007; Passos et al., 2009). Recently it has been also shown 

that mammalian Pelo-Hbs1 complex is involved in the decay of non-stop mRNA in HeLa 

cells (Saito et al., 2013). A role for Dom34 in translation is also suggested by a presence of 

eRF1-like domain similar to that of ERF1, which is involved in the control of the termination 

step of translation (Frolova et al., 1994). Further evidence that Dom34 is participating in 

translation is provided by the analysis of polyribosome profiles. Dom34-deficient cells exhibit 

significant decrease in the levels of polyribosomes and a concomitant increase in the amount 
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of free 40S and 60S ribosomal subunits and 80S monosomes relative to those in wild type 

cells (Davis and Engebrecht, 1998). Wu et al. (2014) have shown that PELO is a host factor 

in Drosophila that is required for high efficiency translation of viral caspids and targeting 

Pelo could be a strategy for general inhibition of viral infection.  

1.3 Spermatogenesis in mouse  

Spermatogenesis is a well-organized and complex process, which can generate 100 million 

spermatozoa each day (de Rooij, 1998). Primordial germ cells (PGCs) are the first germ cells, 

which originate in the proximal epiblast. BMP signaling induces the migrat ion of PGCs at 

embryonic day (E)7.5 towards the fetal gonad. The PGCs develop in the gonad to gonocytes 

between E8.5-12.5 in mouse (Philliphs et al., 2010). Gonocytes are mitotically active till 

E16.5 and enter G0 mitotic arrest (Fig. 1.2). During the first week of postnatal development, 

gonocytes resume proliferation and migrate towards the basement membrane of the 

seminiferous tubule. The transformation of gonocytes to spermatogonia at the basement 

membrane occurs between postnatal days P3 - P6 (Bellve et al., 1977). The dynamics of 

gonocyte proliferation, death and differentiation is fundamental for establishment of 

spermatogonia and consequently for spermatogenesis (Zogbi et al., 2012).  

 

Fig. 1.2. Schematic illustration of the germ cell development. PGCs start migrating via the hindgut 

towards the fetal gonad at E7.5 and become gonocytes. The gonocytes are mitotically active until 

E16.5 and enter a quiescence phase. During the first week of postnatal development, gonocytes 

migrate towards the periphery of the tubules and mature to SSCs (Adopted from Culty, 2009).  

Spermatogenesis arises from the SSCs throughout the life except for the first wave of 

spermatogenesis, which is given rise by gonocytes, the precursor of SSCs (Yoshida et al., 

2006). The SSCs are located at the basement membrane of the seminiferous tubules. They 

exist as A single (As) cells, which divide to produce A paired (Apr) spermatogonia. Apr 
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spermatogonia either produce two new As spermatogonia or remain attached by an 

intercellular cytoplasmic bridge and produce a chain of four A aligned (Aal) spermatogonia at 

next division (Fig. 1.3). Although no specific marker is established for every stage of 

spermatogonia, GFRα1, α-6 integrin, PLZF, Oct3/4, Sall4, Thy1, β-integrin are used as 

marker for undifferentiated spermatogonia including As, Apr and Aal spermatogonia (Buaas et 

al., 2004; Tokuda et al., 2007; Schlesser et al., 2008). Neurogenin 3 (Ngn3) is highly 

expressed in undifferentiated spermatogonia, which undergo differentiation (Aal) (Yoshida et 

al., 2004). The differentiated spermatogonia proliferate to generate A1, A2, A3, A4, 

intermediate (In) and B differentiating spermatogonia. The B spermatogonia further 

differentiate into meiotic spermatocytes, haploid spermatids and spermatozoa. In the 

seminiferous tubules, all types of spermatogonia are localized at the peripheral basement 

membrane and the subsequent differentiating cell types are arranged in a sequential order 

towards the lumen (Suzuki et al., 2009). 

While the regulation of PGCs migration and transition to gonocytes is under the control of 

BMP signaling, the maturation and maintenance of SSCs are under the regulation of 

phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathway (Goertz et al., 2011). The glial 

cell-derived growth factor (GDNF) secreted by Sertoli cells, activates the Ret/GFRα1 tyrosine 

kinase receptor complex, which in turn activates the PI3K/Akt signaling pathway. The 

GDNF-mediated PI3K/Akt pathway is known to regulate the function of transcriptional 

activity of FOXO1 and plays an essential role in SSC self- renewal as its deficiency leads to 

progressive germ cell loss phenotype (Braydich-Stolle et al., 2007; Goertz et al., 2011). 

Phosphorylation of FOXO proteins by Akt leads to its cytoplasmic translocation and 

inactivation (Brunet et al., 1999; Kops et al., 1999). Therefore, the balanced activation of 

FOXO proteins via PI3K/Akt critically regulates SSC self-renewal and differentiation. 

Analyses of conditional Foxo1 knockout mice revealed that FOXO1 is not only critical for 

SSC self-renewal, but also during many of the spermatogenic stages.  
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Fig. 1.3 Spermatogenesis in mouse. Spermatogenesis arises from spermatogonial stem cells (SSC). 

The As spermatogonia have the self-renewal property and also give rise to Apr spermatogonia which 

undergo mitotic division and give rise to spermatogonia.  Aal spermatogonia range from 4-32. Upon 

further differentiation the Aal spermatogonia yield type A1-4 which after many mitotic division form 

spermatocytes. Spermatocytes complete the meiotic division to yield mature spermatozoa (Adopted 

from Kanatsu-Shinohara and Shinohara, 2013).  

1.4 Aim of this study 

The aim and experimental approaches devised for this study can be summarized as follows: 

1. The primary aim of this study was to investigate the consequence of Pelo deletion on 

male fertility in mouse and to identify the germ cell stage in adult life that is affected 

by Pelo deletion. For that we deleted Pelo in adult mouse and analyzed germ cell 

development at various time points of Pelo deletion. 

2. In order to know if the Pelo deletion affects the embryonic germ cells (gonocytes), 

Pelo was deleted at E12.5 and investigated the effect of Pelo deletion on gonocytes 

and Sertoli cells at E18.5 by immunohistochemical analysis.  
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3. To investigate whether the maturation of Pelo-deficient SSCs occurred normally in 

postnatal stage, the development of germ cells was determined at first and second 

postnatal week by immunohistochemistry and protein analyses.  

4. To determine the role of PELO in regulation of PI3K/Akt signaling, protein and 

immunohistological analyses were performed.  

5. To further elucidate the possible function of PELO, we identified putative interacting 

partners of PELO by Yeast two-hybrid screening of ESC library using Pelo cDNA as 

bait. 

6. To determine the consequence of Pelo depletion on the activity of BMP signaling, we 

have established and analyzed a BMP responsive reporter cell line (PeloF/-BRE-

FFLuc).
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2 MATERIALS AND METHODS 

2.1 Materials 

2.1.1 Animals 

PeloF/F Cre ERT mice used in this study were generated in the Institute of Human Genetics, 

University of Göttingen (Nyamsuren et al., 2014). All experiments involving mice were 

performed according to protocols authorized by the Institutional Animal Care and Use 

Committee of the University of Göttingen. 

