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Introduction and literature review

Abstract

Oct-4 is a POU-V domain transcription factor whrelgulates pluripotency in mammals
and expressed in ES cells and germ cells, and wksved to be a gene unique to
mammals. Recently, it has been demonstrated todsemt in the genomes Xénopus,
zebrafish, sturgeon and axolotl. It has been shthah Oct-4 has three transactivation
domains, (N), POU and (C), with DNA binding meddtarough the POU domain. It
was unknown how the activity of these domains hesnbretained through evolution
and how they collectively function to control plootency.

This study is new and is the first to analyse thecfional conservation of these Oct-4
homologues, and their regulation molecular. Thriélerént assays were developed to
study Oct4 functionality: 1) A transactivation agsa which the function of Oct4
protein over-expression on a known Oct4-target segel was assessed (by luciferase
assay using the p6Witk-luc reporter containing Autdling sites); 2) A heterologous
transactivation assay in which the function of pe©ct4 domains by linking them to
Gal4-DNA binding domain was specifically assesdeB)) (by luciferase assay using
the pGal4-lux reporter). 3) The subcellular locaian of Oct-4 homologues
(generating two constructs; either full' length ®OU domain, fused to Green
fluorescent protein (GFP).

This study showed the coexistence of DBD confligith Oct4 resulting in a decrease

on its transactivation capacity when compared &ir thative state.

Oct-4 function generally conserved among speciéh, Xenopus Oct91 being the Oct-4
homologue with a transactivation function more &amio mouse Oct-4. Between (C)
and (N) transactivation domains linked to DBD, {8 domain was the one with more
activity. The (C) domain is cell-type specific régped by phosphorylation events, while
the (N) domain suffers sumoylation. These two ragguly mechanisms are shared in all
Oct-4 homologues. It was also possible to concltitE Oct-4 protein is nuclei

transcribed. This project opens many possible stuidi Oct-4 regulation.



Introduction and literature review

Acknowledgments

It was a pleasure and an intellectual challengevéok in the Genetics lab of the

Nottingham University, it was an experience withprgcedent.

| would like to thanks to Dr. José Belo by acceptieing my supervisor from Algarve
University. | would like to thank to my supervispggrticularly Dr. Andrew Johnson
for taking me into his laboratory, and Dr. Jamesdbifor all his time, concern and also
for tutoring me and support me during the projéetould also like to thank Dr. Carla
Toro and Dr. David Tannabhill for their advices azahcern. | am grateful to Dr. Niwa

for the gift of p6Wtk-luc that was used on the gssa

Also thanks to e to my family and friends that ay& support me and were there for

me, renewing my energy and strength



Introduction and literature review

Table of contents

AADSTIACT ...t et r e e e e r et e e a e e i
ACKNOWIEAGMENTS ... e e ii
Table Of CONTENTS ... e e e e e i
ADDIEVIALIONS ...t v
IS A ) T U P Vil
LISt OF tADIES ... viii
Chapter 1: Introduction and [terature reVIEW. .........coeeeeieee e 1
1.1 OVEIVIEW .ottt ettt ettt e e e s e er e e e e e e e 1
1.2 PIUMPOIENCY ..ottt e s sesseesnnnennne 1
1.3 Research in lower vertebrates.............oeeem i 4
1.4  Oct-4 belongs to POU transcription factor family.........................., 7
IS T © T o a0 (0] 4 = 11 K SO PP PPPPPPPPI 8
T © Tor 2 A= T To I o] (U1 o 0] (=] o Ty Y20 9
R A O Tor = o] =171 o] o 10
1.8 AIMS and ODJECLIVES .......cooiiiiiiieiieei e e e e eeaes 11
Chapter 2: Material and Methods....... ... 13
2.1. Construction of expression vectors and reporterplds. ............ccccceeeveeiieiiiiieieenennn. 13
2,02, PAT G et a e e e e e e aab s 24
2.1.2. PDBD ettt ettt ettt ettt 25
2.2.3. PGP bt 26
2.2.  Cell culture and tranSTECHON. .........coiiiiiiiiiiii e 27
(O T o] =T e Tl =TS L PP 29
3.1, OCt4 dOMAIN SIUCTUIE. .....eiiiiieeiiiimreeeesi ittt e e e e s e e e e e e e e e mrreee e e e nnnnes 29
3.2. Oct4 sequence identity as function prediCtion.................uvvvvvevvvviviiriviiinniinnienn. 29
3.3, AMINO ACIA COMPOSITION ..ovviieiiiiiiiitiee e et e e e e e e e ssnne e eeas 32
3.3.1 N-Terminal (N) ..ot 32
3.3.2 POU AOMAIN ... e 33
3.3.3 C-Terminal (C) ... 33
34, AlIGNMENIS ..o 36
3.4.1. IR =T 01T = U () 36



Introduction and literature review

B2, POU i ettt 37
3.4.3. CAEIMINGAL (C) 1eeiiiiieeie e e e 39
G 78 T 1 (o] o 11 o 39
3.6.  Nuclear [0CalIZAtION. ..........coiiiiiii e 40
3.7, LUCITEIASE ASSAY ...eeiiiiiiiiiiiiiiiiit e e e e e e ettt e e e e e e e et e et e e e e e s e mnneee e e e e enneees 42
BT PATG oottt ettt ettt 42
3.7.2. PDBD . et a e e e e e eeaaaaas 44
Chapter 4. DISCUSSION........ccoiiii i e e e s e e s s e e s an s e e aseennnsnnnssnnnsnnnnnnns 50
4.1.  AMINO ACId COMPOSITION ...uuuiiiiiiiieiiicmmme e e e e e e e e e e e eeeeennnnnes 50
4.2. SEB (Serine [S]/ Glutamic acid [E]) DOX ....vueeeeeeeiiiiiiiiiiieeeeeeeeeeeeeeeeee, 52
4.3.  Nuclear LOCAIIZAtION ...........uviiiiiiiieeiimmm e rmmn e e e 53
4.4, LUCITErASE ASSAY ..ccoiiie i i i i 53
4.5.  Functional CONSEIVALION ..........ccviiiiiiiiieieeiiii ettt e e 59
Chapter 5: CONCIUSIONS ........uutiiiiiiieet e e e e e eeeeeaeeee et eeeeeeeeeeeeee et eeeeeeaeeaaaaaaaaaaaaaaeaaaeeeeeeees 62
5.1, FULUIE WOTK ..ot emmme ettt e e 65
RETEIEINCES ...ttt et e ettt e e e e e e e e e e e e e e e e e e e e e e e e e e 66
APPENDICES. ...ttt 444ttt et ettt ettt ettt e et eteeee s eee s beeeeeeaeeteeeeeeeeereeeeeeeeeeeees 72
APPENDIX 1AMDYStOMa MEXICANUM ........ooiiiiiiiiiieeeeeeeeee et et e e e e e e e e 72
APPENDIX 2MUS MUSCUIUS ...ttt ettt a e 73
APPENDIX 3Acipenser oxyrinCchus OXyrinChus...............eeueeeiiiiiiiii s 74
APPENDIX AD@NTO TEITO ..cciiiiiiiiiiiee et e ettt ees et e e e e s e e e e e e e e e ennnnees 75
APPENDIX 5XENOPUSIAEVIS.......cce ittt 76
APPENDIX 6Xenopus 1eViS- OCIB0........uuuuuuiaeaaae e 77
APPENDIX 7-Xenopus 18eViS- OCL25..........covviiiiiieiiieieieeieievieeissassieeeeeeeeseeeseeesseeseeessseeenees 78
APPENDIX 8. Primers COmMDINALION..........coiammmiiiiieiee e eee e 79
APPENDIX 9. Amino acid composition of Oct-4 N ténal ................................. 81
APPENDIX 10. Amino acid composition of Oct-4 PODNGAIN ..........ccoovviiiiiiiiiiiieeeenis 84
APPENDIX 11. Amino acid composition of Oct-4 Crgnal ............................c, 87
APPENDIX 12. pGEM®-T Easy vector (Promega, UK)..........cooiiiiiiiiiiiiiiiiiiiiiiiiiininnnd a0
APPENDIX 13. PEWLK-IUC VECTON ......eiiiiiiie e 91



(€)

(N)

Mg

aa
axC
axN
axOct4
Bp
BSA
cDNA
CO,
DAPI
DBD
DMEM
DNA
dpc
ES
FFT
FGF

g
GFP
HEK 293T
hESc
ICM

L
LARII
LB

Introduction and literature review

Abbreviations

Carboxyl- terminal domain
Amino- terminal domain
Microgram (10-6 g)

Amino acid

Axolotl Oct-4 C domain
Axolotl Oct-4 N domain
Axolotl Oct-4

Base pairs

Bovine Serum Albumin
Complementary DNA

Carbon dioxide
4,6-diamidino-2-phenylindole
DNA Binding Domain
Dulbecco’s modified eagles medium
Deoxyribonucleic acid

Days poscoitum

Embryonic stem

Fast Fourier Transform
Fibroblast growth factor
Gram, unit of mass

Green fluorescent protein
Human Embryonic Kidney 293T
Human embryonic stem cells
Inner cell mass

Liter, unit of volume
Firefly luciferase reagent
Lysogeny broth

Molar



mC
MCS
M

mM
mN
mOct4
MW
NLS
PBS
PGCs
SEB
SOB
stC
StN
stOct4
TAD
TFs
X125
X160
X191
zfC
zfN
Zfpou2

Introduction and literature review

Mouse Oct-4 C domain
Multiple cloning site

Milli liter (10-3 1)

Milli Molar (10-3 M)
Mouse Oct-4 N domain
Mouse Oct-4

Molecular Weight

Nuclear Localization Site
Phosphate buffered saline
Primordial germ cells
Serine [S]- Glutamic acid [E] box
Super Optimal Broth
Sturgeon Oct-4 C domain
Sturgeon Oct-4 N domain
Sturgeon Oct-4

Transcriptional activation domain
Transcription factors

Xenopus Oct-25

Xenopus Oct-60

Xenopus Oct-91

Zebrafish pou2 C domain

Zebrafish pou2 N domain
Zebrafish POU2

vi



Introduction and literature review

List of figures

Figure 1. 1- Different paths of establish pluripdtembryonic stem (ES) and embryonic

0EIM (EG) CEII IINES...ceeiiiiiieicie ettt s e e e e e e e e e e e e aaeaeeeaaaeeeeeenennns 2
Figure 1. 2 Model of Oct4, Nanog, Sox2, and FoxBt&naction during early mouse
(o 123V =1 o] o 1 0= o | (1 TR 9
Figure 1. 4- Oct-4 expression in pre-implantatiord @&arly post-implantation during
MOUSE AEVEIOPMENL.. ... e e e e e e 11
Figure 2. 1- Different Oct-4 domain CONSTIUCES...ce...ceeiviiiiieiiiiiiiiiiieee e 13
Figure 2. 2- ClustW amino acids alignments ...............oooiiiiiiiiiiii e 14
Figure 2. 3- Enzymes used to create the differeqmi@tl Oct-4 fragments.................. 16
Figure 2. 4- Enzymes used to create the differemidéd Oct-4 fragments. ................ 16
Figure 2. 5- Enzymes used to create the differamg8on Oct-4 fragments. ............. 17
Figure 2. 6- Enzymes used to create the differestirafish Pou2, Xenopus Oct-91,
Xenopus Oct-60 and XenopuS OCt-25. ... e eeeereeeeeeeeeiiiiiine e e eeeaeanaeeas 18
Figure 2. 7- pATG vector used for CloniNg. ...cccecuuveeiiiiiiee e 24
Figure 2. 8- pDBD vector used for the CloNiNg..........coovviiiiiiiiiiiiiiie e 25
Figure 2. 9-Vector pGFP used in CIONING. ... coueeniiaaeeeeeeeeeieeeeeeii e 26
Figure 3. 1- Average distance tree using BLOSUMBZ2..............cceeeeeevvviieeveiiinnnnnnns 13
Figure 3. 2- CD MAFT alignment. ..........coooeeeimiiiiiiieeeicess e e e e e e e eaeeeene e 35
Figure 3. 3- N-terminal alignment for all SPeCIes............uvvvviiiiiiiiiiiiiiieeeeeee, 37
Figure 3. 4- Jalview MAFFT alignments for the difat POU domains ..................... 38
Figure 3. 5- MAFT multiple alignment for the difeaxt C-terminal sequences. ........... 39

Figure 3. 6- 293 T cells transfected with pGFP @©é#l length and POU domain. .... 41
Figure 3. 7- pATG-Oct-4 Full length transactivatiorHeLa and HEK 293T cells. .... 43
Figure 3. 8- pDBD- OCT-4 full lenght activationeLa and HEK 293 T cells......... 44

Figure 3. 9- pDBD-POU-C Oct-4 transactivation inldeand HEK 293T cells ......... 45
Figure 3. 10- pDBD- N-POU Oct-4 transactivatiorHaLa and HEK 293T cells...... 46
Figure 3. 11- pDBD-N transactivation in HeLa andKdEO3T cells. ........cccceeveeeeeennn. 47
Figure 3. 12- pDBD-POU transactivation in HeLa améHEK 293 T cells ................ 48
Figure 3. 13- pDBD-C transactivation in HeLa andHlBK 293T cells. ........cccceen..... 49
Figure 4. 1- Sumoylation sites in Oct-4 homologues............ccvvvvvvevviviiniciienee. 58

Vi



Introduction and literature review

List of tables

Table 1.1- Different strategies for reprogrammirffedentiated cells into a pluripotent

Table 2. 1- Domain lengths of Oct4 in the studigahgles.............oovvviiiiiiiiinnnnnn. 15.

Table 2. 2-- Axolotl Oct4 enzyme combinations usedenerate different fragments. 16
Table 2. 3- Mouse Oct4 enzyme combinations usegnerate different fragments ... 17
Table 2. 4- Sturgeon Oct4 enzyme combinations tsgenerate different fragments.17
Table 2. 5- Zebrafish Pou2 enzyme combinations tsepknerate different fragments.

.............................................................................................................................. 18
Table 2. 6- Xenopus Oct-91 enzyme combinations tseenerate different fragments.
.............................................................................................................................. 19
Table 2. 7- Xenopus Oct-60 enzyme combinations tseenerate different fragments..
.............................................................................................................................. 19
Table 2. 8- Xenopus Oct-25 enzyme combinations tseenerate different fragments.
.............................................................................................................................. 19
Table 2. 9- Enzymes and adaptors used to credieradif Oct4 fragments for each
S 01T o[ PP 20
Table 3. 1- Sequence identity Of OCHA. ... 30

Table 3. 2 Prediction of phosphorylation positionghe C domain, for serine; and
tyrosine, according to Netphos 2.0 (56). ... 34
Table 3. 3 Prediction of phosphorylation positionghe C domain, for serine; and
tyrosine, according to Netphos 2.0 (56). ...ccceerriieeeeeeeccce e 35

viii



Introduction and literature review

Chapter 1: Introduction and literature review

1.1 Overview

Biologists have explored embryonic development,mfravorms to humans, to
understand how different complex organisms can dreved from a single cell, the
fertilised egg or zygote [1). It has been demomstrahat many conserved genes and
pathways are involved in regulating developmene $ame genes have been linked to
the same cell choices through evolution from simipleomplex organism development.
We also have a good understanding of the way hiea¢inbryo repeatedly uses the same
strategies for organogenesis, tissue patterningcalhidar specialisation [2]. All species
use a common strategy for development, the usestdra cell to generate and maintain
a given tissue or organ. During embryogenesids @k initially proliferative and
pluripotent; with the ability to differentiate intany cell type; they only gradually
become restricted to different cell fates [1, Z].id of interest to study if gene
functionality is also conserved during evolutiondaecause the manipulation of these

genes and pathways may hold the key to curingnaiivk human disorders

1.2 Pluripotency

Pluripotent cells can give rise to all cells of #mbryo or the adult organism [3]. In
higher vertebrates Pluripotent cells express Odahog and Sox-2, and these factors
are used as pluripotency markers. The potentidl ghaipotent cells have to develop
into specialized cells is being researched for aall tissue replacement therapies in
order to treat disorders such as Parkinson’s disedmeumatoid arthritis, burns and
heart disease [1, 4]. Despite the fact that hunrmabrgonic stem cells (hESc) might be
used to treat a host of diseases, there are etismats regarding the use of human
embryos, as well as the problem of tissue rejectadlowed transplantation [5]. To
bypass these issues, there is the possibility wérteg somatic patient cells into

pluripotent cells by the constant forced over-egpi@n of pluripotency factors [5]. So
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far the process of reversion to a pluripotent pliyp® is not very well understood
however this technology holds much promise for negative medicine [6].

The demonstration that fully differentiated cetian revert to pluripotency cell, has
resulted in a longer number of groups interestedhm process and the different
pathways involved [6]. Pluripotent cells can berfdun two main embryonic sources.
Mouse and human ES cells are derived directly ftbm inner cell mass (ICM) of
embryos at the pre-implantation stage [1] (Figurel-1 Primordial gem cells (PGCs)
produce mature germ cells and generate functiachat gametes. Mouse PGCs can be
isolated from the gonadal ridge of the embryo []l, &d when cultured with
appropriate factore vitro, can generate embryonic germ (EG) cells [8]. Els ¢ave
many characteristics of ES cells with respect trtdifferentiation potential [1], and
therefore represent an alternative way to studyegehat regulate potency and cell

differentiation.

Pluripotent Stem Cell Lines

3.5d Blastocyst 8.5d Embryo

ICM
Primordial
germ cells
ES cells EG cells

Figure 1. 1- Different paths of establish pluripotat embryonic stem (ES) and
embryonic germ (EG) cell linesfrom the inner cell mass (ICM) of mouse blastogyst

and from primordial germ cells, respectively [7].
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There are several methods to re-program the natldifferentiated cells to an ES cell-
like state (Table 1.1) for therapeutic means [9]t Bone of these pathways are fully

understood, and they still have many restrictions.

Table 1.1- Different strategies for reprogramming dfferentiated cells into a

pluripotent state [9].

Strategies for reprogramming of differentiated <ell

Reprogramming Description Restrictions
method
Somatic cell nucledrintroduction of a somatic cellApplication may be limiteg

transplantation

nucleus into an enucleat
unfertilised oocyte. For a
increasing number of species
complete organism can thus
formed by the reconstitute
oocyte.

2dy availability of oocytes

nand the low cloning

, efficiency.  Furthermore,

beeveral developmental

dabnormalities were
observed in cloned

animals. Ethical and legal
obstacles restrict use of this
method for human cells.

Cell-cell fusion

Hybrids of differentiated ar
pluripotent cells exhibi
characteristics of pluripotency

d'he reprogrammed cell
[ hybrids contain an
.additional set of

chromosomes. The nucle
of the pluripotent cell may
be required for
reprogramming.

Treatment with extract

of pluripotent cells

sPermeabilised cells af
exposed to cell-free extracts
pluripotent cells. Treated cel
re-express pluripotenc
markers and re-differentiaf
into multiple lineages.

elimited experience with
oprimary cells.
Reprogrammed cells wi
yregain only some of th
goroperties of pluripoten
cells.

— (D —

Stable expression
defined factors

q

pfExogenous expression of Sox
Oct3/4, Kif4, and c-Myc an(
subsequent  selection f
pluripotency markers gives rig
to cells with similarity to
pluripotent cells
Reprogrammed cells cg
contribute to tissues of all thre
germ layers in live chimeri

Reactivation of transgenes,
lin  particular of the
bpncogene c-Myc, leads to
seconsiderable side effects |n
offspring oh chimeric mice.

in
pe

~
—

mice
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A major breakthrough was made by Takahashi and Yiak®a (2006), who induced

pluripotency by retroviral transduction of diffetexted cells using four transcription
factors: Oct-3/4, Sox-2, c-Myc, and KIf-4 [3, 1Q]Jater in 2007, Thompson’s team
screened genes that were highly expressed in hES ard found c-Myc and Kif-4

necessary for reprogramming. They were also ablepoogram somatic cells using
Oct-4, Sox-2, Nanog, and Lin-28 using lentivirartsduction [10, 11]. In all cases, the
re-programmed cells contribute to live chimeric eniand are transmitted via the
germline [3]. Although differentiation of cells inlves complex genetic and epigenetic
changes [3], it is not known how each transcriptiactor interacts and contributes to

pluripotency.

1.3 Research in lower vertebrates

During evolution, most genes have undergone eptgemeodifications. Pluripotent
genes are responsible for regulating the diffea¢ioi capacity of a cell, and it is likely
that these genes might be found conserved duriolgiggan, with small or no epigenetic
modifications. In order to understand how pluripateis regulated, it is easier to study
a basic model organism, where the interference obraplex gene network does not

occur.

Mammalian systems have a more complex genetic mketwtan amphibians, and
mammalian oocytes are also harder to work and hwey legal and ethical problems.
For this reasoiXenopus oocytes started to be used to do research on mgpnoging by
using their germ cell factors [5]. It is also easi® do experiments iXenopus oocytes
of than mouse oocytes, as mouse oocytes recover pafbelyinjection. Both systems
have the formation of PGC, and the same genesatbatound expressed in inner cell
mass (ICM) can also be found in PGC. There are different ways of generating
PCGs.
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The germline is created by primordial germ cell (®@ormation, which may either be
initiated by cell-autonomous maternal determingd®] produced during oogenesis
(termed germ plasm), this method is called prefoiong13]; or by inductive external

signals in the absence of germplasm, termed epsge[#.

Frogs, such asxenopus laevis, have germplasm [14], which is seen as dense
fibrogranular bodies present in the cytoplasm afytes located in the cortex region of
the oocyte [13]. During early development therdhis inheritance of these maternal
determinants [15] leading to the formation of pridial germ cells (PGCs) [13]. By
contrast, mammals use Wnt and FGF signalling as rkgylators in the inductive
methods of PGC formation which takes place laterembryogenesis. The axolotl
(Mexican salamander), is actively being used to study PGC developmientthe
Johnson laboratory, due to the fact that mouse axdbtl appear to share the same
inductive mechanism. Axolotl germ cells are indugéedmesodermal tissues during
gastrulation, by a very similar process to thatmafuse germline formation [14, 15].
This finding brought a new insight in research, woly do they share the same

development process but they also have the adwstdgamphibian oocytes.

The two different mechanisms of PGC formation ipdtiresised to have lead to the
appearance of two major amphibian groups; the asu(aogs and toads), and the
urodeles (salamanders) [14]. When the adult moggyobf frogs (anuran) or axolotls
(urodele) are compared to other vertebrates iteensthat urodeles have a similar
skeletal structure to most vertebrates them frdgg. [More morphological analyses
between those two species also show that the frag@omy has become more
specialised, with significant variability among s@s than axolotls. Frogs also go
through many development stages that are not reagefss mammals [14]. Despite the
fact that axolotl and frogs diverged from a comnascestor [12], axolotls retained
more ancestral features and are less variableftbgs, and therefore is likely that one
of the mechanisms of PGC specification in urodédesiore conserved than in frogs
[14]. A strong link can therefore be drawn betwemmnmals that make PGCs by
maternal determinants to allow more rapid speaiadind evolution (frogs), and animals
that epigenetically specify PGCs which are slowespeciate and evolve (axolotl and

mouse).
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It was assumed that as germplasm determines theafian of PGCs via coding and
non-coding maternal RNAs, such sa, dazl genes [12, 15] that these would not be
present or expressed in animals showing epige®B€ formation, but this was
contradicted in 2001, when Johnsenal were able to clone thdazZl sequence from

axolotls.

Oct-4 has been shown to be essential for germdegklopment in mammals [12] and
is responsible for maintaining the ability of aldeldifferentiate into all cell type; in the
mammalian germ-line, and it was thought that Oata4 an evolutionary gene restricted
to mammalian systems. However, in 1992, three hogmls Oct-4 (family termed
POU-V) sequences were isolatedXenopus laevis, Oct-25 (XI25), Oct-91 (XI191) and
Oct-60 (X160) [16]. In 2006, a homologous sequem@s found in Zebrafish, Pou2
(zfpou2) [17]. Later, the Johnson Group cloned ©étem axolotls (axOct4) [18], and
more recently, in sturgeon (stOct4) (unpublish@the presence of Oct-4 in species that
specify PGCs by epigenesis and by preformation estgthat Oct-4 not only is an

ancient gene, has but also has an important rddetimtypes of PGC formation.

Other genes, such as the well characterised tiptisor factors Oct-4, Nanog, c-
Myc,Sox2 between others, show a significant rol®@®C determination, and are also
found in lower vertebrates during early developménis of interest that whewasa,

daz and Oct-4 from axolotlXenopus and mouse are aligned the axolotl sequence
shows more similarity to mouse thafenopus sequence [12]. It is likely that in
urodeles, like in mammals, RNA binding proteinasg anddazl) and the transcription
factor Oct-4, might control the formation of PGQaetain the potency for self renewal
[15].

Despite species having different modes of embryalecelopment, they all conserve
the same inductive ancestral genes for PGC formatiether by epigenesis or by
preformation. However, it remains to be testedhgirt function was also conserved
during evolution. The fact that axolotl sequendears a higher homology with mice
suggest that they may be a good model organisnstémlying and understanding the
biology of mammalian germ cell development, and tkegulatory mechanism to
produce stem cells. Gathering all the amphibianaathges, new insights might be
gained into Oct-4 function through experimentsxolatls instead oKenopus.
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1.4  Oct-4 belongs to POU transcription factor famiy

The POU family of transcription factors share hooggl to a domain first found in
mammalian transcription factorgR, Oct-1 and a nematode regulatory proteinct86
[23]. POU family transcription factors activate esgsion of genes by binding to an
octameric sequence [AGTC(A/T)AAT] found in the réaggory sequences of cell type-
specific as well as ubiquitous genes [1]. The PQihain binds to DNA through
recognition of the helix-turn-helix region withing POU domain, with the bases in the
DNA major groove at the 3' A/TTTA rich portion di¢ octamer site [1].

The POU family members share a similar DNA binditggnain of approximately 160
residues [19], and contain two structurally indegesrt subdomains, an amino-terminal
specific region of 75-amino-acids (POUs) and a @aykterminal homeodomain of 60
amino-acids (POL) [20] connected by a flexible linker of variabenbth [1]. The POU
domain was highly conserved during evolution —rimuse Oct-4 POU domain shares
high similarity with amphibian sequences. It hagrbshown that th&Xenopus Oct-4
homologues can replace the mouse POU domain in diS to support their self-
renewal; zebrafish pou2 is unable to do this [Z@s suggests that the Oct-4

transactivation function has been preserved in sspeeies during evolution.

POU transcription factors are divided into five sdas based on the degree of
conservation within these domains and linker regjah].The POU-V family are
considered to play an important role during embeyasis, pattern formation and
cellular differentiation [22]. Oct-4 is also knovas Oct3, Oct-3/4, POU5SF1, OTF3, and
NF-A3 [23].

Oct-4 is transported to the nucleus, where it bitids octamer motif and starts to
transactivate its target genes [24]. The mechamgmhich Oct-4 is transported into
the nucleus is still unknown, but a conserved secgienecessary for nuclear
transportation has been found [24]. The classicallaar localization signal (NLS)
RKRKR was also found within the POU domain [24).
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15 Oct-4 domains

The POU domain in Oct-4 is surrounded by N- andt€minal domains that are
responsible for the transactivation capacity [1]. 1Bespite both functioning as
transactivator domains, the C-terminal (C) shoss kctivity then the N- terminal (N)
when tested in ES cells [16]; however, this hashean tested in other cell types, or by
using Oct-4 homologues from other species. The @)U and (C) domains by
themselves are not sufficient for ES cell self-wvealg16, 21].

The (N) domain is found upstream from the POU dormand in mouse is 126 aa [21].
Oct-4 like proteins in other species have longeddiiains (e.g. 252 aa for Zebrafish
Pou2). Due to the fact that 25% of the domain dipe (13- 60 aa) it is considered a
proline-rich transactivation domain [16]. It wasosm that the proline-rich region has
an important role on Oct-4 transactivation, as whkleteted Oct-4 transactivation is
reduced [21]. Further studies revealed that deleticthe full N-domain decreases Oct-
4 transactivation. Nonetheless, it was still pdssitb see a significant transcriptional
function in ES cells [16]. Mouse (N) domain hasaggét site for a small ubiquitin-

related modifier (SUMO-1) that results in a sigraint increase of Oct-4 stability and
DNA binding [23]. However, if these sumoylatioriesi are conserved and influence

Oct-4 homologues activity, is still not known.

The (C)- domain is found downstream of the POU dapend in mouse it contains 67
to 95 aa. It has proline, serine and threoninedues [20] and is known as a
serine/threonine-rich transactivation domain [IBhe C-domain is cell-type-specific
and is mediated by the Oct-4 POU domain [20]. Itbdieved that (C) might be
regulated by phosphorylation events [15, 20].
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1.6 Oct-4 and pluripotency

It was shown that in the absence of Oct-4, ES ¢tetls the ability to self-renew (Niwa,
2002). Oct-4 is not the only gene responsible famtaining pluripotency - other genes
act together at different development stages (Eigt 2). In mouse, Oct-4
transactivation is also mediated by directly bigdiBox2, a Sry/HMG transcription
factor [15, 25]. Oct-4/ Sox-2 co-operate to up-tatrigenes during pre-implantation
development, such as FGF-4 and osteopontin (OPNJ, down-regulate human

chorionic gonadotropin (HCG) [15].

Nanog, another critical transcription factor thedrpotes ES self-renewal, was found by
Chamberset al. (2003) [26] and Mitsuiet a.l (2003) [27]. Nanog is a divergent
homeobox factor expresseauvivo during early development [1ln vitro it is a marker
of all pluripotent cell lines (both murine and humdl, 27]. Nanog and Oct-4 work
together in order to maintain a pluripotent phepetyin mouse, it is known that Nanog
and Oct-4 interact directly with each other inanscriptional complex with chromatin
modifiers (James Dixon, personal communicationjs lhot known whether the ability
to bind Nanog is common to all Oct-4 proteins. Nanegulates Oct-4 and Sox2 levels
to preserve self-renewal and to prevent differ¢iotiaof the ICM into all three germ

layers [28].

Octd Oci4, Ocid,
Nanog Sox

> _'_ ) » - B »
Repers? % §
o 3 ).

Opgge®
Larly Late Postimplantatuon
morula blastocyst blastocyst LEgg cylinder

Figure 1. 2 Model of Oct4, Nanog, Sox2, and FoxDBteraction during early mouse

development[1].
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Oct4- has been proven to be a transcription fastoessary to maintain pluripotency in
embryonic stem cells (ES cells) along with othanscriptional co-regulators, such as
Nanog andSox-2 [1,29], but once cells start to differentiateisitswitched off. Oct-4 is

not restricted to ES cells, but is also found imladissues, such as bone marrow,
intestinal epithelium, brain, liver and hair foles [29, 30]. To investigate whether Oct4
is necessary for adult tissue renewal, JaenisB@7 2leleted Oct-4 in differentiated cell
lines, and showed that, despite lacking Oct-4 celere able to renew. This study
shows that Oct-4 does not play a self-renewal irokdult cells [29, 30], and highlights

some new ideas and concepts. Despite the facOittad has a role in maintaining ES
pluripotency, it does not have the same role inltadalls and could mean that

pluripotency and self-renewal have different retarlamechanisms [30].

1.7  Oct4 expression

In mouse Oct-4 is a maternally inherited transariptfactor that is expressed at low
levels in all blastomeres until the 4-cell stagéteAvards, the gene undergoes zygotic
activation, resulting in high Oct-4 protein levétsthe nuclei of all blastomeres until
their compaction [1, 15] (Figure 1. 3). After cation, Oct-4 is only expressed in the
inner cells (ICM) of the blastocyst and it is doegulated in the differentiated
trophectodrem (TE). It was thought to be one of fir& transcription factors to be
regulated in early development [15, 20]. But nowedid is known that Oct-4 requires
the interaction with other transactivation factsugh as Sox-2, to maintain ES cells in a

pluripotent state [25].
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smp- Oct-4 upregulation

- "\ ~ == /f__.
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Zysote Cleavage 4-cell 8-cell Compacted ICM Epiblast
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Figure 1. 3- Oct-4 expression in pre-implantation ad early post-implantation
during mouse developmentlt begins to be present as maternal transcrigtereygote
and remains low until the 8-cell stage when theegsrzygotically activated, eventually
becoming restricted to the epiblast [15].

A study with different Oct-4 expression levels raleel that when Oct-4 expression is
increased by 50%, it leads ES cells to differeatiato extra-embryonic endoderm and
mesoderm. However, a 50% decrease result in trapbeerm differentiation [31].
Nonetheless, subtle Oct-4 changes do not havestidedfect. Xenopus has a similar
expression regulation, when Oct-25 (XI25), Oct-B6Q) and Oct-91 (XI91) are over-
expressed it suppresses mesoderm formation, vdstedf Oct-25 and Oct-60 results in
mesoderm differentiation [22]. Oct-4 cell-type gfiety and temporal expression
suggest unique mechanisms for regulating its esmeg32], it is the precise threshold
of Oct-4 that determines the three possible cethgpéself-renewal, trophectoderm, or

extra-embryonic endoderm and mesoderm) [1].

1.8 Aims and Objectives

Oct-4 passed from a mammalian specific transcmpfaxtor to a transcription factor
present in at least five embryo vertebrates; mamsmaxkolotl [12]; sturgeon (not

published); in zebrafish an&enopus [21]. Oct-4 in mammals is responsible for
maintaining pluripotency, and essential for tharfation of PGCs. This gene is found
conserved during evolution, and it is of interesstudy if it retained the same function
to activate Oct-4 target genes from mammals to toxgetebrates.

11
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The aim of the present study wgsto see whether the Oct-4 proteins from different
species share the same functional doma)nif their activity was conserved during
evolution in differentiated and pluripotent celis) to determine how domains influence
Oct-4 transactivation in these celig) create different molecular tools for Oct-4 genes

to allow further functional analysis ang assess subcellular localization.

This study will not only highlight different aspeabf Oct-4 conservation and function,
but it will also allow determination which of lowesertebrate share the highest
functional conservation to mammals and presentli@nnative model system to study

pluripotency pathways.

These aims were addressed by caring out the foitpstudies:

a) Determination of the different domains for @ltt-4 sequences; analyse their

length, amino acid composition and conservation;

b) Cloning of the full length and Oct-4 domainsoia general utility vector by
PCR;

¢) Sub-clone these into over-expression GFP andiDED vectors;
d) Assess Oct-4 localization.
e) Analysis of the function of Oct-4 to activategiet genes by reporter analysis;

f) Analysis of the regulation and conservationpafticular Oct-4 domains for

their function.

12
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Chapter 2: Material and Methods

2.1. Construction of expression vectors and reportglasmids.

Oct-4 is divided in three different domains, an monierminal domain (N-domain)
which has a large proportion of proline residuesgasboxyl terminal domain (C-
domain), which has a large proportion of prolineirse and threonine residues that
surrounds the POU domain [16]. Different Oct-4 fremmts were constructed for each
species, the Oct4 full- length (FL), the N-termimald POU domain (N-POU), the C
terminal and POU domain (POU-C), and also fragmueuitis only the N-domain (N),
POUV domain (POU) or C-domain (C), all fragments described on Figure 2. 1.

Figure 2. 1- Different Oct-4 domain constructsA) full length Oct-4 domain; B) N-
POU domain, that only has the N-terminal and PObhaia; C) POU-C domain, only
with the POU domain and C-terminal; D) POU domdi),C domain, only the C-
terminal, F) N domain, only with the N-terminal.

Oct-4 Sturgeon (stOct4) sequence was supplied megdaDixon. Axolotl (axOct4),
mouse (mOct4)Xenopus (XL91, X160, XI25) and Zebrafish (Pou2) Oct-4 seques
were obtained through NCBI database [33], (sequerrel accession numbers are

given in appendix 1 to 7).