2.1.2 Primers used in this study 

Pelo F 5’-CGGACAATAAAGTGCTCCTGG-3’ 

Pelo R 5’-GCTGCCTTTGTG TCTGAAAGG-3’ 

Egr4 F 5’-GACGCGCTTCTCTCCAAG-3’ 

Egr4 R 5’-CTCAAAGCCCAGCTCAAGAA-3’ 

Ret F 5’-GGCTGAAGCTGATTTTGCTC-3’ 

Ret R 5’-CATAGAGCAGAGGTGTGCCA-3’ 

Lhx1F 5’-AATGTAAATGCAACCTGACCG-3’ 

Lhx1R 5’- AACCAGATCGCTTGGAGAGA-3’ 

Sall4 F 5’-AGCACATCAACTGGGAGGAG-3’ 

Sall4 R 5’- GACTAAAGAACTCGGCACAGC -3’ 

Hprt F 5’- AGCCCCAAAATGGTTAAGGTTGC-3’ 

Hprt R 5’- TTGCAGATTCAACTTGCGCTCAT-3’ 

Sdha F 5’-GCTTGCGAGCTGCATTTGG-3’ 

Sdha R 5’- CATCTCCAGTTGTCCTCTTCCA-3’ 
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2.1.3 Sterilizations of solutions and equipments 

All solutions that were not heat sensitive were sterilised at 121°C, 105 Pa for 60 min in an 

autoc lave (Webeco, Bad Schwartau). Heat sens it ive so lut ions were filtered through a 

disposable sterile filter (0.2 to 0.45 µrn pore size). Plastic wares were autoclaved as 

above. Glasswares were sterilised overnight in an oven at 220°C.  

2.2 Methods 

2.2.1 Isolation of nucleic acids 

2.2.1.1 Isolation of genomic DNA 

Mouse tail tip was incubated in 100 μ l of lysis buffer I containing 5 μ l proteinase K (20 μg/μ l) 

at 55°C overnight in Thermomixer. The enzymatic activity was inactivated at 85°C for one 

hour. The tissue lysate was then centrifuged at 14000 x g for 15 min and the supernatant was 

transferred into a new Eppendorf tube. DNA was precipitated by adding an equal volume of 

isopropanol, mixed by inverting several times and centrifuged at 14000 x g at room 

temperature (RT) for 15 min. DNA was washed with 1 ml of 70% ethanol, dissolved in 50-

100 μl of dH2O and incubated at 55°C for 5 min. 

2.2.1.2 Isolation of plasmid DNA 

A single bacterial colony was inoculated in 5 ml LB medium, containing an appropriate 

antibiotic, and incubated at 37°C for 12-16 hours with a shaking speed of 160 rotations per 

minute (rpm). The medium was centrifuged at 4000 x g for 10 min. The pellet obtained was 

resuspended in 100 μl of resuspension solution P1 (50 mM Tris/HCl, pH 8.0; 10 mM EDTA; 

100 µg/ml RNase A, Invitrogen). The bacterial cells were lysed with 200 μ l of lysis solution 

P2 (200 mM NaOH; 1% SDS, Invitrogen), incubated at RT for 5 min and then neutralised 

with 150 μ l of neutralisation solution P3 (3M Potassium acetate, pH 5.5, Invitrogen). The 

precipitated solution was incubated at RT for 5 min and centrifuged at 13000 x g at RT. The 

supernatant was transferred into a new tube, where 1 ml of 100% ethanol was added to 

precipitate the DNA. Then it was incubated for 3 min at RT, centrifuged at full speed for 20 

min, and finally the pellet was washed with 350 μ l of 70% ethanol and after air-drying 

dissolved in 30 μ l of dH2O. 
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2.2.1.3 Isolation of DNA fragments after agarose gel electrophoresis 

This method is designed to extract and purify DNA of 70 bp to 10 kilobase pairs (kb) in 

length from agarose gels. Up to 400 µg agarose can be processed per spin column. The 

principle of this method depends on selective binding of DNA to uniquely designed silica-gel 

membrane. To the excised DNA fragment from agarose, 3 volumes o f QG buffer was added 

and incubated at 50°C for 10 min. After the gel slice was dissolved completely, it was applied 

over a QiAquick column and centrifuged for 1 min. The flow through was discarded and the 

column was washed with 0.75 ml of PE buffer. After drying the column, it was placed into a 

fresh microcentrifuge tube. To elute DNA, 50 μ l of EB buffer was applied to the centre of the 

QIAquick membrane and centrifuged for 1 min.  

2.2.2 Plasmid DNA transformation into competent bacteria 

Transformation of competent bacteria (DH5α or C600) was done by gently mixing with 10 μ l 

of ligation reaction, after thawing them on ice for 30min. Following incubation for 20 min on 

ice, bacteria were heat-shocked for 45 sec at 38°C and cooled down for 2 min on ice. After  

adding 500 μ l of LB medium, the mixture was incubated at 37°C, 400 rpm, for 1hour to allow 

recovery of heat shocked bacteria which then were plated on LB-agar plates. 

2.2.3 Restriction digestion of DNA 

Restriction enzyme digestions were performed by incubating double-stranded DNA with an 

appropriate amount of restriction enzyme in its respective buffer as recommended by the 

supplier, and at the optimal temperature for the specific enzyme. Standard digestions include 

2-10 U enzyme per microgram of DNA. These reactions were usually incubated for 1-3 hrs to 

ensure complete digestion at the optimal temperature for enzyme activity, which was typically 

37°C. For genomic DNA digestion, the reaction solution was incubated overnight at 37°C.  

2.2.4 Ligation of DNA fragments 

The ligation of an insert DNA into a vector (digested with appropriate restriction enzyme) 

was carried out in the following reaction mix: 

                30 ng vector DNA (digested) 
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                50-100 ng insert DNA (1:3, vector: insert ratio) 

                1 μl ligation buffer (10x)  

                1 μl T4 DNA ligase (5U/μl) 

                in a total volume of 10 μ l 

Blunt-end ligations were carried out at 16°C for overnight, whereas overhang-end ligations 

were carried out at room temperature for 2-4 hrs. 

2.2.5 TA-Cloning  

Taq polymerase and other DNA polymerases have a terminal transferase activity that results 

in the non-template addition of a single nucleotide to the 3’-ends of PCR products. In the 

presence of all 4 dNTPs, the dATP is preferentially added. This terminal transferase activity is 

the basis of the TA-cloning strategy. For cloning of PCR products, pGEM-T Easy vector 

system that has 5'-T overhangs was used. The followings were mixed: 

               50 ng of pGEM-T Easy Vector 

               PCR product (1:3, vector to insert ratio) 

               1 µl of T4 DNA Ligase l0X buffer 

               1 µl of T4 DNA Ligase  in a total volume of 10 µl  

The content was mixed by pipetting and the reaction was incubated overnight at 16°C. 

2.2.6 Isolation of total RNA, cDNA synthesis, RT-PCR and quantitative real 

time PCR 

Total RNA was extracted using the TRIzol reagent following the manufacturer’s instructions 

(Life Technology). About 100 mg of tissue were homogenized in 1 ml of Trizol Reagent 

using a glass teflon homogenizer. The homogenate was vortexed and incubated on ice for 5 

min to permit the complete dissociation of nucleoprotein complexes. Then 0.2 ml of cold 

chloroform was added, mixed vigorously, kept on ice for 10 min. After centrifugation at 

13000 xg for 15 min at 4°C, the upper aqueous phase was transferred into a new Eppendorf 
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cup. By adding 0.5 ml isopropanol, RNA was precipitated and subsequently washed with 75% 

ethanol. Finally, the RNA pellet was dissolved in ~50 μ l of DEPCdH2O and stored at -80°C. 

For cDNA synthesis, five micrograms of total RNA was used in the SuperScript II System 

(Life Technology). To avoid the genomic DNA contamination, total RNAs were treated with 

RNA-free DNaseI (Sigma Aldrich) for 15 min at 37°C. For checking cDNA synthesis quality 

by RT-PCR with housekeeping gene HPRT, 0.5μ l of 1:20 diluted cDNA was used. 

Quantitative RT-PCR was performed using the QuantiFast SYBR Green PCR Master Mix 

following manufacturer’s instructions (QIAGEN). The reactions were performed in triplicate 

and run in an ABI 7900HT Real-Time PCR System (Applied Biosystems).  