Brikman in “Conserved roles for Oct4 homologuesnaintaining multipotency during

early vertebrate development” [9], describes thenala lengths for mouse Oct-4,
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Xenopus Oct-25,Xenopus Oct-91,Xenopus Oct-60 among others. This information was
not only used for domain constructs, but also, redjgt Pou2, stOct-4 and axOct-4
domains by using ClustW multiple alignments on RidB/. 7.0.9 [34]. The resulting
alignment is shown on Figure 2. 2.
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Figure 2. 2- ClustW amino acids alignments(the lightened area determines the POU
domain, the upstream region correspond to N-terndiomain (N) and the downstream
region corresponds to the C-terminal domain (C).)

The lengths of each domain to be used to PCR aogildn are described in
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Table 2. 1- Domain lengths of Oct4 in the studiedasnples.

Specie Domain Length (bp)
Axolotl Oct4 N domain 1-549
POU domain 550- 996
C domain 997- 1197
Mouse Oct4 N domain 1-399
POU domain 400- 846
C domain 847- 1131
Sturgeon Oct4 N domain 1- 705
POU domain 706- 1158
C domain 1159- 1362
Zebrafish N domain 1- 756
POU domain 757- 1209
C domain 1210- 1419
Xenopus 91 N domain 1- 660
POU domain 661- 1143
C domain 1144- 1338
Xenopus 60 N domain 1- 612
POU domain 613- 1076
C domain 1077- 1281
Xenopus 25 N domain 1- 690
POU domain 691- 1140
C domain 1141- 1347

Each fragment was cloned using different restncmzyme sites surrounding them.
Using NEB cutter Ver.2.0 (35), it was possible dentify which enzymes that do not
cut in each sequence, and ones that cut withinfriggments. The main restriction
enzymes chosen where; Nhe, Agel, Xhol and Hinditl anly when necessary replaced
by, other restriction enzymes, Sal 1 and and B&@striction enzyme sequences were

added to the primer sequence.
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Axolotl Oct4 has a restriction site at the 82 bptfee Xhol (35), indicated on Figure 2.
3 with the symbol ), so only the fragment N-POU needs to be repldne®all to
avoid double digestion. All enzyme combinations &xch domain are indicated on

Figure 2. 3 and constructs domain lengths for ag@ot indicated in the Table 2. 2.

Nhel Agel Sall Hindlll
Xhol

Figure 2. 3- Enzymes used to create the differentdlotl Oct-4 fragments. A
indicates where the Xhol cuts the sequence.

Table 2. 2-- Axolotl Oct4 enzyme combinations useid generate different
fragments.

Specie Restriction Enzymes Domain Size (bp)
Axolotl Oct4 Nhel + Hindlll Full- Length 1197
Agel + Hindlll POU-C 648
Nhel + Sall N-POU 996
Nhel+ Agel N domain 549
Agel + Xhol POU domain 447
Xhol + Hindlll C domain 201

Mouse Oct4 has a restriction enzyme at the 10®bplindlll [35], indicated orFigure

2-4 with the symbol {), so the only full- length fragment needs a reghaent of the
Hindlll adaptor for Bglll. All enzyme combinatiorend constructs used to make the
different fragments are described on the Figu#g 2nd the respective domain sizes can
be found in Table 2. 3.
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Nhel Agel Xhol Hindlll
Bglll

Figure 2. 4- Enzymes used to create the different dise Oct-4 fragments. A
indicates where the Hindlll cuts the sequence.

Table 2. 3- Mouse Oct4 enzyme combinations useddenerate different fragments

Specie Restriction Enzymes Domain Size (bp)
Mouse Oct4 Nhel + Bglll Full Length 1131
Agel + Hindlll POU-C 732
Nhel + Xhol N-POU 846
Nhel+ Agel N domain 399
Agel + Xhol POU domain 447
Xhol+ Hindlll C domain 285

Sturgeon Oct-4 has a restriction site at the 1G2#bbXhol [35], indicated on Figure 2.
5 with the symbol X), therefore the fragments N-POU and POU canna thk Xhol
adapter, being replaced by Sall. The enzyme conitnsaused to make the fragments

are described in Table 2. 4.

[ DN ]
: ,.‘.‘ ,.‘.‘

Nhel Agel Xhol Hindlll
Sall

Figure 2. 5- Enzymes used to create the differentti®geon Oct-4 fragments A
indicates where the Xhol cuts the sequence.
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Table 2. 4- Sturgeon Oct4 enzyme combinations uséagenerate different
fragments.

Specie Restriction Enzymes Domain Size (bp)
Sturgeon Oct4 Nhel + Hindlll Full Length 1362
Agel + Hindlll POU-C 657
Nhel + Sall N-POU 1158
Nhel + Agel N domain 705
Agel + Sall POU domain 453
Xhol+ Hindlll C domain 204

Zebrafish Pou2 and alenopus (XI25, XI60, XI91) cDNA do not have restrictiontess

for any of the main enzymes (Nhel, Agel, Xhol amtiHl) [35] so all the fragments
were inserted with the same adapters but generdlifigrent size fragments. The
restriction enzymes sites are described-igare 2-6 and all the different combinations

and fragment sizes for zfPou2 are in the Table #r5XI91 the fragments are described

on Table 2. 6, for X160 the fragments are on

Table 2. 7 and for XI25 are in

Table 2. 8.

[ TSI |

Nhel Agel

Xho1l Hindl1l

Figure 2. 6- Enzymes used to create the differentebrafish Pou2,Xenopus Oct-91,

Xenopus Oct-60 andXenopus Oct-25.

Table 2. 5- Zebrafish Pou2 enzyme combinations uséd generate different

fragments.
Specie Restriction Domain Size (bp)
Enzymes
Zebrafish Nhel + Hindlll Full Length 1419
Agel + Hindlll POU-C 663
Nhel + Xhol N-POU 1209
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Nhel+ Agel N domain 756
Agel + Xhol POU domain 453
Xhol + Hindlll C domain 210

Table 2. 6-Xenopus Oct-91 enzyme combinations used to generate diffant

fragments.
Specie Restriction Domain Size (bp)
Enzymes

Xenopus Oct-91 Nhel + Hindlll Full length 1338
Agel + Hindlll POU-C 678
Nhel + Xhol N_POU 1143
Nhel+ Agel N domain 660
Agel + Xhol POU domain 483
Xhol + Hindlll C domain 195

Table 2. 7-Xenopus Oct-60 enzyme combinations used to generate diffamt

fragments..
Specie Restriction Domain Size (bp)
Enzymes
Xenopus Oct-60 Nhel + Hindlll Full length 1281
Agel + Hindlll POU-C 669
Nhel + Xhol N-POU 1076
Nhel+ Agel N domain 612
Agel + Xhol POU domain 464
Xhol + Hindlll C domain 205

Table 2. 8-Xenopus Oct-25 enzyme combinations used to generate diffant

fragments.

Specie

Restriction Enzymes

Domain | Size (bp) |
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Xenopus Oct-25 Nhel + Hindlll Full length 1347
Agel + Hindlll POU-C 657
Nhel + Xhol N-POU 1140
Nhel+ Agel N domain 690
Agel + Xhol POU domain 450
Xhol + Hindlll C domain 207

Each fragment was amplified with primers corregpog to specific enzyme with the
addition of a random nucleotide sequence: CAGThat3 extremity of each primer.
The enzymes and their corresponding sequencesviratused are describedTable
2.9. The total oligonucleotide sequence with the amlapequences are described in
Table 2-10

Table 2. 9- Enzymes and adaptors used to create fdifent Oct4 fragments for each
species.

Fragment| Enzyme Adaptors A M |S [Z 25 BO (91
FL Nhel F+ Hindlll R| 5°CAGTGCTAGC+ 5’CAGTAAGCTT |+ |- |+ | +| + | + | +
FL Nhel F+ Bglll R 5'CAGTGCTAGC+ 5" CAGTAGATCT - + | -] -] - - -
POU-C Agel F+ Hindlll R| 5CAGTACCGGT+ 5'CAGTAAGCTT |+ |+ [+ | +| + | + | +
N-POU Nhel F+ Xhol R | 5’CAGTGCTAGC +5 CAGTCTCGAG - + |- |+ + + +
N-POU Nhel F+ Sall R | 5’CAGTGCTAGC +5'CAGTGTCGAC + | - +| - | - - -
POU Agel F+ Xhol R | 5’CAGTACCGGT+ 5 CAGTCTCGAG + |+ |-+ + |+ |+
POU Agel F+ Sall R 5'CAGTACCGGT+5'CAGTGTCGAC - - + | - | - - -
CD Xhol F+ HindllIR | 5CAGTCTCGAG+ 5 CAGTAAGCTT + |+ |+ +|+ |+ |+
ND NhelF + Agel R | 5CAGTGCTAGC+ 5'CAGTACCGGT + |+ [+ +| + | + | +

Adaptors include the CAGT sequence plus the enmegeence. The boldface section corresponds ta the
enzyme sequence. A- Axolotl, M- Mouse, S- Sturgéi Xenopus Oct25, 60-Xenopus Oct60, 91-
Xenopus Oct91. (+) where the combination was used (-) iggewithout this combination

Table 2-10. Oligonucleotides used for creating Octdhutants

MOUSE OCT4

MOCT4-NHE1-F1 5'CAGTGCTAGCATGCTGGACACCTGGCTTCA
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MOCT4-AGE1-R1

5'CAGTACCGGTTTTCATGTCCTGGGACTCCTC

MOCT4-AGE1-F1

S'CAGTACCGGTGCCCTGCAGAAGGAGCTAGAA

MOCT4-XHO1-R1

5'CAGTCTCGAGACTTGATCTTTTGCCCTTCTG

MOCT4-XHO1-F1

5’'CAGTCTCGAGATTGAGTATTCCCAACGAGAA

MOCT4-BGLII-R1

S’CAGTAGATCTACCCCAAAGCTCCAGGTTCT

AXOLOTL OCT4

AXOCT4-NHE1-F1

5CAGTGCTAGCATGCTGGGCATTTGGGACAG

AXOCT4-AGE1-R1

5'CAGTACCGGTCCCTTCCTCGTCTCCGCTGT

AXOCT4-AGE1-F1

5'CAGTACCGGTGGGACGTCGGCGGACCTTBA

AXOCT4-SALI-R1

5'CAGTGTCGACGCTGCGCTTCCCCTTCTGTE

AXOCT4-XHO1-F1

5’ CAGTCTCGAGATTTGCCGGGAGGAGTATGA

AXOCT4-HINDIII-R1

5'CAGTAAGCTTGTTGGAGTGCAGGTGCCQTCT

STURGEON OCT4

STOCT4-NHE1-F1

S’CAGTGCTAGCATBCTGATCGGTCTGTCACC

STOCT4-AGE1-R1

5CAGTACCGGTATTCTCCTCTTCTTCCGAGT

STOCT4-AGE1-F1

S’CAGTACCGGTTTGTCCACGGAGGAGCTGGA

STOCT4-SALI-R1

S'CAGTGTCGACGGCCAGACGCTTCCCCTTGT

STOCT4-XHO1-F1

5'CAGTCTCGAGCTGCCCTTTGATGAGGAGAG

STOCT4-HINDIII-R1

5'CAGTAAGCTTGCTGGTCAGGTGTCCCACCC

ZEBRAFISH OCT2

ZFOCT4-NHE1-F1

5'CAGTGCTAGCATBCGGAGAGAGCGCAGAGCCCA

ZFOCT4-AGE1-R1

5'CAGTACCGGTCAGAGTCTCCTCTTCCTCAG

ZFOCT4-AGE1-F1

5’CAGTACCGGTACTACTGAAGATTTGGAGGCA

ZFOCT4-XHO1-R1

5'CAGTCTCGAGCAAAGCTAGACGCTTTCCAT

ZFOCT4-XHO1-F1

5'CAGTCTCGAGCCCTTTGATGACGAGTGTGTT

ZFOCT4-HINDIII-R1

5'CAGTAAGCTTGCTGGTGAGATGACCCRACAA

XENOPUS OCT91

XNOCT91-NHE1-F1

5'CAGTGCTAGC ATBATAACCAACAGACCTACCCT

XLOCT91-AGE1-R1

S'CAGTACCGGT GGCTTCCTCCTCACTGRCT

XLOCT91-AGE1-F1

S'CAGTACCGGTCCTAATTCTGGGGAGATGES

XLOCT91-XHO1-R1

5CAGTCTCGAGCTCCCCGCCATTCTCCCMA

XLOCT91-XHO1-F1

5'CAGTCTCGAGCCTTATGACGCCCCCCAAACC

XLOCT91-HINDII-R1

5'CAGTAAGCTTGTTGCCTTGGTTACCBTGCC

XENOPUS OCT60

XLOCT60-NHE1-F1

5'CAGTGCTAG ATGACCAGCCCATATTGTACAGC

XLOCT60-AGE1-R1

5'CAGT ACCGGTTCCATCCTCTTCAGTTO

XLOCT60-AGE1-F1

5'CAGT ACCGGTATGACCCTTGAGGAGATGAA

XLOCT60-XHO1-R1

5'CAGT CTCGAG TTGGACATTCTGAACTGCTC

XLOCT60-XHO1-F1

5’CAGT CTCGAGGGGGCATGAGTTTGTGGGTGG

XLOCT60-HINDII-R1

S’CAGT AAGCTTGCCGGTCAGGACCCCATAGA

XENOPUS OCT25

XLOCT25-NHE1-F1

5'CAGTGCTAGCATGACAGCCAACAGCCCTTCCCA

XLOCT25-AGE1-R1

S'CAGTACCGGTGGGAACCTCCTCCTCATTI®

XLOCT25-AGE1-F1

5'CAGTACCGGTAGCGAATCAGAAATGGAGEG

XLOCT25-XHO1-R1

5CAGTCTCGAGTCCCTGGCGCTTGCCTTTG
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XLOCT25-XHO1-F1 5’'CAGTCTCGAGATGCCCACCGTTGAGGAGAAC
XLOCT25-HINDIII-R1 5'CAGTAAGCTTGCCAATGTGGCCCCCATGGC
XLOCT25-FULL LENGTH 5’ATGTACAGCCAACAGCCCTTC
F1

XLOCT25-FULL LENGTH | 5TCAGCCAATGTGGCCCCCCAT
R1

The different fragments were generated by PCR fpt@smids containing the cDNA
templates of the genes to be amplified. This pldsmvere supplied by James Dixon
and Jodie Edgson. The amplification was done usiagorimers described above using
REDTaqg REadyMix (Sigma- Aldrich, UK) according teetmanufacturer’s instructions.
The amplification was performed on an Eppendorf telaycle epGradient S cycler
machine. PCR reactions were heated to 94°C forrutes followed by 45 cycles of
denaturation at 94°C for 1 minute, annealing a5t 5 1 minute and 30 seconds, and
extension at 72°C for 1 minute and 30 secordter amplification the PCR samples
were loaded on a (0.5X) TAE Agarose gel (1.2%) sepdarated at 135v. Their sizes
where compared to 1kb and 100bp molecular weighkens: (Biolabs, New England).
After isolating the correct amplified size segmertey were purified from the gel
using Qiaspin column and Gel Extraction Kits (QIAGEUK) according to the

manufacturer’s instructions.

PCR products were ligated into the pGEM®-T Easyae(Promega, UK) according to
the manufacturer’s instructions. The ligation miasamsed to transform DHbE. coli
competent cells. The culture cells were plated Bhdgar medium supplemented with
(10 mg/ml) Amplicilin and IPTG to 0.5mM and left tgrow overnight at 37°C.
Individual colonies were selected and transfereliljtod LB medium with Amplicilin,
overnight at 37°C.

Plasmid DNA was extracted from cultures using QEypiSpin Miniprep Kit using a
microcentrifuge (QIAGEN, UK). To confirm that theafjments were inserted into the
pGEM®-T Easy vector, 5 pL of the miniprep DNA wasggekted with EcoRI
(10000U/ml) (BioLabs, New England) for 1 hour ar@@l Binutes at 37°C with 2uL of
Buffer 2 (BioLabs, New England), 2 pL of 10X BSALR o EcoRI (BioLabs, New
England) and 9uL of purified water. EcoRI cuts other side of pGEM®-T Easy
(appendix 12) vector at the 23 and 70 bp afterttaescription site, it also cuts the
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stOct-4 insert at 398 bp, due to an internal EciRl When the fragments are correctly
inserted into pGEM®-T the fragment sizes describedhe Table 2-11should be

obtained

Table 2-11- Size of the different fragments constiated of each species.

Species Domain Size (bp)
Axolotl Oct4 Full- Length 1197
POU-C 648
N-POU 996
N domain 549
POU domain 447
C domain 201
Mouse Oct4 Full Length 1131
POU-C 732
N-POU 846
N domain 399
POU domain 447
C domain 285
Sturgeon Oct4 Full Length 964 and 398
POU-C 657
N-POU 1158
N domain 398 and 310
POU domain 453
C domain 204
Zebrafish Full Length 1419
POU-C 663
N-POU 1209
N domain 756
POU domain 453
C domain 210
Xenopus 91 Full length 1338
POU-C 678
N_POU 1143
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N domain 660
POU domain 483
C domain 195
Xenopus 60 Full length 1281
POU-C 669
N-POU 1076
N domain 612
POU domain 464
C domain 205
Xenopus 25 Full length 1347
POU-C 657
N-POU 1140
N domain 690
POU domain 450
C domain 207

The primary objective is to generate plasmids @ generation of fragments that can

be ligated into specific vectors, pATG and pDBLY, ttranscriptional assays.

2.1.2. pATG

pATG vector is derived from pEGFP-C1 (Clontech) Bank accession #: U55763.
The vector and the alterations can be seen on éigui7. The Multiple cloning site
(MCS) of pEGFP-C1 vector can be found in appen@xThe MCS of pATG consists
of Nhel, Agel, Xho1l, Hindlll, BamHI (James Dixomrponal communication)

oMV | s (T |

Figure 2. 7- pATG vector used for cloning.
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The enzymes in the pATG MCS are compatible withftagments generated above. In
order to clone the fragments into pATG, the veaad the fragments need to be

digested with the respective enzymes that are itbescon Table 2. 2 and on

Table 2. 8. To increase cloning efficiency pATG waso desphosphorylated by
alkaline phosphatase, calf intestinal (CIP) (10,00@s/ml) (BioLabs, New England)

after a double digestion with the restriction enegm

Enzymatic digestion was performed using 300 ng/fiplasmid, 3 pL of enzyme (1,5
ul each), 3uL of BSA (10X) (BioLabs, New Englanaida3uL of the respective buffer
to a final volume of 30 pL. The buffers used foagrhid digestion were chosen using

BioLab instructions [36]. Digestion was performa@a°C for 1h and 30 minutes.