2.2.7 Protein extraction and Western blotting 

Total cellular proteins were extracted by homogenizing testes in RIPA lysis buffer (Millipore, 

Germany) supplemented with a proteinase inhibitor cocktail (Roche Diagnostics, Germany) 

and phosphatase inhibitor (SERVA, Heidelberg, Germany) and incubated on ice for 1 h. 

Homogenates were sonicated and then centrifuged at 13000 × g for 20 min at 4ºC. The 

concentration of proteins was estimated using a Bio-Rad protein assay kit (Bio-Rad 

Laboratories, Munich, Germany). To determine the activity of the PI3K/Akt signaling 

pathway, testes were isolated from control and mutant P7 or adult mice and de-capsulated, 

and seminiferous tubules (STs) were incubated at 37°C in StemPro®-34SFM® Medium (Life 

Technologies) supplemented with 1% fetal calf serum in the presence or absence of 100 ng/ml 

GDNF (Life Technologies) and/or 30 μM LY2940002 inhibitor (Sigma Aldrich, Germany). 

After 1 h of treatment, STs were collected by centrifugation, washed, and subjected to protein 

extraction. Protein samples were separated by 4–12% SDS-PAGE and transferred onto 

nitrocellulose membranes (Amersham Biosciences, Braunschweig, Germany). Membranes 

were then blocked for 1 h with 5% non-fat milk in PBST. Blots were probed at 4°C overnight 

with antibodies against pAkt, Akt, FOXO1, PARP (Cell Signaling Technologies) at 1:2000, 

NGN3 (Proteintech Group) at 1:2000 or PELO (Burnicka-Turek et al., 2010) at 1:10000 

dilution. The blots were re-probed with anti-α-tubulin antibody (#T5168, Sigma-Aldrich) at 

1:20000 dilution as a loading control. Following thorough washings, blots were incubated 

with the corresponding secondary antibodies. Signals were detected using Amersham ECL 

Prime Western Blotting Detection Reagent (GE Healthcare). Signals were captured and 

quantified using AlphaView software, version 3.2.0 (Cell Biosciences, Inc.).  
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2.2.7.1 Preparation of nuclear and cytoplasmic protein fractions  

Nuclear and cytoplasmic protein extracts were prepared using NE-PER Nuclear and 

Cytoplasmic Extraction Reagents (Thermo Scientific) according to the manufacturer’s 

instruction. Testes were collected, washed and homogenized in ice-cold CER I buffer. After 

incubation on ice for 10 min, ice-cold CER II was added to the testis suspension, mixed, and 

incubated for 1 min on ice. The cytoplasmic fractions were collected after centrifugation at 

16.000 × g for 5 min, and the nuclear pellets were re-suspended in ice-cold NER, and 

incubated for 40 min with vortexing for 15 s every 10 min. The nuclear extracts were 

collected after centrifugation (16.000 × g for 10 min at 4°C). The prepared nuclear fractions 

were then processed for western blotting as described above.  

2.2.8 Histological and immunocytochemical analysis 

2.2.8.1 Tissue collection and preparation for paraffin embedding 

Testis samples were immediately fixed in Bouin’s solution after collection for 24hrs to 

prevent alteration in the cellular structure. The tissue was dehydrated gradually by incubating 

in a series of increasing alcohol concentrations such as 70%, 80%, 90% and 100% ethanol for 

two hours in room temperature. The tissue was left in 100% ethanol for overnight which then 

was incubated in 100% xylol for three hours. Later, 100% xylol was replaced with new 

mixture of xylol and paraffin at 1:1 ratio and incubated in 65°C incubator overnight. Before 

embedding into paraffin blocks the tissue were incubated in pure paraffin which was changed 

every hour for at least 8hours. Finally the paraffin blocks were prepared by placing the tissue 

in pure melted paraffin in embedding mould. The block was allowed to cool and was then 

sectioned in the microtome into 5µm sections or stored at 4°C.  

2.2.8.2 Haemotoxylin and Eosin staining of mouse testis 

Tissue sections were incubated in xylol twice for five minutes and once for ten minutes to 

remove the paraffin from the section. The rehydration was achieved by incubating them in a 

decreasing ethanol series (100%, 90%, 80% and 70%) for 2min each.  The sections were then 

immersed in Mayer’s Haemotoxylin solution for 1-2 min and washed in sterile water or under 

running tap water for 5 min. The slides were then placed in acid ethanol (250µl HCl in 100ml 

70% ethanol) to remove the excess Haemotoxylin. Later, they were transferred to ammonia 
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water (300µl ammonia in 100ml water) before incubating in Eosin solution for 3-4 min until 

the desired the color intensity was achieved. The slides were then washed in water several 

times and subjected to a series of increasing concentration of ethanol for 1 min each. Finally, 

they were incubated in 100% xylol for 10 min and let to dry before mounted with a cover slip 

using Eukitt mounting media. The sections were then viewed under a phase contrast 

microscope (BX, 60; Olympus). 

2.2.8.3 Immunostaining of mouse tissue  

Tissue sections were removed of paraffin and the rehydration was performed as described 

above. After washing in PBS containing 0.1% Tween-20 (PBST) for five minutes, the slides 

were boiled in antigen retrieval buffer (10mM sodium citrate) for 6 min and cooled on ice for 

15 min. They were then washed in PBST for five min and the immunostaining was performed 

using R.T.U. Vectastain Universal Quick Kit according to the manufacturer’s instructions 

(Vector Laboratories, Burlingame, USA). Briefly, after washing with PBS containing 0.1% 

Tween 20 (PBST), sections were blocked and incubated overnight with anti-SALL4 

(#ab29112, Abcam, Cambridge, UK), anti-FOXO1 (#2880, Cell Signaling Technology, 

Leiden, The Netherlands), anti-HSPA4 (#sc-6240, Santa Cruz Biotechnology, Heidelberg, 

Germany), or anti-GCNA1 antibodies at 1:100 dilutions. After washing with PBST, sections 

were incubated with secondary antibody for 10 min at RT, followed by incubation with 

streptavidin conjugated to horseradish peroxidase for 5 min. Sections were then incubated in 

peroxidase substrate solution until the desired stain intensity developed and counterstained  

with hematoxylin, rinsed, mounted with Roti® Mount Aqua (Carl Roth, Germany) and imaged 

using an Olympus BX60 microscope (Olympus, Karlsruhe, Germany).  

2.2.9 Yeast two-hybrid screening  

To identify the interaction partners of PELO, mouse ECS cDNA library (Zheng et al., 2012) 

was screened using pGBKT7-Pelo (Burnika-Turek et al., 2010) in a Yeast two-hybrid 

screening method. After excluding the auto-activation by co-transformation of pGBKT7-Pelo 

with empty pGADT7 vector into AH109 yeast strain, the bait construct was transformed into 

Y187 yeast strain. The Y2H screen was performed on ESC cDNA library using Matchmaker 

pre-transformed library protocol (Clontech). Briefly, the pre-transformed ESC library in yeast 

strain AH109 was mixed and mated together with strain Y187 containing the pGBKT7-Pelo. 

After 24 h of mating, the culture was spread on SD/-Leu/-Trp/-His/-Ade plates and the 
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surviving colonies were verified on SD/-Leu/-Trp/-His/-Ade/+ X-α-Gal plates. The positive 

clones that were blue on X-α-Gal were inoculated for overnight culture and the plasmid DNA 

was isolated using QIAprep Spin Miniprep Kit. By PCR amplification and sequencing using 

vector specific primers, we obtained the sequences of cDNA inserts. Identities of prey cDNA 

clones were determined by BLAST analysis. To test the auto-activation or interaction, the 

prey cDNA clones were co-transformed with either empty pGBKT7 vector or pGBKT7-Pelo 

into AH109 strain, respectively. The co-transformants were first selected on SD/-Leu/-Trp 

plates and later tested for the reporter gene expression on SD/-Leu/-Trp/-His/-Ade and X-α-

Gal plates. The surviving clones without auto-activation were identified as putative 

interaction partners of Pelo and characterized further.  