After digestion, the samples were loaded into 8XPTAE 1.2% Agarose Gel and run
at 135V. The correct fragments were identified mmparison to 1kb and 100bp
molecular weight (MW) makers (BioLabs, NewEnglaneijfracted and purified using
Qiaquick Spin- Gel Extraction Kit (QIAGEN, UK) aambng to manufacturer’'s

instructions.

2.1.2. pDBD

pDBD- Gal4 vector was prepared by James Dixon @uaiscommunication). It has the
same similar MCS as pATG with the exception for XWwhich was replaced by Sall
(cohesive ends of Xhol and Sall) [36]. The vechorlwe seen iRigure 2. 8

pDBD
(v | Ccapen Y ISHOM | B

Figure 2. 8- pDBD vector used for the cloning.
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The vector was digested with the appropriate ensyosing the buffers suggested by
BioLab instruction [36]. To create some of the westit necessary to do sequential
digestion, due to the incompatible enzyme buff@&].[ The digestions were purified

purified using Qiaquick Spin columns (QIAGEN, UKgach digestion was done at
37°C for 1h and 30 min. After digestion, the sam@ad 1Kb and 100bp DNA ladder
(BioLabs, New England) were loaded into TAE 1.2%afgse Gel and fragments

separated at 135V. The correct fragments wereaee and purified using Qiaquick

Spin- Gel Extraction Kit (QIAGEN, UK) according tmanufacturer’s instructions.

The ligation of fragments to vector was done tat#or5:1 in the presence of T4 DNA
ligase (2000,000 units/mL) (BioLabs, New Englana)aippropriate buffer (BioLabs,
New England). The reaction was performed at roomptrature for 1h and 30 min.
After ligation the mix was used to transform DH5competent cells. The
transformations were performed by adding 100uL arhpetent cells to the ligation
reaction, and leaving on ice for 30 min. Then heatk was performed at 42°C for 45
seconds followed by returning to ice for 3 minu&30uL of SOB is then added and the
cells incubate in a 37°C shaker for 1 hour and 8tutes. After transformation, 200uL
of the mixture is spread on an Agar (30ug/ml) pkate incubated overnight at 37°C.
Two distinct colonies are then picked and grownroight in a 37°C shaker, in liquid
LB media supplemented with Kanamycin ((30pg/mliadatid DNA is then extracted
using Qiagen Plasmid Mini Kits (QUIAGEN, UK) accard to manufacturer’s

instructions.

2.1.3. pGFP

pGFP vector is identical to pDBD vector but insteadhe DNA binding domain is has
a green fluorescent protein (GFP) molecule, Fi@Qui® The ligation and transformation
were done in the same way as above described.
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CMV

Figure 2. 9-Vector pGFP used in cloning.

HelLa cells, were transfected with 0. 25ug/well &HP using GeneJuice Trasfection
Reagent (Novagen, Germany) and incubated at 359 @&). Cells were fixed at
room temperature for 25 min with 2% formaldehydepimosphate buffered saline
(PBS). Nuclei were stained wi#y6-diamidino-2-phenylindole (DAPI) and GFP expressi

was followed by fluorescence microscopy.

2.2. Cell culture and transfection.

HelLa cells and HEK 293T cells were cultured in 2ato’s Modified Eagle’s Medium
(DMEM; Sigma) supplemented with 10% fetal calf serulX non-essential amino
acids, and 100pg/ml antibiotics (penicillin andeptomycin). For reporter assays,
approximately 200,000 HeLa and HEK 293T cells waseded in 24-well cell culture
plates and incubated at 37°C (5% JACOvernight. Cells should be 50-80% confluent
before transfection. For the reporter assay tviler@int luciferase reporter were used.
The reporter plasmid 6Wtk-luc (appendix 13) thasvkéendly provided by Dr. Niwa
(16), and the Gal4-lux reporter. The plasmids wae® co-transfected with pGL4.74
(hRIuc/TK) (Promega, UK). The transfection was done usB®nelJuice Transfection
Reagent (Novagen, Germany) according to manufatdumestructions. Cells were
transfected with 0.25ug/well of the luciferase m@oDNA, and with 0.25ug/well of
the test expression vector DNA and 0.05ug/welhefRL-TK DNA. Experiments were
done in triplicates for each construct and repoitée cells were left two days at 37°C
(5% CQ).

The dual-luciferase assays were conducted by JBires. Dual luciferase assays were
performed using a dual luciferase assay systemn(®ja, UK) in a Veritas™
Microplate Luminometer (P/N 9100-002) (Promega, UKJells were lysed in 200ul
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passive lysis buffer. For luminescence measurem2his of firefly luciferase reagent
(LARII) was added to 25ul of lysate sample, where firefly luciferase activity is
measured. Followed by addition of 25ul of stop gluv (theRenilla luciferase reagent
and firefly quenching). The results are expressedha ratio of firefly toRenilla

luciferase activity, (Fluc/Rluc). Experiments wenducted in triplicate.
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Chapter 3: Results

3.1. Oct4 domain structure.

Oct-4 protein can be divided in three distinct fiimeal domains; a POU domain which
mediates DNA-binding function; an amino (N)-termi@), which has been shown to
act as a ubiquitous transcriptional activation dom@AD), and a carboxyl (C)-
terminal (C) as a cell-type specific TAD (16). Tingportance of these domains has so
far been investigated using mouse Oct-4 (mOct4)fabmo work has been carried out
to determine the domain function of Oct-4 proteims other species. Before,
determining how the domains influence Oct-4 tratigation, and if that function is

shared in similar Oct-4 proteins; it was necessatgcalise the domains.

As previously shown in Chapter 2, the domains hsivalar lengths, with the POU
domain being the most conserved among all spe8igsusing standard molecular
biology techniques and mammalian over-expressialyaas Oct-4 domain function
through vertebrate evolution was investigated. Gloieve this, vectors were created to
express Oct-4 proteins by isolating and cloninded&ént combinations of the N, POU
and C domains. These fragments were isolated ammntg@ned to form the constructs

shown in Figure 2.1. The different vectors weredusedifferent assays.

3.2. Oct4 sequence identity as function prediction

Apart from directly testing Oct-4 function experintally, it is possible to predict how

Oct-4 proteins might function by studying their ami acid sequence; domain
conservation and sequences within them. As manyGtiuidies have been conducted
with mOct-4 andXenopus Oct-4 (X191, XI60, and XI25) proteins, | aimed poedict

protein behaviour by comparing the amino acid corsen and similarity of these two
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species with axolotl (axOct-4), sturgeon (stOctah)d zebrafish (zfPou2); it was also
possible to determine the phylogenetic relationdtgpwveen Oct-4 family members.

This was practically examined by reporter analysgsch will be given later.

The amino acid sequences of the Oct4 proteins wobtained using the cDNA
sequences in Appendix 1 to 7, and afterwards wenepared to previously published
sequences in NCBI Genbank, except for stOct-4. grbéein sequences where entered
into BioEdit [34] to calculate the identity for tHall length sequence, and also each
domain individually. According to the values debed inTable 3.laxolot Oct4 has
highest identity to mouse Oct4, when compared walitthe species.

Table 3. 1- Sequence identity of Oct4.

Protein |A/M |A/IS |A/Z |A/25 [A/60 | A/91 | M/S | M/Z | M/25|M/60 | M/91

sequence

Complete] 0.263(0.234{0.224] 0.253] 0.256| 0.249|0.232| 0.195| 0.222(0.222(0.219

POU 0.4690.483(0.032(0.273]|0.435|0.417)0.423|0.022(0.106( 0.376| 0.410

©) 0.298 0.418{0.393|0.350{ 0.380]0.361| 0.277[0.270] 0.266| 0.242(0.270

(N)I 0.076|0.055|0.063| 0.069|0.063(0.068{ 0.012| 0.059 0.056| 0.053| 0.059

The percentage was measured using BioEdit [34].0&esponds to Axolotl; M tp
Mouse; S to Sturgeon; Z to Zebrafish Pou2; 2Beaopus Oct25; 60 toXenopus Oct60;
25 toXenopus Oct25

Protein S/Zz |S/25 | S/60| S/91 Zz/25 Z/6Q Zz/9L 25/gB6/91|60/91
sequence

Complete | 0.2630.265(0.246|0.254|0.257|0.236(0.241|0.266 | 0.297| 0.240
POU 0.024{0.052|0.5900.590(0.029]0.029(0.032|0.058 | 0.059 0.61¢
©) 0.581(0.373|0.4110.380|0.319(0.360({0.356|0.342 | 0.443( 0.37%
(N) 0.051]0.076]0.063{0.089(0.083(0.043|0.059|0.073| 0.130 0.100

The percentage was measured using BioEdit (34)owesponds to Axolotl; M tp
Mouse; S to Sturgeon; Z to Zebrafish Pou2; 2Beaopus Oct25; 60 toXenopus Oct60;
25 toXenopus Oct25
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According to Table 3.1, Oct-4 mouse full length hasre similarity with axOct4
(0.263) that with any other species and the lowashtity is with Zebrafish Pou2
(0.195). As expected, the POU domain is the modt eanserved domain. Despite
mouse and axolotl having a high level of similarityis not as high as sturgeon and
zebrafish, but these two species came from the saeestor (12). The identity starts to
decrease drastically on the surrounding domainsag@ (N), but even in those domains

mouse and axolotl still share the highest simyardlue.

Using the full length amino acid sequence it issgas to draw a phylogenetic tree

based upon average distance (Figure 3. 1).
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Figure 3. 1- Average distance tree usingLOSUMG62 [34].

According to Figure 3.1 there is an evident divisad theXenopus Oct expression to all
the others. Within th&enopus, the XI60 is closer to XI25 than to XI91. It alshows
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that axOct4 and mOct4 share more similarities betwthem, that with any other
species. StOct4 and zfpou2 also have a higherasitgibetween them.

3.3. Amino Acid Composition

It is important to determine the amino acid compas) similarity between the different
Oct-4 homologues. It is possible that a differebeéwveen and within the domains is

based on their different amino acid composition.

The amino acid composition of each species andeb@ective amino acid graphics can
be found in Appendix 9 to 11. The amino acid contpws was calculated using
BioEdit program [34]. The full length values aret mtnown because it represents the

sum of the domains.

3.3.1 N- Terminal (N)- domain

The N-domain was known by being a proline rich domdue to the fact that 25% of
its constitution is proline [16, 20], and that tlsiino acid plays an important role in
mouse Oct-4 transactivation [16].

According to the amino acid composition predictgdBioEdit [34], mouse (N) does

not have 25% of proline, but 14.29%, and also gkyds also the amino acid present in
higher quantity (17.29%) followed by proline anahglutamic acid. In general, the
proline values oscillate from 8.2% (axolotl) to 29% (mouse), the species with similar

amount of proline to mouse Xenopus Oct-25 followed by zebrafish.

The amino acid found in higher quantity in axolatid mouse is glycine; while in
sturgeon, XI91 and XI60 is serine; in zebrafish Pamd in XI25 is prolineXenopus
Oct-4 homologues (XI25, X160, XI91) have in commanoline and serine constitution;

and X160 is similar on the amount of glutamic asiden compared to mouse.
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3.3.2 POU domain

The values and respective graphics for POU amirmbamnposition are in Appendix 9.

According to the results obtained, the amino acesent in higher amounts in axolotl,
mouse, sturgeon, and zebrafish is leucine. In )d8d XI25 is lysine while in XI60 is

glutamic acid.

The second amino acid present in higher amountaiod is glutamic acid; in mouse is
lysine; in sturgeon and zebrafish are lysine amghare; in XI91 is glutamine; in XI60

is lysine and leucine; and in XI25 is leucine, ghatne and arginine.

3.3.3 C- Terminal (C)-domain

The amounts of amino acid present on the C-terntaalbe found in Appendix 11.

C-domain is known for having high amounts of preliserine and threonine [16], but
according to Table 3.4, proline is in fact presargignificant levels, but not serine and
threonine, the amino acids that are present ineénigimounts are leucine and proline
(13.68% and 12.63%). Proline is in fact presenhigh levels in stOct4 (16.18%),

zbpou2 (20.00%), XI91 (20%) and XI60 (16.18%). histsame species, the second

amino acid present in higher levels is glycinet tdso shared with XI25.

The tryptophan is the only amino acid present inctd@hat is not present on the other
species. In Nanog, the tryptophan is associateth whe development of extra-

embryonic tissue (James Dixon, unpublished data).

a) Phosphorylation prediction

If the C-terminal is correlated with phosphorylatievents [40], tyrosine, serine and

threonine are known to be involved in phosphorglatieactions. According to the table

33



Results

on appendix 11, XI60 is the one with more sering, \lery low amounts of threonine
and tyrosine. Axolotl (C) has big quantities ofiserand tyrosine. The amino acid
present in higher quantities in mOct4 is sering,itoalso has threonine and tyrosine. All

the other species also have the three amino agliaked to phosphorylation.

For phosphorylation events, the amino acid cortgtitus not enough, it is necessary a
favourable composition of the surrounded aminosaddy using NetPhos 2.0 [38] it is

possible to predict the probability of phosphorgatevents to happen on a given
sequence. The probability is scored from 0.5 tardly the values above 0.500 are
considered. The results are shown in Table 3.ZTabte 3.3.

Table 3. 2 Prediction of phosphorylation positionsn the C domain, for serine; and
tyrosine, according to Netphos 2.0 [38].

Serine Tyrosine
Position| Sequence ScorePosition|  Sequence Score
AxOct4 28 HLPTSYIAQ |0.930 6 CREE/DGFQ | 0.670
56 SEMYSQTVS | 0.735] 55 DSEMYSQTV | 0.653
Moct4 5 EAPTSPHST | 0.964
8 TSPHSTQSL | 0.959
45 GDAVSQGKG| 0.553

StOct4
Zbpou?2 12 EAQYEQSP| 0.928
XLOct25 12 DGE&DVAQ | 0.860

43 APQYASAG | 0.746

X1Oct60 26 XAVPSHGSG | 0.829
XlOct91 12 LTPFSQGPF | 0.89Q
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Table 3. 3 Prediction of phosphorylation positionsn the C domain, for serine; and
tyrosine, according to Netphos 2.0 [38].

Threonine

Position  Sequence Score
AxOct4
mOct4 34 PCIQEAPA |0.768
StOct4
Zbpou?2
XLOct25| 17 DVAQTMGRP | 0.544
XlOct60 7 IGLSTPQPS | 0.561
XlOct91 7 DAPQTLTPP | 0.862

According to Netphos 2.0 [38] stOct4 does not heslative phosphorylation sites,
despite having threonine. Mouse C-terminal has fthosphorylation sites that might
justify the hypothesis that this domain is reguatey phosphorylation events.
Nonetheless, axC also has a high number of phoglation amino acids, two in serine
and two in tyrosine. Th&Xenopus domains have less phosphorylation sites, but with a
higher probability of occur.

To know if those regions are conserved among teeisp in study, the sequence given
by Netphosh (Table 3.2; Table 3.3) as phosphooylgtiace, were localized in a MAFT
alignment and the phosphorylation sites where fggted. The result can be seen in

Figure 3.2.

10 20 3:0 a0 50 SIU

I I ] I ] I I ]
oMol et4/1-87  ICREE------ - YDGFDDYPGMDPGPPMSMGYNGAA--AﬁFAAVYMDFFHD
mowseCO_OGT4/4-95 | EYSOREEYEATHLSQGGLYPFLCPOVPTLA. -« v - -+ POAMEANRE I EF LRA- RFFFLFPSLLIAL
stumeonC48  LPFOE-EGAEGOYFDPSPOMP - LONGH- - LO- - .-+
Jebafsh GV 170
HLOGK CIVEE o oeeveeenn -

NLOGKED GV <« oo o« - GAXVEGWETSWIHF | RTHEFHPH- -« .
ALORZSCINS MPTVE - EN - (TSR

Figure 3. 2- C-Domain MAFT alignment with the phosgorylation sites
highlightened; in blue is where it might be a phosphorylatioraiserine amino acid; in
red is where there might be phosphorylation in r@dhine amino acid; in green is

where phosphorylation might occur in a tyrosinersracid.
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Zebrafish Pou2, XI91 and XI25 have similar phosptairon sites(10- 30 aa), and

axolotl and mouse have a similar phosphorylati@a 480 and 70 aa).

3.4. Alignments

To study the conservation between the differentiggeit is necessary to make amino
acid alignments. There are several alignment prograuch as BioEdit [34]; Jalview
[37]; Blast; Emboss:: Neddle; Emboss::Water. Altloése have different algorithms for

sequence alignment.

MAFFT makes sequence alignments using a fast FRoutiansform (FFT)
approximation [39]. It is able to align more thad $equences with a higher accuracy
than ClustalW [39], program that can be found inERiit. MAFFT version 5, can be
found in Jalview v.2.3, that combined with Jalvieaels display information about the
quality conservation and consensus within the secpse[37]. The consensus display
for the alignment is scored from 1 to 9, where fheslower level, and when there is a
100% match, it is scored with a (*). The consengaphic combines all the sequences
into the amino acid that is present in all sequsricethe same position. For being more
accurate, and for displaying more information ir alata, the program used to make all
sequence alignments was MAFFT from Jalview v.2The amino acid constitution

from each sequence was also calculated by JalvZesv[87].

3.4.1. N-terminal (N)-domain

The proline region of mOct4 is found between the6@3amino acid, and when that
region is deleted there is a significant decreas©d¢t-4 transactivation [16]. It was
possible to see that the proline is not presestrmlar values for all species. However,
it might be possible that proline is concentratadthe same area as mouse. The

influence of this region on other species, is mawn.
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Figure 3. 3- N-terminal alignment for all speciesThe green delimitation shows
where most of the proline is concentrated. Thededoitation shows a conserved area
within the N-terminal.

According to Figure 3.3, the proline region is nohserved within species, but there is
a region where most of the proline can be found ({t6180 aa). It is possible to see a
different conserved area, where most of the amaidsaare serine and glutamic acid,

but this similarity is not shared in mouse sequenog termed SEB Box.