2.2.10 Computer and statistical analyses 

For the analysis of nucleotide sequences, programs like BLAST, BLAST2 and other programs 

from National Centre for Biotechnology Information (NCBI) were used (www. 

ncbi.nlm.nih.gov/15.09.2014). For restriction analysis of DNA, NEB cutter V2.0 or 

Webcutter program were used (http://tools.neb.com/NEBcutter2/index.php; 

http://rna.lundberg.gu. se/cutter2/08.08.2014). For primer design, Primer 3 software was used 

(http://Frodo.wi.mit.edu/10.09.2014). ExPASy tools were used for proteins and their domains 

information (www.Expasy.org/10.12.2014). Mouse genome sequence and other information 

about mouse genes were referred from Ensembl (www.ensembl.org/index.html/04.06.2014). 

Paired comparisons of the number of marker-positive cells/tubule in control and mutant testes 

were performed using Student’s t-tests. A p-value less than 0.05 were considered statistically 

significant. All statistical analyses were performed using the Statistica 9 software package  

(StatSoft Inc., Tulsa, OK, USA). Data are shown as mean± standard deviation (S.D.).  
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3 RESULTS 

The crucial role of Pelo in early embryonic development was evident from the analysis of 

Pelo conventional knockout mouse model. To investigate the biological function of Pelo in 

germ cell development we analyzed Pelo conditional knockout mouse model. We studied the 

role of Pelo by induced deletion at different developmental stages and analyzed the defects 

resulting from Pelo deletion. The following result sections contain a brief description of the 

aim and results of the study in context of the complete thesis, the status of each manuscript as 

well as authors contributions. 

 

3.1 Pelota mediates gonocyte maturation and maintenance of spermatogonial stem cells 

in mouse testes  

3.2 Pelota regulates the development of extraembryonic endoderm through activation of 

bone morphogenetic protein (BMP) signaling 
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3.1 Pelota mediates gonocyte maturation and maintenance of 

spermatogonial stem cells in mouse testes 

In this part of the study, we conditionally deleted Pelo to determine its function in male germ 

cell development at various stages: embryonic, post natal and adult. Deletion of Pelo in adult 

mouse led to exhaustion of the SSCs, while spermatogenic cells that are post meiotic are not 

affected and are capable of developing fertilization efficient spermatozoa. Further, the 

deletion of Pelo during embryonic development revealed that the PELO is dispensable for 

maintenance of gonocytes. But, Pelo deletion impaired the maturation of gonocytes to SSCs 

during the post natal development. Immunohistological and protein analyses indicated that the 

activity of PI3K/Akt pathway was highly activated in the absence of PELO. In mutant testes, 

we found that enhanced activity of PI3K/Akt pathway decreases the transcriptional activity of 

FOXO1, which induces the expression of genes that maintain the balance between SSC self-

renewal and differentiation. Taken together, our results indicate that PELO attenuates 

PI3K/Akt signaling and that the enhanced activity of PI3K/Akt and subsequent FOXO1 

transcriptional inactivation are responsible for the impaired development of SSCs in Pelo 

mutant testes. 

Authors: Priyadharsini Raju*, Gunsmaa Nyamsuren*, Manar Elkenani, Aleksandra Kata, 

Erdenechimeg Tsagaan, Wolfgang Engel, Ibrahim M. Adham 

* contributed equally to this work  

Status: Published in Reproduction, 2015, 149(3): 213-221 

Impact factor: 3.262 

Author contributions to the work: 

1. Priyadharsini Raju: Determined the consequence of Pelo deletion at various 

developmental stages, gonocyte maturation and SSC development during early postnatal 

stage, molecular studies to inquire the affected signaling pathway, sample and data collection, 

participated in data analysis and interpretation, involved in manuscript preparation. 

2. Gunsmaa Nyamsuren: Determined the consequence of Pelo deletion on development 

of germ cells in adult mice, involved in manuscript preparation.  

3. Manar Elkenani: Involved in the verification of the affected signaling pathway.  

http://www.sciencedirect.com/science/article/pii/S1873506114000476
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4. Aleksandra Kata: Participated in generation of Pelo conditional knockout mouse, 

primary experiments to determine the male fertility of Pelo-deficient mice.  

5. Tsagaan Chimgee: Participated in sample collection and histological analyses.  

6. Wolfgang Engel: Conception and design of experiments and interpretation of the data. 

7. Ibrahim M. Adham: Conception and design of experiments, interpretation of the data, 

data analysis, helped to draft the manuscript.  
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3.2. Pelota regulates the development of extraembryonic endoderm through 

activation of bone morphogenetic protein (BMP) signaling 

In this part of the work, we found that Pelo deficiency did not markedly affect the self-

renewal of ESCs or lineage commitment in teratoma assays, while their differentiation into 

extraembryonic endoderm (ExEn) was severely compromised in EBs. Furthermore, we found 

that forced expression of Pelo in ESCs resulted in spontaneous differentiation towards the 

ExEn lineage. At molecular level, decreased activity of the BMP signaling pathway was 

observed in Pelo-null embryoid bodies (EBs). In vivo studies showed that PELO was not 

required for the induction of ExEn development, but rather for the maintenance or terminal 

differentiation of ExEn. Moreover, Pelo-null fibroblasts failed to reprogram toward induced 

pluripotent stem cells (iPSCs) due to inactivation of BMP signaling and impaired 

mesenchymal-to-epithelial transition. The analysis of PeloF/- BRE FFLuc and PeloΔ/-BRE 

FFLuc EBs showed that the mutant PELOΔ/- EBs produced extracellular modulators of BMP 

signaling activity. Also we showed the conserved function of PELO in RNA quality control 

mechanism in murine ESCs. Collectively, our results indicate that PELO pla ys an important 

role in the establishment of pluripotency and differentiation of ESCs into ExEn lineage 

through activation of BMP signaling.  

Authors: Gunsmaa Nyamsuren, Aleksandra Kata, Xingbo Xu, Priyadharsini Raju, Ralf 

Dressel, Wolfgang Engel, D.V. Krishna Pantakani, Ibrahim M. Adham 

Status: Published in Stem Cell Research, 2014, 13: 61-74.  

Impact factor: 3.912. 

Author contributions to the work: 

1. Gunsmaa Nyamsuren: Conception and design of experiments, performed the 

experiments including identification of PELO expression in undifferentiated ESC and 

differentiated EBs, and embryos, analysis of differentiation potential of Pelo-deficient ESCs, 

over-expression studies, sample and data collection, data analysis, data interpretation, 

involved in manuscript preparation.  

2. Aleksandra Kata: Participated in generation of Pelo conditional knockout mouse, 

primary studies of Pelo-deficient ESCs and Annexin-V apoptosis assay.  

http://www.sciencedirect.com/science/article/pii/S1873506114000476
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3. Xingbo Xu: Performed the reprogramming of Pelo-deficient fibroblasts, PCR array 

and data analysis. 

4. Priyadharsini Raju: Involved in the verification of the affected signaling pathway 

and consequence of Pelo depletion on the activity of BMP signaling, by analyzing a BMP 

responsive reporter cell line, proofreading the manuscript.  

5. Ralf Dressel: Performed teratoma formation assay, cell cycle analysis, data analysis.  

6. Wolfgang Engel: Conception and design of experiments, interpretation of the data, 

gave critical review of the manuscript.  

7. D.V. Krishna Pantakani: Conception and design of experiments, interpretation of the 

data, data analysis, helped in drafting the manuscript.  

8. Ibrahim M. Adham: Conception and design of experiments, coordination and helped 

to draft the manuscript. 