3.4.2. POU-domain

POU alignment can be seen in Figure 3.4. DuanqairetRit. (24) identified a nuclear
localization signal (NLS) in mouse Oct-4. The NL&safound in the Pou domain, the
sequence responsible for its localization in thecleiu and required for the

transactivation of its target genes is RKRKR [28y comparing outa multiple

37



Results

alignment of POU, it was possible to localise tequence and find out if it is present

and conserved for all species.
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Figure 3. 4- Jalview MAFFT alignments for the diffeent POU domains the

selected area corresponds to NLS.

Figure 3.4 showhow conserved the POU domain is among the diffespecies. In most
of the cases it has a 100% conservation and ody@gion with lower conservation (80
and 90 aa). The NLS, in mOct4 with the sequenceRRIR. However, in other species
it was only found RKRK. It is not known if this seence is enough to transport the
Oct-4 sequence into the nucleus. The pGFP vectthr eifferent Oct-4 domain will

help to determine whether the Oct-4 is transpartedithe nuclei or not.
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3.4.3. C-terminal (C)- domain

The C-terminal MAFT alignment can be possible t® iseFigure 3. 5
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Figure 3. 5- MAFT multiple alignments for the different C-terminal sequences.

The sequence is more conserved in the middle thdhe domain extremities. In the
middle (between 40- 70 aa) some of the phosphasylaimino acids are also found
(Figure 3. 2). If this similarity is enough to regie the cell type-specificity, in the same

way as for mouse, it will be determine by over-egsed vectors,

3.5. Cloning

All full lengths and Oct-4 domains were succesgfudloned into pGEM®-T Easy
vector (Promega), with the exception of XI25 thatswot possible to isolate the correct
band size by PCR. The band size was always 200nfgriar to that expected;
nevertheless this band was inserted into the vertdrsent for sequencing. According
to the sequencing the primer had a mismatch asdifght be the reason why the band

was always 200 bp smaller.

Unfortunately, Due to time constraints, the subolog of the full length and the

domains into overexpression vectors was not comlen time for the Luciferase
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assay. Therefore the assay was not done, nevesshilevas possible to do the assay
pATG with the Oct-4 full length.

The subclonning of the full length and the POU dmmaas successfully done into
pGFP vector, has well the subclonning of the feffigth into Gal4DBD vector. The (N)
from zfpou2; POU from XI91 and XI60; (C) from mOg¢tZfpou2 and XI60 were not

subcloned on time for the assay.

3.6. Nuclear localization

It is important to determine whether Oct-4 protiiriranslocated to the nucleous. For
that propose, the full length sequences and the EQ@tains were fused to a GFP
signal, and that used for transfect 293T cells. fHselts can be seen in Figure 3. 6

40



Results

FL Pou
N

MERGE

Figure 3. 6- 293 T cells transfected with pGFP Oct-full length and POU domain.

For the sequence to be transported into the nutlegeds to have the NLS, for mouse
this sequence is RKRKR. Only mOct4, has this secgiewhile all the other Oct-4

homologues only have RKRK. Despite this, all the-©gvas found in the nuclei. Once
the POU domain was transported into the nucleicavesay that the NLS is localized in

this domain, and that RKRK, is highly likely to repent their NLS.
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3.7. Luciferase Assay

Transcription factors (TFs) domain architectureludes at least a DNA- binding
domain (DBD), responsible for binding to a spe@edmoter region, in order for the
gene be expressed. To see when the transactigatmeing expressed, it needs to be
attached to a reporter gene, in this case luciéeras

Reporter genes had been used to analyse the mnatigenetic elements, such as
promoters and enhances. To assess how Oct-4 Agtheand the different domains
function as transactivators, were used used sppuahoters fused to luciferase gene
(6Wtkluc, and Gal4lux reporters). These promoteeveh multiple copies of the
enhancer element where the TF binds. Binding & riéagion results in the expression of
firefly luciferase, an enzyme that can be quardifigiving information about the

transactivation activity for each gene.

There can be a lot of variability during the expental procedures: differences in cell
seeding numbers, transfection efficiency. Therefiriss not very accurate to rely only

on the measurement of the luciferase enzyme. ThEldciferase assay overcomes this
problem by using two luciferase reporters, onehasexperimental reporter (6Wtkluc

and Gal4lux) and another as the normal confRehi({la RL-TK). Both the firefly and

Renilla luciferase proteins have proven to be highly di¥ecas gene reporters.

The transactivation activity was measured in twifedént systems, in HeLa and in
HEK 293T cells, and in ES cells. The transfectiorES cells was not successful and
therefore there is not the possibility to study thensactivation capacity in this cell

system.

3.7.1. pATG

The transactivation of the Oct-4 full length wasaswed by a Oct-4 binding site
promoter, that has 6 copies of oligonucleotideshwittamer-binding motif from
mOct4, also known as 6Wtkluc reporter. This plashmg a transcriptional regulatory

element that only requires Oct-4 to be active incEBs (16)
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Figure 3. 7- pATG-Oct-4 Full length transactivationin HeLa and HEK 293T cells.

Figure 3.7 shows that the different Oct-4 full Iy have different behaviour
depending on the cell-type. In HelLa cells, all fldngths active 6Wtk-luc with

exception of XI60. Axolotl Oct-4 is able to actieathe reporter in HelLa cells but
inhibits it in 293T cells the same happens to sarg but this last one with higher
activation in 293 T cells then axOct4. Mouse Oct#d XI91 has transactivation
function in both cell types, but it has higher wityi in 293T cells. Zebrafish Pou2 has
high activity function in HeLa than in 293T cells.

In HelLa cells the Oct-4 with higher transactivatiactivity is stOct4, while in 293T

cells is mOct4.
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3.7.2. pDBD

The DBD of the pDBD and the POU domain are veryilaimboth with DNA-binding
function, and both able to bind to the reportempoter (Gal4). To test which domain
function has a better transactivation function, @e#-4 full length and domains where
fused to DBD.

A ) Full length Oct-4 activation

a)HelLa
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b)293 T
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Figure 3. 8- pDBD- OCT-4 full lenght activation inHeLa and HEK 293 T cells

As it is possible to visualize (Figure 3. 8) thétthe Oct-4 full lengths were able to
activate Gal4ux in HelLa cells but not in 293T cells. The only saativator able to
binds to Galdux in 293 T cells is mOct4. Axolotl pDBD-FL is the omdéth higher
transactivation in HelLa cells than any other speddouse Oct-4 has activity in both

cell types, but has higher expression in HeLa ¢klds in 293T cells.
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B) POU-C constructs
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Figure 3. 9- pDBD-POU-C Oct-4 transactivation in Hea and HEK 293T cells

The different Oct-4 DBD-POU-C all have transactivatfunction in HeLa cells, but
not in 293T cells. Axolotl Oct-4 is the one withwler transcription activity in HelLa

while X191 was the one with the highest activitgiléwed by XI60.
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o) N-POU
a) Hela
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b) 293 T Relative Luciferase Assay (RLU)
0 0.5 1 15 2 2.5 3
DBD DBED
oN EEEPS  ppp oo
DBD ZfN RPN DD NP

DBD xI9IN WBXIGIPY DBDx191NP
xI60N XG0P DBD xI60NP

Figure 3. 10- pDBD- N-POU Oct-4 transactivation irHeLa and HEK 293T cells.

According to Figure 3. 10 the species involvedhis assay are all active in HeLa cells,
where mouse is the one with higher transactivategracity, followed by XI60. In 293T
cells only mouse and zebrafish are active, and @ageen with mouse being the one
with higher activity. Mouse Oct-4 transactivatiactiaity is better in HeLa cells than in
293 T cells.
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D) N-terminal
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Figure 3. 11- pDBD-N transactivation in HeLa and HEK 293T cells.

According to Figure 3. 11 the transactivator dom@&ih was able to activate Gal4-Lux

in HelLa cells, and in 293T cells, to exception xila

Sturgeon, X191, XI60 are more active in HeLa thar293 T cells, the opposite to mN

that has a higher transactivation function in 294Ban in HeLa cells.
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E) POU
a)Hel.a
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Figure 3. 12- pDBD-POU transactivation in HeLa andn HEK 293 T cells

According to Figure 3. 12, POU inhibits the actvih HelLa cells, but activates Gal4-

lux in 293T cells. axPOU is the transactivator domvaith higher activity in 293T cells.
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F) C-terminal
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Figure 3. 13- pDBD-C transactivation in HeLa and inHEK 293T cells.

Results

According to Figure 3. 13, axolotl, sturgeon an@XXhble to activate Gal4-lux in HeLa
cells, while in 293 T cells only axolotl and stuogehave transactivation capacity. Xl
91-(C) in 293 T cells is not active, while in Helcells is the one with higher

transactivation function.
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Chapter 4. Discussion

Stem cells have great potential for future medicohee to their abilities to regenerate
tissues,i.e. pluripotency. However, the mechanisms that reguéeen cell potency is
largely unknown. Oct-4 protein has attracted aoloattention as a key regulator for
stem cell potency and differentiation [16, 21, Z4¢t-4 has proven to be one of the key
genes necessary for reprogramming somatic celts pharipotency. Therefore it is

important to know which homologue, Oct-4 proteindtions better in somatic cells.

Oct-4 belongs to the octamer-binding (Oct) familly taanscription factors, which
contain the POU domain [40]. Breheh al. in 1997 proved that in somatic cells the
individual domains did not have transactivation amafy, only their simultaneous
presence resulted in Oct-4 activation [20]. In 200%a et al. demonstrated that the
same occurs in ES cells, and that the POU doma@cb#4 plus the N- or C-terminal
were required for maintaining the ES phenotype .[li&d present study was aimed to
clarify the contribution of the different functiondomains for Oct-4 transactivation

capacity, and how this function is conserved ireogpecies.

The findings demonstrate that Oct-4 full length @sddomains have distinct activities
in HeLa and in HEK 293T cells, and that in gen@at-4 mutants show similar activity

function.

4.1. Amino Acid Composition

The amino acid composition determines the functipnaf a protein; therefore it is

important to know if the differences in their aetion function are due to differences in
its general amino acid composition. It is not yesgible to explain all the functions of a
protein by its amino acid sequence, but it is giedio establish a correlation between

the structure and the function by its amino acitd.|
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According to the amino acid composition of (N) #hare two amino acids that are more
present; Serines and Prolines. It is possible tice@ division between the species
according these two amino acids, XI60 and XI91 hsineilar enrichment for Proline

followed by Serine; this similarity is shared byOst4, when comparing the serine

amounts.

In mouse, it has previously been shown that a aiich region in the (N) influences
transactivation activity function [16]. If we pradithe function of the (N) simply by
comparing the enrichment of prolines, the (N) domtbnat would have the greatest
activity would be in the order: mOct4>XI25>zfpou2l®>stOct4>XI9>AxOct4. To
assess this hypothesis the transcriptional actinatnediated only by the (N) domain
was analysed. Data displayed in Fig 3.11 for DBDshowed that for the N-domain;
X191>X160 and stOct4, suggesting that this simpigdthesis that proline content
directly reflect transcriptional activity is notrcect. However, prolines are not the only
residue enriched in the mOct4 N-domain. | analytbedsequence for the second most
enriched amino acid, which was the Serine residlieSerine richness was a better
indicator of transcriptional activity of the (N) ohain then X191>X160>stO4 in terms of
transcriptional activation. Data in Fig 3.11 conf# this hypothesis which indicates that
not only Proline residues have an important roladtivity but also that Serine may
promote transactivation mediated by the N-domain.

In the POU domain the amino acid constitution isy\@milar as this is one of the most
conserved domains in proteins generally. Even thoitigs possible to differentiate
them, allXenopus homologues are similar with XI25 sharing the highsasilarity with
X191 rather than with X160. Zfpou2 and stOct4 shhigher similarity, followed by the
mOct4 and AxOct4.

Even though all proteins containing POU domainsresheery high amino acid
conservation, and all Oct4 homologues have higblyserved (N) and POU domains
they have clearly have different molecular functiobhese differences will be
attributable to specific residue differences betwé&®mologues which will require
further investigation and will alter transactivatiactivity by affecting interaction with

other co-factors.

51



Discussion

The (C) domain amino acid sequence is not as coeedes the (N) and POU domains.
The amino acid make-up of the (C) domain in somadiogues have high amounts of
proline, and glycine. As for the hypotheses abarelie N-domain proline enrichment
in the (C) might influence transactivation activitynction. If this is true, then by
comparing the enrichment of proline in the (C) dom#hen the greatest activity would
be: zfpouz XI91> XI60> XI91>axOct4>mOct4. To assess this hyesis the
transcriptional activation mediated only by the (@main was analysed. The data
displayed in fig. 3.12 for the DBD-C, shows thasthypothesis is not correct Once the
(C) domain has been suggested previously to hdatesgl by phosphorylation [20, 23]
on serine, threonine and tyrosine residues [38hdlysed the sequence for this amino
acid enrichment. The amino acids are differentitridbuted by the (C), but these data
set does not give all the information.More testestablish a possible relation between

amino acid and protein function would require a r@essay with all the species.

4.2. SEB (Serine [S]/ Glutamic acid [E]) box

Within this study | determined a highly conservedtifnin the very N-terminal of the N
domain which | termed the SEB (Serine [S]/ Glutamdid [E] box). This is not the
only region on the (N), mouse has a proline regiesponsible for increasing the
transactivation activity [16]. The other (N) domsitio not have this proline-rich region,
instead they have a SEB box. As was mentionedeeaiiccording to the proline
function and amino acid percentage, serine mighte han important role in the
transactivation function. Serine and Glutamic a@id chemically similar, a glutamic
acid when phosphorylated becomes very similar tmseMouse (N) domain has serine
where the other species have glutamic acid. Thghtrindicate that the other species
can be regulated by phosphorylation. To assess ligothesis | analysed the
transcriptional activation mediated only by the (N)the two cell types. The data
displayed ( Fig. 3.11), showed a different regolain HeLa and in 293T cells, in HeLa
all the (N) are active, while in 293T only mouse) (s activity. These differences in

transactivation support the hypothesis that aparhfmouse (N), the remaining species
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are phophosregulated by different co-factors emisia the cell-type. Further tests
would be required to assess this hypothesis.

4.3. Nuclear Localization

For the Oct-4 be transcribed it needs to be tramsgdo the nuclei, this transportation
is mediated by a nuclear localization signal (NLB)ere are two major groups of NLS
[42]. The first contain 3-5 amino acids with LysgArys-X-Arg/Lys. The other is a
bipartite type, containing two clusters of basigioas of 3-4 residues, each separated
by approximately 10 amino acids [42]. Penal. identify the sequence: RKRKR as
being the Oct-4 NLS for mouse [24].This NLS cor@sgs to the first type of NLS,
indicating that mouse Oct-4 does not require twitedint sequences to be transported
into the nuclei. This sequence is not found indtreer species nevertheless it was found
a similar sequence: RKRK in the POU domain, in saene conserved region that
mouse. The pGFP assay showed that the POU domaith&aone responsible for the
transport into the nuclei. Due to the high degréesimilarity, it is likely that this
sequence (RKRK) corresponds to the NLS for the neimg species. In order to test
this hypothesis more assays would be requiredaidgional constructs.

4.4. Luciferase Assay

Brehm in 1997 did a similar study by analysing s@iptional activation by the Oct-4
(N) and (C) domains in their native protein, usen@W-37tkCAT reporter and with
Oct4 full length and its domains linked to a GalM®binding domain. According to
their results, none of the transactivation domaires able to function alone. In HelLa
cells both mutants (POU-C and N-POU) can stimuledascription, but not as much
has the full length Oct-4 protein, indicating thla¢ (N) and (C) domains are required
for a full transcription [20]. The present studwtesl this for the Oct-4 homologues
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protein, but unfortunately it was not possible tmlgse the N-POU and the POU-C
native state, instead the same mutants were littk&hl4-DBD.

pPATG

Oct-4 acts together with other transcription fagtosuch as Sox-2 and Nanog; it
requires this interaction in order to regulate gedaring early development [8]. The

different transcription factors are differently vdated by cofactors such as Fgf-4 (16).

There are at least five different reporters that loa differently activated by Oct-4 and
cofactors, such as Fgf-4 which is activated by ©atiid Sox-2 and the Rex promoter is
activated by Oct-4 and Xox1. The reporter usedhis $tudy does not require Sox-2 or
any other cofactor to be activated; 6WTK is upratgd by Oct-4 alone [16].

The Oct-4 transactivation function was only possitd study for the full length; no
mutants were analysed for the luciferase assay.nvdhalysing the Oct-4 expression,
all the species are active in their native staté wkception of XI60 that does not have
transactivation activity in HelLa cells (Figure 3. Tt it has in 293T cells (Fig. 3.7b),
and the opposite happens with axOct4 and with dtOdte activity measured in 293T
cells for Xenopus is consistent with previous works, where Oct horgoks were
upregulated until stage 16 cell &fenopus, which is until 18h and 15 min [43];
involving all Oct-4 homologues.

These different activities in the different celbgs might be due to specific cofactor
interactions differently existed in HeLa and in Z98ells. The different behaviour
between X191 and XI60 might be due to their difféardevelopmental roles<enopus
Oct-4 homologues are expressed in different stamyas$,that means different cofactor
interactions. X160 is maternally transcribed [4Z]25 both maternally and zygotically
transcribed, and X191 is only zigotically transetb[43]. For instance, XI25 and XI60
interact withp-catenin to prevent the formation of mesoderm, pawdtenin exists in
HelLa cells. In this example, the maternally traimt proteins have specific
interactions, opening the possibility that XI91 aXdb0 have different cofactors

interactions in Hela cells, but the nature of theseractions remains unclear.
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pDBD

When analysing the Oct-4 expression, all the sgeanie active in their native state with
the exception of XI60 that does not have transatitm activity in HeLa cells (Figure
3.7a). All the Oct-4s are also able to function wheked to the Gal4 DNA-binding
domain (DBD) (Figure 3.8a). When comparing thewaigstilevels in Oct-4 in HeLa and
293T cells in its native state (Figure 3.7) witht@dinked to Gal4-DBD (Figure 3.8), it
is possible to see in general a decrease of tigtiscral activity. The fact that Oct-4 is
active in 293T cells without DBD (Fig.3.7b) and ¢tige in its presence, suggests a
significant regulatory interaction between DBD awidth any of the transactivation
domains of the Oct-4, resulting in the reporteibition.