 

 

 



  Results 

        36 

 

 

 



  Results 

        37 

 

 

 



  Results 

        38 

 

 

 



  Results 

        39 

 

 

 



  Results 

        40 

 

 

 



  Results 

        41 

 

 

 



  Results 

        42 

 

 

 



  Results 

        43 

 

 

 



  Results 

        44 

 

 



  Results 

        45 

 

 

 



  Results 

        46 

 

 



  Results 

        47 

 

 

 



  Results 

        48 

 

 



  Discussion   

        49 

 

4 DISCUSSION 

4.1 Pelo is indispensable for the maintenance of SSCs 

In this study, we have determined the consequences of Pelo deletion on male germ cells of 

mice by temporal deletion of Pelo at various stages of development. Histological analysis of 

testes isolated after different time points of Pelo deletion in adult mice revealed that all germ 

cells are lost after 45 days of Pelo deletion. Fertility assessment of animals after 15 days of 

Pelo deletion showed that all spermatozoa in testes of these mice lack Pelo as determined by 

transmission of deleted allele to all offspring. These results indicate that Pelo-deficient 

spermatozoa were able to fertilize the oocytes and the PELO depletion did not impair the 

progression of meiotic and post-meiotic cells to functional sperm.  

Verification of germ cell development after various time points of Pelo deletion by 

immunohistological analysis revealed that there were no new spermatogenic waves emerging 

after Pelo deficiency.  However, germ cells that entered spermatogenic cycle were capable of 

completing spermatogenesis. Further immunohistochemical analysis using antibod ies against 

spermatogonial markers SALL4 and GCNA1 showed depletion of SSCs and the loss of all 

undifferentiated spermatogonia. The absence of a new wave of differentiated spermatogonia 

in 83% of STs of mutant testes by 15 days post injection (DPI) as well as the retention of 

comparable numbers of SALL4-positive cells in both genotypes up to 15 DPI suggests that 

Pelo deficiency affects only the early developmental stages of spermatogonia, but does not 

disrupt the subsequent stages of germ cell development. Moreover, reduced number of 

GCNA1+ cells in spite of the presence of SALL4+ cells at 15 DPI suggests that the Pelo-

deficient SALL4+ cells could not further differentiate and continue spermatogenesis. 

Interestingly, expression analysis of the gene marker for differentiating spermatogonia (Ngn3) 

after 2 and 5 days of Pelo deletion suggested that arrested spermatogenesis in Pelo depleted 

testes was due to failed differentiation of spermatogonia.  These results suggest that SSC are  

sensitive to Pelo deletion in adult male mice. The effect of Pelo deletion on SSCs intrigued us 

to examine the fate of gonocytes, which are the precursor of SSC during the postnatal 

development. Our observation revealed that the deletion of Pelo during prenatal development 

did not significantly affect the gonocytes or Sertoli cells.  
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There are several genes that are involved in the maintenance of spermatogenesis and regulate 

the balance between self-renewal and differentiation of SSCs (Table 4.1). The dramatic 

disruption of spermatogenesis in Pelo-deficient mice is similar to that observed in mice 

lacking the Plzf, Etv5, Foxo1 and Shp2 genes, which regulate the self-renewal and 

differentiation of SSCs (Costoya et al., 2004; Simon et al., 2007; Goertz et al., 2011; Puri et 

al., 2014). Similar to the Pelo mutant mice, loss of germ cells leading to a Sertoli-cell-only 

phenotype is also seen in Plzf mutants (Costoya et al., 2004). The inactivation of Plzf results 

in age-dependent germ cell loss. Analysis of Plzf-/- mice showed progressive loss of SSC in 

most of the tubules and failure of germ cells isolated from Plzf-/- mice to colonize in host 

testes confirmed that loss of Plzf leads to depletion of the germline stem cells in testis.   

Similarly, SHP2 is essential to complete the initial step of spermatogenesis and production of 

spermatogonia from SSCs. In the absence of SHP2, undifferentiated spermatogonia are not 

present, but germ cells beyond this stage of development are capable of completing the 

process of spermatogenesis. Similar to the Pelo mutants, the gonocytes were not affected by 

deletion of Shp2. Moreover, apoptosis was not the reason for the loss of germ cells in Shp2-

deleted mice (Puri et al., 2014). These findings are similar to that found in Pelo mutants 

where apoptosis was not the cause for germ cell depletion.  Another important gene, ETV5 

has a specific role in the maintenance of the stem-cell pool and self-renewal of SSCs. Mice 

with a targeted deletion of Etv5 (Etv5−/−) undergo the first wave of spermatogenesis but later 

the germ cells were lost due to differentiation resulting in a Sertoli-cell-only phenotype in 

adult Etv5−/−testes (Chen et al., 2005; Morrow et al., 2007). These observations suggests that 

Pelo could be one of the important genes involved in the regulation of SSCs self-renewal and 

maintenance and so indispensable for the male fertility in mouse.  
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Table 4.1. Genes that are involved in the regulation of SSCs 

Gene 

Name 

Protein 

type/Signaling  

Localization Phenotype of mutants  Reference 

Etv5 Transcription 

factor 

Spermatogonia  Effect self-renewal of 

spermatogonia and loss of 

germ cells 

Schlesser et al.,  

2008 

Foxo1 Transcription 

factor 

Gonocytes 

spermatogonia  

Loss of spermatogonia and 

Sertoli cells only phenotype  

Goertz et al., 2011 

Gilz glucocorticoid-

induced protein 

Spermatogonia  Impaired differentiation of 

SSC 

Ngo et al. , 2013 

Id4 Inhibitor of 

differentiation 

Subset of As 

spermatogonia  

Important for maintaining 

SSC pool 

Chan et al. , 2014 

Plzf  Promyelocytic 

leukemia zinc-

finger 

Gonocytes, 

spermatogonia  

Progressive loss of 

spermatogonia  

Costoya et al. ,  

2004 

Shp2 Protein tyrosine 

phosphatase 

Germ cells Loss of spermatogonia, 

impaired self-renewal 

Puri et al., 2014 

Sin3a nuclear corepressor Sertoli cells Loss of undifferentiated 

spermatogonia  

Payne et al., 2010 

GDNF Growth factor Sertoli cells Loss of germ cells due to 

failed self-renewal 

Meng et al., 2000 

Ret/ 

GFRα1  

Receptor tyrosine 

kinase 

Spermatogonia  Impaired germ cell 

maturation, Germ cell 

depletion, failed self-

renewal 

Naughton et al., 

2006 

Dazl  Deleted in 

azoospermia like 

Germ cells Failure of Aal to A1 

transition 

Schrans-Stassen 

et al., 2001 



  Discussion   

        52 

 

4.2 Regulation of cell cycle in Pelo deleted germ cells    

It was previously found that Pelo is involved in the cell cycle regulation. In Drosophila, Pelo 

mutants exhibited spermatogenic arrest at G2/M phase of the first meiotic division. In 

spermatocytes of Pelo mutants, some processes were observed to be disrupted, such as spindle 

formation and nuclear envelope breakdown (Castrillon et al., 1993). Nonetheless, germ cell 

development continued and resulted in 4N spermatids possessing head and tail structures. 

This indicates that PELO does not influence spermiogenesis, but is required for G2/M 

transition during meiotic division in Drosophila.  

To determine whether the loss of germ cells in Pelo-deficient testes was a result of a defect in 

cell cycle progression, we analyzed the cell cycle status in control and Pelo-deficient testes. In 

order to study the cell cycle status of the germ cells, we deleted the gene at postnatal days P8 

and P9 by intraperitoneal injection of tamoxifen. The testes were collected at P12, where the 

meiosis had just started and cells have entered to preleptotene stage. Moreover, at P12 stage 

the testes were enriched with germ cells at premeiotic stage which enables effective analysis 

of cell cycle status in germ cells.  The collected testes were briefly incubated in medium 

containing collagenase and testicular cells were re-suspended until a single cell suspension 

could be prepared. Following washing, the cell suspension was fixed in 70% ethanol and 

stained with propidium iodide before subjecting to fluorescent associated cell sorting (FACs). 

The FACs analysis revealed a significant increase in the fraction of cells at G2 phase in Pelo 

mutants than that in the wild type (Fig. 4.1A). This result suggests that the progression of 

Pelo-deficient germ cells through G1 phase is faster than that in the control. The cell 

progression from G1 to S phase is under the control of cyclin D1 (Baldin et al., 1993). 

Therefore, we investigated the expression pattern of cyclin D1 in control and mutant testes. 

The protein blot analysis revealed that expression of cyclin D1 in Pelo mutants at 2 and 5 DPI 

is markedly higher than in controls (Fig. 4.1B). These results suggest that the elevated levels 

of cyclin D1 result in the increased number of cells in G2 phase. In testes, the regulation of 

self-renewal and differentiation of SSC is a tightly regulated process (Meng et al., 2000). It is 

also reported that testis degeneration can be induced by an increase in spermatogonial 

proliferation, which leads to aberrant entry of the cells into meiosis and subsequent activation 

of meiotic checkpoints (Handel et al., 1999).  
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Fig. 4.1. Cell cycle analysis of PELO depleted germ cells. A. Stacked bar graphs showing the 

percentage of cells at various stages of cell cycle (G0/G1, S and G2) in control (WT) and Pelo-

deficient testicular cells (Mut). The cell cycle data of three independent experiments were calculated 

and represented as a mean ± SD. B. Protein blot analysis performed to determine the expression levels 

of cyclin D1 in control (F/F) and Pelo mutant at 2 and 5 DPI. The expression α-tubulin (Tub) was used 

as a loading control.  

4.3 Consequences of Pelo over-expression on male germ cells 

Results showing impaired male germ cell development in Pelo-deficient mice led us to 

determine the consequences of Pelo over-expression on germ cell development. Transgenic 

mice over-expressing Pelo were available in our institute. The genome of this transgenic 

mouse contains human Pelo cDNA under the control of the human elongations factor-1α 

(HEF-1α) promoter (Fig. 4.2A). To investigate the effect of Pelo over-expression on the 

development of germ cells and its influence on the transition of gonocytes to SSCs, testes 

from the mutant transgenic mice and control PeloF/F were isolated at postnatal day 7, fixed, 

embedded in paraffin, and histological sections were subjected to immunohistochemical 

analysis with the anti-GCNA1 antibody (Fig. 4.2B). Most GCNA+ cells are localized in the 

periphery of the seminiferous tubules suggesting a normal development of germ cells at this 

stage. The mean number of GCNA1+ cells per seminiferous tubules (Fig. 4.2B) in transgenic 

testes was not significantly different from that in controls suggesting that the over-expression 

of PELO did not result in any significant effect on germ cell development.  
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Fig. 4.2. Consequence of Pelo over-expression on male germ cells. A. Schematic diagram of the 

transgenic construct containing human Pelo cDNA under the control of promotor of human elongation 

factor-1α. B. Testis sections from control (F/F) and transgenic mice (PELO OE) at P7 were probed 

with anti-GCNA1 antibody and quantitative analysis of GCNA+ cells per tubule (right panel) in 

control (F/F) and transgenic testes (OE)  of P7 mice. Data represents mean±S.D. 

4.4 Pelo deficiency attenuates transcriptional activity of FOXO1 through 

enhanced activation of PI3K/Akt signaling 

The main functions of SSCs are to maintain undifferentiated SSCs through self-renewal and 

to generate differentiating daughter spermatogonia that undergo spermatogenesis. Although 

the molecular mechanisms that regulate the transition of SSCs from self-renewal towards 

differentiation remain poorly understood, a recent study by Goertz et al. (2011) suggested that 

FOXO proteins play an important role. FOXO proteins are a family of transcription factors 

that regulate a wide range of biological processes, from cell proliferation and differentiation, 

to leukocyte recruitment in inflammation (Jonsson et al., 2005).  

Goertz et al. (2011) reported that either deletion or hyper-activation of FOXO1 can lead to 

spermatogenic failure, suggesting that very tight control o f FOXO1 activity is required to 

maintain the balance between SSC self-renewal and differentiation. Moreover, their studies 

demonstrated that the transcription factor FOXO1 plays an essential role in the maturation of 

gonocytes to SSCs via induction of many genes, whose encoded proteins are required for the 

development and maintenance of SSCs. Our investigation of the sub-cellular localization of 

FF PELO OE 

G
C

N
A

+
C

el
ls

/t
u

b
u

le
 

A 

B 



  Discussion   

        55 

 

FOXO1 in postnatal stage showed a clear impairment in the transition of gonocytes to SSCs 

as judged by retained FOXO1 in cytoplasm of most gonocytes. The phosphorylation of 

FOXO1 is mediated by PI3K/Akt signaling pathway as shown in Fig. 4.3. In the SSCs, the 

binding of growth factor GDNF to Ret/Gfrα1 receptor induces the kinase activity of the 

receptor that phosphorylates and activates PI3K/Akt signaling pathway. The regulation of this 

pathway is highly important to maintain the balance between self-renewal and differentiation 

of SSCs. Moreover, GDNF mediated PI3K/Akt signaling pathway is known to play an 

essential role in SSC self- renewal as its deficiency leads to progressive germ cell loss 

phenotype (Braydich-Stolle et al., 2007).  

Our results showed higher levels of pAkt, the downstream mediator of PI3K, in Pelo-deficient 

testes compared to that of wild type. The higher phosphorylation of Akt resulted in 

phosphorylation of FOXO1 and its nuclear export. The higher pAkt levels and retention of 

FOXO1 in the cytoplasm in inactive form in Pelo mutants suggest that the PI3K/Akt mediated 

FOXO1 inactivation is highly active in Pelo-deficient germ cells. Our results also coincide 

with a recent finding by Pederson et al. (2014), where PELO is shown to negatively regulate 

PI3K signaling pathway in tumor cell lines. According to their analysis, PELO binds to active 

HER2 and epidermal growth factor receptor and thereby attenuates PI3K/Akt signaling. 

According to their studies, PELO regulates the Akt signaling likely through regulation of the 

recruitment of p85-PI3K to activated receptor and thus Pelo-deficiency results in the 

induction of PI3K activity.    

Consistent with our findings, SSC depletion was also accompanied by a persistent increase in 

PI3K/Akt activity in mice lacking phosphatase and tensin homolog (PTEN), which normally 

antagonizes the PI3K/Akt pathway (Goertz et al., 2011). On the other hand, the nuclear 

retention of FOXO1 in the absence of glucocorticoid- induced leucine zipper (GILZ) resulted 

in the accumulation of SSCs, as their differentiation potential was impaired (Ngo et al., 2013).  

Although spermatogenesis was successfully initiated in Gilz knockout mice, the progression 

of spermatogenesis ceased at the pachytene phase of meiosis I.  

Hyper-activation of FOXO1, achieved by knocking out 3-phosphoinositide-dependent protein 

kinase 1 (Pdk1), was recently reported to increase SSC proliferation and impair SSC 

differentiation, leading to spermatogenic failure (Goertz et al., 2011). In response to FOXO1 

hyper-activation, SSCs were unable to differentiate into spermatogonia and initiate 

spermatogenesis. The activation of PI3K/Akt signaling pathway results also in high cell 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0059149#pone.0059149-Goertz1
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proliferation, by the expression of cyclin D1, which, promotes the cellular progression 

through G1 phase (New and Wong, 2007). Analysis of cell cycle and expression of cyclin D1 

in Pelo-deficient testes revealed that the high expression of cyclin D1 coincided with active 

PI3K/Akt signaling pathway. Taken together, our findings showed the hyper-activation of 

PI3K/Akt signaling in the absence of Pelo. This suggests that the PELO is involved in the 

regulation of PI3K/Akt pathway in SSCs thereby regulating the self- renewal and 

differentiation of SSCs. 