In HelLa cells, the only Oct-4 homologues where G2BD increased transcription
activity were XI60 and axOct4, suggesting that ¢hisra different interaction between
the Oct-4 domains and the Gal4-DBD that resultrompter stimulation. In 293T cells
native axolotl (axFL) and sturgeon (stFL) are notve, but their status does not change
when linked to the Gal4-DBD. Mouse Oct-4 is theyomhe with transcriptional activity
in 293T cells. To know which domain is responsitdlethe DBD-mFL transactivation

it is necessary to compare mouse POU-C and N-PQUod&king to figure 3.9b and
3.10b we can assume that (mN) is the transcripiomain responsible for the
transactivation in 293T cells. It is also possibdbesee that MNP and stNP have a
superior transcription activity then their FL agtit POU-C mutants, therefore we can
assume that their N domains interact both withR@J and Gal4-DBD to stimulates
the Gal4d-lux reporter in 293T cells, suggesting thare might exist cofactors in 293T

that interact with (mN) resulting in its activation

In HeLa cells the both mutants (POU-C and N-POhbKdd to the Gal4-DBD were able
to stimulate transcription, but the presence ofadternative DNA binding domain

presenting opposite results to Brehm study [20]e T®eparation of transcription
domains (N) and (C) resulted in a higher activatbthe Gal4-lux reporter, them their
full lenghts. mPC is the only mutant which activigyinferior in POU-C them in N-

POU, but both higher them the full length. Zebtafid. and XI91FL has a similar
activity to N-POU but both activities are inferitw their respective POU-C mutant
(figure 3.8a; fig. 3.9a; fig. 3.10a). The presentan alternative DNA binding domain

55



Discussion

act as an enhancer when only one of the transanigtomains (N) or (C) are present,
otherwise it acts as a repressor to the Oct-4 drgot®nal activation.

Mechanism of C-domain regulation

POU-C was not able to activate Gal4-lux reporte298T cells while in HeLa cells was
the construct with higher transactivation activitgicating that this mutant, POU-C, is
cell-type specific. It is known that in mouse, tbalomain is cell-type specific (16) and

this can explain its different behaviour in HeLalam 293T cells.

When the (C) is linked to the DBD, it is activeHieLa but not in 293T cells (Fig. 3.13);
when (C) is linked to POU and DBD it is also actimeHeLa but not in 293T cells;

when the (C) is removed and only the POU is linkeethe DBD, this mutant is inactive

in HeLa but not in 293T cells. Indicating that tf@) controls (POU) by cell-type

specific, it is also suggested that differentiabgphorylation in HeLa and 293T cells
can affect transactivation ability of the (C) domdi23]. This can explain the

transactivation activity that is seen in stOctdisithe only one active when the (C) is
linked to DBD in 293T cells (fig. 3.13b). Sturgeddct-4 does not have any
phosphorylation sites in its (C) domains (fig. 3r@g¢aning that it requires its native
DNA binding domain (POU) to mediate cell-type sfiettly.

(C) is not the only factor responsible for reguigtPOU function. It is known that there
are viral and cellular cofactors that modulate algvity of POU transcription factors.
These cofactors rather interact with the POU dontlhan with other transactivation
domains and that it might result in negative regoia Consistent with this, is the
activation of the POU domain only in 293T cellsdicating that in HelLa cells might
exist different cofactors that does not exist ir8RZells, that interacts with the POU

domain resulting in negative regulation.
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(N) domain

In HeLa cells, both transactivation domains (N) &ylare sufficient to stimulate Gal4-
lux, whether they are linked to Oct-4 binding domar to Gal4-DBD, suggesting that
the two separated transactivation domains havevalgmt function in HelLa cells, but
its activity decrease in the simultaneous presesfc®ct-4 and Gal4 DNA binding

domain, suggesting that (C) and (N) interact imalar way with DBD and POU.

As was said before, the (C) domain is cell-typecsic, but the (N) domain does not
exhibit the same regulation. (N) is active in Helrad in 293T cells independent if it is
linked to Oct-4 or Gal4 binding domain. The actest of the two transactivation
domains can be differentially affected by proterntpin interaction, consistent with
their different amino acid constitutions. The (C¥ ia serine/threonine-rich
transactivation domain [16] while the (N) domain asproline-rich transactivation
domain, and its proline region has proved to berdss for transactivation. This region
iIs not only responsible for transactivation; ubrgation post-translation modifications

have also been reported to regulate Oct-4 trartgumgd activity [23].

Oct-4 is a target of small ubiquitin-related moelif(SUMO) modification that increases
Oct-4 stability; its DNA binding, and transactivati function. There are three possible
sumoylation sites, two of them are on the POU damand one in the (N) domain. It

was already proved, that in mouse the sumoylatmours in the (N) on Lys118. For

sumoylation occur it needs SUMO-1, El-activatingyene; E2-conjungating enzyme
and E3 ligase [23]. The E3 ligase binds the tapgetein and provides specificity. Four
SUMO homologues have been described in mammal®btieem, SUMO-1, shares a
sequence identity with ubiquitin [23] and both ubtop and various E3 ligases are
highly expressed in HelLa cells [44]; another ongM®-2 is expressed mainly in the
kidneys; 293T are human embryonic kidney cells, thedefore may express SUMO-2.

The sumoylation takes place at a specific targgtiesece in the substrate protein. The
consensus SUMO acceptor site requires a strongplgdbic amino acid; followed by
the lysine (K), then any amino acid, and finallglatamic acid (E) or a aspartic acid
[41]. mOct4 has the SUMO motif*VKLE'®. Analysing the different Oct-4
homologues, it was possible to find similar motitsiserved in stOct4PIKTE?); in
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zbpou2 VKTE™* and in X191 ’LKRE®). XI60 and XI25 have similar motifs but
not in the same region as the previous ones. X#83%KSE> and X125 had*LKSE"";

axOct4 does not have this motif in the (N) were sienoylation can occurs. These
events can explain the different activities exl@tifor the multiple (N) domains. This

sumoylation sites can be found in fig.4.1.

The other two sumoylation sites found in mO&ACKSE" and**.KCPK?*’ (23) can
be found in the POU domain and surprising, givea thlatively high degree of
conservation of this domain, they are not as careskas the previous one. A similar
sequence to the second sumoylation site, can afpind is stOct4*t*YKIE®'") and
in zbpou2 PAYKIE®®). The third sumoylation site can be found in ax@®ct
CYLKCPK®9): stOctd P°KCPK**) and zbpou2 FVKCPK>®). This sumoylation

sites can be found in Fig. 4.1.

aN [ el
mN ] [
sy | e

A |
xorfp  [aere
kisoN - xeor  HIEEN

Figure 4. 1- Sumoylation sites in Oct-4 homologudged).

In HelLa cells it is possible to find two substrateat promote sumoylation, SUMO-1
and E3, while in 293T cells there is the SUMO-2s Iturious to see that all the mutants
that have the first sumoylation site (DBD-N) atkeagtive in HeLa and in 293T cells
(fig. 3.11), and that the mutants (DBD-N-POU) withaumoylation sites in the POU
domain (X191, and XI60) were not active in 293Tledfig. 3.9b). It might be necessary
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for an interaction of the SUMO-2 with POU domaimylation sites. Consistent with
this, is the activation in 293T cells by the POUndan, of the species that have these
sumoylation sites (fig. 3.12b). SUMO-2 might binithwthe POU domain, resulting in
its transactivation activity, where it requires thienultaneous presence of the second
and the third sumoylation for stimulating the rdpar This affinity might explain the
different activities of the POU domain in HeLa and293T cells. It also explains the
lack of activity of axN in 293T cells (fig. 3.11,b)hich does not have a POU domain
thus, the SUMO-2 it is not able to interact witle tmutant resulting in its insufficient

capacity to bind to Gal4-Lux.

In the presence of two transactivation domains i BOU), sumoylation might only
happen in the (N), and that the SUMO-1 and E3, trfigive more affinity with the (N)

them with the POU. This can explain both activatiesults that the mutants with (N)
are active in Hela (fig.3.10a and fig.3.11a), andeo(N) is removed their lose activity
capacity in HelLa cells (fig. 3.12a).

4.5. Functional Conservation

Despite it not being possible to complete theedéht assays to all the mutants, it was
still possible to study the transactivation capaoit Oct-4 domains. It is clear that all
species exhibit different transactivation behawsaurHeLa and in 293T cells, therefore

their transactivation conservation were individyaliudied for the different cell types.

In HelLa cell, the different species of Oct-4 haveeirt transactivation function
conserved, with exception of XI60 Oct-4 (fig. 3.7h) 293T cells, axOct4 and stOct4
were not able to activate the 6Wtk reporter, wihilethe others did; meaning that
despite axOct4 and stOct4 conserved their tranvsdictn function in HelLa cells that
conservation is lost in 293T cells, the oppositppea to XI60. The small difference
between X160 and XI91 is enough to give differemnsactivations activities; this can

be somehow related to their different expressiages duringKenopus development.
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When the same constructs are linked to Gal4 DNAlibop domain (DBD), all the
species are active in HeLa meaning that they siandar mechanism of interaction
with DBD. Despite differences in activation levelise different mutants all behave the
same way in Hela cells, meaning that their tramgaitddn mechanisms and interactions

are conserved in this cell type.

The same does not happen in 293T cells, when thel @dl length is linked to DBD
only mOct4 mutant is able to activate the repongtt) this it is possible to see that the
different interactions that might exist in 293T Iseare only conserved in the other
species. The only visible transactivation functibat was conserved in all species is
their POU domains, this is consistent with the fdwt this domain is the most
conserved during evolution. According to the amaoad conservation, the (N) domain
is more conserved then the (C) domain. When amggythie DND-N it is possible to see
a similar transactivation activity between the eliféint species with exception of axN.
The DBD-C assay did not include many species, hackfore is not accurate assuming

that the functionality, or lack of it, might be cmrved.

In DBD-N-POU the regulation mechanisms and therauigon with DBD are only

conserved in mOct4 and in stOct4, being the onkgsaable to stimulate the Gal4-lux
reporter. In DBD-POU-C mutants, the transactivationction is conserved in all
species where none of the mutants were able teadetine reporter.

The POU domain despite their functional conservatexhibit different transcriptional
levels some of them very superior to mPOU. The thett one mutant has more
transactivation capacity them another is not a goaltator that one species works
better than other. In ES cells, it is the precesesl of Oct-4 that maintains ES cells in
their pluripotent stage [16]. Insufficient or exse® transcriptional levels of Oct-4
promote mesoderm formation [16]. Some of the mstaad high transactivation levels,
such as axPOU, that had 3.5 fold activity in 29&Tis¢ and XI91C that had 11 fold
activity whereas axC that had 5 fold both in Hekdsc For the mutants with (N) or (C)
and POU plus DBD, the different transactivationelevalso diverge. In HelLa cells, for
N-POU mutants, mOct4 is the one with higher agtjvibllowed by XI60; while for
POU-C, the mutant with higher activity level is XI€XI60.
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Their transactivation function and its levels ao¢ the only aspects necessary to choose
an alternative study system. There are evolutiomiargrgences that may account for
distinct patterns. What might seem a small difieeemight have a big impact on the
embryo development, problems such as severe defedhe axis formation, head
structures and neural fold happen with some mutatam XI25 and XI60 [9]. Despite
X191 and X160 have transactivation function, irégjuired the overexpression of all the
Oct factors present iKenopus to generate the same phenotype as mOct-4 [9].ol=ol
only have one Oct protein that shares the highailagity with the mouse than any
other species, it is already known that its POU a@ionean rescue ES cells self-renewal,
but it is not know its effects when its phenotypeknockdown, or if they can replace

mouse Oct-4 and develop a viable clone.

Now that it is known the different transactivaticapacities for each species, it would
be necessary to do more assays in order to suggedternative model system to study
pluripotency regulation. It would be necessaryest with the different mutants in their

ability to rescue ES cell self-renewal, and théfieas on reprogramming somatic cells.
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Chapter 5: Conclusions

This study represents the first investigation oft-@cprotein domains in lower
vertebrates by functional expression analyses.oiljh previous studies have been
carried out by over-expression iKenopus and zebrafish, recently other Oct-4
homologues have been cloned in sturgeon and axalwdl no functional conservation
assays have been done to assess their activityhiatstudy. Different approaches were
employed in order to study Oct4 conversation andumolerstand function of the

different domains in regulating activity.

The amino acid analyses are a useful way to begielate amino acid conservation to
function and transactivation capacity. By comparisgguence analyses and oct4
functional assay data | concluded that the N-teamimlomain represents a
transcriptional activation domain in Oct4 and thathin this domain it is likely that
proline and serine residues have important rolesinaneasing transactivation and
promoting the activation of the luciferase rep@tand endogenously Oct4 target genes.
There are two distinct regions where these two anaicids can be found, in mOct4
there is the proline region whereas in the remgisjpecies there is a serine-rich region,
that | termed here as the SEB box.

It is presumed that all Oct4 homologues would lmalised to the nucleus subcellularly
as this is where transcription factors undertaledr ttole regulating DNA. However this
has not been proven for all homologues. mOct4adalised to the nucleus and requires
an NLS sequence in the POU domain for this locitisa It was not determined
whether this NLS is present in Oct4 proteins frdma tower vertebrates species, or if
the POU or NLS in these drove this localisationreHeshowed that all Oct4 proteins
analysed fused to GFP are nuclear and the POU doataleast is responsible for
transporting Oct-4 into the nuclei. It was possitdehighlight a similar NLS sequence
to the mOct4 (RKRKR) in the POU of all sequencealysed (24). Due to the high
level of similarity between these sequences andtth@LS there is a strong possibility

that this sequence is an NLS .
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The function for the different Oct4 proteins wastéel experimentally. One of the aims
was to study function in the native state of thetgn in pluripotent cells, but

unfortunately due to lack of time, was only possibd study the activity in somatic
cells. In HelLa cells, only XI60 was not able tarsilate 6Wtk reporter, meaning that
the transactivation function was conserved to émeaining proteins. In HeLa and 293T
cells, the species that had a more similar behaveomOct4 was XI91.

The construction of different mutants lacking N, P©r C domains linked to Gal4-
DNA binding domain was used as a novel approadtentify the function of specific
domains and such analyses have not been carriddraDtt4 until this study activating
a heterologous target. Whenever DBD and two domai@gresent, the transactivation
levels are inferior than when in individual domaiwhere employed. (C) and (N)
domains interact in a similar way with POU and DBD{ in the presence of DBD, they
present lower activity levels, nevertheless DBD-POUhas in general more
transactivation capacity them DBD-N-POU, suggesthrag the C-terminal represent a
more potent transcriptional activator. Furthermitvee domain with more transactivation
capacity when linked to DBD is the (C) domain. Tferent behaviour exhibited by
the mutants in HeLa and in 293T cells will be doalifferences in regulation and the
interaction of different cofactors in the cells anill need further study to define these
differences.

From previous studies it has been shown that thel¢@ain interacts with the DNA
binding domain, POU or DBD by differential phospyiation in HeLa and in 293T
cells, resulting in the report activation or inaation depending on the cell-type. The
phosphorylation sites are in general conservedhendifferent Oct4 proteins, with the
notable exception of stOct4 which is the only hoogole without predicted
phosphorylation sites, and therefore this is arlamgtion for its non-cell-type specific

function, being the only C-domain active in bothlldend in 293T cells.

With exception of mM, the remaining species migatghosphoregulated by the SEB
box, in the different cell-type. mOct4 through nfagition of the (N) and POU domains
has been shown to be regulated by sumoylation asdildy ubiquitination regulating
protein stability. There are three sumoylationssite mOct-4, one in the (N) domain
and two in the POU domain. My analyses of the prgasumoylation sites in the

63



Conclusion

homologues show them to be differently conservath thhe only homologues sharing
the three sites being mOct4, StO4 and zfPou2. 49 XI60 only have the putative
sumoylation site in the (N); and AxOct4 only has third putative sumoylation site in
the POU domain. These sumoylation sites are regilay different cofactors, and it

has been shown to be cell-type specific.

Even though there are small differences betweed ®oimologues in their activity to
transactivate target genes in HeLa and 293T cilks§r activity is on conserved. In
HelLa cells all the mutants had a similar behavimaeaning that the transactivation
capacity and regulatory mechanisms of each dom@nsinilar. However the Oct4
homologues behave differently in 293T cells whet®@4 and stOct4 have a different

transactivation activity to the others.

This study also intended to present an alternatigéhod to study Oct4 function which
it achieved, but the assays displayed here fosaetivation function are not enough to
definitively prove which Oct4 homologue has actvih vivo or to rescue ES self-
renewal, or reprogramming somatic cells which ateeiopublished assays for Oct4
functionality. What is possible to see from my dstahat Oct4 from lower vertebrate
shares a similar functional activity to mammaliactf proteins. According to the
results, Xenopus is the lower vertebrate that has a similar tramsaon activity to
mouse, more specific: Oct91 protein. This resultasisistent with previous studies
were XI91 had the capacity to maintain murine Esda the absence of Oct-4 [16],
revelling their high homologue function. But inrtes of interactions and developmental
function, Xenopus does not replace and behave the same way was romtise where
in order to maintain the same mouse phenotype iteisessary to overexpress all
Xenopus Oct proteins, X191, X160 and XI25 [16]. Not onlynghibians are simpler
species that share all this functional conservatibot they also are easier to

manipulation and have less ethic regulations.

The amphibians in this study wexenopus and axolotl, and axolotl only has one Oct
protein whereas<enopus have three; axolotl also have higher similarityus® than

with any other species, due to these reasons lewpscting that axolotl would be the
species to share the highest functional conservabomammals, but unfortunately it
was not possible to test the functional activityatibaxolotl mutants. By these reason, it
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would require a more deepl study in axolotl functiand | believe that this species

promises to be the next species where pluripoteatthamisms are going to be study,

and that axolotl Oct-4 might even be possible fixagram somatic cells with the same

efficiency than mouse Oct-4.

5.1.