 

Fig. 4.3. Schematic illustration of PI3K/Akt signaling pathway in SSCs . The tyrosine kinase 

receptor (Ret/GFRα1) in SSCs is activated by growth factor (GDNF). Activated Ret/GFRα1 receptor 

in turn phosphorylates PI3K in the cytosol. This is followed by the phosphorylation of Akt which 

phosphorylates the transcription factor, FOXO1. Upon phosphorylation FOXO1 is retained in the 

cytoplasm and quickly degraded. The nuclear/active FOXO1 is essential for the transcription of genes 

that regulate the maintenance of SSC such as Ret, Sall4, Dppa3 and Lhx1.  

4.5 Attenuation of BMP signaling in Pelo-deficient ESC impairs the 

development of extraembryonic endoderm (ExEn)  

It was previously shown that Pelo-deficient embryos die at early post- implantation stage 

(Adham et al., 2003). Analysis of conditional Pelo knockout mice revealed that the early 
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embryonic lethality was a result of impaired development of ExEn. Expression analyses 

showed that the failure of ExEn differentiation in Pelo-deficient EBs was accompanied by 

significant decrease in the expression of the transcription factors Gata4, Gata6 and Hnf4, 

which are markers for ExEn lineage. In contrast, expression of pluripotency-related genes was 

persistence in Pelo-null EBs. Impaired differentiation of EScs to ExEn in embryoid bodies 

was shown either by culture of ESCs in medium supplemented with noggin, BMP antagonist 

or by over-expression of BMPR1b receptor in ESCs (Coucouvanis and Martin, 1999; Conley 

et al., 2007; Rong et al., 2012). Expression analyses of several BMP ligand genes (Bmp-4 and 

-6) and BMP target genes (Id1 and Id3) revealed significant down-regulation of these genes in 

Pelo-deficient EBs compared with control EBs (Nyamsuren et al., 2014). In contrast, 

expression of Noggin was up-regulated in the Pelo-deficient EBs.  

In frame of my Ph.D study, I participated in the study to determine the BMP activity during 

the development of ExEn. In this study, I established a BMP responsive reporter cell line 

(PeloF/- BRE-FFLuc) by stably integrating BMP responsive dual luciferase reporter construct 

pBFIR (Yadav et al., 2012). EBs were generated from both cell lines and where cultured with 

or without BMP4. We found that the relative FFLuc activities were increased significantly in 

BMP4-treated PeloF/-BRE-FFLuc and Pelo∆/- BRE-FFLuc EBs. However, the relative FFLuc 

activity in control cells was significantly higher than that of mutant cells. Further, relative 

FFLuc activities were measured in PeloF/- BRE-FFLuc EBs that were treated for 12 h either 

with Pelo∆/- conditioned medium (from mutant Pelo∆/- EBs) or with Pelo∆/- conditioned 

medium and BMP4. We observed that the relative luciferase activity was significantly 

reduced in control PeloF/-BRE-FFLuc EBs treated with Pelo∆/- conditioned medium compared 

to untreated control. Collectively, these results further confirmed that the mutant Pelo∆/- EBs 

produce extracellular modulators of BMP signaling activity.  

The significant decrease in the expression levels of BMP targeted genes, phosphorylated 

Smad1/5, and the over-expression of Noggin in Pelo-deficient EBs suggested that PELO 

regulates differentiation towards ExEn lineage through the activation of BMP signaling. 

Further, the negative effect of conditioned medium collected from mutant EBs on the ExEn 

formation in wild-type EBs and the significant decrease of luciferase activity in the BMP 

responsive reporter cell line indicated that mutant EBs secreted extracellular modulators, 

especially the Noggin, which attenuated the BMP signaling activity.  
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4.6 Identification of molecular role of Pelo in mammalian system  

Many biological processes are accomplished by multi-protein complexes, in which one 

particular protein can be involved in various biological processes and might perform distinct  

functions. The formation of protein complexes is achieved through interaction with var ious 

proteins. Identification of protein-protein interactions is therefore essential to understand the 

molecular function of any particular protein and its related biological processes. Most human 

diseases account for the disruption of protein complexes and their functions due to mutations 

in either a single gene or in many genes (Lim et al., 2006; Lage et al., 2007; Vanunu et al., 

2010).  

A variety of high throughput methods have been applied in global investigations of the 

interaction and relationship between two or more proteins. Currently, there are several 

methods like yeast two-hybrid system (Y2H), pull-down assay, immunoprecipitation coupled 

mass spectrometry, stable isotope labeling of amino acids in cells, and targeted releasable 

affinity probe, which are available to identify the protein-protein interaction networks. Among 

the available techniques, Y2H system allows the most cost-effective and genomic-scale 

screening for protein-protein interactions with the potential to detect weak and transient 

interactions based on in vivo reporter systems (Fields and Song, 1989; Young, 1998). This 

approach relies on the activation of downstream reporter genes by the GAL4 based system 

(Fields and Song, 1989; Young, 1998), in which the transcriptional activator GAL4 is split 

into DNA-binding domain (BD) and activation domain (AD) and fused to bait and prey, 

respectively. The interaction between bait and prey proteins brings the GAL4 domains into 

close proximity leading to the transcriptional activation of downstream reporter genes (Fie lds 

and Song, 1989). 

4.7 Identification of PELO interacting proteins by yeast two-hybrid 

screening 

In the present study we performed Y2H screening of ESC cDNA library (Zheng et al., 2012) 

using pGKBT7-Pelo as bait. Following transformation into yeast competent cells (Y187) they 

were plated in medium strigency plate culture (lacking amino acids).  The yeast carrying both 

constructs (encoding interaction protein from the library and pPGKBT7-Pelo) only could 

grow in these amino acid lacking plates.  
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Based on these selection criteria, in the initial screening we identified 243 colonies that had 

both the bait and prey constructs. Later the colonies were streaked on to plates with X-α-Gal 

and the positive clones that turn blue were selected for sequencing (Fig. 4.4).  

     

 

Fig. 4.4. Identification of PELO interaction proteins by Y2H screening of ESC library. The 

colonies obtained from Y2H streaked onto agar plates lacking essential amino acids  (SD/-Leu/-Trp/-

His/-Ade) at 30ºC for three days (A-C) and the surviving clones were further selected for the Gal4AD 

activity by X-α-Gal screening (D).  

To identify the gene/protein responsible for positive two-hybrid interaction, initially the 

cDNA insert was rescued and sequenced. Later the sequencing data were analyzed and 

verified for the presence of open reading frame fused to Gal4 AD sequence and compared the 

sequence to those in NCBI database. In order to confirm the interaction between the identified 

protein and Pelo, direct Y2H screening was performed. To test the auto-activation or 

interaction, the prey cDNA clones were co-transformed with either empty pGBKT7 vector or 

pGBKT7-Pelo into AH109 strain, respectively. The co-transformants were first selected on 

SD/-Leu/-Trp plates and later tested for the reporter gene expression on SD/-Leu/-Trp/-His/- 

Ade and X-α-Gal plates. The surviving clones without autoactivation were identified as 

putative interaction partners of PELO and characterized further (Fig. 4.5). Based on the direct 
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Y2H results we identified various proteins that are predicted to be interacting with PELO 

(Table 4.2).  

 

 

 

Fig. 4.5. Direct Y2H to confirm the interaction of identified proteins that interact with Pelo. 