Future work

It is necessary to redo the luciferase assay Wlittne different mutants created,

and study their regulation without the DBD;
Study SEB box function, by its ablation;

Determine the hypothesis for the nuclear localoratisite for the lower
vertebrates; that RKRK represents NLS for Oct-4 blogues;

Link the clones to a Myc-tag for future protein ree@ement;

Test the reprogramming capacity for all the mutawith the other three

transcription factors (Sox-2, c-Myc, and Kilf-4);

Produce a viable chimeric by replacing mOct-4 foDet-4, study effects on the

development;
Combine domains between species and study thértgct

Study the capacity that the mutants have to mairi& cells phenotype.
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Appendices

APPENDICES

APPENDIX 1 Ambystoma mexicanum

Axolotl Oct4 (accession number AY54376)

ATGCCTGEECATTTGCEGACAGGAGAT TGEECEEECT GCCTATGEGT TCGGT GCACAGEC
CTTGCACCT GEEEECCEEEEECCT CGAGGECGEECEEECCEEECT TCCTGT CCGAGAGCT
ATGEGECCCTACGCCGECT TCAAGGCGCT GGAGT AT GCCCAT GECGEGEECCGAAGGAGAG
GECCGACCGEGEEGECCCAT GEECT GECACGEECCT GGTIACCCCT TCTCGGAGECCT GEGEG
CCCTGI GTATGEGECAGAGCGEGET GCCGEECGECAGEGT TCGAGAGCAGCCGEGT GGAGGT CA
AGGT GGAGAGGCCCGACAAGGAGCECT GECT ACGEGECAGCAGCACCAGCAGECCT GEECT
GGCTACTTCGT GCCCCAGCT GECAGT GCCCGCCAGGT CACCT GCGT CCGT GECCAGCEG
AGGGCAAGT ACCGECCGCACCT GCCAGCCCGT CCGAT GACAGCCCGCACAGCAGCACCG
CCAGCAGCAGCAGCGCCAGCCCGEGACCT GEEEECT GEEEECECCCCECEEGACCTGGAC
AGCGGAGACGAGGAAGGGEEGGACGT CGECGGACCT TGAACAGT TTGCCAAGGAGCTGAA
GCAGAAGCGCATCACGCTGEGCT TTACGCAGGCGGAT GTAGGEGCT GECGCT CGEGEECEC
TGTACGGEGAAGAT GTI TCAGCCAGACGACGAT CTGCCGEGT TCGAGGCCCTGCAACTGAGC
TTCAAGAACAT GT GTAAACT GAGACCCCT GCTCCAGCGCT GGCT GGT CGAGGCCGACAC
CAACGAGAACCT GCAGGAGCT CTGCAACCT GGAGAAT GCCCT GCAACAAGCCCGGAAGA
GGAAAAGAACCAGCAT CGAGAACAGCGT CAAGGACAACCTGGAGECCTTCTTCCTGAAG
TGT CCGAAGCCCACCCAT CAGGAGAT CGCCCACAT CTCCGAGGACCTCAATCTGGAGAA
GGACGT GGT CCGCGT CTGGT TCT GCAACAGGECGACAGAAGGEGEAAGCGCA

White background: N domain
Light gray: POU domain

Dark gray: C domain
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APPENDIX 2 Mus musculus

Mouse Oct-4 (accession number NM_013633)

ATGCCTGGACACCTGECTTCAGACT TCGECCT TCT CACCCCCACCAGGT GEEGGT GATGG
GI'CAGCAGGECT GGAGCCGGEECT GGGT GGAT CCTCGAACCT GECTAAGCT TCCAAGEEC
CTCCAGGT GGECCT GGAAT CGGACCAGECT CAGAGGT AT TGGEGGATCTCCCCATGI CCG
CCCGCATACGAGT TCTGCGGAGGEGATGECATACT GT GGACCT CAGGT TGGACT GGEGCCT
AGTCCCCCAAGT TGECGT GGAGACT TTGCAGCCT GAGGGECCAGGECAGGAGCACGAGT GG
AAAGCAACT CAGAGGGAACCT CCTCTGAGCCCT GT GCCGACCGCCCCAAT GCCGT GAAG
TTGGAGAAGGT GGAACCAACT CCCGAGGAGT CCCAGGACAT GAAAGCCCT GCAGAAGGA
GCTAGAACAGT TTGCCAAGCT GCTGAAGCAGAAGAGGATCACCT TGEGGTACACCCAGG
CCGACGT GEEECTCACCCTGEECGT TCTCTTTGGAAAGGT GT TCAGCCAGACCACCATC
TGTCGCTTCGAGGCCT TGCAGCT CAGCCT TAAGAACAT GT GTAAGCT GCGECCCCTGCT
GGAGAAGT GGEGT GGAGGAAGCCGACAACAAT GAGAACCT TCAGGAGATAT GCAAAT CGG
AGACCCT GGT GCAGGCCCGGAAGAGAAAGCGAACTAGCAT TGAGAACCGT GTGAGGT GG
AGI CTGGAGACCATGT TTCTGAAGT GCCCGAAGCCCTCCCTACAGCAGATCACTCACAT
CGCCAAT CAGCT TGGGECTAGAGAAGGAT GT GGT TCGAGTATGGT TCTGTAACCGGECGCC
AGAAGGGCAAAAGAT CAA

White background: N domain
Light gray: POU domain

Dark gray: C domain
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APPENDIX 3 Acipenser oxyrinchus oxyrinchus

SturgeorOct-4 (not published)

ATGICTGATCGGT CTGTCACCCCGEGT TCEGAGGECT TCCAGT CGGGECACACGAGCTCCA
CCGGACGAT GTACACGCAGGAGAGCCTAGCCGCT TCTCTTCAGI TCGCCAACGGGATGEC
TACAAGACCCGAACT CCGT GT TCAATAAACCCGCCT GCTACAACGGTATCGCCGCCCAA
CATTTCTTCCCGTTTTCTGCAGTI CGECGGT GACTATCGACAT CCCGATATTCAGGTAGC
GGACCT GAGCCAAGCTAGACACT GGTACCCNT TCTCTACCCCGGAGCT CACGEGECCAAG
TAGCGGGACT GACCACAGCCCACCAACCGGECGAAT CTGAGCCCACGCATCGCAGAAACC
CGGGATCAGACCAAAAGCGACAT TAAAACCGAAAAACT GGACGAATTCTCGONT GAAAG
AAAAT CAGCGCT GCCACCGECCGECCCGCTACCAT GECCCCCEEEGT TTATCACTCAAACC
ACTGGAACCCT TCGI TCTGECCCGECT TGACCCACGCCCCAGCCCCCGCCECCACT CCG
GICTCCTCTTCGCCCAGTAGCCACAGT TACCCGACGECTGGT GTCTTCACGACGGECAGC
GCCCCAAACGCTACT GGTCCCAGT GCAACAGACCT CGAACCCCGEGAGCAGCGECTCCT
CCAGT GGCGCGEGECAGT GAAGT GEGGECAGT CTAGCGACT CGGAAGAAGAGGAGAATTTG
TCCACGGAGGAGCT GGAGCAGT TTGCCAAGGAACT GAAACACAAGCGGATCACCCT GGG
ATTCACGCAGCCT GAT GT GGGEECT GECGECT GGECAACCT CTACGGGAAGATGI TCAGTI C
AGACCACGATCTGCCGGT TCGAAGCT CTGCAGCT GAGCT TCAAGAACAT GTGCAAGCT G
AAGCCACT GCTGCAACGCT GECTGAACGAGGECT GAGAACACAGACAACCCGCAGGATAT
GTATAAGAT TGAGCGT GTGT TTGCT GACGCCCGGAAGAGGAAGCGCAGGACCAGCCT GG
AGGT GACCGT GCGCGECECT CTCGAGT CCTACT TCAT CAAGT GCCCGAAGCCCAACACC
CAGGACATCACGCAGAT CGCAGAGGACCT CCGCCTGGAGAAAGAT GT GGT GCGEGT GCG
GITCTGT AAT CGACGT CAGAAGGGEGAAGCGT CT

White background: N domain
Light gray: POU domain

Dark gray: C domain
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APPENDIX 4 Daniorerio

Zebrafish Oct4 (accession number NM_131112)

ATGACGGAGAGAGCGCAGAGCCCAACAGCAGCAGACT GCAGACCCTATGAGGT CAACAG
GGCCATGTATCCTCAAGCCGCEEECCT GRATGGACT TEBCGGAGCGTCCTTGCAGI TTG
CGCACGGTATGCT TCAGGATCCAAGT CTGATTTTTAACAAGGECCCATTTCAACGGAATC
ACCCCCGCGACAGCCCAGACCTTCTTTCCATTTTCAGGCGATTTTAAAACGAACGATTT
GCAAGGTGECGACT TTACGCAGCCCAAACACT GGTACCCGT TTGCGECCCCCGAGT TCA
CTGGGCAGGT TGCAGGAGCGACGECCGECCACT CAGCCGECGAACATCAGCCCTCCTATC
GCCGAGACTAGAGAGCAAATTAAGAT GCCAT CTGAGGT CAAAACCGAGAAAGATGT TGA
AGAATACGCGGAAT GAAGAAAACAAGCCGECCGT CACAATATCACCT CACCGCTGGAACAT
CTTCCGT CCCCACCGEEEGT GAACTACTACACGCCATGGAACCCTAATTTCTGECCTGGA
CTGI CCCAAAT TACGGCCCAAGCTAATATTTCCCAAGCT CCCCCAACTCCCTCCCCTTC
ATCCCCATCTCTGICTCCGI CTCCCCCTGGAAATGEGT TCCGAAGCCCAGGATTTTTTA
GCGGAGGCACCGCGCAAAACAT TCCCTCAGCT CAAGCGCAAAGT GCACCCCGGAGCAGT
GGGTCCTCCAGT GGAGGATGCAGT GATTCTGAGGAAGAGGAGACTCTGACTACTGAAGA
TTTGGAGCAGI TTGCGAAAGAGCT TAAACACAAGCGCAT CACTCTGGEECT TCACGCAGG
CAGATGT GGGACT CECGCT TGGAAACT TGTATGGCAAAATGI TCAGT CAGACGACAATC
TGCCGCTTTGAGECTCTCCAACT TAGT TTCAAGAACATGT GCAAACTGAAGCCGI TGI T
GCAGAGGT GGT TGAACGAGGCCGAAAACT CCGAGAACCCT CAGGATATGTACAAAATTG
AACGGGT GT TTGT CGACACGCGAAAAAGAAAACGAAGGACCAGCTTGGAAGGCACAGTC
CGTTCTGCTCTAGAGTI CGTACT TCGT GAAGT GCCCCAAACCCAACACTCTGGAGATAAC
GCACATATCCGATGATCTAGGCCT GGAGAGAGATGTAGT GCGTGTATGGT TCTGCAACC

GTAGACAGAAGGGAAAGCGT CTAGCT TTGOCCTTTGATGACGACT GTGTTGAAGCACAG
TATTACGAGCAGAGT CCACCACCT CCACCCCACAT GBGT GBCACT GT GCT CCCAGGT CA
AGGCTATCCT GGACCAGOCCATCCT GGAGGAGOCCCT GOCT TATACATGOCATCCCTCC

White background: N domain
Light gray: POU domain

Dark gray: C domain
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APPENDIX 5 Xenopus laevis

Xenopus laevis Oct-91 (Accesion number M60077)

ATGTATAACCAACAGACCTACCCT TCCTTTACCCACAACCCAGCCCTGATGCCAGATGG
CAGCGGACAGTATAACT TGGGECACCT ACACCGGCAT GGCCAGGECACCCCCACCAAGCTC
AAGCATTCTTTCCTTTCTCTGGEGGT GAAAT CGGACT AT GGGGACCT TGEGEGEGGECAAACT
ACTAGCGT GGGTGATACT TCTGCCTGGAACCCCCTAACT TCTCTGGATTCTGCCAACCA
GI'TGGGCATCTCCGGECCAAGGGAACCCGT TTAAGAACT TAAAAAGGGAGAGAGAAGATG
ATGAGGAGAAAT CAGAATCTCCTGAGCCCAAAT GCAGCCCACCGT CTCTTCCACCCGECC
TATTACACCCAT GCGT GGAAT CCCACCACCACCT TCTGGT CTCAGGT CTCCTCAAGT GG
GACCACGGT CGTGT CCAAGCCT TTACCCACCCCACT CCAGCCCGGTGATAAATGTGACC
CCGT GGAGGCAAATAAAATTTTTACCAGT AGCCCCGATAAGT CAGGAGAGAGI GGGATC
TCCAGCT TGGACAACAGT CGCTGT AGCAGCGCCACCAGCAGCTCATCTGGT GGGACCAA
CGT GGGGACCCCTAGAAGCCT TTCCAGGEGAGCTAGT GAT GGECT GAGCAGT GACAGT G
AGGAGGAAGCCCCTAAT TCTGEGGAGAT GGAGCAGT TTGCCAAGGATCTGAAGCACAAA
CGGATCACAATGGGCTACACT CAGGCGGATGT TGECTACGCTCTAGGAGTGCTTTTTGG
TAAAACAT TCAGCCAGACCACCATCTGCCGAT TCGAGT CCCTGCAGCTCTCCTTCAAGA
ACATGT GCAAGCT GAAACCT CTGCTGCGGAGT TGGECT CCATGAGGT TGAAAACAATAAA
AACCTCCAAGAAAT CAT CAGCCGAGGGECAGATAATTCCT CAGGT TCAGAAGAGAAAGCA
CAGGACCAGCATCGAGAACAACGT GAAATGCACCT TGGAGAACTATTTCATGCAGT GCT
CAAAGCCAAGT GCCCAGGAGAT CGCCCAGAT TGCGAGAGAGCT GAACATGGAGAAAGAC
GI'GGT GAGAGT CTGGT TCT GCAACCGECGECAGAAGGGECAAGCGCCAGGT

White background: N domain
Light gray: POU domain

Dark gray: C domain
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APPENDIX 6 Xenopus laevis- Oct60

Xenopus laevis Oct-60(accesion number: M60075)

ATGGACCAGCCCATATTGTACAGCCAAACCT CCTTCCCCAACT TCACCTACAGCCCAGG
AGT GGT GCAAGACGGEGEGECAAT TACCAGT AT TTGGGECAACTACAAT GCCCCGT CCTACC
CGCAGCCGI TCTTCCATGI CCCTGI TATAAAAT CAGAAT TTGGT GCCCATGAGGAAGAA
ACGCCGEGEEGAGT TGCCATGCTGCTTCCTTTGACTGGAACCTGTACCCTCACTTTCAGAT
CTCTAACCAGGCGGECT TCCAACAGT TCTGGAGAT CCAAGT CCAGAGGGAAGAACT GAGG
AGGATGGT TCTGT CAGT GAAGGGAGGT CCTCCAGT TCCCCTTCCCCCAATTCTCCCCTG
GIGCCTTCCTTTGCCCAATATTGGECATTATCCCTCCT GGCAGCAGEGEGAACCTAACCAA
CCAACCTCACACTCTTTTTGAT GEGEGT GATGAGAAGCCCCAACAGT CTCGTCACAGTC
CAACGGECCT CGCTAGGGAGT GEGEGCGT CCAACACCGAGGAT GAGGAGGT CCCCAGI GCC
ATCTCCAGTAGAGCAGAAAGAGGT CTCTGTAGT CCCTCTCCTAATAATGCCTCATGT GG
CCCTGGAACT GAAGAGGAT GGAAT GACCCT TGAGGAGAT GGAAGAGT TTGCCAAGGAGC
TGAAACAGAAGCGGEGT GGCACT GGGT TATACCCAAGGAGACAT TGECCACGCCCT GEGA
ATATTATACGCGAAGATGT TCAGCCAGACGACTAT CTGCCGCTTTGAGT CCCTGCAACT
GACCTTCAAAAATATGT GTAAACT CAAACCCCTAT TGGAGCAGT GGCT GEGAGAGECEG
AGAATAACGACAACCT ACAGGAGAT GATCCACAAGGCCCAGAT TGAGGAGCAGAACCGC
AAGCGGAAGAT GAGGACCTGCTTTGATACT GT TCTAAAGGGCCAACTAGAGGGCCACT T
CATGT GCAATCAGAAACCT GGT GCCAGGGAGCT GACGGAAAT TGCCAAAGAACTGAGT C
TGGAGAAAGAT GT GGT GAGGGT CTGGT TCT GCAACCGECGECAGAAGGAGAAGAGCAAG
TTCAGAATGT

White background: N domain
Light gray: POU domain

Dark gray: C domain
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APPENDIX 7- Xenopus laevis- Oct25

Xenopus laevis Oct-25 (Accesion number M60074)

ATGTACAGCCAACAGCCCTTCCCAGCCTTCGCTTTCAACGCCGGACTCATGCAGGATCC
CGCCAACTGTCATTTTGGEEGEGET TACGCGEGT TTAGGACACCCCCAGCCCTTCTCCTTCG
CCTTCTCTACGCTGAAAT CGGAAAACGGAGAGT CTGGAGT TCAGGGT ATGGGEGGACT GT
ACGACTCCTGT GATGCCCTGGAACT CACTGECGT GI TTCGATCACCAGGT CCAGATGGA
GAACAACCAGCAAGGGAAT CCGCCCAGAGCCCCAAGT CCGACT CTCAGCGACT CCAGGA
TTAAGGT CAAAGAGGAGGT TGT CCAT GAAACT GACAGCGGAGAAGAGT CCCCAGAACCC
AAATACCCCAGCCCCCCTAATCCCTCTCTCTACTACCCCAACGCATGGACT GECGCCCC
TTTCTGGCAAGT GAACCCCACGCCGGEGCAATAACAT CAACCCAAT GCCCAACCAGACTC
TTGTGAAAAACACCAGCCTACCGGGEGAACACCACCT ACCCCACCCCAGCAAACCAAAGC
CCCAATACCCCAGT AGACT GT GT GACCT CCAGT AT GGAAAGCAGCAGATGCAGCAGCAC
CAACT CCCCCAAT GGGGECAATTAAT GAACGGEGCCACCACTATCCCTAATGGAGAGATGC
TTGATGGEGEGEECAAT CCAGCGACAAT GAGGAGGAGGT TCCCAGCGAATCAGAAATGGAG
CAGTITTGCCAAAGAT CTGAAGCACAAGCGAGT GT CCCTGEGCTACACACAGECGGEATGT
TGGECTACGCACT CGGGEGT CCTGTATGECAAGAT GT TCAGT CAGACGACAATCTGTCGCT
TCGAGT CGCTGCAGCT CAGCTTCAAGAACATGT GTCAACTGAAACCT TTCCTGGAGCGEC
TGGEGT GGT GGAGGCAGAGAACAACGACAACCT GCAGGAGT TGAT CAACCGGGAGCAGGT
CATTGCCCAAACACGGAAGAGAAAAAGGAGGACGAACATAGAGAATATAGT GAAGGGGA
CCCTCRAGAGTI TACTTCATGAAAT GT CCCAAGCCGGEGECGCCCAGGAGATGGT GCAGATC
GCCAAGGAACT GAACAT GGACAAAGAT GT GGT CCGGEGT CTGGT TTTGCAAT CGGCGGECA
GAAAGGCAAGCGCCA

White background: N domain
Light gray: POU domain

Dark gray: C domain
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APPENDIX 8. Primers combination

Appendices

List of the combination of the primers for al fragnts and their respective fragment

sizes
Specie Primer Domain Size (bp)
Axolotl Oct4 Nhel F+ Hindlll R Full- Lenght 1197
Agel F+ Hindlll R POU-C 648
Nhel F+ Sall R N-POU 996
Nhel+ Agel R N domain 549
Agel F+ Xhol R POU domain 447
Xhol F+ HindllIR C domain 201
Mouse Oct4 Nhel F+ Bglll R Full Length 1131
Agel F+ Hindlll R POU-C 732
Nhel F+ Xhol R N-POU 846
Nhel+ Agel R N domain 399
Agel F+ Xhol R POU domain 447
Xhol F+ HindllIR C domain 285
Sturgeon Oct4 Nhel F+ Hindlll R Full Length 1362
Agel F+ Hindlll R POU-C 657
Nhel F+ Sall R N-POU 1158
NhelF + Agel R N domain 705
Agel F+ Sall R POU domain 453
Xhol F+ HindllIR C domain 204
Zebrafish Nhel F+ Hindlll R Full Lenght 1419
Agel F+ Hindlll R POU-C 663
Nhel F+ Xhol R N-POU 1209
Nhel+ Agel R N domain 756
Agel F+ Xhol R POU domain 453
Xhol F+ HindllIR C domain 210
Xenopus 91 Nhel F+ Hindlll R Full length 1338
Agel F+ Hindlll R POU-C 678
Nhel F+ Xhol R N_POU 1143
Nhel+ Agel R N domain 660
Agel F+ Xhol R POU domain 483
Xhol F+ HindllIR C domain 195
Xenopus 60 Nhel F+ Hindlll R Full length 1281
Agel F+ Hindlll R POU-C 669
Nhel F+ Xhol R N-POU 1076
Nhel+ Agel R N domain 612
Agel F+ Xhol R POU domain 464
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Xhol F+ HindllIR C domain 205
Xenopus 25 Nhel F+ Hindlll R Full length 1347
Agel F+ Hindlll R POU-C 657
Nhel F+ Xhol R N-POU 1140
Nhel+ Agel R N domain 690
Agel F+ Xhol R POU domain 450
Xhol F+ HindllIR C domain 207
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APPENDIX 9. Amino acid composition of Oct-4 N ternmal

Axolotl Mouse Sturgeon| Zebrafish X191 X1 60 X1 25
Amino Acid | N°| Mol % | N° | Mol % | N° | Mol % | N° | Mol % | N° | Mol % | N° | Mol % | N° | Mol %
Alanine 31 16.94| 10| 7.52|26| 11.06|27| 10.71| 12| 5.45/ 12| 5.88|13| 5.65
Cysteine 0 0| 4| 301 1| 043 2| 0.79] 3| 1.36| 3| 1.47| 5| 217
Aspartic Acid | 7| 3.83] 5| 3.76] 9| 3.83] 8| 3.17|/13] 591 9| 441 8| 3.48
Glutamic Acid| 13 7.1/ 12| 9.02| 13| 5.53|15| 5.95|11 5| 15| 7.35/15| 6.52
Phenylaline 6 3.28/ 4| 3.01] 9| 3.83/14| 556/ 7| 3.18] 9| 441 9| 391
Glycine 34| 18.58/ 23| 17.29| 15| 6.38/25| 9.92|21| 9.55/19| 9.31|18| 7.83
Histidine 6| 3.28| 1| 0.75/10| 4.26| 4| 159 4| 1.82| 7| 343 4| 1.74
Isoleucine 1 055 2 15| 4 1.7) 8| 3.17| 3| 1.36/ 4| 1.96| 4| 1.74
Lysine 3| 1.64| 3| 226/ 5| 2.13] 7| 2.78 9| 4.09| 2| 0.98 5| 217
Leucine 10 5.46| 8| 6.02/13| 553|10| 3.97/13| 5.91] 8| 3.92| 9| 391
Methionine 1 055 3| 2.26| 4 1.7) 4| 159 3| 1.36/] 1| 0.49| 8| 3.48
Asparagine @ 0| 2 15| 9| 3.83]13| 5.16|11 5|13 6.37| 23 10
Proline 15 8.2119| 14.29/ 23| 9.79/29| 11.51| 21| 9.55|23| 11.27|31| 13.48
Glutamine 9 492| 6| 4.51|/13| 5.53|17| 6.75/10| 4.55/12| 6.37/13| 5.65
Arginine 7] 3.83] 3| 2.26| 8 34| 5| 1.98] 6| 2.73]15| 245 4| 1.74
Serine 20 10.93| 11| 8.27|33| 14.04| 28| 11.11| 37| 16.82| 33| 16.18| 24| 10.43
Threonine 1 055 4| 3.01/18| 7.66/20| 7.94/19| 8.64| 9| 4.41/17| 7.39
Valine 8| 4.37| 9| 6.77/11| 4.68/ 6| 2.38| 7| 3.18 7| 3.43|11| 4.78
Tryptophan 38 1.64| 2 15| 3| 1.28] 3| 1.19| 3| 1.36| 3| 1.47| 3 1.3
Tyrosine 8 4.37| 2 15| 6| 255/ 7| 278 7| 3.18] 9| 4.41| 6| 261
Axolotl

Amino Acid Compaosition
MO Axalat]

= B OO e S O B O
184
164
141
124+
104+

ol %%

______

(=R }

H || H
Ala Cys Asp Glu Phe Gly Hs lle Lys Leu Met Asn Pro GIn Arg Ser Thr  Val Trp Tyr
Amino Acid

Mouse
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Amino Acid Composition
MND mouse

#
=]
=
Alg Cys Asp Gl Phe Gy His Lew Met Azn Pro GIn Arg Thr Mal  Trp
Amino Acid
Amino Acid Composition
MND sturgeon
3
=]
=
Cys Asp Gl Phe Gly  His lle  Lys Lew Met Bsn
Amino Acid
Amino Acid Composition
ND Zebrafish
k3
T
=
Ala Cys Asp Gl Phe Gly His  lle Lys Leu Met Asn Pro Gin Arg Ser The  Wal Trp Tyr
Amino Acic
Armino Acid Compasition
5
=
=

Cys Asp Gl Phe Gly His Leu Met Asn Pro GIn Arg Ser The Wal  Trp Tyr
AMino Acid

XI Oct60
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Mal %

Mol %

Amino Acid Composition
MND X Qctsl

184~
186
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=R SR

Cys Ssp Gl Phe Gly  His lle Lys Leuw Met Asn Pro GIn Ary Ser Thr “al Trp Tyr
Amino Acid

Amino Acid Composition
MO K] Cct2s
N T A A A

Cys Asp Glu Phe Gl His le Lys Leu Met Asn Pro &rg Ser  Thr
Aming Acid

Appendices
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APPENDIX 10. Amino acid composition of Oct-4 POU dmain

Axolotl Mouse Sturgeon| Zebrafish X191 X1 60 X1 25
Amino Acid | N°| Mol % | N°| Mol % | N° | Mol % | N°| Mol % | N° | Mol % | N°| Mol % | N° | Mol %
Alanine 11 7.38] 7 47|10 6.62| 7| 4.64| 6| 3.97| 7| 455/ 7| 4.67
Cysteine 5 3.36] 5| 3.36/ 4| 265/ 4| 265 5| 3.31] 5| 3.25| 4| 2.67
Aspartic Acid | 6] 4.03] 3| 2.01| 7| 464 7| 4.64 3| 199 4 2.6/ 5| 3.33
Glutamic Acid| 12| 8.05/12| 8.05|12| 7.95/12| 7.95/11| 7.28/18| 11.69|13| 8.67
Phenylaline 8 5.37| 6| 4.03] 8 53| 8 53| 7| 4.64| 8| 5.19| 7| 4.67
Glycine 6| 4.03] 6| 4.03| 6| 397 7| 4.64| 7| 4.64| 9| 5.84| 8| 5.33
Histidine 2| 1.34| 1| 067/ 1| 0.66| 2| 132 3| 1.99| 3| 1.95 1| 0.67
Isoleucine 5 3.36| 6| 4.03] 6/ 397 5| 3.31] 9| 5.96| 6 39| 6 4
Lysine 14 9.4|16| 10.74{15| 9.93|14| 9.27|15| 9.93|17| 11.04|15 10
Leucine 20 13.42|21| 14.09/18| 11.92|19| 12.58|12| 7.95/17| 11.04|12 8
Methionine 2 1.34| 2| 1.34| 3| 1.99| 3| 199 5| 3.31] 8| 5.19| 6 4
Asparagine 9 6.04 7 47| 7| 464 7| 4.64|12| 6.62| 7| 455 9 6
Proline 3 201 3| 201] 4| 2.65 4| 265/ 4| 265 2 1.3| 3 2
Glutamine 11 7.38/12| 8.05| 9| 5.96| 7| 4.64/13| 8.61|11| 7.14|12 8
Arginine 11) 7.38/12| 8.05/15| 9.93|14| 9.27|11]| 7.28/10| 6.49|12 8
Serine 7 47| 8| 537 5| 331 7| 4.64| 9| 596| 5| 3.25| 7| 4.67
Threonine 8§ 537 9| 6.04/10| 6.62|11| 7.28| 7| 4.64| 8| 5.19| 6 4
Valine 6/ 4.03| 9| 6.04] 7| 4.64| 8 53| 9| 5.96| 5| 3.25/11| 7.33
Tryptophan 4 1.34] 3| 2.01] 1| 066] 2| 132] 2| 132 2 13| 2| 1.33
Tyrosine 1 067/ 1| 0.67] 3| 1.99| 3| 1.99| 3| 1.99| 2 1.3| 4| 2.67
Axolotl

Armino Acid Composition
POU Axoltl

Mal %

________________________

Als Cys Asp Glu Phe Gly Hs lle Lys Leu Met Asn Pro Ghn
Aming Acid

Arg Ser Thr Yal Trp Tyr
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Mouse

ol %

Sturgeon

Mol %

Zebrafish

Mol %

Amino Acid Composition
POU mouse

Cys Asp Gu Phe Gly His lle Lys Leu Met Asn Pro Gin Ser Thr Wal Trp Tyr
Aming Acid

Amina Acid Composition
POU Sturgeon

- . T T T T T T A |

Ala Cys Asp Gl i Lys Leu Met Ser Thr Wal
Aming Acid

Amino Acid Compasition

Ala Cys Asp Gl Phe Gly His  lle Lys Leu Met Asn Pro Aryg Ser The Mal Trp Tyr
Aming Acid
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XI Oct60

XI Oct25

Mal %

Mol %

ol %

Appendices

Amino Acid Composition
POU X091

"
10

o= W R D @

Ala Cys Asp Glw Phe Gly  His lle Lys Leuw Met Asn Pro GIn &ry Ser Thr “al Trp Tyr
Amino Acid

Aminag Acid Composition
POU X Octo

Ala Cys Bsp Glu Phe Gly  His lle  Lys Lew Met Asn Pro Gin Arg Ser Thr
Amino Acid

Amino Acid Composition
POL X Get2a

Als Cys Asp Glu Phe  Gly  His le  Lys Lew Met A&&sn Pro GIn &ry Ser The  Wal  Trp Tyr
Amino Acid
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APPENDIX 11. Amino acid composition of Oct-4 C-teminal

Axolotl Mouse Sturgeon| Zebrafish X191 X1 60 X125
Amino Acid | N°| Mol % | N° | Mol % | N° | Mol % | N° | Mol % | N° | Mol % | N° | Mol % | N° | Mol %
Alanine 8| 1194 9 947 3 441 4 571 |3 462 |5 738 10.14
Cysteine 1] 149 2 211 o 14fF |1 143 |0 0 0 0 0 0
Aspartic Acid | 2| 2.99| 1 105 2 294 3 429 |2 308 | 1.47 | 3| 4.35
Glutamic Acid| 3| 448 | 8| 8.42| 4 588 3 429 |0 0 3 441 |3 435
Phenylaline 3| 448 4 421 p 735 |2 286 |3 42| 5357. 1| 145
Glycine 5 746| 7| 7.37 8 11.76 104.29| 6| 9.23| 8§ 11.76 1014.49
Histidine 4| 597| 2| 211 4 588 b 714 |3 462 |4 5/88| 5.8
Isoleucine 2l 299, 2 211 D 0 0 0 2 306 |4 58| 29 2.
Lysine 0| 000|] 2] 105 2 294 0 143 |1 1%4 |0 D 1 514
Leucine 3| 4.48| 131368| 8| 11.76 6 8577 B 462 |4 588 |2 2/9
Methionine 3| 448 1 105 1 14y |2 286 |4 6.5 | 2 42/95| 7.25
Asparagine 2 299 1 10% [ 147 |1 143 |4 65| 3 14&L| 29
Proline 6| 8.96| 1212.63| 11| 16.18| 14 20 | 13| 20 | 11| 16.18| 6| 8.7
Glutamine 6| 896 § 842 6 882 3 429 |6 9p3 |2 29| 87
Arginine 2| 2.99| 4| 424 ( 0 1l 143 |0 0 2 294 |1 145
Serine 6| 896 7 737 2 294 |3 429 |2 308 | 7 10.29| 145
Threonine 2| 299) 5§ 526 4 588 |2 286 |5 7p9| 2 294| 58
Valine 2| 299| 2| 211 2 294 4 571 |4 6.5 |2 204 | 8.7
Tryptophan 0 000 2 211 D 0 0 0 0 0 0 { 0 D
Tyrosine 6| 896| 3 316 3 441 |4 571 |3 462 |2 2/94| 58
Axolotl

Arning Acid Cormposition
B CD Axolo

hal %

Ala Cys Asp Gl

T A A A A A A T

Phe

Gly Hs le Lys Leu Met Asn Pro GIn &rg Ser  Thr
Aming Acid

Val Trp Tyr
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Mouse

Sturgeon
Zebrafish
Xl Oct91

20
18
16
14
12
10

oM oE @

Amino Acid Composition
CD mouse

Phe His e Pro ©in Thr  *al

Cys  Asp Gl

Gly Lys Leu Met Asn

Amino Acicd

Arg Ser T Ty

Amino Acid Composition
CD Sturgeon Qctd

Ala

Cys Asp Glu Phe Gly  His lle Lys Leu Met Asn Pro Gin Thr  wal

Amino Acic

Ay Ser Tro Tyr

Amino Acid Composition
CD Zebrafizh

Ala

Phe Leu Met  Asn

Aming Acid

Pro Gin Thr “al

Cys

Azp Glu Gly  His lle Arg  Ser Trp Tyr

Arming Acid Composition
CO X Octal

&la Cys Asp Gl Phe Gly Hs  lle Lys Leu Met Asn Pro GIn Thr  “al

Amina Acid

Arg  Ser Tip Tyr
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X1 Oct60

X1 Oct25

Mol %

Mol %

16
14
12
10

(=T

Ala

Cys  Asp Gl

Cys Asp Gl

Phe

Fhe

Amina Acid Composition
CDO x| OctB0

Gly  His

Lys

Leu Met A&sn
Aming Acid

Amino Acid Composition
CDX

Gly  His

lle

Ly=

Qct2s

Leu Met Asn
Aming Acid

Pro

Fro

&in

=i

Ay Ser

Arg  Ser

Thr

Thr

al

“'al

Trp Tyr
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APPENDIX 12. pPGEM®-T Easy vector (Promega, UK)

¥mnl 2009 1
o BEs 1 starl
Scal 1890 \Nael 2707 Epal 14
) Aatll | 20
11 ari Sphl o8
BstZl | 31
Mool a3r
Amp' Ror | 43
pGEM"-T Easy T Tekd . Sgé” 49
Vector coRl | 52
(30150
Spel Gd
EcoRl P}
[t 7T
Bsi£l s
Peti ag
or Sall 20
Mdat a7
Sac 109
BatXl [118 =
Mzl 127 g
141 =
T SPE 5
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APPENDIX 13. p6Wtk-luc vector

No. ERmcodnis ‘Name pBW5'tk-luc
Size. | 5410 bp |

5084 Scal (3)
4973 Pvul (2)
AmpR 5195...4536

ColE1 origin 4438...3756

3457 BamH| w
3449 Clal (3
SV40pA 3226...3437
3195 Xbal (1)

Appendices

f1(-)ori 132...438
609 Pvul (2)
693 Notl (1)
751 Clal (3)
57 Scal (3)
855 Clal (3)

876 Miul )
J893 Xxhol (2)

_6W 902...1324

1330 Xhol (2)

1367 EcoRl (1)
pro 1342...1465
{1431 Miul (2)

1460 Pstl (1)

1506 Hindlll (1)
1539 Neol (1)

1704 Scal (3)

Size2
1046

Size1
38 4364

_Enzyme __ Size
[ Notl 3B 5410
4 _ Kpnl 1B 5410
Soaasel . 1B 5410 |
| EcoRI____ Ecel 5410 |
Pstl 3B 5410
~ |4 Hindl 2 5410 |
Ncol 8 v oaila) [
Sphl 2 5410
| Xbal 20 5410 |
| | BamHI 38 5410 |
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