Direct Y2H experiment with prey clones and empty pGKBT7 or pGBKT7-Pelo showing interaction 

between PELO and RACK1, eEF2, RPL46 and dnaJ homolog assessed by the growth in SD/-Leu/-Trp 

(-LT), SD/-Leu/-Trp/-His/-Ade (-LTHA) and SD/-Leu/-Trp/-His/-Ade/ X-α-Gal (-LTHA+X-α-gal) 

plates. 

Table 4.2. Summary of putative interaction proteins of PELO identified by direct Y2H screening. 

 

 

 

 

 

 

 

 

 

 

No. Of Colonies  Identified interaction partner  

13 39S ribosomal protein L46, mitochondrial (RPL46) 

3 40S ribosomal protein S23 

2 60S ribosomal protein 

1 28S ribosomal protein S18c 

1 40S ribosomal protein S7-like 

3 protein dnaJ homolog subfamily C member 14 

3 ATP synthase subunit d, mitochondrial 

1 ubiquitin fusion degradation protein 1 homolog 

1 elongation factor 2(eEF2) 

1 receptor for activated C kinase 1 (RACK1) 

Rack1 

eEF2 

RPL46-1 

dnaJ 

-LT -LTHA -LTHA+X-α-gal 

Empty vector Empty vector Empty vector PELO PELO PELO 
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4.8 Predicted functions of the interaction of Pelo and selected interacting 

proteins identified in Y2H screening 

Among the identified proteins receptor for activated C kinase 1 (RACK1), elongation factor 2 

(eEF2) and the ribosomal proteins were selected for further analysis because their functions 

are related to the identified function of PELO. The predicted role of the protein complexes 

resulting from interaction of PELO with its identified partners can be obtained from 

characterized function of these proteins, which are summarized as follows.  

RACK1, similar to Pelo, is widely expressed during embryonic and adult life and is also sub-

cellularly localized at cytoskeleton (Volta et al., 2013; Osmanagic-Myers and Wiche 2004). 

Aberrant expression of RACK1 is associated with numerous pathologies including cancer and 

age related diseases (Battaini et al., 1997). As RACK1 interacts with many proteins, it has 

been implicated in many fundamental processes like cell growth, proliferation, morphology, 

movement, death and survival. Similar to Pelo knockout mice, the complete knockout of 

RACK in mice resulted in early embryonic mortality at gastrulation stage. Apart from this, 

there was also pigmentation deficit and defects in protein synthesis (Volta et al., 2013). 

Moreover, RACK1 is also involved in regulation of cell migration, proliferation and invasion 

capacity of mouse hepatocellular carcinoma cell line (Wu et al., 2013). They also showed the 

probable involvement of RACK1 in PI3K/Rac1 signaling pathway, which is also interesting 

as PELO negatively regulates PI3K signaling. Further, RACK1 was recently observed to  

interact with PI3K p110 alpha by a yeast two-hybrid screening in breast carcinoma cell lines, 

which was also confirmed by co- immunoprecipitation (Cao et al., 2011). These observations 

led us to suggest that the interaction between PELO and RACK1 might be involved in the 

regulation of PI3K/Akt signaling pathway.  

The second candidate partner of Pelo is eEF2 identified by direct yeast two-hybrid screening. 

eEF2 mediates the translocation step during elongation phase of protein translation. eEF2 

regulates the transfer of peptidyl-tRNA from A-site of the ribosome to the P-site. eEF2 is 

phosphorylated and inactivated by a highly specific Ca2+/calmodulin-dependent kinases 

(Palfrey, 1983; Redpath et al., 2003). It has been shown previously that the interaction partner 

of PELO ortholog Dom34, Hbs1 shares structural similarity with eEF1α and eEF3 families 

(Carr-Schmid et al., 2002). We previously identified that PELO interacts specifically with 

eIF3G, a subunit of translation initiation factor 3, which plays a central role in translation 

initiation (Burnicka-Turek et al., 2010) suggesting a possible role of PELO as a translational 
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modulator. 

Several reports showed that Dom34, the yeast homologue of Pelo, is involved in the No-GO 

mRNA decay machinery (NGD), which clears cells from mRNA with stalled ribosomes either 

at stem loop, rare codon or pseudoknot (Chen et al., 2010; Doma and Parker, 2006; Graille et 

al., 2008). Recently, the conserved role of PELO in quality control mechanisms has been 

reported in mammalian cells (Saito et al., 2013). In HeLa cells, downregulation of Pelo 

expression elongates the half- life of fusion β-globulin mRNA lacking a stop codon. In 

addition, after knockdown of PELO, expression of Hbs1 and exosome Ski2 that degrades the 

mRNA was also decreased. These results confirmed that the function of PELO in decay of 

aberrant mRNA is conserved (Saito et al., 2013). In our group we have also investigated 

whether PELO is involved in NGD. We studied the expression of transgenic EGFP reporter 

gene (SL-EGFP), containing a stable stem loop (SL) located upstream in frame with EGFP 

and a zeocin resistance cassette in PeloF/- and Pelo-deficient ESCs. In our study, we could 

establish zeocin resistant colonies only in case of Pelo-deficient cells but not in PeloF/- after 

selection (Nyamsuren et al., 2014). Accumulation of transgenic SL-EGFP mRNAs in Pelo-

null ESCs and failure to detect in control PeloF/- ESCs led us to suggest that the NGD is 

responsible to trigger the decay of SL-EGFP mRNA in PeloF/- ESCs.  

In addition, in NGD, Dom34-Hbs1 complex may use its dissociation activity to release 

ribosomes that are stalled for a long time (Tsuboi et al., 2012). Recent reports also have 

suggested that the Dom34-Hbs1 complex mediates dissociation of 40S and 60S subunits in a 

quality control step during ribosomal maturation (Lebaron et al., 2012; Strunk et al., 2012). 

The identification of several ribosomal proteins, which, were shown to be interacting with 

PELO in Y2H screening, lead us to suggest that Pelo and ribosomal protein complex is 

involved in the characterized role of Pelo in ribosomal recycling. 

4.9 Conclusion and perspectives 

Taken together our study has shown that Pelo is essential for the germ cell development and 

for the regulation of SSCs. We have shown evidence that PELO indirectly regulates the sub-

cellular localization of FOXO1, as PI3K/Akt signaling is highly activated in the absence of 

PELO. This in turn affects SSC pool formation, disrupts the balance between SSC self-

renewal and differentiation, and contributes to a loss of spermatogenesis. Thus, PELO is 

essential for finely regulating the signals required for the maintenance of SSC pool. In order 
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to know if the signaling from the Sertoli cells to SSCs is affected, Pelo-deficient SSCs can be 

transplanted in testes of busulfan treated wild-type mice. It has been shown that Pelo 

competes with the p85 subunit of PI3K to bind with the receptors in cancer cell lines. In order 

to prove that Pelo regulates the PI3K/Akt signaling by competitive binding to the  

RET/GFRα1 receptor in SSCs, co- immunoprecipitation and GST pull-down assays could be 

performed. It would be also interesting to follow up with the identified interaction proteins of 

PELO which will enumerate the putative roles of PELO in mammals. Many recent reports 

have shown that PELO ortholog Dom34 has a role in protein translation, in particular the 

ribosome recycling. Although the function of PELO in translational regulation has been 

extensively characterized in yeast, only little is known in mammalian system. Moreover, the 

interaction of PELO with eEF2 identified in our Y2H screening might help in identifying the 

role of PELO in translation. Therefore, it would be of great importance to determine the 

recruitment of mammalian PELO to translational elongation complex and the associated 

translational regulation mechanisms. Extending the study on role of Pelo in female fertility of 

mouse would add valuable information about the overall role of PELO in maintenance of 

fertility in mouse.  
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